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Oral session abstracts

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

T1.01

나노분광학을 이용한 나노물질의 분석법
정문석*
성균관대학교 에너지과학과
*

mjeong@skku.edu

Abstract:
나노물질은 한 축의 크기가 대략 1~100nm 사이의 크기인 물질로 정의된다. 빛을 이용하는 광학적 분석은 빛의 회
절현상으로 인해 파장의 절반정도로 공간분해능이 제약을 받게 된다. 따라서 일반적인 가시광선을 이용한 광분석은
공간분해능이 수백 nm 로 제한되기 때문에 단일나노구조체를 볼 수 없고 나노구조체들의 앙상블 특성을 관찰할 수
밖에 없다. 본 강연에서는 광학적인 공간분해능의 한계를 뛰어넘는 나노광학현미경에 대해 소개하고 이를 이용한
나노구조의 분석기술에 대해 소개할 예정이다. 대표적으로 나노발광, 나노라만산란, 나노적외선분광법을 이용한 그
래핀, MoS2 등의 2차원 나노물질의 분석을 예를 들어 나노분광학의 중요성을 강조하려한다.
Keywords:
나노분광학, 근접장나노광학현미경, 나노라만
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T2.01

Topological phases of matter
PARK Kwon*
School of Physics, KIAS
*

kpark@kias.re.kr

Abstract:
Topological phases of matter are novel phases of matter, which cannot be characterized by conventional order
parameters describing the symmetry, but rather by topological invariants describing the topological order. In
this talk, I would like to explain that the concept of the topological invariants is fundamentally based on the
Berry phase, which is particularly defined in the momentum space. In fact, there is an intriguing connection
between the topological matter, the Rabi oscillation, and the magnetic monopole. I would like to discuss how
the topological matter is different from the conventional one due to the presence of the non-trivial topological
order.
Keywords:
Topological matter, Topological insulator, Weyl semimetal
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The radiative decay of pion from the instanton vacuum
SHIM Sang-In*, KIM Hyun-Chul
Department of Physics Inha University
*

ssimr426@inha.edu

Abstract:
We investigate the form factors for radiative decay of pion, based
on the gauged low-energy chiral effective action from the
instanton vacuum in the large Nc limit. The gauged effective
action satisfies U(1) and chiral gauge transformations. We
consider vector, axial and tensor form factors for the radiative
pion decay. We separate those form factors into local and nonlocal parts. we compute the local and non-local contribution to
the form factors and discuss the results.
Keywords:
pion, instanton, form factor, tensor, transverse
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A1.02*

Dibaryons with one heavy flavor in a constituent quark model
PARK Aaron, PARK Woosung, LEE Su Houng*
Department of Physics Yonsei University
*

suhoung@yonsei.ac.kr

Abstract:
We investigate the symmetry property and the possibility of dibaryon containing one heavy flavor with I=1/2.
First, we consider the state of 5 light quarks and then, construct the wave function of dibaryon by adding one
heavy quark. The stability of dibaryon against the strong decay into two baryons is discussed by using
variational method in a constituent quark model with confining and hyperfine potential. We find that the
ground state of dibaryon is the sum of two baryons for S=0,1,2 because of their symmetry property.
Keywords:
dibaryon, constituent quark model, heavy flavor
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A1.03

Dibaryons with two strange quarks and total spin zero in a constituent
quark model
PARK Woosung, PARK Aaron, LEE Su Houng*
Department of Physics Yonsei University
*

suhoung@yonsei.ac.kr

Abstract:
We investigate the symmetry property and construct the wave function of the dibaryon states containing two
strange quarks with S=0 in both the flavor SU(3) symmetric and breaking cases. We discuss how the color
⊗ isospin ⊗ spin states of dibaryon in the symmetry broking case of flavor SU(3) can be extracted from the
fully antisymmetric states in flavor SU(3). The stability of the dibaryon against the strong decay into two
baryons are then discussed, by using the variational method within a constituent quark model with confining
and color-spin interaction To compare our results with that from lattice QCD in flavor SU(3) limit, we search
for the stable H-dibaryon in a wide range of π meson mass. We find that with the given potential, there is no
compact six quark dibaryon state in the symmetry breaking of flavor SU(3) as well as in flavor SU(3).
Keywords:
dibaryon with two stranges
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A1.04*

Gamma-ray spectroscopy of at J-PARC
양성배*
서울대학교 물리천문학부
*

maruchi2@snu.ac.kr

Abstract:
모든 Baryon들간의 상호작용을 이해하는 것은 핵물리학의 중요한 목표 중 하나이다. ΛN 상호작용에 대한 연구는
NN 상호작용에 대한 기존의 연구를 확장하는 첫 번째 단계이며, 중성자별 등에 대한 연구에 중요한 역할을 할 것으
로 기대된다. 이 ΛN 상호작용을 연구하는 효과적인 방법은 Λ-Hypernucleus 로부터 발생하는 감마선을 측정하는
것이다. 높은 에너지 분해능을 가진 Germanium (Ge) 검출기를 이용하여 다양한 s-shell 및 p-shell Hypernuclei
로부터 발생한 감마선들이 성공적으로 측정 되었다. 2015년 6월, J-PARC Hadron facility의 K1.8 빔라인에서 로
부터 발생하는 감마선을 측정하는 실험이 이루어졌다. 액체 CF2 타겟과

19

F(K-, π-) 반응을 통해 가 생성되며 이

때 K- 빔의 운동량은 1.8 GeV/c 이다. Superconducting Kaon Spectrometer (SKS)과 K1.8 Beamline Spectrometer
(K1.8BS)를 이용하여 π-과 K-의 운동량을 측정하고 의 생성을 확인한다. 이와 동시에 Hyperball-J (Ge 검출기들
의 집합체)로 생성된 로부터 발생하는 감마선을 측정한다. 이 실험은 sd-shell hypernucleus에서 발생하는 감마선
을 측정하는 첫 번째 실험이다. 측정되는 의 감마선들을 통해 ground-state doublet의 에너지 간격을 알 수 있다.
이 에너지 간격을 통해 sd-shell hypernucleus에서의 spin-spin 상호작용 크기를 계산할 수 있고, 이 결과를 s-shell
및 p-shell hypernuclei와 비교하여 거리에 따른 ΛN spin-spin 상호작용을 알 수 있다. 이 발표에서 최신 분석결과
를 발표하고 그에 따른 토의가 있을 것이다.
Keywords:
J-PARC, sd-shell hypernucleus, gamma-ray spectroscopy, Hyperball-J
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A1.05

Deeply virtual Compton scattering cross sections with CLAS
JO Hyon-Suk*
Institute for Basic Science
*

hyonsuk.jo@gmail.com

Abstract:
Generalized parton distributions (GPDs) are the object of an intense research effort. Among other aspects, they
allow us to unravel the correlation between the longitudinal momentum fraction and the transverse spatial
distributions of quarks and gluons inside the nucleon. Of particular interest is that GPDs provide access to the
orbital angular momentum of the partons in the nucleon. Deeply virtual Compton scattering (DVCS), the
electroproduction of a real photon on a single parton of the nucleon eNeNγ, is the most straightforward deep
exclusive process allowing access to GPDs. The CEBAF Large Acceptance Spectrometer (CLAS) at Jefferson
Lab plays a key role in the study of the DVCS process. Using CEBAF's 5.75 GeV polarized electron beam, an
unpolarized hydrogen target, and the CLAS detector, DVCS events have been collected in the widest kinematic
range ever explored in the valence quark region: 1epγ unpolarized cross section and beam-polarized cross
section difference. We will show the constraints on the GPDs which can be extracted from these results, in a
nearly model-independent fitting procedure.
Keywords:
Nucleon structure, Generalized parton distributions, Deeply virtual Compton scattering, exclusive reactions

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

A1.06

Chiral quark soliton model and the excited baryons
손현동, 김현철*
인하대학교 물리학과
*

hchkim@inha.ac.kr

Abstract:
We discuss how to extend the chiral quark soliton model by including the scalar, pseudoscalar, vector, axialvector, and tensor fields aiming at discribing various properties of the excited baryons. Since the quark
confinement plays an essential role, we regard the scalar field as a confining background field. We will present
the mass splittings of the ground states in the SU(3) multiplets based on self-consistent profile functions and
briefly discuss the quark-excitation scheme of the model and it's implications.
Keywords:
excited baryons, chiral quark soliton model, nucleon
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A1.07

Instanton effects on the heavy-quark static potential
TURIMOV Bobur, KIM Hyun-Chul*
Department of Physics Inha University
*

hchkim@inha.ac.kr

Abstract:
We investigate the instanton effects on the heavy-quark potential, emphasizing its spin-dependent parts, based
on the instanton liquid model. Starting with the central potential derived from the instanton vacuum, we show
how to obtain the spin-dependent parts of the heavy-quark potential. We discuss the results for the heavyquark potential. Assuming that the distance between a heavy quark and a heavy anti-quark is smaller than the
inter-distance between instantons, we estimate the instanton contributions to the hyperfine mass splittings of
quarkonia.
Keywords:
Instanton, dilute liquid, quarkonia
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A2.01

High performance of WS2 based flash memories with van der Waals
heterostructures
추동일, 박성재, 이승교, 송다예, 김은규*
한양대학교 물리학과
*

ek-kim@hanyang.ac.kr

Abstract:
Semiconducting materials of transition metal dichalcogenides (TMDs) such as molybdenum disulfide (MoS2)
and tungsten disulphide (WS2) with 1-2 eV of band gap have presented various fascinating physical properties.
Other 2-dimensional (2D) materials like hexagonal boron nitride (hBN) have wide band gap over 5 eV and is
well known to be perfect insulator for 2D crystals. By combining these layered materials into contact new
conceptual flash memory devices can be achieved via band-by-band engineering. In this study, we realized
flash memories with the use of WS2 as a semiconducting channel that was based entirely on 2D crystals in the
architecture. The memories encapsulated multi-layered graphene in the gate dielectric demonstrated a high
on-/off-state ratio greater than 103 and a large memory window of approximately 20 V. More importantly,
the tunnel barrier height was greater than 3 eV at the MGr-hBN interface, leading to a reliable charge
retention of ~13% charge loss after 10 years. This study offers new device architecture for achieving future
nanoelectronic building blocks by utilizing atomically thin vdW stacks. Interestingly, the performance of our
memories is drastically better than some published works related to MoS2 and black phosphorus flash memory
technology.
Keywords:
WS2; hBN; Graphene; Memory; Retention
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A2.02

In2Se3-graphene herero-structure for phase change application
YANG Chenxi, CHOI Min Sup, RA Chang Ho, YOO Won Jong*
SKKU Advanced Institute of Nano-Technology Sungkyunkwan University
*

yoowj@skku.edu

Abstract:
Indium selenide (In2Se3) is known to be one of the 2D chalcogenides. In its layered-structure, the movement of
atoms can be confined in plane that could decrease threshold temperature of phase change. We report a
possibility of novel phase change properties from the devices fabricated with vertical hetero-structure of
In2Se3-graphene. Graphene serves as a flexible heat electrode and thermal boundary which allows In2Se3 to be
used for effective thermal heating that leads to phase transition. According to their electric properties, current
level changes very sensitively during sweeping process of applied voltage. Furthermore, HR-TEM images
indicate change in crystal structure of In2Se3 from normal polycrystalline structure to layered structure by the
sweeping process. This study clearly demonstrates the phase change from the two dimensional In2Se3
–graphene devices.
Keywords:
2D materials, phase change, graphene, In2Se3
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A2.03

Dielectric constants of monolayer MoS2 and WSe2
이성연1, 정태영1, 윤석준3, 김지희2, 이기주*1
1

충남대학교 물리학과, 2성균관대학교 나노구조물리연구단, 3성균관대학교 에너지과학과, 나노구조물리연구단
*

kyee@cnu.ac.kr

Abstract:
유전상수는 굴절률과 흡수율을 결정하는 가장 중요한 물질의 성질 중 하나이다. 원자의 크기 수준으로 매우 얇은 단
일층 전이금속 칼코겐 물질의 유전상수를 알아내는 것이 수월하지 않다. 지금까지 보고된 많은 논문에서 반사율을
측정하여 MoS2, WSe2 물질의 엑시톤 흡수에 대하여 논의하고 있다. 하지만 이는 엑시톤 에너지 영역에서 굴절률에
의한 영향이 무시될 수 있을 때에 합당한 접근 방법이다. 본 연구에서는 엑시톤 에너지 부근에서 흡수율과 반사율을
동시에 측정하여 단일층 MoS2 and WSe2 물질의 복소 유전상수 스펙트럼을 얻었고, 이로부터 A-엑시톤, B-엑시
톤의 온도의존성 및 엑시톤의 결합에너지에 대하여 논의하고자 한다. 반사율과 투과율로부터 유전상수를 얻는 과정
에서는 광학적으로 잘 정립된 transfer matrix method를 이용하였다.
Keywords:
전이금속 칼코겐 물질, 유전상수
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A2.04*

Effects of gas adsorption and charge transfer on the electrical properties
of CVD-grown MoS2 thin films
CHO Yunae1, SOHN Ahrum1, KIM Sujung1, KIM Dong-Wook*1, CHO Byungjin2, HAHM Myung Gwan2,
KIM Dong-Ho2
1

Department of Physics, Ewha Womans University, Seoul 120-750, Korea, 2Advanced Functional Thin Films
Department, Korea Institute of Materials Science (KIMS), Changwon 64
*

dwkim@ewha.ac.kr

Abstract:
Recently, two-dimensional (2D) semiconductors, including transition metal dichalcogenides (TMD), have
attracted growing research attention due to their unique physical properties. Controlling the carrier
concentration and doping type of such 2D semiconductors is crucial for both electronic and optoelectronic
device applications. Deposition of chemical specifies and metal nanoparticles have been used as simple and
scalable doping processes. Since 2D semiconducting layers are atomically thin, their transport characteristics
could be very sensitive to ambient gas adsorption and possible charge transfer. In this work, we investigated
the relationship between the resistance and surface work function of MoS2 thin films, grown by chemical
vapor deposition (CVD) technique, in different gas ambient conditions (N2, O2, and H2/N2). The surface work
function, measured by Kelvin probe force microscopy, should be determined by the charged surface adsorbates
as well as the carrier concentration. The roles of Au nanoparticles on the electrical properties of MoS2 thin
films were also compared with those of bare samples. Quantitative analyses of the experimental results did not
support the adsorption and charge transfer scenarios in O2 and H2 containing ambient conditions. Instead, the
temperature-dependent transport suggested that the defects (e.g., S vacancies) and their interaction with the
ambient gas played more important roles in the electrical properties of our MoS2 thin films.
Keywords:
Transition metal dichalcogenides AdsorptionCharge transferKelvin probe force microscopy
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A2.05*

2-dimensional GaSe: Single crystal growth and optical properties
NGUYEN Thanh Huong Thi1, NGUYEN Phuong Anh1, NGUYEN Quang Van1, DUONG Tuan Anh1, SONG
Jae Yong2, PARK Hyun-Min2, CHO Sunglae*1
1
2

Department of Physics and Energy Harvest Storage Research Center, University of Ulsan, Ulsan 680 – 7,

Materials Genome Center, Korea Research Institute of Standards and Science, Daejon 305-340, Republic
*

slcho@mail.ulsan.ac.kr

Abstract:
Like other semiconductor materials in III - VI compounds group (GaTe, In2Se3), Gallium Selenide (GaSe) is a
layered chalcogenide semiconductor crystal with several outstanding properties. In most of the research, GaSe
crystal was grown by Bridgman method which used a complex system to control difference temperature zones
and the movement of ampoule. In our research, GaSe single crystal was grown from the high purity Ga and Se
by temperature gradient method. This method is a simple growth technique producing high quality GaSe single
crystal. The grown crystal can be cleaved in layer by layer without difficulty, confirmed the layered structure of
GaSe. Meanwhile, the X-ray diffraction (XRD) result indicates the crystalline perfection of the grown single
crystal as hexagonal structure. The optical properties such as refractive index, extinction coefficient, and
optical bandgap of sample have also been investigated by UV-visible absorption spectra measurement and
Ellipsometry measurament. The absorption spectra analysis revealed the energy band gap of 1.98 eV, which is
comparable to the reference value of 2.03 eV. We will discuss on layer thickness dependent optical properties
of GaSe.
Keywords:
layered, chalcogenide
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A2.06*

Solution process-derived n-/p- ZnO nanorod architecture arrays and
their p-n homojunctions for optoelectronic applications
KO WonBae1, LEE ChoongHyun1, CHOI DaSong1, YANG SeungMo1, YANG JungYup2, HONG JinPyo*1
1

Novel Functional Materials and Device Laboratory, Department of Physics, Hanyang University, Korea,
2

Department of physics, Kunsan national University, South Korea
*

jphong@hanyang.ac.kr

Abstract:
We address solution process-controlled n-/p-type ZnO nano-architecture arrays for optoelectronic
applications through the facile hydrothermal route in an aqueous solution without utilizing any surfactant and
template. Vertically stacked ZnO sheet-like nanorods (SLNRs) p-n homojunctions were synthesized by
continuous multi-step solution growth, representing the well-faceted hexagonal SLNR homojunction end
planes of ZnO segments. The nanorod diameters and morphologies of the sheet-like nano-architecture arrays
were adjusted dramatically by manipulating a molar concentration. An extensive analysis of the luminescence
features was carried out in order to identify p-type conduction in the Li-doped ZnO SLNRs. In addition, the
SLNR-based p–n homojunctions exhibited distinct electrical features for their potential use as light emitting
diodes and UV photovoltaics, thereby spurring progress in the development of practical optoelectronics.
Keywords:
ZnO nanorod, p-type ZnO, homojunction,hydrothermal, UV photodetector, photoluminescence
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A2.07*

High quality topological insulator Bi2Se3 grown on h-BN using
molecular beam epitaxy
PARK Joon Young1, 2, LEE Gil-Ho3, JO Janghyun2, 4, CHENG Austin Kcon3, YOON Hosang1, 2,
WATANABE Kenji5, TANIGUCHI Takashi5, KIM Miyoung2, 4, KIM Philip*3, YI Gyu-Chul*1, 2
1

Department of Physics and Astronomy and Institute of Applied Physics, Seoul National University, 2Research
Institute of Advanced Materials, Seoul National University, 3Department of Physics, Harvard University,
4

Department of Materials Science and Engineering, Seoul National University, 5Advanced Materials
Laboratory, National Institute for Materials Science
*

pkim@physics.harvard.edu, gcyi@snu.ac.kr

Abstract:
Topological insulator (TI) is a bulk-insulating material with topologically protected Dirac surface states in the
band gap. In particular, Bi2Se3 attracted great attention as a model three-dimensional TI due to its simple
electronic structure of the surface states in a relatively large band gap (~0.3 eV). However, experimental efforts
using Bi2Se3 have been difficult due to the abundance of structural defects, which frequently results in the bulk
conduction being dominant over the surface conduction in transport due to the bulk doping effects of the
defect sites. One promising approach in avoiding this problem is to reduce the structural defects by
heteroepitaxially grow Bi2Se3 on a substrate with a compatible lattice structure, while also preventing surface
degradation by encapsulating the pristine interface between Bi2Se3 and the substrate in a clean growth
environment. A particularly promising choice of substrate for the heteroepitaxial growth is hexagonal boron
nitride (h-BN), which has the same two-dimensional (2D) van der Waals (vdW) layered structure and
hexagonal lattice symmetry as Bi2Se3. Moreover, since h-BN is a dielectric insulator with a large bandgap
energy of 5.97 eV and chemically inert surfaces, it is well suited as a substrate for high mobility electronic
transport studies of vdW material systems. Here we report the heteroepitaxial growth and characterization of
high quality topological insulator Bi2Se3 thin films prepared on h-BN layers. Especially, we used molecular
beam epitaxy to achieve high quality TI thin films with extremely low defect concentrations and an ideal
interface between the films and substrates. To optimize the morphology and microstructural quality of the
films, a two-step growth was performed on h-BN layers transferred on transmission electron microscopy
(TEM) compatible substrates. The resulting Bi2Se3 thin films were highly crystalline with atomically smooth
terraces over a large area, and the Bi2Se3 and h-BN exhibited a clear heteroepitaxial relationship with an
atomically abrupt and clean interface, as examined by high-resolution TEM. Magnetotransport
characterizations revealed that this interface supports a high quality topological surface state devoid of bulk
contribution, as evidenced by Hall, Shubnikov-de Haas, and weak anti-localization measurements. We believe
that the experimental scheme demonstrated in this talk can serve as a promising method for the preparation of
high quality TI thin films as well as many other heterostructures based on 2D vdW layered materials.
Keywords:
Topological insulator, Bi2Se3, h-BN, Molecular beam epitaxy
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A3.01*

Effect of Metal Clusters on the Decomposition of SiO2
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Abstract:
Thermal annealing of SiO2 coated by Fe and covered by a Cu foil at 1000oC in H2/Ar atmosphere was found
to severely decompose SiO2. Removal of Cu foil resulted in significant suppression of catalytic decomposition
of SiO2 by Fe because of the encapsulation of Fe droplets by a 2-nm-thin-Fe3O4 layer. More than that,
without a Cu foil Fe droplets were formed in such a way that SiO2 nanowires were grown. Intriguing roles of
metal clusters on the decomposition of SiO2 and the growth of SiO2 nanowires are discussed.
Keywords:
Catalytic decomposition, SiO2, Fe, Cu

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

A3.02*

Topotactic transition induced by oxygen vacancy migration in
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Abstract:
Oxygen vacancies are omnipresent in oxide systems degrading their expected functionalities. A majority of
researches has been focused on reducing the amount of oxygen vacancies. On the other hand, in resistive
switching devices, oxygen vacancy concentration becomes a control parameter to establish two states of
electronic conduction. External electric field stimulates oxygen vacancies to move and form conduction
channels. To understand the mechanism, dynamics of oxygen vacancies is necessary to clarify. Ca-doped
BiFeO3 (BCFO) is a promising material for studying the dynamics in terms of the fact that a lot of mobile
oxygen vacancies are spontaneously produced in the as-grown state to stabilize the valence state of Fe3+ ions.
Simultaneous measurements of time-resolved x-ray diffraction and in-situ current in applying an external
electric field indicated a topotactic transition occurs as a result of the migration of oxygen vacancies.
Furthermore, spatially-resolved x-ray diffraction informed of the effective area of the electric forming. The
investigation has been made systematically varying temperature and the external electric field. These detailed
studies of the oxygen vacancy migration provides a useful insight into a new type of memory.
Keywords:
Oxygen Vacancy, Topotactic transition, BiFeO3 , multiferroics
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Protein adhesion layer for ultra-thin and -smooth gold layer
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Abstract:
Deposition of continues and flat ultra-thin gold films (< 10nm) is attractive for applications to plasmonics.
However poor adhesion of gold makes us using an additional metallic layer such as Ti and Cr for adhesion,
which deteriorate plasmonic behaviors of the well-designed gold structure. Here we experimentally
demonstrate deposition of ultrathin and ultrasmooth gold layers by adapting natural silk protein as a new
adhesion layer that do not deteriorate optical properties of gold structures. Structural visualization, electrical
properties and optical response of conventionally deposited ultra-thin gold films on silk protein shows its
superiority over transparent polymers and other conventional materials. High optical response and high
electrical conductivity of ultra-thin gold films on silk protein enables us to fabricate smooth patternable
devices conventionally at room temperature such as optical resonators for photonics, plasmonics and
biosenesing applications due to tuanability of light in silk resonators with and without adhesion layers.
Keywords:
Plasmonics, Ultrathin Gold Layer, Silk Protein
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Abstract:
Many studies on vanadium dioxide (VO2) exhibiting phase transition from a monoclinic to a tetragonal
structure at ~ 340 K have been conducted until recently. Various applications such as intelligent thermochromic windows, optical switching devices, gas sensors, etc. were expected due to its dramatic changes in
optical and electrical properties. To meet conditions for these applications, VO2 of stable and high quality was
required. Also, it is essential to understand the role of defects and strain because the phase transition wellknown as metal-insulator transition was induced by temperature, strain, defects, electrical field and light. In
this presentation, we studied physical property variations induced by defects. The epitaxial VO2 films was
fabricated under various Ar / O2 gas ratio (10 / 0, 9 / 1, 8 / 2, 7 / 3) on Al2O3(0001) substrate using RF
sputtering method at 600 oC. X-ray diffraction measurements showed all films exhibited (020) orientation.
The crystallinity of films grown on O2 poor condition (Ar / O2 gas ratio = 10 / 0, 9 / 1) was better than O2
rich condition (Ar / O2 gas ratio = 8 / 2, 7 / 3). Moreover, compressive strain (out-of-plane) of films grown
on O2 poor condition was relaxed with increase of O2 gas ratio. Electrically, the transition temperature of films
on O2 poor condition was ~ 335 K (heating), while the transition temperature of films on O2 rich condition
was ~ 338 K (heating) and had rapid rate of change (on the order of magnitude ~ 104). The X-ray
photoelectron spectroscopy measurement showed position of O 1s spectrum shifted toward lower energy and
rate of valence state of V 2p spectrum changed with increase of O2 gas ratio. These changes was related to
variations of electrical transport property of the films. This work is supported in part by NRF Korea (NRF2015R1D1A1A01058672) and Korea Basic Science Institute Research Grant (E36800).
Keywords:
Vanadium dioxide films, Metal-insulator transition,Spectroscopic analysis, Defects
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Abstract:
Vanadium dioxide (VO2) has been extensively studied because numerous device applications such as plasmonic
metamaterials, memristors, Mott field effect transistors, and smart window can be realized based on its metalinsulator transition (MIT) (TC ~ 68 oC) [1]. Furthermore, this phase transition induced and altered by electric
field, light, strain, oxygen vacancies. Since, a variety of valence state of vanadium can be easily accessible due
to the defects and strain, it is important to examine the role of defects and/or strain of VO2 and how related to
the band structure and carrier concentration. In this presentation, we present the effect of hydrogen (as one of
many defects) on the structural and electrical properties of the epitaxial VO2 films, grown on Al2O3(0001)
using RF sputtering at 600 oC. For the hydrogenation process, the film was heated up to 300 oC under
hydrogen gas (~ 0.3 mbar). As-grown and annealed films have a (020) orientation even though they have
different strain states. The annealed film exhibited lower 2θ values indicating the compressive (tensile) inplane (out-of-plane) strain. Electrically, as-grown film had TC at 55.20 oC (heating) and 49.26 oC (cooling).
However, no MIT was observed in the annealed film because the hydrogen incorporation changes the electrical
properties of the film. The in-situ ambient pressure X-ray photoelectron spectroscopy measurement revealed
the changes of V4+ state to diverse valence states during annealing process under hydrogen gas suggesting that
the diverse valence state of vanadium is the source of structural and electrical property variation due to the
hydration. [1] F. J. Morin, Phys. Rev. Lett. 3, 34 (1959). This work is supported in part by NRF Korea
(2011-0031933 and NRF-2015R1D1A1A01058672) and Korea Basic Science Institute Research Grant
(E36800). In addition J. W. Kim is supported by Global PhD Fellowship Program (2015H1A2A1034200)
through the NRF Korea funded by the Ministry of Education.
Keywords:
Vanadium dioxide, Hydrogenation process, Strain, Metal-insulator transition, Ambient pressure XPS
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Abstract:
Post-annealing effect on indium tin oxide (ITO) films are
characterized with in-situ x-ray diffraction (XRD), ambientpressure x-ray photoelectron spectroscopy (AP-XPS), and angle
resolved XPS (AR-XPS). As the substrate temperature is heated
up to 200 ℃, XRD result shows that the amorphous ITO film
starts become crystalline structures. Meanwhile, O 1s and Sn 3d
spectra of AP-XPS show the presence of oxygen vacancy peak
and the enhancement of Sn 4+ peak, supporting both oxygenvacancy model and the Sn-cluster model in explaining electrical conductivity of ITO film. However, The
result of AR-XPS reveals the surface segregation caused by Sn enrichment throughout the entire sample
surfaces, revealing that surface chemical composition is different from the bulk composition.
Keywords:
Indium tin oxide, X-ray diffraction, Crystallization, Ambient pressure XPS,Oxygen vacancy, Sn cluster,
Angle-resolved XPS, Surface segregation
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Abstract:
We fabricaterd thermoelectric (TE) energy generators consist of four couples of 300-nm-thick nanostructured
Bi2Te3 (n-BT) and Bi0.5Sb1.5Te3 (p-BST) thin films used as n-type and p-type materials by metal-shadow and
radio-frequency sputtering methods at room temperature, respectively, on a Si substrate for the p/n junctions
of the TE energy generators. Furthermore, the effect of annealing treatment of both n-BT and p-BST thin
films on the electrical and TE properties as well as the TE performance of the TE energy generators is
discussed. By varying the temperature between the hot and cold junction legs of the n-BT/p-BST TE energy
generators annealed at 200 °C, the maximum output voltage and power are determined to be ~3.6 mV and
~1.1 nW, respectively, at a temperature difference of 50 K. The output powers increased by ~590% compared
to that of the as-grown TE generator at a temperature difference of 90 K. This improvement in the TE
performance is attributed to the enhancement of the figure-of-merit (ZT) after heat treatment. From a
numerical simulation conducted using a commercial software (COMSOL), we are confident that it plays a
crucial role in determining the dimension (i.e., thickness of each leg) and material properties of both n-BT and
p-BST materials of the TE energy generators.
Keywords:
thermoelectricBi2Te3Bi0.5Sb1.5Te3energy generators
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Abstract:
There has been enormous recent interests in developing
sustainable device, both reduce energy consumption and minimize
pollution, due to increasing attention about environment issues.
An efficient and stable electrochemical CO2 reduction catalyst has
become a key technological target in chemical synthesis and
processing. Nanostructure formation is a popular strategy for
catalyst applications because it can generate new surfaces that
can significantly improve catalytic activity and durability.
However, the increase in the surface area via nanostructuring
does not fully explain the substantial improvement in the catalytic
properties of the CO2 electro-reduction reaction, and the
underlying mechanisms have not yet been fully understood. Tools
to elucidate atomic-level structural information may provide key
structure-activity insights for efficient CO2 reduction
characteristics. Atomic force microscopy (AFM) is the most general microscopic tool and Kelvin probe force
microscopy (KPFM), an AFM based technique, has been demonstrated as a useful tool for obtaining local
electrical properties, such as charge, potential, and work function. In addition to that, the application of
synchrotron-based X-ray spectroscopy methods such as extended X-ray absorption fine structure (EXAFS)
enables a better understanding of the electronic structures on the nanostructure surface. We fabricated the
nanostructured Au foil using pulsed anodization method and exhibited enhanced CO2 reduction activity, high
efficiency and slow deactivation. We show that the short Au-Au bond length and the low work function
observed in the nanostructured Au surface are related to the catalytic activity of CO2 reduction. In addition,
our results may improve the understanding of the enhanced stability of the nanostructured gold electrode
based on the resistance of cation adhesion during the CO2 electro-reduction reaction.
Keywords:
Electro-catalyst, KPFM, XPS, EXAFS, Gold, CO2 electro-reduction
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Abstract:
Percolation is the simplest model which undergoes a phase transition and even highly relevant to the various
physical phenomena such as oil recovery, metal-insulator transition, epidemic spreading, fragmentation, and
recently emergence of complex networks. In this presentation, we introduce various models and results
applying percolation concept to the emergence of complex networks such as mass-dependent/independent
irreversible coagulation processes, static/growing network models under an Achlioptas process, and
interdependent network models. Through the assorted results, we hope to understand the universality of
critical phenomena and their scaling relations.
Keywords:
Percolation, Coagulation, Complex networks
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Abstract:
Recent studies of the relationship between information and thermodynamics showed that in the presence of
feedback control, an information quantity known as the mutual information, should be included in describing
non-equilibrium dynamics of fluctuating systems, such as molecular motors, information engine, etc. During
the last decade, such relationships have been intensively studied, because it is the key to operating sub micro
scale machines and understanding biochemical reactions with time-delayed feedback. Here, I propose an
experiment that shows how a Maxwell demon makes a colloidal particle act as a Brownian motor by using a
feedback controlled optical tweezers. The demon makes an effective temperature gradient at the particle
through feedback control. Hence, one can move the particle from high temperature region to artificial low
temperature region like
Keywords:
Maxwell's demon, Brownain motor, Information thermodynamics, feedback control
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Abstract:
In this talk, we will discuss about phase transitions in deterministic fixed energy sandpiles (DFES) with
toppling balance. Normally, deterministic sandpile model is defined by toppling matrix (TM) . By the toppling
balance is meant that the TM satisfies for all . We first argue that DFES in general can have many different
transition points, depending on the initial preparation. This is largely due to the non-ergodic behavior of the
determinstic rule. As a concrete example, we numerically studied the Bak-Tang-Wiesenfeld-type DFES model.
We indeed found many transition points numerically. Although there are many transition points, the crtical
behavior seems universal. A discussion about the relation between the DFES models and self-organized
criticality will be presented.
Keywords:
deterministic fixed energy sandpiles, toppling balance, self-organized criticality, Bak-Tang-Weisenfeld
sandpile.

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

A4.04

A finite-size nonequilibrium phase transition
이주련*
숭실대학교 생명정보학과
*

jul@ssu.ac.kr

Abstract:
Microcanonical analysis is a powerful method for studying the phase transitions of finite-size systems, which
has only been applied to equilibrium systems. I show that it is possible to conduct the microcanonical analysis
of a nonequilibrium phase transition, by generalizing the concept of microcanonical entropy. A onedimensional asymmetric diffusion process is studied as an example for which such a generalized entropy can be
explicitly found, and the microcanonical method is used to define the nonequilibrium phase transition of a
finite-size system.
Keywords:
nonequilibrium phase transition, finite size system, microcanonical analysis
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Abstract:
We introduce a simple two-level heat engine to study the
efficiency in the condition of the maximum power output,
depending on the energy levels from which the net work is
extracted. In contrast to the quasi-statically operated Carnot
engine whose efficiency reaches the theoretical maximum, recent
research on more realistic engines operated in finite time has revealed other classes of efficiency such as the
Curzon-Ahlborn efficiency maximizing the power output. We investigate yet another side with our heat
engine model, which involves the population difference caused by different transition rates. Due to the nature
of our model, the explicitly time-dependent part is completely decoupled from the other terms in the
generated work and the efficiency is independent of the operating time, which allows us to analyze the
dependence on other system variables that are the transition rates, or implicit time dependence in this case.
We provide the optimal combination of transition rates maximizing the generated power output and discuss
its implication on general premise of realistic heat engines. In particular, we prove that the engine efficiency
of our model for maximum power output is clearly different from the Curzon-Ahlborn efficiency in spite of
its endoreversibility, although they share the universal linear and quadratic coefficients at the nearequilibrium limit with similar values of transition rates.
Keywords:
heat engine; stochastic thermodynamics; nonequilibrium system
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Abstract:
We investigate dynamic behaviors of a cold damping system where a dissipative feedback is applied. In this
work, we consider realistic feedback schemes such as finite duration and time delay. To reduce the temperature
of system, the feedback loop exerts an additional friction based on the measurement outcome to the particle.
However, if the feedback force is applied for long duration, it turns out to fail in cooling, rather it may
accelerate the velocity of particle in the last stage, causing the dynamic instability in the repeated feedback
procedure. Interestingly, it is found that the time delay can enhance the stability of system against to the
overshooting, which is discussed in the context of Lyapunov exponent. We also present the phase diagram of
cold damping system showing unstable, stable warmed, and cooled regimes.
Keywords:
cold damping, feedback, Lyapunov exponent
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Abstract:
Graphene-based superconductive Josephson junctions, consisting of a graphene layer in contact with two
closely spaced superconducting electrodes, provide a unique platform to study superconducting proximity
effect [1] with easy gate tunability of the Josephson coupling strength and high transparency. Diverse features
of pair transport are observed in superconductor(S)–graphene–S proximity Josephson junctions (JJs) in
different device configurations: i.e., i) planar junctions consisting of homogeneous graphene and p-n junctiontype bipolar graphene, ii) planar junctions of dual-gated bilayer graphene, and iii) monolayer graphene
vertically sandwiched between two superconducting electrodes. For junctions of type i) I will focus on the gate
tuning of the switching current distribution [2,3] and complete switching off of the supercurrent [3]. These
features offer a useful route to manipulate the macroscopic quantum states and provides essential components
for developing a superconducting quantum bit (qubit). Junctions of type ii) provide an ideal system where the
Josephson coupling through bi-polar puddles with a gate-induced band gap leads to detailed characterization
of the percolative superconductor-insulator transition [4]. Junctions of type iii) clearly manifest the short and
ballistic JJ characteristics with highly skewed current-phase relationship, an essential ingredient of Andreevlevel qubits [5]. As a closely related subject, locality of the Josephson coupling in graphene JJs will also be
discussed [6]. All these features demonstrate the high versatility of graphene both for possible quantum-device
applications and for fundamental studies on the superconductive pair coherence. [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 (2013). [4] G.-H. Lee et al., Sci. Rep. 5,
13466 (2015). [5] G.-H. Lee et al., APEX 6, 025102 (2013); G.-H. Lee et al., Nat. Commun. 6, 6181 (2015).
[6] M. Kim et al., Sci. Rep. 5, 8715 (2015).
Keywords:
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relationship
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Abstract:
In the semiconductor spintronics, spin-orbit coupling is one of the major concerns. The Rashba effect and the
spin Hall effect are the two most fascinating phenomena in this field. In this talk, we experimentally
demonstrate the spin field effect transistor and the spin Hall transistor using a semiconductor channel. In the
spin field effect transistor, the modulation of source-drain conductance is modulated by the gate controlled
spin precession. We demonstrate a spin injected field effect transistor in a high mobility InAs quantum well
channel, with the electrical transport of ballistic spin polarized electrons empirically calibrated. The gate
control of spin signal is nicely matched with the independently measured Rashba parameters. In the spin Hall
transistor, we provide a direct demonstration of the ballistic spin Hall effect and to demonstrate a technique
for an all-electric measurement of the Datta–Das conductance oscillation by utilizing the Rashba and the spin
Hall effects at the same time. Our spin Hall device has a ferromagnet electrode as a spin injector, and a spin
Hall detector made of a strong Rashba system. From the multiple devices with different channel lengths, we
demonstrate two full wavelengths of the oscillation. Both the inverse and the direct spin Hall effects are
observed via an electrical method. We also use the original Datta–Das technique with a single device of fixed
length and measure the gate dependence of channel conductance. This research clearly shows that the Rashba
and the spin Hall effects can be used for the spin-based transistors.
Keywords:
Rashba effect, Spin Hall effect, Quantum well channel
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Abstract:
Two-dimensional Van der Waals heterostructures utilizing thin hexagonal boron nitride (h-BN) as a tunneling
insulator have been proven as interesting experimental platforms for investigating electronic structures of lowdimensional systems. Here we present electron tunneling spectroscopy measurements on gated single and
bilayer graphene devices. With much improved h-BN-graphene-tunneling-junction stability, we can directly
probe electronic structures of graphene devices by varying charge density, tunneling bias voltage and external
magnetic fields. At zero magnetic field, we can identify several spectra features which are in good agreement
with the vibrational excitations (phonons) from graphene, h-BN and graphene-h-BN interface. Upon
increasing external magnetic field, the development of Landau levels (LL) and the broken 4-fold symmetry of
graphene quantum Hall states are observed. In addition, we are able to identify tunneling spectra features of
fractional quantum Hall states at high magnetic field, which are unprecedented in previous tunneling
spectroscopy measurements.
Keywords:
graphene, tunneling, quantum Hall effects
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Abstract:
In SrTiO3/LaAlO3 (STO/LAO), the two-dimensional electron gas (2DEG) [1], which seems to be turned on at
the critical thickness of LAO of four or five cell, triggered the explosion of wide-spread interest spilling over
even to the magnetism and superconductivity [2-6]. While the unexpected high carrier density has mainly been
attributed to extrinsic sources, such as oxygen vacancies, the suppression of the nominal intrinsic carrier (0.5
e/unit-cell ~ 3.3x1014/cm2) of a fully oxidized samples has attracted a few debates over the reality of the polar
catastrophe. Presence of local spin moments in the epitaxial interface between STO/LAO has been widely
accepted and considered as the principal constituent of the interface magnetism. However, throughout
literatures, the origin of local moments has been falsely associated with the polar catastrophic charge transfer,
and in the same line of thought, the density is expected to reach 0.5 electrons per unit cell. Here we show that,
through the calculation of density functional theory plus Hubbard U, the charge transfer, if any, to avert the
polar catastrophic divergence of the potential cannot induce the localized electronic state at the interface. Only
the extrinsically originated electrons can accumulates in the interface, up to 0.5 electrons per cell, localize on
the atomic orbital mainly into the dxy orbital, bringing polaronic distortions of octahedrons of Ti3+ ion at the
interface. 1. Ohtomo, A. and H.Y. Hwang, A high-mobility electron gas at the LaAlO3/SrTiO3
heterointerface. Nature, 2004. 427(6973): p. 423-426. 2. Thiel, S., et al., Tunable quasi-two-dimensional
electron gases in oxide heterostructures. Science, 2006. 313(5795): p. 1942-1945. 3. Siemons, W., et al.,
Origin of charge density at LaAlO 3 on SrTiO 3 heterointerfaces: Possibility of intrinsic doping. Physical
review letters, 2007. 98(19): p. 196802. 4. Huijben, M., et al., Electronically coupled complementary interfaces
between perovskite band insulators. Nature materials, 2006. 5(7): p. 556-560. 5. Brinkman, A., et al.,
Magnetic effects at the interface between non-magnetic oxides. Nature materials, 2007. 6(7): p. 493-496.
6. Reyren, N., et al., Superconducting interfaces between insulating oxides. Science, 2007. 317(5842): p. 11961199.
Keywords:
STO/LAO, Interface magnetism, Localization

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

A6.03*

Electronic structure of undercoordinated cation defects in amorphous
oxide semiconductors
한우현*, 장기주
카이스트 물리학과
*

hanwooh@kaist.ac.kr

Abstract:
Amorphous oxide semiconductors (AOSs), such as amorphous In-Ga-Zn-O (a-IGZO), Ga-Sn-Zn-O
(a-GSZO), and Zn-Sn-O (a-ZTO), have attracted much attention due to their high field-effect mobility,
large band gap, and unintentional n-type conductivity. Disorder of cations and anions in AOSs leads to their
coordination numbers significantly deviated from those of crystalline counterparts and thus gives rise to
localized defect states which may act as electron/hole traps. Thus, the microscopic understanding of disordered
cations and anions is essential to understand and eventually solve the instability problems of AOS-based thinfilm transistors. Recently, disordered O atoms in a-IGZO have been suggested to be responsible for the
valence band tails and subgap states. However, the precise role of disordered cations is poorly understood. In
this work, we investigate the electronic properties of undercoordinated cation defects in a-IGZO, a-ZTO, and
a-ZnO through first-principles density functional calculations. Undercoordinated cation defects were
generated under O deficient conditions by using melt-and-quench ab initio molecular dynamics simulations.
Based on the results, we report two types of undercoordinated cation defects which induce subgap states near
the conduction band edge as well as deep localized states in the middle of the band gap. We discuss the role of
subgap states derived from undercoordinated cation defects in the threshold instability of AOS-based devices
and propose a way to control such subgap states.
Keywords:
Amorphous oxide semiconductor, first-principles calculations
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Density functional theory plus the Hubbard U potential on molecular
orbitals for ionic-bonded molecular crystals and adsorptions on
surfaces
SHIN Dongbin, PARK Noejung*
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*
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Abstract:
Incorporation of the Hubbard U potential into the Kohn-Sham scheme has extended the realm of the density
functional theory (DFT) to correlated systems, such as Mott-insulator state of transition metal oxides. In this
scheme, the Coulomb and exchange energies are parametrized in the projected subspace. In a sense, the
presence of the Hubbard U potential restores the derivative discontinuity otherwise missed in the continuous
exchange-correlation potential. The DFT plus Hubbard U potential scheme is also effective for the surface
adsorption problem in which a long-range charge transfer occurs between a solid surface and isolated atomic
or molecular species. For the projection, localized atomic orbitals centered on each atom have been used.
However, for the adsorption of a highly symmetric molecule, the implementation of the Hubbard U method on
such atomic orbitals does not work because of the molecular symmetry: for example, in diatomic molecules
like O2 and F2, the molecular orbitals comprise the bonding and antibonding state of atomic orbitals. Thus the
density matrices with various occupations should not break such molecular symmetry, and the molecular
orbital, not atomic orbitals, should be used as a unit for the correction of correlation. Here, we propose to add
the Hubbard U potentials on molecular orbitals. The method for the linear combination of atomic orbitals is
explained in which the molecular symmetry is preserved in the density matrices for various occupations. We
derived the formula for the atomic force as gradient with respect to atom positions over the total energy
functional with the Hubbard U potential on the molecular orbitals. Bench marking test with other method,
including wavefunction theories, are also presented.
Keywords:
Density functional theory, DFT+U, Derivative discontinuity, Surface physics, Charge transfer

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

A6.05*

First principle study of Electronic and Thermal Transport Properties in
Phosphorene and Phosphoene Oxide
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경희대학교 물리학과
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Abstract:
Using ab initio density functional theory, we investigated the electrical and thermal transport properties of
phosphorene and its oxidized structure called phosphorene oxide (PO). We apply the Boltzmann transport
theory to calculate their electrical conductivity, Seebeck coefficient, and thermal conductivity contributed from
both electrons and lattice vibration. In the Boltzmann transport equation, relaxation time (electron-phonon
scattering rate) is an essential value to evaluate various quantities related to the transport properties. In order
to exactly estimate relaxation time, we perform a first principle calculation of electron-phonon interaction
using density functional perturbation theory and wannier interpolation. We observe that the electrical
conductivity of phosphorene is higher along the armchair direction than along the zigzag direction, while the
thermal conductivity shows an opposite behavior. Due to this orthogonal relation, phosphorene exhibits quite
a large ZT value along the armchair direction. We also find that phosphorene oxide has anisotropic
characteristics in its electrical conductivity. On the other hand, its thermal conductivity is significantly smaller
than thermal conductivity of phosphorene. Thus we expect that phosphorene oxide may have a potential usage
as a high performance thermoelectric application.
Keywords:
Thermoelectric , Phosphorene , Phosphorene oxide, Relaxation time, Electron phonon interaction
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First-principles calculation of the Electronic structure and Nonlinear
optical properties in BiO(IO3) Nanoplates
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Abstract:
우리는 본 논문 발표에서 Bi3+ 와 I5+ 를 포함하고 있는 새로운 물질
BiO(IO3) 에서의 non-centrosymmetric phase 에 관한 계산결과를
발표하고자 한다. 우리는 밀도 범함수를 사용하는 VASP을 이용하
여, 전자 구조와 비선형 광학 상수를 본 연구 물질에 관해 수행하였
다. 최근 실험 결과에서 보듯이 본 물질은 상온에서 orthorhombic
구조를 가지고 있다. 아주 높은 온도에서는 tetragonal 상이 안정된
구조로 생각되어지나 그 에너지 차이에 의해 낮은 온도에서는
tetragonal 상에 관해서는 관측이 되지 못한다. 우리의 계산결과로
이러한 에너지에 관한 논의가 보다 정량적으로 접근이 가능하다. 또
한 tetragonal 상에서 orthorhombic 상으로의 나타나는 상 전이에
관한 분석을 그룹이론과 모드 분석을 통해, 산소 사면체의 비틀림이
상전이의 중요한 원인임을 제시하고자 한다. 본 물질의 중요한 특성
인 자발 분극의 크기를 Berry phase와 Born effective charge method을 이용하여 계산해 보았으며, 제일원리 전자
구조 계산 프로그램 중 하나인 ABINIT를 이용하여 본 물질에 관해 비선형 광학 상수를 계산해 보고 이에 대해 논
의하고자 한다.
Keywords:
제일원리, 전자구조 계산, VASP, 자발분극, 강유전체
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Strain induced tuning of Dirac states in 1T’-MoX2 (X=S, Se, Te)
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Abstract:
Topological insulators (TIs) constitute new states of quantum matter that have attracted much attention owing
to their fundamental interests and potential applications. Recently, layered transition metal dichalcogenides
(TMDs), MX2 (M=Mo, W and X= S, Se, Te), with 1T’-structure have been predicted to be two-dimensional
(2D) TIs. For practical applications of 2D TIs, large band gaps and Dirac states within the band gap are
desirable because they allow for device operation at room temperature and quantum transport without
dissipation. The important question, therefore, is that whether the topological edge states in one-dimensional
nanoribbons of 1T’-MX2 actually exhibit the desired electronic properties. A further question is how the
electronic structure can be modified by using an external parameter such as strain. In this work, we perform
first-principles calculations to investigate the strain-induced modification of both the bulk band and
topological edge states in QSH insulators based on 1T’-MoX2 with X = (S, Se, Te). The bulk gaps can reach
up to 167, 228, and 362 meV under strain for X = S, Se, and Te, respectively. These large gaps are promising
for practical device applications at room temperature. Although the location of the Dirac point depends on the
chalcogen species, we show the possibility of tuning the Dirac point in the band gap by applying compressive
or tensile strain. Considering the size of band gap and the amount of strain, we suggest that MoSe2
nanoribbons would be the best candidates for QSH devices.
Keywords:
Topological insulators, Transition metal dichalcogenides, Strain, firt-principles calculations
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SnS2 /graphene heterostructure as an anode material for Na ion
batteries: A first principles study
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Abstract:
To hand over the challenges, facing in energy storage and global warming, Li ion batteries are playing a
critically important role for more than two decades. But the high cost, scarcity of Li on the earth crust, and the
increasing demand of batteries require cheap and abundantly available alternatives to Li ions. Na has been
reported as the best alternative to Li but due to the lack of suitable anode materails, Na ion batteries are not
introduced commercially till today [1-4]. The high binding energy (2.26 eV/(Na adatom)), low migration
barrier (0.13 eV which guarantees high ionic mobility) and less volume expansion (18% for 100% sodiation)
insure that SnS2 is a promising anode material. In order to improve the mechanical strength and electronic
conductivity, SnS2 heterostructure was made with conducting graphene. The interlayer distance between
graphene and SnS2 monolayers is larger by about 2Å than that of the graphene bilayer, which provides
sufficient space for the intercalation of sodium ions with the increased binding energy of 3 eV/(Na adatom).
We expect that all these properties make the SnS2/graphene heterostructure as a strong candidate for
commercial anode material in Na ion batteries. References 1. S. W. Kim, D. H. Seo, X. M. G. Ceder, and K.
Kang. Adv. Energy Mater. 2, 710-72 (2012). 2. H. Kim, J. Hong. Kyu-Young Park, Sung-Wook Kim, and K.
Kang. Chem. Rev. 114, 11788-11827 (2014). 3. M. S. Islam, and Craig A.J. Fisher. Chem. Soc. Rev, 43, 185204 (2014). 4. H. Kang, Y. Liu, K. Cao, Y. Zhao, L. Jiao, Y. Wang and H. Kang. J. Mater. Chem. A. 3.
17899-17913 (2015).
Keywords:
Na ion batteries, binding energy, Na ion migration barrier, electronic conductivity
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Topological band order transition in X-Bi(X=Ga,In,Tl) (111) bilayer
KIM Youngjae, YUN Won Seok, LEE J. D.*
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Abstract:
Topological insulators(TIs) have not only insulating bulk but
also spin-polarized gapless edge state. More recently, it was
found that halo-X-Bi(X=Ga,In,Tl) bilayers are the giant gap
topological insulator which can be used for high-temperature
operation. But, they have to be supported on a suitable substrate
due to their sp3-type 2-dimensional buckled structure. Here,
using first principle calculation we found the new electronic
equilibrium states : p>s>p band order in freestanding halogenated
GaBi and InBi with hydrogenated Bi to describe effect of a
substrate supported system and these band order can be especially
changed via strain effect. We demonstrate that the interaction between the TIs and substrate can change their
topological band order in halo-GaBi and InBi. But, these order changes do not appear in halo-TlBi. Finally,
we also show that the new p>s>p band order state is preserved when fluorinated GaBi grown on InSb(111)A
and CdTe(111)-Cd terminated substrate.
Keywords:
Topological insulators, quantum spin Hall insulators, Dirac states, Two-dimensional materials
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Identiﬁcation of native defects on the Te- and Bi-doped Bi2Te3 surface
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Abstract:
Bi2Te3 has long been studied for its excellent thermoelectric characteristics. Recently, this material has been
known as a topological insulator, where the surface states within the bulk band gap which are protected by the
time reversal symmetry, contributes conduction at the surface, where bulk is in insulating state. In contrast to
the bulk defects tuning the chemical potential to the Dirac energy, the native defects near the surface is
expected not to change the shape of the Fermi surface and its related spin structure. Using scanning tunneling
microscopy (STM), we have shown several types of surface or near surface defects in p- and n- doped Bi2Te3
and identified its structure by first principles calculations. Detailed study of its Fermi surface shape near Dirac
energy gives the effectiveness of the disturbance on the backscattering from various kinds of defects.
Keywords:
Topological insulator, Scanning Tunneling Microscopy (STM),
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Charge Doping Driven Potential Ferromagnetic Armchair Black
Phosphorene Nanoribbon
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Abstract:
Using first-principles studies, we investigated the width-dependent magnetic properties of armchair black
phosphorene nanoribbons (APNRs) by controlling the electron charge doping. In the unrelaxed APNRs the
antiferromagnetic coupling between two phosphorus atoms in the same edge was found. However, the edge
magnetic moment vanished after structure relaxation, and all of the APNRs showed a semiconducting feature.
Interestingly, the charge doping substantially altered the band structures of the APNRs because the metallic
states reappeared in the charge-doped APNRs. Besides this, the magnetic moment was found in the chargedoped systems. We found that the Stoner condition could nicely explain the magnetic moment at the edge
atoms. Despite the magnetic moment at the edge, the edge-to-edge magnetic coupling was very weak because
both ferromagnetic and antiferromagnetic states are almost degenerated when the widths of the nanoribbons
were 17 Å and 24 Å. Moreover, we propose that the edge-to-edge magnetic coupling can be manipulated by
charge doping because the transition from the antiferromagnetic to ferromagnetic state was achieved. Our
findings may bring interesting issues for spintronics applications. This research was supported by Basic Science
Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (No.2013R1A1A2006071) and by the Supercomputing Center/Korea
Institute of Science and Technology Information with supercomputing resources including technical support
(KSC-2015-C3-040).
Keywords:
Black Phosphorene Nanoribbon, DFT, Electron charge doping
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Abstract:
Transition metal phosphorus trisulfide (MPS3) is one of the new class of layered materials, which can be
exfoliated to atomically thin films. Some of the bulk MPS3 (FePS3, MnPS3 and NiPS3) have been known as
magnetic materials with antiferromagnetic phase transitions. However, the magnetic properties for atomically
thin MPS3 samples have not been reported yet. We synthesized bulk MPS3 crystals by vapour transport
method. By using the well-known mechanical exfoliation technique, atomically thin samples are prepared on
SiO2/Si substrates. By performing temperature dependent polarized Raman spectroscopy, we found the
signatures of antiferromagnetic phase transitions in few-layer FePS3 crystals. This study will pave the way to
explore magnetism in 2D systems.
Keywords:
Raman spectroscopy,Transition metal phosphorus trisulfide, Phase transition, FePS3
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Abstract:
Recent angle-resolved photoemission spectroscopy (ARPES) studies on the σ bands of graphene have shown
anomalous kink features at high energies. These high-energy kinks were attributed to a signature of strong
electronic coupling to phonon excitations, but its mechanism has remained unclear. In this work, we studied
the origin of σ-band kinks by means of ARPES and tight-binding band calculations. We found that phase
interference of sublattices can provide a full description for the σ-band kinks without considering any
coupling to collective excitations.
Keywords:
Graphene, ARPES, Many-body effect, Matrixelement
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Abstract:
A hexagonal boron-nitride (h-BN) film is expected to be one of the effective substrates for future graphene
devices due to a large band gap (5.9 eV) and the improvement in the electrical properties of the graphene
devices. The h-BN is usually synthesized by using ultra-high vacuum chemical vapor deposition (UHCVD)
with borazine and ammonia-borane precursors on single-crystalline transition metals such as Ni, Pt, Pd, Rh,
Ag, and etc.. In the h-BN film growths, the key issues are the fabrication of a large-area monolayer and the
identification of the growth mechanism of the h-BN film. Recently, Lee et al. [1] grew the monolayer h-BN
on Pt foil in a large-area, and reported that the monolayer h-BN was formed by a surface-mediated growth
mechanism. However, the proposed surface-mediated growth mechanism is still unclear to know the
microscopic growth processes of the monolayer h-BN film. We investigate the adsorptions and the diffusions
of the B and N atoms on the Pt(111) surface by using the first-principles calculation. We find that the B atom
prefers the subsurface site with the energy gain of 0.45 eV compared to those of the other surface sites (fcc,
hcp), and the N atom prefers to locate at the fcc site. The surface diffusion barriers of the B and N atoms from
fcc to hcp sites are 0.51 and 0.82 eV, respectively, and the penetration barrier of the B atom from the fcc site to
the subsurface is 0.46 eV. The BN pair structures on the surface are less stable than that of the separated N
and B configuration by 1.15~1.50 eV. [1] Lee et al., Acs Nano 8, 8520-8528 (2015).
Keywords:
h-BN, Pt(111), DFT, diffusion
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Abstract:
We performed terahertz time-domain spectroscopy on sintered pellet samples of YMn0.1Fe0.9O3. A circular
emission due to coherent spin precession associated with a quasiferromagnetic resonance mode (qFMR) at
0.299 THz was induced by a linearly polarized terahertz magnetic pulse. Below 100 K, the spin precession
signal of the weak ferromagnetic moment along the c axis disappears, signaling the spin reorientation transition
to the Γ2 antiferromagnetic phase.
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Abstract:
We investigate the ultrafast dynamics of the Mott insulator Ca2RuO4. It shows a metal-insulator transition
accompanied by a structural transition, orbital ordering and antiferromagentic ordering in sequence as
temperature decreases. We find the temperature dependent phase transitions are traced in the ultrafast
dynamics depending on the pump fluence. We also observe that multiple vibrational modes are excited as
coherent oscillations. Interestingly, the coherent oscillations abruptly change beyond a threshold fluence, which
manifests a new kind of photoinduced phase transition. We will present and discuss the details of the photoinduced phase transitions in Ca2RuO4.
Keywords:
ultrafast dynamics, phase transition, Mott insulator
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Abstract:
We investigate a detailed process of the precessional motion of the magnetic moment in the canted
antiferromagnetic YFeO3 single crystal excited by pulsed terahertz (THz) light. We observed clear oscillatory
behaviors of magneto-optical responses which are confirmed to be of a magnetic origin from the expected
phase changes upon the reversal of initial magnetization states. By tuning the spectral component of the input
THz pulse around the quasi-ferromagnetic mode located near 0.3 THz, we have experimentally clarified the
resonance effect in the THz control of the magnetization state. We could confirm these results from the
simulation based on the Landau-Lifshitz-Gilbert equation with two sub-lattice model for the canted
antiferromagnet. Furthermore, we demonstrate that the magnetization state can be switched all-optically on a
picosecond timescale using THz pulses of square and oscillating shapes. Whereas the oscillating THz pulse
with a spectral component resonant with the magnetic excitations is necessary for an efficient magnetization
switching, we check the possibility of a further reduction of the necessary THz field strength by examining
influences of variations in the anisotropy energy and Dzyaloshinskii-Moriya interaction upon the switching
behaviors.
Keywords:
THz, canted antiferromagnet, YFeO3, magnetization switching
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Abstract:
With recent experimental breakthrough establishing the glassy spin and charge order as universal phenomena
in under-doped cuprates, both the origin and the role of these local ordering tendencies take the center stage
of cuprates research. In this talk, I will present anays is of short-ranged charge order observed in both our
numerical data on multi-band spin-Fermi on model and scanning tunneling spectroscopy data. I will discuss
the implications of the results in the context of the origin and the role of charge order.
Keywords:
HTS, Cuprate, STM
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Atomic-scale observation of plaquette antiferromagnetic order and
electron-phonon coupling in tetragonal FeAs monolayer encapsulated
in perovskite monolayers using spin-polarized STM
LEE Jhinhwan*
Department of Physics, KAIST
*

jhinhwan@gmail.com

Abstract:
The magnetism coexisting with superconductivity on the Fe-layer in iron-based superconductors (IBS) has
been a surprise for a decade. One fundamental relevant issue is to understand the exact magnetic ground state
and its low energy excitations, which can be complicated often due to the presence of the magnetoelastic effect
associated with an orthorhombic structural deformation. The parent-state superconductor Sr2VO3FeAs with
Tc near 35 K exhibits little orthorhombic deformation down to 4 K, and thus can be an ideal model IBS system
for understanding the true effects of exchange interactions and the quantum fluctuations. Theory suggests that
through quantum fluctuations, plaquette antiferromagnetic (AFM) order is favored over the typical diagonal
double stripe order in the Fe lattice in the absence of orthorhombicity. From spin-polarized scanning tunneling
microscope (SPSTM) study on Sr2VO3FeAs, we discovered the plaquette AFM order in the Fe layer, exhibiting
a C4-symmetric (2×2) unit cell structure. Our large-scale atomic resolution SPSTM images demonstrate that
the domain walls of plaquette AFM order forms a non-trivial topology of topological defects with welldefined topological charges. Even in the presence of tiny external electric current, the domain wall
configuration fluctuates significantly through the annihilation and creation of topological defect pairs. The
large-scale domain topology and the time evolution of domain walls and topological defects with atomic
resolution reveal the unprecedented physics of the plaquette order in the Fe layer with negligible
orthorhombicity. Recently the interface between monolayer iron-based superconductor with perovskite
substrate has shown the possibility of high Tc in excess of 100 K probably due to enhancement of the
antiferromagnetic spin fluctuation-mediated pairing of the electrons by phonons provided by the perovskite
substrate. The 42622 family of Fe-based superconductors such as (Sr,Ba)2(V,Cr,Sc)O3FeAs have similar but
somewhat distinct structure in a sense that it is a self-assembled bulk crystal with repetition unit made of a
single FeAs layer coupled to two perovskite-like layers on its sides, possessing the possibility of significantly
enhanced electron-phonon interaction. Here we present a spectroscopic imaging scanning tunneling
microscopy study on a parent compound superconductor Sr2VO3FeAs with Tc ~ 35 K, where we observed (1)
two distinct replica bands separated by the phonon mode energy both in the filled and empty states as
signatures of strong electron coupling with interfacial phonons and (2) anisotropic kinks in the Γ-centered
band as a signature of Γ-M electron scattering mediated possibly by the plaquette-order-based spin waves.
Our experimental data and phonon simulation show that interfacial symmetrically breathing phonon modes
suitable for BCS pairing and spin waves probably suitable for antiferromagnetic spin fluctuation-based pairing
can be simultaneously achieved by self-assembled encapsulation of FeAs layer by perovskite layers.
Keywords:
spin-polarized STM, Fe-based superconductor, magnetic order,electron-boson coupling, QPI
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Quantitiative determination of the self-energy and pairing interaction
for high Tc cuprate from ARPES experiment.
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Abstract:
Since the high Tc superconductors discovered, the debate of its mechanism not finished yet. McMillan-Rowell
framework, which had found the bosonic spectrum of conventional superconductor, may useful to solve this
problem. However, because of d-wave symmetry of cuprate in superconducting state, it is difficult to extract
bosonic spectrum from tunneling experiment.
Currently, ARPES (angle-resolved photoemission
spectroscopy) experiment play important role in field of high Tc superconductivity. Improvement of ARPES
experiment led the finding the unknown properties of high Tc superconductors. Specially, improvement of
energy and angle resolution enables us to extract self-energy and gap function. And the self-energy can be
converted to boson spectrums using Eliashberg equations. This work can provide us with significant hint for
mechanism on high Tc superconductivity like McMillan-Rowell Framework. In this talk, we will look around
achievements of ARPES in the field of high Tc superconductivity so far. Specially, we focus on quantitative
analysis like EDC (energy distribution curve) and MDC (momentum distribution curve) analysis. Then we will
report new result from high resolution laser ARPES of Bi2212 by using improved analysis method. We
performed MDC analysis by using Green’s function to extract self-energy in superconducting state. Here we
adopted local density of state to improve the MDC analysis. The bosonic spectrum was deduced by maximum
entropy method. The self-energy and bosonic spectrum will be presented.
Keywords:
high Tc superconductivity, cuprate, ARPES
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New process of light emission in plasma
KIM Byungwhan*
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Abstract:
It is well known that light is emitted from an atom in plasma.
The experimental study reported that matter particles of Sun or
laser light were able to be easily collected.1-2 The chemical
compositions measured for the collected matter particles revealed
that light itself is composed of matter particles primarily
composed of C and O or C, O, and B.3 It was reasoned from the
chemical compositions that the light particles are positive in
charge.4 The confirmed matter property of light is sufficient to
believe that an atom contains structures emitting positive light
particles as illustrated in the electronic structure of an atom in
case of one single structure. More detailed structure was once
suggested.4 Here, the LMES represents “light matter-emitting structure”. However, this was neglected in the
creation of plasma. As the structures are incorporated, emission of light can be stated in the following ways:
Apply electromagnetic energy to atoms contained in a vacuum chamber, the energy is transferred to the
atoms by means of a presumed negative vacuum particles, the structures inside the atoms absorb the energy,
and the light particles are then emitted from the individual structures as their absorbed energies exceed
threshold ones. Evidence in supportive of this emission process is presented. References: B. Kim, IJLRST 3
(4), 1 (2014). B. Kim, 2015 Photonics Conference, Dec. 2-4 2015, Korea. B. Kim, IJLRST 4(3), 77 (2015). B.
Kim, IJLRST 4(1), 4 (2015).
Keywords:
Plasma; Atom; Electronic structure; Positive light: Emission: Matter particles: Chemical elements
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Bohm diffusion mystery solved
LEE Kwan Chul*
National Fusion Research Institute
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Abstract:
Underlying mechanism of Bohm diffusion has been remained unexplained for more than 60 years. Although
the original Bohm’s experiment was performed by the low temperature plasma, many fusion devices also
showed diffusion rate similar to Bohm’s formula. Recently new analysis of Bohm diffusions based on the ionneutral interaction is reported [1]. In this analysis the origin of mysterious coefficient 1/16 and 1/B dependency
is clearly explained. The presentation will cover the original arc discharge experiments by Bohm and Simon
with introduction of turbulence induced diffusion analysis [2] which is the reason that the fusion plasma
transport is related with Bohm diffusion. The importance of cross-field current induced by the ion-neutral
collisions is revealed, since this same current generation mechanism in the Bohm diffusion is responsible for
various phenomena of the plasma physics such as reversed rotation of cathode spot and the H-mode
transitions in fusion devices. [1] K. C. Lee, “Bohm diffusion analysis based on the ion-neutral collisions”, IEEE
trans. on Plasma Science, Vol. 43, No.2, 494, Feb. 2015 [2] K. C. Lee, “Analysis of Turbulence diffusion and
H-mode transition in conjunction with gyrocenter shift at the boundary of fusion devices”, Plasma Phys.
Control. Fusion 51 065023, May. 2009.
Keywords:
Bohm diffusion
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Kinetic-fluid transitions of atmospheric pressure micro-sized plasmas
driven by high frequencies
YUN Gunsu*, LEE M.U., JEONG S.Y., LEE J.K.
Pohang University of Science and Technology, Pohang, 37673, Korea
*
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Abstract:
Recent particle-in-cell/Monte Carlo simulations on atmospheric-pressure micro-sized (0.1 -- 1 mm) planar
Helium plasmas driven by microwave frequencies (0.1 -- 1 GHz) revealed a sharp transition from kinetic
electron regime to fluid regime as the drift-dominated electron loss turns into the diffusion-dominated loss
above a critical frequency (f_c) [1]. The electron confinement is substantially better in the diffusion-dominant
regime, leading into better electron heating and higher population of energetic electrons > 4 eV with overall
Maxwellian distribution. The energetic electrons are presumably the key factor for the production of
chemically reactive species in high concentration. An interesting scaling among the transition frequency (f_c),
the electrode gap distance (d), the gas pressure (p) is found empirically, showing that f_c ~ d^-2 p^-0.5. A
hybrid model based on the single particle motion and the continuity equation is proposed to explain this
empirical scaling. [1] M.U. Lee et al, submitted..
Keywords:
gas breakdown, Paschen law, atmospheric plasma, microwave plasma
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Physical properties of the phase correlation between the pressure and
the electrical potential in the turbulence derived from the drift Alfven
3-D model
안찬용*, 민병훈, 김창배
숭실대학교 물리학과
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Abstract:
Numerical simulations are performed to study the turbulent transport in the fluid plasma based on the resistive
drift Alfven plasma model with magnetic shear[1]. One of the important physical quantities is the thermal flux
that is directly dependent on the phase difference between the pressure and the electric potential. In the present
work, inter-relationship between and the turbulent flux is investigated. Preliminary result indicates that
advective turbulent flux excluding zonal flow changes sign with stronger shear of the field lines, where tends
to be smaller. For the simulation, BOUT++ is used in the 3-D slab. Detailed results with various values of will
be presented at the conference. [1] B. D. Scott 2005 New J. Phys. 7 92. [2] B. D. Dudson et al, 2009 Comput.
Phys. Comm. 180 1467
Keywords:
plasma, turbulence, simulation, fluid
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Modification of guiding-center orbits in 3D tokamaks and implications
for toroidal momentum transport
KIM Kimin*, CHOE Wonho
Korea Advanced Institute of Science and Technology
*
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Abstract:
Non-axisymmetric (3D) magnetic fields in tokamaks modify guiding-center particle orbits on deformed or
broken flux surfaces. 3D magnetic fields distort the bounce motion of trapped particles by shifting banana
orbit tips. ExB drifts modify the guiding-center orbits to form new closed orbits by resonances with the
bouncing motions. The modified guiding-center orbits in 3D tokamaks drive nonambipolar particle transport
in the radial direction and toroidal friction force to relax toroidal plasma rotation toward neoclassical offset,
which is called magnetic braking. Local particle simulation has been successful in the verifications of
fundamental NTV physics and practical applications for experimental analysis of magnetic braking. Global
particle simulation will be necessary to expand 3D neoclassical transport study beyond the local
approximation, to include superbanana and fast ion transport.
Keywords:
tokamak, 3D magneticfields, particle simulation
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Gyrotron research activities at KERI
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Abstract:
자이로트론은 핵융합 플라스마의 가열 및 진단 등과 같이 밀리미터파 이상의 높은 주파수 대역에서 높은 출력을 요
구하는 특수 응용분야에 최적화 되어 있는 진공전자 소자이다. ECRM(Electron Cyclotron Resonance Maser)으
로도 불리는 자이로트론은, 고전압 직류 전원과 자기장에 의해 회전 가속되어 진공 속을 진행하는 전자의 운동에너
지를 고차 모드 공진기 내에서 밀리미터파 에너지로 변환하는 기술로서, 고전압 전원, 초전도 자석, 전자 회전공명
제어의 세 가지 요소 기술 간 융합을 통해 구현될 수 있다. 한국전기연구원에서는 보유하고 있는 고전압 전원 기술
과 전도 냉각 형 초고자장 기술 등을 전자 회전 공명 제어에 최적화 하기 위한 연구 개발을 수행하고 있으며, 100
kW 이상의 전자 빔 출력을 제어할 수 있는 고차 모드(TE 6,2) 공진기와 안정적으로 연동하여 95 GHz 30 kW급 밀
리미터파를 발생시킬 수 있는 자이로트론 시스템 개발을 진행하고 있다. 이번 발표에서는 한국전기연구원에서 개발
하고 있는 자이로트론 개발 관련 연구활동 및 응용 분야들을 소개하고 국내 관련 연구 기관과 고려 가능한 향후 협
력 방안 등을 모색하고자 한다.
Keywords:
Gyrotron, Millileter-wave, Super-conductor Magnet, Power Supply
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Feed-forward Plasma Position and Shape Control in VEST
YANG Jeong-hun, KIM Seong-Chol, JANG Jae-Young, LEE Jeongwon, CHUNG Kyoung-Jae, HWANG
Yong-Seok*
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Abstract:
Target plasma for neutral beam injection is produced using preprogrammed RLC circuits as central solenoid and poloidal field
coil power supplies in VEST. Position of magnetic axis and
plasma elongation are evaluated using the magnetic
measurements and equilibrium reconstruction based on GradShafranov equation solution, as the imposed vertical equilibrium
magnetic field strength and the ratio of currents flowing in the
poloidal field coils located vertically and radially out of vacuum
vessel are changed. From the evaluated capability of position and
shape control in VEST, a 80 kA plasma current discharge and a
20 ms pulse length discharge are produced. Furthermore, a device
upgrade plan is drafted based on the calculated required equilibrium magnetic field to achieve 80 kA and 20
ms target simultaneously.
Keywords:
Spherical Tokamak, Ohmic Discharge, Radial Force Balance, Glow Discharge Cleaning
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Erosion and deuterium retention in tungsten exposed to KSTAR and
EAST plasmas
WU Jing1, HONG Suk-Ho*2, GAO Liang3, LUO Guang-Nan*1
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Abstract:
Tungsten (W) is considered to be the most viable armor material for the plasma-facing components (PFC) of a
fusion reactor [1]. The work under fusion plasma will lead to modification of W that would change, in turn,
its erosion properties, subsequent redeposition on surface, and would influence gas inventory (tritium, T) in
material. Hydrogen (H) in W easily diffuses deep into W bulk even from the redeposited layers to the W
substrate [2], namely, bulk T retention in W is a major safety concern. Erosion, deposition and deuterium (D)
retention were investigated by installing marker tiles exposed to EAST plasmas in our previous work [3]. In
this work, the D retention in W exposed to KSTAR and EAST plasma have been studied, while reletive
erosion/deposition of W have also been discussed applying marker. W samples exposed in 2014 located at
inner tagert near the strike points were analyzed by thermal desorption spectroscopy (TDS) to investigate the D
retained. It found that only one peak appears in the spectra of exposed W in EAST (We) around 970 K, while
three peaks of 528 K, 864 K, 1132 K for the W exposed in KSTAR (Wk). And the total amount of D in Wk is
100 times larger than that in We. For further understanding, Rutherford backscattering spectroscopy (RBS)
were used to measure the change in depth of the markers and deduce the net amount of erosion/ possible
deposition on the samples, while the retention profiles were obtained by Nuclear reaction analysis (NRA). And
7 sets of W samples were installed in the lower divertor region and center column at the high field side during
the 2015 KSTAR compaign, in which 2 sets were mounted at central divertor where could be observed by
divertor IR camera from the top. Each set includes 2 maker W samples for erosion/deposition measurement
and 2 polycrystalline W samples for retention study. To make sure that the marker layers could be measured
after a long term plasma exposure with a possible change of the surface, SIMNRA are used in advance to
design the marker including the variety of element, the thickness of the marker layer and the surface roughness.
W coatings were then deposited on graphite substrate by magnetron sputtering as marker layers with a
thickness of 400±10 nm. The roughness of the substract is around 0.1 µm. [1] V. Philipps, J. Nucl. Mater.
415 (2011) S2 [2] T Tanabe, Phys. Scr. T159 (2014) 014044 [3] J. Wu, W.R. Wampler, et al., J. Nucl. Mater.
438 (2013) S841-S845 * Work supported partially by the National Magnetic Confinement Fusion Program
with No. 2015GB109001, and the Korea Research Council of Fundamental Science and Technology (KRCF)
under the international collaboration & research in Asian countries with No. PG1314.
Keywords:
erosion, retention, tungsten, plasma-facing components
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The current status of KBSI heavy ion accelerator project
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Abstract:
Since 2009, we plan to construct a low energy heavy ion beam facility with a 28GHz superconducting ECR ion
source at Korea Basic Science Institute(KBSI). The beam facility will provide us with a high intensity heavy ion
beam and also fast neutrons by p(Li,n)Be reaction. Our goal is to generate high current fast neutron for
neutron radiography. Multiply charged ions from the ECR ion source will be delivered to a RFQ followed by a
DTL. The beam will be then accelerated up to 2.7 MeV. Following plasma ignition, we extracted multicharged ions and obtained results concerning ion beam properties from various gases. This was verified by a
beam diagnostic system for a low energy beam transport system. Beam properties of them were diagnosed
using LEBT. We will install RFQ for acceleration of ions in this year. In parallel, technical design of DTL is
now in progress.
Keywords:
heavy ion accelerator , ECR ion source
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The Development of high power RF system for CW RFQ accelerator
in KBSI
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Abstract:
The RF amplifier system of 100 kW, 165 MHz has been developed with Tetrode of Thales for the KBSI Radio
Frequency Quadrupole (RFQ) accelerator which accelerates Li3+ ion beam to 500 keV/u with CW mode. In
KBSI RF system, a drive amplifier provides 10 W with 30 dB amplification and SSPA is used to drive up to 5
kW as an input power of FPA. A generated RF power is amplified through a tetrode tube up to 100 kW using
power supply systems that is composed with anode, screen gird, control grid, filament power systems. A
circulator with arc detector in transmission lines will protect devices from reflected RF power and will optimize
RF signal using LLRF system. We will present performance test result of our RF amplifier system.
Keywords:
RF power , RFQ
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Quons in a Quantum Dissipative System
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Abstract:
String theory proves to be an imperative tool to explore the critical behavior of the quantum dissipative system.
We discuss the quantum particles moving in two dimensions, in the presence of a uniform magnetic field,
subject to a periodic potential and a dissipative force, which are described by the dissipative Wannier-AzbelHofstadter (DWAH) model. Using string theory formulation of the model, we find that the elementary
excitations of the system at the generic points of the off-critical regions, in the zero temperature limit are
quons, which satisfy q-deformed statistics.
Keywords:
Dissipative Wannier-Azbel-Hofstadter model, Quon, Q-deformed statistics
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Diamagnetic property of quantum matter with Holography
SEO Yunseok1, KIM KeunYoung2, KIM KyungKyu3, SIN Sang-Jin*1
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Abstract:
Gauge/Gravity duality as a theory of matter needs a systematic way to characterise a system. We suggest a
`dimensional lifting' of the least irrelevant interaction to the bulk theory. As an example, we consider the spinorbit interaction, which causes magneto-electric interaction term. We show that its lifting is an axionic
coupling. We present an exact and analytic solution describing diamagnetic response. Experimental data on
annealed graphite shows a remarkable similarity to our theoretical result.
Keywords:
gauge/gravity duality, diamagnetism
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Kaluza-Klein Holography and the LLM geometry
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Abstract:
We construct a holographic map between the vacuum expectation values of gauge invariant operators in the
mass-deformaed ABJM theory and asymptotically AdS_4\times S^7 solutions of 11d supergravity. As an
extension of the AdS/CFT to asymptotically AdS/non-CFT correspondence, we try to compare physical
quantities in the expected dual theories.
Keywords:
holography, mass-deformed ABJM theory, LLM geometry
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Scaling property in the anomalous Hall effect from Holography
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Abstract:
We study the anomalous Hall effect by using gauge/gravity duality. We found analytic solution of the 4
dimensional Einstein-Maxwell-scalar system with Chern-Simons like interaction between scalar and gague
field. From the thermodynamic analysis, we found that the boundary system can have finite magnetization and
hence there can exist the anomalous Hall effect. We performed the analytic caculation and find that there is
scaling behavior between the anomalous Hall coefficient and the longitudinal resistivity. We also
find the power law changes from the coherent metal to the bad metal.
Keywords:
gague/gravity duality, magentism, anomalous Hall effect,
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Abstract:
We present a holographic model and a hairy black hole solution describing hysteresis curves. In addition,
we show that this model can be a linearized version of a 4 dimensional gravity from the 11 dimensional
supergravity theory. The non-linear theory has been obtained by a consistent trucation, so the solution is a
non-supersymmetric solution of the 11 dimensional supergravity.
Keywords:
gauge/gravity dorrespondence,hysteresis curve, magnetization, supergravity
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Scalar Hairy AdS3 Black Holes and Smarr Relation
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Abstract:
We find numerical solution of scalar hairy AdS3 black holes by constructing perturbatively. In that case, we
check the new Smarr relation suggested by B. Ahn, S, Hyun, K. Kim, S. Park, and S. Yi.
Keywords:
Scalar hairy black holes, Smarr relation
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Canonical energy and hairy AdS black holes
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Abstract:
We propose the modified version of the canonical energy which was introduced originally by Hollands and
Wald. Our construction depends only on the Euler-Lagrange expression of the system and so independent of
the ambiguity in the Lagrangian. After some comments on our construction, we briefly mention on the
relevance of our construction to the boundary information metric in the context of the AdS/CFT
correspondence. We also study the stability of three-dimensional hairy extremal black holes by using our
construction.
Keywords:
Canonical energy, Dynamical stability,Scalar hairy black hole, AdS/CFT
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Firewalls in Israel-Hartle-Hawking state
EUNE Myungseok2, GIM Yongwan*1, KIM Wontae1
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Abstract:
Analogous to the firewalls in evaporating black holes, we can define them for static black holes in thermal
equilibrium in the sense that the proper temperature is divergent on the horizon due to the infinite blue-shift of
the Hawking temperature. To present a possible resolution to this problem semiclassically, we derive a
generalized Stefan-Boltzmann law by taking into account the trace anomaly and then define the corresponding
modified proper temperature. It can be shown that the divergent proper temperature on the horizon is
regularized thanks to the trace anomaly which is responsible for Hawking radiation. Consequently, we find
that the firewall associated with Hawking radiation does not appear on the horizon in thermal equilibrium as
long as the trace anomaly is concerned, so that the equivalence principle is eventually recovered on the
horizon.
Keywords:
Hawking Radiation, Firewalls, Trace anomaly
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Holographic Study on Quarkonium Dissociation in Medium
PARK Chanyong1, 3, LEE Bum-hoon1, 2, NAM Siyoung*1
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Abstract:
We study some of non-perturbative perspectives of a class of thermal gauge theories in dense medium. For
this, a moving heavy quark-antiquark pair in the hot dense medium is considered by calculating the Wilson
loop in the gauge/gravity duality. The ﬁnite densities of the quark ﬂavors generate screening eﬀects to the
heavy quark potential, which aﬀects the dissociation point of the quarkonium in the hot dense medium. Inmedium behaviors of Debye mass and effective string tension are also investigated.
Keywords:
gauge/gravity duality, Wilson Loop, Quarkonium, Desne Medium
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Search for optimal combinations synthesizing superheavy elements
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*
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Abstract:
To clarify the fusion mechanism in heavy mass region, we study the role of the characteristics of the entrance
channel in fusion reactions leading to compound nucleus. In this talk several considerations are presented,
focusing on the capture of projectile nuclei and formation of a compound nucleus in the competition with
quasifission process. It is discussed which combination of nuclei is favorable to synthesis superheavy elements.
Keywords:
Potential Energy Surface, Superheavy Elements
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Photodisintegration of molybdenum isotopes
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*
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Abstract:
The process of photodisintegration of molybdenum isotopes was studied using the induced activity method.
Using RTM-70 accelerator, natural mixture of molybdenum isotopes was irradiated by bremsstrahlung
photons under maximum energy of electrons 67.7, 29.1 and 19.5 MeV. The yields of isotopes, which were
produced as a result of photodisintegration, were obtained and the experimental results were compared with
theoretical results. The theoretical yields were calculated based on TALYS and “Combined model of
photonuclear reaction”, which was developed in Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow
State University, in Russia. The results can be interpreted on the basis of shell structure of molybdenum and
difference between the results can be explained by isospin selection rule.
The application of
photodisintegration of molybdenum isotopes to medical diagnostics and astrophysical nuclear reactions are
described.
Keywords:
photonuclear rearion, photodisintegration, molybdenum
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Study of (n,α) scattering phase shifts using NCSM results
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Abstract:
We study low-energy phase shift of light nuclei using the Single State Harmonic Oscillator Representation of
Scattering Equations (SS HORSE), which is based on the J-matrix inverse scattering approach. This method
has a great advantage in calculating phase shift directly from the no-core shell model (NCSM) results without
additional complexities. We calculate (n,α) scattering phase shifts using the results from no-core shell model
calculations for 5He with three different NN interactions; JISP16, NNLOOPT and Daejeon16. We compare our
results with experimental phase shifts for 5He.
Keywords:
low-energy phase shift , SS HORSE, no-core shell model

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

B1.04

Measurement of photo-neutron cross-sections and yields in 103Rh
using 55- and 60-MeV bremsstrahlung
RAHMAN Md. Shakilur1, KIM Guinyun*1, KIM Kwangsoo1, NADEEM Muhammad1, HIEN Nguyen Thi1,
YANG Sung-Chul2, SHIN Sung-Gyun3, CHO Moo-Hyun3, LEE Man Woo4, KANG Yeong-Rok4, YANG
Gwang-Woo4
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Abstract:
We measured the flux weighted photo-neutron cross-sections, isomeric yield ratios, and yields of rhodium
isotopes produced via 103Rh(g,n)102m,gRh, 103Rh(g,2n)101m,gRh, 103Rh(g,3n)100m,gRh, and 103Rh(g,4n)99Rh with
the end-point bremsstrahlung energies 55- and 60-MeV, utsing 100-MeVelectron accelerator at Pohang
Accelerator Laboratory (PAL). The induced activities in the irradiated foils were measured by the highresolution off-line g-ray spectrometric system consisting of a high-purity germanium detector and a 4K
multichannel analyzer. The bremsstrahlung spectrums were simulated with Geant4 simulation code. The flux
weighted photo-neutron cross sections and yield ratios of isomer 102m,gRh, 101m,gRh, 100m,gRh and 99m,gRh, from
high spin to low spin were measured and compared with theoretical values by model code TALYS 1.6. The
details of the photo-neutron cross sections and produced yields of medically important isotopes of rhodium in
comparison with particle induced reactions such as neutron, alpha, and deuteron are presented and discussed.
*This work was partly supported by the National Research Foundation (NRF-2013R1A2A2A01067340) and
by the Korean federation of Science and Technology Societies (KOFST) grant funded by the Korean
government (MSIP: Ministry of Science, ICT and Future Planning)
Keywords:
Photo-neutron cross sections, Bremsstrahlung end point energy 55-, and 60-MeV, Geant4, TALYS 1.6.
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Single Particle Energy of Deformed Nuclei
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Abstract:
Mean field approximation을 이용해 핵을 구성하고 있는 핵자의 single particle energy를 얻는다. Woods-Saxon
potential을 mean field potential로 가정하고 이에 대한 single particle energy는 harmonic oscillator를 basis로 삼
는 numerical method로 구한다. 이것들을 deformation에 적용하기 위해 새로운 quantum number가 적용된
Nilsson model을 고려할 수 있다. Deformed nuclei에 대해서 Nilsson model로 구한 single particle energy level과
실험에서 드러난 energy level을 비교함으로써 Nilsson model의 유용성을 보인다. 더불어 Nilsson model의 state가
가지는 의미를 알아본다. 그리고 spherical state와 Nilsson state의 비교로 deformed nuclei의 특성을 확인한다. 이
렇게 결정한 deformed Woods-Saxon는 β2, β4에 따라 energy level이 다르게 나타난다. 다음으로 minimum total
energy를 계산하여 ground state를 만족하는 β2와 β4의 값을 결정함으로써 deformed nuclei의 single particle
energy level의 변화와 shell evolution을 확인할 수 있다.
Keywords:
deformed nuclei, Nilsson state
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Neutron-proton pairing effects on the Gamow-Teller transitions by
using the deformed QRPA
HA Eunja*, CHEOUN Myung-Ki
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Abstract:
We investigated the effects of the neutron-proton (np) pairing correlations on the Gamow-Teller transition of
Mg, Fe, and Ni. Our calculations are performed within the deformed quasi-particle random phase
approximation (DQRPA) which explicitly includes the deformation of the Mg isotopes. By including the
deformation at the BCS and RPA stage, we are able to study in detail the np pairing effects in the GT
transition. In particular, the np pairing effect is found to be salient at 24Mg which has the same number of
protons and neutrons. Another correlation between the deformation and the np pairing is also discussed with
the comparison to the experimental GT data by the charge exchange reactions of light nuclei.
Keywords:
QRPA, np-pairing correlations, Gamow-Teller transition
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나노 광학 기반의 바이오센서를 이용한 생체분자 측정 및 영상화
(Biomolecular detection and imaging with nanoplasmonic optical
biosensing platforms)
KIM Donghyun*
School of Electrical and Electronic Engineering, Yonsei University
*

kimd@yonsei.ac.kr

Abstract:
In this talk, various bioimaging and sensing techniques that are based on excitation and management of
structured plasmonic evanescent waves will be presented. An evanescent wave is created under total internal
reflection of lightwaves and typically reaches approximately 100 nm from surface. This enables selective
investigation of biomolecular interactions that occur near surface at a resolution that would not be achieved in
a conventional diffraction-limited system. The enhancement of sensing and imaging characteristics in terms of
sensitivity and resolution will be discussed for evanescent wave-based biosensing and imaging systems that
employ nanostructure-based bioassays. Results of sensing and imaging various biomolecules, including
microtubules, viruses, bacteria using periodic or aperiodic random nanostructures will be presented.
Furthermore, strategies to best utilize the field localization induced by plasmonic excitation will be suggested.
Also, potential applications as well as future directions of these techniques will be explored.
Keywords:
Plasmonics, Nanophotonics,Molecular imaging, Detection, Biosensing
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A Localized Surface Plasmon Resonance (LSPR) aptasensor for small
molecule detection
KIM Min-Gon*
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Abstract:
Plasmonic biosensors based on localized surface plasmon resonance (LSPR) have recently become a sensing
platform for label-free and real-time molecular detection for biochemical and biomedical applications. LSPR
based sensing strategies utilize the plasmonic properties of noble metals and the strong electromagnetic field
created at the plasmon resonance frequency. The resonance condition is also dependent on the polarizability of
the surrounding medium, where the condition for resonance frequency is highly dependent on the refractive
index (RI) in close proximity of the metal nanostructure surface. This allows sensitive detection of molecular
events occurring at the surface of metal nanoparticles using spectral interrogation. However, LSPR-based
label-free sensor has been suffered from low sensitivity because the enhanced electric filed is rapidly falling off
with distance from nanoparticle surface, and it eventually causes very short sensing distance with tens-ofnanometer. Because of the limited sensing distance of LSPR phenomenon, the small-sized receptor has been
required for sensitive target detection. Thus, small size of an aptamer which have high affinity and selectivity
for target is chosen for developing LSPR sensor. The geometric change of aptamer (G-quadruplex formation)
offered LSPR peak shift resulting from the alteration of local RI around gold nanorod (GNR) surface. In this
study, a LSPR aptasensor for small molecule detection (mycotoxins and ATP) and signal enhancement strategy
of the LSPR sensor using additional binding materials are introduced. Reference [1] “The use of an engineered
single chain variable fragment in a localized surface plasmon resonance method for analysis of the C-reactive
protein”, Chemical Communication, 2013, 49, 9497-9499. [2] “A regeneratable, label-free, localized surface
plasmon resonance (LSPR) aptasensor for the detection of ochratoxin A”, Biosensors and Bioelectronics, 2014,
59, 321-327. [3] “High-Sensitivity Detection of ATP Using a Localized Surface Plasmon Resonance (LSPR)
Sensor and Split Aptamers” , Biosensors and Bioelectronics, 2015, 73, 26-31.
Keywords:
Localized Surface Plasmon Resnonance (LSPR), Aptamer, Gold Nanorod (GNR), Small Molecule
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Abstract:
Over the last decade numerous research efforts have been made on utilizing different shapes and sizes of gold
nanoparticles (NPs) in conjunction with surface plasmon based biosensing platforms for enhanced detection of
biological molecules and environmentally toxic agents. In this talk, we will highlight some of our latest efforts
made on the combined use of biofunctionalized gold NPs and surface plasmon resonance (SPR) for
ultrasensitive detection of protein biomarkers which can be powerfully employed for biological applications. A
novel surface-based aptamer-antibody sandwich assay with biofunctionalized Au NPs will be first introduced
for the SPR detection of protein biomarkers at an attomolar concentration level in biological fluid samples [1].
Also, dual nanoparticle-integrated SPR sensing platforms to achieve further enhancement in the sensitivity will
be discussed [2]. In addition, the effect of different shapes of gold NPs including quasi spherical particles,
cubes, cubic cages, stars and rods on the SPR sensing performance will be presented. Finally, we will discuss
about future aspects of integrating gold nanoparticles for surface plasmon based sensing platforms alongside
electrochemical biosensors for a wide spectrum of biomedical and environmental applications. References [1]
H. R. Jang, A. W. Wark, S. H. Baek, B. H. Chung, H. J. Lee, Anal. Chem., 2014, 86, 814-819 [2] S. H. Baek,
A. W. Wark, H. J. Lee, Anal. Chem. 2014, 86, 9824–9829
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Plasmonic Nanoparticles for Biomedical Applications
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Abstract:
Recently, gold nanoparticles have attracted much interest in the field of biomedicine because they display
excellent biocompatibility, long-term photo-stability and unique optical properties. In this talk, I first will
discuss a near-infrared(NIR)-activatable nanoplasmonic technique that can inhibit the electrical activity of
neurons by utilizing gold nanorods (GNRs) as photothermal transducers on cellular membranes. The GNRs
were bound onto the plasma membrane of neurons and irradiated with NIR light to induce GNR-mediated
photothermal heating near the membrane. The electrical activity from the cultured neuronal networks
pretreated with GNRs was immediately inhibited upon NIR irradiation, and fully restored when NIR light was
removed. The degree of inhibition could be precisely modulated by tuning the laser intensity, thereby enabling
restoration of firing of a hyperactive neuronal network with epileptiform activity. Secondly, I will discuss the
possibility of in vivo multi-photon luminescence imaging of cerebral vasculature and blood–brain barrier
(BBB) integrity in mice using PEGylated gold nanoparticles (PEG-GNP). After intravenous administration, the
PEG-GNPs were found to reside in the blood stream long enough to visualize the cerebral vasculature. In a
mouse model of stroke, in vivo multi-photon luminescence imaging of long circulating PEG-GNPs enabled us
to monitor the time-dependent change of vascular permeability with high spatial resolution.
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Combination of near-infrared pulses and targeted gold nanorods for
enhanced photothermal neural stimulation
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Abstract:
Despite a potential of infrared neural stimulation (INS) for modulating neural activities, INS suffers from
limited light confinement and bulk tissue heating. Here, a novel methodology for an advanced optical
stimulation is proposed by combining near-infrared (NIR) stimulation with gold nanorods (GNRs) targeted to
neuronal cell membrane. We confirmed experimentally that in vitro and in vivo neural activation is associated
with a local heat generation based on NIR stimulation and GNRs. Compared with the case of NIR stimulation
without an aid of GNRs, combination with cell-targeted GNRs allows photothermal stimulation with faster
neural response, lower delivered energy, higher stimulation efficiency and stronger behavior change. Since the
suggested method can reduce a requisite radiant exposure level and alleviate a concern of tissue damage, it is
expected to open up new possibilities for applications to optical neuromodulations for diverse excitable tissues
and treatments of neurological disorders.
Keywords:
Neural stimulation; Surface plasmon resonance; Photothermal effect; Gold nanorods
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그래핀-양자점-실리콘 옥사이드-실리콘 소자의 전기적∙광학적 특성
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*
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Abstract:
본 연구에서는 그래핀과 기판 사이에 720nm 형광 파장을 갖는 CdTe 양자점을 적층하여 그래핀을 기능화
(Functionalization) 시켰다. 양자점과 그래핀 사이의 전하 이동 효과로 인한 그래핀의 캐리어 밀도 변화 및 불순물
산란에 의한 캐리어 이동도 변화 등을 알아보았다. 본 연구 목적달성을 위해 화학적 기상 증착 방법을 이용한 대면
적 그래핀을 구리 포일 위에 성장시켰고, 양자점으로 기능화된 기판 위로 PMMA가 증착된 그래핀을 옮긴 후
PMMA를 제거하였다. P형으로 도핑 된 실리콘 기판을 이용해 후면 게이트 트랜지스터 구조를 제작하여 그래핀의
디락 포인트를 측정하였고, 그래핀의 캐리어 이동도와 캐리어 농도를 홀 효과 측정 방법 등을 통해 측정하였다. 또
한, 빛과 양자점의 상호작용 특성을 그래핀의 전도 측정 등을 통해 얻어냈다. 본 연구를 통해서 양자점 도핑에 의한
그래핀의 전기적 특성을 이해하고, 이를 바탕으로 양자점을 이용한 그래핀 소자 제작 및 특성 분석에 이용할 수 있
을 것으로 기대한다.
Keywords:
Graphene, Quantum Dot
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Abstract:
Reliable graphene transfer techniques are of great importance for applying in fields of electronics and
biosensors. Among many graphene transfer techniques, the direct transfer techniques using
polydimethylsiloxane (PDMS) stamping have been shown high performances in many previous researches since
they have advantages such as a “pick-and-place” capability and no chemical residue problems. However, it is
not easy to apply direct PDMS stamping to graphene grown on rough, grainy metal surfaces due to poor
contact between the PDMS and graphene. In this study, graphene consisting of a mixture of monolayers and
multiple layers grown on a rough Ni surface was directly transferred without use of an adhesive layer, which
can result in contamination issues. Liquid PDMS was cured on graphene to effect a conformal contact with the
graphene. A fast release of graphene from substrate was achieved by carrying out ‘wet-etching-assisted
mechanical peeling’. We also carried out a thermal post-curing of PDMS to control the level of adhesion
between PDMS and graphene and hence facilitate a damage-free release of the graphene. Characterization of
the transferred graphene by micro-Raman spectroscopy, SEM/EDS and optical microscopy showed neither
cracks nor contamination from the transfer. This technique allows a fast and simple transfer of graphene, even
for multilayer graphene grown on a rough surface.
Keywords:
Multilayer graphene, Direct transfer, PDMS post-curing
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Atomic-resolution TEM imaging of few-layer black phosphorus and
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Abstract:
Black phosphorus (BP) has recently emerged as an alternative 2D semiconductor material owing to its
interesting properties such as tunable bandgap (2.0 eV for monolayer phosphorene and 0.3 eV for bulk BP),
high charge carrier mobility, and highly anisotropic electrical and optical properties. To fully understand its
structural and electronic properties, the investigation of atomic-scale structure including various defects of
few-layer BP is necessary. We investigate atomic structures of few-layer BP using aberration corrected
transmission electron microscopy (TEM). We establish the layer-number –dependent atomic resolution
imaging of few-layer BP via TEM imaging and image simulations. Moreover, we demonstrate that the electron
beam can be utilized to form BP nanoribbons with crystalline edge structures. TEM imaging reveals that the BP
edge shows the reconstructed edge configuration, which is also confirmed by first principles calculations with
van der Waals dispersion force method. -We acknowledge support from Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF2014R1A1A2058178).
Keywords:
Black phosphorus, phosphorene, transmission electron microscopy, atomic structure
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Excitonic resonance Raman effects in few-layer MoSe2
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Abstract:
We carried out Raman investigation of few-layer MoSe2 thin films with eight different excitation energies. In
bulk MoSe2, two main peaks (A1g and E2g1) are selectively enhanced when the excitation energy matches A and
C exciton states (1.58 and 2.81 eV), respectively [1]. In the case of few-layer MoSe2, several anomalous
behaviors are observed in the range of 2.33 ~ 2.81 eV. Especially near 240 cm-1, splitting of the A1g mode is
observed which is dependent on the thickness of the sample. The relative intensities of these modes are strongly
dependent on the excitation energy. In addition, we measured and compared the Raman spectra in the lowfrequency region (<100 cm-1). The intensity ratio of breathing and shear modes depends on the excitation
energy. By combining these results, we can establish fingerprints for determining the number of layers of fewlayer MoSe2. This study will shed light on the strong exciton-phonon coupling in few-layer MoSe2 References
[1] Dahyun Nam et al., Scientific Reports 5, 17113 (2015).
Keywords:
MoSe2, Molybdenum diselenide, Resonant Raman spectroscopy, Davydov splitting
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A Multi-level Graphene Nano-electro-mechanical Switch
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Abstract:
Nano-electro-mechanical (NEM) switch is a type of electronic switches operated by using electrostatic forces
to mechanically pull an active element into contact with a drain electrode, thus allowing current to flow. Due
to their small leakage current, high operating speed, and low energy consumption, NEM switches have
attracted much interest in various applications such as relays, electrical switches, logic devices, and memory
elements. In the present work, we report a multi-level NEM switch by taking advantage of extraordinary
high mechanical strength of graphene. Graphene can be elastically deformed without breaking owing to its
high Young’s modulus. Suspended graphene based NEM switches are fabricated using cross-linked polymethyl
methacrylate with multi-level contact electrodes. The multi-level graphene NEM switch exhibits multiple
current stages without breaking as the gate voltage increases. The experimental results show that the numbers
of current stage and contact electrode level are identical when the height difference between the levels is
sufficiently small. The electrical and mechanical behaviour of the multi-level graphene NEM switch will be
discussed in detail.
Keywords:
Nano-electromechanical system, Graphene, Multi-level, Switch
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Polarized Raman and photoluminescence spectroscopy with differing
angles of laser incidence on a single layer MoS2
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Abstract:
A CVD-grown monolayer MoS2 on a sapphire substrate was studied using polarized Raman and
photoluminescence (PL) spectroscopy with differing angles of laser incidence (θ). Two different polarization
configurations in the forward scattering geometry were used. In an in-plane configuration, the polarization
direction of both incident and scattered light was parallel to the MoS2 plane. In an out-of-plane
configuration, the angle between the polarization vector and the MoS2 plane was the same as the angle of
incidence. The relative Raman intensity of the A1g mode (~405 cm-1) measured in the out-of-plane
configuration, with respect to that measured in the in-plane configuration, were analyzed as a function of θ.
The relative Raman intensity of the A1g mode showed approximately cos2θ-dependence up to θ=70°. The
relative PL intensity measured in the out-of-plane configuration, with respect to that measured in the in-plane
configuration, also showed cos2θ-dependence up to θ=70°.
Keywords:
MoS2RamanPhotoluminescence
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Fermi Level Pinning and Contact Resistance between 2D TMDCs and
Metal Contact
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Abstract:
전이금속 칼코겐화합물(Transition metal dichalcogenide; TMDC)
은 다양한 밴드갭을 가진 2차원 반도체 물질로 그래핀과 함께 많은
관심을 받고 있다. 하지만 TMDC-금속 접촉 시 나타나는 높은 접촉
저항과 Fermi level pinning에 의한 쇼트키 장벽 조절의 한계는 고성
능/저전력2차원 물질 반도체 소자 제작에 많은 제약을 가져다 준다.
이를 해결하기 위해 이황화몰리브데늄 (MoS2)에 대한 이론적인
Fermi level pinning과 접촉 저항에 대한 연구가 많이 진행되었다[1][2]. 하지만 이에 관한 실험적인 연구가 충분
히 이루어지지 않아 연구가 필요한 실정이다. 본 연구에서는 다양한 금속(Ti, Cr, Au, Pd)과 다양한 TMDC 물질
(MoS2, MoTe2 (2H))의 접촉 특성을 확인하고자 전계효과 트랜지스터를 제작하였다. 그리고 200~500 K의 온도
측정을 통해 쇼트키 장벽 높이를 측정하였다. 아래 Fig. 1a와 1b의 그래프에서 나타나듯이 MoS2와 MoTe2의 쇼
트키 장벽 높이가 Schottky-Mott relationship에서 벗어나 비슷한 에너지 레벨에 pinning되는 것을 확인하였다.
게다가 고온 영역에서의 전류 변화가 저온 영역에서의 전류 변화보다 더 크게 나타났는데 이는 온도 영역에 따라
캐리어 수송 메커니즘이 Thermionic 에서 Tunneling emission으로 변했기에 일어나는 현상임을 확인할 수 있었
다. Fig. 1b에서 쇼트키 장벽과 접촉 저항은 선형적인 분포를 보여주었다. 이 실험을 통해 2D TMDC의 Fermi
level pinning을 확인하였고, 접촉 저항이 쇼트키 장벽에 크게 영향 받음을 확인할 수 있었다.
Keywords:
MoS2, MoTe2, Contact resistance, Fermi level pinning, Schottky barrier
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Spin Transport and Giant Electroresistance in Ferromagnetic Graphene
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Abstract:
We investigate spin transport through ferromagnetic graphene vertical heterostructures where a sandwiched
tunneling layer is either a normal or ferroelectric insulator. We show that the spin-polarization of the
tunneling current is electrically controlled via gate voltages. We also demonstrate that the tunneling current of
Dirac fermions can be prohibited when the spin configuration of ferromagnetic graphene sheets is opposite.
Giant electroresistance can thus be developed by using the proposed heterostructure in this study. The effects
of temperature on spin transport and the giant electroresistance ratio are also investigated. Our findings
discover the prospect of manipulating the spin transport properties in vertical heterostructures through electric
fields via gate and bias electrodes.
Keywords:
Graphene vertical heterostructure, Spin transport, Giant magnetic resistance
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Wet-spun highly conductive and mechanically strong graphene-CNT
fiber
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Abstract:
A number of researches have been conducted to make CNT-based fibers by wet-spinning processes since
Vigolo et al. firstly reported a coagulation method to assemble SWCNT/poly(vinyl alcohol) (SWCNT/PVA)
into infinitely long ribbons and fibers. The resultant composite fiber was characterized to contain high SWCNT
content of ~60 wt%. Recently, by utilizing spontaneous strong formation of CNT-graphene hybrid as fillers,
synergistic reinforcements were achieved in various polymer matrix composite. For instance, polyvinyl alcohol
(PVA) fiber incorporated with CNT-graphene hybrid exhibits tensile strength of about 600 MPa and a
toughness as high as 970 Jg-1, which is superior to reported values so far. Contrast to graphene-CNT, there is
no report on the possibility of fabrication of graphene oxide (GO)/CNT composite fiber by wet-spinning
method mainly due to opposite properties of GO and CNT. In this work, we for the first time demonstrate the
possibility of GO/CNT composite fiber. The GO/CNT fiber exhibits high performance in terms of mechanical
feature and its electrical conductivity and porosity could be precisely tunable via post treatment including
reduction. Furthermore, we observed that the fiber exhibits high charge capacity and conductivity, implying
the possibility for textile-based supercapacitor combining with wearable harvesting devices. The GO/CNT
fiber possibly could play a important role for wearable device as electrical components such as electric wire,
and capacitor.
Keywords:
GO, CNT, fiber, wet-spinning, wearable device
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Long-range correlation of rigid rods adsorbed onto two-dimensional
lattices
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Abstract:
When rigid rods of aspect ratio k are adsorbed onto a twodimensional lattice, it is known that they exhibit long-range
correlation for sufficiently high k if the density exceeds a critical
value. The high-density region still remains unexplored to a large
extent, however, because the usual grand-canonical Monte Carlo
methods become very slow. We study correlation at full density
in two different ways: One is to exploit the exact solution of the
dimer covering problem, and the other is to map the tiling
problem to a fluctuation surface as suggested by Thurston. For a
triangular lattice, the dimer covering solution implies the
existence of long-range correlation for every k>1, and the surface roughness is consistent with the EdwardsWilkinson type. For a honeycomb lattice, on the other hand, the dimer covering solution suggests the absence
of long-range correlation for k=2, and it happens to be true from the viewpoint of surface fluctuation as
well. Combining this observation with numerical results, we propose a phase diagram for rigid rods adsorbed
onto a honeycomb lattice.
Keywords:
adsorption, tiling, surface fluctuation
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Bundle formation in directed polymers with competing interactions
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Abstract:
Aggregation of like-charged polymers is widely observed in biological and soft matter systems. In many
systems, bundles are formed when a short-range attraction of diverse physical origin like charge-bridging,
hydrogen-bonding or hydrophobicity, overcomes a longer-range charge repulsion. In this talk, I shall present
a general mechanism of bundle formation in these systems as the breaking of the translational invariance in
nematically aligned polymers with competing interactions of this type. We derive a criterion for finite-sized
bundle formation as well as macroscopic phase separation (formation of infinite bundles).
Keywords:
bundling, microphase separation, polyelectrolytes
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Abstract:
A system of a positively charged cylinder in the presence of negatively charged counterions shows bindingunbinding transition of counterions to the charged cylinder. This critical phenomenon demonstrates different
properties depending on the strength of electrostatic interaction. As the system becomes charged more highly,
the coupling between counterions and the charged cylinder becomes strong and the correlation of counterions
becomes significant. For an extensive range of the strength of electrostatic interaction, we examine its
equilibrium states, performing Monte Carlo simulation and analytic calculation. We find that characteristic
phases such as complete de-condensation, partial condensation, complete condensation, and Wigner crystal.
We determine the phase boundaries and discuss underlying mechanism and criticality.
Keywords:
Counterion-condensation transition, electrostatic interaction, Poisson-Boltzmann limit,Strong-coupling
limit,Wigner crystal
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Quasiperiodic driving of Anderson localized waves in one dimension
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Abstract:
We consider a quantum particle in a one-dimensional disordered lattice with Anderson localization, in the
presence of multi-frequency perturbations of the onsite energies. Using the Floquet representation, we
transform the eigenvalue problem into a Wannier-Stark basis. Each frequency component contributes either to
a single channel or a multi-channel connectivity along the lattice, depending on the control parameters. The
single channel regime is essentially equivalent to the undriven case. The multi-channel driving substantially
increases the localization length for slow driving, showing two different scaling regimes of weak and strong
driving, yet the localization length stays finite for a finite number of frequency components.
Keywords:
Disordered Systems, Anderson Localization, Floquet Theorem
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Abstract:
We study energy and particle exchange between two finite quantum systems, and show that there exist a
characteristic form of steady state. The exchange rate evolves stepwisely in time and its magnitude and sign
sensitively depend on the system size difference. There in, interference effects participated by multiply scattered
waves at system boundaries play a crucial role. Although those characters are utterly different from the steady
state in infinite systems, Onsager's reciprocal relation remains universally valid.
Keywords:
steady state, exchange dynamics, finite quantum system, Onsager's reciprocal relation
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Phase transitions and dynamics of coupled Ising models exchanging
particles
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Abstract:
In biological systems, cells obtain necessary energies and materials via exchanging molecules or ions. Similarly,
countries, cities or institutes grow or decay as their constituents move. To probe the corresponding particle
exchange dynamics in such systems, we consider two Ising models coupled via exchanging particles with each
other and establish a master equation to describe the equilibrium phases as well as the non-equilibrium
dynamics of the system. It is found that an additional stable phase emerges as a consequence of the particle
exchange. Furthermore, critical slowing down is manifested and the associated dynamic exponent is computed
in the linear relaxation regime. In particular, this approach is relevant to investigating the grand canonical
description of the system plus environment, with particle exchanges and state transitions of both taken into
account explicitly.
Keywords:
particle exchange, coupled Ising models, master equation
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Abstract:
The generalized epidemic process (GEP) is a simple model of contagion involving cooperative effects. In
homogeneous media, such as regular lattices and Poisson random networks [1-3], it has been shown that the
model exhibits continuous and discontinuous transitions depending on the strength of cooperative effects for
Poisson random networks, with the exact phase diagram and the finite-size scaling behaviors [3]. In this study,
we investigate how these properties are affected in the presence of structural heterogeneity, which is a salient
feature of various complex systems. With this aim, we generalize the generating function approach to random
scale-free networks of various power-law exponents ߙ. Interestingly, for 2 < ߙ < 3, our theory predicts that
the model exhibits a continuous or discontinuous phase transition at a vanishing epidemic threshold,
depending how often the initial seed is planted at hubs.We also discuss whether tricritical behaviors are
observable for different values of ߙ. Finally, our analytical predictions are compared with numerical results.
p.p1 {margin: 0.0px 0.0px 12.8px 0.0px; font: 13.0px Arial; color: #232323; -webkit-text-stroke:
#232323} span.s1 {font-kerning: none} [1] P. S. Dodds and D. J. Watts, Phys. Rev. Lett. 92, 218701 (2004);
J. Theor. Biol. 232, 587 (2005). [2] H.-K. Janssen, M. Mueller, and O. Stenull, Phys. Rev. E 70, 026114
(2004); G. Bizhani, M. Paczuski, and P. Grassberger, ibid. 86, 011128 (2012). [3] K. Chung, Y. Baek, D. Kim,
M. Ha, and H. Jeong, Phys. Rev. E 89, 052811 (2014); K. Chung, Y. Baek, M. Ha, and H. Jeong,
arXiv:1512.04457 (2015).
Keywords:
GEP, Scale-Free Network, Phase Transition, Criticality, Finite-Size Scaling.
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Abstract:
Recent advances of nanoelectronic devices opened up new opportunities for harnessing quantum properties of
individual fundamental quanta in condensed matter systems. Observation and manipulation of single phonon
was shown to be within reach, and quantum control over single electrons has been developed to realize solid
state qubits. The next breakthrough is expected when these progresses are combined to accomplish a quantum
hybrid that could promise a regime with rich physical phenomena induced by strong and controllable
electron-phonon interactions. Here, we investigate a quantum hybrid of single electron and phonon where the
coupling rate between two distinct quanta exceeds their dissipation rates and possibly their frequencies,
reaching so-called "strong coupling limit". A successful demonstration of such regime in a quantum hybrid
system would provide a unique testbed for quantum nonlinear physics, and constitute a scalable component for
building quantum machines with applications in quantum information and metrology. We report recent
progresses in our group in realizing single electron-single phonon hybrid with synthesized nanowires.
Keywords:
nanoelectromechanical systems, single phonon, quantum hybrid, strong coupling
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Large linear magnetoresistance in heavily-doped Nb:SrTiO3 epitaxial
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Abstract:
Interaction between electrons has long been a focused topic in condensed-matter physics since it has led to
discoveries of astonishing phenomena, for example, high-Tc superconductivity and colossal magnetoresistance
(CMR) in strongly-correlated materials. In the study of strongly-correlated perovskite oxides, Nb-doped
SrTiO3 (Nb:SrTiO3) has been a workhorse not only as a conducting substrate, but also as a host possessing
high carrier mobility. In this work, we present the observation of large linear magnetoresistance (LMR) and the
metal-to-insulator transition (MIT) induced by magnetic field in heavily-doped Nb:STO (SrNb0.2Ti0.8O3)
epitaxial thin films. We interpret these phenomena in terms of the LMR in the quantum limit (quantum LMR),
where only the lowest Landau level is occupied as A. A. Abrikosov proposed. We suggest that heavily-doped
oxide thin films are useful model systems to reveal intriguing quantum-transport behaviors of condensed
matter.
Keywords:
Quantum linear magneto-resistance, Nb:STO
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Abstract:
본 발표에서는 독일 드레스덴의 펄스 고자기장 설비를 활용하여 저차원 나노 물질에서의 자기저항 특성을 연구한
결과를 소개하고자 합니다. 1차원의 탄소 나노튜브로부터 2차원의 그래핀, 전이금속 칼코겐 화합물에 이르기까지
60 테슬라 고자기장을 활용한 연구의 성과들과 가능성에 대하여 논의합니다. 탄소 나노튜브와 관련하여서는 비선
형 전하수송 특성에 대하여 보고하고 자기장에 대한 비대칭성에 대하여 논의합니다. 전기전도도에 있서 자기장에
비대칭인 항은 drain-source 전압에 대하여 진동하는 모습을 보입니다. 나노튜브의 triagonal warping을 고려할 때
오른쪽과 왼쪽으로 움직이는 페르미 속도의 차이가 drain-source 전압의 크기에 따른 양자 간섭 효과를 일으키는
것으로 해석됩니다. 또한, 전기전도도에 있어 자기장에 비대칭인 항은 게이트 전압, 즉 페르미 에너지에 민감하다는
것도 실험적으로 보고합니다. 그 외에 그래핀 및 다른 2차원 물질에서의 자기저항 특성에 대한 최근의 연구 시도와
결과에 대하여 논의합니다.
Keywords:
Magnetotranpsort, low-dimensional materials, pulsed magnet

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

B6.01

Thermoelectric property of a new silicon crystal
채기성1, 최선명1, 김덕영2, 손영우*1
1

고등과학원, 2Carnegie Institute of Washington, Washington DC, USA
*

hand@kias.re.kr

Abstract:
We present ab initio calculations on thermoelectric properties of a recently synthesised allotrope of silicon
crystal [1]. A new silicon crystal with 24 Si atoms per unit cell has open channels along the specific
crystallographic direction and shows a quasidirect energy gap of 1.3 eV. Using various first-principles
calculation techniques for electrical and thermal conductivity as well as Seebeck coefficient, we find large
suppression of thermal conductivity and relatively large Seebeck coefficient in the new silicon crystal, thus
demonstrating a competitive thermoelectric figure of merit. [1] D. Y. Kim et al, Nat. Mat. 14, 169 (2015).
Keywords:
thermoelectric, first-principles calculations, electron-phonon coupling, transport Eliashberg spectral function
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Abstract:
Carbon has various allotropes such as diamond, graphite, graphene, fullerene, and nanotubes. Extensive studies
have been done for the structural properties of carbon allotropes, such as energetics, hardness, and phase
transition. Although diamond belongs to wide band gap semiconductors, its applications for deep ultraviolet
(UV) light emitting diodes and laser diodes are limited by the indirect band gap nature. In this work, we report
our discovery of direct band gap carbon allotropes with efficient optical transition by using the search method
recently developed by us, called AMADEUS (Ab initio MAterials DEsign Using conformational Space
annealing). In this method, the conformational space annealing algorithm for global optimization is combined
with first-principles electronic structure calculations. Our direct gap carbon allotropes are characterized by a
superlattice structure that consists of [100] oriented diamond layers and a defective layer. Depending on the
number of diamond stacking layers, the band gaps of the allotropes vary from 5.6 to 5.9 eV, corresponding to
wavelengths of 210‒221 nm. The stability of all the allotropes is confirmed by calculating the full phonon
spectra and performing finite-temperature molecular dynamics simulations. The dipole matrix elements of
direct optical transition are comparable to that of GaN, implying that the designed carbon superlattices serve
as promising materials for an efficient deep UV light emitter.
Keywords:
Carbon, Superlattice, Material design
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High-throughput screening of metal-porphyrin-like graphenes for
selective capture of carbon dioxide
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Abstract:
Nanostructured materials, such as zeolites and metal-organic frameworks, have been considered to capture
CO2. However, their application has been limited largely because they exhibit poor selectivity for flue gases
and low capture capacity under low pressures. We perform a high-throughput screening for selective CO2
capture from flue gases by using first principles thermodynamics. We find that elements with empty d orbitals
selectively attract CO2 from gaseous mixtures under low CO2 pressures (~10−3 bar) at 300 K and release it at
~450 K. CO2 binding to elements involves hybridization of the metal d orbitals with the CO2 π orbitals and
CO2-transition metal complexes were observed in experiments. This result allows us to perform highthroughput screening to discover novel promising CO2 capture materials with empty d orbitals (e.g., Sc– or V
–porphyrin-like graphene) and predict their capture performance under various conditions. Moreover, these
findings provide physical insights into selective CO2 capture and open a new path to explore CO2 capture
materials.
Keywords:
High-throughput screening, CCS technology, Thermodynamics, First-principle calculation
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Thermoelectric and phonon transport properties of two-dimensional
IV–VI compounds: SnSe, SnS, GeSe, and GeS
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Abstract:
In material science, one of the most challenging problem is achieving high thermoelectric performance. The
group IV–VI compounds have been considered to have very good thermoelectricefficiency in bulk, and a
simple orthorhombic SnSe crystal was reported to give outstanding results [1,2]. It was recently discovered that
even monolayer of SnSe showed very optimized thermoelectric results [3], which motivate us to compare.
Structural, electronic and thermoelectric properties of monolayer SnSe, SnS, GeSe and GeS are studied using
density functional theory (DFT) and Boltzmann transport theory. From the study of electronic structures,
seebeck coefficients, electrical conductivities, thermal conductivities and power factors of these twodimensional materials, we find that thermoelectric performance of monolayer of SnSe, SnS, GeSe and GeS are
improved as compare to that in their bulk phases. Phonon dispersion calculations are performed to confirm the
stability of these compounds. Since the calculated lattice thermal conductivities and electronic thermal
conductivities are low, and seebeck coefficients are high, we expect that the two-dimensional SnSe, SnS, GeSe,
and GeS will be promising materials for thermoelectric applications. References 1. Li-Dong Zhao, Shih-Han
Lo, Youngsheng Zhang, Hui-Sun,Gangjian Tan, Ctirad Uher, C.Wolverton,Vinayak P.Dravid and Mercouri
G.Kanatzidis, Nat. 508, 373–377 (2014). 2. Guanqian Ding, Guoying Gao and Kailun Yao, Sci. Rep. 5, 9567
(2015). 3. Fancy Qian Wang, Shunhong Zhang, J iabing Yu and Qian Wang, R. C. S. Nanosc. 7, 15962
(2015).
Keywords:
Thermoelectric properties,seebeckcoefficients, electrical conductivities, thermal conductivities and power
factors
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Atomic self-interaction correction calculations of transition metal
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Abstract:
In the effort to realize advanced devices based on newly emerging two-dimensional (2D) materials and their
heterostructures, predicting band edges and their alignment is currently a primary target of first-principles
calculations. Particularly, since the quality of beyond graphene 2D materials such transition metal
dichalcogenids (TMDCs) are still poor and include various defects, it is important to accurately describe their
defect states. Because of the self-interaction error, the conventional local density approximation and
generalized gradient approximation within density functional theory (DFT) perform poorly in predicting band
lineup and defect states. Although adapting hybrid DFT functionals or the many-body GW method could be
in principle a solution, their computational cost is often too high to routinely apply to 2D heterostructures with
defect states. Self-interaction correction (SIC) approaches might provide a practical solution for this problem
[1], and in this work we particularly consider the atomic SIC (ASIC) method [2]. While previous ASIC studies
typically used a fixed ASIC parameter of 0.5, we consider choosing separate ASIC parameters for transition
metal and chalcogen atomic species. We apply the developed method to MoS2, MoSe2, WS2, and WSe2
monolayers, multilayers, and TMDC/TMDC and TMDC/graphene heterostructures, and additionally consider
defect states originating from Mo/W or S/Se vacancies within TMDC. Comparison with available
experimental results show that our approach can accurately and efficiently predict band alignment and defect
states in TMDC-based heterostructures [3]. Through these results, we can reveal novel transport mechanism
of vertical graphene/WSe2 heterojunction barrister with experimental collaborators [4]. References J. P.
Perdew and A. Zunger, Phys. Rev. B 23, 5048 (1981). C. D. Pemmaraju, T. Archer, D. Sánchez-Portal, and S.
Sanvito, Phys. Rev. B 75, 045101 (2007). H. S. Kim, Y. S. Shim, and Y.-H. Kim (in preparation). J. W. Shim,
H. S. Kim, et al. (submitted)
Keywords:
atomic self-interaction correction calculations,TMDC,vertical graphene/TMDCsheterojunction barrister
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Quantum Monte Carlo study for black phosphorus monolayer
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Abstract:
Black phosphorus (BP), the most stable form of phosphorus allotrope, has recently drawn much interest due to
its intriguing physical properties. According to several experimental and theoretical studies, the lone pairs in
each sp3-bonded phosphorus atom induce complex layer-to-layer coupling, leading to altering the direct
band gap from 0.3 eV (bulk) to around 1.4 ~ 2 eV (monolayer). For BP monolayer, however, its estimated
values were spread out with some uncertainties and the band gap needs to be well established for its possible
application to devices. Hence, we have set to calculate accurate optical and quasiparticle gaps for BP
monolayer by using the fixed-node diffusion Monte Carlo (DMC) method, where the many-body Schrödinger
equation is directly solved with stochastic processes. The DMC band gaps are presented in comparison with
other theoretical results based on the GW and the DFT-HSE06 calculations as well as some experimental
values.
Keywords:
Quantum Monte Carlo, band gap, black phosphorus, black phosphorus monolayer
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Ab Initio Study of Ge-Sb-Te Based Phase Change Materials :
Structural Properties and Phase Change Mechanism
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Abstract:
Using ab initio density functional theory, we investigate the structural properties of Ge-Sb-Te (GST) based
phase change materials, which may be utilized for phase change random access memory, and the phase
transitions between their ordered crystalline and disordered amorphous phases. Among various stochiometries
of GST, we focus on several compositions along the (GeTe)n(Sb2Te3)m pseudo-binary line, denoted simply by
(n, m) with integer n and m, including (1,0), (0,1), and (2,1) and so on. One of the most important parts in
our study is to model amorphous structures reliably. Amorphous phases have been constructed based on either
experimental data available or molecular dynamics (MD) simulations performing melt-quench processes
composed of various stages including several thermal equilibration processes at different temperatures, a hightemperature pre-melting stage with a low gravimetric density, and a quenching process from high temperature
to room temperature. To understand the phase transition mechanism between crystalline and amorphous
phases, we evaluate their coordination numbers, radial distribution functions, and angle distribution functions,
which reveal their distinct characteristics. Our computational analysis, which enables us to identify the
characteristic local geometry representing each phase, is compared to EXAFS data available. We further
investigate the thermal properties of various phases by evaluating their phonon densities of states obtained by
Fourier-transforming the velocity autocorrelation functions calculated directly from our MD simulation.
Keywords:
Phase change memory, PCRAM, Molecular dynamics simulations, Amorphous modeling
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Abstract:
Topological edge states in quantum Hall insulators and topological insulators show exotic phenomena at edges
and surfaces. The most distinguished feature is that they are chiral in the sense that the edge current flows in
one direction only along the edge. Chirality is the essential feature that characterizes 2D and 3D topological
materials. However, it has no direct analogue in 1D, for which the edge current is not defined. In this talk, I
will introduce the topological electronic structures of Peierls-distorted atomic chains and discuss how one can
define the chirality for edge states in 1D and relate it to charge pumping. As a physical realization of the chiral
edge states in 1D, soliton states of metal nanowires self-assembled on a silicon surface will be presented.
Keywords:
chiral edge states, solitons
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Abstract:
2-dimensional (2D) materials have attracted intensive attentions in condensed matter physics. We have studied
various 2D materials in the category of transition metal dichalcogendes (TMD) and electrides as new electroactive functional materials. In this talk, our recent achievement in MoTe2 will be introduced from the synthesis
to the exotic physical properties. In addition, a different type of TMD with larger number of atomic layer than
that of representative group 6 TMDs will be shown. Also, physical and chemical properties of 2D electrides,
which are regarded as new electronic materials with interstitial electrons serving as anions, will be introduced.
The physical properties of electrides are determined by the topology of cavities or channels which confine
anionic electrons. Recently, it was demonstrated that the intralayer space of 2D layered materials can be the
confining sites for anionic electrons, encompassing 2 dimensional electron gas (2DEG). Further, the strategy for
searching new 2D electrides (innovative material discovery) will be introduced in various system such as
carbide, oxides and pnictides.
Keywords:
Electride, TMD, 2-dimensional materials
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Long-Range Magnetic Ordering and Switching of Magnetic State by
Electric Field in Porous Phosphorene
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Abstract:
We explored the possibility of long-range magnetic ordering in two-dimensional porous phosphorene (PP)
layer by means of ab-initio calculations. The self-passivated pore geometry showed a nonmagnetic state while
the pore geometry with dangling bond at two zigzag edges with a distance of 7.7 Å preferred an
antiferromagnetic ordering (AFM). Pore to pore magnetic interaction with a distance of 13.5 Å between two
pores was found to be remarkably long ranged, and this emerges from the interactions between the magnetic
tails of the edge states in the armchair direction. The AFM state was persisted by the oxidation of the edge.
Interestingly, the long-range AFM ordering changed to long-range ferromagnetic (FM) ordering by external
electric field. The results are noteworthy in the interplay between electric field and electronic spin degree of
freedom in phosphorene studies and may also open a promising way to explore phosphorene-based
spintronics devices. This research was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(No.2013R1A1A2006071) and by the Supercomputing Center/Korea Institute of Science and Technology
Information with supercomputing resources including technical support (KSC-2015-C3-040).
Keywords:
porous phosphorene, Magnetic Ordering,
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Magnetic effects in sulfur-decorated graphene
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Abstract:
Interactions between two different materials can produce strong electronic correlations that do not exist when
each material stands alone. We search for such correlations from graphene, a non-magnetic semi-metal,
decorated by sulfur, a diamagnetic insulator, using magneto-transport measurements and angle-resolved
photoemission spectroscopy. Sulfur-decorated graphene exhibits spin-dependence variable range hopping at
low temperatures with concomitant opening of an exchange gap in the graphene electronic spectrum. The
observed magnetic effects in graphene originate from the nanoscale charge inhomogeneities induced by the
interaction between sulfur and carbon, similar to the interface between insulating oxides. Our findings provide
intriguing insights on the search for novel quantum phases in graphene-based compounds.
Keywords:
graphene, magnetism, photoemission, transport
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Scanning Tunnling Microscopy and Landau Level Spectroscopy on
Topological Surface States in Bi1.5Sb0.5Te1.7Se1.3
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Abstract:
We report the local observation of the band structure of topological surface states in Bi1.5Sb0.5Te1.7Se1.3 using
scanning tunneling microscopy/spectroscopy (STM/STS). The energy-momentum dispersion relation is locally
deduced by extracting the Landau level (LL) energies, which are formed in a high magnetic field, from the STS
data (referred to as LL spectroscopy). Spatial variation of LLs revealed a shift of the Dirac point energy at the
nanometer scale. The structure of the potential fluctuation was not correlated with the topography, which
indicated that the Te/Se substitution did not induce the potential shift because of their same valence. The
results show that disorders from the Te/Se substitution at the surface does not induce any localized charged
states and not affect topological surface states.
Keywords:
Scanning tunneling microscopy, Topological insulator, Landau level, Local potential fluctuation
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Abstract:
Non-equilibrium pump-probe time-domain spectroscopy opens new perspectives in studying the dynamical
properties of strongly correlated electron systems. New effects, such as transient superconductivity or Higgs
oscillations of the superconducting condensate can be obtained. Using various methods I present a theoretical
study of the non-equilibrium dynamics in superconductors. First, within the framework of the density matrix
theory I study Higgs oscillations in one- and two-band superconductors which allow to detect directly
properties of the superconducting condensate as a function of time. For two-band superconductors, the
interplay of the phase (Leggett) and amplitude (Higgs) modes is analyzed in detail and new predictions are
made. Secondly, employing the time-dependent Lanczos algorithm to the one-dimensional extended Hubbard
model, I study the appearance of a transient Meissner effect which is a fingerprint of induced
superconductivity. This is in agreement with the obtained correlation functions and opens a new way to
achieve induced superconductivity in experiment.
Keywords:
non-equilibrium system, pump-probe time-domain spectroscopy, superconductivity
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Abstract:
Topological phases of matter are novel phases of matter characterized by the topological invariants describing
the topological order. Conventionally, the topological invariants are not directly measured, but instead inferred
from the properties of the edge/surface states. In this talk, it is shown that the topological order can be directly
manifested in the bulk under a nonequilibrium situation. Specifically, the topological invariants can be directly
manifested in the topology of the Wannier-Stark ladder emerging under an electric field.
Keywords:
Topological phases of matter, Nonequilibrium
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Abstract:
Lang-Firsov Hamiltonian is a solvable model of interacting fermion-boson system with the fermion Green’s
function known to display sideband behavior reflecting the fermion-boson composite states. The exact
solvability breaks down when time dependence is introduced in the fermion-boson coupling constant. Here we
introduce a method, akin to the use of instantaneous basis states in solving the adiabatic evolution problem in
quantum mechanics, by which the non-equilibrium two-time Green’s function can be obtained in essentially
exact form. With such “adiabatic Green’s function” we analyze the transient behavior under the situation
where the coupling is gradually tuned to zero. Another well-known model similar to the Lang-Firsov
Hamiltonian is the spin-boson Hamiltonian. We analyze the non-equilibrium Green’s function for the timedependent version of this model as well. In both cases the sidebands arising from the fermion-boson coupling
gradually lose their spectral weights in accord with expectations, but possibly with two distinct routes to
recover the ground-state Green’s function. We conclude with speculations on the transient dynamics in the
time-resolved pump-probe experiments on the two-dimensional Dirac bands.
Keywords:
Lang-Firsov Hamiltonian, adiabatic Green's function, time-dependent coupling, spectral function
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Abstract:
Topological superconductivity (TSC) can host Majorana fermions and supersymmetric particles in condensed
matter systems. However, a stoichiometric bulk material exhibiting both nontrivial topological surface states
(TSS) at EF and fully gapped bulk superconductivity, both are key ingredients for realizing TSC, is still lacking.
Here, we report a comprehensive study on the crystalline, electronic structures and the superconducting state
of the noncentrosymmetric superconductor, PbTaSe2 by scanning transmission electron microscopy (STEM),
spectroscopic imaging-scanning tunneling microscopy (SI-STM) and density functional theory (DFT)
calculations. Our results reveal two TSS with Dirac point at E~1.0eV on Pb-terminated surface, representing
the first experimental confirmation of TSS in unoccupied state by quasiparticle scattering interference (QPI)
imaging. In the superconducting state, TSS and bulk bands open a single full gap. Our observation of a
superconducting gap opening in the TSS demonstrates that stoichiometric PbTaSe2 is a promising candidate for
TSC.
Keywords:
Topological Superconductor, Scanning Tunneling Spectroscopy, Density Functional Theory
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Abstract:
We present our recent observation of the ultrafast recovery dynamics of two superconducting gaps of
BaFe1.87Co0.13As2. Although the mechanism of the unconventional superconductivity in Fe-based
superconductors is still unknown, it is believed that the inter-band coupling between hole and electron pockets
may play an important role in the realization of the superconductivity. In such a multi-band superconductor
with strong inter-band coupling, the recovery dynamics of Cooper pairs in different bands are expected to be
synchronized. We show that the two superconducting gaps show an identical recovery behavior under a weak
pumping condition as expected. In a strong pumping case, however, we found that the two recovery dynamics
temporarily become independent. We will discuss briefly on potential origins of the distinct dynamics of two
gaps.
Keywords:
ultrafast dynamics, superconductivity, multi-bands
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Abstract:
We introduce an approximate method which can be used to simulate the optical conductivity data of
correlated multiband systems for normal and superconducting cases by taking advantage of a reverse process
of a usual optical data analysis, which has been used to extract the electron-boson spectral density function
from measured optical spectra of single-band systems, like cuprates. We applied this method to optical
conductivity data of two multiband pnictide systems (Ba0.6K0.4Fe2As2 and LiFeAs) and obtained the
electron-boson spectral density functions. The obtained electron-boson spectral density consists of a sharp
mode and a broad background. The obtained spectral density functions of the multiband systems show similar
properties as those of cuprates in several aspects. We expect that our method helps to reveal the nature of
strong correlations in the multiband pnictide superconductors.
Keywords:
electron-boson spectral density function, Fe-pnictides
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Abstract:
Understanding processes associated with chemically reactive plasmas interacting with multiphase and
multifunctional surfaces, including liquids, solids and particles, with increased emphasis on atmospheric
pressure systems, is an emerging goal of the partially ionized, non-equilibrium, low-temperature plasma
research community. A bulk electron in low-temperature, partially ionized plasma (LTP) has a few electron
volts of kinetic energy. However, the sensitivity of LTP to the very small populations of energetic electrons,
that have energy above the activation energy of excited states of neutral atoms and molecules and that transfer
power to and produce activated species, results in complex surface chemistry. The sensitivity also allows
innovative techniques of diagnosing and controlling the flux-energy spectrum incident on a material boundary
(electrode, target, wall, dust grain). This talk will illustrate the extraordinary premium placed on optimally
shaping electron flux-energy distribution functions to influence the rate of interactions between neutral and
charged particles, molecules, photons, and a surface.
Keywords:
partially ionized plasma, radical, multiphase, multifunctional
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Abstract:
Significant ion heating of magnetic reconnection up to 0.25keV and 1.2keV were documented in two tokamak
(spheromak) merging experiments: TS-3 and MAST [1,2], respectively. Our 2D ion temperatures
measurements in TS-3 already revealed clear energy-conversion of magnetic reconnection: huge outflow
heating of ions in the downstream [1]. The ion heating energy is proportional to square of the reconnecting
(poloidal) magnetic field Brec [1,2], simply because the reconnection outflow accelerates ions up to the poloidal
Alfven speed [1]. The accelerated ions are thermalized by shock-like density pileups in the downstreams. These
results agree qualitatively with recent solar satellite “Hinode” observations [5] and driven-type PIC simulation
results starting from Ref.[6]. These results lead us to a new high magnetic field merging experiment: TS-U in
University of Tokyo [3] and also ST-40 in Tokamak Energy Inc. [4]. The high-power heating of tokamak
merging is useful not only for laboratory study of reconnection heating mechanisms but also for economical
startup and heating of tokamak plasmas. The tokamak merging with Brec>0.3T will enable us to heat the
plasma to the burning plasma regime: Ti>5keV without using any additional heating facility. [1] Y. Ono et al.,
Phy. Rev. Lett. 107, 185001 (2011). [2] Y. Ono et al., Plasma Phys. Cont. Fus. 54 124039, (2012). [3] Y. Ono
et al., Phys. Plasmas 22, 101101 (2015) [4] M. Gryaznevich, private communication. [5] H. Hara et al.,
Astrophys. J. 741, 107 (2011). [6] R. Horiuchi and T. Sato, Phys. Plasmas 1 (1997) 3587.
Keywords:
Laboratory Experiments of Merging Tokamaks and Spheromaks for Reconnection-Heating Physics and
Applications
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High-beta Plasmas in Astrophysical Environments
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Abstract:
High-beta plasmas are common in astrophysical environments, such as the intracluster medium (ICM) of
galaxy clusters and the interplanetary medium (IPM) of the solar system. Observations and theoretical
arguments suggest that the plasmas in such environments are in the state of turbulence and include shock
waves and high-energy cosmic-ray particles, and as a consequence, involve highly nonlinear and complex
physics. Here I discuss the properties of turbulence along with the role of shocks and high-energy particles in
high-beta plasmas.
Keywords:
high-beta plasma, astrophysical plasma, intracluster medium, interplanetary medium, turbulence, shock waves,
cosmic-ray
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Abstract:
The RENO experiment has been taking data since Aug. 2011 to
measure the smallest neutrino mixing angle theta_13 at Hanbit
nuclear power plant. It is essential to compare the observed and
expected fluxes of reactor antineutrinos for determining the
neutrino disappearance probability. The expected reactor
neutrino flux is calculated from the reactor thermal power and
the fission rate of individual fuel isotope. It is also essential to
measure the reactor neutrino spectrum precisely for extracting
neutrino oscillation parameters from energy-dependent neutrino disappearance. We made our best efforts on
understanding of non-linear energy response of the detector and measured the unprecedentedly accurate
reactor neutrino flux and spectrum using the near detector. In this presentation, we describe how to obtain
the expected reactor neutrino fluxes and spectra at near and far detectors and report an excess near 5 MeV at
RENO.
Keywords:
neutrino, reactor, RENO
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Status and R&D efforts for RENO-50
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Abstract:
A large liquid scintillator and multi-purpose neutrino experiment, RENO-50, is proposed to be built for
playing a leading role in neutrino physics and neutrino astronomy. The detector will be located at the
underground of Mt. Guemseong in Naju, 50 kim distant from the Hanbit nuclear power plant. It will make an
unprecedentedly high precision measurement of neutrino oscillation parameters of θ12, Δm212,
and Δmee2, and explore the neutrino mass ordering using reactor antineutrinos. The large neutrino telescope
is expected to observe ~6,000 neutrino burst events from a galatic supernova, providing a revolutionary
information on the supernova explosion and cooling mechanisms. The detector can also play the role of a geotelescope to measure the geo-neutrino flux from the Earth and will shed new light on the heat generation
mechanism of the Earth. This will result in the first observational step on geo-science. In this talk, current
R&D efforts and status of RENO-50 will be presented.
Keywords:
RENO-50, reactor neutrino, neutrino oscillation, mass hierachy
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Prompt energy calibration at RENO
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Abstract:
RENO (Reactor Experiment for Neutrino Oscillation) has obtained the first measured value of effective
neutrino mass difference from a spectal analysis of reactor neutrino disappearance. The measurement
absolutely relies on the accurate energy calibration. Several radioactive sources such as Cs137, Mn54, Ge68,
Zn65, Co60, Am-Be, and Cf-Ni, are used for the energy calibration of the RENO detectors. We obtained an
energy conversion function from observed charges to prompt signal energy whch describes a non-linear
response due to the quenching effect in liquid scintillator and Cherenkov radiation. We have verified the
performance of the energy calibration using copious beta-decay events from radioactive isotopes B12 that are
produced by cosmic-muon interaction. The energy calibration was performed for the target and gammacatcher regions separately due to their different energy responses. In this presentation we describe the methods
and results of the energy calibration.
Keywords:
RENO, Neutrino, Energy calibration
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Abstract:
RENO (Reactor Experiment for Neutrino Oscillation) is designed to measure the neutrino mixing angle
theta_13 and the effective mass squared difference |dm^2_ee| using electron anti-neutrinos from six reactors
at Hanbit nuclear power plant in S. Korea. RENO has been taking data since August 2011 using two identical
detectors at near and far sites. The unprecedented measurement of the theta_13 by RENO was made in 2012
with 4.9 sigma significance using 220 live days of data. In this talk we present the updated sin^2(2q13) value
and first measurement on |dm^2_ee| based on a spectral shape analysis using 500 live days of data. And they
are sin^2 (2theta_13) = 0.082 +- 0.009(stat.) +- 0.006 (syst.) and |dm^2_ee| = 2.62 +0.21 -0.23 (stat.) +0.12
-0.13(syst.) (X 10^-3) eV^2. The systematic uncertainty of sin^2(2q13) has improved mainly due to the
better estimation of the Li9/He8 background and the reduction of its uncertainty. The update on the 5 MeV
excess of the electron anti-neutrino events is also discussed.
Keywords:
RENO, reactor neutrinos, neutrino oscillation, theta13, 5 MeV excess
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Internal background measurement on 40Ca100MoO4 crystal
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Abstract:
Advanced Mo-based Rare process Experiment (AMoRE) is a search for neutrinoless double beta decay
(0νββ) process of 100Mo with enriched 40Ca100MoO4 (CMO) crystals. To achieve the maximum detection
performance in such rare event experiment, lowering the background events in the region of interest is crucial.
Hence, the enriched CMO crystals for the AMoRE must be highly purified to minimize the internal
background from the crystals itself which cannot be shielded by the external means. In this talk, the method
and the result of the internal background measurement of a new enriched CMO crystal for AMoRE phase-I is
introduced.
Keywords:
Neutrino Physics, Neutrinoless Double Beta Decay
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Abstract:
RENO has been taking data since August, 2011 and successfully measured the smallest neutrino mixing angle,
theta13. This measurement was based on observed reactor neutrino events with neutron captures on
gadolinium (n-Gd) in the target detector region. RENO also successfully measures the mixing angle from a
reactor neutrino sample with neutron captures on hydrogen (n-H) in the gamma-catcher region. Due to a
large accidental background in the n-H data sample, the analysis requires additional reduction
of backgrounds . This independent measurement provides a valuable systematic cross-check of the theta13
measurement using the n-Gd sample. In this talk, we present the results from the n-H analysis using the 500
days of data sample.
Keywords:
RENO, neutrino mixing angle, 중성미자, 진동변환
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Abstract:
The RENO experiment was designed to measure a neutrino
mixing angle of theta13, by detecting electron antineutrinos
emitted from the Hanbit nuclear reactors in Korea. It succeeded
in measuring the mixing angle by their disappearance in three
neutrino framework. We have searched for sterile neutrinos in the
disappearance of reactor neutrinos at RENO experiment. In this
talk, we present a result of the search using chi-square analysis
method. An excluded region of sin^2(2theta14) vs. Delta(m41)^2
will be shown.
Keywords:
RENO
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Progress of NEOS Experiment
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Abstract:
There has been an anomaly in the antineutrino flux measurements between the previous short-baseline
experiments and a recent measurement from reactor. The anomaly can indicate a possible existence of the
4th neutrino called sterile neutrino. The NEOS is the one of the experiments aiming to confirm the existence of
the sterile neutrino by looking at the antineutrino flux from a reactor. The NEOS detector with 24 m baseline
has been taking inverse beta decay (IBD) events of antineutrinos in a rate of about 2,000 per day. The signalto-background ratio is higher than 20 and the energy resolution is better than 6 %/√E. We are going to
present a progress in the NEOS experiment including a detector simulation tuning and the latest data analysis.
Keywords:
NEOS experiment, reactor antineutrino, sterile neutrino, reactor anomaly
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Understanding and reduction of NaI(Tl) crystal's background for the
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Abstract:
The DAMA collaboration has reported a low-energy, annual-modulation signal in an array of lowbackground NaI(Tl) crystals, which may be caused by WIMP-nuclei interaction. However, there is no direct
confirmation with the same target materials. The Korea Invisible Mass Search (KIMS) collaboration has been
engaged in an extensive R&D program to develop ultra-low background NaI(Tl) crystals to test the DAMA
annual modulation signal unambiguously. For this, we have grown more than ten NaI(Tl) crystals with
different powders and different crystal companies aiming to understand and reduce background of NaI(Tl)
crystals. The detailed understanding of internal and external background as well as various R&D for
the background reduction will be reported.
Keywords:
dark matter, NaI(Tl), KIMS
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The 750 GeV Diphoton Excess May Not Imply a 750 GeV Resonance
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Abstract:
We discuss non-standard interpretations of the 750 GeV diphoton excess recently reported by the ATLAS and
CMS Collaborations which do not involve a new, relatively broad, resonance with a mass near 750 GeV.
Instead, we consider the sequential cascade decay of a much heavier, possibly quite narrow, resonance into two
photons along with one or more invisible particles. The resulting diphoton invariant mass signal is generically
rather broad, as suggested by the data. We examine three speci c event topologies - the antler, the sandwich,
and the 2-step cascade decay, and show that they all can provide a good fit to the observed published data.
In each case, we delineate the preferred mass parameter space selected by the best fit. In spite of the presence
of invisible particles in the nal state, the measured missing transverse energy is moderate, due to its anticorrelation with the diphoton invariant mass. We comment on the future prospects of discriminating with
higher statistics between our scenarios, as well as from more conventional interpretations.
Keywords:
ATLAS, CMS, Beyond the Standard Model, Resonance, Diphoton, Invariant mass, 750 GeV, Decay topology
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Abstract:
Interpreting the recently observed diphoton excess as a new spin-0 resonant particle, we will argue that weakly
coupled interpretations of the excess are less favored and---with the only exception of few fine-tuned
directions--- they are brought back to a strongly coupled regime via RG running. We will discuss precision
Drell-Yan process as a way to probe new sector which is responsible for the diphoton excess.
Keywords:
Diphoton, Strongly interacting theories, Drell-Yann process
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Abstract:
We interpret the potential observation of the 750 GeV di-photon resonance at the LHC in models in which an
SU(2) isospin-singlet scalar boson mixes with the Standard Model (SM) Higgs boson.
Keywords:
750 GeV Di-photon Resoannce, Higgs boson
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Abstract:
A hypothetical new scalar resonance in the , a candidate explanation for the recently observed 750 GeV
diphoton excess at the LHC 13 TeV, necessarily interferes with the continuum background
. The
interference has two considerable effects: (1) enhancing or suppressing diphoton signal rate due to the
imaginary-part interference and (2) distorting resonance shape due to the real-part interference. We study
them based on the best-fit analysis of two benchmark models: two Higgs doublets(exhibiting the former
interference effect) and a singlet scalar (exhibiting the latter), both extended with vector-like fermions. We
find that the resonance contribution can be enhanced by a factor of 2 (1.6) for 3 (6) fb signal rate, or the 68\
% CL allowed mass region is shifted by
GeV.
Keywords:
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Abstract:
Starting from the discussion on the reduction of the K* meson abundance during the hadronic stage in heavy
ion collisions, we investigate the freeze-out conditions of a particle in order to understand the productions of
resonances, hadronic molecules and light nuclei in heavy ion collisions. Applying the kinetic freeze-out
condition to the daughter particles of K* mesons, we find that the larger suppression of the yield ratio of K*/K
at LHC than at RHIC compared to the expectations from the statistical hadronization model reflects the lower
kinetic freeze-out temperature at LHC than at RHIC. Furthermore, we argue that for the light nuclei or
hadronic molecules that are bound, the yields are affected by the freeze-out condition of the respective particle
in the hadronic matter.
Keywords:
kinetic freeze-out, resonance, K* mesons
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Abstract:
극한상태 쿼크물질의 특성을 연구하기위해 초상대론적 중이온충돌에서 생성된 여러가지 강입자를 측정하였다. 다
양한 수명을 갖는 강입자들의 재구성을 통하여 쿼크물질과 강입자들의 상호작용 - 재산란 및 재생성 효과 - 을 유
추해볼수있음으로, 양성자-양성자 (7 TeV), 양성자-납핵 (5.02 TeV) 그리고 납핵-납핵 (2.76 TeV) 충돌으로부터
생성된 다양한 강입자 (π, K, K*, p, ߶, Λ, Ξ, Ω)들을 측정∙분석 하였다. 주요 결과로서 가로운동량 분포, 평균 가
로운동량 그리고 긴 수명을 갖는 입자에 대한 상대적인 생성량을 충돌 시스템 사이즈에 대하여 살펴보았다.
Keywords:
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2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

C1.03*

Simulation to calculate differential cross section of electron pair
production & kinetic distribution of electrons using Bethe-Heitler
formula
방혜선*
인하대학교 물리학과
*

bhs8458@naver.com

Abstract:
광자는 매질을 통과할 때 물질과의 상호작용을 통해 에너지를 잃게되고 전자-양전자쌍을 생성할 수 있다. BetheHeitler 공식을 이용하여 주어진 에너지의 광자로부터 생성되는 전자의 쌍생성 산란단면적을 기술할 수 있다. 본 연
구에서는 전자의 산란단면적을 구하고, Tsai공식을 이용하여 광자의 진행방향에 대한 전자의 각도분포를 구해 전자
의 운동량과 같은 다양한 kinematic 변수들을 계산하였다. 이를 통해 전자와 충돌 꼭지점간의 최단거리의 분포를
구한 후 GEANT4 에서 생성한 detector의 simulation으로 부터 구한 결과와 비교하였다.
Keywords:
Pair production, Bethe-Heitler
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) in
production at mid-rapidity in longitudinally polarized
collisions at
= 510 GeV with PHENIX experiment
문태봉*
연세대학교 물리학과/RIKEN
*
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Abstract:
One of the main goals of the RHIC spin program is the determination of the gluon helicity contribution to the
proton spin. This can be accessed by measuring double spin asymmetries (
) of pion production at midrapidity in longitudinally polarized proton collisions with the PHENIX experiment. The ordering of the
asymmetries with the charge of the final state pions can in addition directly infer the sign of the gluon spin
contribution. Charged pions are reconstructed in the central PHENIX tracking system. The asymmetries are
evaluated between collisions of bunches with the same and opposite helicity after correcting for differences in
luminosity and for beam polarizations. The result of charged pion analysis with data taken at
= 200 GeV
in 2009 is already published. At
= 510 GeV in 2013, PHENIX recorded total integrated luminosity of 145
pb^{-1} which is 10 times higher than previous one. In this talk, the physics motivation, the analysis procedure
and the status of the
A_LL measurements will be presented.
Keywords:
SPIN, PHENIX, GLUON andPION
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실리콘 픽셀 검출기 시뮬레이션
권지연*
인하대학교 물리학과
*
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Abstract:
전하를 띤 입자가 실리콘 검출기를 지나면 검출기 내부에 전자-정공 쌍이 생기며, 이들은 검출기 내부
해 전극으로 이동한다. 이때 발생한 전류신호를 통해 입자가 지나간 궤적과 운동량을 계산할 수 있다.
는 n형 bulk에 p형 pixel이 부착된 형태의 반도체 검출기 시뮬레이션을 수행했다. 검출기의 기하학적,
을 그래피컬하게 구현된 유저 인터페이스를 통해 입력하면 iteration method와 multigrid를 이용하여
과 전기장을 계산하고, 입자가 지나갔을 때 발생하는 시그널의 크기를 확인할 수 있다.
Keywords:
실리콘,픽셀, 검출기, 시뮬레이션

전기장에 의
본 연구에서
전기적 특성
내부 포텐셜
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ALICE 실험 업그레이드에 이용되는 실리콘 칩 특성 연구: Supply
voltage and temperature dependence of the chip response
박종한, 권민정*
인하대학교 물리학과
*

minjung@inha.ac.kr

Abstract:
CERN ALICE 실험에서는 내부궤적장치 ITS(Inner Tracking System) 업그레이드를 진행하고 있다. 본 연구에서는
업그레이드 된 ITS에서 사용될 chip prototype 중 pALPIDE-3 칩을 사용하였고, DAQ board에 인가되는 supply
voltage 변화 및 온도 변화에 따른 threshold 값 변화 및 방사선 소스에 대한 chip response 변화를 확인하였다. 온도
변화에서는 온도를 20도에서 40도까지 5도 단위로 변화시킴에 따른 threshold, cluster multiplicity 및 size 변화를
확인하였고, Supply voltage 변화에서는 1.6V에서 2.0V까지 0.2V 단위로 변화 시켰을때 threshold, cluster
multiplicity 및 size가 어떻게 달라지는지 확인하였다. Supply voltage가 변화하더라도 같은 chip response를 갖는
조건을 찾기 위해 DAC 값을 조정하였고, 그 후에 supply voltage 변화에도 비슷한 cluster multiplicity와 size를 갖
는 조건을 확인하였다.
Keywords:
ITS upgrade
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Higher order cumulants of net-particle distributions in Pb+Pb collisions
at √sNN = 2.76 TeV in ALICE at LHC
BEHERA Nirbhay Kumar, KWEON Minjung*
Department of Physics Inha University
*

minjung@inha.ac.kr

Abstract:
Mapping QCD phase diagram as a function of temperature (T) and baryo-chemical potential (μB) is one of
the fundamental goals of heavy-ion collision experiments. In lattice QCD, the observation of fluctuation is
made through the various order of quark number susceptibility (χq). Experimentally, the measurements of
higher order moments and cumulants of fluctuation of conserved quantities like electric charge and baryon
numbers are suggested to be directly related with the respective quark number susceptibilities for theoretical
interpretation in lattice QCD. So the higher moments can be used to characterize properties of the
relevant degrees of freedom and freeze-out parameters to localize the chemical freeze-out boundary at the
proximity of crossover line at LHC in a model independent way. In this study, we report the first result on
higher moments of net-charge, net-proton, net-kaon and net-pion number distributions in Pb+Pb collision at
√sNN = 2.76 TeV using ALICE detector at the LHC. The ratio of higher order cumulants, like c1/c2, c3/c2 and
c4/c2 are studied as a function of collision centrality. We compare our results with Skellam expectations as
baseline. Furthermore, we compare our results with RHIC measurements to show the energy dependence
of ratio of various order cumulants.
Keywords:
QGP, Higher moments,cumulant, freeze out parameter, HRG
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2D Layered Optoelectronic Devices
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Abstract:
With increasing demand for smart interface for communication between human beings and electronics,
intensive research for wearable devices is being carried out in the field of sensing, active matrix driving circuits,
and flexible electronics. In this regard, 2D layered semiconductors based on transition metal dichalcogenide
(TMD) are strong candidate to exhibit desirable characteristics including high mobility, wider spectral
response, and compatibility to CMOS technology. In this talk, I will introduce the feasibility of high-mobility
2D layered transistors base on highly crystalline CVD-grown TMD films1-3, and novel optoelectronic design
of TMDs phototransistors to enhance photoresponsivity.4-5 Ref. [1] Sunkook Kim*, et al. Nature Comm.,
2012, 3, 1011. [2] Sunkook Kim*, et al. Advanced Materials, 2016, Cover Page. [3] Sunkook Kim*,et al. Adv.
Funct. Mater., 2016, Cover Page [4] Sunkook Kim*,et al. Advanced Materials, 2015, 27, 2224-2230, Cover
Page. [5] Sunkook Kim*,et al. Advanced Materials, 2012, 24, 5832-5836, Cover Page.
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Large-area transition metal dichalcogenides prepared by chemical
vapor deposition
KIM Ki Kang*
Department of Energy and Materials Engineering, Dongguk University
*
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Abstract:
Semiconducting transition metal dichalcogenides (s-TMdCs) have been interested due to their exceptional
physical, chemical, and optical properties. In this presentation, we present the way to prepare the large-area
and high-quality s-TMdCs by means of chemical vapor deposition. First, we introduce new precursors to
increase the coverage of monolayer s-TMdCs on the growth substrate. Second, we suggest new substrates to
grow s-TMdCs. Our strategies will not only pave the way to synthesize large-area and high-quality 2D, but
also promote their real applications.
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Synthesis of large area 2D metal chalcogenides
LEE Changgu*, LEE Jinhwan, KIM Youngchan
School of Mechanical Engineering
*
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Abstract:
I will present synthesis methods of large area 2D metal chalcogenides. For the synthesis of large area and
uniform thin films of MoS2, we used chemical vapor deposition with a gas precursor, H2S for sulfurization of
Mo. We deposited Mo metal first on solid substrates and sulfurized the metal at high temperatures. The
synthesized MoS2 films were almost perfectly uniform over the entire area of 2 inch wafer. We also synthesized
MoS2 films with MoO3 and H2S for high quality films. We could synthesize MoS2 films up to 15cm with high
uniformity and excellent electrical properties. In order to lower the synthesis temperature, we adopted plasma
enhanced CVD method. Down to 150C, we could synthesize uniform films of MoS2. We characterized the
various optical and electrical properties of the synthesized films. I will also talk about synthesis of other 2D
metal chalcogenides and their electronic transport properties.
Keywords:
2D metal chalcogenides, MoS2, CVD synthesis, electrical properties
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Abstract:
With increasing demand for high performance energy storage devices, the feasibility of reliable and functional
energy storage devices that well operates under extreme conditions is of prime importance for expanding
applicative fields as well as for understanding materials’ intrinsic and extrinsic properties and device physics.1-4
In this talk, I will introduce the control in the physical structure and chemical composition of 2D
nanomaterials for ultracapacitive energy storage devices under limited circumstances, where conditions are
classified into thermodynamic (e.g. pressure, volume and temperature) and kinetic (e.g. high rate and
frequency) variables.1-9 In addition, a fundamental foundation via in-situ spectroscopic techniques will be
presented to understand charge storage phenomenon of new materials and devices occurring on a nanoscale
under various circumstances.8,9
Ref. [1] Ho Seok Park*, et al. Adv. Energy Mater., 2015, DOI:
10.1002/aenm.201500959. Review [2] Ho Seok Park*, et al. ACS Nano., 2015, 9, 8569-8577. [3] Ho Seok
Park*, et al. Adv. Funct. Mater., 2015, 25(7) 1053-1062.Back Cover [4] Ho Seok Park*, et al. ACS Nano,
2011, 5 (9) 7205-7213. [5] Ho Seok Park*, et al. Adv. Energy Mater., 2015, In press. [6] Ho Seok Park*, et
al. ACS Nano, 2011, 5 (6) 5167–5174. [7] Ho Seok Park*, et al. ChemSusChem, 2014, 7(4) 1094-1101.Back
Cover [8] Ho Seok Park*, et al. Nano Energy, 2015, 15, 576-586. [9] Ho Seok Park*, et al. Nano. Lett.,
2015, 15 (4), 2269-2277.
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Single crystal β-Ga2O3 dielectrics of atomic-size surface roughness for
MoS2 semiconductor field-effect transistors
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Abstract:
Gate dielectrics on various two-dimensional (2D) semiconductors are one of critical challenges to realize the
2D-based electronics. For the successful demonstration of gate stacks, the interface quality of dielectrics and
semiconductors play an important role especially for low power electronic devices. For the first time, we
employed the β-Ga2O3 single crystal as potential gate dielectrics of atomic-size surface roughness with 2D
semiconductors. β-Ga2O3 has a bandgap of ∼4.9 eV, comparable to that of h-BN (~5.2 eV). Bulk
β-Ga2O3 single crystals were obtained from the melt by the Czochralski method with use of an iridium
crucible and a dynamic, self-adjusting growth atmosphere containing CO2 to minimize decomposition of
Ga2O3 and oxidation of iridium crucible, as described in detail in refs. [1, 2]. As the as-grown and undoped
crystals are semiconducting, the insulating behaviour of the crystals was achieved by intentional doping with
Mg during crystal growth at the level of 6 wt. ppm, which acts as an effective compensating acceptor. For the
present study, crystal wafers of 10X10 mm2 surface area oriented parallel to the easiest cleavage plane (100)
were prepared from a 2-inch diameter cylindrical crystal. Such wafer configuration enables for an easy
exfoliation of utra-thin samples of a variable surface area. The mechanically exfoliated Ga2O3 was transferred
onto prepared MoS2 which is served as a semiconductor. The TEM image of the interface between Ga2O3 and
MoS2 show no interfacial layer and atomic-size surface roughness. The MoS2 devices with top–gated Ga2O3
devices shows much improved electrical results, compared with bottom-gated SiO2 devices. Such a method
can potentially enable the integration of gate dielectrics on 2D semiconductor for low-voltage electronic
devices. [1] Z. Galazka, R. Uecker, K. Irmscher, M. Albrecht, D. Klimm, M. Pietsch, M. Brtzam, R. Bertram,
S. Ganschow and R. Fornari; Cryst. Res. Tech. 45 (2010) 1229–1236 [2] Z. Galazka, K. lrmscher, R. Uecker,
R. Bertram, M. Pietsch, A. Kwasniewski, M. Naumann, T. Schulz, R. Schewski, D. Klimm and M.
Bickermann; J. Cryst. Growth 404 (2014) 184–191
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Graphene barristors and Graphene Tunneling Devices
CHUNG Hyun-Jong*
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Abstract:
Graphene has been attracting many intentions for a post-Si material due to its high mobility. To solve the
switching problem in graphene field-emission transistor (GFET), new device structures have been proposed:
graphene barristor [1] and graphene tunneling transistor [2]. Both structures have hetero structure between
graphene and semiconductor or insulator. In this talk, the difference between transistor and barristor, and the
summary of graphene barristor will be presented. [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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Influence of dislocations on local metal-insulator transition behaviors
of VO2/TiO2 thin films
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Abstract:
VO2 shows a structural phase transition (SPT) as well as a metal-insulator transition (MIT) near room
temperature. VO2 octahedra undergo structural distortion during the phase transition, which directly changes
the electron-electron correlation. Thus, local phase transition behaviors may vary depending on the strain
states at specific locations and the interaction with neighboring regions. We investigated electronic domain
distributions of 15-, 30-, and 45-nm-thick VO2/TiO2 thin films using variable-temperature Kelvin probe
force microscopy (KPFM) while spanning the transition. Local work function maps, obtained from the KPFM
measurements, visualized the evolution of metallic and insulating domain configurations. Fully strained 15nm-thick thin films were almost free of grain boundaries (GBs) and thicker (30- and 45-nm thick) films had
dislocations (cracks) generated by strain relaxation. The surface area fraction of the insulating domains near
GBs (i.e., strain-relaxed areas) was higher than that in surrounding strained areas: less strain could stabilize
the insulating states even at elevated temperatures. Thicker films exhibited complicated domain patterns, since
they had inhomogeneous strain states. Thus, the three-dimensional percolation model described the MIT
behaviors of the thicker films. In contrast, the two-dimensional percolation model well explained the transition
behaviors of uniformly strained thinner films.
Keywords:
VO2Metal-insulator transitionKelvin probe force microscopyPercolation
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Synthesis and luminescent properties of Tb3+ or Sm3+ ions activated
Sr2Gd8Si6O26 oxyapatite materials
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Abstract:
Rare-earth ion doped oxide based phosphors have been recognized as good luminescent materials to fabricate
white-light emitting diodes. Tb3+:Sr2Gd8Si6O26 (SGSO) and Sm3+:SGSO oxyapatite phosphors are
prepared via a citrate sol-gel method. The structural and morphological properties of these phosphors were
confirmed by X-ray diffraction patterns, field-emission scanning electron microscope and high-resolution
transition electron microscope images, respectively. The photoluminescence (PL) properties of these phosphors
are measured as a function of Tb3+ or Sm3+ ion concentration. At 274 nm and 404 nm excitation
wavelengths, the Tb3+:SGSO and Sm3+:SGSO phosphors exhibited their characteristic green and intense
orange emissions bands, respectively. In addition to PL, cathodoluminescence properties are investigated under
low electron beam accelerating voltages. The Commission International De I-Eclairage chromaticity
coordinates are calculated for the Tb3+:SGSO and Sm3+:SGSO phosphors which are in close proximity to the
available Y2O3:Tb3+ green and orange (Nichia LED NSPAR 70BS) phosphors, respectively.
Keywords:
Photoluminescence, Cathodoluminescence, Oxyapatite compounds
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Mie-resonance-mediated light trapping and spatial modulation of
photo-generated carriers in P3HT/Si nanopillars
KIM Eunah, CHO Yunae, LEE Y.U., WU J.W., KIM Dong-Wook*
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Abstract:
Organic photovoltaic is in the limelight as an emerging device due to the large light absorption at broad
wavelength range and competitive fabrication cost. However, the extremely short exciton diffusion lengths in
organic materials limit energy conversion efficiency (ECE) of organic photovoltaic devices. Thus, organic/Si
hybrid (OSH) nanostructured devices have been proposed to raise ECE of the organic-based solar cells. Si can
provide pathways for efficient carrier transportation, due to its high mobility. The enlarged junction area in the
nanostructured devices can help efficient exciton dissociation. In addition, the use of nanostructures
significantly improves the light trapping capability of the cells with the aid of optical resonance. We fabricated
Si nanopillar (NP) arrays coated with poly(3-hexylthiophene-2,5-diyl) (P3HT) organic semiconductor layers.
Optical simulations and analyses showed that the Mie resonance strongly concentrated incident light in the
NPs. Such concentrated light should produce numerous charge carriers and affect the subsequent
drift/diffusion of the carriers. We investigated the surface photovoltage (SPV) characteristics of the P3HT/Si
NPs to study the generation and redistribution of the photo-excited charge carriers. SPV at the NP tops (0.19
eV) was much larger than that at flat regions (0.08 eV). This study would provide us insights into improving
performance of OSH nanostructured solar cells.
Keywords:
PhotovoltaicsHybrid nanostructureMie resonanceSurface photvoltager
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Abstract:
In this study, we report a solution-processed quantum dots light
emitting diode (QDLED) which has high efficiency induced by
surface modification of ZnO nanoparticles (NPs) which were
used as the electron transport layer (ETL). In order to reduce the
oxygen vacancy which existed on the surface of ZnO NPs [1], we
synthesized the surface modified ZnO NPs with polyvinyl pyrrolidone (PVP) by using sol-gel method. The
reduction of oxygen vacancy leads to enhancing the electron transportation [2]. As a result, the fabricated
QDLED using PVP-capped ZnO NPs as the ETL showed 1.5 times higher luminance and current efficiency
than the QDLED using PVP-uncapped ZnO NPs as the ETL. Acknowledgment This work was supported
by Basic Science Research Program through the National Research Foundation of Korea (NRF) grant funded
by the Korea government (MSIP) (No. NRF2014R1A2A1A11050377) References 1. Kwak, J. H. et al.,
"Bright and Efficient Full-Color Colloidal Quantum Dot Light-Emitting Diodes Using and Inverted Device
Structure", Nano Lett, vol. 12, pp. 2362-2366, 2012. 2. Kim, H. et al., "Doped ZnO thin films as anode
materials for organic light-emitting diodes" Thin solid films, vol. 420, pp. 539-543, 2002.
Keywords:
quantum dots, light-emitting devices, zinc oxide (ZnO), surface modulation, polyvinyl pyrrolidone (PVP)
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Abstract:
In this study, we investigate a thermodynamic process for the memory characteristics of a silicon and cobalt
hybrid nanostructure (SCHN) containing cobalt quantum dots (QDs). By analyzing the capacitance-voltage,
XPS and Raman measurements, we obtained the maximum memory window width (MWW) with the
annealing condition at 730 ℃ for 5 min 10 s. At this optimum condition (OC), we found that two different
behaviors branch out for the memory characteristics. In the first branch that the temperature and the duration
of annealing time increase from the lower side of the OC, the MWW becomes maximum while the flat band
voltage (FBV) goes to minimum. After passing the OC i.e. the higher temperature and the longer duration the
MWW and FBV go back to opposite ways. We attribute this turning behavior to two different thermodynamic
evolutions as the following. The first branch is the process to form fixed oxide charge (FOC) and cobalt QDs
in the SCHN matrix. In this branch, the generated FOCs influence strongly to decrease the FBV, and the
growth of cobalt QDs to make the MWW widen. In the second branch after the OC we found that the FOCs
and cobalt QDs convert prominently to SiO¬2 and Co3O4 in the SCHN matrix. Subsequently, the MWW
becomes worse while the flat band voltage increases. We expect this study to move earlier up the next
generation non-volatile memory using metal QDs by controlling readily memory characteristics.
Acknowledgement NRF-2014M2B2A4031923, NRF-2015M2B2A4032245, NRF-2015R1D1A1A01060381
Keywords:
cobalt quantum dot, fixed oxide charge, memory characteristics,memory window, flat band voltage, metalsemiconductor hybird nanostructure
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Abstract:
In order to control various optical properties, the impurity doping into the silicon nanocrystals (Si-NCs) is
chanllenging problems for the applications of optoelectronic devices and solar cells. Although there has been
several studies to understand the effect of n-type and p-type dopants on the luminescence properties of Si-NC
it is yet to be known what the exact influence and the mechanism of the impurity dopants are. For this purpose
we investigate the luminescence properties by doping B and P elements into Si-NC/SiO2 multilayer structures.
We prepared three kinds of samples such as non-doped, B-doped and P-doped by applying rf-magnetron
sputtering and ion implantation techniques. From the PL measurements we obsereved the severe subpression
for the B and P doped samples. Also we performed ESR and FTIR measurements for the effect of dopants on
the luminescent properties. As the result, we attribute the severe PL subpression mainly to the Auger
nonradiative process occurring between photoexicted exciton and free carriers. This interpretation would help
to clarify the controvercy about the effect of impurity doping on luminescence properties of Si-NC
[Acknowlegement : NRF-2014M2B2A4031923, NRF-2015M2B2A4032245, NRF-2015R1D1A1A01060381]
Keywords:
Silicon Nanocrystals, Impurity Doping, Luminescence Properties, Auger Process
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Application
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Abstract:
Topotactic phase transition in complex oxides can form phases with diverse electrical resistance states. For
instance, the ternary complex oxides SrCoOx and SrFeOx are well known for undergoing topotactic phase
transformation between insulating brownmillerite state and conducting perovskite states. This topotactic phase
transition induced by electrical bias voltage can be an attractive candidate for the resistance random access
memory (RRAM) application. Recently, we have observed stable bipolar type resistive switching in
Au/SrFeOx/SrRuO3 device. For this purpose SrFeOx/SrRuO3 heterostructure was deposited on SrTiO3 (001)
substrate by pulsed laser deposition and Au as a top electrode deposited by electron-beam evaporation. This
device exhibited low forming voltage than writing voltage, high OFF/ON resistance ratio, long retention and
excellent repeatability with uniform SET and RESET voltages and stable resistance of ON and OFF states. The
observed excellent resistive switching behavior was possibly due to perpendicular generation of conducting
filaments, which were formed because of atomically smooth interfaces between top and bottom electrodes. To
explain the peculiar observation of low forming voltage than writing voltage and high uniform switching
parameters, we proposed a switching model that the formation/rupture of conducting filaments are formed by
local topotactic phase transformation from brownmillirite to perovskite phases in SrFeOx.
Keywords:
Brownmillerite structure; SrFeOx thin film; topotactic phase transformation ; RRAM; uniform switching
parameters.
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Effect of Network Architecture on Population Synchronization in A
Scale-Free Network of Bursting Neurons
김상윤, 임우창*
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*
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Abstract:
We investigate the effect of network architecture on burst and spike synchronization in a directed scale-free
network (SFN) of bursting neurons, evolved via two independent α- and β-processes. The α-process
corresponds to a directed version of the Barabási-Albert SFN model with growth and preferential attachment,
while for the β-process only preferential attachments between pre-existing nodes are made without addition
of new nodes. We first consider the "pure" β-process of symmetric preferential attachment (with the same inand out-degrees), and study emergence of burst and spike synchronization by varying the coupling strength J
and the noise intensity D for a fixed attachment degree. Characterizations of burst and spike synchronization
are also made by employing realistic order parameters and statistical-mechanical measures. Next, we choose
appropriate values of J and D where only burst synchronization occurs, and investigate the effect of the scalefree connectivity on the burst synchronization by varying (1) the symmetric attachment degree and (2) the
asymmetry parameter (representing deviation from the symmetric case) in the α-process, and (3) the
occurrence probability of the β-process. In all these three cases, changes in the type and the degree of
population synchronization are studied in connection with the network topology such as the degree
distribution, the average path length Lp, and the betweenness centralization Bc. It is thus found that just taking
into consideration Lp and Bc (affecting global communication between nodes) is not sufficient to understand
emergence of population synchronization in SFNs, and in addition to them, the in-degree distribution
(affecting individual dynamics) must also be considered to fully understand for the effective population
synchronization.
Keywords:
Bursting neurons, Burst synchronization, Intraburst spike synchronization, Directed scale-free networks,
Network topology
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Burstiness parameter for finite event sequences
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Abstract:
Characterizing inhomogeneous temporal patterns in natural and social phenomena is important to understand
underlying mechanisms behind such complex systems, hence even to predict and control them. Temporal
inhomogeneities have been described in terms of bursts that are rapidly occurring events in short time periods
alternating with long inactive periods. The bursts can be quantified by a simple measure, called burstiness
parameter, which was introduced by Goh and Barabasi [EPL 81, 48002 (2008)]. The burstiness parameter has
been widely used due to its simplicity, which however turns out to be strongly biased when the number of
events in the time series is not large enough. The finite size effects on burstiness parameter has been largely
ignored. In this paper, we analytically investigate the finite size effects of the original burstiness parameter, and
then suggest an alternative definition of burstiness parameter that is unbiased and yet simple. We demonstrate
the advantages of our burstiness parameter by analyzing empirical datasets.
Keywords:
complex systems, bursts, burstiness parameter, finite size effect, temporal inhomogeneities
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Inverse transitions in a spin-glass model on a scale-free network
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Abstract:
In this talk, we will introduce critical phenomena by considering a model spin-glass on scale-free networks.
For this purpose, we consider the Ghatak-Sherrington (GS) model, a spin-1 spin-glass model with a crystal
field, instead of the usual Ising-type model. Scale-free networks on which the GS model is placed are
constructed from the static model, in which the number of vertices is fixed from the beginning. On the basis of
the replica-symmetric solution, we obtain the analytical solutions, i.e., free energy and order parameters, and
we derive the various phase diagrams consisting of the paramagnetic, ferromagnetic, and spin glass phases as
functions of temperature T, the degree exponent λ, the mean degree K, and the fraction of the ferromagnetic
interactions ρ. Since the present model is based on the GS model, which considers the three states (S=0, +1,
-1), the S=0 state plays a crucial role in the λ-dependent critical behavior: glass transition temperature Tg has
a finite value, even when 2 < λ < 3. In addition, when the crystal field becomes nonzero, the present model
clearly exhibits three types of inverse transitions, which occur when an ordered phase is more entropic than a
disordered one. cf) Do-Hyun Kim, Phys. Rev. E 89, 022803 (2014).
Keywords:
spin glass, scale-free networks, inverse transition
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Mapping Out Narrative Structures and Dynamics Through Network
Modeling and Computational Linguistics
MIN Semi, PARK Juyong*
Graduate School of Culture Technology, KAIST
*
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Abstract:
Effective human communication is often executed in the form of a narrative, an account of connected events
composed of characters, actions, and settings. A necessary condition for a well-formulated narrative, be it
fictional or nonfictional, for informative and effective communication is therefore a coherent structure, opening
up the possibility of a deeper understanding of a narrative through the study of its structure. The goal of this
paper is to formulate a framework for modeling and analyzing a narrative from the network perspective, also
using methods from computational linguistics. Based on the nature of a narrative as a dynamically unfolding
system, we characterize the narrative progression based on the growth patterns of the character network, and
show how the textual information extracted using sentiment analysis and topic modeling can be used to
provide more detail on character--character interactions than a network construction based on simple cooccurrence can. Given the ubiquity and importance of narratives in human culture, a better understanding of
narratives could lead to a deeper understanding of social interactions, expression of human sentiments, and use
of language.
Keywords:
Narratives, Interaction Dynamics, Networks, Computational Linguistics
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Generating synthetic populations
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Abstract:
Microsimulation model(MSM) aims to simulate the impact of economic and social polices at the level of
individual and household. The MSM differs from the traditional macrosimulation in being operated at micro
level rather than using aggregated data. In order to increase the availability of MSM, populations data which
shows a good accordance with the official statistics of the country is required. In this study, we generate
synthetic populations using the public use microdata sample and the summary table from the population
census of South Korea.
Keywords:
Microsimulation model, Synthetic populations
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Complexity in financial analysts: Role of information disparity in
analyst forecasts
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Abstract:
We report complex phenomena arising among financial analysts, who gather information and generate
investment advice, and elucidate them with the help of a theoretical model. Understanding how analysts form
their forecasts is important in better understanding the financial market. Carrying out big-data analysis of the
analyst forecast data from I/B/E/S for nearly thirty years, we find skew distributions as evidence for emergence
of complexity, and show how information asymmetry or disparity affects financial analysts’ forming their
forecasts. Here regulations, information dissemination throughout a fiscal year, and interactions among
financial analysts are regarded as the proxy for a lower level of information disparity. It is found that financial
analysts with better access to information display contrasting behaviors: a few analysts become bolder and
issue forecasts independent of other forecasts while the majority of analysts issue more accurate forecasts and
flock to each other. Main body of our sample of optimistic forecasts fits a log-normal distribution, with the
tail displaying a power law. Based on the Yule process, we propose a model for the dynamics of issuing
forecasts, incorporating interactions between analysts. Explaining nicely empirical data on analyst forecasts,
this provides an appealing instance of understanding social phenomena in the perspective of complex systems.
Keywords:
Analysts forecasts, Complexity, Information disparity, Skew distributions, Yuleprocess
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An efficient algorithm for solving traveling salesman problems
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Abstract:
Traveling salesman problem (TSP) is one of the most studied combinatorial optimization problem. The goal of
the solution is to find the shortest cyclic path that travels all the given cities. Many algorithms have been
proposed up to now including Lin-Kernighan (LK) algorithm, ant colony optimization algorithm and various
genetic algorithms. In this work, the problem is tackled by a global optimization method called conformational
space annealing (CSA). CSA combines various features of genetic algorithm, monte carlo with minimization,
and simulated annealing. CSA is particularly efficient for finding many diverse local minima. CSA algorithm is
applicable to any combinatorial optimization problem in itself. However, CSA requires several problemdependent implementations: a metric for solution difference, local optimization algorithm and crossover
operators. Measuring the difference of any pair of two solutions is straightforward. For local optimization, LK
algorithm was adopted and we used simple crossover methods. Finally, CSA was applied to a standard TSPset in which the sizes of problems range up to 71,009. As a result, we could find most of the best
known solutions for the problems.
Keywords:
traveling salesman problem, global optimization, combinatorial optimization
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Featureless Quantum Insulator on the Honeycomb Lattice
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*
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Abstract:
We construct fully symmetric, gapped states without topological order on a honeycomb lattice at half ﬁlling in
terms of projected entangled pair states(PEPS). One is a system of physical spin-1/2’s with the virtual bond
dimension D = 4. Four distinct classes diﬀering by lattice quantum numbers are found by applying the
systematic classiﬁcation scheme introduced by two of the authors [S. Jiang and Y. Ran, arXiv:1505.03171
(2015)]. Lack of topological degeneracy or other conventional form of symmetry breaking, and the existence
of the energy gap in both wave functions are checked by numerical calculation of the entanglement entropy
and various correlation functions.
Keywords:
Topological order, PEPS, Tensor network
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Entanglement and corner Hamiltonian spectra of integrable open spin
chains
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Abstract:
Entanglement spectra (ES) for the critical SU(N) (2 ≤ N ≤ 4) spin chains and other integrable models of finite
length are studied with the density matrix renormalization group method. For all models under investigation,
the level spacings and the degeneracy structure of the ES are in excellent agreement with the spectra of the
corner Hamiltonian, defined as the generator of the associated corner transfer matrix. The correspondence
holds between the ES (n) at the n-th cut position from the edge of the spin model, and the corner Hamiltonian
of length n, for all small values of n. The cut position dependence of the ES shows a period-N oscillatory
behavior for a given SU(N) chain, reminiscent of the oscillatory part of the entanglement entropy observed in
the past for the same models. Oscillations of the ES do not die out in the bulk of the chain, in contrast to the
asymptotically vanishing oscillation of the entanglement entropy. Heuristic argument based on Young tableaux
consideration can explain the period-N structure of the ES qualitatively.
Keywords:
quantum entanglement, corner Hamiltonian, corner transfer matrix, entanglement spectrum, entanglement
entropy, spin chain
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Formation of a Topological Monopole Lattice and its Dynamics in
Three-dimensional Chiral Magnets
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Abstract:
Topologically protected swirl of the magnetic texture known as the Skyrmion has become ubiquitous in both
metallic and insulating chiral magnets. Meanwhile the existence of its three-dimensional analogue, known as
the magnetic monopole, has been suggested by various indirect experimental signatures in MnGe compound.
Theoretically, Ginzburg-Landau arguments in favor of the formation of a three-dimensional crystal of
monopoles and anti-monopoles have been put forward, however no microscopic model Hamiltonian was
shown to support such a phase. Here we present strong numerical evidence from Monte Carlo simulations for
the formation of a rock-salt crystal structure of monopoles and anti-monopoles in short-period chiral
magnets. Real-time simulation of the spin dynamics suggests there is only one collective mode in the monopole
crystal state in the frequency range of several GHz for the material parameters of MnGe.
Keywords:
Skyrmion, Hedgehog, Monopole, Chiral Magnet
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Quantum Anomaly Manifestation of Lieb-Shultz-Mattis Theorem via
gauging translation symmetry
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Abstract:
There are several microscopic data constraining the allowed structures of emergent long-distance and lowenergy theories. The most fundamental inputs are the symmetries and appropriately-defined symmetry charge
per unit cell. Given the data, Lieb-Schultz-Mattis theorem dictates that if the system is completely symmetric,
the system should be gapless or gapped with non-trivial ground state degeneracy. However, the theorem is
silent about the structure of the completely-symmetric gapless theory emergent from the lattice. We here show
that the conformal theory, one of the allowed forms of the low-energy theories by Lieb-Schultz-Mattis
theorem, are characterized by quantum anomaly which is a generalization of chiral anomalies in one
dimensions. Furthermore, we uncover the origin of the anomaly and its relation to the symmetry ``charge" per
unit cell.
Keywords:
Quantum anomaly, Symmetry-Protected Topological phases, symmetry, strong correlation
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An efficient approach for computing quantum entanglement in Kondo
systems
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Abstract:
Entanglement measures, such as the entanglement of formation
(EoF) and the logarithmic negativity (LN), are useful tools for
characterizing many-body states. It was recently reported [Phys.
Rev. Lett. 114, 057203 (2015)] that the temperature dependence
of the EoF between a Kondo impurity and bath electrons unveils
low-energy quasiparticles and thermal crossover in Kondo
systems. Computation of the EoF however requires heavy
numerical optimization. In this work, we develop an efficient approach for computing LN in the framework
of the numerical renormalization group method. The approach provides an approximate LN within small
error. As the computation cost of the LN is much cheaper than that of the EoF, the approach could open a
way of studying quantum impurity problems using entanglement.
Keywords:
Quantum Entanglement, Kondo systems, Numerical renormalization group
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Exciton-polarition condensation in transition metal dichacogenide
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Abstract:
For the bilayer heterostructure system in an optical microcavity, the interplay of the Coulomb interaction and
the electron-photon coupling can lead to the emergence of quasiparticles consisting of the spatially indirect
exciton and cavity photons known as dipolariton, which can form the Bose-Einstein condensate above a
threshold density. Additional physics comes into play when each layer of the bilayer system Is made of the
transition metal dichalcogenide (TMD) monolayer. The TMD monolayer band structure in the low energy
spectrum has two valley components with nontrivial Berry phase, which gives rise to a selection rule in the
exciton-polariton coupling, e.g. the exciton from one (the other) valley can couple only to the clockwise
(counter-clockwise) polarized photon. We investigate possible condensate phases of exciton-polariton in the
bilayer TMD microcavity changing relevant parameters such as detuning, excitation density and interlayer
distance.
Keywords:
transition metal dichalcogenides, optical cavity, exciton-polarition condensation, two-dimensional materials
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Abstract:
We study the spin-1 chain system with ferromagnetic nearest-neighbor interactions by means of the infinite
density-matrix renormalization-group method. The presence of antiferromagnetic next-nearest-neighbor
interactions introduces frustration in the system and the interplay of the two kinds of interactions leads the
system to undergo a phase transition between the disordered state and the ordered one at zero temperature. It
is revealed that the incommensurate and the ferromagnetic correlations arise in a wide range of the parameter
space. The divergent behavior of the correlation length near the transition suggests the continuous nature of the
phase transition. We also discuss the results in comparison with the spin-1/2 and the classical cases.
Keywords:
spin-1chain, frustration, DMRG, phase transition
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Non-symmorphicity and space group fractionalization in two
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Abstract:
We study the fractionalization of space group symmetries in two-dimensional topologically ordered phases.
Specifically, we focus on Z_2 fractionalized phases in two dimensions whose deconfined topological
excitations transform trivially under translational symmetries, but projectively under glide reflections. Starting
from generalizing even and odd gauge theories, we incorporate additional symmetries inherent to nonsymmorphic crystals. We show that the resulting fractionalization of point group quantum numbers can be
detected in numerical studies of ground state wave functions.
Keywords:
topologcal, space group, fractionalization, Z_2 gauge theory, non-symmorphic
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Quantum optics with single spins in diamond
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Abstract:
As an optically addressable electronic spin, the nitrogen-vacancy (NV) center in diamond has great promise in
quantum information science and metrology. Diamond NVs exhibit quantum-mechanical features
comparable to isolated atoms or molecules, but in solid-state devices amenable to integration and large-scale
fabrication. At temperatures below ~10 K, the NV’s optical fine structure facilitates coherent coupling
between the electron spin and light, providing the means for all-optical spin control, spin-photon
entanglement, and other applications of quantum optics. I will review the current state of this field and
describe some of the techniques we have developed to control single NV spins using coherent light-matter
interactions. All-optical protocols enable dispersive, non-destructive spin readout; arbitrary-axis spin
initialization and control; and they serve as sensitive probes of the defect’s orbital and spin dynamics.
Moreover, these techniques are broadly applicable to optically active spins beyond the diamond NV, allowing
us to harness the quantum-mechanical properties of semiconductor defects for wide-ranging applications in
quantum computing, quantum communication, and nanoscale quantum sensing for physics, materials science,
chemistry, and biology.
Keywords:
diamond NV center, all-optical spin control, spin-photon entanglement, quantum optics
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Proposal for Observing Dynamic Jahn-Teller Effect of Single Solid
State Defects
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Abstract:
In this talk, I will discuss how to observe lattice distortion or vibration effect of a single molecule. Particularly,
we focus on the well-known Jahn-Teller effect (JTE), which widely exists in polyatomic systems including
organic molecules, nano-magnets, and solid-state defects. Detecting the JTE at single-molecule level can
provide unique properties about the detected individual object. However, such measurements are challenging
because of the weak signals associated with a single quantum object. Here, we propose that the dynamic JTE
of single defects in solids can be observed with nearby quantum sensors. With numerical simulations, we
demonstrate the real-time monitoring of quantum jumps between different stable configurations of single
substitutional nitrogen defect centers (P1 centers) in diamond. This is achieved by measuring the spin
coherence of a single nitrogen-vacancy (NV) center near the P1 center with the double electron-electron
resonance (DEER) technique. Our work extends the ability of NV center as a quantum probe to sense the rich
physics in various electron-vibrational coupled systems. Reference: Xing Xiao & Nan Zhao, Proposal for
Observing Dynamic Jahn-Teller Effect of Single Solid-State Defects, arXiv:1510.04746
Keywords:
dynamic Jahn-Teller effect, diamond NV center, diamond P1 center, nuclear spin sensing
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Photonic qubits and artificial atomic qubits in KIST
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Abstract:
Quantum information processing directly applies the quantum nature for the information tasks and provides
significant advantages over classical information processing. The most significant feature of a quantum
information processing is that it utilizes a quantum bit or a qubit as a basic unit for information. While bits
can have a value either ‘0’ or ‘1’, qubits can have any superposition of ‘0’ and ‘1’. . A qubit can be correlated
with other qubits in a non-classical way. In this case, the quantum state of each qubits cannot be described
independently, namely quantum entanglement. These unique features of qubits, superposition and
entanglement, enable an exponential speedup over the best classical information processing. There are various
approaches to implement quantum information processing, however, in KIST we have been devoted for
developing technologies with photon and artificial atomic qubits atom. Since optical quantum systems link
quantum computation and quantum communication in the same framework, it has great advantages in
implementing quantum information processing. The quantum state of a photon can be easily controlled via
linear optical elements like beamsplitters, waveplates, and polarizers. Because photons hardly interact with
environment, it provides good coherence which is essential for quantum information processing. An atomic
system can assist the optical quantum information processing in many ways. For example, a deterministic
single-photon source which is essential for scalable optical quantum information processing can be
implemented with atomic system. An atomic system can be also used for implementing a quantum memory
which stores and releases a photon when needed while maintaining the quantum state. A quantum memory is
known as an essential quantum element for scalable two-qubit operation with optical system. In KIST, we
have been studied NV- and SiV- defects in diamonds which behaves like an atomic system. Since these so
called artificial atomic systems can be fabricated via nano-technologies and provides a high level of robustness,
it has practical advantages over real atomic systems. It is remarkable that these systems can be utilized to
implement various quantum enhanced sensors such as a nano-scale magnetometer. In the presentation, we will
introduce KIST efforts to develop quantum information processing with photonic and artificial atomic qubits
including quantum key distribution, linear optical quantum computing, and various research activities with
diamond color centers.
Keywords:
photonic/atomic qubits, diamond NV/SiVcenters,quantumkey distribution, linearoptical computing
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Electronic structure of anisotropic metal-insulator junctions in a
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Abstract:
We investigate the phase-separated In/Si(111) surface, well-known quasi one dimensional(1D) charge density
wave (CDW) state, which forms atomic-scale metal-insulator junctions. We performed STM and
STS measurement using a commercial STM an d lock-in technic. The strong anisotropy in the spatial
distribution of the CDW gap and the CDW amplitude are observed on these junctions. An order of magnitude
difference is observed on the CDW coherence lengths of the intrawire junction and the interwire junction.
Moreover, an atomic scale impurity could change the character of the intrawire junction drastically. The CDW
amplitude of the intrawire junction with an impurity changes abruptly, similar to the interwire junctions. In
addition, an in-gap state originated from the metallic states of the 41 phase penetrating through the impurity is
observed on the insulating part of the intrawire junction with an impurity. This result indicates the possibility
of the controlling the character of the atomic-scale metal-insulator junctions.
Keywords:
"Phase-separation", "Nanowire", "Charge Density Wave"
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*
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Abstract:
The metal-insulator transition of indium (In) wires on Si(111) has been mostly believed to originate from a
charge-density-wave (CDW) formation driven by electron-phonon coupling. However, we demonstrate,
based on a first-principles approach, that the bond-breaking and bond-formation processes in the structural
phase transition from the high-temperature 4x1 phase to the low-temperature 8x2 phase give rise to a gap
formation as well as an energy barrier between the two phases. This atomistic picture for the phase transition
not only identifies the first-order nature but also provides an explanation for the formation of the recently
observed several types of chiral solitons along the In wires. Thus, our findings solve a long-standing puzzle of
the origin of the metal-insulator transition in the In/Si(111) system in terms of a lattice reconstruction by the
bond-breaking and bond-formation processes, not by the CDW formation arising from Fermi surface nesting.
Keywords:
metal-insulator transition, In/Si(111), bond-breaking and bond-formation
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Tuning Kondo Effect of Magnetic Molecules on Au(111) by Vertical
Coordination
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Abstract:
Tuning and sensing spin states of magnetic molecules at the single molecule level is essential for spintronic
molecular device applications. Here, we demonstrate that spin interactions of Co-porphyrin on Au(111) can
be tuned by binding and unbinding of small molecules, and be sensed using scanning tunneling microscopy and
spectroscopy (STM and STS). Bare Co-porphryin showed a clear zero-bias peak, a signature of Kondo effect
in STS, whereas Co-porphyrin coordinated with small molecules showed modified zero-bias peaks, with
reduced full width half maximum or Kondo temperature. Our density functional theory calculation results
explain it with spatial redistribution of unpaired spins in dz2 Orbitals. Our study opens up ways to tune
molecular spin interactions by means of chemical coordination.
Keywords:
scanning tunneling microscopy, Kondo effect
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Nature of Insulating Ground State of Two-Dimensional Sn Atom
Lattice on SiC(0001)
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Abstract:
Semiconductor surfaces with narrow surface bands provide unique playgrounds to search for Mott-insulating
state. Recently, a combined experimental and theoretical study of the two-dimensional (2D) Sn atom lattice on
a wide-gap SiC(0001) substrate proposed a Mott-type insulator driven by strong on-site Coulomb repulsion
U. Our systematic density-functional theory (DFT) study with local, semilocal, and hybrid exchangecorrelation functionals shows that the Sn dangling-bond state largely hybridizes with the substrate Si 3p and C
2p states to split into three surface bands due to the crystal field. Such a hybridization gives rise to the
stabilization of the antiferromagnetic order via superexchange interactions. The band gap and the density of
states predicted by the hybrid DFT calculation agree well with photoemission data. Our findings not only
suggest that the Sn/SiC(0001) system can be represented as a Slater-type insulator driven by long-range
magnetism, but also have an implication that taking into account long-range interactions beyond the on-site
interaction would be of importance for properly describing the insulating nature of Sn/SiC(0001).
Keywords:
2D Atom Lattice, Slater Insulator, First-principles Calculation
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First-principles study of the electronic properties of Ge/Sn core-shell
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Abstract:
Germanium (Ge) is considered as a potential candidate material for integrated lasers due to its compatibility
with the current Si-based complementary metal-oxide-semiconductor technology. However, Ge has an
indirect band gap, so that electron-hole pair recombination can only take place with phonon assistance.
Despite the indirect band gap nature, the direct band gap of Ge only differs by 0.14 eV from the indirect band
gap. The small difference between the indirect and direct band gaps promotes extensive studies for the band
gap engineering of Ge by strain.
In this work, we propose that dipole allowed direct band gap can be tuned
in Ge/Sn core-shell nanowires (NWs) oriented along the [111] direction. We find that strain induced by the
lattice mismatched between Ge and Sn drives an indirect-to-direct band gap transition. The intrinsic tensile
strain on the Ge core is inversely proportional to the Ge core size, whereas it is proportional to the Sn shell
thickness. The band gap of NWs can be tuned by controlling the core-shell ratio and the diameter of NWs.
The squared dipole matrix elements of the direct transition at the Γ point are comparable to that of GaAs. We
also show that an external tensile strain along the [111] direction can trigger an indirect-to-direct band gap
transition for NWs with intrinsic indirect band gaps.
Keywords:
nanowire, Ge, Sn
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Au nanoparticle formation on Au-C diffused membrane via Ostwald
ripening
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Abstract:
Recently there have been considerable interests about the
fabrication of nanopore array for optical detection of single
molecule analysis. So far, the nanopores on the SiN or graphene
membrane were fabricated and utilized for genome sequencing
with electrically driven and electrical detection techniques. We
report fabrication of nanopore formation on pyramid by using
focused ion beam technique and electron beam irradiation
techniques. Under electron beam irradiation on the specimen,
carbon incorporation with electron beam is reported, hence, the
diffused membrane is believed to be amorphous carbon so far. However, we found that the membrane
formed contains Au atoms. We found by using HRTEM (high resolution transmission electron microscopy)
the Au nanoparticles formed on the diffused membrane were after the samples were kept under the room
environments for several months, and up to one year. For Au atoms less than 1 nm on the diffused
membrane, the Au atoms cannot be detectable due to HR-TEM resolution limit. The large Au particles
grew bigger and bigger with expense of smaller particles via Ostwald ripening. We also observed bi-stable
phases of Au particles and membrane during electron beam irradiation process via Spinodal decomposition.
Fabricated nanopore integrated with Au particles can be utilzed as optical nanopore for single molecule
analysis.
Keywords:
Au nanopore, Ostwald ripening, Spinodal Decomposition, Pyrami, electron beam irradiation
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dioxide crossing the metal–insulator transition
KIM Jong Hun1, 2, PARK Jeong Young*1, 2, FU Deyi3, WU Junqiao3
1

Center for Nanomaterials and Chemical Reactions, Institute for Basic Science (IBS), 2Graduate School of

EEWS, Korea Advanced Institute of Science and Technology (KAIST), 3Department of Materials Science and
Engineering, University of California, Berkeley
*

jeongypark@kaist.ac.kr

Abstract:
Nano-mechanical and electrical properties of vanadium dioxide (VO2) thin films across thermal-driven phase
transition are investigated with ultra-high vacuum atomic force microscopy (AFM). VO2 thin films with
preferential orientations of (100) and (120) in the monoclinic phase were deposited on a silicon wafer using
pulsed laser deposition. Corresponding friction and conductivity images show that friction decreases below the
critical temperature, above which we saw two trends as the temperature increased: less friction on the
insulating domains and higher friction on the metallic domains. We attribute this distinct temperature
dependence of friction to the combined effects of thermal lubricity and electronic contributions. We attribute
this observation to the combined effect of the thermal lubricity and electronic contribution in mediating
dissipation of friction energy. Additionally, The charge transport properties under the metal-insulator
transition affected by the mechanical stress loaded by the tip was also investigated in situ using AFM. The
compressive force along the c-axis of R-state was locally employed to VO2 and the dependence of current on
the local stress was measured. This study, consistent with the phase diagram, shows that the mechanical
compression can potentially be utilized to manipulate the phase, thus charge transport properties of VO2.
Keywords:
SPM, FFM, cAFM, VO2, metal-insulator-transition, friction, tribology, pressure, conductivity
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Structural phase variations in T-phase BiFeO3 thin films on LaAlO3
probed by X-ray microdiffraction
WI Sangwon, PARK Jung Hyun, CHUNG Jin-Seok*
Dept. of Physics, Soongsil University
*

chungj@ssu.ac.kr

Abstract:
BiFeO3(BFO) attracted a lot of attention from researchers due to
their potential promising electrical properties including large
remnant polarization from the highly elongated unit cell, and
multiferroicity. BFO under compressive strain from the substrate
has large relative misfit (LaAlO3:~4.5% or YAlO3:~7.3%,) can
have the tetragonal-like(T-like) structure with a large
tetragonality (c/a ratio ~1.24) and the secondary structure phases
with tilting. The tilted phases emerged as mixtures of the
rhombohedral like(R-like) phase and T-like phase when they are
thicker than a few tens of nm’s. The X-ray Reciprocal Space
Mapping(RSM) and TEM studies suggested BFO film of ~100
nm had drastic local variations of structures, the T-like phase
and the mixed phase nano-domains(MPN), which consisted of
alternating strip like grains of the tilted R-like phase and the tilted T-like phase. Also it is reported LaAlO3
(LAO) has twin structure in {001} planes caused by heating-cooling process(twin angle: ~0.2˚). The twins
emerges from cooling after the BFO layer growth, causes different strain at BFO layer near the twin
boundaries. It may contribute causing more compressive stain near the folded twin boundaries or less
compressive strain near the anti-folded twin boundaries. In this study, X-ray microdiffraction set up at
Pohang Light Source(PLS) was used to investigate the local structural variations in the intermediate scale,
which enabled to get the statistics of local structures. X-ray white beam from the synchrotron radiation
source was focused down to 1x1 micron2 by a pair of K-B mirrors, and scanned over the area of several tens
of microns. From Laue patterns of the PLD grown BFO films on LaAlO3 substrate, peaks from the T-phase
grain and the MPN were separated and their strain states were compared. At each point, distinction of twins
and the abundance ratio of non-tilted/tilted T phase were calculated and their correlations were investigated.
The statistics suggested that differences of the strain near twin boundaries of LAO substrate, which resulted
in different MPN abundance.
Keywords:
T-phase BFOMicrodiffractionBiFeO3
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Abstract:
For the future researches on veiled electronic properties of 5d transition metal oxides with doping electrons, we
synthesized high quality epitaxial WO3 thin films on YAlO3 substrates and characterized its crystal structure.
The WO3 films have ferroelastic twin structures consisting of four fold monoclinc building blocks which are
subject to cooperative mosaic rotations. Ferroelastic twin structures have hierarchical domains (fine-, macro-,
and super-macro-domains) following power law between film thickness and domain width. We also found
that the domain structure can be changed by an injection of electron beam and compressive force. Finally we
will briefly mention the domain wall conductivity and field effect transport measurements.
Keywords:
ferroelastic, twin structure, epitaxial, WO3, films
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Abstract:
Strain-mediated control of materials properties has been extensively studied, as strain is a simple and
predictive parameter for property control. In oxides, drastic changes in chemical and physical properties are
observed with an introduction of strains by lattice distortion or lattice mismatch. Based on first-principles
calculations, we have investigated strain, defects and their interaction in prototypical perovskite oxide, SrTiO3.
In this talk, the role of strain and defects in the structural and electrical properties of the oxide will be
presented and discussed. We demonstrate that strain triggers the formation of oxygen vacancies in perovskite
oxides by examining the tilt boundary of SrTiO3 bicrystals [1]. Our calculations predict that strains lower the
formation energy of oxygen vacancies, thereby enhancing the vacancy formation. Oxygen vacancies are
observed in the strain-imposed regions between dislocation cores via transmission electron microscopy and
electron energy loss spectroscopy. [1] S.-Y. Choi, S. D. Kim, M. Choi (co-corresponding) et al., Nano Lett.
15, 4129 (2015).
Keywords:
SrTiO3, Oxygen vacancy, Strain, First-principles calculation

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

C8.04*

The charge density of head-to-head and tail-to-tail structures in
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Abstract:
Ferroelectric materials have a spontaneous electric polarization that can be switched by an external electric
field, and the different polarization directions of ferroelectric do- mains form diverse domain walls [1]. The
head-to-head (HH) and tail-to-tail (TT) do- main walls have antiparallel polarization directions that lead to
charge accommodation or depletion at the interface. BaTiO3 and PbTiO3 have been studied to keep ferroelectricity for the HH and TT domain walls by substituting titanium and oxygen atoms at the boundary. It was
shown that HH and TT ferroelectric domain walls disappeared to nullify the depolarization field without such
substitution. But, another research was reported to form the inclined HH and TT domain walls without
substitution by using Landau-Ginzburg-Devonshire theory [2, 3]. In order to estimate the intrinsic properties
of HH and TT domain walls of BaTiO3, we fixed the internal atomic coordinates to the bulk values and
relaxed the other coordinates using first-principles calculations based on density functional theory. From the
calculations, we found the ferroelectric domain wall was more diffuse than the non-charged domain wall. We
expect that we can extend our study to understand the charge density of variations and the differences in BaO,
TiO2-plane. References: 1. M.E. Lines and A.M. Glass, Principles and applications of ferroelectrics and
related materials (Clarendon Press, Oxford, 1977). 2. X. Wu and D. Vanderbilt, Phys. Rev. B 73, 020103(R)
(2006). 3. K. Rahmanizadeh, D. Wortmann, G. Bihlmayer, S.Blugel, Phys. Rev. B 90, 115104 (2014).
Keywords:
ferroelectric, first-principles, charge density,VASP, DFT,BaTiO3,PbTiO3
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Nanoscale dielectric capacitor composed of graphene and graphane
layers: A first principle study.
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Abstract:
We propose a nanoscale dielectric capacitor model of a graphane layer placed between two metallic graphene
layers using self-consistent field density functional theory. By applying an electric field perpendicular to the
layers, the separation of an equal amount of electric charges with opposite signs in different graphene layers is
achieved.Using first principles calculations, the stored charges, formation energies, and electric potential
differences generated between the graphene layers are calculated for the relaxed structures. Predicted highcapacitance values exhibit the characteristics of super capacitors [1]. In the present nanoscale model, the
capacitive behavoir is compared to the classical Helmholtz model, which reveals crucial quantum size effect at
small separations, which in turn recede as the separation between metalic planes increases [2]. References 1. V.
O. Ozcelik, S. Ciraci, Phys. Rev. B. 91, 195445 (2015). 2. V. O. Ozcelik, S. Ciraci, J. Phys. Chem C. 117,
15327 (2013).
Keywords:
Graphen,graphane, nanoscale dielectric capacitor, electric field
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Abstract:
Platinum, one of the important metallic catalysts, is mainly used for the catalytic oxidation of unburned
hydrocarbons in vehicle control devices. Catalytic process includes adsorption, desorption, and diffusion
processes which are related to the interactions between catalysts and reactants. In this study we observed the
changes of internal deformation field distribution during the heterogeneous catalytic oxidation of methane on a
platinum nanocrystal by coherent x-ray diffraction imaging technique. We measured coherent diffraction
patterns of platinum nanocrystal at Bragg geometry below and above the catalytic activation temperature in
different gases at ambient pressure. By performing phase retrieval algorithm to the acquired coherent
diffraction patterns, we obtained different internal deformation field distributions depending on the crystal
orientation, the site, the size of platinum nanocrystal along the catalytic reaction conditions. This research was
supported by the National Research Foundation of Korea (No. NRF-2014R1A2A1A10052454) and the
National Core Research Center of Korea (No. NRF-2015R1A5A1009962).
Keywords:
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Abstract:
We report three dimensional internal structure of a mitochondrion using coherent x-ray diffractive imaging.
As one of the subcellular organism, mitochondria have a vital role to supply energy to cells which are the
smallest unit of living thing things by synthesizing ATPs. Because the amount of synthesized ATPs is related to
the internal structure of mitochondria, many scientists have been studied about it since 1960s. However most
of the researches are based on stained and sectioned ones and it was still challenging to understand the internal
structure without any destructive process on specimens. Therefore we adopted the 3-dimensional coherent
x-ray diffractive imaging to study internal structure of mitochondria nondestructively. We extracted
mitochondria from NIH 3T3 cell lines which are standard mouse embryonic fibroblasts by sucrose gradientdensity method. And during measurement, we adopted equally sloped tomography method. Reconstructed
mitochondrial image has 36 nm resolution. Based on the result, we studied the internal structure of
mitochondria. As a result, we found that the mitochondrion had a non-tubular type with non-periodic
network of cristae. The electron density of components is an order of 109 electrons/nm2. To reduce radiation
damage and increase image resolution, we introduced the following two methods. One is using reference
objects to increase diffracted x-ray intensity. The other is applying x-ray free-electron laser which produces
enough diffraction intensity by a pulse. Through those methods, we achieved a resolution around 15 nm. It will
also be a good way to perform cryo-CDI which can reduce radiation damage by cooling specimen.
Keywords:
Coherent diffractive imagingmitochondria3d imaging
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Abstract:
Ion-exchanged zeolites are well-known heterogeneous catalysts that provide the active ions on their microsized pores in solid phase, thus they have an important role of the decomposers of gaseous phase pollutants
like nitrogen oxides (NOx). The decomposition process of NOx on zeolites is composed of adsorption of
reactants and desorption of disintegrated pollutants. Through those processes, the pores inside of the zeolite
crystals, the catalysts of the decomposition process, can be distorted from their regular arrangement.
Irregularity of internal pore arrangement leads to depreciation of catalytic efficiency. Here, we report the insitu strain development of Cu-ZSM-5 zeolite microcrystals during NO catalytic reduction process by coherent
X-ray diffraction imaging (CXDI) technique, showing changes of internal deformation field distribution along
the adsorption and desorption process of reactant gases. The origin of strain development comes from the
interaction between metal ions inner pore and reactant gases. We employ X-ray free-electron laser to achieve
the enough time-resolution for investigating changes in the internal deformation during the catalytic process.
Understanding causality of the strain development must be helpful for formulating chemical design of
heterogeneous porous catalyst. This research was supported by the National Research Foundation of Korea
(Nos. NRF-2014R1A2A1A10052454) and National Core Research Center (Nos. NRF-2015R1A5A1009962).
Keywords:
X-ray Free Electron Laser, Coherent X-ray Diffraction Imaging, Zeolites, Heterogeneous Catalysts, Catalytic
Process
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Abstract:
As the degrees of measurement in fundamental science reaches to the technological limits, i,e, time scale
approaches to the atosceond and nonosceince enables us to control the individual atoms, the necessity of
researches in unexplored areas, temperature and pressure, are more important. Pressure is a virgin parameter to
explore the nature. Diamond is a good example to create a new material exhibiting completely different
physical and chemical properties under high pressure compare from carbon found in atmosphere. New energy
storage materials also can be discovered under high pressure. For example, theoretically 40 wt.% of hydrogen
storage capacity was predicted from (H2)4CH4 under 30 GPa. To evaluate the practical application of
metastable materials, Ti-based quasicrstals were pressurized under hydrogen atmosphere using a diamond
anvil cell at the beamline 10-2 of Stanford Synchrotron Radiation Source and the potential application for
hydrogen storage combining with the structural properties was diagnosed. In fact, Ti53Zr27Ni20 quasicrystals
exhibit nearly 5 wt. % of hydrogen storage capabilities under 2 GPa without phase transformation
demonstrating that Ti-based quasicrystals are sturdy materials for energy storage applications. Details of
experiments and the fundamental properties of the materials will be presented.
Keywords:
Quasicrystals, Hydrogen Storage, High Pressure
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Abstract:
Pressure-induced hydration and accompanying volume expansion, first discovered in a natural zeolite
natrolite (Na16Al16Si24O80x16H2O) in 2002, has now been established to be a systematic property of this class
of small-pore zeolite. Depending on the type of extra framework cations (Li, Ag, K, Rb, Cs, Ca, Sr, Pb, Cd),
the degree of volume expansion and its onset pressure are controlled by up to 21% and in the pressure range of
0.4 – 3.0 GPa, respectively. One of the novel structural phenomena discovered in the systematic highpressure investigations is the overturn of the zeolitic nanopores concomitant with the reversion of the cationwater distribution within. Such unique yet complex high-pressure structural and chemical changes are verified
using high-resolution powder diffraction data as they occur in the low-to-intermediate pressure range, i.e.,
between a few kilibars and a few tens of kilobars, which is also encouraging in terms of finding appropriate
environmental and industrial applications. We have developed a procedure to exchange and sequestrate both
Cs cation and I anion under intermediate pressure and temperature conditions. This result points towards the
possibility of designing novel storage means for important radionuclides. Another avenue to utilize the unique
pressure-induced chemistry of small-pore zeolite is to trap nominally non-adsorbable gas molecules via
auxetic expansion under pressure. We have recently succeeded in pressure-induced insertion of Xe into silvernatrolite. Intriguingly, Xe adsorption occurs concomitant with charge disproportionation of monovalent silver
cations to form divalent silver cations in the pore and zero-valent silver nanoparticles on the surface of the
crystals. Irreversible Xe-insertion into a porous silicate material under moderate pressure and temperature
conditions sheds new insights into the ‘Missing Xenon’ paradox found in the atmosphere of the Earth and
Mars.
Keywords:
Porous materials Pressure
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Abstract:
Over last decades, both synchrotron radiation techniques and high pressure research have made great progress.
Advanced synchrotron capabilities provide us many new avenues to conduct advanced high pressure
researches. It is the most fruitful time to harvest great success n advanced materials study at extreme
environments. In this talk, I will mainly focus on some recent results on the novel energy materials, and
emerging topologic materials with combined synchrotron capability and physical property measurements. The
fundamental understanding of structure, property from atomic and electronic level as a function of applied
pressure provides us a new approach for new materials synthesis and exploring the exotic properties at extreme
conditions. In the end, I like to briefly introduce the newly established high pressure research center HPSTAR
with the great potential to collaborate with Korean high pressure community.
Keywords:
High pressure, Synchrotron light source, Energy materials, Extreme condition
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Pressure-induced competition of superconductivity and charge-density
wave order: implications for the mechanism of superconductivity
STRUZHKIN Viktor V*
Geophysical Laboratory, Carnegie Institution of Washington
*

vstruzhkin@carnegiescience.edu

Abstract:
Our latest high-pressure research of several systems such as high-temperature superconductors and pressureinduced novel metals will be reviewed. Many advanced materials exhibit a charge-density wave (CDW)
ordered state, along with superconductivity. Application of high pressure is usually leading to a suppression of
charge-density or spin-density wave order, and enhances superconductivity. Indeed, such scenario is observed
in iron-based superconductors, and transition metal dihalcogenides. We will give few examples of such
competition between superconductivity and charge (or spin) density wave order in these materials. Another
example of charge-density wave competing with superconductivity will be presented for Tl-based cuprate
superconductor. For this system, we observed very unusual scenario of CDW induced under pressure.
However, the universal behaviour observed in other systems is preserved: CDW state strongly competes with
superconductivity, and superconducting state is nearly suppressed when CDW state develops. The implications
for the mechanism of superconductivity will be discussed in view of this novel behaviour in a cuprate
superconductor.
Keywords:
High pressure, Charge denstiy wave, Superconductor
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Ground experiment, DESI
SONG Yong Seon*
KASI
*
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Abstract:
We introduce the future spectroscopy wide deep field survey, DESI (Dark Energy Spectroscopy Instrument),
and how Korea takes part in. The cosmology group at KASI (CosKASI) has joined DESI. The primary science
goal of the DESI experiment is to clarify the nature of dark energy and/or gravity through the baryon acoustic
oscillation and redshift-space distortion effects. Starting in 2018, it will obtain optical spectra for tens of
millions of galaxies and quasars, constructing a three-dimensional map spanning the nearby universe out to 10
billion light years. DESI observations will be conducted on the Mayall 4-m telescope at Kitt Peak National
Observatory. The observatory is supported by the Department of Energy’s Office of Science to perform this
Stage IV dark energy measurement. Two members of CosKASI have participated in DESI since 2014 and
collaborate on galaxy clustering and time streaming physics. CosKASI plans to sign a memorandum of
agreement with the LSST in 2015. The LSST is a wide-field survey reflecting telescope that will photograph the
entire available sky every few nights. It is currently in the design and mirror development phases. Site
construction began in 2014, with engineering first light expected in 2019, science first light in 2021, and full
operation for a 10-year survey commencing in January 2022. CosKASI members have joined the dark energy
working group. DESI is the premier spectroscopic galaxy survey, and LSST is the premier imaging galaxy
survey. The cross-correlation of both maps will resolve the systematics in each survey to enhance cosmological
constraints and provide a unique window to test Einstein's gravity at the cosmological scale. In addition, both
will guide the followup observations by the GMT as pathfinders to suitable targets.
Keywords:
dark energy
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relativistic non-linear perturbations in a universe.
GONG Jinnouk*
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*
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Abstract:
Abstract: We report the recent progress on the subject of the relativistic non-linear perturbations in a
universe.
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Intensity Dependent XFEL Absorption by Dense Aluminum Plasma
CHO Min Sang1, 2, KIM M.J.1, 2, CHUNG H.-K.3, CHO B.I.*1, 2
1
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*
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Abstract:
The development of an X-ray Free Electron Laser (XFEL) provides new opportunities to generate plasmas
under extreme conditions and investigate interesting properties of them. Here we report that intense XFEL
pulses interacting with aluminum can lead an interesting x-ray optical phenomena called reverse saturable
absorption (RSA). From the experiment performed at the LCLS, a phenomenon of the increase in x-ray light
absorption at higher intensity was observed. XFEL-plasma interactions are simulated using a collisional
radiative code, which provides x-ray spectra and ionization and charge states of plasmas. Consequential
simulation results compared with experimental data will be presented, and a mechanism of RSA in x-ray
regime will be discussed
Keywords:
aluminum plasma, Reverse Saturable Absorption, collisional radiative code, XFEL
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Linear Plasma Enhanced Chemical Vapor Deposition of SiNx at Low
Temperature (< 100 °C) as a Gas Permeation Barrier for Flexible
OLED Displays
YUN Seungjin1, 2, KIM Sungjin1, CHOI Jungsu2, CHO Byeongseong2, CHUNG Seogchul*2
1

Materials Science and Engineering, Kumoh National Institute of Technology, 2LIG INVENIA Co. Ltd
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Abstract:
We used a linear plasma enhanced chemical vapor deposition (L-PECVD) source for thin film encapsulation
(TFE) of flexible organic light-emitting diode (OLED) displays at low temperatures (< 100 °C). In this paper,
we report the excellent moisture barrier properties of SiNx films deposited on 2G glass substrates of an
industrially relevant size (370 × 470 mm2) using the In-line system equipped L-PECVD source. This in-line
system has to be able to coat on moving substrate and to increase productivity than the conventional cluster
system. The SiNx thin film was deposited using silane (SiH4), ammonia (NH3) and helium (He). In order to
investigate physical, chemical properties of the deposited thin films we carried out several analysis such as
spectroscopic ellipsometer, field emission electron microscopy (FESEM), thin film stress measurer. Finally, the
amount of moisture penetrated in the thin film was measured using a MOCON's AQUATRAN 2(W). These
deposited SiNx films demonstrated good results for optical transmittance higher than 95 % in the visible region
and stress of ±60MPa. Water vapor transmission rate (WVTR) was lower than the detection limit (less than
5.0 × 10-5 g/m2-day) of the MOCON test were obtained for the flexible substrates. Based on these results,
SiNx deposited using the L-PECVD is considered a good candidate for preparation of TFE films of flexible
OLEDs.
Keywords:
linear PECVD, flexible display, thin film encapsulation, water vapor transmission rate, low temperature
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Kα Imaging Spectroscopy for Titanium Foils Irradiated by Intense
Laser Pulses
BAE Leejin1, 2, CHO Minsang1, 2, KIM Minju1, 2, KIM Young Hoon1, 2, LEE Jong-won1, 2, CHO Byoungick*1, 2
1

Department of Physics and Photon Science, Gwangju Institute of Science and Technology, 2Center for
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*
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Abstract:
In this contribution, Kα imaging spectroscopy for titanium foils irradiated by intense optical laser pulses are
presented. The optical laser pulse (800 nm, 50 fs, 700 mJ) was focused to 15-μm diameter on the titanium foil
and 4.8 x 1018 W/cm2 of intensity was achieved. K-shell emissions are measured with the toroidally bent GaAs
crystals and X-ray CCD detector. The shape of the emitted Kα doublet, which is strongly affected by plasma
temperature and ionization conditions, are surveyed with various target thickness. To gain detailed physical
insight into these experimental data, the intensive computational work would be required such as the
collisional-radiative population kinetics code SCFLY. A new x-ray – matter interaction process with an
intense laser pulses and the energy distribution ascribed to plasma conditions will be discussed.
Keywords:
X-ray-matter interaction,Kα Imaging Spectroscopy, SCFLY
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Biophysical Properties of Proton Beam for KHIMA Project
CHO Ilsung, JUNG Won-Gyun*
Korea Institute of Radiological and Medical Sciences
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Abstract:
The biological effectiveness of physical dose plays an important role in particle beam therapy. In this paper, the
relative biological effectiveness (RBE) is investigated for low energy proton for KHIMA (Korea Heavy Ion
Medical Accelerator) project. 60 MeV proton beam line is chosen to simulate proton beam transport into
water phantom. The Bragg peak distribution of proton beam is generated by Geant4 simulation toolkit. The
lineal energy spectra of fragmented charged particles is calculated and parametrized as a function of the water
phantom depth. The RBE of the incident proton beam is estimated for Uveal melanoma cell. Finally, RBE
weighted dose, biological dose, of 60 MeV proton beam is calculated as a function of the Bragg peak depth.
RBE distribution of 60 MeV proton beam wll be helpful to make prescription for eye treatment.
Keywords:
KHIMA, Proton therapy, RBE
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Purely optical two stage laser wakefield acceleration
PATHAK Vishwa Bandhu*1, KIM Hyung Taek1, 2, NAKAJIMA Kajuhisa1, SILVA Luis O3, NAM Chang Hee1,
4
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Abstract:
We propose a novel scheme of purely optical two stage laser wakefield acceleration by using two-color laser
pulses, where a second harmonic laser pulse follows a fundamental frequency laser pulse in an underdense
plasma. The principal role of the leading fundamental-frequency laser pulse is to initiate self-injection of
electrons in the nonlinear wake (bubble) and to set first stage of particle acceleration. The second-harmonic
laser pulse, well guided in the bubble driven by the first laser pulse, overtakes the acceleration process and sets
up the second stage of the particle acceleration once the leading laser pulse is absorbed and depleted in the
plasma. Here we discuss the proof-of-principle full scale 3D particle in cell (PIC) simulation results to
demonstrate the key feature and the physics of the acceleration process. Using the second harmonic laser pulse
we can significantly enhance the propagation length of the laser and hence the electron bunch energy. We find
2 times enhancement in electron energy as compare to the acceleration process driven by a single laser. We
further discuss the effect of time delay between the two laser pulses on the overall acceleration process and
present the optimized conditions for the purely optical two-stage laser wakefield acceleration. The new scheme
can lead us to achieve 10 GeV scale electron bunch in laser wakefield acceleration.
Keywords:
Laser wakefield acceleration, Plasma based accelerator
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New electron injection method using nanoparticles in laser wakefield
acceleration
CHO MyungHoon*
Center for Relativistic Laser Science, Institute for Basic Science, Gwangju 61005, South Korea
*
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Abstract:
A new electron injection method in laser wakefield acceleration is proposed using nanoparticles, which can
control total electron charge and energy spectrum. Since the generated strong electric field from the interaction
of laser with nanoparticles has time dependency in the wakefield frame, the Hamiltonian difference (∆H) is
not zero, facilitating the trapping condition. We addressed that injection quantities are predictable by
introducing the initial radius for injection. The electron density and radius of nanoparticle can be control
parameters and those are demonstrated through 2D and 3D PIC simulations. We also showed that the
Coulomb expansion effect is negligible due to the short time of ∆H process. Since each nanoparticle generates
individual electron bunch, the total charge is proportional to the number of nanoparticles. Using nanoparticle,
the scheme is helpful to generate electron beams for low laser power and low plasma density.
Keywords:
Laser plasma Wake Field Accelerationelectron injection
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Generation of quasi-monoenergetic protons from a double-species
target driven by the radiation pressure of an ultraintense laser pulse
PAE Ki Hong*1, KIM Chul Min1, 2, NAM Chang Hee1, 3
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Abstract:
A method to generate quasi-monoenergetic protons driven by an
intense femtosecond laser pulse, applicable to realistic
experimental conditions, is investigated using 3-dimensional
particle-in-cell simulations. In the radiation pressure acceleration
of a thin solid target, only a portion of the ions located in the
electron compression region with negative electrostatic field
gradient is accelerated quasi-monoenergetically. By using
double-species targets and controlling the ion composition ratio,
protons can be located within the region of negative gradient
region of the acceleration field while the heavy ions distributed in
the positive field gradient region. When the radiation pressure is
balanced with the electrostatic pressure in the presence of heavy ions, protons can be bunched in the phase
space and accelerated quasi-monoenergetically. A quasi-monoenergeic proton spectrum at 200 MeV with 5
% energy spread was achieved by irradiating a 6×1021 W/cm2, 30 fs circularly polarized Gaussian laser pulse
on a 45 nm target composed of carbon and proton with a composition ratio nC / np = 4. The proposed
scheme should facilitate the experimental realization of high energy quasi-monoenergetic proton beams
applicable to high energy density physics, proton radiography, and hadron oncology.
Keywords:
laser plasma, proton acceleration, particle-in-cell
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Resonances and envelope instability of high intensity linear accelerators
JEON Dong-O*, JANG Ji-Ho, JIN Hyunchang
Rare Isotope Science Project, Institute for Basic Science
*
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Abstract:
Understanding of space charge effects has grown and recent studies have led to the findings of resonances of
high intensity linear accelerators. Lately the sixth order resonance of high intensity linear accelerators was
reported [D. Jeon et al., Phys. Rev. Lett. 114, 184802 (2015)], along with the in-depth studies on the fourth
order resonance and the envelope instability. Experiment studies on space charge resonances were reported.
This paper reviews the resonances of high intensity linear accelerators such as the 4sigma =360°, and the
6sigma =720° resonances, along with the envelope instability.
Keywords:
high intensity, linear accelerators, resonance, envelope instability
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홀 추력기 플라즈마의 다중전하 이온 및 방전특성 연구
김호락1, 이승훈1, 2, 임유봉1, 김준범1, 최원호*1
1
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Abstract:
플라즈마 홀 추력기는 외부에 위치한 음극을 통해 채널 내부로 전자가 공급되며, 전자와 충돌을 통해 발생된 Xe 이
온들은 양극과 음극 사이에 존재하는 전기장에 의해 가속되어 추력을 발생시킨다. 자기장 구조가 일반 고리형 추력
기와 다른 원통형 추력기에서는 단일 전하를 띤 Xe+ 이온에 더하여 Xe2+ 와 Xe3+와 같은 다중전하 이온들이 함께
생성된다. 다중전하 이온들은 높은 이온에너지로 인해 추력기의 성능 특성에 매우 큰 영향을 미치며, 방전채널의 침
식과 이온전류의 증가와 같은 다양한 성능 및 빔 특성에 영향을 미친다. 본 연구에서는 내부 기하 구조 및 자기장 구
조에 따른 다중이온의 생성비율과 발생과정에 대하여 살펴보았다. 자기미러 효과(Magnetic mirror effect)에 따른
다중이온의 생성관계를 실험적으로 살펴보았으며, 특정 자기장 구조에서(> 400 G) 다중이온의 발생비율이 40% 이
상, 그리고 연료효율이 100% 이상됨을 확인하였다. 다중이온의 생성과 관련하여 자기장에 따라 발생되는 이온화
영역을 변화시키기 위해 방전채널 길이를 24 mm에서 20 mm 이하로 변경하면서 발생되는 다중이온 분포의 변화
를 측정하였다. 채널길이가 줄어들면서 다중이온 생성비율이 감소하였으며 발생되는 이온전류의 크기도 감소하였
다. 기체유량 약 7-11 sccm에서 200–300 V 방전전압에서 방전전류는 약 1-2 A이었다. 발표에서는 다중이온의
생성 및 방전 특성에 대한 상세한 연구결과가 논의될 예정이다.
Keywords:
Ion beam source, Hall thruster, multiply charged ions, ion energy distribution funcition (IEDF)
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준고전적 방법을 사용한 파속의 진행
변창우1, 이민호1, 최낙렬*1, 김대성2
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Abstract:
강한 펨토초 레이저 펄스에 노출된 원자에서의 전자 운동을 기술하기 위해서는 시간에 따라 진행하는 전자의 파속
의 진행을 나타내는 시간의존 슈뢰딩거 방정식의 해를 구해야 한다. 그런데 양자역학적 수치 계산에서는 일반적으
로 자유도가 늘어남에 따라 그에 필요로 하는 전산 자원이 지수적으로 증가하는 문제로 인해, 현재까지 세계적으로
가장 선도적인 연구 그룹에서도 아직 양자역학적 동역학 계산은 자유도 3인 경우까지로 제한되고 있다. 이러한 계
산의 한계를 넘어서기 위해 몇 가지의 준고전적 방법들이 제안되고 있는데, 우리는 그 가운데 하나인 가우시안 빔
방법을 발전시키고자 한다. 이번 발표에서는 준고전적 방법들이 극복해야 하는 가장 기본적이면서도 쉽지 않은 문
제로서 터널링 문제를 다룬다. 가우시안 빔들의 시간 전개를 다룸에 있어 준고적적인 방법을 사용하며, 준고전적 방
법의 약점인 짧은 시간 동안 만의 유효성을 확장하기 위해 수시로 파속을 정형화 된 가우시안 기저함수로 새로 전개
하는 방법을 사용한다. 일차원 장애물 터널링에 대한 계산 결과를 정확한 양자약학적 계산 결과와 비교하여 그 유효
성을 평가한다.
Keywords:
준고전적 방법, 전자 파속, 시간의존 슈뢰딩거 방정식, 가우시안 빔 방법
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Generation of bright source of polarization-entangled photons using a
PPKTP pumped by a broadband multi-mode diode laser
JEONG Youn-Chang*, HONG Kang-Hee*, KIM Yoon-Ho*
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Abstract:
We report a bright source of polarization-entangled photon pairs using spontaneous parametric downconversion (SPDC) in a 10 mm long type-II PPKTP crystal pumped by a broadband multi-mode diode laser
with the coherence length of 330 μm. Ordinarily, the huge mismatch between the pump coherence length and
the PPKTP length would degrade the polarization entanglement completely. By employing the universal Bellstate synthesizer scheme, we remove the spectral/temporal distinguishability of the biphoton amplitudes
entirely to recover high-visibility and high-fidelity two-photon polarization entanglement. The pair detection
rates are 7,000 pairs/mW via single-mode fibers (with 99.2% fidelity) and 90,900 pairs/mW via multi-mode
fibers (with 96.8% fidelity). We also analyze the scheme theoretically to show the effect of broadband multimode pumping on the phase matching condition of the type-II PPKTP.
Keywords:
Spontaneous parametric down-conversion (SPDC),type-II quasi-phase matching, polarization entanglement,
universal Bell-state synthesizer scheme
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Quantum State Tomptraphy of Superconducting Qubits in DispersiveRegime Circuit QED
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Abstract:
Here we present our quantum state tomography technique on superconducting qubits in circuit QED
architecture, which are in strong-dispersive regime.
Keywords:
superconducting qubit, quantum state tompgraphy, fidelity
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Measurement of the optical lengths of 174Yb with a Bose-Einstein
condensate using photoassociation spectroscopy.
KIM Min-Seok1, LEE Jeongwon2, LEE Jae Hoon2, SHIN Yong-il1, MUN Jongchul*2
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Abstract:
We measure the optical lengths of four least-bounded molecular states of 174Yb. The optical length represents
the optical coupling strength between free-bound states. The experiment measures the atomic loss due to
photoassociation(PA) via the intercombination line in a pure 174Yb Bose-Einstein condensate(BEC). We
acquire the PA spectra which resolves several least-bounded vibrational states with symmetric lineshapes. We
adopt the isolated resonance model and a two-body loss mechanism for the analysis. The result can be used
for controlled manipulation of the s-wave scattering length using light, known as the optical Feshbach
resonance.
Keywords:
ytteribum, BEC, photoassociation, optical coupling strength, optical Feshbach resonance
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Rotational-state- and alignment-dependent dispersion of molecules
by pulsed optical standing waves
김이영, 조범석*
울산과학기술원
*

dangsoi820@yahoo.co.kr

Abstract:
We report on the rotational-state- and alignment- dependent, transverse dispersion of CS2 molecules affected
by pulsed optical standing waves. The effective polarizability which depends on the molecular rotational states
and field-induced alignment contributes dispersion process. We observe large changes in the transverse
velocities (i.e., up to 80 m/s) with the standing waves, which have the steep gradient potential than
propagating pulse. Frist, we reproduce experimental results by numerical simulations using the effective
polarizability without considering the field-induced alignment. Second, the alignment effect, which depends
both on rotational state and laser intensity, is investigated and is included in the numerical simulation. The
second method is accurate for analyzing manipulation of molecules with nonresonant optical dipole force.
Keywords:
optical dipole force,state selection, molecular beam
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New geometric phase of a dipole under a nonlocal magnetic field
이강호, 강기천*
전남대학교 물리학과
*

kicheon.kang@gmail.com

Abstract:
We predict a geometric phase of an electric dipole interacting with an external magnetic field under
the condition that the dipole is moving in the field-free region. Based on the Lorentz-covariant field
interaction approach [1], this phase shift is shown to be geometric and non-topological, and is distinct from
the topological He-McKellar-Wilkens phase generated by a direct interaction with the external field [2]. We
discuss experimental feasibility of detecting this phase with atomic interferometry. Detecting this phase would
imply a deeper understanding the nature of electromagnetic interaction, in particular, concerning the issue of
the Aharonov-Bohm type nonlocality [3]. References: [1] K. Kang, arXiv:1303.7019; K. Kang, Phys.Rev.A
91, 052116 (2015). [2] X.-G. He and H.J. McKellar, Phys.Rev.A 47, 4 (1993); M. Wilkens, Phys.Rev.Lett.
72, 5 (1994). [3] K. Kang, arXiv:1512.02765.
Keywords:
Geometric phase, dipole, atomic interferometer
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Local quantum phase estimation in the Mach-Zehnder interferometer
이수용*
고등과학원 계산과학부
*

papercrane79@gmail.com

Abstract:
Local quantum estimation theory minimizes the variance of the estimator at a fixed value of a parameter. Here
I introduce quantum Fisher information (QFI) which provides the fundamental lower bound of the local phase
estimation. However QFI does not inform us what kinds of measurement schemes can achieve the lower bound
in practice. Thus, I also present practical measurement schemes, such as parity measurement and Fisher
information, in the Mach-Zehnder interferometer. For comparison, I consider a few entangled states, e.g.,
NOON state.
Keywords:
local phase estimation, Mach-Zehnder interferometer
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Searches for new physics with di-boson signatures with the ATLAS
detector
JINNOUCHI Osamu*
Department of Physics Tokyo Institute of Technology
*

osamu.jinnouchi@cern.ch

Abstract:
Searches for new physics beyond the Standard Model with the di-boson signatures with the ATLAS detector
are presented. The talk focuses on the resonant productions of the two massive bosons (VV,VH V=W,Z) or
two photons in high-mass region. The highlights from Run-1 (2010-2012) 8 TeV results, together with the
more recent results from Run-2 (2015) data collected at 13 TeV will be shown.
Keywords:
LHC, ATLAS, Resonance searches
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Searches for New Physics with diboson signatures at the CMS
YANG Un-ki*
Department of Physics and Astronomy, Seoul National University
*

ukyang@snu.ac.kr

Abstract:
We present the latest results on the searches for new physics with signatures of dibosons using the pp collision
data taken in 2015 at 13 TeV with the CMS detector. The search results in diphoton, WW, WZ, and Zgamma
will be presented.
Keywords:
Diphoton, diboson, 750 GeV, CMS
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13TeV LHC, How new physics will be revealed.
NOJIRI Mihoko*
KEK
*

nojiri@post.kek.jp

Abstract:
Since last year, LHC has starts the operation at 13TeV and this year, we expect more integrated luminosity.
The major new physics models, such as supersymmetric models, models with DM candidates will be tested up
to the higher mass scale, and the signs of new physics which have been seen by last year will be investigated. I
will emphase importance of precise understanding of QCD, and also review on the possible directions
suggested by the previous LHC runs.
Keywords:
LHC, Future Colliders
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Constraint on the 17F(α, p)20Ne reaction rate with the spectroscopy of
21

Na

차수미1, 채경육*1, S. H. Ahn2, D. W. Bardayan3, K. A. Chipps4, J. A. Cizewski5, M. E. Howard5, A. Kim1, R.
L. Kozub6, M. S. Kwag1, E. J. Lee1, B. Manning5, M. Matos7, P. D. O'Malley5, S. D. Pain3, W. A. Peters8, S. T.
Pittman3, A. Ratkiewicz5, M. S. Smith3, S. Strauss5
1

Sungkyunkwan University, 2University of Tennessee, 3Oak Ridge National Laboratory, 4Colorade School on
Mines, 5Rutgers University, 6Tennessee Technological University, 7Louisiana State University, 8Oak Ridge
Associated Universities
*

kchae@skku.edu

Abstract:
The 24Mg(p, α)21Na reaction has been measured at the Holifield Radioactive Ion Beam Facility (HRIBF) of
the Oak Ridge National Laboratory (ORNL). A 31-MeV proton beam from the 25-MV tandem accelerator
and the isotopically enriched 24Mg solid target were used. Recoiling 4He particles were detected by a segmented
silicon detector array in order to extract the angular distribution of the

24

Mg(p, α)21Na reaction over a large

angular range simultaneously. Spins and parities of 21Na nuclide were constrained by comparing the
experimentally extracted angular distribution and the Distorted Wave Born Approximation (DWBA)
calculation. With these constraints the
44

17

F(α, p)20Ne reaction rate, which affects the abundance evolution of

Ti nuclide, could be calculated for the first time.

Keywords:
Nuclear structure, Transfer reaction, Excitation energies, Angular distribution, Spectroscopic study, DWBA
calculation, Reaction rate calculation
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A new neutrino source for the study of the solar neutrino physics in the
vacuum-matter transition region
신재원*1, 천명기1, Toshitaka Kajino2, 3
1

숭실대학교 물리학과, 2Division of Theoretical Astronomy National Astronomical Observatory of Japan,
3

Department of Astronomy Graduate School of Science University of Tokyo
*

shine8199@skku.edu

Abstract:
Production of a neutrino source through proton induced reaction is studied by using the particle transport
code, GEANT4. Unstable isotope such as 27Si can be produced when 27Al target is bombarded by 15 MeV
energetic proton beams. Through the beta decay process of the unstable isotope, a new electron-neutrino
source in the 1.0 ~ 5.0 MeV energy range is obtained. Proton induced reactions are simulated with JENDL
High Energy File 2007 (JENDL/HE-2007) data and other nuclear data. For radioactive decay processes, we
use ``G4RadioactiveDecay" model based on the Evaluated Nuclear Structure Data File (ENSDF). We suggest
target systems required for future's solar neutrino experiments, in particular, for the vacuum-matter transition
region. As for the detection system of the new neutrino source, we evaluate reaction rates for available
radiochemical detectors and LENA type scintillator detector. Possibility of detecting sterile neutrinos is also
discussed.
Keywords:
neutrino source, vacuum-matter transition region, solar physics, GEANT4, JENDL/HE-2007, ENSDF
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The mass-radius relation of proto-neutron star according to ratio of
trapped neutrinos th electrons
최순철, 천명기*
숭실대학교 물리학과
*

cheoun@ssu.ac.kr

Abstract:
최초 중성자별은 높은 온도를 갖고 있다. 그렇기 때문에 중성미자가 온도에 의해 중성자별 내부에 갇힐 수 있게 된
다. 게다가 중성자별 내부 고밀도 상태를 기술하기 위해서 중간자-중입자 결합상수가 밀도에 의존하는 상대론적 평
균장 모형을 이용하였다. 일반적으로 중성자별 내부에는 중입자 팔중항이 생성될 수 있다고 본다. 이때 상태방정식
이 부드럽게 되어 이는 중성자별의 최대질량을 감소시키는 역할을 한다. 하지만 중성미자가 중성자별에 갇히게 되
면 양성자의 비율이 증가하여 상태방정식이 뻣뻣해지게 되어 중성자별의 최대 질량을 증가시켜준다. 그래서 우리는
중성미자가 갇히는 비율을 바꿔주어서 중성자별 내부의 상태방정식과 중성자별의 질량이 어떻게 변화하는지 논의
할 것이다.
Keywords:
proto-neutron star, trapped neutrino
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EFFECTS OF STERILE NEUTRINO AND EXTRA DIMENSION
ON BIG BANG NUCLEOSYNTHESIS
JANG Dukjae*1, KUSAKABE Motohiko2, CHEOUN Myung-Ki1
1

Department of Physics, Soongsil University, 2Center for Astrophysics, Department of Physics, University of
Notre Dame
*

havevirtue@ssu.ac.kr

Abstract:
Big bang nucleosynthesis (BBN) in the early Universe is an
important topic on the origin of elements because it is strongly
associated with the production of light nuclei. The BBN is
described by many variables, for instance, the cosmic expansion
rate which can be solved by the general relativity and affects the
abundances of light elements. These variables can be constrained
by comparing theoretical and observed abundances. In this work,
we study an extra dimension model which includes sterile
neutrinos. The cosmic expansion rate in this model is affected by
the extra dimension and sterile neutrinos. Especially, sterile neutrinos’ mixing angle and mass differences
affect the cosmic expansion rate. Consequently, this model predicts a different cosmic expansion rate from
that in the standard BBN. In this presentation, we will show the effects of the modified expansion rate on
light element abundances. And we will show constrained sterile neutrinos’ mixing angle and mass differences.
Keywords:
Big bang nucleosynthesis, BBN, Sterile neutrino, Extra dimension
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기본물리상수와 새 국제단위계
이호성*
한국표준과학연구원
*

hslee@kriss.re.kr

Abstract:
현재 사용되고 있는 국제단위계(SI)는 7개의 기본량(길이, 시간, 질
량, 온도, 전기, 광도, 물질의 양)에 해당하는 기본단위(미터, 초, 킬
로그램, 켈빈, 암페어, 칸델라, 몰)를 각각 정의하고 있다. 그런데
2018년에는 이 체계가 바뀔 예정이다. 즉 기본량과 관련된 7개의 기
본물리상수의 값을 고정시키고 (불확도가 0이 되고), 이 상수로부터
기본단위를 유도해내는 방식이다. 이 기본물리상수들은 세슘-133
원자의 초미세 분리 주파수, 진공에서의 빛의 속력, 플랑크 상수, 볼
츠만 상수, 기본전하, 시감 상수, 아보가드로 상수다. 이 기본물리
상수들 중에서 초를 정의하는데 사용되는 세슘원자의 초미세 주파수
는 몰을 제외한 다른 5개 기본단위에 모두 영향을 미친다. 국제단
위계가 이렇게 바뀜에 따라 기존에 불확도가 0인 여러 기본물리상수
들 (예; 전기상수, 자기상수, 탄소-12의 몰 질량 등)은 불확도를 가
지게 되고, 불확도를 가지던 여러 상수들 (예; 몰 기체상수, 패러데이
상수 등)은 불확도가 0이 된다. 본 발표에서는 새 SI 체계에 대해서 설명하고, 몇몇 기본단위들에 대해서 구체적
으로 알아본다. 특히, 큰 변화가 생기는 두 단위인 킬로그램과 켈빈 및 그와 관련된 플랑크 상수 및 볼츠만 상수에
대해서 두 전문가가 이어서 발표한다.
Keywords:
기본물리상수,국제단위계, 기본량, 기본단위
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볼츠만 상수와 열역학적 온도 단위
양인석*
한국표준과학연구원
*

iyang@kriss.re.kr

Abstract:
현재 물의 삼중점에 273.16 K이라는 값을 지정함으로써 정의되어 있는 열역학적 온도의 단위인 켈빈은 2018년 이
후에는 볼츠만 상수에 특정한 값을 지정하는 정의로 바뀔 것이다. 이 개정된 정의로 인하여 켈빈은 에너지와 직접적
인 연관을 맺으면서 다른 SI 단위인 kg, m, s와 연결된다. 새로운 정의가 현재의 정의와 불연속성이 없도록 만들기
위해서는 현재의 켈빈 정의하에서 볼츠만 상수를 정확하게 측정하는 것이 중요하다. 많은 표준기관에서는 지난 10
년간 다양한 방법으로 볼츠만 상수를 측정하기 위하여 노력해왔으며 현재 가장 정확한 결과는 10-6 정도의 상대불
확도를 갖고 있다. CODATA는 이런 결과들을 종합하여 최근에 볼츠만 상수의 조정 불확도를 5.7 × 10-7으로 발
표하였다. 볼츠만 상수를 측정하는 방법 중 가장 정확한 방법은 기체 내의 음속 측정을 통한 음향기체온도계 방법이
다. 최근에 이 방법과 관련한 국제적인 볼츠만 상수 측정값의 불일치를 한국표준과학연구원이 아르곤 몰질량을 정
밀 측정함으로써 해소한 바 있다. 볼츠만 상수 측정의 다른 방법으로는 온도에 따른 기체의 유전상수 변화를 이용한
유전상수기체온도계나 저항에서 측정되는 전압 잡음의 온도 의존성을 이용하는 잡음온도계도 있다. 모든 측정은 현
재의 정의와의 연결을 위하여 물의 삼중점 (273.16 K)과 매우 가까운 온도에서 수행되고 있다. 그러나 개정 이후에
는 볼츠만 상수를 이용하여 열역학적 온도를 현시하는 실험이 어떤 온도에서도 수행될 수 있다.
Keywords:
Boltzmann constant, redefinition of the kelvin, thermodynamic temperature, acoustic gas thermometry
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플랑크 상수와 질량 단위
이광철*, 김동민, 우병칠, 김진희
한국표준과학연구원
*

kclee@kriss.re.kr

Abstract:
현재 SI 단위계 중 질량의 단위인 kg은 백금과 이리듐으로 만들어진
킬로그램 원기의 질량으로 정의되어 있다. 인공물인 킬로그램 원기
는 안정적이지 못하므로 변하지 않는 물리상수인 플랑크 상수를 이
용하여 kg이 재정의될 예정이다. kg을 재정의 하기 위해서는 플랑크
상수를 정확하게 또한 안정적으로 측정하는 것이 중요하다. 현재 와
트저울과 아보가드로 프로젝트 두 가지 독립적인 방법으로 플랑크
상수를 측정하고 있다. kg이 재정의 된 이후에는 위 두 가지 방법을
이용하여 kg을 구현하게 될 것이다. 와트저울은 mechanical watt
mgv와 electrical watt U2/R 를 비교하는 실험이다. electrical watt
는 조셉슨 전압 (h/2e)과 양자홀 저항 (h/e2)을 이용하여 측정하므로
플랑크상수와 주파수의 곱으로 표현된다. 와트저울은 전자기력과 중
력을 비교하는 weighing 모드와 자기장안에서 코일이 움직일 때 발
생하는 전압을 측정하는 moving 모드로 이루어진다. weighing 모드
에서는 중력과 전자기력의 평형을 이루는 전류 I = mg/(BL)를 측정하며 moving 모드에서는 코일이 움직일 때 발
생하는 전압 U = (BL)v을 측정한다. 측정한 UI = mgv와 양자 홀 저항과 조셉슨 전압의 관계식으로부터 플랑크
상수 h를 원기의 질량 m, 원기 위치에서의 중력가속도 g, moving 모드에서의 z축 방향의 코일 속도 v의 곱으로 나
타낼 수 있다. 본 발표에서는 킬로그램 재정의를 실현하기 위한 와트저울 연구 동향과 표준연 와트저울 개발현황
을 보고한다.
Keywords:
watt balance, kg redefinition, Planck constant, electrical standards, piston guide
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임피던스 분광법을 이용한 그래핀-실리콘 이종접합구조에서 계면 특
성분석
박홍기, 박준하, 최재우*
경희대학교 정보디스플레이학과
*

jaewuchoi@khu.ac.kr

Abstract:
그래핀은 2차원 평면구조의 물질로써 선형에너지 분산관계를 가지고 있는 독특한 특징을 가지고 있어, 수많은 소
자에 적용되고 있다. 그 중 그래핀-실리콘의 이종접합구조를 이용한 소자가 많은 연구가 진행되고 있다. 하지만 그
래핀-실리콘 이종접합구조의 소자에서 계면에 대한 특성분석은 자세히 다루어지지 않은 상태이다. 우리는 그래핀실리콘 이종접합구조를 전류밀도-전압(J-V)과 임피던스 분광법(Impedance Spectroscopy)을 이용하여 계면의 특
성을 분석하였다. J-V특성을 통해서 계면에 문턱전압, 이상계수, 산화막 두께를 알아내었고, 소자의 저항-캐패시
턴스(RC)를 임피던스 분광법을 이용하여 계면의 특성을 분석하였다. 본 연구는 그래핀-실리콘 기반의 이종접합구
조의 소자에서 계면의 역할을 좀 더 올바르게 이해하는데 도움을 준다.
Keywords:
그래핀, 실리콘, 이종접합구조, 임피던스
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Abstract:
Two dimensional transition metal dichalcogenides (TMDCs) have attracted researcher’s attentions because of
their interesting intrinsic optical, electronic and mechanical properties. Among large number of TMDCs, single
layer WSe2 is a direct- bandgap semiconducting material useful for variety of applications, such as, electronics,
optoelectronics and valleytronics. However, synthesis of good quality large area, single layer WSe2 is crucial
step for the realization of its practical applications. Here, we systematically studied two-step growth
mechanism for single layer WSe2 flake and continuous film on SiO2 substrate. This approach involves the
control deposition tungsten trioxide film by pulse laser deposition followed by selenization process in two zone
furnace. We investigated effect of growth parameters, with emphasis on laser energy, deposition time and
selenization temperature. The grown WSe2 film were characterized by optical microscope, atomic force
microscope,field emission scanning electron microscope, X-ray photoemission spectroscopy, Raman and
photoluminance spectroscopy. The microscopic and spectroscopic results clearly shows the continuity,
uniformity and high optical quality of the grown WSe2 film. Our results enhance the understanding on the
growth of WSe2,and may benefit the uses of these grown single layer WSe2 in practical devices.
Keywords:
pulse laser deposition, transition metal dichalcogenides, tungsten diselenide, growth mechanism
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Abstract:
One-dimensional (1D) semiconductor nanostructures have attracted great interest for fabricating
nanoelectronic or optoelectronic devices in a scalable platform due to their favorable properties such as low
defect concentrations, single crystallinity and high surface-to-volume aspect ratio in a small footprint. For this
work, single-crystalline substrates such as silicon and sapphire wafers are usually chosen as the growth
substrate, however, limitation of growth compatibility allows only specific nanomaterial-substrate
combinations to support well-controlled vertical growth, significantly hindering the potential applications of
the 1D nanostructures. For this end, 1D nanostructures fabricated on two-dimensional (2D) nanomaterials
such as graphene have been studied as a new class of material system, where vertical growth of 1D
nanostructures can be performed on 2D nanomaterial that has been transferred on a desired substrate prior to
growth. Here, we report a wafer-scale growth of individually position-controlled and vertically-aligned 1D
ZnO nanostructure arrays on CVD-graphene using metal-organic vapor-phase epitaxy to facilitate
nanosystems prepared on desirable substrates. Uniform morphology and good crystallinity of ZnO nanotubes
were obtained as examined by scanning electron microscopy, and their position, dimension, and shape were
freely controlled by simply prepared growth mask layer. Furthermore, we demonstrated flexible light-emitting
device applications using simple transfer process. This controlled nanotubes on arbitrary large-area substrates
presents a step forward in the fabrication of scalable devices based on one-dimensional nanomaterials and
nanoarchitectures.
Keywords:
nanostructure, graphene
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Abstract:
Two dimensional transition-metal dichalcogenides (TMDCs) semiconductor materials are attractive materials
due to their unique optoelectric and mechanical properties. Recently, various heterostructures consisting of
MoS2, MoSe2, WSe2 or WS2 have been reported to investigate electrical and optoelectronic properties which
are piezo, p-n diode, photodiode and photovoltaic effects since MoSe2 and WSe2 with proper electrodes show
n-type and p-type semiconducting behaviors, respectively. Here, we report optoelectronic properties of
multi-layer Mo1-xWxSe2 (x » 0.5)-based field effect transistor (FET) devices with asymmetric electrodes.
These devices exhibited rectifying behaviors due to different Schottky barriers caused by asymmetric electrodes.
In addition, photovoltaic effects were observed under light illumination. Interestingly, compared to MoSe2 or
WSe2 FET devices with asymmetric electrode, Mo1-xWxSe2 FET devices yielded enhanced photovoltaic and
photocurrent effects. Possible explanations are discussed.
Keywords:
photovoltaic effectTMDCsoptoelectronic devices
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Abstract:
그래핀을 다양한 광전기적 소자분야에 응용하기 위해서 수많은 성장법이 존재하지만 그중에서도 저가성장 및 대 면
적 성장이 가능하여 화학기상증착법을 이용한 그래핀의 수많은 연구 결과가 발표되어져 오고 있다. 하지만, 기존의
구리나 니켈과 같은 촉매를 이용하는 화학기상증착법으로 성장된 그래핀의 경우 매우 높은 성장온도, 금속촉매층의
식각 및 그래핀을 다른 기판으로의 전사과정의 필요성, 식각공정 중 그래핀의 화학적 오염의 가능성 등 다양한 문제
점을 지니고 있다. 이러한 문제점을 극복하고자, 본 연구에서는 보다 쉽게 반응하는 티타늄 박막을 유리 (SiO2) 기
판위에 증착하여 티타늄 박막과 SiO2 와의 산화-환원 반응으로 형성된 열로부터 그래핀을 보다 낮은 온도에서 성
장 시켰다. 이를 알아보기 위해서 열처리 및 성장후 광학적 특성 변화를 위한 UV-vis. spectroscopy 와 TiO2 및 그
래핀의 결정성 분석을 위한 XRD, Raman spectroscopy 를 측정 하였다. 본 연구에서 제안한 방법을 통하여 그래핀
-이산화티타늄 (강유전체) 의 이종접합구조를 동시에 형성시킴으로써 다른 공정 없이 다양한 광전기적 소자 분야
에 응용 가능할 것으로 기대되어진다.
Keywords:
그래핀, 저온성장, 티타늄
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S-shaped shift of photoluminescence of graphene quantum dots
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Abstract:
From graphene quantum dots (GQDs), which represent mono layer of graphene with a diameter less than 100
nm [1], we found a new feature that is S-shaped shift of photoluminescence (PL) peak energy position as
function of the excitation energy. In general, excitation energy dependent PL in the GQDs is that the PL peak
position is red-shifted as increasing the excitation wavelengths. Beside, this phenomenon might be guessed by a
low uniformity of size and functionalization and polarity of solvent. However, it is difficult to explain an
S-shaped PL shift by earlier ways. For this reason, a new mechanism is required to give an explanation of
S-shaped PL shift. The origins of PL in GQDs were considered as both the intrinsic states for localized sp2
carbon clusters and the extrinsic states formed by functional groups.[2,3] Therefore, this S-shaped PL shift
might be related to both PL origins of intrinsic and extrinsic states. To verify a hypothesis, the both
experiments prepared by pH-dependence of solvent and reduction of oxygen on GQDs were carried out. In
conclusion, S-shaped PL shift could just be observed in the GQDs with both emissions for intrinsic and
extrinsic states. This would be the key result to understand the electric band structure of the GQDs and its
derivatives. [1] Nanoscale 5, 4015 (2013) [2] Adv. Optical Mater. 2, 1016 (2014) [3] Small, 11, 3773 (2015)
Keywords:
graphene quantum dots, reduced graphene oxide quantum dots, photoluminescence, excitation dependent
photoluminescence
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Abstract:
Hexagonal boron nitride (hBN) is a dielectric insulator with a two-dimensional (2D) layered structure. It is
an appealing substrate dielectric for many applications due to its favorable properties, such as a wide band gap
energy, chemical inertness and high thermal conductivity[1]. Furthermore, its remarkable mechanical strength
renders few-layered hBN a flexible and transparent substrate, ideal for next-generation electronics and
optoelectronics in applications. However, the difficulty of preparing high quality large-area hBN films has
hindered their widespread use. Generally, large-area hBN layers prepared by chemical vapor deposition (CVD)
usually exhibit polycrystalline structures with a typical average grain size of several microns. It has been
reported that grain boundaries or dislocations in hBN can degrade its electronic or mechanical properties.
Accordingly, large-area single crystalline hBN layers are desired to fully realize the potential advantages of
hBN in device applications. In this presentation, we report the growth and transfer of centimeter-sized, nearly
single crystal hexagonal boron nitride (hBN) few-layer films using Ni(111) single crystal substrates. The hBN
films were grown on Ni(111) substrates using atmospheric pressure chemical vapor deposition (APCVD). The
grown films were transferred to arbitrary substrates via an electrochemical delamination technique, and
remaining Ni(111) substrates were repeatedly re-used. The crystallinity of the grown films from the atomic to
centimeter scale was confirmed based on transmission electron microscopy (TEM) and reflection high energy
electron diffraction (RHEED). Careful study of the growth parameters was also carried out. Moreover, various
characterizations confirmed that the grown films exhibited typical characteristics of hexagonal boron nitride
layers over the entire area. Our results suggest that hBN can be widely used in various applications where
large-area, high quality, and single crystalline 2D insulating layers are required.
Keywords:
Boron nitride
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탄소나노튜브를 에칭마스크로 사용한 고분자 나노구조물의 형성과정
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Abstract:
에칭마스크를 이용한 이온 스퍼터링은 일반적으로 나노크기의 패턴을 형성하는데 이용되는 방법이다. 이 연구에서
는 PMMA(Poly(methyl methacrylate))기판 위의 탄소나노튜브(CNT)를 에칭마스크로 사용하여 이온 조사 효과를
연구했다. SiO2/Si 기판에 열화학기상증착법(Thermal chemical vapor deposition)으로 성장시킨 CNT를 성장시킨
후 PMMA를 스핀코팅하여 기판 및 전사매체로 사용했다. 희생층인 SiO2층을 BOE(Buffered oxide etch)로 에칭하
여 PMMA/CNT를 기판에서 떼어냈다. 이렇게 형성된 PMMA/CNT를 뒤집은 후 Ar 이온을 조사하면 PMMA와
CNT간에 이온스퍼터링율의 차이로 인해 CNT가 에칭 마스크로 작용하여 CNT 정도의 너비를 가지는 PMMA 나
노벽형태의 구조물을 형성할 수 있다. 나노벽의 높이는 이온조사 시간과 파워로 조절이 가능하며, 너비는 성장시킨
CNT의 직경에 따라 조절이 가능하다. 이러한 나노벽의 형성과정을 원자힘현미경, 전압-전류 측정 및 라만분광법,
투과전자현미경으로 관찰하였다.
Keywords:
나노구조물, 탄소나노튜브
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Abstract:
Body-mass index, abbreviated as BMI and given by M/H2 with the mass M and the height H, is known to be
a useful proxy as a measure for general health status of a human individual. We generalize BMI in the form of
M/Hp and pursue to answer the question of the value of p for populations of animal species including human.
We compare suitably extracted values of p for several different datasets for human populations with the ones
for other animal populations of fish, whales, and land mammals. All animal populations but humans analyzed
in our work are shown to have p ≈ 3 unanimously. In contrast, human populations are different: As young
infants grow to become toddlers and keeps growing, the sudden change of p is observed at about one year
after birth. Infants younger than one year old exhibit significantly larger value of p than two, while children
between one and five years old show p ≈ 2, sharply different from other animal species. The observation
implies the importance of the upright posture of human individuals. We also propose a simple mechanical
model for a human body and suggest that standing and walking upright should put a clear division between
bipedal human (p ≈ 2) and other animals (p ≈ 3).
Keywords:
Body-mass index, bipedalism, Benn index
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Abstract:
A biological synapse changes its efficacy depending on the difference between pre- and post-synaptic spike
timings. Formulating spike-timing-dependent interactions in terms of the path integral, we establish a neural
network model, which makes it possible to predict relevant quantities rigorously by means of standard
methods in statistical mechanics and field theory. In particular, the biological synaptic plasticity rule is shown
to emerge as the optimal form for minimizing the free energy. It is further revealed that maximization of the
entropy of neural activities gives rise to the competitive behavior of biological learning.
Keywords:
Spiking neural network model,Spike-timing-dependent plasticity
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Abstract:
Propelled by the increasing availability of large-scale highquality data, advanced data modeling and analysis techniques are
enabling many novel and significant scientific understanding of a
wide range of complex social, natural, and technological systems.
These developments also provide opportunities for studying
cultural systems and phenomena -- which can be said to refer to
all products of human creativity and way of life. An important
characteristic of a cultural product is that it does not exist in
isolation from others, but forms an intricate web of connections
on many levels. In the creation and dissemination of cultural
products and artworks in particular, collaboration and
communication of ideas play an essential role, which can be
captured in the heterogeneous network of the creators and
practitioners of art. In this paper we propose novel methods to
analyze and uncover meaningful patterns from such a network
using the network of western classical musicians constructed
from a large-scale comprehensive Compact Disc recordings
data. We characterize the complex patterns in the network
landscape of collaboration between musicians across multiple
scales ranging from the macroscopic to the mesoscopic and
microscopic that represent the diversity of cultural styles and the
individuality of the artists.
Keywords:
Network Landscape; Multiscale Patterns; Personalized Random Walk
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Abstract:
정보기술 혁명 이후로 세상의 거의 모든 것들을 온라인상에서 접할 수 있게 되었다. 숙련된 전문가만 열람할 수 있
었던 고서적도 이제는 각자 가지고 있는 전자 기기를 통해 누구나 읽고 활용할 수 있다. 이 연구는 일제강점기 이전
의 대한민국 역사 자료 5가지(조선왕조실록, 승정원일기, 비변사등록, 고려사, 고려사절요)를 양식측정학으로 살펴
보는 연구이다. 먼저, 각 자료에서 시간에 따라 나타나는 각 한자의 사용 빈도 추세를 웹상에서 살펴볼 수 있도록
하는 웹 서비스를 구축하였다. 또한 위의 서비스를 활용하여 각 자료에서 나타나는 한자의 사용 빈도 분포를 조사하
여 자료별로 비교하였고, 어조사 한자들의 사용 빈도 분포를 연도마다 비교하여 연도별 문체 유사도를 측정하여 시
간에 따른 문체의 변화를 정량적으로 확인하였다. 우리는 이 연구가 거시적인 관점에서 역사 기록을 체계적으로 이
해하는 데 직간접적으로 도움을 줄 것이라고 기대한다.
Keywords:
양식측정학, N-gram, 한국사, 정보이론
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Abstract:
We investigate the motion of self-propelled particles with Ising spin in two dimensions with periodic boundary
conditions. Our model is based on the Vicsek model and the stochastic majority voter model. Each particle is
assigned with an Ising spin and moves at a constant speed . Each time step, the velocity and spin of each
particle are updated by interacting with all particles within unit distance. Particles tend to align their velocity to
the mean velocity of neighbors and their spin to the majority of neighbors probabilistically. The model displays
the collective behaviors of the velocity ordering (flocking) and the spin ordering (consensus). We find three
different phases: nonflocking-nonconsensus (nFnC) phase, nonflocking-consensus (nFC) phase, and flockingconsensus (FC) phase. In the FC phase, particles form a macroscopic ferromagnetic band moving coherently in
the transverse direction. The band changes its magnetization and direction intermittently. In the nFC phase,
particles move randomly maintaining the spin order. In the intermidiate region of nFnC phase, we find an
interesting phenomenon that local spin ordering and velocity ordering have an destructive effect on each other.
Keywords:
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2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

D4.06

The role of the exceptional point in the transient behaviors of amplitude
death in coupled limit-cycle oscillators.
RYU Jung-Wan*1, SON Woo-Sik2, HWANG Dong-Uk2, LEE Soo-Young3, KIM Sang Wook4
1

Center for Theoretical Physics of Complex Systems, Institute for Basic Science (IBS), 2National Institute for

Mathematical Sciences, 3School of Electronics Engineering, Kyungpook National University, 4Department of
Physics Education, Pusan National University
*

jungwanryu@gmail.com

Abstract:
We study the transient behaviors of coupled dissipative dynamical systems based on the linear analysis around
the steady state. We find that the systems show the largest damping rate at an exceptional point, at which not
only eigenvalues but also the associated eigenvectors coalesce. For the case of coupled limit-cycle oscillators,
the transient behavior into the amplitude death state is studied. We demonstrate that the exceptional point is
associated with a critical point of frequency locking, as well as the transition of the envelope oscillation.
Keywords:
Amplitude death, Exceptional point, Coupled limit-cycle oscillators, Non-Hermitian matrix
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Multi-orbital iterative perturbation theory as an impurity solver for
DFT+DMFT
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Abstract:
Incorporation of the conventional density functional theory (DFT) and the model-based dynamical mean field
theory (DMFT) is called as DFT+DMFT and is a standard tool for investigation of correlated materials.
Though its success in many correlated materials, DFT+DMFT suffers from computationally expensive impurity
solvers and numerical instability of the analytic continuation from imaginary frequency. The iterative
perturbation theory (IPT), a very first approach to solve the dynamical mean field theory, is fast and gives
real-frequency Green function directly. For this reason, although it is not as exact as the Quantum Monte
Carlo method, IPT can be used as an efficient impurity solver for DFT+DMFT calculations. We have
developed a multi-orbital IPT solver and combined it with a DFT program. We illustrate our results on
LaFeAsO and Sr2RuO4 and compare them with results from other impurity solvers. This work was supported
by NRF of Korea (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2015-C3039).
Keywords:
IPT,DMFT,DFT+DMFT,LDA+DMFT,LaFeAsO, Sr2RuO4
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Effects of spin-orbit coupling on collective electron-hole excitations
in noncentrosymmetry Weyl semimetal
안교훈1, W. E. Pickett3, 이관우*1, 2
1

고려대학교 대학원 응용물리학과, 2고려대학교 세종캠퍼스 디스플레이-반도체 물리학과, 3Department of
Physics, Univ. of California, Davis, CA, USA
*

mckwan@korea.ac.kr

Abstract:
Recently, the nonmagnetic noncentrosymmetric TaAs-type
families have been obtained tremendous interest due to their
nodal loop semimetalicity, which is substantially different from
the "standard, simple" Weyl semimetals (WSs).[1,2] NbP is our
target system, since this system is the most delicate example of
nodal loop WFs due to the smallest spin-orbit coupling (SOC)
effects of this family. In this study, we focus on effects of SOC on
the electronic structure and evaluate the optical and transport
properties of NbP, using first principles calculations based on the
Bloch-Boltzmann theory. The cooperative effects of SOC and a
lack of inversion symmetry split degeneracy. As a result, the
Fermi surfaces become "Russian doll nested" pairs, and intersect
the Weyl nodal loops. Our results of transport calculations reproduce well the observed behavior [3],
especially around T* ~ 100K. The optical energy loss function displays polarization-dependent low-energy
plasmon in the range of 20-60 meV. The collective excitations are attributed from the nodal loop splitting
with SOC and inversion symmetry breaking. These results should be broadened in similar material, NbAs,
TaP, and TaAs, and help to understand how WS behavior influences their physical properties.
Acknowledgements: This research was supported by National Research Foundation of Korea Grant No.
NRF-2013R1A1A2A10008946. [1] H. Weng et al., Phys. Rev. X 5, 001029 (2015) [2] S.-M. Huang et al.,
Nat. Commun. 6, 7373 (2015) [3] C. Shekhar et al., Nat. Phys. 11, 645 (2015) [4] K.-H. Ahn, K.-W. Lee,
and W. E. Pickett, Phys. Rev. B 92, 115149 (2015)
Keywords:
Weyl semimetal, transport properties, NbP, spin-orbit coupling, first principles calculations
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Competition of Spin-orbit and correlation interactions in high Chern
number Ferromagnetic BaFe2(PO4)2
이관우*1, 2, 송영준1, 안교훈1, W. E. Pickett3
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Abstract:
The quantum anomalous Hall state, also called as Chern
insulator, is a two-dimensional ferromagnetic insulating state
with nonzero Chern number, leading to a quantized anomalous
Hall conductivity in absence of an applied magnetic field and a
Landau level. This is expected to be good candidates of
applications for no energy consumption electronics, Majorana
fermions, and new photonic devices. However, the Chern
insulating phase has been observed only in the Cr-doped
topological insulator (Bi,Sb)2Te3 at very low T regime. Thus,
Chern insulators in bulk solids with a large gap remain a goal for both research study and possible
applications. Recent thinking is shifting from weakly correlated s-p compounds into strongly correlated d
systems. Based on our previous research[1], we revisited a two-dimensional honeycomb lattice BaFe2(PO4)2,
which shows a half-metallic Dirac linear band pinning the Fermi level. This system satisfies all characteristics
of a robust Chern insulator: a two-dimensional insulating high TC=70 K ferromagnet, a modest spin-orbit
coupling strength, and a usefully large gap. In this presentation, we will address the nature of the transition of
gapped Chern and trivial Mott insulators due to competition between spin-orbital and correlation
interaction in this compound. Our results provide a guide in the pursuit of feasible large gap Chern insulating
materials for device applications. Acknowledgements: This research was supported by NRF2013R1A1A2A10008946. More detailed results will be addressed in a post session given by Y.-J. Song of the
title: “Nature of Transition between the Chern to Mott Insulating State in 2D Ising Ferromagnetic BaFe2
(PO4)2”. [1] Y.-J. Song, K.-W. Lee, and W. E. Pickett, Phys. Rev. B, 92, 125109 (2015).
Keywords:
quantum anomalous Hall effect, Chern insulator, first principles calculations
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DFT+DMFT study of LaTiO3/LaAlO3 superlattice
심재훈1, 이훈표2, 한명준*1
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Abstract:
We performed DFT+dynamical mean field theory calculation fot LaTiO3/LaAlO3 (LTO/LAO) superlattice. In
agreement with previous DFT+U result [1], the ferromagnetic spin and antiferro-orbital ordering is stabilized
at low temperature, As temperature increases, the spin order is destroyed while the orbital order still survives.
The calculated optical conductivity is also discussed in comparison to the experiment. [1] A. T. Lee and M. J.
Han, Phy. Rev. B 89, 115108 (2014)
Keywords:
superlattice, first-principles calculations, DMFT
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Temperature scales of the Kondo lattice model studied by DMFT
KANG Hanhim1, KIM Jae Nyeong1, CHOI Hong Chul1, SHIM Ji-Hoon*1, 2, 3
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Abstract:
The Kondo lattice model is known to be the minimal model for the heavy fermi liquid state of the heavy
fermion systems. In spite of its fermi-liquid-like behaviour - T2 resistivity, T-linear specific heat, and
T-independent spin susceptibility - its nature has not fully unveiled yet. It is due to the fact that an analytic
methodology based on the mean-field theory is limited to describe finite-temperature properties such as very
incoherent spectrum near the Fermi level. In this work, we studied the Kondo lattice model by the dynamical
mean-field theory (DMFT) with continuous time quantum Monte-Carlo (CTQMC) impurity solver. As
temperature increases from the well-defined heavy Fermi liquid state, we observed that the Fermi surface area
increases continuously. In addition, the coherence length, effective mass, transport properties of the
quasiparticle at finite temperature was studied. As a result, we addressed the temperature scaling of various
characteristic physical quantities listed above.
Keywords:
Heavy fermion, Kondo lattice model, Fermi surface, transport properties
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Structural aspects of transition temperature upshift in the VO2/AlN/Si
heterostructure
SLUSAR Tetiana*1, CHO Jin-Cheol1, 2, KIM Bong-Jun1, KIM Hyun-Tak*1
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Abstract:
Vanadium dioxide is a strongly correlated material undergoing an
insulator-to-metal transition (IMT) and a monoclinic-to-rutile
phase transition near a critical temperature TIMT ≈ 340 K. The
electronic and structural aspects in VO2 are interconnected and,
in particular, modification of its crystalline lattice (induced by
film-substrate lattice constants mismatch, applied pressure,
doping etc.) can change the TIMT in a wide temperature range. As
a result, the flexible TIMT value, along with abrupt changes in
electrical and optical properties occurring in high-quality VO2
samples during the IMT, make this material suitable for many
applications, such as switching devices, sensors, memory devices,
smart windows etc. In this work, on the basis of the recently proposed VO2/AlN/Si heterostructures, we
investigate the mechanism of epitaxial growth of the VO2 film on AlN layer and physics of the TIMT rising for
10 K higher (up to 350 K) than that typically observed in a bulk VO2 single crystal (≈ 340 K). It is shown
that substrate induced in-plane tensile strain along a- and c-axes of VO2, deforms its unit cell (see Fig.) and
stabilizes the monoclinic insulating phase resulting in the observed TIMT upshift. Obtained results are
important for understanding the nature of possible modifications in the VO2 thin films compare with bulk
crystals, which is vital for materials fabrication with required properties.
Keywords:
VO2, Si, heterostructure, insulator-to-metal-transition, transition temperature
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Direct observation of M2 phase on insulator-metal transition in
VO2 film by conducting AFM
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Abstract:
VO2 experiences insulator-metal transition (IMT) around 67 ℃. It has received tremendous attentions due to
the ambiguity of physical driving force, as well as the applicability for electronic devices. Recently, many
reports support Mott-insulator mechanism, instead of the Peierls instability between the low temperature
monoclinic (M1) structure and high temperature rutile (R) structure [1~3]. In addition, due to the discovery of
the insulating M2 monoclinic phase which vanadium dimers and undimerized V chains coexist [4], and the
possibility of universal M2 phase as the transient status between M1 and R phases [5], its nature is believed to
be crucial for understanding the IMT in VO2. In this study, we used conducting-AFM to investigate the local
conductivity of VO2 film on p-doped Si substrate [6]. We succeeded to observe the M2 phase emergence from
M1 phase, in multi-grain environments. We also observed intra-grain scale transition between insulating and
semiconducting states, progressed from grain boundaries to core, as we increase temperature. Even if the M2
phase was believed to experience Mott MIT due to the undimerized V atom chains, but our observation can be
a direct evidence for M2 phase to experience the Mott scenario suggested by Refs. [1, 7]. References: [1] M.
M. Qazilbash, et. al., Science 318, 1750 (2007). [2] M. M. Qazilbash, et. al., Phys. Rev. B 83, 165108 (2011).
[3] Hyun-Tak Kim, et. al., Phys. Rev. Lett. 97, 266401 (2006). [4] J. P. Pouget, et. al., Phys. Rev. Lett. 35, 873
(1975) [5] Joanna M. Atkin, et. al., Phys. Rev. B 85, 020101 (2012). [6] Jeehoon Kim, et. al., Appl. Phys. Lett.
96, 213106 (2010). [7] Hyun-Tak Kim, et. al., J. Phys. Condens. Matter 28, (2016).
Keywords:
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Finite band renormalization across bandwidth controlled Mott
transition in Ni2-xSex
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Abstract:
Mott transition has been one of the most attractive subjects in the field of strongly correlated electronic
systems. According to the theoretical predictions, itinerant electrons become localized due to the enlargement
of the ratio between electron repulsion and bandwidth, with a divergence of the effective mass. However, in
the most real materials, the Mott transition is easily coupled with the structural transition. As the results, the
effective mass jumps from a finite into an infinite value rather than continuously diverges across the Mott
transition. However it is still debating whether the finite mass enhancement approching the Mott transition is
intrinsic behavior of the Mott transition even without the structural transition. NiS2-xSex is one of the famous
Mott-transition material which has no structural transition. NiS2 is well known as charge transfer insulator
(classifed in Mott insulator) while another end compound NiSe2 is a correlated metal even thouth they have
same valence and structure. NiS2 easily forms a mixture with NiSe2 being isovalence and isostructure, thus the
metal insulator transition occurs at x=0.4. Therefore exploring the quasiparticle behavior in NiS2-xSex using
angle-resolved photoemission studies would give an address to the fundamental of the Mott transition. In this
talk, we experimentally showed the mass of the QP encreases but remains finite approaching the Mott
transition, which shows that the finite mass enhancement is intrinsic behavior in the Mott transition uncoupled
with the structure transition.
Keywords:
Metal insulator transitionMott insulatorStrongly correlated electronic systemAngle resolved photoemission
spectroscopy
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Scanned probe imaging of nanoscale magnetism at cryogenic
temperatures with a single-spin quantum sensor
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Abstract:
High spatial resolution magnetic imaging has driven important developments in fields ranging from materials
science to biology. However, to uncover finer details approaching the nanoscale with greater sensitivity
requires the development of a radically new sensor technology. The nitrogen-vacancy (NV) defect in diamond
has emerged as a promising candidate for such a sensor based on its atomic size and quantum-limited sensing
capabilities afforded by long spin coherence times. Although the NV center has been successfully implemented
as a nanoscale scanning magnetic probe at room temperature, it has remained an outstanding challenge to
extend this capability to cryogenic temperatures, where many solid-state systems exhibit non-trivial magnetic
order. Here we present NV magnetic imaging down to 6 K with 6 nm spatial resolution and 3 uT/√Hz field
sensitivity, first benchmarking the technique with a magnetic hard disk sample, then utilizing the technique to
image vortices in the iron pnictide superconductor BaFe2(As0.7P0.3)2 with Tc = 30 K. The expansion of NVbased magnetic imaging to cryogenic temperatures represents an important advance in state-of-the-art
magnetometry, which will enable future studies of heretofore inaccessible nanoscale magnetism in condensed
matter systems.
Keywords:
diamond NV center, scanned probe, nanoscale magnetism, spin sensor
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Strain coupling of a mechanical resonator to a single-spin quantum
emitter in diamond
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Abstract:
There has been rapidly growing interest in hybrid quantum devices involving a solid-state spin and a
macroscopic mechanical oscillator. Such hybrid devices create exciting opportunities to mediate interactions
between disparate qubits and to explore the quantum regime of macroscopic mechanical objects. In particular,
a system consisting of the nitrogen-vacancy defect center in diamond embedded inside a high quality factor
diamond mechanical oscillator is an appealing candidate for such a hybrid quantum device, as it combines the
highly coherent and versatile spin properties of the defect center with the excellent mechanical properties of
diamond resonators. In this talk, we will present recent experimental progress on diamond-based hybrid
quantum devices in which the defect’s spin and orbital dynamics are mechanically driven by the motion of a
mechanical oscillator. We will also discuss future prospective applications for this device, including strainassisted indistinguishable photon generation, long range, phonon-mediated spin-spin interactions and phonon
cooling and lasing in the quantum regime.
Keywords:
diamond NV center, mechanical oscillator, strain, hybrid quantum system
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Qubit coupled nanomechanical system for quantum measurement in a
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Abstract:
Nanomechanical system is a nanometer scale moving element. Nanomechanical structures are known to be
ultrasensitive sensors for many different physical quantities based on its versatile coupling with different
physical systems. Recently, researchers have reported that the mechanical systems can be placed in its quantum
ground state.[1,2] By utilizing mechanical structure in the quantum regime, we now will be able to investigate
the non-classical behavior of mechanical structure. Also, quantum measurement becomes possible with
mechanics such as back-action evading measurement which enables us to break the quantum limit of
measurement.[3] In KRISS, we are investigating the quantum mechanical behavior of mechanical structure
based on superconducting qubit coupled nanomechanical structure. The dispersive coupling between qubit and
mechanical resonator enables us to measure the probability distribution of mechanical number state. The
possible application of mechanical quantum state will be covered especially for a quantum standard
application. [1] A.D. O’Connell et al., Nature 464, 697 (2010). [2] J.D. Teufel et al., Nature 475, 359 (2011).
[3] J. Suh et al., Science 344, 1262 (2014).
Keywords:
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Non-equilibrium dynamics of photoexcited carriers revealed by spacetime imaging
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Abstract:
The dynamical behavior of charge carriers, electrons or holes, is largely responsible for various material's
physical and chemical properties such as carrier transport and chemical reactivity. I will present 4-dimensional
electron microscopy exploration into non-equilibrium charge carrier dynamics taking place on materials
surfaces and interfaces. The use of time-resolved electron microscopy techniques enables elucidating crucial
dynamical steps of carrier excitation, relaxation and diffusion processes occurring in materials. The results of
these experiments will be exemplified by such dynamics on GaAs and a single-layer CVD graphene.
Keywords:
Electron microscopy, charge dynamics
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펨토초 광전류 측정법을 이용한 나노소자 초고속 전하수송특성 연구
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Abstract:
반도체 나노선 및 탄소나노튜브(CNT) 등으로 이루어진 일차원 나노 소자에 관한 연구가 다양한 응용 분야에서 많
은 관심을 받고 있으며, 특히 빠른 속도의 전자 소자로의 응용이 활발하게 연구 되고 있다. 따라서 전자 소자 내부에
서 일어나는 전하들의 동역학에 대한 연구가 매우 중요하다. 본 연구에서는 광학적인 측정 방법과 전기적인 측정 방
법의 장점을 결합한 펨토초 주사 광전류 현미경을 이용하여, 실리콘 나노선, 탄소나노튜브 및 그래핀 내의 전하들의
동역학을 연구하였다. 펨토초 광 펄스(펌프 펄스)에 의해 나노소자 내부에 생성된 전하들은 표류(drift) 및 확산
(diffusion) 과정들에 의하여 공간적으로 이동하게 된다. 이 전하의 이동은 공간적으로 분리되어 있는 프로브 펄스
에 의해 생성되는 광전류(Ipr)에 영향을 주기 때문에, 이 광전류를 펌프-프로브 시간지연에 대하여 측정함으로서 펌
프에 의한 전하동역학을 관찰 할 수 있다. 이를 통해, 한 전극에서 생성된 전하가 다른 전극으로 이동하는 시간을 효
과적으로 측정할 수 있으며, CNT나 그래핀 소자의 경우, 채널길이가 1 μm 내외의 경우, THz 급 동작이 가능함을
보였다. 또한, 다양한 조건에서의 시공간 동역학 영상 측정을 통해, 소스-드레인 전압 및 게이트 전압이 전하 동역
학에 미치는 영향을 연구 하였으며, 이를 실리콘 나노선 소자와 탄소나노튜브에 적용하였다. 본 연구는 다양한 1차
원 및 2차원 나노 광/전 소자의 전하 동역학 연구에 중요한 수단으로 활용될 수 있을 것이다.
Keywords:
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Abstract:
Ferroelectric materials possess spontaneous polarization which can be switched by application of an external
electric field. As increasing demands for small and low-dimensional ferroelectric devices, extensive studies have
been performed to investigate ferroelectricity at the nanoscale. In many cases, the existence of the
ferroelectricity has been successfully probed by employing hysteresis loop measurements via piezoresponse
force microscopy (PFM). However, several groups recently reported ferroelectric-like hysteresis loops in nonferroelectric materials, such as TiO2 and Li ion conductors, which are not directly related to the
ferroelectricity. These reports deliver a message “the hysteresis loop in PFM can be originated from other
contributions rather than the ferroelectricity”. In this presentation, I will summarize our recent efforts to
explore the origin of hysteresis loop in PFM. For instance, operational principle of the PFM, examples of PFM
works, and the origin of ferroelectric-like hysteresis loop in the non-ferroelectric materials will be discussed.
Further, I will present how we can differentiate the ferroelectric effect from the other contributions in PFM.
Keywords:
PFM, piezoelectrics, ferroelectrics, AFM
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Abstract:
Biomembranes are exceptionally crowded with proteins with typical protein to lipid ratios being around
1:50--1:100. Based on simulations and stochastic modeling of the simulated trajectories we investigate in
detail how increasing crowding by membrane proteins reshapes the stochastic characteristics of the
anomalous lateral diusion in lipid membranes. We find that protein crowding gives rise to a multifractal, nonGaussian, and spatiotemporally heterogeneous anomalous lateral diusion on time scales from nanoseconds to,
at least, tens of microseconds. Our investigation strongly suggests that the macromolecular complexity and
spatiotemporal membrane heterogeneity in cellular membranes play critical roles in determining the stochastic
nature of the lateral diusion and consequently the associated dynamic phenomena within membranes.
Keywords:
Lateral diffusion, molecular crowding, membrane, protein
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Functional HER family dimer pull down and reconstitution of
p-tyrosine signaling enables direct observation of the early stage of
cellular signaling.
CHOI Byungsan, CHA Minkwon, YOON Taeyoung*
Department of Physics KAIST
*

tyyoon@yonsei.ac.kr

Abstract:
HER family receptors are promising drug targets for cancer treatment. They are known to be activated by
forming homo- or heterodimer within same family members. By forming dimer, they activate their kinase
domains, and phosphorylate their tyrosine tails. However, it is still mysterious whether or how they produce
signal diversity afterwards. Because most of the studies were done with their purified domains, new results
with full length proteins seem necessary. Here we introduce a new concept of kinase assay based on single
molecule co-IP with full length proteins, without purification. As a model system, we used HER2 and HER3,
which are members of HER family. HER2 and HER3 heterodimer was observed only when HER3 ligand had
been pretreated and hardly related to detergent species. However, their kinase activity, based on Protein
Protein Interaction(PPI) with downstream proteins was observed only when digitonin, sterol variant detergent,
was contained in lysis buffer. We also observed kinase activity of HER2 ligand free complex and its PPI
pattern was different with HER2 and HER3 heterodimer. Additionally, we introduced Protein Tyrosine
Phosphatase N1 (PTPN1), which is negative regulator of phosphor-tyrosine signaling, and observed
dephosphorylation of p-tyrosine and both phosphorylation of tyrosine.
Keywords:
HER2, HER3, homodimer, heterodimer, phosphorylation, SHC1, SRC, dephosphorylation, PTPN1
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Photo-addressed Nematic Microrotor
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Abstract:
We demonstrate circular flow formation at a surface in
homeotropically oriented nematic liquid crystals with a free
surface using focused laser beam irradiation. Under a weak laser
power, a pit together with an associated circular bulge is formed:
the Marangoni effect. Here a diverging molecular flow from the
pit (thermocapillary flow) also induces director tilt in the radial
direction. Upon increasing the laser power, the pit becomes
deeper, and eventually evolves into a circular flow associated with
a deeper pit and a subsidiary circular bulge or valley structure.
This phenomenon is induced by escaping from excess
deformation energy due to a bend deformation of the director.
This rotational motion (a nematic microrotor) is a unique
phenomenon only exhibited by anisotropic liquids, and is
expected to be applied for novel devices. [1] H. Choi and H.
Takezoe, Soft Matter 12, 481(2016).
Keywords:
liquid crystals, Marangoni effect, topological defects
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Origin and dynamics of vortex rings in drop splashing
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X-ray Imaging Center, Pohang University of Science and Technology
*

ljs21c@gmail.com, jhje@postech.ac.kr

Abstract:
A vortex is a flow phenomenon that is very commonly observed in nature. More than a century, a vortex ring
that forms during drop splashing has caught the attention of many scientists due to its importance in
understanding fluid mixing and mass transport processes. However, the origin of the vortices and their
dynamics remain unclear, mostly due to the lack of appropriate visualization methods. Here, with ultrafast
X-ray phase-contrast imaging, we show that the formation of vortex rings originates from the energy transfer
by capillary waves generated at the moment of the drop impact. Interestingly, we find a row of vortex rings
along the drop wall, as demonstrated by a phase diagram established here, with different power-law
dependencies of the angular velocities on the Reynolds number. These results provide important insight that
allows understanding and modelling any type of vortex rings in nature, beyond just vortex rings during drop
splashing.
Keywords:
x-ray imaging, vortex ring, drop impact
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Relative free energy difference between dipolar and quadrupolar
configurations in nematic colloidal system
김성조*, 김종현
충남대학교 물리학과
*
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Abstract:
For spherical particle with strong homeotropic anchoring strength the two configurations present
spontaneously in homogeneous nematic cell, one is accompanied with hyperbolic hedgehog defect and the
other is accompanied with Saturn-ring defect. The former and latter are called to a dipolar configuration (DC)
and a quadrupolar configuration (QC), respectively, because their inter-particle interactions are similar to
electric dipoles and electric quadrupoles. The formation of DC or QC relates to free energy of a nematic
colloidal system, which is influenced to particle size, condition of particle surface, anchoring of surface, cell
thickness and so on. The free energy depending on such parameters had been studied widely. We propose new
idea to estimate relative free energy difference between DC and QC from only experimental observation. The
key point is counting the number of DC or QC. There are two quantized states that the two states have each
energy level, for DC and for QC. For this phenomenon we deal with two quantized states of nematic
colloidal system to the concept of thermal physics with Boltzmann factor, partition function, and probability.
Keywords:
liquid crystal, colloid
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Force spectroscopy of single SUVs
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Abstract:
Mechanical deformation of lipid membranes plays an important role in cellular functioning. While large scale
membrane deformations are relatively well studied, mechanics of a confined membrane compartment that is
directly involved in various cellular processes have not been fully investigated yet. Here, we performed force
spectroscopy study of single small unilamellar vesicles (SUVs) by using magnetic tweezers. Modulating
substrate to SUVs surface interaction, we directly observed a singular point associated with two states
transition by means of force vs. extension curve. Theoretical analysis of the measurements suggests that
interplay between two membrane deformation modes i.e. bending and stretching generates such complex
mechanical responses. Furthermore, presented experimental frameworks where we can control nanoscopic
membrane deformation are expected to be used to investigate membrane-protein interactions in various
cellular tasks.
Keywords:
Vesicles mechanics, Magnetic tweezers
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Interpreting and controlling initial motion of a reactive droplet
HWANG In Gyu1, KIM Jin Young2, WEON Byung Mook*1, 2
1

School of Advanced Materials Science and Engineering, Sungkyunkwan University, 2SKKU Advanced Institute
of Nanotechnology (SAINT), Sungkyunkwan University
*

bmweon@skku.edu

Abstract:
A reactive droplet shows an initial random motion prior to its
late steady-state motion by dynamic adsorption of surfactant
molecules on a substrate. The initial motion of a reactive droplet
was modeled by Shanahan and de Gennes twenty years ago but
not yet confirmed experimentally. Here we study the initial motion of a reactive droplet, consisting of
decahydronapthalene (decalin) solvent and Aerosol-OT (AOT) as a surfactant, which spontaneously moves
on a clean glass substrate. We present an interpretation of the initial motion, which is modified from the
Shanahan-de Gennes model, and an efficient way to control the initial and steady-state motions of a reactive
droplet.
Keywords:
reactive droplet, initial motion
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Pinning-depinning transition during evaporation of water bridges
between microspheres
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Abstract:
Liquid bridges are usually formed by a small liquid volume in a
confined space between two solid surfaces. Evaporation behaviors
of water bridges between microspheres are not clearly understood
because it is difficult to visualize small water volume with
conventional methods. Here by utilizing transmission X-ray microscopy, we directly explore how water
bridges evaporate between microspheres on a glass substrate. Particularly we observe the pinning-depinning
transition of water on a single or a cluster of microspheres with a radius of 3 μm. We propose a mechanism
that underlies the pinning-depinning transition, based on the vertical force balance among air, water, and
microsphere. This study is useful to understand evaporation dynamics of ultrasmall liquid bridges that exist
commonly in nature and industry.
Keywords:
X-ray microscopy, pinning-depinning transition, microsphere, evaporation
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Glasses under extreme compression and 2 dimensional confinement
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Abstract:
Upon compression, oxide glasses and melts are subject to successive structural transitions with multiple
densification mechanisms that are distinct from those of their crystalline analogues. Experimental verification
of this phenomenon remains a major target of glass-melt studies and remains one of the unsolved problems in
modern physical sciences. Recent breakthroughs and advances in element-specific experimental probes of local
structures including non-resonant synchrotron inelastic x-ray scattering (IXS), ab initio calculations, and
multi-dimensional solid-state nuclear magnetic resonance (NMR) reveal previously unknown structural
details of the pressure-induced changes in the diverse multi-component network glasses under static and
dynamic compression. Here, we provide an overview of the recent progress and insights by IXS and NMR into
electronic structures of oxide glasses under both static and dynamic compression. Contrary to an expected
complexity in densification for multi-component oxide glasses, experimental results for multi-component
glasses at high pressure demonstrate that the pressure-induced changes in melt structures show a simplicity
where the effect composition can be somewhat predicted and quantified. If the atoms in an amorphous earth
materials are spatially confined into the two-dimensional surfaces [here, the state is defined as 2-dimensional
(2D) confinement], the proportion of the atoms on and near the surfaces/interfaces becomes prevalent. The
structure of the surface/interface of amorphous earth materials under spatial confinement has remained
illusive. Here, we report the first high-resolution solid-state NMR results for the amorphous oxides under
2-dimensional confinement where the degree of structural disorder tends to decrease with increasing degree of
confinement (i.e., near surfaces/interfaces).
Keywords:
Glasses, Pressure, 2 dimensional confinement
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Abstract:
The cerium-based heavy fermion compound CeMIn5 (M=Co, Rh, Ir) has been proposed as an ideal quantum
critical system, where the characteristic energy scales are small and can be easily tuned by either applying
physical pressure or chemical doping. Non-Fermi liquid behavior has been extensively studied near a critical
point where the correlation length and time singularly diverges [1]. The possibility that the associated quantum
fluctuations provide the necessary attractive interactions for unconventional superconductivity has been also
raised [2]. In this presentation, we will discuss how the pressure study played a central role in discovering a
hidden quantum critical point and the relationship between the unconventional superconductivity and
quantum fluctuations in the Ce-based heavy fermion compounds [3]. [1] G. R. Stewart, Review of Modern
Physics 73, 797 (2001). [2] S. Seo et al., Nature Physics 10, 120 (2014). [3] S. Seo et al. Nature
Communications 6, 6433 (2015).
Keywords:
pressure, heavy fermion compounds, quantum criticality, non-Fermi liquid
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Abstract:
High pressure studies have increasingly become important in condensed matter physics to provide key
information of solids in the unexplored phase space of pressure. In this talk, we will present recent progresses
toward this direction in the research group of Prof. Kee Hoon Kim’s at Seoul National University. We will
explain three kinds of pressure cells developed or being developed in the group; a cubic anvil cell, piston
cylinder cell, and diamond anvil cell. (1) First of all, the cubic anvil cell provides a uniform pressure up to 10
GPa, and reaching down to 2 K, keeping the pressure constant with an automatic load control. In a near
future, we plan to add up magnetic field up to 5 tesla. Inside the pyrophyllite gasket of 6 x 6 x 6 mm3, a teflon
capsule of 3 mm in outside height with 2 mm o.d. is located. The pressure room inside has 1.5 mm height and
1.5 mm i.d.. Four 25 mm Pt-wires with silver-epoxy are used for four-probe resistance measurements.
Pressure is precalibrated with the three transitions of Bi. A optimized liquid He consumption is 25 liter per one
run of experiment. We have already taken a series of data with several pnictide single crystals. Future target is
to take reliable data below 1 GPa, where conventional design of the cubic gasket does not produce reliable
pressure inside. As a pressure oil, Daphne7373 is used. (2) A piston cylinder cell has been developed to provide
a pressure up to 3.0 GPa, which is easily attached to PPMSTM allowing a lowest temperature of 1.8 K and high
field available for each PPMS machine. Pressure is calibrated by the superconducting transition of Pb. At
present, 8 wires are allowed, but more wires might be available up to 25 wires. Moreover, the maximum
pressure might be increased up to 4 GPa, with Daphne 7474 or 7575 oils. (3) Diamond anvil cell for resistance
and magnetic susceptibility measurement for higher pressure ranges (up to 40 GPa) is being designed and
tested. We’ll also discuss several recent experimental data obtained in the group by use of those pressure
tools.
Keywords:
High pressure, Superconductivity
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Abstract:
The interesting electronic and magnetic properties of strong correlated compounds are controlled by many
interactions such as the coupling of magnetic interaction, Kondo effect, electric quadrupole interaction,
electron-electron correlation, electron-phonon interaction and so forth. As current research, we are looking
for a new phenomenon which occurs through a complex interplay (and/or competition) between magnetism
and superconductivity, and pressure induced new physical phase transitions etc. In order to achieve the
investigation, developed the cubic-anvil apparatus for in-situ high-pressure and low-temperature
measurements of physical properties has been well recognized as a powerful technique to generate highly
homogeneous pressures up to 16 GPa [1]. This new development allowed us to observe novel phenomena in
the pressure-induced superconductor such as PrTi2Al20[2], CrAs,[3] MnP[4] and etc. In this talk, we will
present these pressure effect of physical properties with high pressure techniques.
Keywords:
High pressure, Superconductivity
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Abstract:
The zero magneto resistance (ZMR) observed in polyacetylene nanofibers[1] in high electric field is explained
with the de-confined conduction of spinless charged solitons which is a 1-D topological insulator. The
magneto resistance (MR) of 2-D MoS2 monolayer decreases becoming zero in high electric field. However,
unlike the polyacetylene nanofibers, the reduction of the magneto resistance of MoS2 monolayer in high
electric field is dominated by heating effect. The possibility of phase transformation between semiconducting
(2H) and metal (1T) phases in MoS2 monolayer by annealing in high electric field is discussed in view of the
Scanning Transmission Electron Microscope (STEM) studies of Yung-Chang Lin, et. al.[2]
[1] A. Choi, K.
H. Kim, S. J. Hong, M. Goh, K. Akagi, R. B. Kaner, N. N. Kirova, S. A. Brazovskii, A. T. Johnson, D. A.
Bonnell, E. J. Mele, and Y. W. Park, “Probing spin-charge relation by magnetoconductance in onedimensional polymer nanofibers”, Phys. Rev. B 86, 155423 (2012). [2] Yung-Chang Lin, Dumitru O.
Dumcenco, Ying-Sheng Huang and Kazu Suenaga, “Atomic mechanism of the semiconducting-to-metallic
phase transition in single-layered MoS2”, Nature Nanotechnology 9, 391 (2014).
Keywords:
magneto resistance, polyacetylene nanofibers, MoS2

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

D10.02

Solid-State Quantum Limit Phenomena Induced by Magagauss
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Abstract:
In our Intenational Megagauss Science Laboratory, generation of pulsed magagauss magnetic field up to 700 T
(which is the world highest as an indoor operation) is now under control, and sophisticated precise physical
measurements are conducted under such extreme quantum limit conditions. The single-turn coil ultra-high
magnetic field generators energized from 200 kJ fast-discharging condenser bank are used for magnetization,
electronic-transport, magneto-optical, and cyclotron measurements over 200 T from room temperature down
to 2 K. The electro-magnetic flux compression megagauss 5 MJ generator is employed for survey of physics
above 200 T to 700 T. Some of recent scientific topics as results of application of such a megagauss magnetic
field to various frustrated spin magnets, carbon nanotubes, graphene, superconducting material, etc. are
reviewed.
Keywords:
megagauss magnetid field, 700 T, carbon nanotube, graphene, frustrated magnet
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Abstract:
Standard model of cosmology, a spatially flat, homogeneous and isotropic universe with cosmological constant
as dark energy, weakly interacting dark matter and power-law form of the primordial spectrum seems to agree
with all cosmological observations however, with advancements in technology and better observations, robust
tests of different aspects of this model seems to be a very important task. In my talk I discuss about advanced
statistical methods of data analysis to robustly compare theory and observations and to prepare for the next
generation of the cosmological surveys.
Keywords:
dark energy
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Abstract:
I will talk about the generation of the isocurvature perturbation of weakly interacting massive particle as dark
matter on sub-horizon scales from the initial adiabatic perturbation on super-horizon scales. This gives
interesting features in the structure formation of dark matter.
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Abstract:
We invesitgate the effect of non-linear power spectrum on the anisotropies of redshift space power spectrum.
The quadrupole of the non-linear power spectrum shows the unique behavior depending on the dark energy.
This behavior can be used to probe the property of the dark energy.
Keywords:
Non-linear power spectrum, Large scale structure. Dark Energy.
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Abstract:
We explain the M-sigma relation between the mass of super massive black holes in galaxies and the velocity
dispersions of their bulges in the scalar field or the Bose-Einstein condensate dark matter model. The
gravity of the central black holes changes boundary conditions of the scalar field at the galactic centers.
Owing to the wave nature of the dark matter this significantly changes the galactic halo profiles even though
the black holes are much lighter than the bulges. As a result the heavier the black holes are, the more compact
the bulges are, and hence the larger the velocity dispersions are. This tendency is verified by a numerical
study. The M-sigma relation is well reproduced with the dark matter particle mass
Keywords:
Supermassive black holes, dark matter, galaxy

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

D12.01

Explosive instabilities in tokamak plasmas
WILSON Howard*
York Plasma Institute, Department of Physics, University of York, Heslington, York, UK
*

howard.wilson@york.ac.uk

Abstract:
Tokamaks exhibit filamentary plasma eruptions, called Edge Localised Modes, or ELMs. These are a major
concern for ITER, as large (high energy) ELMs would cause unacceptable levels of erosion of plasma-facing
components, threatening ITER?s fusion power objectives. The trigger for the plasma eruptions is known to be
an ideal MHD plasma instability called the peeling-ballooning mode. The physics that underlies this instability
will be reviewed, focusing first on the linear theory and comparing predictions with experimental data. The
consequences of the non-linear theory will also be developed, demonstrating how the explosive drive arises,
and how the theory predicts a narrowing of the filament as it erupts from the plasma surface. Extensions to the
physics of the basic peeling-ballooning model are required to explain the small ELM regimes that are
sometimes observed in existing tokamaks - our theoretical understanding of these small ELM regimes will be
described, assessing the prospects for accessing them on ITER. Finally, we will use our physics understanding
of ELMs to explore techniques for controlling ELMs in ITER.
Keywords:
explosive instabilities, magnetic confinement fusion, tokamak
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Modern Nonlinear Gyrokinetic Theory and Its Application to Zonal
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Abstract:
Nonlinear gyrokinetics have been very useful in enhancing our understanding of tokamak turbulence and
transport and advancing large scale simulations. While physics described by gyrokinetics is rich and its validity
regime is wide, there still exist some unresolved issues. First, a fundamental difference between the
conventional nonlinear gyrokinetics [1] based on regular perturbation theory and modern
nonlineargyrokinetics [2,3] based on Lie-perturbation and phase-space Lagrangian is reviewed. Next, physics
of polarization density is elucidated and its importance in determining zonal flow [4,5] and turbulence level is
highlighted. References: 1. E.A. Frieman and L. Chen, Phys. Fluids 25,502 (1982). 2. T.S. Hahm, Phys. Fluids
31, 2670 (1988). 3. A.J. Brizard and T.S. Hahm, Rev. Mod. Phys 79,421 (2007). 4. M.N. Rosenbluth and F.L.
Hinton, Phys. Rev. Lett. 80,724 (1998). 5. P.H. Diamond et al., Plasma Phys.Controlled Fusion 47,R35 (2005).
Keywords:
gyrokinetic theory, zonal flow, tokamak, magnetic confinement fusion
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Abstract:
.
Keywords:
gyrokinetic simulation, magnetic confinement fusion, tokamak
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Abstract:
We study light propagation in two types of 2D lattices of dense cold atoms using a large-scale numerical
calculations. In the low laser intensity limit shifts of the resonance line are shown for stationary samples with
high number densities, while these shifts are not shown in the samples with low densities. The dependence of
shifts on lattice constant is derived for square lattices with number of atoms in the range of 64 and 1000 using
a 2D isotropic infinite lattice model. These analytical results are in good agreement with both our numerical
results and experimental data for nanometer-thickness atomic ensembles in the literature.
Keywords:
Cooperative Optical Response
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Abstract:
We demonstrate a coherent and dynamic beam splitter based on
light storage in cold atoms. An input weak laser pulse is first
stored in a cold atom ensemble via electromagnetically-induced
transparency (EIT). A set of counter-propagating control fields,
applied at a later time, retrieves the stored pulse into two output
spatial modes. The high visibility interference between the two output pulses clearly demonstrates that the
beam splitting process is coherent. Furthermore, by manipulating the control lasers, it is possible to
dynamically control the storage time, the power splitting ratio, the relative phase, and the optical frequencies
of the output pulses. The active beam splitter demonstrated in this work is expected to significantly reduce
the resource requirement in photonic quantum information and in all-optical information processing as a
single cold atom ensemble can functionally replace a variety of optical elements, including beam splitters,
mirrors, phase shifters, and optical quantum memories.
Keywords:
Quantum information, Quantum optics, Electromagnetically Induced Transparency, Quantum memory,Cold
atoms
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Onset of superfluidity in two-dimensional Rashba spin-orbit-coupled
Fermi gases
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Abstract:
We investigate the second-order diagrammatic correction to the superfluid transition temperature of Rashba
spin-orbit-coupled Fermi gases in two dimensions. While the usual Gorkov correction for the twodimensional Fermi gas is still a good approximation in the weak spin-orbit coupling limit, we find that as the
spin-orbit coupling get stronger, the reduction in the mean-field critical temperature becomes significantly
large. We also estimate the corresponding change in the Berezinskii-Kosterlitz-Thouless transition in the BCS
limit, providing the superfluid transition temperature with the correction as a function of the spin-orbit
coupling strength.
Keywords:
Ultracold Fermi gases, Superfluidity, Spin-orbit coupling, Gorkov correction
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Quench Dynamics of a Quasi-2D Antiferromagnetic Spin-1
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Abstract:
Depending on the sign of the quadratic Zeeman energy q, the antiferromagnetic spinor condensates of spin-1
sodium atoms have two distinctive ground states: the easy-axis polar phase for q>0 and the easy-plane polar
phase for q<0. Here, we report on the quench dynamics of quasi-2D antiferromagnetic spinor condensates
through the quantum phase transition from the easy-axis polar phase to the easy-plane polar phase by
suddenly changing q from positive to negative. The initial instability is caused by transverse magnons as
expected in a mean-field Bogoliubov theory and then, spin turbulence is generated and relaxed, leading to the
creation of topological defects such as half-quantum vortices. We characterize the quench dynamics by
measuring the temporal evolution of the spin populations and the spatial distribution of magnetization, where
we observe the scaling behavior of the initial instability, spin wave generation, and defect formation during
quench.
Keywords:
quench dynamics, spinor condensates, Bose-Einstein condensates
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Transfer of pseudo-thermal distribution via collimated blue light
generation in rubidium vapor
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Abstract:
Atomic coherence induced by the interaction of atoms with coherent light can strongly affect the optical
property of atomic medium that gives rise to very efficient nonlinear mixing. In particular, two applied near IR
laser lights interacting in cascade atomic system are efficiently converted into spatially and temporally coherent
blue light as the result of the parametric four-wave mixing processes. In the case of 85Rb atoms, two photon
transition for 5S1/2-5P3/2-5D5/2 contributes to generate directionally collimated blue light. Here, we investigate
that the photon number statistics of pseudo-thermal input fields are preserved in four-wave mixing loop that
results in the Bose-Einstein photon number distribution of emitted blue photons.
Keywords:
four-wave mixing process, atomic coherence, photon number statistics, pseudo-thermal light
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Simple point vortex model for the relaxation of 2D superfluid
turbulence in a Bose-Einstein condensate
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Abstract:
We present experimental and numerical studies on the relaxation of 2D superfluid turbulence. At first, we
revisit the experimental results in Ref. [1], characterizing the relaxation of the turbulent vortex states with the
decay time required for 32 vortices to be reduced to a half. The vortex decay time in Ref. [1] is determined as a
function of condensate fraction and chemical potential of the sample. We extract the vortex decay time for the
experiment conditions described in Ref. [2] from the relations of [1], finding that it is inversely proportional to
the thermal friction coefficient. To interpret this result, we introduce a simulation study based on the
dissipative point vortex model. We consider a homogeneous superfluid system in a cylindrical trap having a
spatially random vortex distribution with zero net vorticity and implement the vortex-antivortex pair
annihilation by removing a vortex-antivortex pair when the pair separation becomes smaller than a certain
threshold value. We observe that the vortex decay times obtained from the numerical simulation show good
quantitative agreement with the experimental results, indicating that in spite of its simplicity, the point vortex
model reasonably captures the physics in the relaxation dynamics of the real system. [1] W.J. Kwon, G.
Moon, J. Choi, S.W. Seo, and Y. Shin, PRA 90, 043627 (2014) [2] G. Moon, W.J. Kwon, H. Lee and Y. Shin,
PRA 92, 051601(R) (2015)
Keywords:
vortex dynamics, point vortex model, thermal friction, Bose-Einstein condensate
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Reciprocity theorem and time reversal symmetry in quantum reflection
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Abstract:
In optics, the reciprocity theorem refers the equivalence of the signal detected when the position of detector
and beam source are interchanged. The reciprocity theorem has been regarded to be valid not only in classical
optics but also in atom and molecule optics. Since it was confirmed in diffraction theory, the reciprocity
theorem has been used to understand diffraction efficiencies in various experiments. In atom optics, the
reciprocity theorem has been studied in the reflection of an atom from a crystal surface, especially from the
repulsive part of the atom-surface interaction potential. We demonstrate reciprocity theorem for quantum
reflection of helium atom beam from a blazed grating. Helium atom beams are reflected from a blazed grating
at grazing incidence angle. When diffraction efficiencies are plotted against deflection angle, the nthdiffraction-order efficiency for the standard configuration is the same as the –nth-diffraction-order efficiency
for the reverse configuration, which confirms the reciprocity theorem. Since the flux is conserved when
quantum reflection happens, as well as the reciprocity theorem, the time-reversal invariance holds in our
system.
Keywords:
Reciprocity theorem, time reversal symmetry, quantum reflection, diffraction, blazed grating
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Interpreting the 750 GeV diphoton resonance using photon jets
CHEUNG Kingman*
Department of Physics National Tsing Hua University
*

cheung@phys.nthu.edu.tw

Abstract:
Motivated by the di-photon resonance recently reported by the ATLAS and CMS collaborations, we interpret
the resonance as a scalar boson X(750) in hidden-valley-like models. The scalar boson X can mix with the
standard model Higgs boson and thus can be produced via gluon fusion. It then decays into a pair of very light
hidden particles Y of order 1 GeV, each of which in turn decays to a pair of collimated \pi^0, and these two
pi^0 decay into photons which then form photon-jets. A photon-jet is a special feature that consists of a
cluster of collinear photons from the decay of a fast moving light particle of order 1 GeV. Because these
photons inside the photon-jet are so collimated that it cannot be distinguished from a single photon, and so in
the final state of the decay of X(750) a pair of photon-jets look like a pair of single photons, which the
experimentalists observed and formed the 750 GeV di-photon resonance.
Keywords:
Di-photon resonance, Hidden-valley Model, Photon-jets
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Abstract:
In this talk I will review the evidence for an excess in diphotons at a mass around 750 GeV, and give an
overview of the models which could explain it and correlations with other signatures.
Keywords:
Diphoton, Beyond the Standard Model
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Abstract:
If the signal of a diphoton resonance at 750 GeV is confirmed with the upcoming data from ATLAS and CMS,
it is important what other signatures could be expected from the decays of the resonances. There are several
conclusions one can make already with present searches: (i) due to gauge invariance a 750 GeV scalar singlet
can accommodate the observed excess more readily than a scalar SU(2)L doublet; (ii) scalar singlet production
via gluon fusion is one option, however, vector boson fusion can also provide a large enough rate, (iii) 2HDMs
with an extra singlet and no extra fermions can only give a signal in a severely tuned region of the parameter
space; (iv) decays of heavier resonances can give a large enough di-photon signal at 750 GeV, while
simultaneously explaining the absence of a signal at 8 TeV.
Keywords:
Diphoton, LHC, Beyond the Standard Model

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E1.01

Experimental study on production of neutron-rich isotopes around N
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Abstract:
Multinucleon transfer (MNT) reaction between two heavy ions at energies around the Coulomb barrier is
considered as a promising candidate to produce and investigate exotic nuclei. Especially in the region of
neutron-rich nuclei around the neutron magic number of 126, which is difficult to access by other production
methods, the MNT reaction is expected to provide a means to efficiently produce them. The nuclear region of
the neutron magic number of 126 has been attracting an astrophysical interest because the waiting point nuclei
on the r-process path, which are considered as progenitors of the peak at the mass number of 195 in the solar
r-abundance distribution, are located there. We have constructed the KEK Isotope Separation System (KISS)
at RIKEN RIBF facility to produce, separate and measure the nuclear properties of the neutron-rich nuclei
around the neutron magic number of 126, which will be produced by the MNT reaction. KISS consists of an
argon gas cell based laser ion source and an isotope separation on-line (ISOL), to produce pure low-energy
beams of neutron-rich isotopes around N = 126 and to study their beta-decay properties.
Keywords:
Neutron-rich isotopes, Transfer reaction
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Abstract:
The existence of a non-zero electric dipole moment of an elementary particle would be direct evidence for time
reversal violation. As the value expected based on standard model estimations is very small compared to
current experimental possibilities, the ’standard model background’ is extremely small and these experiments
are considered by many physicists to offer the best chance of discovering new physics beyond the standard
model. We are building an apparatus to search for an electric dipole moment of the neutron at the Spallation
Neutron Source at the Oak Ridge National Laboratory using a new method. Electric and magnetic fields are
applied to a gas of Ultra-cold neutrons (UCN) produced in superfluid He4 by ’superthermal’ down scattering
of 1 mev neutrons. Polarized He3 will be used as a co-magnetometer and the He4 serves as an insulator and
detector medium. The method will be explained in detail and a report given on the present state of our
development efforts. We will also discuss the design of the measuring apparatus. This work was supported in
part by the US Department of Energy under Grant No. DE-FG02-97ER41042.
Keywords:
neutron, electric dipole moment
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Abstract:
A great deal of progress has been made but it would be an exaggeration to say that the deuteron in particular
and few nucleon systems in general are completely described theoretically. Starting with a few nucleonnucleon potentials, it is possible to describe a range of data reasonably well. But with the advent of
polarization measurements several unsolved mysteries have emerged. The polarization of the emerging neutron
in the photodisintegration is a good example of such a mystery. The most precise measurements of this
reaction at photon energies below 20 MeV abruptly depart from theoretical predictions at around 10~12 MeV
photon energy. Moreover, this discrepancy is observed at energies close to ones of interest to Big Bang
nucleosynthesis. We plan to measure the neutron recoil polarization in this reaction for a range of beam
energies and scattering angles to fill the gaps in existing sate as well as checking some of the recent theories
being used to explain the discrepancies. The experiment utilizes existing experimental equipment and
components to be constructed, as well as the unique polarization and energy of High Intensive Gamma Source
(HIgS) at Duke Free Electron Laser Laboratory. I will describe the experiment and current status.
Keywords:
polarization, photodisintegration of deuteron
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Abstract:
Recent developments in light absorber materials based on lead halide perovskite nanocrystals have yielded
power conversion efficiencies (PCEs) exceeding 20% in hybrid solar cells. Efficient light-absorbing sensitizers
and inorganic semiconducting oxides must be paired with an efficient organic hole transporting material
(HTM) to establish appropriate regenerative cycles from the holes in the oxidized sensitizers anchored on the
oxide surfaces. A molecular HTM, spiro-MeOTAD, has exhibited the best performance to date due to its high
glass transition temperature, high solubility, appropriate oxidation potential, absorption spectrum, and
amorphous structure. Recent research have been directed toward the search for polymeric HTMs with low
production costs and versatile wet processing procedures. In this talk, I will present polymeric materials in
hybrid solar cells as hole transporting layers or interlayers.
Keywords:
charge extraction, perovskite, polymeric materials
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Abstract:
We report surface potential and carrier transport behaviors in CH3NH3Pb(I1-xBrx)3 (x=0, 0.13) perovskite
materials. The work function and the local current were measured by Kelvin probe force microscopy and
conductive atomic force microscopy. The electrical grain boundary properties are similar to those of
polycrystalline chalcopyrite and kesterite thin-film solar cells. In particular, high potential charged grain
boundaries (GBs) were obtained, which could play beneficial roles for electron-hole separation and for
suppressing recombination near the GBs to achieve a high efficiency in the perovskite solar cells [1]. Moreover,
we characterized the changes in the electrical properties of the perovskite layers with a time dependences. The
analysis allowed us to quantify the extent of the decomposition mechanism. For the thickest perovskite layer
was stored for 96 h, the contact potential exhibited little variation, and a gradual increase in the local current
was also confirmed in the scanned current map. We found perovskite thin films began to decompose after 310
h, displaying a color change. The changes in the surface potential and current were recorded. Annealing
conditions of perovskite layers are found to be important to control grain size and crystallinity, which
determines the cell performance. After deposition of the perovskite layers, the samples were annealed under
100°C for 10 minutes and 5 hours. In order to obtain the physical properties of perovskite layer as function of
annealing time, we examined the surface potential variation and local current of GBs and intra grains (IGs) in
the active layers of CH3NH3PbI3 perovskite materials. It is found that annealing 5 hours of active layer in air
leads to increase of large potential variations at GBs and IGs. Furthermore, strong dependence on the annealing
time for the conversion efficiency of the solar cells explains that a potential difference near GBs would help
carrier separation. Based on the understanding of the structural and electrical properties, annealing process can
result in passivation at the GBs and enhancement of device performance. [1] G. Y. Kim, S.H. Oh, B. P.
Nguyen, W. Jo, B. J. Kim, D. G. Lee, H. S. Jung, “Efficient Carrier Separation and Intriguing Switching of
Bound Charges in Inorganic-organic Lead Halide Solar Cells” The Journal of Physical Chemistry Letters, 6
(2015) 2355-2362.
Keywords:
Perovskite, Carrier transport, Surface potential, Stability
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Abstract:
Organic-inorganic hybrid perovskites (OIPVKs) have emerged as strong candidates for the low cost and highefficient thin film photovoltaic absorber materials. These unique perovskite semiconductors have attracted
much attention due to easy fabrication processes, band gap tunability, and defect tolerance. As the material
properties of OIPVKs can be easily manipulated by changing chemical constituents of perovskites, there have
been numerous OIPVK varieties. Further enhancement of photon-to-electron conversion efficiency and
stability needs understanding of the fundamental physics of materials and devices, which can be addressed by
theoretical investigation. Here I will present theoretical works on electronic structures of organic-inorganic
hybrid perovskites and simulation on the device performance optimization. Based on the molecular orbital
analysis and electronic band features of lead halide perovskites, factors governing band gap modulation and
unique characteristics of intrinsic defects will be presented. Additionally, computational design strategy by
solar cell device simulation will be introduced in terms of device structures.
Keywords:
Perovskite, Density functional theory, Device simulation, Solar cell

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E2.04

Synthesis of Cesium Lead Bromide (CsPbX3, X = Cl, Br, I)
Nanocrystals and their optoelectronic Application
RAMASAMY Parthiban1, LIM Da-Hye1, KIM Bumjin1, LEE Seung-Ho1, LEE Min-Sang2, LEE Jong-Soo*1
1

aDepartment of Energy Systems Engineering, DGIST, 2bEcolumy Co., Ltd. University-Industry Cooperation
Center, DGIST
*

jslee111@gmail.com

Abstract:
Colloidal semiconductor nanocrystals (NCs) with dimensions in the 2-20 nm regime have been extensively
studied and demonstrated promising applications in various optoelectronic devices such as photovoltaics, light
emitting diodes, photodectors and field-effect transistors.1-2 Recently, hybrid organic-inorganic lead halide
perovskites (CH3NH3PbX3, where X = Cl, Br, I) have attracted great attention as light absorbers in
photovoltaics due to their amazingly rapid rise in their performance.3 Besides photovoltaics, these perovskites
have also been explored as potential in other applications such as water splitting, light-emitting diodes and
photodetectors.4 Recently, Protesescu et al. reported a new synthetic method to produce colloidal CsPbX3 NCs.
All the NCs exhibited bright luminescence with quantum yields up to 90% and the narrow emission
wavelengths were tuned over the entire visible region depending on the NCs size and halide ions composition.5
Here we report an efficient halide exchange reaction in cesium lead halide perovskite nanocrystals. The green
light emitting CsPbBr3 nanocrystals can be tuned to emit over the entire visible spectral region (425~ 655 nm)
by reacting with different concentrations of I or Cl precursors. The halide exchange reactions readily take place
at room temperature and completed within seconds. A good photoresponsive behavior is observed for the
CsPbI3 NCs films, indicating their potential application in optoelectronic devices. D. V. Talapin, J.-S. Lee, M.
V. Kovalenko, E. V. Shevchenko, Chem. Rev. 2010, 110, 389. Z. Ning, O. Voznyy, J. Pan, S. Hoogland, V.
Adinolfi, J. Xu, M. Li, A. R. Kirmani, J.-P. Sun, J. Minor, K. W. Kemp, H. Dong, L. Rollny, A. Labelle, G.
Carey, B. Sutherland, I. Hill, A. Amassian, H. Liu, J. Tang, O. M. Bakr, E. H. Sargent, Nat. Mater. 2014, 13,
822. W. S. Yang, J. H. Noh, N. J. Jeon, Y. C. Kim, S. Ryu, J. Seo, S. I. Seok, Science 2015, 348, 1234. J. Luo,
J.-H. Im, M. T. Mayer, M. Schreier, M. K. Nazeeruddin, N.-G. Park, S. D. Tilley, H. J. Fan, M. Grätzel,
Science 2014, 345, 1593. L. Protesescu, S. Yakunin, M. I. Bodnarchuk, F. Krieg, R. Caputo, C. H. Hendon, R.
X. Yang, A. Walsh, M. V. Kovalenko, Nano Lett. 2015, 15, 3692.
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Abstract:
Recently, inorganic-organic hybrid halide perovskite materials have attracted a great deal of attention in
photo-energy conversion applications. The hybrid halide materials have a perovskite crystal structure which
are formed by direct reaction between organic halides such as methylammonium iodide (MAI) and
formamidinium iodide (FAI) and metal halides such as PbBr2, PbI2, SnI2. The perovskite solar cell basically
consists of three key materials; (i) n-type semiconductor, (ii) inorganic-organic hybrid halide perovskite
material, (iii) p-type semiconductor. In addition to the perovskite layer as a light absorber, the n/p-type layers
contacted with the perovskite layer play key roles in perovskite solar cells with regard to electron/hole
transporting and hole/electron blocking between perovskite and conducting anode/cathode as well as light
passing from transparent electrode into perovskite layer. Therefore, their electrical properties such as carrier
density, mobility, level of conduction and valance band edges as well as optical properties such as Eg and
refractive index should be considered at selecting n/p-type material. Furthermore, the n/p-type materials
require the photo, thermal, and chemical inactivity with perovskite materials for durable perovskite solar cells.
In this point of view, oxide semiconductors are great candidates for n/p-type material in perovskite solar cells
to provide high performance and stability of the perovskite solar cells. In this talk, recently developed oxide
semiconductor (Zn2SnO4) for especially perovskite solar cells will be introduced.
Keywords:
Inorganic-organic, perovskite, halide, metal-oxide
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Abstract:
Organic light-emitting field-effect transistors (OLETs) are a new
class of electro-optical devices that combine in a single structure
the electrical switching functionality of a field-effect transistor
(FET) and the capability of light generation from an organic light
emitting diode (OLED). OLETs have potential applications in
simplified pixels of flat panel displays, optical communication
devices, and electrically driven organic lasers. There have been a
number of studies on OLETs fabricated with solution processed
conjugated polymers, vacuum deposited thin films of small
molecules and single crystals. This talk will introduce the overall
OLETs that have been reported in the literature in the past
several years and highlight some of key considerations to improve
device performance.
Keywords:
Organic light emitting transistors
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Abstract:
Recent years witnessed increasing research activity in exploiting carbon-based materials as a spin transporting
channel, which introduces a new avenue for device integration and functionality. In this talk, I will present
application of an organic-based magnetic/non-magnetic semiconductor as an electron spin polarizer/spin
transporting layer in the standard spintronic device geometry. The application of organic small molecule films
as the spin transporting layer has been studied extensively recently. However, conceptual understanding of how
the spins are injected into and transport through these organic semiconductor films was still lacking. With
careful study on film thickness, temperature, and bias dependencies, significant differences between tunneling
and giant magnetoresistance were resolved. In addition, the room temperature organic-based magnet, V
(TCNE)x was successfully incorporated into the standard magnetic tunnel junction devices in tandem with
LSMO(La2/3Sr1/3MnO3) film. The second part of this talk will be devoted for engineering spin dependent
dispersion in graphene and non-local transport study therein. Graphene has been perceived to be an
outstanding material for delivering spin information due to its high electron mobility and weak spin-orbit
coupling. The mandatory requirement for exploiting electron spins in graphene is facile control of spin-orbit
coupling. Instilling spin-orbit coupling into graphene allows splitting and detecting electron spins via spin Hall
and its inverse effect. We introduced ultrathin metal pad on graphene to enhance spin-orbit coupling and
studied non-local signal to demonstrate alternative spin current generation.
Keywords:
Organic Spintronics, Organic Semiconductor, Molecule-Based Magnet, Graphene

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E3.03*

Investigation of Electrical Characteristics of benzenedithiolate flexible
molecular electronic devices with graphene electrodes
장연식, 정현학, 김동구, 황왕택, 김준우, 이탁희*
서울대학교 물리천문학부
*

tlee@snu.ac.kr

Abstract:
We report our recent study for the electrical characteristics of benzenedithiolate molecular electronic devices
with multilayer graphene electrode fabricated in a solid state vertical metal-molecule-metal junction structure
[1]. We investigated the charge transport behaviors from in length- and temperature- dependent analyses. We
demonstrated that the primary charge transport of our molecular junctions is non-resonant tunneling. Then
we also fabricated the same molecular devices on flexible substrates. The reliability of flexible molecular
electronic devices was examined under various mechanical bending conditions. The electrical characteristics of
the devices were well maintained in all tested bending environments. For the last, we performed inelastic
electron tunneling spectroscopy (IETS) measurement experiments with graphene-interlayer molecular
junctions. We observed obvious IETS signals indicating unique vibration modes of molecules, which consist
with previously known values. The existence of benzenethiolate molecule as an active device component in
graphene-interlayer molecular junctions has been explicitly identified. This study would extend our
understanding of molecular electronic devices with graphene electrodes and may contribute to the development
of future device fabrication platform and practical applications of molecular electronics. [1] Y. Jang, H.
Jeong, D. Kim, W.-T. Hwang, J.-W. Kim, I. Jeong, H. Song, J. Yoon, G.-C. Yi, H. Jeong, and T. Lee,
Nanotechnology, In Press (2015).
Keywords:
molecular electronics,benzeneditholates, multilayer graphene (MLG), flexibleelectronics, inelastic electron
tunneling spectroscopy (IETS)
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Efficiency of Inverted Quantum-Dot Light Emitting Diodes with
Different Anode Buffer Layer
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Abstract:
Quantum Dots (QDs) have attracted a lot of attention for optical applications due to their size-controlled
emission wavelength tunability, narrow emission linewidth, and high photoluminescence efficiency. Quantum
dot Light-Emitting Diode (QLED) has been focus of a next generation display technology in recent years. In
QLED, it may require an anode buffer layer (ABL), because a Hole Transport Layer (HTL) with deep Highest
Occupied Molecular Orbital (HOMO) level to overcome the large hole injection barrier. In this study, we
investigated current density – voltage – luminance measurements of QLED and hole injection barrier heights
at the HTL / ABL interfaces by using Ultraviolet Photoelectron Spectroscopy (UPS). We employed CdSe QDs
with ZnO Nano Particle (NP) and 4,4’-cyclohexylidenebis[N,N-bis(4-methylphenyl)benzenamine] (TAPC)
for Electron Transport Layer (ETL) and HTL. For the ABL, we compared MoO3 and 1,4,5,8,9,11hexaazatriphenylene hexacarbonitrile (HAT-CN). The luminance performance of QLED with HAT-CN ABL
is better than MoO3 ABL, however UPS measurement and Hole Only Devices (HODs) indicated that MoO3
was a superior hole injector. From these results, the QLED with a MoO3 ABL suffered from a severe charge
carrier imbalance. Therefore, electron injection through the ZnO NP layer must be improved to further
enhance the QLED performance.
Keywords:
QLED, Photoelectron Spectroscopy, Anode Buffer Layer, Hole Injection Barrier

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E3.05*

Understanding of hysteresis in perovskite solar cells based on the energy
level alignment
SHIN Dongguen1, KANG Donghee1, JEONG Junckyeong1, PARK Soohyung1, LEE Hyunbok*2, YI Yeonjin*1
1
2

Institute of Physics and Applied Physics, Yonsei University, 50 Yonsei-ro, Seodaemoon-Gu, Seoul 037,

Department of Physics, Kangwon National University, 1 Gangwondaehak-gil, Chuncheon-si, Gangwon-do
2
*

hyunbok@kangwon.ac.kr, yeonjin@yonsei.ac.kr

Abstract:
The solar cells using an organo-metal halide perovskite absorber have gathered tremendous attention in recent
years due to their advantages of fascinating light harvesting efficiency, long exciton lifetime and high charge
carrier mobility. Despite their remarkably high power conversion efficiency (PCE), there are several issues that
should be solved for mass production. One of them is the hysteresis in photocurrent density-voltage (J-V) by
sweep direction leading to an unstable PCE. In this study, methylammonium lead iodide (CH3NH3PbI3)
perovskite films with various concentration of a methylammonium iodide (MAI) solution were investigated
using X-ray photoelectron spectroscopy (XPS), ultraviolet photoelectron spectroscopy (UPS), inverse
photoelectron spectroscopy (IPES) and J-V measurements on the solar cells. The different conduction band
and valence band positions and the work function were observed on perovskite films depending on the MAI
concentration. The different energy barrier at the interface of perovskite/C60 electron transport layer was
observed. Combining these results, the origin of hysteresis in perovskite solar cells is discussed.
Keywords:
perovskite solar cell, CH3NH3PbI3 , Photoemission, hysteresis
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Study of thermal property in TIPS-pentacene and carbonmaterial composites for organic semiconductor devices
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Abstract:
Since the discovery of organic semiconductor materials and device processing have been accomplished by
improvements in carrier mobility, device stability and so on. However, these studies are still not sufficient for
the use of organic semiconductor materials in actual organic devices. To improve the stability and performance
of organic devices, we need further theoretical investigation and understanding about electronic device
properties. In this paper, we studied the carrier injection and accumulation in organic semiconductor by using
electrical measurements, I.e., I-V and C-V measurement, and optical measurement, i.e. charge modulation
spectroscopy. We used 6,13-Bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene). To enhance the electron
injection in TIPS-pentacene, we studied blending effect by doping carbon materials(C60, CNT) into TIPSpentacene, and discussed charge injection and charge accumulation in terms of trapped charge. In addition, we
measured at various temperatures, e.g, at room temperature, 40℃, 60℃, 80℃, to see the thermal dependence.
It was reported to be heated easily by microwave irradiation and this is an advantage. Under microwave
radiation condition to TIPS-pentacene diodes, carrier transport mechanism was studied, and the device
performance was discussed in terms of carrier injection and behavior.
Keywords:
TIPS-pentacene, C60, CNT, Thermal property
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Tuning the Refractive Index of Surrounding Medium
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Abstract:
The application of localized surface plasmon resonance (LSPR) phenomena is one way among the most
effective strategies to enhance the performance of polymer solar cells (PSCs). LSPR effects allow metal
nanoparticles to efficiently scatter light, which can dramatically increase light absorption in the active layer of
PSCs. The resonant wavelength of plasmonic metal nanoparticles is determined by their composition, size,
shape and the surrounding medium. Unlike previous reports investigating the influence of LSPR materials on
PSC performance, we have approached the LSPR phenomenon from a physical perspective by examining the
influence of the surrounding environment on LSPR properties. Uniform 10 nm Ag nano-arrays (Ag NAs) were
synthesized via block copolymer micelle lithography (BCML) and utilized in inverted structure PSCs. The Ag
NAs were incorporated into various electron transport layers (ETLs) with different refractive indices. The
resonant wavelength of Ag NAs showed a significant red-shift as the refractive index of the surrounding
medium increased, which was consistent with theoretical calculations of the plasmonic materials, taking
damping constants, non-local response and coupling effects into account. These embedded Ag NAs were
manipulated in this way to achieve optimal light scattering in PSC devices. When incorporated into PSC
devices, power conversion efficiencies (PCEs) of up to 8.51% were realized using Ag NPs embedded in TiO2
ETLs, corresponding to a 12.5% enhancement in JSC compared to 7.55% PCE observed in control devices
without Ag NAs.
Keywords:
polymer solar cells, optoelectronics, localized surface plasmon resonance, Ag nanoparticle
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Tau is electrostatic switch regulating microtubule machinery
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Abstract:
Cells are working by well-designed molecular machines for a variety of tasks: to transfer the genetic blueprint,
to move muscles, to transport nutrients, etc. Among them, our research is focused on microtubule machinery
which is involved in cell division, intracellular trafficking and maintaining cell shape. Microtubules are highly
charged protein nanotubes of 25 nm in diameter. The structures and dynamics of microtubule machinery are
regulated by molecular switches, such as GTP, microtubule-associated-proteins (MAPs), chemotherapeutic
drugs, etc. MAP Tau is intrinsically disordered protein (IDP) and polyampholyte that has both positive and
negative charged in single chain. We show our recent findings on a direct force measurement between
microtubules coated with Tau under osmotic pressure by using synchrotron small angle X-ray scattering.(Ref.
PNAS 112 E6416 (2015))
Keywords:
Keywords: Microtubules, Tau, Electrostatic switch, Synchrotron small angle X-ray scattering
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Abstract:
Despite the structural similarity, a pair of enantiomers often exhibit quite different biochemical activities due
to the chiral nature of living systems. Separating a racemic mixture by chirality is therefore of great importance
in pharmaceutical, agricultural, and environmental industries. We present a general theoretical framework to
understand the separation of rigid chiral objects of an arbitrary shape induced by a linear flow field at low
Reynolds numbers. From a symmetry property under parity inversion, the rate-of-strain field is shown to be
essential to drift the objects to opposite directions according to chirality. Also, the velocity gradient tensor of
the flow field should be nearly singular for the precise and efficient resolutions of enantiomers. This prediction
is demonstrated by Langevin dynamic simulations with hydrodynamic interactions fully implemented.
Keywords:
chiral, chirality, enantiomer, racemic mixture, separation, flow, low Reynolds number
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Study on the conformational change of c-Src tyrosine kinase: Targeted
Molecular Dynamics Simulation
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Abstract:
A non-receptor Src-family protein tyrosine kinases (SFKs) play a critical role in cell growth, differentiation,
and various metabolism by controlling cell signal. The regulation of cell signaling by SFKs is mediated by the
conformational activation/inactivation of the tyrosine kinases. We investigated the conformational change of
c-Src, one of the member of SFKs, from the inactive form (PDB id: 2SRC) to the active form (PDB id: 1Y57)
employing targeted molecular dynamics (TMD) simulation. The phosphorylation of Tyr-416 and Tyr-527
plays as a molecular switch for the inactivation/activation of c-Src. In this study, we propose a scenario for
the activation process of the c-Src tyrosine kinase according to the phosphorylation state for Tyr-416/Tyr527. Also, we analyze the domain motion (SH2, SH3 and catalytic domain) in the process of the activation of
c-Src complex.
Keywords:
Tyrosine kinase, MD simulation, Domain motion
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Abstract:
Because transcription factors (TFs) recruit chromatin remodelers that lead to displacement of nucleosomes, the
DNA template becomes more “open” by binding of transcription factors. In this open chromatin structure the
DNA template is also more accessible to binding of other transcription factors. Thus, chromatin accessibility is
both the result of and a determinant of TF binding. Since TFs bind to specific DNA sequences (motifs),
sequence information in open regions can be used to predict TF binding in these regions. Moreover, changes in
TF occupancy due to cellular signaling events are either a result of post-transcriptional modifications, changes
in binding of cooperative factors or the expression of the respective factor itself. The latter can be estimated
using correlation analysis of TF occupancy and gene expression. Especially since TFs are acting cooperatively,
combinations of motif sets could be valuable to predict co-binding out of DNase-seq data sets. Based on the
above idea, we develop a method to investigate transcription factor network (TFN) for various open chromatin
landscapes (OCLs). It first finds known motifs on open regions for a OCL, and calculates occurrence of each
motif. Repeating motif finding for all input OCLs, we get a table with occurrecne values for known motifs,
present in the data, on input OCLs. By using the table and gene expression data, Pearson correlation values
between motif occurrence and expression of TF binding to the motif are measured. The measured Pearson
correlation becomes a characteristic value of a node in TFN. Next, we utilize the motif occurrence information
earned from the first step, and calculates co-occurrence of all motif pairs. Here, if certain two motifs are found
in the same open region on a OCL, the motif pair is called as co-occurred pair on the OCL. By Fisher’s exact
test (FET), we get p-value for each co-occurred pair and it becomes a weight of a link in TFN. Finally, we
construct TFNs, in which node is TF and two nodes are connected by co-occurrence with a weight, for
various OCLs. Constructed TFNs give us expectation on which TFs are co-binding for a given OCL and how
co-binding pairs are changed for different OCLs.
Keywords:
Transcription factor network, co-binding, cell differentiation
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Abstract:
The B1 domains of protein G (GB1) and protein L (LB1) are two small proteins that binds to antibody
immunoglobulin G (IgG). GB1 and LB1 are similar in size (about 60 residues), and also have an overall similar
structure (b-hairpin--a-helix--b-hairpin). However their sequences are very different, possessing only 15%
identity in a structure-based alignment.1,2 Therefore, there are interesting similarity and differences in their
folding mechanisms. Experimental evidence indicated that LB1 folds in a two-state manner; while GB1 folds
in a more complex way -- an early stage intermediate may exist in the folding path. Till now, the folding
mechanisms are still under extensive experimental and computational study. Structure-based modeling is one
of the less costly computational methods. It has a simple formulated potential energy function summing over
various geometrical restraints from one or more targeted structures. Here, we used a new all-atom structurebased method to investigate the folding mechanisms of GB1 and LB1. In this approach, folded structures of the
two proteins were used to construct the restraints and they are stabilized by Lorentzian attractive term instead
of conventional harmonic term.3 We presume that our model will be able to identify two-state and non-twostate proteins, and give us more insights of the their folding pathways. Scalley, M. L., Yi, Q., Gu, H.,
McCormack, A., Yates, 3rd, J. R., and Baker, D. Biochemistry 36: 3373–82, 1997. McCallister, E., Alm, E.,
and Baker, D. Nat. Struct. Biol. 7: 669–673, 2000. Lee, J., Joo, K., Brooks, B., and Lee, J. J. Chem. Theory
Comput. 11: 3211-3224, 2015
Keywords:
Protein FoldingModelling
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Abstract:
Understanding the protein folding mechanism from its primary sequence into its unique three-dimensional
shape has been a long-standing problem in biology. It has been reported that there exists high correlation
between the folding rate constant (kf) of non-two-state protein and the number of non-local contact clusters
(Nc) obtained from the residue-residue contact map. This study suggests the importance of the arrangement of
substructures (α-helices, β-hairpins, and so on) for the folding kinetics in the non-two-state proteins 1,2.
However, the corresponding correlations for the two-state proteins were shown to be less significant. In this
study, we constructed a non-redundant protein folding kinetics dataset based on the kinetic data reported in
the literature and also existing protein folding kinetic databases. We utilized our nr dataset and reinvestigated
the linear relationship between ln(kf) and ln(Nc) for both two-state and non-two-state proteins by
introducing a new definition of non-local contact clusters. Unlike previous method, significant correlations for
both folding types were observed. However, the optimized parameters such as sequence separation (L),
steepness parameter (α) and cut-off distance (dcut) were different between the two-state- and non-two-state
proteins. The difference in optimal parameter shows that the long sequence separation and short-distance
contact controls the folding of non-two-state proteins, while relatively short sequence separation and longdistance contact controls the folding of two-state proteins. These results will be discussed in terms of the
molecular mechanisms of folding of non-two-state proteins as well as two-state proteins.
Keywords:
non-local contact cluster, two-state proteins, non-two-state proteins and rate constant
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Abstract:
In the recent CASP (Critical Assessment of Protein Structure Prediction) 11 experiment, a new challenge, the
contact assisted category (called Ts target) using simulated sparse NMR contacts was tested. Contacts based
on simulations (carried out by the Gaetano Montelione's group) reflect the situation in the initial stage of the
NMR experiment. For a fairly large protein (> 160 residues) for NMR, data is typically collected from
deuterated samples, which usually results in much spectral overlaps that are difficult to assign properly. The
number of simplified spectra straightforward to assign is rather small. Therefore, in the early stage of the
protein structure determination by NMR, one is faced with the combinatorial optimization problem to
properly assign ambiguous NOE peaks to their corresponding hydrogen atom pairs, which is followed by
subsequent structure optimization satisfying all the distance constraint arranged by a given set of the peak
assignment. With sparse constraints and the ambiguous distance information, standard NMR structure
calculation programs fail to generate accurate protein 3D models, and the protein structure determination in
such a situation remains as a challenge. In CASP11, 19 Ts targets with the chain length in the range 108 to 462
residues are tested. We solved the two-level optimization to generate 3D protein models, for which we have
applied the global optimization method of conformational space annealing. In most of the cases, rather
accurate 3D models were generated typically within 1.0 – 3.0 Å RMSD from the native structure. Proper
application of the proposed method can greatly reduce the time and the cost of protein 3D structure
determination using NMR data.
Keywords:
Protein structure, NMR restraints, optimization
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Abstract:
There are a number of fascinating phenomena occurring on the free surface of superfluid helium, which are
probed by surface state electrons or surface ion pool. For example, a chiral property of superfluid 3He-A was
directly detected, for the first time, by the transport measurement of ions trapped below the free surface,
dressing and release of ripplonic cloud (ripplon is a quantized surface capillary wave) worn by the Wigner solid
(electron solid) on liquid helium surface resulted in a stick-slip electron transport and current oscillation,
intersubband resonating microwave induced magnetoresistance oscillations and zero resistance states in surface
state electrons on liquid helium, and so forth. I will introduce such exotic phenomena found on the free
surface of superfluid helium as much as time allows me.
Keywords:
superfluid-3He, ions, mobility, topological superfluid
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Abstract:
Quantum vortices with half the quantum circulation, known as half-quantum vortices (HQVs), have been
observed in various spinor superfluid systems recently. Because of their nonsingular cores, the interaction of
HQVs is expected to be different from that of vortices in a conventional scalar superfluid, which can lead to a
new class of superfluid dynamics. In this talk, we present our experimental studies of HQVs in the easy-plane
polar phase of spin-1 antiferromagnetic Bose-Einstein condensates, where we observe spontaneous
dissociation of a singly charged vortex into a pair of HQVs and reveal the short range interactions arising from
their ferromagnetic cores. Additionally, we investigate the relaxation dynamics of turbulent superflow
containing many HQVs to find that spin wave excitations are generated and maintained by the collisional
motions of the HQVs during dissipative evolution. Finally, we will discuss the possibility of observing a paired
superfluid state which was expected to emerge in a 2D nematic superfluid.
Keywords:
Bose-Einstein condensateSuperfluidFractional quantum vortex
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Abstract:
Path-integral Monte Carlo (PIMC) calculations have been performed to search for new commensurate solid
phases in 4He adlayers on graphite. It is found that a second-layer commensurate structure is not stable above
an incommensurate first-layer triangular solid. On the other hand, we observe a new stable C7/12
commensurate solid in the first 4He layer at the areal density of 0.111 Å-2 which is close to the second-layer
promotion density. This high-density commensurate structure is sustained with the development of the second
4

He layer. Furthermore, a second-layer 4/7 commensurate structure relative to the first-layer C7/12 solid is
found to be at least metastable [2]. This could provide an explanation for recently-observed heat-capacity
anomalies identified as a signal of the melting of a second-layer commensurate phase [3]. In addition, our
PIMC calculations showed that the first layer of 3He atoms on graphite would form a C7/12 commensurate
phase at its experimentally-reported completion density. Additional adsorption of 4He atoms above this firstlayer 3He solid does not disrupt the underlying 3He commensurate structure and the second 4He layer is
observed to display a stable 4/7 commensurate structure at the areal density of 0.0636 Å-2. This says that a
stable commensurate structure of the second-layer 4He atoms on graphite may be realized on a 3He-plated
graphite surface, leading to a new approach to observe two-dimensional supersolidity in 4He on graphite [1]
P. Corboz et al., Phys. Rev. B 78, 245414 (2008). [2] J. Ahn, H. Lee and Y. Kwon, Phys. Rev. B 93, 064511
(2016). [3] S. Nakamura et al., arxiv:1406.4388 (2014).
Keywords:
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Abstract:
We investigated the origin of a resonant period drop of a torsional oscillator (TO) containing solid 4He by
observing the change of the elastic modulus with respect to other parameters. To understand the connection
between them directly, we measured both phenomena simultaneously using a TO with a pair of concentric
PZT transducers inserted in its annulus. Although the temperature, 3He concentration, and frequency
dependence were essentially the same, a marked discrepancy in the drive amplitude dependence was observed.
We found that the discrepancy originated from the anisotropic response of polycrystalline solid 4He connected
with low angle grain boundaries. This was determined by examining the shear modulus parallel and
perpendicular to the driving direction of the TO .
Keywords:
Supersolidity, Quantum solid, superfluidity, shear modulus
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Abstract:
Transition metal dichalcogenides (TMDs), such as MX2 with M = (Mo, W) and X = (S, Se, Te), are
characterized by hexagonal layers of metal atoms sandwiched between two layers of chalcogen atoms. The
unique structural and electronic properties of TMDs are beneficial in diverse applications for various lowdimensional devices. Here we report the results of first-principles calculations for the structural and electronic
properties of TMDs. We discuss the energetics of 2H, 1T, and 1T’ phases under various environments, such as
composition, doping, defects, and temperature. We introduce an efficient scheme for analyzing topological
phase transition and show new mechanisms for the band inversion which occurs between the metal d and
chalcogen p orbital bands. Finally, we explicitly show the formation of topological edge states in quantum spin
Hall insulators based on 1T’-TMDs.
Keywords:
Transition metal dichalcogenides, topological insulator
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Abstract:
Recently, two-dimensional materials such as graphene,
hexagonal boron-nitride (hBN), and transition metal
dichalcogenides have emerged among the hottest classes of
materials owing to their unique properties and promising
properties for future applications. In particular, the combination
of density functional theory and real-space imaging methods
have been known as a very powerful technique to directly
investigate the structure, properties, chemistry and dynamics of
defects at the atomic scale in law dimensional materials [1-5]. In
this talk, I will briefly introduce some of the representative defect
studies in graphene itself, lateral graphene–hBN hybrid and
MoS2-MoSe2 heterojunctions. Novel observations in their electronic structures and related physical
properties will be presented and discussed along with experimental results. [1] M. Mahjouri-Samani et al.,
Nat. Commun. 6:7749 (2015) [2] J. Lee et al., PNAS, 111, 7522 (2014). [3] J. Park, J. Lee (co-first) et al.,
Nat. Commun. 5:5403 (2014). [4] J. Guo, J. Lee (co-first) et al., Nat. Commun. 5:5389 (2014). [5] J. Lee et
al., Nat. Commun. 4:1650 (2013).
Keywords:
two-dimensional materials, first-principles studies, graphene–hBN boundary,real-space imaging methods
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쌓여 있는 이차원 결정들에서 층간 상호작용의 역할
손영우*
고등과학원, 서울
*
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Abstract:
이차원 결정이 켜켜이 쌓여 있는 구조들에서 나타나는 특이한 상전이 현상, 기계적 성질 변화, 그리고 이들을 응용
한 예에 관련된 연구를 발표할 예정이다. 특히, 개별적인 이차원 결정들이 쌓여있을 때 층간 상호작용이 전체 물리
적 성질에 어떤 영향을 주는지 살펴볼 것이다. 먼저, 이차원 금속인 1T-TaS2의 바닥상태 및 불안정 바닥상태의 전
기적 성질에 대해서 실험 및 이론을 살펴보고, 특정 금속성 이차원 결정의 페르미면을 쿨롱상호작용의 크기 조정을
통해서 변화시킬 수 있는 예를 논의할 예정이다. 또한, 다양한 이차원 금속, 반도체, 부도체의 기계적 성질이 층간
상호작용과 개별적 이차원 결정의 전기적 성질에 어떤 영향을 주는지 알아볼 예정이다. 마지막으로 원자의 흡착으
로 특정 이차원 금속의 금속-반도체 전이를 발생시킬 수 있는 방법에 대해서 논의해보겠다.
Keywords:
이차원 결정, 상전이 현상
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Recovery of Dirac Point by Self Assembling Molecular Structures on
Graphene
CHOI Jiil, SHIM Yoon su, KIM Yong-Hoon*
Graduate school of EEWS, KAIST
*
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Abstract:
Corrugated surface geometry of the graphene has been reported to take detrimental effects on electron
mobility. Recent studies show that the mobility could be improved using the self-assembly of ordered
molecular lattices. To investigate the improvement of electronic properties, we have developed computational
models and studied the intriguing phenomena induced by the self-assembly of hexatriacontane (HTC) using
density functional theory and classical forcefield based molecular dynamics. It is found that the electronic
mobility of the graphene is deteriorated by the close adhesion to irregular silica surfaces. To recover the Dirac
point, the graphene sheet should be detached from close contacts, more than 4 Å according to our calculations.
This study demonstrates that the surface morphology of graphene comes after the shape of silica surface, and
also it can be recovered by employing the self-assembling HTC layers. Even though the magnitude of
interactions between graphene and HTC molecule are competitive to the binding between graphene and silica
surface, the formation of regular stacking structrues contribute to the recovery of the corrugated structures and
electronic properties. The electronic properties and p-type nature of graphene are discussed in terms of the
position of Dirac point.
Keywords:
Amorphous silica, Graphene, Charge puddle, Self-assembly layer
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Topological phase transitions in line-nodal superconductors
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Abstract:
Fathoming interplay between symmetry and topology of many-electron wave-functions has deepened
understanding of quantum many body systems, especially after the discovery of topological insulators.
Topology of electron wave-functions enforces and protects emergent gapless excitations, and symmetry is
intrinsically tied to the topological protection in a certain class. Namely, unless the symmetry is broken, the
topological nature is intact. We show novel interplay phenomena between symmetry and topology in
topological phase transitions associated with line-nodal superconductors. The interplay may induce an exotic
universality class in sharp contrast to that of the phenomenological Landau-Ginzburg theory. Hyper-scaling
violation and emergent relativistic scaling are main characteristics, and the interplay even induces unusually
large quantum critical region. We propose characteristic experimental signatures around the phase transitions
in three spatial dimensions, for example, a linear phase boundary in a temperature-tuning parameter phasediagram.
Keywords:
Topological Phase Transitions, Topology, Quantum Criticality, Strongly Correlated Systems
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Two-dimensional van der Waals heterostructure device platform for
advanced electronics
LEE Gwan-Hyoung*
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Abstract:
Among various two-dimensional (2D) materials, graphene has brought a great deal of excitement to our
community with its attractive and unique properties. Such excellent characteristics have led many researches on
other 2D materials, such as hexagonal boron nitride (hBN), molybdenum disulfide (MoS2), tungsten diselenide
(WSe2) and so on. Recently, van der Waals heterostructures (vdWH) have been achieved by putting 2D
materials onto another, in the similar way to build Lego blocks. This enables us to investigate physical
properties of atomically-sharp heterostructure interfaces and fabricate high performance electronic devices for
advanced applications. We fabricated a van der Waals device platform to investigate the intrinsic properties of
2D materials. The MoS2 field-effect transistors (FETs) encapsulated by hexagonal boron nitride (hBN) with
edge-contacted graphene electrodes show superior performance of ultrahigh carrier mobility and device
stability. Our device structure and fabrication process show a new way for studying of the intrinsic properties
of sensitive 2D materials and can be applied for advanced electronics, such as flexible/transparent electronic
devices, memory, solar cells, and light-emitting devices.
Keywords:
van der Waals, graphene

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E7.03

Raman and resonance investigation of graphene and 2D materials
LEE Jae-Ung, KIM Kangwon, CHEONG Hyeonsik*
Department of Physics, Sogang University
*
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Abstract:
Raman spectroscopy has been one of the most powerful tools in graphene research. It has been used to study
the number of layers, stacking orders, carrier concentration, edge types, thermal conductivity, mechanical
properties, electronic band structures, chemical modifications, and so on. In order to study the local properties
on a microscopic scale, a confocal spectroscopy scheme is usually used. The measurement capabilities are
expanded when the Raman spectrum is measured as a function of the excitation and/or the scattered
polarizations. One may also study the effects on the Raman spectrum due to external perturbations such as an
electrical field or strain, from which one can extract valuable information regarding the basic physics of
graphene. Recently, the use of Raman spectroscopy is extended to the investigation of other layered twodimensional (2D) layered materials, mainly for identification of the number of layers. Further studies have
revealed that these materials show peculiar resonance behaviors when the excitation energy is close to the
exciton state. For some luminescent 2D materials, photoluminescence is also used in combination with Raman
spectroscopy. Some of the new 2D materials show optical anisotropy induced by the structural anisotropy,
which results in interesting effects. In this talk, recent progress in optical investigation of graphene and related
2D materials will be presented.
Keywords:
Raman, Graphene, 2D Materials

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E9.01

Quantum Nanoscience
HEINRICH Andreas*
IBM Research Center, Almaden, CA, USA
*
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Abstract:
The scanning tunneling microscope is an amazing experimental tool because of its atomic-scale spatial
resolution. This can be combined with the use of low temperatures, culminating in precise atom manipulation
and spectroscopy with microvolt energy resolution. In this talk I will apply these techniques to the investigation
of the quantum spin properties of transition metal atoms on surfaces. I will further outline the research agenda
for the IBS research center at Ewha Womans University which will focus on the quantum properties of
nanoscale systems in solids and molecules.
Keywords:
scanning tunneling microscope
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The amazing properties of atomic spins on surfaces: a theory
perspective
FERNANDEZ-ROSSIER Joaquin*
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Abstract:
Ample experimental evidence shows that magnetic atoms such as Fe, Mn and Co deposited on some surfaces,
such as Cu/Cu2N and MgO/Ag have their spin quantized. However, calculations based on density functional
theory (DFT) consistently show that the charge of these transition metals on this surface is not quantized. Here
I address the question of how these two apparently contradicting facts can be reconciled building spin-models
starting from first principles calculations.
Keywords:
atomic spin
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Towards coherent control of quantum spins on surfaces
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Abstract:
Magnetic atoms on surfaces are ideal candidates for future quantum computation devices: they are accessible
to external electric and magnetic fields to control their spin states, they are accessible to read-out devices
placed on surfaces and they offer a wealth of flexibility in designing the details of the system. Her we focus on
our recent development of Fe atoms on thin MgO films supported on Ag metal substrates. The magnetic
properties of Fe in that system were measured with scanning tunneling microscopy and x-ray absorption
spectroscopy. Two low-energy states are well suited as quart states and we will demonstrate the measurement
of electron spin resonance in an STM, offering unprecedented energy resolution on the atomic scale.
Keywords:
quantum spins
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Electronic structure of epitaxially grown Iron Pnictide superconductor
BaFe2As2
KIM Sungmin, YI Sunwouk, LEE Minjun, LEE Hanho, JEON Hoyeon, YOO Yong-Chan, ZOH Inhae,
ZHANG Chao, OH Myungchul, KUK Young*
Department of Physics and Astronomy
*
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Abstract:
The electronic properties of Co-doped BaFe2As2 (BFCA) iron pnictide superconductors were studied using
scanning tunneling microscopy and spectroscopy. BFCA samples with superconducting transition
temperatures 21-26 K, were grown on SrTiO3(100) substrate by pulsed laser deposition (PLD) growth under
ultrahigh vacuum(UHV) condition. As-grown surfaces revealed 4 × 4 structures as a function of bias voltage
at 4.3 K. Missing row structures were also observed on as-grown samples, suggesting many nucleation sites
and resultant antiphase boundaries. The I-V and dI/dV spectra were deviated from the bulk spectrum
obtained by contact conductance measurement. After removing surface layers by ion beam sputtering, different
spectra were observed on exposed FeAs area. By Fast Fourier Transformation (FFT) and self-correlation
calculation method, higher order charge modulations on each surface are observed, which is presumed to be a
charge density wave (CDW).
Keywords:
Ba-122, iron pnictide superconductor, scanning tunneling microscopy

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E10.01

X-ray and Neutron Scattering in High Magnetic Fields
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Abstract:
In high magnetic fields, varieties of exotic states appear, for examples, complex phase diagram in multiferroics, a quantum phase transition in strongly correlated electron systems and charge density waves in oxides
superconductors. X-ray scattering and neutron diffraction are the unique and direct methods to investigate
crystal structure, charge/magnetic states and magnetic structure. However, experiments in strong magnetic
fields have been quite limited for technical difficulties. We have developed the techniques to combine compact
pulsed high magnetic fields with X-ray and neutron beams. The use of pulsed magnets enables us to access the
extremely high magnetic fields of 30-40 T. In X-ray diffraction, very tiny super-lattice peaks can be examined
by using free electron laser. X-ray absorption spectroscopy and X-ray circular magnetism are used to
determine valence number and element specific magnetizations. The complex incommensurate magnetic
structures in multi-ferrics and 5f-intermetallics are determined by neutron diffractions. We report the
overview of the recent activities in this field.
Keywords:
high magnetic field, X-ray, neutron
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Thermal conductivity investigations of quantum matter under high
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Abstract:
We will present recent progresses in CeNSCMR group on the high field investigations, particularly focusing on
thermal conductivity measurements of interesting quantum matter. Main discussions will be made for
BiCu2PO6, a S=1/2 frustrated two-leg spin ladder compound. We found large thermal conductivity variation
as well as magnetoelectric effects at static magnetic fields up to ~35 tesla [1]. First, electric polarization (P) of
BiCu2PO6 single crystal is studied in the pulsed magnetic field up to 60 T. While applying the magnetic field
along the b axis, Pb starts to appear above the first critical magnetic field (Hc1 ~ 20 T), and the P vector rotates
perpendicular to the b axis above the second critical magnetic field (Hc2 ~ 34 T). Calculation of the electric
polarization was attempted based on the proposed spin structures at the high-field phases, and the orbital
hybridization between metal and ligand ions is considered as a possible microscopic origin of the electric
polarization above Hc2. Second, thermal conductivity (κ) of this material is investigated in the static field up to
30 T. While applying the magnetic field along the a axis, suppression of the κ(T) and its strong magnetic field
dependence are observed below 20 K. This can be interpreted as a resonant scattering between phonon and
magnetic excitations that suppresses the phonon heat transport. From the theoretical analysis based on the
Boltzmann transport theory and recent inelastic neutron scattering experiment [2], magnetic field dependence
of three excitation gaps can be extracted up to 25 T. We will also present several recent data of thermal
conductivity of other quantum matter materials that show key features of the ground states such as the nodes
in emergent superconductivity and development of magnon transport in the quantum critical point in a
renowned spin gap material. In close collaboration with group members: Chanhee Kim, Byung-Gu Jeon,
Jeong Hoon Kang, Donghyun Jang, Yeahwan Sur, and Dillipbhoi Kumar [1] B. Koteswararao et al., Phys. Rev.
B 76, 052402 (2007). [2] K. W. Plumb et al., Phys. Rev. B 88, 024402 (2013); arXiv:1408.2528.
Keywords:
high magnetic fields, thermal conductivity, spin liquids, quantum matter
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The pulsed high magnetic field facility at Wuhan National High
Magnetic Field Center
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Abstract:
The Pulsed High Magnetic Field Facility (PHMFF) at Wuhan National High Magnetic Field Center (WHMFC)
has been opened to the external users for experiments since 2014. Experiments have been carried out with the
facility on topological insulators, Wyle semimetals, superconductors, semiconductors, magnetic materials and
so on. Magnets of short pulse (less than 100 ms), long pulse and the combination of both with bore sizes from
12 to 34 mm have been developed and are operational for experiments at temperatures in the range from 100
mK to 350 K. For a typical 60 T capacitor bank driven pulsed magnetic field with pulse duration of 40 ms, the
cooling time between subsequent pulses is 35 min, while for a 50 T magnet with 300 ms pulse duration is 65
min. The life time of the capacitor bank driven user magnets is about 1000 pulses above 60 T. The power
supplies for these magnets consist of a capacitor bank with 12 modules of 1 MJ/25 kV each and 2 modules of
0.8 MJ/25 kV each, a 100 MVA/100 MJ flywheel pulse generator and a 771 V/180 kAh battery bank. A
dual-coil magnet driven by the capacitor banks has successfully generated 90.6 T field with total pulse
duration over 350 ms in a 12-mm bore. A dual-coil long pulse magnet wound from soft copper wire
energized by the flywheel generator produces 50 T peak field with a 100 ms flat-top and a total 1.1 s pulse
duration in a 22 mm bore. A battery bank driven long pulse magnet composed by the series connection of two
nested coils generates 32 T peak field with the pulse duration of 1.5 s in a 21-mm bore. By introducing in the
main circuit a passive IGBT bypass circuit [2] that can regulate current up to tens of thousands amperes, with
the same magnet we can generate a 25 T/200 ms flat-top pulsed magnetic field with a ripple of 250 ppm. An
innovative method for generating a flat-top pulsed magnetic field by means of capacitor banks is developed
[3]. The system consists of two capacitor banks as they are normally used to generate a pulsed field. The two
discharge circuits are coupled by a pulse transformer such that the electromotive force (EMF) induced via the
transformer in the magnet circuit containing the magnet coil is opposed to the EMF of the capacitor bank. At a
certain point before the current pulse in the coil reaches its peak, the auxiliary circuit is triggered. With
optimized parameters for charging voltage and trigger delay, the current in the magnet circuit can be
approximately kept constant to obtain a flat-top. Fields up to 52 T with 7 ms flat-top have been obtained
with a conventional user magnet. A three stage 100 T magnet is under development with the inner two coils
energized by two different capacitor bank and the outer coil by the rectifier of the pulse generator connected in
series with the battery bank.
Keywords:
Pulsed High Magnetic Field Facility, capacitor bank , battery bank
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Detection Principles for Gravitational Waves Interacting with Light
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Abstract:
What are gravitational waves and how can we detect them? Gravitational waves are ripples of spacetime
curvature itself propagating away at the speed of light. Basic principles of detecting gravitational waves by
using the interference of lights have been explained briefly. Using the geometric optics approximation, we
show how the phase difference between lights in two arms of an interferometer such as LIGO occurs due to a
passage of a gravitational wave.
Keywords:
Gravitational wave, Detection principle, Interference
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Observation of Gravitational Waves and Data Analysis
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Abstract:
Gravitational wave signal, GW150914 was observed by Advanced LIGO. The observed signal matches the
waveform of inspiral and merger of two black holes with signal-to-ratio of 24, which is equivalent to a
significance greater than 5.1σ. I will report the observation of GW150914 by two LIGO detectors and
discuss the analysis and validation of the observation data that led to the first direct detection of gravitational
waves.
Keywords:
gravitational waves, binary black holes,data analysis, GW150914
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Abstract:
The detection of GW150914, the first black hole binary merger found by gravitational waves, opens a new
window to explore our universe. I will discuss how will grabitational-wave detection be useful to expand our
astrophysical understanding of a universe. In particular, I will focus on compact binary mergers, which are
prime targets for ground-based gravitational-wave detectors such as LIGO and VIRGO.
Keywords:
gravitational waves, neutron stars, black holes, compact objects
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How LIGO can directly measure the gravitational wave?
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Abstract:
On February 11, 2016, the Laser Interferometer Gravitational-Wave Observatory (LIGO) made the
announcement that the Advanced LIGO detected the gravitational wave from the inspiral and merger of a pair
of black holes. The strain measured in the chirp signal from 40Hz to 250Hz is approximately 10-21. which is
equivalent to 10-21 m length change on the 1m stick. Considering the size of an atomic nucleus, 10-15m, one
can imagine how small the measured strain is. In this talk, I will briefly discuss how a properly designed laser
interferometer gravitational wave antenna can measure such a small strain and what are the technology and
science innovations involved in such an extremely high sensitivity strain measurements.
Keywords:
interferometer, gravitational wave, strain measurement
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The follow-up of electro-magnetic counterparts to Gravitationalwave transient using the BOOTES Network
PARK Il H*1, JEONG Soomin*1, CASTRO-TIRADO Alberto J*1
1

Departmend of Physics, Sungkyunkwan University, 2CSIC-IAA and Sungkyunkwan University, 3CSIC-IAA
*

ilpark@skku.edu, soominjeong@gmail.com, ajct@iaa.es

Abstract:
A gravitational-wave event, GW150914 has been detected recently for the first time by the Advanced LIGO
detector on Sep. 15, 2015. The campaign by ground- and space-based facilities has been made in the
frequencies from X-ray to radio to search over wide coverage of sky for a possible electro-magnetic
counterparts after the GW alarm. The BOOTES is a world-wide robotic telescope network operated by IAA,
Spain. SKKU is co-institution of BOOTES-5/JGT, recently opening in San Pedro Matir observatory, Mexico,
on Nov 26, 2015. In this report, we will introduce summarize the first follow-up of the GW event by 25
ground facilities teams, followed by the timeline and depth of the observations, and the role for the BOOTES
network foreseen in GW and GRB counterpart searches.
Keywords:
Gravitational wave, Gamma-ray burst, BOOTES
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Abstract:
Non-thermal particles are ubiquitous in space and astrophysical plasmas, and explosive phenomena such as
supernova remnant shocks and solar flares have demonstrated evidence for the production of high-energy
particles. Yet the particle acceleration mechanism remains an unresolved issue. After the innovative idea of the
stochastic acceleration by Enrico Fermi in 1949, many researchers have investigated the diffusive shock
acceleration model to explain non-thermal particle, but the diffusive shock acceleration alone cannot explain
the observed efficient non-thermal particles. In this lecture, we review first the standard diffusive shock
acceleration theory, and then discuss another possible particle acceleration process of turbulent magnetic
reconnection based on our numerical simulation results.
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perturbations in edge pedestal plasmas
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Abstract:
We study the impact of external magnetic perturbations on the stability of ballooning modes. A unique feature
of our analysis is the two-step parametric process [Chaturvedi and Kaw, 1976 J. Geophys. Res. 81,3257],
which enables us to calculate contributions from all the modes with high toroidal mode numbers. The analysis
shows that the externally applied magnetic field perturbations can modify the linear dispersion characteristics
of the ballooning mode. Specifically, the growth rate spectrum of the ballooning modes becomes broader in
poloidal wavenumber () space, implying the generation of high-k fluctuations. The increase of high-k
fluctuations (micro-turbulence) can lead to the mitigation of an edge localized mode crash by increasing
turbulent transport in the pedestal. In addition to this, a new nonlinear instability is found even below the
threshold of the ballooning mode instability when the amplitude of magnetic perturbation is sufficiently large
(i.e. ). A discussion is given of the implication of this new finding.
Keywords:
high-energy density, inertial confinement fusion, high-power lase
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Advancement of Fusion Science Research and Role of KSTAR
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Abstract:
Up to large tokamak era (TFTR, JET and JT-60U) from 1970’s to 1990’s, fusion science made a rapid
progress and demonstrated that the tokamak can achieve Q~1 through DT experiment, where Q is output
power/input power. Since then, the progress has been rather slow until the decision of ITER was made. The
goal of ITER is to achieve Q~10. Meantime, the fusion science research in tokamak has evolved from the Cu
coil device toward the superconducting coil device which is capable of steady state operation. The Korean
Superconducting Tokamak Advanced Research (KSTAR), Korea and the experimental advanced
superconducting tokamak (EAST), China are the leading tokamak devices in this category. Since the ITER
design is based on empirical scaling, Advances in understanding of instabilities and confinement are inevitable
for the future Demo device which is expected to be more compact and more stable. The current KSTAR
research aims to explore new operating regime with less number of intrinsic instabilities. The research plan is
composed of three elements: 1) Exploration of anticipated engineering and technology for a long pulse
operation of the high beta plasmas to be controlled with the low n(=1,2) Magnetic Perturbation (MP) using
IVCC coils. 2) Explore the operation boundary through establishment of true stability limits of the harmful
instabilities and confinement in KSTAR that has the lowest error field and magnetic ripple among the
tokamaks ever built. 3) The current physics program aims to validate the theoretical modeling of MHDs and
confinement so that it can be developed to have a predictive capability. Here, the state of the art diagnostic
systems, such as Electron Cyclotron Emission Imaging (ECEI) and Microwave Imaging Reflectometry (MIR),
are deployed to challenge the unsolved physics problems. This Work is supported by NRF of Korea (grant No.
NRF- 2014 M1A 7A1A03029865).
Keywords:
magnetic confinement fusion, tokamak, superconducting magnet, KSTAR
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Status of the KIMS-NaI experiments
박 정식*
Institute for Basic Science
*

jspark01@ibs.re.kr

Abstract:
It is widely known that most part of the universe is in the form of dark matter and dark energy. There are dark
matter candidates, of which Weakly Interacting Massive Particles (WIMPs) are the most popular ones. Until
now, only the DAMA/LIBRA experiment shows a positive result with NaI(Tl) crystals but its result has not
been
reproduced
in
other
experiments.
The
KIMSThe
NaI group is working to figure out the annual modulation signal with NaI(Tl) crystals unambiguously.
group studied more than ten NaI(Tl) crystals to reduce internal background to achieve better quality crystals
than those used by DAMA/LIBRA. The first phase of the experiment with ~100kg of NaI
(Tl) crystals will be ready soon.
In this talk, we will present the study result of
the
NaI
(Tl) crystals, current status of the KIMS-NaI experiment, and future prospect.
Keywords:
KIMS, NaI, annual modulation, WIMPs
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Internal and External Background Simulation for AMoRE-I
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Abstract:
Background simulations have been performed for the first phase of the Advanced Mo-based Rare Process
Experiment (AMoRE-I), an experimental search for neutrinoless double beta decay of

100

Mo in calcium

molybdate (CaMoO4) crystals. Using GEANT4, effects of radioactive background sources such as

238

U,

232

Th,

235

U, were simulated for the interior of crystals and surrounding materials, including detector shields and the
rock that surrounds the underground detector cavity. Expected background rates including the effect of
random coincidence rate of background and double beta decay of 100Mo have been estimated. The current
status of the AMoRE-I background simulation studies will be presented.
Keywords:
Simulations, GEANT4, neutrinoless double-beta decay
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64채널 실리콘 광증배소자 SIPM의 제작과 테스트
이혜영, 박일흥*, 이직, 전진아
성균관대학교 우주과학기술연구소
*

ilpark@skku.edu

Abstract:
실리콘 광증배소자(SIPM, Silicon Photomultiplier)는 가이거 모드에서 동작하는 다수의 매우 작은 마이크로 픽셀
로 이루어진 반도체 광센서로서, 기존의 광센서로 많이 사용하고 있는 광증배관(Photomultiplier tubes)과 같이 높
은 증폭률(Gain; ~106) 특성을 가져 단일 광자 측정이 가능하면서도 그 크기는 매우 작고 자기장의 영향을 받지 않
으며 저 전압에서 동작 가능하다는 것 등 장점이 많다. 본 연구는 보다 낮은 전압에서 작동하는 SiPM소자를 개발하
기 위해 P형 실리콘 기판 위에 형성된 얇은 에피택시 층 안에 매우 강한 전기장이 형성되도록 P-N 접합을 조성하였
고, 64채널을 갖는 센서를 제작하였다. 이 소자의 동작 시뮬레이션과 마스크 설계, 제작된 센서에 대한 전기적인 특
성 및 잡음비율, 단일 광자 스펙트럼(Single photoelectron spectrum), 성능테스트 결과를 논의한다.
Keywords:
Silicon Photomultiplier, 가이거 모드, 광 센서
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Analysis on AMoRE pilot run-1 data
김건보*
Institute for Basic Science(기초과학연구원)
*

gbkim@ibs.re.kr

Abstract:
AMoRE (Advanced Mo-based Rare process Experiment) is an
international effort to search for 100Mo neutrinoless double beta
decay (0νββ) using Mo-based scintillation crystals with
metallic magnetic calorimeters. A pilot experiment using five
100

Mo-enriched, 48Ca-depleted dep48Ca100MoO4 crystals with a
total mass of 1.5 kg is now running at the Yang-Yang
underground Laboratory (Y2L). A three-month commissioning
run (run-1), performed to check the overall status of the
detectors and measurement system, was recently completed. We
report results from an analysis of the run-1 data.AMoRE
(Advanced Mo-based Rare process Experiment) is an

international effort to search for 100Mo neutrinoless double beta
decay (0νββ) using Mo-based scintillation crystals with
metallic magnetic calorimeters. A pilot experiment using five
100

Mo-enriched, 48Ca-depleted dep48Ca100MoO4 crystals with a
total mass of 1.5 kg is now running at the Yang-Yang underground Laboratory (Y2L). A three-month
commissioning run (run-1), performed to check the overall status of the detectors and measurement system,
was recently completed. We report results from an analysis of the run-1 data.
Keywords:
AMoRE, double beta decay, low temperature detector, underground experiment, metallic magnetic
calorimeter, scintillation crystal, calcium molybdate crystal
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Performance of the MMC sensors used in AMoRE Pilot Experiment
So-Ra Kim*, The AMoRE Collaboration
Institute for Basic Science
*
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Abstract:
We developed metallic magnetic calorimeters (MMCs) that operate at mK temperatures and provide high
energy resolution that is suitable for rare event search experiments. MMCs are currently being used as both
heat and light sensors in the AMoRE-Pilot experiment. In the presentation, we describe the MMC detection
principle and report on the performance of the MMCs that are currently being used in the experiment.
Keywords:
metallic magnetic calorimeters (MMCs), AMoRE, neutrinoless double beta decay
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Measurement of NaI(Tl) scintillation crystal quenching factors
주한울*1, 박현서2
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*
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Abstract:
Scintillation crystals are commonly used as targets/detectors for direct detection of WIMP dark matter
particles. In these crystals, the light yields from electron and nuclear recoils of the same energy are different.
Since calibrations are done with gamma sources that produce electron recoils while WIMP interactions are
expected to produce nuclear recoils, measurements of these light yield ratios - the so-called quenching factors
(QF)-- are necessary. Measurements of quenching factors for sodium and iodine recoils in a small (2 cm x 2
cm x 1.5 cm) NaI(Tl) crystal have been performed with 2.5 MeV mono-energetic neutrons generated via
D-D fusion. This small crystal was made from the same Alpha Spectra-grown ingot as one of the large
crystals that will be used in the KIMS-NaI experiment. Neutron detectors based on BC501 liquid scintillators
are installed at various angles to tag neutrons that elastically scatter from sodium or iodine nuclei in the crystal.
The energy of the recoil ion is inferred from the neutron scattering angle; the energies of the recoiling ions
range from 10 to 100 keVnr for sodium and 10 to 75 keVnr for iodine. Quenching factors for sodium are
measured at four recoil points with precisions that range range from 14% to 20%; those for iodine are
measured at five energies with 5~7% precisions. Additional measurements for lower energy sodium recoils are
planned.
Keywords:
Dark matter, WIMP, KIMS-NaI, quenching factor, NaI(Tl)
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Detector performance in AMoRE-Pilot run-2
JO Hyon-Suk*
Institute for Basic Science
*
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Abstract:
AMoRE (Advanced Mo-based Rare process Experiment) is an international collaboration that is searching
for neutrinoless double beta decay using low-temperature, Mo-based scintillating crystals read out via metallic
magnetic calorimeters. A commissioning experiment, named AMoRE-Pilot, using five 40Ca100MoO4 crystals
with a total mass of 1.5 kg, has been operating in the Yang-Yang underground Laboratory (Y2L) since 2015.
After a first commissioning period (run-1), the experimental setup has gone through several upgrades and the
second commissioning run (AMoRE-Pilot run-2) has been underway since February 2016. The status and
details of the detector performance in AMoRE-Pilot run-2 will be presented.
Keywords:
Neutrinoless double beta decay, Low-temperature detectors, Scintillation crystals, Metallic magnetic
calorimeters, Light detectors, Phonon detectors
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Status of on AMoRE-pilot experiment
SO Jungho*
AMoRE collaboration
*
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Abstract:
The Advanced Mo-based Rare proces Experiment (AMoRE) is an international collaboration to search for
neutrinoless double beta decay of
mK)

40

100

Ca

100

Mo using phonon and photon signals produced in low temp (20

MoO4 scintillating crystals. A pilot experiment, (named AMoRE-pilot) with a 1.5 kg of
48

100

Mo

enriched and Ca depleted CMO crystals was installed in a dilution refrigerator at YangYang underground
laboratory. Yangyang underground laboratory, recently finished a three-month-long commissioning run.
Based on experience from this pilot run, the detector modules and readout devices have been modified
to improve the quality of their signals. We report on the status of the commissioning stages of the experiment.
Keywords:
neutrinoless double beta decay, 40Ca100MoO4 scintillating crystal, dilution refrigerator
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Measurement of Vcb using the Oktay-Kronfeld action
BAILEY Jon A.1, JANG Yong-Chull2, LEE Weonjong*1, LEEM Jaehoon1, PARK Sungwoo1
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Abstract:
The latest lattice QCD determination of Vcb from the exclusive B-meson decay channel uses the Fermilab
action for the bottom and charm quarks. The bottom and charm quark discretization errors with the Fermilab
action can be reduced by its improved version, the Oktay-Kronfeld (OK) action. We study the improved
determination of Vcb with the OK action for the bottom and charm quarks. For the light quarks, we use a
highly improved staggered quark (HISQ) action. In this talk, I present a brief overview of the Vcb project, and
the technical details of the OK and HISQ actions.
Keywords:
Lattice QCD, Vcb, Heavy Quark
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Calculation of Quark Condensates using Improved Staggered Fermions
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Seoul National University
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Abstract:
We study quark condensates at zero temperature in lattice QCD using staggered fermions. We review the
continuum property of the quark condensate, and the staggered fermion formalism of it. To precisely
determine the quark condensate, one needs to subtract the contributions of the zero modes of the Dirac
operator. We also discuss how to separate those zero mode contributions and how to identify the quantum
numbers of the zero modes. We present preliminary numerical results of quark condensates calculated using
HYP-smeared staggered fermions on a MILC asqtad coarse lattice.
Keywords:
quark condensate, lattice qcd, staggered fermion, spectral flow,
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Nonperturbative Renormalization in the RI-SMOM Scheme with
Twisted Boundary Condition
CHOI Benjamin Jaedon1, KIM Jangho*2, LEE Weonjong*1, PARK Sungwoo*1
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Abstract:
Plans on measuring and analyzing renormalization factors for fermion bilinear operator with the
nonperturbative renormalization method (NPR) in the RI-SMOM scheme on the twisted boundary condition
are presented, where the operators are constructed with HYP(hypercubic blocking transformation)-smeared
staggered quarks on the MILC asqtad lattice fermion(N_f=2+1). Plans on comparing renormalization factors
in the RI-SMOM schemes to those in the RI-MOM scheme for the [VxS] and [SxS] operators are also
presented.
Keywords:
Quantum chromodynamics; Lattice QCD; Nonperturbative renormalization; Renormalization factor;
staggered fermion
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Lattice calculation of Kaon BSM B-parameters using staggered quarks
from Nf = 2+1 QCD.
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Abstract:
We present results for Kaon Bag parameters of ΔS =2 operators that appear in beyond the Standard Model
(BSM) physics. We use improved staggered quarks with HYP-smeared valence quarks and Nf = 2+1 asqtad
improved sea quarks. The matching of operators between lattice and continuum is done perturbatively at oneloop order. We have three kinds of lattice spacings : a ~ 0.09, 0.06 and 0.045 fm. We extrapolate the data in
valence quark mass, and obtain data at common energy scales, μ = 2GeV and μ = 3GeV, by RG evolution in
MS-bar scheme. We obtain the final results by simultaneous extrapolation of sea-quark mass and lattice
spacing. We show the final results and compare them to those obtained by other collaborations.
Keywords:
CP violation, Beyond the Standard Model, Kaon physics, Lattice QCD, BK, Staggered quark
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Performance of GTX Titan X GPUs and Code Optimization using
CUBLAS.
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Abstract:
The flagship model of Nvidia graphics cards is GTX Titan X (TX) in the Maxwell architecture. We use our
conjugate gradient code to measure the single precision performance, and non-perturbative renormalization
(NPR) code to measure the double precision performance of TX. The results are compared with those of GTX
Titan Black (TB) and Tesla K40 in the Kepler architecture. Additionally, we opimize matrix multiplication
functions of the NPR code using the CUBLAS library.
Keywords:
GTX Titan X , titan Black, K40, conjugate gradient method, NPR, CUBLAS

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

E14.06*

Glue to light signal of a new particle
정태현*, 최동진, 김형도, Radovan Dermisek
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Abstract:
Any new particle charged under
and carrying electric charge will leave an imprint in the di-photon
invariant mass spectrum as it can mediate
process through loops. The combination of properties of
loop functions and gluon pdfs results in a peak-like feature in the di-photon invariant mass around twice the
mass of a given particle. Using recent ATLAS analysis, we set upper limits on the combined
and
electric charge of new particles and indicate future prospects. We briefly discuss the possibility that the excess
of events in the di-photon invariant mass spectrum around 750 GeV originates from loops of a particle with
mass around 375 GeV.
Keywords:
LHC, diphoton, 750 GeV
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Inflection point inflation and reheating
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Abstract:
We revisit the inflection point inflation with an extended discussion to large field values and consider the
reheating effects on the inflationary predictions. Parametrizing the reheating dynamics in terms of the reheating
temperature and the equation of state during inflation, we show how the observationally favored parameter
space of inflection point inflation is affected by reheating dynamics. Consequently, we apply the general results
to the inflation models with non-minimal coupling, such as the SM Higgs inflation and the B-L Higgs
inflation.
Keywords:
Inflation, Inflection point, Reheating
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Photoresponse of exotic nuclei and shell structure effects
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Abstract:
The photoresponse of exotic nuclei near the particle emission threshold determines nucleosynthesis paths along
the borders of the nuclear chart. In this context the presence and properties of resonances other than the giant
dipole resonance are under investigation. Pygmy resonances, in particular, might develop as a manifestation of
thick neutron or proton skins or mainly as a matter of shell structure. In this talk I will present recent
theoretical work pointing to the important role of structure in the emergence of pygmy resonances in neutronrich nuclei and discuss possible proton-skin resonances in proton-rich nuclei.
Keywords:
exotic nuclei, photoresponse, pygmy resonances
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Abstract:
The structure of neutron rich nuclei is investigated using the covariant density functional method, which is
known as proper and accurate tool in nuclear structure study. PC-PK1 parameter set, which is fitted with 60
spherical nuclei, is adopted in the covariant density functional model. We use Wood-Saxon basis method to
treat the asymptotic behavior of neutron density profile accurately at the end of the numerical cell boundary.
Possible halo nuclei are presented with the results from Deformed Relativistic Hartree Boboliubov code for
several isotope chains such as Mg, Si, Ar. Neutron and proton driplines are also investigated with the
conditions from two neutron separation energy and Fermi surface of proton and neutron.
Keywords:
Nuclear Structure, Density Functional Theory, Hartree Bogoliubov
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Recent developements of isospin-nonconserving shell model with
applications to the structure and decay of proton-rich nuclei
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Abstract:
The nuclear shell model is well known to provide an accurate description of nuclear states and transition
probabilities at low energies. The isospin symmetry, an approximate symmetry, is, however, traditionally used
to reduce the number of degrees of freedom. The purpose of our study is to go beyond this concept and to
develop a formalism for valence space calculations which aims at a precise description of isospin-symmetry
breaking effects. We propose an empirical parametrization of an isospin-nonconserving
shell-model
Hamiltonian, consisting of the Coulomb interaction and effective charge-dependent forces of nuclear
origin. The accuracy is demonstrated on the description of isobaric-mass multiplet splittings. As one of
possible applications, we will discuss in detail a beta-delayed proton emission process from sd- and pf-shell
nuclei and the problem of isospin-mixing determination. We adopted the reaction system of 136Xe + 198Pt,
which is considered to be one of the best candidates to efficiently produce the nuclei of interest. In order to
investigate the feasibility of the nuclear production of the system, we have studied the collisions between
136Xe and 198Pt at the laboratory energy of 8 MeV/A by using the large acceptance magnetic spectrometer
VAMOS++ at GANIL. In this presentation, we will show the isotopic distributions of projectile-like
fragments (PLFs) detected by the spectrometer and isotopic distributions of target-like fragments (TLFs)
deduced from the detected PLFs. We will discuss about the production of N = 126 TLFs. We will also
introduce the KISS project and its pesent status.
Keywords:
Nuclear structure, Proton-rich Nuclei, Shell model
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Effective field theory motivated energy density approach for dense
nuclear matter
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Abstract:
Taking into account the power counting with respect to the Fermi momentum over the chiral scale, we develop
an energy-density functional order by order, and apply it to the symmetric and neutronic nuclear matter. We
will discuss the connection of this study to the effective field theory, as well as the convergence of the power
counting for the equation of state and the mass-radius relation of neutron stars
Keywords:
Energy-density functional, Effective field theory, nuclear matter, neutron star
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Abstract:
플라즈마를 이용해 반응 원소를 활성화하는 기술은 화합물 진공증착 방식으로 각광 받아져 왔으며, 근래에는 질화
물 (Nitrides) 영역까지 확대되어졌다. 분자선 에피택시 (MBE) 성장시, 질소 플라즈마 생성 조건을 최적화하여 우
수한 특성의 갈륨질화물 (GaN) 과 인듐갈륨질화물 (InGaN) 나노로드를 성장하는데 성공하였다. 플라즈마 분광방
법 (optical emission spectroscopy)을 이용해 질소 플라즈마의 중성 원자빔과 분자빔의 에너지 분포 변화를 모니터
링하고, 그와 연계해서 GaN 와 InGaN 화합물의 화학적, 결정 결함적 특성에 대해 연구하였다. 이 과제에서, 과에
너지 플라즈마빔에 의한 기판손상이 결정핵 (nucleation) 과 그 후 GaN 나노로드 성장에 영향을 주어, 나노로드의
칼날전위 (edge dislocation) 등 결함의 원인이 됨을, 광루미네선스 (PL) 방법을 통하여 확인하였다. 또한 플라즈마
rf 파워를 최적화함으로써, 중성빔에 의해 성장표면으로 전달되는 에너지 조절하여, InGaN 나노로드 성장표면에서
흡착원자(adatom) 의 확산 (diffusion) 그리고 배착 (desorption) 등의 화학적 반응을 변위시켜, 규질한 미세 상분
리 현상을 억제할 수 있음을 증명하였다. 이 근본적 이면서도 가장 까다로운 문제점인 상분리 현상을 조절하지 않으
면, 균질한 고품질의 InGaN 성장은 불가능한 것으로 알려져 있다.
Keywords:
GaN, InGaN, 나노로드, 플라즈마, MBE, 상분리
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Abstract:
질화물 반도체 양자점은 3족 원소의 구성비에 따라 에너지 밴드갭을 크게 변화시킬 수 있어 상온동작 단일광자 방
출원으로써 사용될 수 있는 장점이 있다. 하지만 Wurzite 결정구조의 (0001) 결정방향으로 형성된 강한 내부전기장
에 의해 감소된 발광재결합률, 그리고 양자점 주변에 형성된 결정결함의 전기장 요동에 의한 발광스펙트럼 요동과
같은 문제가 있다. 이 문제를 해결하기 위해 내부전기장이 작은 결정단면을 이용한 질화물 반도체 양자점[1] 및 오
벨리스크 형태와 같은 3차원 구조체에 결합된 양자점이 연구되고 있다[2]. 본 연구에서는 금속유기화학증착법을 사
용하여 선택적 영역 성장 방식을 통해 피라미드 구조의 꼭지점에 방향의 결정단면을 형성하였다. 그리고 단면 위에
InGaN/GaN 반도체 양자점을 형성시키고 양자점의 광학적 특성을 분석하였다. 꼭지점에 형성된 결정단면의 발광
파장을 알기 위해 상온에서 단일파장에 대한 cathodoluminescence 이미지를 측정하였다. 단일광자 방출원임을 확
인하기 위해 저온 마이크로 photoluminescence 실험에서 2차 상관관계를 측정하였으며, 편광정도를 확인하기 위해
선형편광도를 측정하였다. 또한, 내부전기장이 양자점에 미치는 영향을 알아보기 위해 여기광의 세기를 증가시켜가
며 발광스펙트럼의 변화를 측정하였으며, 긴 시간에 대한 발광스펙트럼 요동도 조사하였다.
Keywords:
질화물 반도체, 반도체 양자점, 단일광자,
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Abstract:
The efficiency of InGaN/GaN light-emitting diodes (LEDs) is still limited by the inherent problems such as
strain-induced internal piezoelectric field and high density of threading dislocations by the lattice and thermal
expansion coefficient mismatch between GaN and sapphire. Epitaxial lateral overgrowth (ELO) is very
promising approaches for heteroepitaxial growth of high quality GaN. Recently, we demonstrated facile
methods to facilitate epitaxial lateral overgrowth (ELO) of LED using single-walled carbon nanotubes
(SWCNTs) [1]. In this study, a significant biaxial stress relaxation was achieved in the subsequently grown Sidoped GaN layer using SWCNTs as nanomasks on undoped GaN template. The SWCNTs allow ELO of GaN
to occure, leading to the suppression of dislocations and stress relaxation by up to 0.3 GPa. High-resolution
x-ray diffraction, micro-Raman and photoluminescence studies revealed substantial improvements in the
crystal and optical quality of the Si-doped GaN layer. Also, InGaN/GaN LEDs on this high quality Si-doped
GaN showed improved internal quantum efficiency and light output power with significant efficiency droop
mitigation at higher injection currents. Fig. 1 Raman spectra of undoped GaN and Si-doped GaN probed
around the E2 (high) and A1 LO (inset) modes
Keywords:
carbon nanotube; nanoepitaxy; Si-doped GaN; stress relaxation; efficiency droop
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Single photon emission from an InGaN/GaN single quantum-dot
embedded in a nano-pyramid structure
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Abstract:
The semiconductor quantum dots (QDs) have been widely used for quantum information process such as
quantum computing and quantum cryptography. Especially, the ability of elevated temperature operation with
unity polarizability makes III-Nitride based QDs attractive single photon emitters. [1-2] However, the strong
built-in electric field and high defect density cause huge inhomogeneous linewidth broadening via spectral
diffusion, which interrupts the coherence property of single photon. Here, we suggest single photon emission
from an InGaN/GaN single QD embedded in a nano-pyramid structure. GaN nano-pyramid structures were
grown on a (0001) sapphire substrate by metal organic chemical vapor deposition. InGaN single quantum well
layer was regrown on these structures. And then, GaN layer was deposited as capping layer. Finally, the
InGaN/GaN single QD was formed at apex of the nano-pyramid structure. From high-resolution
transmission electron microscopy, a small height QD is observed. It indicates reduction of permanent dipole
moment which leads to small spectral diffusion of emitted photons. Moreover, no measureable screening effect
of emitted photons is observed via the power dependent micro-photoluminescence. This result is strongly
related to a negligible quantum-confinement Stark effect of the InGaN/GaN single QD. As a result, the
spectral-resolution limited single photon emission is obtained with a small inhomogeneous linewidth
broadening. This work presents an advanced growth geometry of QD, which improves the limitations of IIINitride based single photon sources.
Keywords:
Single photon source, Quantum dot, III-V semiconductor, Nanostructure
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Abstract:
Recently, many groups have attempted to fabricate non-polar or semi-polar based InGaN/GaN structure as
light emtting diodes (LEDs). Since non-polar or semi-polar planes have lower built-in electric field than
c-plane, InGaN multiple quantum wells grown on non- and semi-polar planes improve the quantum
efficiency by reducing quantum confined Stark effect. One of the way to fabricate those planes is forming
three-dimensional (3D) structure such as pyramid, stripe, wire and annular. Especially, pyramidal and annular
structures consisting of various crystal planes have been studied for application phosphor-free white light
emtting diodes because those structures have broad-spetra emitted from various facets.[1] However, it still has
limitations to obtain broad-band spectra with high color rendering index (CRI) number because of narrowband emission and poor indium composition caused by the formation of few number of facets determined by
kinetic wulff plot during metal-organic chemical vapor deposition growth.[2] If we can fabricate 3D structure
having more various facets, we can make broad-band emittied white LEDs and improve CRI number. In this
study, we suggest a simple method to fabricate 3D structures having various facets using wet etching and
explain their etching mechanism.
Reference [1] Y.
H. Ko, Jie Song, Benjamin Leung, Jung Han & Yong-Hoon Cho, Scientific Reports, 4, 5514, 2014 [2] Q. Sun,
Christopher D. Yerino, Benjamin Leung, Journal of Applied Physics, Vol 110, 053517, 2011
Keywords:
Semiconductor, InGaN, GaN, 3D structure, LED
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Abstract:
We investigated the influence of Ag heptamer nanocluster (NC) array on the optical characteristics of 10mm-thick Si wafers, using finite-difference time-domain simulation. The calculated spectra showed that the
Ag NC arrays improved the optical absorption of the Si wafers in very broad wavelength range. The
absorption enhancement by the NC array was more pronounced at long wavelengths, compared with that by a
monomer array. The optical spectra of NCs are very distinct from those of monomers. Near-field interaction
between neighboring metal nanoparticles in an NC gives rise to hybridized plasmon modes and Fano resonance
dips. The scattering cross-section spectra of the heptamer on the Si wafer exhibited one broad peak with a
kink, whereas those in air showed two broad peaks and one sharp Fano dip between them. This suggested that
the Si wafer modified the optical response of the Ag heptamer much more significantly than that of the Ag
monomer. The presence of a high refractive index substrate largely modified the near-field coupling between
the neighboring particles in NC and the plasmonic hybridization. This work can provide valuable insight into
the implementation of plasmonic antennas for desirable Si-based optoelectronic devices.
Keywords:
PlasmonicsHeptamerSiHybridized plasmon mode

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

F2.07*

Enhanced electron mobility in epitaxial (Ba,La)SnO3 films on BaSnO3
(001) substrates
이웅재1, 김형준1, 손이곤1, 김태훈1, 박주영1, 박완서2, 정현학2, 이탁희2, 김진혁3, 최기영1, 김기훈*1, 2
1

서울대학교 물리천문학부 첨단복합물질상태연구단, 2서울대학교 물리천문학부 응용물리연구소, 3전남대학교 신소
재공학부
*

khkim@phya.snu.ac.kr

Abstract:
Fabricating thin films with high electron mobility (μ) and optical transparency is a prerequisite for
applications of transparent oxide semiconductors (TOSs) in numerous commercial devices such as mobile
touch pads, solar cells, and logic devices. While the perovskite stannates (Ba,La)SnO3 (BLSO) have been
recently found to be a new n-type TOSs with high room temperature μ up to ~300 cm2V-1s-1 in a single
crystal form, the thin films grown on the SrTiO3(001) substrate have shown much lower μ due to the large
lattice mismatch between the film and the substrate [1,2]. Here, we report the growth of Ba1-xLaxSnO3 (x =
0.00, 0.005, 0.01, 0.02, and 0.04) epitaxial-thin films on the insulating BaSnO3(001) substrate by pulsed laser
deposition. The insulating BaSnO3 substrates were grown by the Cu2O-CuO flux, in which the molar fraction
of KClO4 was systematically increased to reduce electron carriers and thus induce a doping induced metalinsulator transition, exhibiting a resistivity increase from ~10-3 to ~1012 Ω cm at room temperature. We find
that all the Ba1-xLaxSnO3 films turn out to be epitaxial, showing good in-plane lattice matching with the
substrate as confirmed by X-ray reciprocal space mappings and transmission electron microscopy studies. The
Ba1-xLaxSnO3 (x = 0.005-0.04) films showed degenerate semiconducting behavior, and the μ at room
temperature reached 100 and 85 cm2V-1s-1 at doping levels 1.3×1020 and 6.8×1019 cm-3, respectively. This
work demonstrates that thin perovskite stannate films of high quality can be grown on the BaSnO3 (001)
substrates for potential applications in transparent electronic devices [3]. [1] H. J. Kim, U. Kim, H. M. Kim, T.
H. Kim, H. S. Mun, B.-G. Jeon, K. T. Hong, W.-J. Lee, C. Ju, K. H. Kim, and K. Char, Appl. Phys. Express
5, 061102 (2012). [2] H. J. Kim, U. Kim, T. H. Kim, J. Kim, H. M. Kim, B.-G. Jeon, W.-J. Lee, H. S. Mun,
K. T. Hong, J. Yu, K. Char, and K. H. Kim, Phys. Rev. B 86, 165205 (2012). [3] W.-J. Lee, H. J. Kim, E.
Sohn, T. H. Kim, J.-Y. Park. W. Park, H. Jeong, T. Lee, J. H. Kim, K.-Y. Choi, and K. H. Kim, Appl. Phys.
Lett. 108, 082105 (2016).
Keywords:
TCO, BaSnO3, Crystal growth, Thin film growth, Doping, Epitaxy
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Abstract:
Low-cost, high efficiency solar cells are tremendous interests for the realization of a renewable and clean
energy source. ZnTe based solar cells have a possibility of high efficiency with formation of an intermediated
energy band structure by impurity doping. A pulsed (10 Hz) Nd:YAG laser operating at a wavelength of 266
nm was used to produce a plasma plume from an ablated a ZnTe:Cr target, whose density of laser energy was
10 J/cm2. The base pressure of the chamber was kept at a pressure of approximately 4x10-7 Torr. ZnTe:Cr
and i-ZnTe thin films with thickness of 130 nm were grown on p-Si substrate, respectively, and then AlZnO
thin films with thickness of 150 nm were grown on these layers at oxygen partial pressure of 3 mTorr. Growth
temperature of all the films was set to 250 oC. For ohmic back contact to p-Si, InSnO layer with thickness of
100 nm was grown on back side of p-Si by using sputter. Finally, grid patterns of Ti/Au and In metal were
deposited on front and back side of the solar cells by using thermal evaporation, respectively. From the
fabricated solar cell, dark current was measured by using Keithley 2600. Solar cell parameters were obtained
under Air Mass 1.5 Global solar simulator with an irradiation intensity of 100 mW cm−2.
Keywords:
Pulsed laser deposition, ZnTe, InSnO
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Abstract:
We studied the effect of the silver grid size on graphene transparent conducting films for flexible organic solar
cells (OSCs). The silver grid was used an assistant layer of the graphene to reduce the sheet resistance of
substrates. Silver grid with various graphene sizes for optimizing transmittance and sheet resistance of
substrates were fabricated on polyethylene terephthalate (PET) substrates to form the hybrid films. The
optimized grid geometry on the single layer graphene (SLG) was the grid dimension 200 um x 200 um x 50 nm
x 2 um (length x width x height x linewidth), where the sheet resistance was 55.73 Ω/square with the average
transmittance of ~ 92.83 % at 550 nm. The properties of the OSCs fabricated using SLG with optimized silver
grids on PET substrates show a short circuit current of 10.9 mA/cm2, an open circuit voltage of 0.58 V, a fill
factor of 60.8 %, and a power conversion efficiency (PCE) of 3.9 %. The PCE was improved about 90.7% than
that of the OSCs using the SLG without the silver grid. These results demonstrate that the optimized grid
geometry to the based on the graphene transparent electrodes contribute to improving the performance of
OSCs.
Keywords:
flexible organic solar cell, graphene, silver grid
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Abstract:
We characterized the n-type organic field-effect transistors (OFETs) with non-conjugated polyelectrolytes
(NPEs) interlayers as the electron injection layer. Novel NPEs with various couterions (Cl-, Br-, I-) improved
the electron mobilities of up to ~10-2 cm2V-1s-1 with on-off ratios (Ion/Ioff) of 105 in OFETs based [6,6]
-Phenyl-C61-butyric acid methyl ester (PCBM). Reduced electron injection barrier (ϕe) at NPE/metal
electrode interface was induced by dipole formation and led to increase the electron injection and transport.
These findings are important for understanding how NPEs function in devices, the improvement of device
performance, and the design of new materials for use in optoelectronic devices.
Keywords:
Organic field effect transistor (OFET), n-type, Non-conjugated polyelectrolyte (NPE), Electron injection layer
(ETL), [6,6]-Phenyl-C61-butyric acid methyl ester (PCBM)
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Abstract:
The metal intercalation to an organic semiconductor is of importance since the charge transfer between a metal
and an organic semiconductor can induce the highly enhanced conductivity for achieving efficient organic
electronic devices. In this regard, the changes of the electronic structure of copper phthalocyanine (CuPc)
caused by the intercalation of potassium are studied by ultraviolet photoemission spectroscopy (UPS) and
density functional theory (DFT) calculations. Potassium intercalation leads to the appearance of an
intercalation-induced peak between the highest molecular occupied orbital (HOMO) and the lowest molecular
unoccupied orbital (LUMO) in the valence-band spectra obtained using UPS. The DFT calculations show that
the new gap state is attributed to filling the LUMO+1, unlike a common belief of filling the LUMO. However,
the LUMO+1 is not conductive because the π–conjugated macrocyclic isoindole rings on the molecule do not
make a contribution to the LUMO+1. This is the origin of an metal-insulator transition through heavily
potassium doped CuPc.
Keywords:
PES, CuPc, DFT, Potassium, Electronic structure
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Abstract:
Carbon materials, i.e. graphene, carbon nanotube, carbon fiber etc., are great interest to the scientific
community because of high conductivity, mechanical strength, flexible properties and so on. Here, we
examined the structural and electrical changes of carbonized polyacrylonitrile (PAN) and 6,13-Bis
(triisopropylsilylethynyl)(TIPS-pentacene) materials. The graphene material carbonized with PAN and TIPSpentacene were analyzed, on focusing morphology and mechanical properties. To observe clearly the graphene
property, charge transport through graphene and the enhanced properties are studied.
Keywords:
carbonized organic material, graphene, polyacrylonitrile (PAN), 6,13-Bis(triisopropylsilylethynyl)(TIPSpentacene)
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Abstract:
Organic resistive memory devices have been developed as a promising future data storage media to substitute
silicon-based memory devices in flexible electronics application. Among them, the mixture of polyimide (PI)
and 6-phenyl-C61 butyric acid methyl ester (PCBM) (denoted as PI:PCBM) has been employed to various
organic resistive memory applications [1-3]. However, until now there were few reliability studies of PI:PCBM
memory devices under thermal stress. In this presentation, I will report the result of thorough investigation of
the reliability issues against thermal stresses about nonvolatile organic resistive memory devices using
PI:PCBM. We confirmed the thermal robustness of PI:PCBM organic resistive memory devices through
verification of their electrical and structural robustness upon increasing the temperature from room
temperature to 470 K. PI:PCBM organic memory devices exhibited stable resistive switching performance such
as similar current levels, steady ON/OFF ratio, and unchanged conductive features. From the retention more
than 104 seconds, endurance cycles more than 200 switching cycles, and thermal stress tests over 1 hour, stable
resistive switching of the PI:PCBM memory devices was maintained at high temperature. Moreover, we
verified the structural robustness of our PI:PCBM organic memory under thermal stress by cross-sectional
transmission electron microscopy, energy dispersive X-ray spectroscopy, and atomic force microscopy analysis
of the active layer after a retention test at 470 K for 104 seconds. This study demonstrated the electrical
stability and structural robustness of the matrix polymer under thermal stress. This thermal robustness of the
PI:PCBM system promises a stable functionality in high temperature environments. [1] B. Cho, T.-W. Kim, S.
Song, Y. Ji, M. Jo, H. Hwang, G.-Y. Jung, T. Lee, Adv. Mater. 22, 1228 (2010). [2] Y. Song, J. Jang, D. Yoo,
S.-H. Jung, S. Hong, J.-K. Lee, T. Lee, Org. Electron. 17, 192 (2015). [3] D. Yoo, Y. Song, J. Jang, W.-T.
Hwang, S.-H. Jung, S. Hong, J.-K. Lee, T. Lee, Org. Electron. 21,198 (2015).
Keywords:
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Abstract:
유기 발광 소재인 1,4-bis(3,5-bis(trifluoromethyl) styryl)-2,5-dibromobenzene (TSDB) 분자들의 자기조립 특성
을 이용하여 마이크로미터 규모의 막대 형태 (micro rod) 결정을 제작하였다. SEM 실험을 통하여 TSDB 단결정의
길이가 ~ 40 µm, 두께가 ~ 2 µm 인 막대 형태임을 관찰하였다. SERS 효과를 구현하기 위하여 기능성 금 나노입자
를 제작하여 실험에 사용하였다. HR-TEM 실험을 통하여 제작한 금 나노입자의 크기가 5 nm 정도임을 관찰하였
고, TSDB microrod에 금 나노입자가 잘 부착되어 있는 것을 확인하였다. UV/Vis 흡수 실험과 photoluminescence
(PL) 실험을 통하여 용액 상태의 광학 특성을 측정, 분석하였다. 고해상도 laser confocal microscope (LCM) 장비
를 사용하여 입사되는 레이저 위치를 이동하면서 제작된 TSDB microrod와 금 나노입자를 부착한 TSDB microrod
에서 SERS 신호 전달 특성을 측정하고, 분석하였다. 바이오 물질인 thrombin binding aptamer를 부착하여 라만 신
호를 분석하여 이를 통한 바이오 센싱 가능성을 확인하였다.
Keywords:
signal transfer, SERS, Raman, bio-sensing
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Improved electron extraction in inverted organic photovoltaics by
doped ZnO intercalation
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Abstract:
Organic photovoltaics (OPVs) are of great interest due to their low-cost, flexible and eco-friendly properties
for future energy source. In this talk, we demonstrate that nanocrystalline zinc oxide thin film doped with
various metals as an interlayer can remarkably enhance the efficiency of inverted polymer photovoltaics based
on the bulk heterojunction with the mixture of [6,6]-phenyl C71-butyric acid methyl ester (PC70BM) and
diverse donors, such as poly[4,8-bis[(2-ethylhexyl)oxy]benzo[1,2-b:4,5-b]dithiophene-2,6-diyl][3-fluoro2-[(2ethylhexyl)carbonyl]thieno[3,4-b]-thiophenediyl
(PTB7)
and
poly[[9-(1-octylnonyl)-9Hcarbazole-2,7-diyl]-2,5-thiophenediyl-2,1,3-benzothiadiazole-4,7-diyl-2,5-thiophenediyl] (PCDTBT). It
was recently reported that metal doping of ZnO thin film such as Li, Al, or Ga is an effective way to modify
the grain size and orientation of ZnO crystallites. It can highly affect the structural, optical and electrical
properties. Here, we adopted various metal dopants to inverted organic solar cells. As a result, the doped ZnO
film with a number of dopants, such as Al, Ga, In, Li and Cd, was prepared by sol-gel spin coating method
and a certain doping concentration is obtained in each case. Ga doped ZnO (GZO) film with ca. 6 at. % Ga
concentration, for the case, was intercalated between the ITO electrode and the active layer (PTB7:PC70BM),
the power conversion efficiency increases from 6.1 % to 7.9 %.
Keywords:
Photovoltaics, organic semiconductor, polymer, electron extraction, interlayer
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Low Dimensional Nanostructure Based NEMS; Physics and
Applications
LEE Sang Wook*
Department of Physics, Konkuk University
*

nicesw@gmail.com

Abstract:
In this presentation, I will introduce our research achievements on low dimensional nano structure based nano
electromechanical systems (NEMS). First part of this presentation is covered with carbon based nano devices.
Fabrication of suspended carbon nanotube (CNT) based nano relay device made it possible to flourish our
NEMS research field. The DC electromechanical switching and mechanical resonance behavior of CNT relay
inspired us to develop mechanical switch based non-volatile memory device and wide range tunable RF
component. While we have been studying electromechanical properties of carbon based nano devices, we
developed micro contact transfer method, which controls the position of low dimensional nano structures so
that various interesting nano devices can be realized with reliable manner. Several nano electronic and nano
electromechanical devices fabricated by this technique, such as CNT transistor combined with suspended
graphene gate, periodically modulated graphene device, twisted bilayer cross junction, and all carbon based
transistor and so on, will be introduced. Experimental studies on in-situ electromechanical properties of low
dimensional nano materials will be introduced in the second part of presentation. This subject is started from
simple mechanical and electromechanical measurements on one dimensional materials. By combining atomic
force microscope to Raman system, in-situ Raman spectra was obtained while a uniaxial strain was applied to
a suspended individual single wall CNT. Piezotronic effect of a suspended ZnO microwire was detected by
monitoring current while the wire is under its mechanical resonance condition.
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Single Molecule Dynamics in Soft Matter
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Abstract:
The single-molecule fluorescence methods offer several advantages to the biophysics researchers. One of the
advantages is that the fluorescence measurements can be performed in situ, though it remains true that the
spatial resolution of electron microscopy is better. The use of a single-molecule tracking to follow the
Gaussian center of a blurry diffraction-limited image, it may be a few nanometers to a few tens of nanometers.
Conformational mobility and transport can also be studied. Tracking the transport of individual polymer
molecules finds wider application when the moving molecules become larger, large enough that the molecule
exceeds the spatial resolution. The technique of fluorescence correlation spectroscopy averages over the course
of time over many molecules, each of them measured with single-molecule sensitivity for a short time,
allowing single-polymer diffusion to be measured at surfaces and in ultra-dilute solutions. Here I introduce
some of the single molecule fluorescence methods to observe molecular rotation and diffusion including
fluorescence correlation spectroscopy, single molecule tracking, fluorescence depolarization techniques and so
on.
Keywords:
single-molecule fluorescence methods, polymer diffusion, single molecule tracking
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Biophysical modelling of bacterial chromosomes: coarse-graining with
benefits
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Department of Physics & Astronomy, University of Waterloo
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Abstract:
To what extent is a chromosome a physical object? In this talk, a coarse-grained model will be introduced for
describing bacterial chromosome organization. To this end, I will highlight entropic forces in organizing chain
molecules in a crowded and confined space. Contrary to our common intuition, entropy favors segregation of
chain molecules, if trapped in a cell-like cylindrical space. Also in a crowded medium, a chain molecule can
be entropically phase-separated into a collapsed state, similarly to what has been seen with bacterial
chromosomes. Furthermore, entropic effects account for the clustering of transcription-active sites into the
so-called 'transcription foci' in a bacterial cell. An essential aspect of chromosome organization, as desired for
their biological function, is biological ordering emerging from microscopic disorder.
Keywords:
entropy, molecular crowding, confined polymers, chromosome organization
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Interaction between polydisperse polymer-grafted nanoparticles in
polymer nanocomposites
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Abstract:
In this research, we develop a new numerical scheme of self-consistent field theory (SCFT) to quantify
interaction properties between two spherical nanoparticles (NPs) coated with polydisperse homopolymer grafts
in chemically identical homopolymer melts. In our numerical SCFT calculation, two-dimensional finite volume
method (FVM) which efficiently conserves the amount of material in curvilinear coordinate is adopted, and the
differential equation for partition function is solved in real space with Multicoordinate-system (MCS) scheme
which makes use of the mirror symmetry between the two particles. In this research, we investigate how
distribution of polydisperse chain lengths affects grafted chain conformation and enhances stabilization
mechanism for dispersion by calculating interaction potentials between two polymer-coated NPs as functions
of grafting density, polydispersity index (PDI) and distance between the two particles. Our results reveal that
polydisperse distribution stabilizes dispersions more efficiently than bidisperse or monodisperse counterparts.
Keywords:
self-consistent field theory, nanoparticles, nanocomposite, polymer, brush

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

F4.04

Marangoni shock in obstructed soap film flows
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Abstract:
Soap films have been used to study two dimensional hydrodynamics for many years. While many experimental
studies on vortex dynamics and turbulence show the quasi two dimensionality of soap film channel, the three
dimensional character emerges as the flow speed increases. In this study, we experimentally investigate oblique
shock formation in soap film to measure Marangoni elastic wave speed. Only when the soap film flow is
slower than the elastic wave speed, the flow can successfully be approximated to two dimensional flow. When
the flow becomes faster, the two dimensional compressibility emerges from the incompressible fluid flow.
Keywords:
Marangoni, shock, fluid, hydrodynamics
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General Differential Contact Identites for Macromolecules
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Abstract:
We discuss general Maxwell identities relating a macromolecule's charge, the forces acting at its surface, and
the osmotic pressure of the solution in which it sits. The identities are closely related to the contact value
relations that hold for certain special geometries, but are more general. In particular, the Maxwell identities can
be applied to any macromolecule geometry, and they hold both within and outside of mean-field theory.
Examples illustrate that combining the identities with approximate treatments of screening can often return
simple, accurate osmotic pressure estimates.
Keywords:
Macromolecules, Polymer, Single molecule experiment, Thermodynamics
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Wetting ridge dynamics on soft solids during spreading and
evaporation
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Abstract:
Wetting on soft materials has lately attracted common attention by its fundamental importance in natural
science and practical applications. If the surface is sufficiently deformable, a remarkable feature of “wetting
ridge” is formed along the contact line by the vertical component of the liquid surface tension. The wetting
ridge formation directly affects dynamic wetting, such as spreading and evaporation, as well as static wetting.
However, the mechanism is hardly known because the dynamics of a wetting ridge still remains unclear due to
a lack of experimental investigations. Here, I study wetting ridge dynamics during spreading and evaporation
using transmission x-ray microscopy. The ridge acts like a defect inducing a strong pinning effect in both
spreading and evaporation, but the mechanism is more complex. I discuss pinning mechanisms during
spreading and evaporation, considering the geometry of wetting ridge and viscoelasticity of the surface.
Keywords:
Wetting ridge, Elastocapillarity, X-ray imaging, Pinning
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Photoinduced Phase Transitions by Time-Resolved Spectroscopy in the
Mott Insulator Ca2RuO4
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Abstract:
We investigate photoinduced phase transitions of the Mott insulator Ca2RuO4 using timeresolved spectroscopy. Ca2RuO4 shows a metal-insulator transition together with a structural transition, and
also orbital ordering and antiferromagnetic ordering in sequence as the sample is cooled. We observe that the
phase transitions vary at different temperatures depending on the pump fluence. We also observe that the
ultrafast pulses excite multiple vibrational modes as coherent oscillations. Interestingly, the coherent
oscillations abruptly change beyond a threshold fluence, which manifests a new kind of photoinduced phase
transition. In this system, optically driven structural distortions is highly related to the orbital ordering and the
metal-insulator transition with the photoinduced phenomena. The details of the photoinduced phase
transitions in Ca2RuO4 will be presented and discussed.
Keywords:
pump-probe spectroscopy, Mott insulator, ultrafast dynamics
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2D correlation analysis and principal component analysis of the Raman
spectra of boron purity dependent SmB6 (6N) and SmB6 (3N) single
crystals
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Abstract:
2D correlation analysis (2DCOS) and principal component analysis (PCA) were performed on temperaturedependent Raman spectra of SmB6 single crystals grown from boron with a purity of 99.9% (3N) or 99.9999%
(6N) from 12 K to 300 K. We found the significant differences in the Raman spectra of 3N and 6N purity
samples. The Raman active phonon modes T2g, Eg, A1g of SmB6 (3N) are broader and appear at higher
wavenumbers compared with those of SmB6 (6N). The results of 2DCOS on temperature-dependent Raman
spectra of SmB6 (3N and 6N) give us more details than this simple observation. From the synchronous and
asynchronous spectra of SmB6 (3N and 6N), we found that all of three peaks of SmB6 (6N) are single band,
while T2g of SmB6 (3N) sample consists of two overlap peaks and Eg, A1g of SmB6 (3N) show the complicated
combination of more than one band. The wavenumber dependences of loading vectors of T2g, Eg and A1g
modes in PCA support the 2DCOS results well.
Keywords:
Raman scattering, 2D correlation spectra, synchronous spectrum, asynchronous spectrum, principal
component analysis (PCA), SmB6.
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Anisotropic magnetocaloric effect in the double perovskite
Gd2CoMnO6
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Abstract:
We have synthesized single crystals of double pervskite Gd2CoMnO6(GCMO) by the flux method and
investigated magnetocaloric effect. Magnetic susceptibility of GCMO increases smoothly as temperature
decrease and ferromagnetic order occurs below 112 K. Additional anomaly show at low temperature,
indicative of the onset of Gd3+ spin arrangement. The isothermal magnetizations at various temperatures show
that the larger magnetocaloric effect emerges along in-plane direction. The change in magnetic entropy,
-ΔSM, exhibits a sharp peak which is gigantic and cryogenic. Our findings provide the importance of magnetic
anisotropy in magnetocalroic effect and a new promising cryogenic magnetic refrigerant material.
Keywords:
Magnetocaloric effect, Double perovskite
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Frustrated magnetism and Spin-Peierls like transition in Mott insulating
(V1-xCrx)2O3
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Abstract:
The phase diagram of rhombohedral (pseudo-hexagonal) V2O3 features several distinct strongly correlated
phases as a function of doping, pressure and temperature. With modern time-of- ight inelastic neutron
scattering spectrometers, we have probed the excitation spectrum over a wide range of energy and momentum
transfer for (V0.96Cr0.04)2O3 in its unique antiferromagnetic and paramagnetic insulating phases (AFI & PI).
An e ective exchange Hamiltonian that accounts for the spin waves in the AFI phase indicates alternating
FMand AFM interactions for nearest neighbor spin pairs that are equivalent in the PI phase. We argue that the
corresponding spin-orbital uctuations are responsible for the extremely short-range dynamic spin correlations
that we document in the PI phase. Our results indicate that a spin-Peierls e ect relieves frustration, and that
frustration is responsible for exposing the Mott transition in V2O3.
Keywords:
Mott insulator
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Structural and spectroscopic evidence of oxidation in MoO2
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Abstract:
Redox processes in transition metal oxides often lead to phase transitions, i.e. metal-to-insulator transition,
ferromagnetic-to-non-ferromagnetic transition, and etc. Such redox-driven behaviors are mainly due to
multiple valence states of transition metals. Among many oxides, molybdenum oxides have various crystal
structures and physical properties. The structural change of MoO2 due to oxidation is a transition of the
distorted rutile structure (MoO2) to double-layered orthorhombic structure (MoO3) through the
rearrangement of MoO6 octahadra. In this study, we observed changes of structural and spectroscopic
evidence of oxidation in MoO2 epitaxial thin films at low temperature. We grew the MoO2 epitaxial thin film
by RF magnetron sputtering and confirmed the quality of films by high resolution x-ray diffraction (HRXRD) and atomic force macroscopy (AFM). Good metallic behavior of films was probed by temperature
dependent transport measurements. After growth of MoO2, we induced phase transition to MoO3 through
oxygen annealing. We observed the systematic change of oxidation states and crystal structure as a function of
temperature using x-ray diffraction and ellipsometric spectroscopy. This work was supported by the National
Research Foundation of Korea(NRF) grant funded by the Korea government(MSIP) through GCRC-SOP (No.
2011-0030013). Also, this research was supported by Basic Science Research Program through the NRF
funded by the Ministry of Education(NRF-2015R1D1A1A02062175).
Keywords:
Condensed matter, Strongly correlated system, MoO2,
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Abstract:
When a two-band model of superconductivity is considered, where one band is treated in line with BCS and
the other band is much more correlated, the superconducting transition temperature is always raised over that
of the BCS pairing if the pair transfer interaction between the two bands is introduced. (Suhl-Kondo pair
transfer mechanism [1]) The electron-phonon interaction, from which the attractive interaction arises, is
regarded as a pairing glue in conventional BCS superconductors. On the contrary, the high Tc
superconductivity in cuprates and iron-pnictides, where an order of magnitude discrepancy occurs between the
BCS prediction and the experimental measurement of Tc, is believed to rely on a mechanism different from the
electron-phonon interaction in general. The aforementioned “Suhl-Kondo pair transfer mechanism”, however,
can enhance Tc much higher than the BCS prediction if the moderate electron-phonon interaction can induce
large orbital fluctuations in a multi-orbital system. [2] The parent compound superconductor Sr2VO3FeAs
(Tc~37K) [3] is a complicate multi-band system whose Fermi surface sheets consist of 3d electrons from both
of Fe and V atoms. We perform a spectroscopic imaging scanning tunneling microscopy study on Sr2VO3FeAs
in order to elucidate the role of electron-phonon interaction on the Cooper pairing. We find that the
quasiparticle scattering interference (QPI) pattern exhibits two replica bands as a consequence of the strong
forward scattering attributed to an A1g mode of As atoms, which causes intra-orbital transitions in t2g orbital
states. At temperature lower than 50 K, we observe anisotropic kinks develop in the original band, which is
attributed to Eg mode of Fe+As atoms that causes inter-orbital transitions between electrons in t2g orbitals.
The atomic displacement of each phonon mode is obtained from ab initio calculations, based on which we
make semi-quantitative analysis of the electron-phonon interaction between the optical phonons and t2g
electrons to estimate Tc within the context of Suhl-Kondo pair transfer mechanism. [1] H. Suhl et al., PRL 3,
552 (1959); J. Kondo, Prog. Theor. Phys. 29, 1 (1963) [2] H. Kontani and S. Onari, PRL 104, 157001 (2010)
[3] X. Zhu et al., PRB 27, 220512 (2009)
Keywords:
iron-based superconductor, electron-phonon interaction, scanning tunneling microscopy, quasiparticle
scattering interference
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Abstract:
Correlated oxide nanostructures or thin films have attracted a lot of attention as a promising candidate for
next-generation devices, due to their abnormal physical phenomena that have emerged. Therefore,
understanding of their unusual electronic structures of correlated oxides at room temperature is primarily
required for them to be investigated. For this purpose, we use ab initio density functional theory to study the
room-temperature electronic structure of MnO. First, we investigate the influence of magnetic disorder on its
electronic structure using noncollinear spin calculations, where we consider paramagnetism as an ensemble
average of various spin disorders. Disordered spin configurations, such as spin directions and magnitudes, are
initially constructed by random number generation. It is found that the magnetic disorder makes valence band
maximum more delocalized. Moreover, we examine the role of electron correlations in the electronic structure
of MnO in paramagnetic state using DFT+U calculations. It is observed that strong electron correlations
modify not only the size of band gap but also the magnitude of local magnetic moments. Besides, we find that
the ratio of exchange coupling constants JNN and JNNN can also be adjusted with the parameter of on-site
coulomb interaction. Our results, which have been obtained considering both paramagnetism and strong
electron correlations, verify the experimentally-observed oxygen K edge X-ray emission spectra [1] reflecting
the feature of valence bands. [1] E. Z. Kurmaev et al., Phys. Rev. B. 77, 165127 (2008).
Keywords:
Paramagnetism, electron correlation, manganese oxide, and density functional theory
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Materials research through first-principles electronic structure
calculations
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Abstract:
We have studied electronic structures and ionic structures of various materials, including nanostructures,
metal-insulator interfaces, ionic solids, and ionic liquids. Motivations of these works are mainly based on
energy storage and energy conversion operations. In this presentation, we focus on our recent studies of nano
materials in collaboration with experimentalists. We discuss the particular electron and phonon structure of the
interface between metal and metal oxides. The properties of metal-decorated graphitic edges will be presented
in terms of four-electron oxygen reduction reaction. We also present the phonon-assisted electron tunneling
that may be utilized to activate the oxidation process on the exposed insulator surface.
Keywords:
First-principles calculation, energy storage, energy conversion
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Abstract:
Recently we have shown that coherent electron and phonon (heat) transport through a point-like contact in
the atomic force microscopy set-up at the ultra-high vacuum condition produces an atomic Seebeck effect,
which represents the novel imaging principle of surface wave functions with atomic resolution [1,2]. We have
found that the coherent transmission probabilities of electron and phonon across the tip-sample junction are
equally important for the imaging capability of the scanning Seebeck microscope. Also, we have found that
energetic tunneling electrons in scanning tunneling microscopy can cause chemical reactions at the single
molecule level by locally exciting phonon modes of molecules (or nanoscale heating) under the tip through the
inelastic electron-phonon scattering [3]. In this talk, I will discuss how we theoretically explore microscopic
phonon dynamics using density functional theory (DFT) calculations and scanning probe microscopy (SPM)
experiments for atomic scale thermoelectric imaging and single molecule chemical reaction. [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, Nature Mater. 12, 913 (2013). [2] E.-S. Lee, S. Cho, H.-K. Lyeo, and Y.-H. Kim, Phys.
Rev. Lett. 112, 136601 (2014). [3] H. Kim, Y. H. Chang, W.-J. Jang, E.-S. Lee, Y.-H. Kim, and S.-J. Kahng,
ACS Nano 9, 7722 (2015).
Keywords:
DFT, SPM, thermoelectric, phonon, single-molecule
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Directional-growth of inorganic nanowires on graphene from
experiments and first principles
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Abstract:
We found that inorganic nanowires consisting of gold, carbon, and nitrogen elements can grow on graphene,
aligning them with zigzag direction of the graphene [1]. The nanowires were synthesized through a selforganized growth process in aqueous solution at room temperature. The nanowires were found to be aligned
on graphene in a zigzag edge direction. Using the synthesized nanowires, zigzag graphene nanoribbons were
fabricated. First-principles calculations based on the density functional theory (DFT) were employed to
investigate what the nanowires are and the origins of the directional growth of inorganic nanowires. We
identified that the nanowires are gold cyanide nanowires, i.e., Au-CN through comparison between high
resolution TEM image and the DFT results on the lattice constants of the nanowires. The directional growth
originates from the lattice matching between the Au-CN nanowires and graphene in a zigzag direction, while
the lattice is not matched with graphene in different directions. We also will discuss other directional inorganic
nanowires on graphene such as silver cyanide and copper cyanide nanowires.
Keywords:
self-assembly, inorganic nanowires,directional growth, DFT, first principles, AuCN, graphene
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Active hydrogen evolution in a pristine MoTe2 single crystal
LEE Jun-Ho1, SEOK Jinbong2, 3, CHO Suyeon3, JI Byungdo2, KIM Hyo Won4, KIM Sung Wng2, LEE Young
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Abstract:
Hydrogen evolution using electrochemical reaction of water with specific catalysts has been considered as one
of next-generation energy resources. The best-well known and most productive electrochemical catalyst is
platinum. There have been extensive studies to replace the precious Pt-based catalysts by inexpensive and
earth-abundant materials such as transition metal dichalcogenides (TMD). However, TMDs for useful
catalytic activity always involves with extensive materials processing such as vacancy creation, edge exposition
or mechanical strain. Here, we report a theoretical study with an experiment result showing that an entire
surface of unprocessed pristine surface of MoTe2 is very effective for HER being comparable to that of Pt. An
origin of effective HER will be discussed and improvement of HER efficiency with controlled modification of
MoTe2 will be presented.
Keywords:
hydrogen evolution reaction, transition metal dichalcogenide, DFT calculation, hybrid Pt-MoTe2

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

F9.01

Accessing the magnetic content of endohedral fullerenes
GREBER Thomas*
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Abstract:
Fullerenes are perfect cages made of carbon atoms which can contain other species of atoms on the inside.
Here we will focus on the magnetic properties of fullerenes that contain a central nitrogen atom as well as
three magnetic atoms. We will use x-ray magnetic circular dichroism to measure the properties of these
molecules in bulk films as well as in thin layers on surfaces. These fullerenes offer an environment that protects
the magnetic core from the environment and therefore might be of great use in future quantum devices.
Keywords:
Fullerenes
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Influence of graphene-substrate interactions on the electronic properties
of graphene on Pt(111)
KIM Hyo Won*
Samsung Advanced Institute of Technology
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Abstract:
Graphene is a promising building block for future electronic devices but actualizing this enormous promise and
realizing graphene-based devices requires a thorough understanding of how the contact between graphene and
the underlying metal substrate affects the electronic properties of graphene. Metallic contacts to graphene are
known to influence doping and can result in the opening of a band gap, which in turn significantly modifies
the transport properties. The electronic properties of graphene on metal substrates also strongly depend on the
nature of the graphene–metal interaction. Here, I present the graphene-metal interactions revealed by several
scanning tunneling microscopic and spectroscopic studies such the phonon excitations in graphene controlled
by the interaction strength between the graphene and the underlying metal [1], confinement of the Pt(111)
surface state in graphene nanoislands [2], and single point defects formation in graphene on a Pt(111) substrate
[3]. [1] H. W. Kim, et al. Nanoscale Control of Phonon Excitations in Graphene, Nature Commun. 6, 7528
(2015) [2] H. W. Kim, et al., Confinement of the Pt(111) Surface State in Graphene Nanoislands, J. Phys.
Chem. C 120, 345 (2016). [3] H. W. Kim, et al. Graphene-substrate Interactions on the Electronic Properties
of Point Defects on Graphene, in preparation.
Keywords:
Scanning Tunneling Microscopy, Graphene
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Towards coherent control of quantum spins on surfaces
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Abstract:
The field of molecular magnetism has, since its inception, offered the promise of nano-scale magnets with
properties that may be tuned for particular functions through chemical engineering. An early driver of research
was the prospect of applications in classical information storage; later interest was stimulated by proposals for
the use of molecular quantum nanomagnets as components in quantum information processors. We have
guided the design of supramolecular structures incorporating multiple molecular nanomagnet components to
investigate the feasibility of implementing multi-qubit logic operations. We have shown that nanomagnet
dimers exhibit sufficient quantum coherence and appropriate inter-qubit interactions to allow them to host
simple two-qubit algorithms. Moreover, the availability of such precise control over magnetic properties
suggests deployment of synthetic molecular nanomagnets beyond traditional information processing
applications. For example, we have exploited the tunability of the spin to gauge the relative roles of magnetic
and electrostatic scattering of quasiparticles at the surface of the topological Kondo insulator SmB6.
Keywords:
topological Kondo insulator
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Switching chiral solitons for logic operation in Z4 topological insulators
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Abstract:
Chirality is a ubiquitous and interesting property of asymmetry in
many fields ranging from biology, chemistry to physics. Because
of its topologically distinct nature, such chirality in condensed
matter can be used to carry information robustly against external
perturbations. For instance, nanoscale magnetic skyrmions,
spatially localized chiral spin texture with particle-like properites
in ferromagnets, have been investigated intensively as topological
information carriers for next generation spintronic devices.
However, logic operations using topological excitations such as
skyrmions are only conceptually proposed. On the other hand,
chiral solitons are recently discovered as the topologically protected edge states of one-dimensional Z4
topological insulators [1,2], which can be exploited as topological information carriers in electronic system.
In this talk, I show experimentally and directly that switching between solitons with different chirality is
possible by merging them with achiral solitons [3]. This chiral switching corresponds to the realization of
topological addition of the Z4 topological number or chirality. With their distinct topologically protected
chirality, chiral solitons could uniquely be applied for robust multilevel information storage and logic
operation by storing, carrying, and switching three differently topological bits of information. [1] T.-H. Kim
and H. W. Yeom, Phys. Rev. Lett. 109, 246802 (2012). [2] S. Cheon, T.-H. Kim, S.-H. Lee, and H. W.
Yeom, Science 350, 182 (2015). [3] T.-H. Kim et al. to be submitted.
Keywords:
chiralitychiral solitonlogic operationz4 topological insulator
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Transconductance fluctuations as a probe for charge localization in
quantum Hall regime in graphene
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Abstract:
The charge localization behavior in quantum Hall regime under high magnetic fields can be captured by a
simple mesoscopic transport measurement of transconductance fluctuations. Unlike normal transport data they
reflect processes of charge localization and allows observing fragile quantum Hall states such as high order
fractional quantum Hall states and broken symmetry states. This was firstly demonstrated in a suspended
monolayer graphene device [1]. Here, we noted that the Coulomb interaction inside the compressible quantum
dots formed near hills or valleys in disorder potential landscape of the samples plays an important role.
Recently, we have also investigated fractional quantum Hall states in Bernal-stacked bilayer graphene using
this indirect measurement technique [2]. Various odd-denominator fractional quantum Hall states ν → ν + 2
symmetry and the even-denominator fractional QH state at filling −1/2 is observed, as previously reported.
However, the particle-hole symmetric state at filling 1/2 is detected as well in contrast with the previous
studies. These observations suggest that the stability of both odd and even denominator fractional quantum
Hall states is very sensitive to local transverse electric fields in bilayer graphene. [1] D. S. Lee, V. Skakalova,
R. T. Weitz, K. von Klitzing, J. H. Smet, Phys. Rev. Lett. 109, 056602 (2012). [2] Y. Kim, D. S. Lee, S. Jung,
V. Skakalova, T. Taniguchi, K. Watanabe, J. S. Kim, J. H. Smet, Nano Lett. 15, 7445 (2015).
Keywords:
transconductance fluctuations, quantum Hall effect, localization, compressible quantum dots, disorder
potential landscape
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Research with Non-destructive pulsed magnets: Current Status and
Future Prospects at International MegaGauss Science Laboratory
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Abstract:
International MegaGauss Science Laboratory (IMGSL) is one of the largest pulsed field facilities in the world
and is a user facility open to both domestic and international visitors. It has many different types of pulsed
magnets for multidisciplinary researches in physics, particle physics, chemistry, and materials science. Our
pulsed magnets can generate magnetic fields up to 87 T with a non-destructive way and up to 760 T with a
destructive method. Under these extreme conditions, magnetization (non-destructive and destructive), Faraday
rotation (non-destructive and destructive), electric resistivity (non-destructive), and specific heat (nondestructive) can be measured. In this talk, focusing on the topics related to non-destructive pulsed magnet,
some of exciting studies carried out at IMGSL will be described.
Keywords:
pulsed magnets

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

F10.03

Possible Flude-Ferrell-Larkin-Ovchinnikov superconducting state in
high quality FeSe single crystal
KIM Jun Sung*
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Abstract:
We investigate the temperature and angular dependencies of upper critical field Hc2(T) of a high quality FeSe
single crystal in pulsed fields up to 30 T using a tunnel diode oscillator. We observed a significant Hc2(T)
enhancement at low temperatures along the ab-plane, below T_F ~ 2 K. This unusual behavior is attributed to
a signature of an Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) superconducting state. The angle dependence
and also the pressure dependence of the Hc2(T) will also be discussed.
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Anomalous diamagnetic shifts in InP-GaP lateral nanostructures under
pulsed magnetic fiels and the progress report on developing pulsed
magnetic field facility at Dankook University
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Abstract:
While growing a short period superlattice (SPS), due to an in-plane strain field along [110] direction,
depositing atoms cross penetrate, which spontaneously generates potential modulation along the lateral [110]
direction. In such growth condition, lateral superlattice can be achieved. Limiting the thickness of the SPS
layer, one can grow a lateral nanowires. We measured photoluminescence (PL) of an InP-GaP lateral
nanowire structure under pulsed magnetic fields to 50 T. We observed strong negative diamagnetic shift in a
certain magnetic field direction due may to a variation of exciton center of mass potential. We will discuss the
current achievement of pulsed magnetic field facility at Dankook University. We successfully developed 1.5 MJ
(at 9 kV) capacitor bank for generation of pulsed magnetic fields. We obtained peak magnetic field of 47 T at
6 kV charging voltage with 22 ms total magnetic field duration time. We are upgrading the magnet with the
transient time of 0.1 s in collaboration with the International MegaGauss Research Laboratory at the
University of Tokyo.
Keywords:
capacitor bank, pulsed magnetic fields, lateral composition modulation, semiconductor
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The New Trend Toward High Magnetic Field
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Abstract:
The high magnetic field research facilities are one of a symbol to show the power of the nation’s scientific and
engineering level and serve as a milestone, showing not only the scientific ability but also economic power of
the country. In 1936, the first 10 T high magnetic field was generated by water-cooled resistive magnet by
professor F. Bitter at MIT for the research of Zeeman effect, and by the development of magnet technology the
38 T magnetic field was obtained by a Bitter magnet at Nijmegen HFML in 2014. Now the highest D.C.
magnetic field is 45 T by hybrid magnet, that is a combination fo 14 T sc magnet and 31 T water-cooled
resistive magnet supported by 30 MW power supply. The conventional low temperature superconducting
(LTS) magnet, that is no energy dissipation and high current density may generate magnetic field up to 24 T in
LHe temperature using several hundret ampere class power supply. But still the LTS magnet is remained
around 20 T. The 2G high temperature superconductor (HTS) has a high critical temperature and magnetic
field and may reach up to 50 T. The 27 T is generated in 2015 only superconducting magnet and may be see
32 T within 1 or 2 years. In Korea, still no 30 T class high field magnet, KBSI is planned to develop 35 T class
high field sc magnet that may provide more opportunities and experimental time for users with easy condition
and more economically. In this presentations show the new trend to reach the higher magnetic field.
Keywords:
High Magnetic Field
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LIGO-India: Preparations for an era of multi-messenger astronomy
with gravitational waves
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Abstract:
LIGO-India recently received in-principle approval from the Government of India. I will give an update on
the status of the project and describe the preparations that are underway to capitalize upon the multimessenger opportunities that LIGO-India will contribute to. I will also highlight the contributions made by
Indian scientists to GW150914, the maiden observation of gravitational waves.
Keywords:
LIGO-India, Gravitational wave detection
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KAGRA: a Gravitational-Wave Antenna in Japan
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Abstract:
KAGRA is a 3-km scale interferometric gravitational-wave antenna under construction at Kamioka, Japan.
KAGRA has characteristic features of cryogenics and underground; the main mirrors of the interferometer are
cooled down to 20K to reduce the effect of thermal noise. In addition, the interferometer is placed at an
underground site to reduce seismic disturbances. KAGRA is planning to start its observation run in 2018 with
the final configuration. Currently, the construction of tunnel, infrastructure, vacuum system, and cryogenic
system are almost finished, and installation of optical components and vibration isolation system are
underway. In this presentation, I will review KAGRA and show the status in particular an initial-phase short
observation run with simplified configuration (called iKAGRA) in 2016.
Keywords:
KAGRA, Gravitational wave detector
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SOGRO, New Low-Frequency Gravitational-Wave Detector With
Superconducting Instrumentation
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Abstract:
Detection of gravitational waves (GWs) from binary black holes (BHs) by LIGO has opened a new window of
astronomical observation. Terrestrial GW detectors, LIGO, Virgo and KAGRA, are all based on Michelsontype laser interferometers with arm-length of a few km and audio frequency band of tens of Hz to a few kHz.
Many conceivable sources such as stellar-mass and intermediate-mass BH binaries would emit GWs below 10
Hz. It is highly desirable to open a new window of observation in the infrasound frequency band below 10
Hz. A low frequency tensor GW detector can be constructed by combining six magnetically levitated
superconducting test masses. Seismic noise and Newtonian gravity noise are serious obstacles in constructing
terrestrial GW detectors at such low frequencies. By using the transverse nature of GWs, a full tensor detector,
which can in principle distinguish GWs from near-field Newtonian gravity, can be constructed. Such a tensor
detector is sensitive to GWs coming from any direction with any polarization; thus a single antenna is capable
of resolving the source direction and polarization. We present a design concept of a tensor GW detector that
could reach a sensitivity of 10-19~10-20 Hz-1/2 at 0.1-10 Hz and discuss ways to mitigate the seismic and
Newtonian noise.
Keywords:
Gravitational wave, Superconducting detector, Low frequency
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Frequency comb transferred by surface plasmon resonance
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Abstract:
Frequency comb, millions of narrow-linewidth optical modes referenced to an atomic clock, has shown
remarkable potential in time/frequency metrology, atomic/molecular spectroscopy and precision LIDARs.
Applications have extended to coherent nonlinear Raman spectroscopy of molecules and quantum metrology
for entangled atomic qubits. Frequency comb will create novel possibilities in nano-photonics and plasmonics;
however, its interrelation with surface plasmons is unexplored despite the important role that plasmonics play
in nonlinear spectroscopy and quantum optics through the manipulation of light in a subwavelength scale.
Here, we demonstrate that frequency comb can be transformed to a plasmonic comb in plasmonic
nanostructures and reverted to the original frequency comb without noticeable degradation of less than 6.51 ×
10-19 in absolute frequency position, 2.92 × 10-19 in stability and 1 Hz in linewidth. The results indicate that
the superior performance of a well-defined frequency comb can be applied to nanoplasmonic spectroscopy,
quantum metrology and subwavelength photonic circuits.
Keywords:
optical frequency comb, surface plasmon, nanophotonics, ultrafast laser
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Compact Autocorrelator using a GaP photodetector
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Abstract:
In this study, we used a GaP photoconductive amplifier to develop a compact and simple autocorrelator
allowable for reconstructing a autocorrelation trace without any external amplifier to enhance a weak signal.
We have characterized the power dependence of the GaP photodiode to demonstrate the signal induced by two
photon absorption process. We demonstrated that this real-time autocorrelator could resolve as short pulses as
sub 10 fs without a distortion and degradation, as well as robust output strength for pulses as weak power as
~14 mW.
Keywords:
Autocorrelator, Femtosecond, Two Photon Absorption, GaP Photodetector
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Passive Q-switching of Ho:YAG ceramic microchip lasers by
employing carbon nanostructure-based saturable absorbers
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Abstract:
We report on the successful application of carbon nanostructures
(mono- and multi-layer graphene and SWCNTs) as saturable
absorbers in Holmium microchip lasers for the generation of
nanosecond pulses at ~2.1 µm using Ho:YAG transparent
ceramics as a gain medium in-band-pumped by a Tm fiber laser.
With a SWCNT-SA, this laser generated 810 mW of average
output power at 2090 nm with a slope efficiency of 68% and CW to Q-switching conversion efficiency
reaching 70%. The pulse duration was 85 ns at a repetition frequency of 165 kHz and the pulse energy
reached 4.9 µJ. This result represents the shortest (sub-100 ns) pulses ever obtained from ~2 µm lasers PQS
with carbon nanostructures. The output power and pulse characteristics using SWCNT SA were superior
compared to graphene. This is attributed to higher non-saturable losses of graphene. A model for the
description of monolithic quasi-three-level lasers PQS with carbon nanostructures is presented. The
modeling allowed us to estimate the saturation intensity for multi-layered graphene and SWCNT SAs to be
1.2±0.2 and 7±1 MW/cm2, respectively. We also report on the first Ho:YAG ceramic laser PQS with
polycrystalline Cr2+:ZnSe SA and generated 11 ns / 25 µJ pulses at 14.8 kHz repetition frequency. Though
still inferior with respect to these pulse parameters, PQS with carbon nanostructures is very attractive for
future research due to the possibility of direct deposition on the active element faces for ultimate compactness
and robust cavity design.
Keywords:
microchip laser, passive Q-switching, mid-IR laser, Homium laser, ceramic laser, single-walled carbon
nanotube, graphene, saturable absorber
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Current Status of a hard X-ray beamline and end-station for pump
and probe experiments at Pohang Accelerator Laboratory X-ray Free
Electron Laser facility
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Abstract:
The Pohang Accelerator Laboratory X-ray Free Electron Laser
project, a new worldwide-user facility to deliver ultrashort,
laser-like x-ray photon pulses, will begin user operation in 2017
after one year of commissioning. Initially, it provides two
beamlines for hard and soft x-rays, respectively, and two
experimental end-stations for the hard x-ray beamline were
constructed at the end of 2015. This talk will introduce one of the
two hard x-ray end-stations, which is for hard x-ray pump-probe experiments, and primarily outlines the
overall design of this end-station and its critical components. We hope that audiences would get useful
guidelines for the planning of experiments conducted at the new facility.
Keywords:
X-ray Free Electron Laser, PAL-XFEL, X-ray Pump and Probe, Femto-second Daynamics,
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조성적으로 무질서한 광자결정계에서 발현되는 레이징 모드에 대한 연
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Abstract:
조성적으로 무질서한 광자결정계는 결정구조를 보존하되 광원자의 종류를 다양화함으로써 무질서를 인가하는 플
랫폼이다. 이러한 계에는 Bloch 이론에 따라 주기성을 갖는 띠가장자리 모드와 더불어 Anderson 이론에 기반한 광
자의 강한 국지화 모드가 존재함이 알려져있다. 본 연구에서는 InGaAsP 다중양자우물 슬랩에 조성적으로 무질서한
광자결정을 제작하여 해당 구조의 공진모드에서 발진하는 레이저를 설계하고, 무질서도가 증가함에 따라 레이징 파
장과 레이저의 동작 특성이 어떻게 변화하는지 관찰하였다. 가상결정근사법(virtual crystal approximation)에 기반
해 추정한 광자결정의 이동성 가장자리(mobility edge)가 실험적으로 관찰된 띠가장자리의 위치와 밀접한 관련이
있음을 확인하였다. FDTD 전산모사로 스펙트럼 상의 전반적인 모드발현을 재현하였으며 무질서한 광자결정계에
는 명확히 구분 가능한 두 가지 레이징 매커니즘이 공존함을 확인하였다.
Keywords:
광자결정, 조성적 무질서, 랜덤 레이저, 띠가장자리 레이저, 앤더슨 국지화
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Narrowing intrinsic linewidth of external cavity diode laser by optical
feedback from long optical fiber cavity
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Abstract:
We narrow down the linewidth of a single mode external cavity diode laser(ECDL) by supplying optical
feedback from a 2 meter optical fiber cavity. The weak optical feedback from the back-reflection off a mirror
at the end of the optical fiber can be regarded as an extension of the laser cavity. A substantial extension of
the external cavity length leads to narrowing of the intrinsic linewidth of the laser. We measure the frequency
noise of the laser that contributes to the intrinsic linewidth using a Fabry-perot spectrometer. We observe a
reduction of the high Fourier frequency noise by ~ 10dB. This method is expected to produce a sub-kHz
linewidth laser with further improvement, e.g., fiber noise cancellation. These types of narrow-linewidth lasers
can be widely used for spectroscopy and interferometry and provide compact and economic access to tunable
kHz level linewidth ECDLs.
Keywords:
external cavity diode laserlinewidth narrowing
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해양수심 측정용 LiDAR 시스템의 기하 광학적 구조 설계 연구 Study
of the geometric optical system design for the bathymetry LiDAR
system
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Abstract:
해양 수심에 대해 상세하고 정확한 지형 데이터 구축을 위해 Lidar(Light detection and ranging)을 이용하여 해안
지역의 변화를 이해한다. 연안 지형 데이터를 확보하기 위해서 음향측심기를 도입하였고, 이로 인해 수심측량 기술
에 많은 변화와 발전이 있었다. 하지만, 선박을 이용한 수로측량은 낮은 수심의 강과 연안 그리고 암초 등을 측량하
는데 제약이 있고, 장시간의 시간이 소요된다. 이러한 점을 보완하기 위해서 항공기 탑재용 수심측량장비가 필요하
다. 그리고 국외 제품에서 서해안과 남해안의 탁한 수질을 측량하는 것에 한계점을 가지고 있다. 위와 같이 항공기
탑재용 수심측량장비 기술 국산화를 위한 수신부와 스캐너의 광학계 설계와 제작에 대해 검토하고자 한다.
Keywords:
LiDAR Bathymetry Measurement Optical system design
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XXnm 웨이퍼 결함 검사를 위한 UV 라인 스캐닝 광학 시스템 개발
Development of UV line scanning optical system for XXnm
wafer defect inspection
권오형1, 이상철1, 조은길1, 오승철2, 주승용2, 김재순*1
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Abstract:
반도체 업계들은 좋은 수율을 내기 위한 연구와 개발이 계속되고 있다. 좋은 수율을 내기 위해선 반도체 공정에 불
량품의 비율이 적어야 하므로 양품과 불량품을 구별해 낼 수 있는 기술이 필요하다. 이러한 방법으로써 본 연구에
서는 wafer에 발생할 수 있는 수십 nm의 defect를 검사하기 위한 UV조명을 사용하는 wafer defect 검사 광학계를
개발하고자 한다. 사용하는 line camera의 맞춰 line 조명을 할 수 있도록 horizontal, vertical 의 conic을 달리하여
설계를 진행할 것이다. 광학계는 objective system, imaging system, illumination system 그리고 stage와 연동에서
사용할 line camera로 구성된다. 이 구성요소에 맞추어 검사하고자 하는 defect의 size 그리고 사용 광원의 파장대에
따른 working의 효율성을 따져 설계를 진행 할 것이며, 또한 광원은 UV영역대의 laser가 아니라 line 조명 뿐 아니
라 비용적인 면을 고려하여 High power LED를 소형 모듈로 제작하여 사용하고자 한다. 그리고 line camera는 일
반 line camera와는 다르게 TDI(Time Delay Intergration)기법을 사용하는 camera를 선정하여 민감도를 accuracy
를 향상 시키고자한다.
Keywords:
line scanning, wafer defect inspection, optcial system development
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KL0->pi0 nu nubar의 표준모형 테스트와 J-PARC KOTO 실험 현황
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Abstract:
J-PARC 하드론 홀의 KOTO 실험은 KL0->pi0 nu nubar 갈래비를 측정하여 표준모형 CKM Mechanism의 테스
트와 새로운 물리 가능성을 탐색한다. 2012년 대형 CsI검출기가 중심인 KOTO 스펙트로미터가 완성되어 2015년
까지 받은 KL0 데이터로 BNL E949 실험의 K+->pi+ nu nubar 상한치와 비교한 Grossman-Nir 한계 약 10^-9
갈래비까지 테스트가 가능하다. 2015년 말부터 2016년 봄까지 검출기 일부의 업그레이드를 진행하여 6월부터 실
험을 다시 시작하여 표준모형 갈래비인 약 3 x 10^-11까지 테스트할 예정이다. 이번 학회에서는 2015년 데이터 해
석의 중간 결과와 2016년 실험 준비 현황에 대하여 발표할 예정이다.
Keywords:
J-PARC, KOTO실험,KL0->pi0 nu nubar, 표준모형
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Radiation tests for new RPCs in the Phase-II CMS RPC upgrade
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Abstract:
We report R&D results of resistive plate chambers (RPCs) for future CMS experiments at the LHC. In the
present research, we have studied two different type RPCs based on phenolic high-pressure-laminated (HPL)
resistive plates to prove the detector performances in an environment of high-rate background. They are
1.6-mm-thick double-gap and 0.8-mm-thick multigap RPCs. Two prototype RPCs for each type have been
constructed and tested for cosmic rays and muons provided by the H4 beamline (GIF++) at CERN with and
without presence of intensive gamma hits provided by

137

Cs sources. Both type RPCs showed excellent

detection performances with the presence of gamma rates of maximum 1.5 kHz cm-2. We concluded from the
tests that both type RPCs are good candidates for muon trigger detectors in the future CMS experiment.
Keywords:
Compact Muon Solenode, Large Hafron Collider, Resistive Plate Chamber, GIF++, Muon triggers
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The ultimate Si sensor for the high energy & nuclear physics experiment
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Abstract:
Si sensors play an important role in the high energy & nuclear physics experiments as the charged particle
sensor. Excellent spacial resolution can be achieved under reliable and stable operation for the Si sensors.
Hence, the Si sensors are the usual choice for the vertex detector located closest to the collision point in the
particles/nuclei collision experiments.
Thin vertex detector with the ultimate resolution, which
will determine particle trajectories accurately free from the disturbances such as multiple scattering or photon
conversion, is an ideal for the high energy & nuclear physics experiments. Advances in the Si sensor has been
made following the revolution in the Si fabrication technology. MAPS(Monolithic Active Pixel Sensors) based
on the CMOS image sensor technology are reaching the ultimate limit of the Si sensor, spacial resolution of
about 5 micron close to the alignment limit, thickness of 50 microns for the low material budget and structural
flexibility, in-sensor signal processing removing the front end electronics, and the low power consumption
proper for air-cooling. We will discuss feasibility of an ideal vertex detector possible with these
developments.
Keywords:
Low power and High resolution MAPS
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Development of 2D X-ray Imaging Detector (2DxID) with GEMs
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Abstract:
The prototype 2D X-ray imaging detector (2DxID) has been
developed by using 3 GEMs (gas electron multipliers), whose
effective size is 10x10 cm2, and the pad readout system of 3,072
channels. The sizes of the inner and outer holes of the GEM are
about 40 and 70 μm, respectively, and the pitch of outer holes is
about 140 μm. The gap configuration of 2DxID is 3:2:2:2 mm
from the drift plane, 3 GEMs, and then readout board, which has 32x96 arrays of an 1x1 mm2 pad. A high
voltage (HV) is applied across them through the resistive divider of total 5.5 MΩ and the low pass filter of
300 kΩ. A 12 data acquisition (DAQ) boards from NOTICE are used and a single board consists of 256
channels and operates in the charge integration mode with maximum gain. Its operational properties has
been measured in the mixing gas (Ar:CO2=70:30) of 2 L/h flowing speed. We have taken the 2D X-ray
images by using the laminated iron source (Fe-55), which mostly emits 5.9 keV X-ray, in the LHC lab,
where is funded by Korea CMS and for the detector R&D in University of Seoul. In this talk, we present the
characteristics and performance of 2DxID consisted of 3 GEMs.
Keywords:
Korea CMS, gas electron multiplier, GEM, imaging GEM detector, pad readout, 2DxID
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GEM software overview for the CMS muon upgrades
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Abstract:
The Large Hadron Collider (LHC) has planned upgrades during the second and the third Long Shutdown
(LS), which will increase the LHC luminosity to 5×10^34cm−2 s−1. Together with aging and the expected
high pile-up conditions, the performance of the CMS muon system is expected to significantly degrade,
especially in the very forward region. The CMS collaboration is planing to upgrade the forward muon system
with additional layers of GEM and iRPC detectors. This is talk gives the overview of the implementation of
these detectors within the CMS software.
Keywords:
CMS, LHC, GEM, iRPC, tracking, simulation
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Convergence research cluster for dark matter based on computational
science
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Abstract:
It is believed that the university today consists of 4 % the Standard Model partiles and 26% dark matter. Let
me introduce convergence research cluster for dark matter supported by National Research Council of Science
and Technology. The goal is building convergence research cluster by nationwide institutes from acceleratorbased physics to astrophysics to do computational science using infrastructures at KISTI (Korea Institute of
Science Technology Information) and KASI (Korea Astronomy and Space Science Institute). What we need for
dark matter will be discussed.
Keywords:
Dark Matter, Beyond the Standard Model, Convergenece research cluster
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Ladder Assembly Procedures for Silicon Vertex Detector of Belle II
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Abstract:
A detector research and development for the Belle II experiment at Super-KEKB accelerator in Tsukuba, Japan
is in progress. The silicon vertex detector (SVD), one of important detectors for Belle II, consists of four
cylindrical layers comprised of double-sided silicon strip detectors (DSSDs). We have assembled ladders in the
outermost layer (L6) at Kavli IPMU in Japan. The mechanical ladders made of low quality parts are produced
to assure mechanical precision during the assembly procedure. The electrical functional test ladder, the final
test ladder for mass production, is then assembled. We especially focus on the DSSD assembly. Several issues
such as shift, rotation and tilt of the DSSD are appeared during the mechanical ladder assemblies. We try to
find solutions to the problems and apply them to the electrical functional test ladder. From this study, we
determine the optimized ladder assembly procedure. In this presentation, we introduce the ladder assembly
procedure including solutions to problems appeared in the mechanical ladders and results of applying the
solutions to the electrical test ladder.
Keywords:
Belle II, Silicon Vertex Detector, Assembly procedure, DSSD
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Composite (pseudo) scalar contributions to muon g-2
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Abstract:
We have calculated the composite (pseudo) scalar contributions to the anomalous magnetic moment of muons
in models of walking technicolor. By the axial or scale anomaly the light scalars such as techni-dilaton,
techni-pions or techni-eta have anomalous couplings to two-photons, which make them natural candidates
for the recent 750 GeV resonance excess, observed at LHC. Due to the anomalous couplings, their
contributions to muon (g-2) are less suppressed and might explain the current deviation in muon (g-2)
measurements from theory.
Keywords:
composite scalar, muon g-2, new resonance, large hadron collider
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Lattice NRQCD study of thermal Sommerfeld Effect
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Abstract:
Thermal Sommerfeld Effect is expected to play an important role in many darkmatter annihilation scenarios.
We study this effect using lattice NRQCD formulation. Our study indicates that the octet channel is midly
suppressed compared to a perturbative esitmate but the singlet channel shows a large enhancement compared
to the perturbative prediction. We suggest that the bound state effect in the singlet channel, which was omitted
in previous studies, gives a large additional enhancement .
Keywords:
lattice NRQCD, thermal Sommerfeld effect, dark matter
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Spin dependent WIMP-nucleus interaction for direct detection and
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Abstract:
We discuss scenarios where the DAMA modulation effect is explained by a Weakly Interacting Massive
Particle (WIMP) with a generalized spin dependent interaction that scatters elastically or upscatters inelastically
to a heavier state, and that predominantly couples to the spin of protons. Using both a Maxwellian velocity
distribution and the halo independent method we show that in such scenarios the tension between DAMA and
other experiments can be relaxed or eliminated, and that the modulation fraction in DAMA can be large.
Keywords:
WIMP, DAMA, direct detection, Halo independent method
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Abstract:
We reexamine a renormalizable model of a fermionic dark matter with a gauge singlet Dirac fermion and a
real singlet scalar which ensure the cancellation of one-loop quadratic divergence to the Higgs mass. We
constrain the model parameters from the fine-tuning problem originating from the radiative corrections to the
Higgs mass using the Veltman condition, and show the allowed region of new physics parameters satisfying the
recent measurement of relic abundance. With the obtained parameter set, we predict the elastic scattering cross
section of the singlet fermion into target nuclei for a direct detection of the dark matter, and also discuss the
collider implication of the new particles.
Keywords:
Dark matter, Naturalness, New Fermion
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Abstract:
We consider the possibility of interpreting the recently reported diphoton excess at 750 GeV as a spin-two
massive particle (such as a Kaluza-Klein graviton in warped extra-dimensions) which serves as a mediator to
Dark Matter via its gravitational couplings to the dark sector and to the Standard Model (SM). We model
non-universal couplings of the resonance to gauge bosons in the SM and to Dark Matter as a function on
their localization in the extra dimension. We find that scalar, fermion or vector dark matter can saturate the
dark matter relic density by the annihilation of dark matter into a pair of the SM particles or heavy resonances,
in agreement with the diphoton resonance signal strength. We check the compatibility of our hypothesis with
other searches for the KK graviton. We show that the invisible decay rate of the resonance into a pair of dark
matter is subdominant in the region of the correct relic density, hence leading to no constraints from the
mono-jet bound at 8 TeV via the gluon coupling. We also discuss the kinematic features of the decay products
of a KK graviton to distinguish the KK graviton from the SM backgrounds or a scalar particle interpretation of
the diphoton resonance.
Keywords:
Diphoton, KK Graviton, Dark Matter
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Abstract:
We propose alternative mechanisms based on dark matter (DM) interpretation for anomalous excesses in
various cosmic-ray measurements, assuming an extended dark sector. Conventionally, cosmic-ray excesses
have been explained in the context of DM models where the relevant DM candidate directly annihilates into
Standard Model (SM) particles. However, in our mechanism the heavier DM is assumed to annihilate to an
on-shell intermediate state. Then it decays into the lighter DM along with an unstable particle which in turn
decays to a pair of SM states corresponding to the interesting cosmic anomaly. We show that a
sharp/continuum energy peak can be readily generated under the proposed DM scenario, depending on dark
sector particle mass spectra and decay mechanism. Remarkably, such an excess is robustly identified as half the
mass of the unstable particle.
Keywords:
Dark Matter, Cosmic-Ray Excess, Extended Dark Sector, Cascade Decay
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Abstract:
현재 계획 중인 CERN의 SHiP(Search for Hidden Particles)실험에 대해서 소개하고, 이 실험에서 질량이 작고 표
준모형 입자와의 상호작용이 약한 dark scalar 입자의 검출 가능성에 대해 논의한다.
Keywords:
SHiP, Dark Scalar
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Abstract:
We analyze the scale-invariant extension of the standard model (SM) with a strongly interacting hidden sector
by using AdS/QCD. Using AdS/QCD, we can reduce the number of input parameters to three, i.e., hidden
pion decay constant, hidden pion mass and tan β that is defined as the ratio of the vaccum expectation values
of the singlet scalar field and the SM Higgs boson. As a result, our model has sharp predictibility. We perform
the phenomenological analysis of the hidden pions, that is the dark matter (DM) candidates in the model. With
various theoretical and experimental constraints we search for the allowed parameter space and find that both
resonance and non- resonance solutions are possible. Some typical correlations among various observables
such as relic denstiy, Higgs signal strength and DM-nucleon cross section are scrutinzed. We provide some
benchmark points for experimental tests.
Keywords:
dark matter, strongly interacting hidden sector, AdS/QCD
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Measurement of prompt gammas for range verifications
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Abstract:
A detection method of prompt-gamma rays has been developed for range verifications of baryon beams. In the
present research, a six-gap resistive plate chamber (RPC) has been constructed with 0.4-mm-thick soda-lime
glass and tested with a 5.55-GBq Cs-137 gamma source. The mean detector sensitivity of 0.71% measured for
the 661.7-MeV gammas was on the order of 60% of the expected quantum efficiency of the Compton
electrons emerging in the detector gas volumes. Transmission images of the 661.7 keV gammas were obtained
with a spatial resolution of about 2.5 mm, which is fairly satisfactory to monitor beams interacting with
therapeutic tissues in particle threpy. In the conclusion, we propose the present gamma-ray detection method
based on the multigap-RPC technology for range verifications in particle therapy and the related beam-line
instrumentations. We expect both SPECT(for real-time monitoring) and PET(for following-up measures) will
be the proper instrumentational modalities.
Keywords:
range verification, particle therapy, multigap RPCs, prompt gammas,SPECT, inbeam PET
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The ultimate Si sensor for the high energy & nuclear physics experiment
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*

ykwon@yonsei.ac.kr

Abstract:
Si sensors play an important role in the high energy & nuclear physics experiments as the charged particle
sensor. Excellent spacial resolution can be achieved under reliable and stable operation for the Si sensors.
Hence, the Si sensors are the usual choice for the vertex detector located closest to the collision point in the
particles/nuclei collision experiments.
Thin vertex detector with the ultimate resolution, which
will determine particle trajectories accurately free from the disturbances such as multiple scattering or photon
conversion, is an ideal for the high energy & nuclear physics experiments. Advances in the Si sensor has been
made following the revolution in the Si fabrication technology. MAPS(Monolithic Active Pixel Sensors) based
on the CMOS image sensor technology are reaching the ultimate limit of the Si sensor, spacial resolution of
about 5 micron close to the alignment limit, thickness of 50 microns for the low material budget and structural
flexibility, in-sensor signal processing removing the front end electronics, and the low power consumption
proper for air-cooling. We will discuss feasibility of an ideal vertex detector possible with these
developments.
Keywords:
Low power and High resolution MAPS
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Growth and Scintillation Properties of Na2Mo2O7 Single Crystals
PANDEY Indra Raj, KIM HongJoo*
Department of Physics Kyungpook National University
*
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Abstract:
The AMoRE (Advanced Mo Based Rare Process Experiment) collaboration is using Molybdenum based
crystals to search for neutrino less double beta decay of 100Mo. Na2Mo2O7 crystals may be a promising
candidate for a Mo-containing crystal for the 0νββ decay search because of its high luminescence intensity
at low temperature and the absence of contamination from intrinsic radioactive isotopes. A Na2Mo2O7 single
crystal was grown successfully by the Czochralski technique. We present the detailed procedure and the
difficulties of the growth process. The crystal structure was studied using X-Ray diffraction (XRD). The
luminescence properties of the crystal were studied at room and low temperatures by exciting the sample with
a 266 nm laser source. Very weak luminescence observed at room temperature was substantially enhanced at
low temperature. Transmittance spectrum measurements were used to estimate the optical quality and optical
band gap energy of the crystal. We also compare its luminescence spectrum, energy-weighted intensity, total
intensity, and peak intensity with CaMoO4, which is very strong candidate crystal for the 0νββ decay
search.
Keywords:
AMoRE,Na2Mo2O7 crystal, X-Ray diffraction
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Status of the design of the KoBRA facility
PARK Junesic*1, 2, TSHOO Kyoungho2, SATOU Yoshiteru2, BERG Georg Peter3, CHAE Hyunwoo2, 4, CHOI
Seonho4, KATO Seigo5, KUBONO Shigeru6, HASHIMOTO Takahashi2, KWON Youngkwan2, JEONG SunChan2, KIM Yong-kyun1
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Abstract:
The KoBRA (Korea Broad acceptance Recoil spectrometer and Apparatus) facility has been designed to
produce rare isotope beams and to detect reaction fragments after reaction at the Rare Isotope Science Project
(RISP) in Korea. The present design status of KoBRA is reported. We have performed the feasibility studies
using a simulation, e.g. RI beam production. The high intensity of
using a Be production target and a 40 MeV/nucleon

18

12

Be secondary beam, which is produced

O primary beam of 1.6 pmA, was calculated to be

6

2×10 particle per second with purity of 99.98%. The results of a Monte Carlo simulation are discussed.
Keywords:
rare isotope beam, separator,spectrometer,ion optics, Monte Carlo simulation, KoBRA, RISP
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Construction and Commissioning of a Position-Sensitive Ionization
Chamber
CHAE Kyungyuk*
Department of Physics, Sungkyunkwan University
*
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Abstract:
A position-sensitive ionization chamber has been constructed and commissioned at the Physics Department of
the Sungkyunkwan University to extract position information of the incident charged particles for the future
nuclear reaction measurements. By utilizing newly designed position-sensitive anodes and the previously
commissioned portable gas- lled ionization chamber by Chae et al., position information of the incident
particles could be obtained. The device was tested with 241Am -emitting source and the result indicates that
the standard deviation of the tted Gaussian distribution is measured to be 1.76 mm when a collimator with a 2
mm hole is used. Details of the position-sensitive ionization chamber and commissioning results will be
discussed.
Keywords:
gas-filled ionization chamber, position-sensitive, beam tracking detecotr, fast response
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실리콘 광증배 소자로 만들어진 핀홀 카메라의 제작과 테스트
전진아, 박일흥*, 이혜영, 이직
성균관대학교 우주기술연구소
*
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Abstract:
실리콘 광증배소자(Silicon Photomultiplier)는 가이거 모드에서 동작하는 반도체 광 센서로서, 기존의 광 센서로 많
이 사용하고 있는 광증배관(Photomultiplier tubes)과 같이 높은 증폭률 특성을 가져 단일 광자 측정이 가능하면서
도 그 크기는 매우 작고 자기장의 영향을 받지 않으며 저 전압에서 동작 가능하다는 것 등 장점이 많다. 현재까지 실
리콘 광증배 소자는 몇 채널을 이용하여 과학적 실험 또는 의료용으로 사용되어 왔으나 PMT를 대신하여 핵 검출
다. 본 연구에서는 이러한 실리콘 광증배 소자로 만들어진 1천 채널 이미지 센서를 제작하였다. 또한 우리는 이미지
센서의 제작뿐 아니라 이를 적용한 핀홀 카메라를 제작하였다. 구성 방법 및 이를 이용하여 극 저 조도에서 촬영된
이미지 성능테스트 결과를 논의한다.
Keywords:
Silicon Photomultiplier, 이미지 센서, 핀홀 카메라
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Development of microwave read-out for large scale
x-ray microcalorimeter arrays
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Abstract:
Future x-ray observatory missions such as the X-ray Surveyor require high energy resolution, high angular
resolution and large detection area, and therefore an extremely large number of pixels, 105 - 106 are desired.
This large number of pixels needs a suitable read-out technology. Microwave multiplexing is a promising
because, in principle, a single microwave feed line can read out hundreds and perhaps more than a thousand
pixels. One architecture for a multiplexed readout circuit consists of superconducting microwave resonators
coupled to rf-SQUIDs, and transduces a change in input current due to an incident x-ray energy to a phase
shift in a SQUID response. Since the rf-SQUID output is nonlinear, a flux-ramp modulation technique is used
to linearize the response.This readout technique can potentially be combined with metallic magnetic
calorimeters that have demonstrated extremely high energy resolution. A detailed description of the
experimental setup and current progress will be presented.
Keywords:
microcalorimeter, X-ray, microwave, multiplexing
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High Performance and Ultra-Flexible Perovskite Solar Cells
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Abstract:
There have been significant progresses in the perovskite solar cells (PSCs). Further cost reduction in high-speed
manufacturing can be accomplished by continuous roll-to-roll printing processes using a flexible plastic
substrate. Lightweight and flexible plastic solar cells can be installed even on non-flat surface, which makes
them a possible ubiquitous power source for mobile electronics. To fully utilize these kinds of advantages in
PSCs, mechanical durability as well high efficiency should be guaranteed. In this talk, we will introduce several
strategies to address these issues
Keywords:
Perovskite Solar Cells, Flexible, High Performance, Mechanical Durability
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Optoelectrical effects by metal nanostructures in thin-film solar cells
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Abstract:
In this talk, we discuss the dependence of metal nanoparticles’ size on the power conversion efficiency of
organic solar cells (OSCs) [1]. Also, as an advanced plasmonic material for highly efficient OSCs, we propose
a metal-metal core-shell nanocube (NC), which shows stronger scattering efficiency than pristine Au
nanoparticles (AuNPs) throughout the visible range. Highly efficient plasmonic organic solar cells are
fabricated by embedding Au@Ag NCs into an anodic buffer layer, PEDOT:PSS [2, 3]. Second, we demonstrate
that the metal nanoparticles can improve the performance of OSCs by boosting the internal quantum efficiency
(IQE) of the devices even without a notable plasmonic optical gain [4]. A hybrid layer platform in combination
of silver nanoparticles (AgNPs) and polyethylenimine-ethoxylated (PEIE) layer maximizes the IQE of the
OSCs to nearly 100 %. 2D surface characterization confirms the AgNPs provide the short path and funnel
charge carriers to a cathode, which would effectively raise the carrier mobility. Lastly, we utilize Au@Ag coreshell nanocubes (NCs) by embedding them in a low temperature-processed anatase TiO2 layer to form a
resonance-shifting hybrid n-layer (Au@Ag NCs-HL) for efficient PbS-based solar cells [5]. We show that the
Au@Ag NCs-HL broadly enhances the absorption of the device via the near-infrared plasmonic scattering
effect. References: [1] J.-Y. Lee et al. “Plasmonic Forward Scattering Effect in Organic Solar Cells: A
Powerful Optical Engineering Method,” Scientific Reports, 3, 1726 (2013). [2] J.-Y. Lee et al. “Au@Ag CoreShell Nanocubes for Efficient Plasmonic Light Scattering Effect in Low Bandgap Organic Solar Cells,” ACS
Nano, 8, 3302 (2014). [3] J.-Y. Lee et al. “Nanoimprinting-induced nanomorphological transition in polymer
solar cells: enhanced electrical and optical performance,” ACS Nano 9, 2773 (2015). [4] J.-Y. Lee et al.
“Enhancing the internal quantum efficiency and stability of organic solar cells via metallic nano-funnels,”
Advanced Energy Materials 5, 1501393 (2015). [5] J.-Y. Lee et al. “Resonance-shifting hybrid n-layer for
boosting near infrared response in highly efficient colloidal quantum dots solar cells,” Advanced Materials, 27,
8102 (2015).
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Development of Conductive Polymers for High Efficiency Perovskite
Solar Cells with High Long-term Stability
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Abstract:
Methylammonium lead halide perovskite solar cells (PSCs) have emerged as among the most promising
photovoltaic technologies due to their superb and rapidly increasing power conversion efficiencies (PCEs),
reaching 21%. For realistic deployment of the PSC technology for commercialization, however, the issues such
as device stability and material cost have become more important than ever and need to be focused. Regarding
the issues, we have developed inexpensive hole transporting layer (HTL) materials and tried to improve the
device’s long-term stability. Herein, we introduce a novel polymeric hole-transport material and its
application to high-performance inverted-type flexible PSCs. Compared with the conventionally used
PEDOT:PSS, the incorporation of the new material into HTL of the PSC device was demonstrated to be more
effective for improving charge extraction from the perovskite absorber to the HTL and suppressing charge
recombination in the bulk perovskite and HTL/perovskite interface. As a result, the flexible PSC using the
material achieved high photovoltaic performances with an impressive power conversion efficiency of 14.7%.
Keywords:
perovskite solar cell, efficiency, charge transporting material, conductive polymer
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Fabrication and Characterization of Electron Collecting Nanomaterials
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Abstract:
Perovskite solar cells have already achieved distinguished power conversion efficiency (PCE) to over 20% and
further improvements are expected up to 25%. These novel organometal halide perovskite absorbers which
possess exceptionally strong and broad light absorption enable to approach the performances of the best thin
film technologies. Especially, the cost-effective solution process for perovskite solar cells at a low temperature
makes them viable to realize flexible thin film solar cells. We introduce highly bendable 12 % perovskite solar
cells based on ITO/PEN substrates. The energy conversion efficiency did not change after 1000 cycle of
bending test with 10mm bending radius which demonstrates a feasibility of highly bendable perovskite solar
cells without efficiency degradation. Efficient charge collection is one of critical issues in perovskite solar cells.
The charge collection efficiency for perovskite solar cells can be enhanced by controlling nanostructure or
exploiting new materials. In this presentation, we demonstrate that nanostructured materials such as
SnO2@TiO2 core-shell nanowires can facilitate charge transport in perovskite solar cell. Nb-doped TiO2
layer also exhibited the facilitated charge transport in perovskite solar cells. Finally, we also introduce a
recycling methodology of perovskite solar cells, which will change a paradigm of utilization of perovskite solar
cells.
Keywords:
Perovskite Solar Cell
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Flexible Parylene Microfluidics with Microscale Bending Radius
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Abstract:
Flexible microfluidics can provide functions such as valving, pumping and tunable 3D shapes by deforming
2D microchannel. Fluidic phenomena in microchannels can be controlled with the channel shape. Especially, in
inertial microfluidics, the fluid and particle motions heavily depend on the channel geometry. In this study, we
developed simple molding and bonding technique for parylene microfluidics at temperatures under parylene Tg
(< 90°C) by utilizing initiated chemical vapor deposition (iCVD) to fabricate flexible microfluidics. While
existing flexible microfluidic channels demonstrated millimeter bending radius, our parylene channels,
consisting of a-few-micrometer thick walls, could be bent up to ~100 μm radius without leakage or loss of
structural integrity. We demonstrated the parylene microfluidics with extreme flexibility can be applied to
inertial microfluidics, in which channels have to endure high internal pressure without significant deformation.
By rolling 2D parylene microfluidics, we formed 3D curvature to induce Dean flow. We confirmed that the
mixing of solutions is enhanced about 2 times compared with flat and coiled system with 3D curvature at Re
~28. Through these studies, we show the well-established parylene microfluidics can be applied to various
microfluidics applications, such as a part of flexible electronics and tunable 3D microfluidics.
Keywords:
Parylene microfluidics, Flexible microfluidics, Initiated chemical vapor deposition
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Tunable thin film microfluidic lens using parylene
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Abstract:
Microfluidic lenses can provide tunable focal length by changing the radius of curvature of the lens or the
refractive index of the filling liquid. We report a fast and reliable fabrication method for thin-film parylene
microfluidic channels. Curvature of the microfluidic lens was modulated with the internal pressure and diverse
filling liquids. In previous studies, PDMS(Polydimethylsiloxane) was widely used for fabricating microfluidic
lens channels. Although PDMS has lots of advantages for microfluidic applications, PDMS devices have several
limitations due to their chemical and physical properties. To improve the limitations, we fabricated
microfluidic lens device using parylene thin film. Parylene provides low gas permeability and chemical
resistance for diverse filling liquid. Uniformly coated thin parylene layer can provide low light absorption and
negligible curvature difference between inner and outer membrane surfaces. The tunable microfluidic lens array
was fabricated and suspended on a SiN wafer. Parylene microfluidic device was fabricated via molding and
bonding technique using initiated chemical vapor deposition (iCVD). The flexure of 1.4 μm-thick parylene
layer was measured as a function of applied pressure. 1.4 μm-thick thin parylene lens(400 μm diameter) has
range of 4-18 μm deflection and 4-1 mm radius of curvature with applied pressure of 0.1-1.0 bar.
Keywords:
Microfluidic lens, Parylene, iCVD
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Microfluidic calorimeter for absolute dosimetry
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Abstract:
For cancer patients, an accurate measurement of an absorbed dose of radiation is imperative for external beam
radiotherapy to reduce side effect and incorrect dose delivery. Recently developed small field radiation
treatment facilitates precise control over cancer cells, while attenuating damages to surrounding normal cells.
Unfortunately, the dose measurement in small field has higher measurement uncertainty rather than in large
field, which can be minimized by miniaturizing detector size. In this work, we present a microfluidic
calorimeter integrated with sub-millimeter size (500µm×500µm) of water medium as a radiation absorption
material and vanadium oxide (VOx) thermistor as a thermal sensor. The microfluidic calorimeter is a novel
candidate for small field absolute dosimetry, providing high spatial resolution and self-calibration. VOx
thermistor is utilized for high sensitivity with high temperature coefficient of resistance (TCR, -2.8%) and low
1/f noise. The thermistor provides high temperature resolution of 42µK and the device thermal conductance is
1µW/K with vacuum thermal insulation. The preliminary 60CO irradiation test over the calorimeter integrated
with SU8 medium results in signal variation (ΔT=~6mK at source-to-device distance of ~40cm), which is
expected from absorbed radiation energy. The miniaturized water calorimeter is further tested to measure
water absorbed dose, which is in demand among small field radiation era.
Keywords:
Small field radiation, Microfluidic calorimeter, Vanadium oxide thermistor, Absolute dosimetry
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Abstract:
Curcumin is a natural compound that can be used in imaging because it is not toxic and it has even anticancerigenic properties. Hemicurcuminoids are based on half of the π-conjugated backbone of curcuminoids.
The synthesis of a series of such systems and their borondifluoride complexes are described. The emissive
character of those dipolar dyes was attributed to an intraligand charge transfer process, leading to fluorescence
emission that is strongly dependent on solvent polarity. Quasi quantitative quenching of fluorescence in high
polarity solvent was attributed to photoinduced electron transfer. Those dyes were shown to behave as
versatile fluorophores. Indeed, they display efficient two-photon excited fluorescence emission leading to high
two-photon brightness values. Furthermore, they form nanoparticles in water whose fluorescence emission
quantum yield is less than that of the dye in solution, owing to aggregation-induced fluorescence quenching.
When cos7 living cells were exposed to those weakly-emitting nanoparticles, one- and two-photon excited
fluorescence spectra showed a strong emission within the cytoplasm that originated from the individual
molecules. Dye uptake thus involved a disaggregation mechanism at the cell membrane which restored
fluorescence emission. This off-on fluorescence switching allows a selective optical monitoring of those
molecules that do enter the cell, which offers improved sensitivity and selectivity of detection in bioimaging
purposes.
Keywords:
bioimaging, push-pull dyes, two-photon absorption
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Single-molecule analysis of interactions between RNA and protein
using a glass nanopore
Choongman Lee1, Kyo-Seok Lee1, Joo Hyoung Kim1, Eunice Eunkyeong Kim2, Kyung-Hwa Yoo*1
1

Department of Physics, Yonsei University, 2Advanced Analysis Center, KIST
*

khyoo@yonsei.ac.kr

Abstract:
We have employed a glass nanopore to analyze interaction between an RNA-binding protein, known as
squamous cell carcinoma antigen recognized by T cells-3 (SART3), and the non-coding spliceosome
component, U6 small nuclear RNA (snRNA). We immobilized U6 snRNAs using complementary DNA spacers
attached on the nanopore and transported two different SART3-derived constructs, HAT-RRM1-RRM2 and
RRM1-RRM2, through the modified nanopore. Translocation of two protein groups showed resistive ionic
current pulses with different dwell times, representing different binding affinities to U6 snRNAs. We have
estimated dissociation constants, KD(0), by analyzing dwell times of each event and interval times between
events at different bias voltages. KD(0) values of HAT-RRM1-RRM2 and RRM1-RRM2 were about 0.85
and 141 μM, respectively. Although the results from the nanopore system were slightly lower than
corresponding values obtained from isothermal titration calorimetry (ITC) method, these results demonstrated
that functionalized glass nanopores could be applicable to analyze protein-ligand interactions on the singlemolecule level.
Keywords:
Single-molecule analysis, Nanopore, RNA-protein interaction, Dissociation constant
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Abstract:
Flow lithography is a useful technique when it comes to fabrication of microparticles with specific shapes and
flow lithography has been studied for quite a while to improve the diversity and variety of produced particles.
However, the particle shapes, although in 3-dimensions, have been largely limited to shapes in 2D extrusions
because the particles were made in rectangular cross-section channels. In order to deviate away from the past
attempts and create new shapes of microparticles, we have devised methods to fabricate 3D microparticles by
making non rectangular cross-section channels. Various fabrication methods were used to create triangular,
trapezoidal and semi-circular cross-section channels and other non-conventional micro-fabrication
techniques such as PDMS stretching were used to calculatedly further diversify triangular and trapezoidal
channels which managed to break the conventional limitations of Si etching producing only set number of
triangular shapes. The variety of channel cross-section has allowed us to produce interesting particle shapes
that could not be synthesized before such as half-pyramid shapes, tetrahedral particles. In addition, we
fabricated microchannels with multiple size of cross-sections and attached a pneumatic control valve system to
make multilayered particles. Using the channels, we have demonstrated that particles enveloped with specific
and yet different materials in non-spherical shape can be produced as size of the chip as the limiting factor.
These particles with interesting shapes and topology can be used for controlled drug delivery or other research
areas such as tissue engineering or particle optics.
Keywords:
Flow lithography, Particle synthesis, micro-fabrication
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Sudden Death and Birth of Topological Entanglement in 1D Fermions
at Finite Temperature
PARK YEJE, LEE Seung-Sup, SIM Heung-Sun*
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*
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Abstract:
Topological phases of matter possess zero-temperature quantum orders. It remains largely unexplored how
these orders are suppressed thermally. We study the question for a one-dimensional topological
superconductor, proposing a topological quantity based on mixed-state entanglement measures. The
topological quantity identifies a nonlocal quantum order, “number-parity entanglement”, formed by Majorana
fermions. It reveals that the order survives below certain finite temperature and then vanishes suddenly in a
nonanalytic manner. Furthermore, even when the superconductor has a topologically trivial ground state, the
order appears suddenly within a temperature window. These sudden behaviors are akin to entanglement
sudden death and birth.
Keywords:
topological phase, entanglement measure, majorana fermion, temperature
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Crossed Andreev conversion of quantum Hall edge state in graphene
LEE Gil-Ho1, HUANG Ko-Fan1, WEI Di1, HART Sean1, EFETOV Dmitri K.2, TANIGUCHI Takashi3,
WATANABE Kenji3, YACOBY Amir1, KIM Philip*1
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Abstract:
Understanding the interplay between superconductivity (SC) and quantum Hall effect (QHE) has been a longsought theoretical and experimental problem. SC contacts to QHE systems enable us to study interesting
physics, such as Cooper pair injection into ballistic 2D channels, Andreev edge states, and emergent excitations
of non-Abelian anyons. We developed an in-situ etching technique for highly transparent superconducting
contact (NbN) to hBN encapsulated graphene channels. The high critical field of NbN electrodes (Hc2 ~ 25 T)
and the high quality of our graphene devices allows us to experimentally access a wide range of magnetic field
where SC and (fractional) QHE coexist. For the unambiguous probe of the Andreev conversion of QH edge
states, we measure the chemical potential of normal electrodes located on the upstream and the downstream
QH edge states relative to a narrow grounded superconducting electrode. We observed that the chemical
potential in downstream has sign opposite to the one measured in upstream suggesting Andreev conversion of
incident electrons to outgoing holes across the narrow superconducting contact. We systematically investigated
this phenomena as a function of temperature, magnetic field, bias voltage and the width and length of the
superconducting electrode.
Keywords:
Crossed Andreev reflection, Graphene, quantum Hall effect
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High performance MgB2 bulk superconductors doped with PMMAderived amorphous carbon
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Abstract:
We have prepared high performance MgB2 bulk samples doped with amorphous carbon (C) which is derived
from polymethyl methacrylate polymer, more often called PMMA. PMMA is a cheap carbon source than
expensive C-containing nano-additives. The additive and starting precursor powers are usually prone to
agglomerate in solid state mixing. Therefore, through a simple chemical route, we obtained a uniform coating
of amorphous C on boron (B) nanopowder by direct pyrolysis of PMMA (C5O2H8)n at 500 °C. Transmission
electron microscope (TEM) analyses confirmed the coating of C with thickness of approximately 3-4 nm
directly on the surface of B powder. The C-coated B powder was then mixed well with appropriate amount of
Mg. The mixed powders were pelletized and sintered at a temperature of 700 °C for 30 min under Ar
atmosphere. Significant enhancement in Jc(H) performance was obtained for amorphous carbon-doped MgB2
sample compared to undoped sample. The high Jc values of Jc (5 K, 8 T) ~3.1×104 A/cm2 and Jc (20 K, 5 T)
~104 A/cm2 were achieved for doped sample, which are similar with the best high-field Jc values reported for
best known dopants for MgB2, such as SiC and malic acid. The improved flux-pinning force density as a result
of C substitution for B and nano-C inclusions within the grains is most probably responsible for enhancement
of Jc.
Keywords:
MgB2, Carbon doping, PMMA, Flux pinning
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Realistic Method of Detecting Majorana Edge Modes in Superfluid
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Abstract:
Superfluid A-phase of 3He confined in a few coherence-length thick slab is known to be a two dimensional
topological superfluid. It is, thus, expected to have an edge current along the boundary carried by Majorana
edge modes. Despite great interest in Majorana zero modes, nobody has been able to detect the propagating
edge current due to lack of sensitivity. Our estimate shows that a microelectromechanical(MEMS) gyroscope
can have an angular momentum sensitivity of 10^12 hbar or better, which is more than sufficient for detecting
the edge current. Based on this estimate, we present a realistic method of detecting the Majorana edge current
using a planar MEMS gyroscope and report our progress up to this point.
Keywords:
3
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Interplay of charge density wave and multiband superconductivity in
2H-PdxTaSe2
BHOI Dilip Kumar, KHIM Seunghyun, NAM Woohyun, LEE Bumsung, KIM Chanhee, JEON Byung-Gu,
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Abstract:
2H-TaSe2 has been one of unique transition metal
dichalcogenides exhibiting several temperature-induced phase
transitions due to a delicate balance among competing electronic
ground states. Unusual metallic states at high temperatures is
sequentially followed by an incommensurate charge density wave
(ICDW) order at TICDW 22 K, a commensurate charge density
wave (CCDW) at TCCDW 90 K, and superconductivity
at TC 0.14 K. Upon systematic intercalation of Pd ions in to
TaSe2, the CCDW order is destabilized more rapidly than the
ICDW to reach a hidden quantum phase transition at x ≈
0.09-0.10. Moreover, TC shows a dramatic enhancement up to 3.3 K at x = 0.08, 24 times of TC in 2HTaSe2, in roughly proportional to the increase of density of states as measured by electronic specific heat at
normal states. Investigations of upper critical fields, Hc2, in single crystals reveal clear evidences of multiband
superconductivity as temperature-dependent anisotropy factor , quasi-linear increase of , and an upward,
positive curvature in the curve near TC. Furthermore, analysis of temperature-dependent electronic specific
heat corroborates the presence of multiple superconducting gaps. Based on the above findings and electronic
phase diagram vs x, we propose that the increase of density of states and effective electron-phonon coupling
in the vicinity of the CDW quantum phase transition should be a key to the creation of multiband
superconductivity with the large enhancement of TC in PdxTaSe2.
Keywords:
Charge density wave, superconductivity, multiband
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Model study of electric-field-dependence of superconducting
transition in Josephson Junctions.
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Abstract:
Recently the superconducting transition of La2-xSrxCuO4 under the electric field has been reported by A.T.
Bollinger at el. [Nature, 472(7344), 458-460.] In this work, the superconducting transition is found to be
critically depend on the electric field and further the dependence is shown to be strongly correlated with carrier
density. In this study, we investigate the electric field dependence of superconducting transition in Josephson
Junctions using Richardson model
Keywords:
Superconducting trnasition, Josephson Junctions, Richardson model
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Pump-probe spectroscopic techniques to investigate non-equilibrium
states in condensed matters
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Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST)
*

jsl@gist.ac.kr

Abstract:
Photon-based spectroscopic techniques have long been developed and served as a powerful means to
investigate novel electric and magnetic states of condensed matters with the help of direct or indirect
interactions between photon and fundamental degrees of freedom in solids, namely charge, spin, orbital, and
lattice. Nowadays, such spectroscopic applications are extended to investigate non-equilibrium states which
are prepared by photon illuminations, for example. In this presentation, the review will be given on the pumpprobe spectroscopic techniques and their applications to investigate the ultrafast dynamics of charge, spin, and
lattice degrees of freedom in strongly correlated electron systems, topological insulators, and so on.
Keywords:
pump-probe, condensed matters
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Zone plate based scanning soft-x-ray spectro-nanoprobes
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Abstract:
Soft x-rays from an insertion device of the 3rd generation light source have become brilliant enough to provide
practically detectable signals from a specimen for each different kind of spectroscopic technique, such as,
absorption spectroscopy, photoelectron spectroscopy, and fluorescence spectroscopy, even if the lateral size of
soft x-rays is focused down to tens of nanometers at the position of specimen by using a soft x-ray lens,
Fresnel zone plate. Scanning Transmission X-ray Microscopy (STXM) that utilizes absorption spectroscopy
measures soft x-ray intensity changes transmitted through a specimen and has been actively utilized to provide
elemental and chemical state information from a local position of a specimen, typically with ~30 nm space
resolution and, recently, challengingly with ~ 5 nm space resolution by implementing Ptychography technique.
Scanning Photoelectron Microscopy (SPEM) that utilizes photoelectron spectroscopy analyzes photoelectrons
generated from the surface of the specimen and provides detailed chemical state information on the sample
surface. SPEM is a very surface sensitive probe, less than a few nm in probing depth, and recently has been
actively applied for the investigation of 2-D materials. Low Energy X-ray Fluorescence (LEXRF) nanoprobe
that is based on fluorescence spectroscopy analyzes soft x-ray fluorescence from a specimen by using an
energy dispersive detector. LEXRF nanoprobe provides elemental distribution. The detection capability of
low-Z, Mg and Al elemental distribution has proven to be valuable in the investigation of bio, plant specimen
as well as cells. In this presentation, I will introduce characteristic features of each spectro-nanoscopic
technique (STXM, SPEM, LEXRF nanoprobe) and application activities, and then recent trend of functionality
improvements, e.g. space resolution improvement to ~ 5 nm by applying Ptychography technique in STXM.
Keywords:
soft x-ray nanoscopy, soft x-ray nano-probe, spectronanoscopy, STXM, SPEM, LEXRF nanoprobe
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X-ray imaging with and for nanotechnology
HWU Yeukuang*
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Abstract:
The inaugurations of the new generation synchrotron and X-ray Free Electron Laser facilities mark an
important milestone on the development of X-ray science. The impact of these new facility to the nanoscience
and nanotechnology is also become visible. The speaker will use two examples, to suggest the bright potential
of X-rays imaging, which is an area taking full advantage of the offer of these new opportunity. One the
application synchrotron X-rays, phase contrast imaging and transmission X-ray microscopy demonstrate the
capability to impact life science by tackle important questions, such as the tumor related micro-angiogenesis.
With the capability to characterize quantitative all the structural factor of the microvasculature of complete
tumor region or an organ, aided with the innovative use of nanoparticles, we could conclude that the
phenotype dependent tumor angiogenesis in mouse glioma models. We also used the SACLA
(RIKEN/HARIMA, Japan) X-ray free electron laser (X-FEL) to implement coherent diffraction imaging
(CDI) of individual liposome particles in water, with or without inserted doxorubicin nanorods. In spite of the
low cross section, the diffracted intensity of blank (drug-free) liposomes was sufficient for spatial
reconstruction yielding quantitative structural information. When the particles contained doxorubicin, we
could measure the structural parameters of the nanorods. In both cases, the information went well beyond
what can be obtained by small-angle X-ray scattering (SAXS) and electron microscopy. This is important for
the potential drug efficiency optimization and, in general, for X-FEL analysis of individual low-cross-section
nanoparticles.
Keywords:
XFEL, SAXS, TXM

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

G7.03

X-ray nano imaging for soft matter
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Abstract:
Soft matter and soft materials are important materials that can be
easily deformed by thermal stresses or thermal fluctuations at
about room temperature. Soft matter includes liquids, polymers,
foams, gels, colloids, granular materials, as well as most soft
biological materials. Recent studies on soft matter with
microscopic methods such as X-ray microscopy and confocal
laser microscopy are useful to understand soft matter and to
develop new soft materials. Our interdisciplinary research regarding soft matter is helpful for applications of
nanomaterials, biomaterials, energy materials, flexible display materials, and smart materials to make better
human life and future. Here I present a few recent achievements in soft matter studies with X-ray nano
imaging techniques that have been conducted at Pohang Light Source and Advanced Photon Sources. X-ray
nano imaging, based on nanoscopy and nanotomography, would be powerful to open a new era of soft
matter research.
Keywords:
X-ray nano imaging, soft matter, soft materials
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Berry-phase effects in X-ray optics and periodic systems
SAWADA Kei*
RIKEN SPring-8 Center, Japan
*

sawada@spring8.or.jp

Abstract:
X-ray diffraction is useful for analyzing and imaging materials. X-rays are usually scattered only once by a
material because of tiny interaction between them. In nearly perfect crystals, multiple scatterings of X-rays
should be taken into account. This phenomenon is called dynamical diffraction that is analogous to other
waves in periodic systems: quantum electrons of condensed matter physics, coupled oscillators in classical
mechanics, microwaves in electric circuits, and so on. These waves are described by the Bloch functions, and
have interesting properties in terms of geometry. A typical example is the Berry-phase approach that enables
us to understand complicated phenomena simply as effects of virtual fields in parameter space. In the talk, we
introduce basic ideas of the Berry-phase approach, and present its application to classical and quantum
systems.
Keywords:
Berry phase, multiple X-ray scattering
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Strain-controllable magnetic properties of asymmetrically terminated
FeRh(001) thin film
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Abstract:
Magnetism of an FeRh(001) film depends on its surface
termination: a Rh-terminated film prefers ferromagnetism (FM)
while an Fe-terminated one is stable in G-type
antiferromagnetism (G-AFM) [1]. For that reason, an
asymmetrically terminated FeRh(001) film, i.e. one surface is Feand the other surface is Rh-termination, may have both FM and G-AFM states, simultaneously, when
thicker than 8-ML [2]. In this talk, we will report that number of layers of FM and G-AFM are controllable
by strain in an asymmetrically terminated FeRh(001) film, as shown in Fig. 1. For the 10-ML film, the
required energies to give the -5% and +5% strain from 0% are about 13 and 48 meV/atom, respectively. [1]
S. Jekal, S. H. Rhim, S. C. Hong, W. J. Son, and A. B. Shick, Phys. Rev. B, 92, 064410 (2015). [2] S. Jekal, S.
H. Rhim, and S. C. Hong, accepted on IEEE Trans. Magn.
Keywords:
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Investigation of tunneling magnetoresistance in hybrid
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Abstract:
We have investigated the behavior of tunneling magnetoresistance
(TMR) in a hybrid Fe/GaAlAs/GaMnAs magnetic tunnel
junction (MTJ), which was grown by molecular beam epitaxy
(MBE). Systematic TMR measurements were performed with a
magnetic field applied in the film plane. As the field was swept,
the Fe/GaAlAs/GaMnAs MTJ clearly showed a TMR behavior
that reflected the relative alignments of magnetization in the two
magnetic layers, including collinear as well as non-collinear
configurations. The TMR phenomena were further investigated as a function of field orientation, carried out
by rotating the external field direction while its strength was kept constant. The angular scan of TMR shows
interesting characteristics that can be grouped into three classes of behavior, depending on the field strength.
In the high field region larger than 1000 G (Range III) the TMR varies with 180° periodicity without any
hysteretic behavior as the field direction is rotated, indicating rotation of magnetization in both the GaMnAs
and the Fe layers that is coherent with the applied field. In the field region between 1000 and 100 G (Range
II), we observe abrupt transition steps and larger TMR values as the field is rotated. This step behavior is
ascribed to the realization of non-parallel magnetization alignment between the two magnetic layers in the
MTJ in this field range. When the field strength is further reduced bellow 100 G (Range I), the 90°
periodicity of TMR is broken and angle dependence of the TMR becomes more complicated in irregular
pattern, implying the development of a multidomain magnetization landscape in the magnetic layers of the
structure. We will discuss these behaviors in terms of the competing effects of anisotropic tunneling
magnetoresistance (ATMR) associated with crystalline anisotropy, and tunneling anisotropic
magnetoresistance (TAMR) that involves both crystalline anisotropy and the angle between the two
magnetizations in the MTJ.
Keywords:
magnetic tunnel junction, anisotropic magnetoresistance, anisotropic tunneling magnetoresistance
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Magnetization switching in GaMnAs layers by current induced
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Abstract:
It is known that the current induced magnetic field Heff caused by spin-orbit coupling can be quite large in
some ferromagnetic material and can be used to control the direction of its magnetization. We have chosen a
ferromagnetic semiconductor GaMnAs layer grown on a (001) GaAs substrate to investigate such current
control of magnetization. In order to monitor the magnetization switching phenomena, we have adapted
planar Hall effect measurements, which is very sensitive to the direction of magnetization. The planar Hall
resistance measured on the Hall bar patterned on the GaMnAs layer showed abrupt transitions during the scan
of field strength and the rotation of the field direction, indicating the presence of in-plane magnetic easy axes
in the GaMnAs layer. We have performed such field and angle scan PHR measurements with two opposite
current directions by varying the current density. The transitions of magnetization for two opposite current
directions becomes different when the current density is larger than 1.0×105 A/cm2. Such current density
dependent asymmetry in the transition behavior of magnetization was understood by considering the effect of
current induced magnetic field Heff. The estimated magnitude of Heff was 1.15 Oe at current density of
1.25×105 A/cm2. The control of magnetization switching between two magnetic easy axes was demonstrated
by using current pulse with opposite direction.
Keywords:
Ferromagnetic semiconductor, Spin-orbit coupling
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Abstract:
The effect of crystalline Bi2Se3 surface on the magnetic properties of Ni film has been systematically
investigated by magnetization and magneto-transport measurements. The Ni films with thickness ranging
from 5 nm to 15 nm were deposited by E-beam evaporator either directly on GaAs or on Bi2Se3 surface, which
was epitaxially grown on GaAs (001) substrate using the molecular beam epitaxy (MBE). The magnetization
reversal process was monitored by superconducting quantum interference device (SQUID) magnetometry and
magneto-transport measurements with in-plane and out-of-plane field directions to identify the magnetic
easy axis and to obtain coercive field for the reorientation of magnetization in Ni films. The magnetic easy
axis turns out to be in-plane for all Ni films deposited on the two types of surfaces (i.e., both GaAs and Bi2Se3
surfaces). The coercive fields of Ni films were systematically larger for the films deposited on Bi2Se3 surface
than for that deposited directly on GaAs surface at low temperature. The coercivity enhancement was the
largest (about 106% at 4 K) in the sample having 8 nm-thick Ni film on Bi2Se3 surface. As the temperature
increases, the difference in coercive field between Ni/GaAs and Ni/Bi2Se3/GaAs samples decreases
exponentially and becomes nearly zero at 300 K. Such temperature behavior implies that the enhancement of
coercive field at low temperature in Ni/Bi2Se3/GaAs samples is related with crystalline Bi2Se3 layer, that is
known to show interesting spin phenomena at low temperature.
Keywords:
Nickel thin film, bismuth selenide, magnetization reversal process, coercivity
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Temperature dependent sign inversion of planar Hall resistance in Fe
film grown on GaAs substrate
LEE Kyungjae1, CHOI Sanghoon1, BAC Seul-Ki1, LEE Sangyoep1, NASIR Alviu Rey1, LEE Sanghoon*1, LIU
X.2, FURDYNA J. K.2
1

Physics Department, Korea University, 2Physics Department, University of Norte Dame
*

slee3@korea.ac.kr

Abstract:
We have investigated the planar Hall resistance (PHR) of 32 nm
Fe film grown on a (001) GaAs substrate by using molecular
beam epitaxy technique. A Hall bar device (10μm of channel
width) with 6 probes was fabricated by photolithography and dry
etching process. The PHR showed two step transition behavior
during the magnetization reversal conducted by applying field
within the film plane. This indicates the presence of two in-plane
magnetic easy axes in the Fe film, which is mainly caused by
cubic anisotropy. The dominant cubic anisotropy and two step transition behavior of the PHR are typical
features for the Fe film grown on GaAs substrate. We, however, have observed an interesting temperature
dependence of PHR in our Fe film. The amplitude of the PHR obtained during the magnetization reversal
process systematically decreases as temperature increases. Such trend eventually overturns the PHR hysteresis
in the temperature region above 100 K. To understand this interesting phenomenon, we have performed
magneto-transport experiments with diverse configurations between magnetization and current directions.
The resistivities measured for the two experimental configurations (i.e., current parallel and perpendicular to
the magnetization) crosses each other as temperature increases. We discuss the observed sign inversion of the
PHR based on temperature dependent anisotropic resistance in our Fe film.
Keywords:
Transport, Planar Hall effect, Anisotropic magnetoresistance
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Spin and force oscillation generated by a static magnetic field with a
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Abstract:
We study a nanomagnet that exhibits spin and force oscillation and is free to rotate about its anisotropy axis.
Such oscillation can be observed in free molecular magnets with a microwave field when the magnet is placed
in a static magnetic field with a gradient. Hamiltonian of a rotated two-state spin system is derived and
dynamics of two eigenstates of the nanomagnet that are superpositions of spin and rotational states are
obtained. We show that two competing parts, parameters related to the moment of inertia and level splitting
and total angular momentum play important roles in determining oscillatory part of spin and quantum force.
Keywords:
Nanomagnet
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Abstract:
RMnO3 (R : rare earth)형의 망간산화물은 초거대 자기 저항 (colossal magnetoresistance), 전하 정렬 (charge
ordering), 금속-절연체 상전이 (insulator-metal transition) 등의 재미있는 물리적 성질이 관찰된 바 있어 많은 연
구가 진행 되었다.[1] 특히 R의 이온 크기(ionic size)에 따라 페로브스카이트 입방구조(e.g. La, Pr, Gd, DY)와 더
작은 이온 크기인 육방정계(Hexagonal) 구조(e.g. Ho, Er, Y, Lu)로 나뉜다. 다강성(multiferroic)이 보이는 육방정
계 망간산화물 중 과잉산소를 가진 Dy1-xYxMnO3+δ는 δ=0-0.4와 T=200-400 ℃ 영역에서 매우 큰 산소 저장
기능 (oxygen storage capacity : SOC)이 발견된다는 사실이 보고된 바 있다[2]. 본 연구에서는 과잉산소를 가진 육
방정계 망간산화물 RMnO3+δ에서 δ의 변화에 따른 Mn과 R의 전자 구조의 변화가 이들의 자성 물성에 미치는 효
과를 연구하기 위하여 방사광 분광 연구를 수행하였다. 연 X선 광흡수 분광 (soft X-ray absorption
spectroscopy : XAS)와 연 X선 자기원편광 이색성 (soft X-ray magnetic circular dichroism : XMCD)실험을 수
행함으로써 Mn과 R 이온들의 원자가와 Mn 3d 전자들과 Ho 4f의 스핀 배열 상태 및 오비털 배열 상태를 결정하였
다. 이 연구에서 HoMnO3+δ에서는 Mn 이온과 Ho 이온은 δ의 변화에 상관없이 모두 3가 상태를 유지 하였고,
Mn의 경우 XMCD 시그널이 거의 측정되지 않았고 Ho의 경우 매우 약하게 측정되었으나 이론적 계산과 매우 유
사하였다. [1] B. Dabrowski, et al., J. Solid State Chem. 178, 629 (2005). [2] C. Abughayada, et al., J. Solid
State Chem. 217, 127 (2014).
Keywords:
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Interlayer exchange coupling in GaMnAs/InGaAs/GaMnAs trilayer
structures grown on a ZnCdSe buffer
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Abstract:
Interlayer exchange coupling of GaMnAs/InGaAs/GaMnAs trilayer structures grown on a ZnCdSe buffer has
been systematically investigated by varying the thickness of nonmagnetic InGaAs spacer (2.8-56 nm). The
magnetization and Hall effect measurements were used to observe the magnetization reversal process of the
trilayers. Two transition steps corresponding to the reorientation of two GaMnAs layers are clearly resolved in
the hysteresis observed from both measurements. The shift of minor hysteresis loop, which was obtained by
completing magnetization reversal process for only one GaMnAs layer, in both measurements, consistently
revealed the presence of weak ferromagnetic (FM) interlayer exchange coupling (IEC) in the trilayer structures.
The strength of FM IEC estimated from the shift of minor hysteresis loop is J=0.24 μJ/m2 at 10 K for the
sample with 2.8 nm InGaAs spacer. The FM IEC of the GaMnAs trilayer systems exponentially decreases with
increasing nonmagnetic InGaAs spacer thickness. This result clearly shows that the nonmagnetic InGaAs spacer
thickness is an important parameter that determines the strength of IEC in GaMnAs/InGaAs/GaMnAs trilayer
systems.
Keywords:
Interlayer exchange coupling, Ferromagnetic semiconductors, Multilayers
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Abstract:
In Fe-based superconductors, a superconductivity emerges in the proximity of antiferromagnetic ordered state
and the critical temperature shows a dome shape dependence on doping and pressure. At quantum critical
point near an antiferromagnetic regime inside the superconducting dome, phase transitions driven by quantum
fluctuation associated by Heisenberg’s uncertainty principle have been actively debated. Here we studied
dynamics of antiferromagnetic domain wall in the parent compound superconductor Sr2VO3FeAs with
tetragonal FeAs layer using variable temperature spin polarized scanning tunneling microscopy (SP-STM). SPSTM measurement revealed the antiferromagnetic domain topology and a creation and an annihilation of
magnetic vortex-anti vortex pair obeying conservation of topological charge. Our results show the signature of
quantum fluctuation that may give clues for understanding high tc superconductivity.
Keywords:
Fe based superconductor, spin polarized scanning tunneling microscopy, antiferromagnetism, antiferromagnetic
domain wall, topological defect
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Non-linear optical response in solids from real-time simulations
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Abstract:
We present a real-time approach to study non-linear optical properties of solids and nanostructure[1]. The
equation of motions and the coupling of the electrons with the external electric field are derived from the
Modern Theory of Polarization. Many-body effects are obtained by means of Green's function Theory or
included in approximated exchange-correlation functionals for the TDDFT. The approach is validated by
calculating the second and third harmonic generation of bulk semiconductors. Then we present secondharmonic generation spectrum of h-BN or MoS2 monolayers and we show that correlation effects double the
signal intensity at the excitonic resonances with respect to the contribution from independent electronic
transitions.[2] Ref. [1] Nonlinear optics from an ab-initio approach by means of the dynamical Berry phase:
Application to
second-and third-harmonic generation in semiconductors
C Attaccalite, M Grüning
Physical Review B 88 (23), 235113 (2013) [2] Second harmonic generation in h-BN and MoS2 monolayers:
Role of electron-hole interaction
M. Grüning and C. Attaccalite
Phys. Rev. B 89, 081102(R) (2014)
Keywords:
non linear optics, dft, tddft, second harmonic generation
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Optical responses of transition-metal-dichalcogenide hetero-layers
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Abstract:
Quite often, the electronic structure and optical responses of nanoscale materials are remarkably different from
those of the mother bulk materials. In this presentation, I will discuss the electronic and optical properties of
two different types of nanostructures: transition-metal-dichalcogenide bilayers composed of two different
types of 2D crystals [1] and a metal with sub-nm gaps [2]. In the case of the former systems, it is of interest to
understand their properties from the constituting two (different) transition-metal-dichalcogenide monolayers.
In the latter case, we show that a small volumetric fraction of gaps in a metal (in other words, a metal with
two-dimensional-layer-like gaps) can induce big changes in the optical responses. [1] Yea-Lee Lee, CheolHwan Park and Jisoon Ihm, unpublished. [2] Sang-Jun Park, Tae Yun Kim, Cheol-Hwan Park and Dai-Sik
Kim, Sci. Rep. 6, 22981; doi:10.1038/srep22981 (2016).
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Coherent charge transfer and phonon-induced dephasing of excited
carrier in van der Waals heterostructures
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Abstract:
The physics of charge transfer across interface is an important foundation for new device concepts and
applications. In contrast to conventional heterostructures where a strong interfacial coupling is essential to
charge transfer, van der Waals (vdW) heterostructures are expected to have a weak coupling, and hence
inferior for optoelectronic applications. The recent experimental observation of the ultrafast hole transfer from
MoS2 to WS2 is thus both exciting and puzzling. Using time-dependent density functional theory molecular
dynamics, we find the coherent motion of excitons at the interface leading to plasma oscillations associated
with optical excitation. By constructing a simple model of the vdW heterostructure, we show that there exists
an unexpected criticality of the oscillations, yielding rapid charge transfer across the interface. Interaction with
phonon bath dephases the quantum-mechanical coherence, and can lead to classical charge transfer state.
Application to the MoS2/WS2 heterostructure yields good agreement with experiment, indicating near complete
charge transfer within a timescale of 100 fs.
Keywords:
charge transfer, van der Waals heterostructure, time-dependent density functional theory
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GW calculation of the electronic and optical properties of twodimensional transition metal dichalcogenide bilayers
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Abstract:
The isolation of various two-dimensional (2D) materials, and the
possibility to combine them in vertical stacks has recently created
new class of van der Waals heterostructures, and has opened the
way to the realization of truly 2D-device architectures [1]. Such
a concept has already proven to be fruitful for a number of
electronic applications in the area of ultrathin and flexible devices
with various functionalities [2,3]. In this talk I will present our
results of the electronic and optical properties of bilayers and heterostructures of two-dimensional transition
metal dichalcogenides MX2 (M=Mo, W; X=S, Se, Te) (see figure) using density functional GW
approximation. We found that all homogeneous bilayers are identified as indirect bandgap materials, with an
increase of the bandgap when Mo is changed to W, and a decrease of the bandgap when the atomic number
of X is increased. The same behavior is also observed for hybrid-bilayers with common chalcogen atoms,
while bilayers with common metal atoms have a direct bandgap. By solving the Bethe-Salpeter equation,
including excitonic effects on top of the GW calculation, the predicted optical gap and the absorption spectra
are determinate and found a good agreement with the available experimental data. Finally, we found, that
due to their band alignment some of the heterostructures are in interest for solar cell applications [4].
References: [1] A. K. Geim and I. V. Grigorieva, Nature (London) 499, 419 (2013). [2] A. S. Mayorov et al.,
Nano Lett. 11, 2396 (2011). [3] M. Osada and T. Sasaki, Adv. Mater. 24, 210 (2012). [4] L. Debbichi, O.
Ericksson and S. Lebègue, Phys. Rev. B 89, 205311 (2014).
Keywords:
DFT, TMDC, bilayer, GW, optical properties
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Status of the Silicon Charge Detector for the ISS-CREAM experiment
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Abstract:
The ISS-CREAM experiment will carry out the direct measurement of energetic cosmic rays at the
international space station, and it is expected to be launched to and installed at the space station in April,
2017. The silicon charge detector (SCD) is one of two main instruments in the ISS-CREAM payload. The SCD
has been developed and manufactured by the Korean silicon detector group. It consists of 4 layers with total
10752 channels and it is capable of precision measurement of elemental constitution of cosmic rays. The ISSCREAM successfully completed all space environment tests and was delivered to the launch place, Kennedy
Space Center, in September 2015. We will present the performance of the SCD during the environment tests
including the detector response to cosmic-ray muons. We will also present the preparation for the space
operation of the SCD including the temperature-based prediction of pedestals of the SCD channels and its
application to the calculation of sparsification threshold values of the SCD channels.
Keywords:
Cosmic raysISS-CREAMSilicon Charge DetectorInternational Space Station
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Status of Electron Physics Study for Top and Bottom Counting
Detectors of ISS-CREAM Experiment
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Abstract:
The Cosmic Ray Energetics and Mass (CREAM) experiment at the International Space Station (ISS) aims to
study the origin, acceleration and propagation mechanism of high-energy cosmic rays. The ISS-CREAM
instrument will be launched in 2017 at ISS. The Top and Bottom Counting Detectors (T/BCD) are developed
for separating electrons from protons for electron/gamma-ray physics. By comparing the number of hits and
distributions between electrons and protons, the T/BCD can separate electrons from protons. We study the
T/BCD performance in various energy ranges by using the GEANT3 simulation data. With this simulation
study, we can understand the optimal parameters for the e/p separation. In this presentation, we present the
status of the simulation for electron physics.
Keywords:
ISS-CREAM, TCD/BCD, CREAM, Cosmic-ray, Electron physics
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GRB 140304A at z=5.283: Implications on the high redshift universe
and the observed flaring activities
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Abstract:
Gamma ray burst, the most brightest explosion phenomena in the current universe is well suited for study of
high redshift universe. We report the afterglow multi-wavelength observation and GTC spectroscopy follow
up of GRB 140304A which was exploded at z=5.283. The spectrum was shown damped Lyman alpha features
and a series of absorption lines S, Si, SiII*, Oi, CII, CII*, SiIV are clearly detected at common redshift. Clear
optical flares are detected at X-ray flare and a possible gamma-ray excess. At this conference, we report on
implication for the GRB host and environments using its absorption features which place the results in context
to other well studied high redshift GRBs and studies about the ejecta using its observed flaring activities.
Keywords:
Gamma ray bursts, High-redshift, light curve, Flares, Spectroscopy,GRB host, environment
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Abstract:
Observations of the early photons from evolution of optical afterglows or internal shock provides the crucial
clues on the nature of the bursts and environments. Hundreds of GRBs afterglow observations in multiwavelength region have been made mainly thanks to the fast (~ 60 seconds after the trigger) localisation GRB
by Swift and its fast alert to the ground telescope. It helps to improve our understandings tremendously,
however many enigmas still remain, such as burst mechanism, transition prompt emission to the afterglow,
early optical flash, rise phase of the early optical light curve and some missing afterglows. They could be
addressed by fast slewing and multi colour and IR follow-up by future telescopes. The primary aim of
UFFO/Lomonosov is to follow up optical fast ever, within a couple of seconds after trigger by onboard X-ray
telescope. Its optical FOV is 30 x 30 degrees. As a key instrument, the Slewing Mirror to redirect the optical
beam from GRBs rapidly to the Ritchey-Chretien telescope. After several years of delay on its launch, finally,
the launch schedule is announced as Apr. 25, 2016. The status and launch status of the UFFO/Lomonosov and
its test performance will be reported and prospects for the next missions will be discussed.
Keywords:
Gamma Ray Bursts, UFFO-p, Launch, Early optical afterglow
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Abstract:
Ultra-Fast Flash Observatory (UFFO) pathfinder was designed to observe in space early photons from
Gamma-ray bursts (GRBs). It will be launched on Apr. 25, 2016, onboard the Lomonosov satellite. As
preparing for upcoming launch, we did a long-term operation by mimicking its operation in orbit in terms of
robustness of our system with final software. The orbit of UFFO/Lomonosov is a sun-synchronous orbit with
the altitude of 550km. A orbiting takes 96 minutes and thus 15 orbits per day. Using Docklight program, we
made our instrument automatically in each orbit observe GRBs for 30 minutes and transfer these data to the
spacecraft for the rest of time, 60 minutes. We present the result from this long-term operation on ground as a
final checkup of the flight model of the UFFO pathfinder.
Keywords:
UFFO-pathfinder, Gamma-ray burst, GRB, Long-term operation
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The last tests and improvements on on-board software of Slewing
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Abstract:
The Slewing Mirror Telescope(SMT) of Ultra-Fast Flash Observatory(UFFO)/Lomonosov will allow to detect
an optical rise phase from GRBs. After several years of delay on its launch, the launch site and schedule are
announced finally. As preparing upcoming launch on Apr 25, we checked carefully our operation parameters
of SMT and its on-board software to achieve the best performance in orbit. Detailed calculations and several
tests have been performed to suggest an precise values for SMT sensitivity and to maximise its data acquisition.
We report our improvements on on-board software of SMT and its recent results.
Keywords:
GRB, Slewing Mirror Telescope, SMT, Ultra-Fast Flash Observatory, UFFO, Lomonosov
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Abstract:
Abstract: Cerium oxide (CeO2) is a promising candidate to replace SiO2 in silicon based industry and also
could simultaneously spintronic devices. Here in this study we presents the first investigation of rapid
dynamical processes that occur in pure CeO2 thin film, using terahertz spectroscopy at room temperature. For
this purpose we have used a single (200) oriented CeO2 film deposited on biaxially textured Ni-W substrate by
RF magnetron sputtering technique. From terahertz spectroscopy it is found that in pure CeO2 the absorption
and index of refraction increases with frequency. The absorption spectra show two absorption peaks at 745
and 800 nm, and are attributed to the electronic transitions from 2F7/2 - 2F5/2 and 1S0 - 1F3 respectively. The
absorption coefficient was less than 0.35 cm-1 ranging from 0.2 to 1.8 THz rendering its potential for THz
optical material. Our results illustrate that THz technique is a powerful tool to study the characteristic
properties of cerium oxide thin films.
Keywords:
Terahertz, Cerium Oxide, Ultrafast dynamics
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Abstract:
We demonstrated terahertz quantum plasmonics in metal separations well over 1 nm by exposing the
nanogaps, which reside along the boundary of the rectangular ring-shaped nanoantennas, to high-power
terahertz pulses. Quantum effects are observed in nanogaps with separation distances of 1.5 nm to distances as
large as 10 nm, whereas quantum mechanical influences on optical resonances are traditionally anticipated
around 1 nm or less. Electromagnetic waves in the low-frequency terahertz regime of 0.1~1 THz induce a
macroscopic dielectric response of tunneling charges at the gap. Accordingly, a giant nonlinear optical response
in the form of 50% decrease of the normalized transmittance is observed as transient electric fields are
enhanced up to 5 V/nm inside the nanogaps. Our approach extends the study of quantum plasmonics into the
field of nonlinear terahertz spectroscopy.
Keywords:
Terahertz nonlinearity, quantum plasmonics, terahertz nanoantenna, metal-insulator-metal tunneling,
aluminum oxide

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

G12.03*

Topological charge identification of a high power THz gyrotron based
Laguerre Gaussian beam
YU Dongho1, SAWANT Ashwini2, KIM Dongsung1, CHOI Eunmi*1
1

School of Natural Science, Ulsan National Institute of Science and Technology, 2School of Electrical and
Computer Engineering, Ulsan National Institute of Science and Technology
*

emchoi@unist.ac.kr

Abstract:
Laguerre Gaussian(LG) beams carrying orbital angular momentum (OAM) are associated with an azimuthal
phase structure exp(il), where is the angular coordinate and l is the azimuthal index. There are several ways to
evaluate the topological charge of LG beams. In Young’s double slit experiment, the topological charge is
simply measured from the interference pattern. A Gaussian beam encounters exactly the same phase at each
slits and thus the interference fringes remain straight lines. Otherwise, the LG beam has spiral phase pattern so
the beam has phase differences at each slits. When the phase differences are superposed in between the two
interfering paths, the interference pattern is shifted, and the propagated beam pattern gives a twisted
interference pattern. Also, the tilting degree will be increased by increasing a number of topological charge. The
detail of the experiment will be explained in the presentation. Phase retrieval method is an another way to
evaluate the topological charge of the LG beam. We will also include the comparative analysis of double slit
experiment with phase retrieval method.
Keywords:
gyrotron, Laguerre Gaussian beam, phase retrieval, double slit, orbital angular momentum beam
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Abstract:
We present a newly developed Quasi-Optical Photoconductivity Decay (QO-PCD) measurement system using
a 95GHz millimeter wave. The QO-PCD system consists of a Vector Network Analyzer (PNA-X N5247A)
source with an amplifier (+ 13 dB gain ), a schottky diode detector, and two of quasi-optical ellipsoidal
mirrors. A Semiconductor sample is positioned at a focal point of the first mirror. The photoconductivity of
the sample changes when an optical pumping laser ( Nd : YAG laser 532nm ) excites carriers in the
semiconductor, The probing millimeter wave is temporarily cut off and gradually passes through the sample
wafer which enables to measure the transient time of transmittance and the dielectric permittivity using the
schottky diode detector in the QO-PCD system. Finally, the minority carrier life time can be estimated by
theoretical fitting model. The GaAs (Direct bandgap) and Si (In-direct bandgap) bare wafers were used for the
experimental verification of the proposed QO-PCD system. A 2D mapping is has been done using the QOPCD to identify defects of the sample wafer detected by a rising time of the detector signal. For the verification
of QO-PCD, the 2D mapping results were compared with the typical μ-PCD technique 2D mapping results.
Keywords:
Millimeter wave, Quasi-optics, Minority carrier lifetime, Micro-PCD,2D mapping
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High-power Broadband THz vortex Generation and Spectroscopy
강봉주1, Katsuhiko Miyamoto2, 김원태1, Takashige Omatsu2, 이상민*1
1
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Abstract:
Optical vortices carry an annular intensity profile and an orbital
angular momentum characterized by an integer, m (a topological
charge), and they provide us a variety of potential research
opportunities, such as terabit high speed communications, optical
manipulation, chiral nano-fabrications, and Super-resolution
microscopy. From the combination of optical vortex and unique
properties in THz frequency region, it is possible to induce novel
nonlinear phenomena in the temporal and spatial optical
characteristics of the materials. However, the research related to
light-matter interaction using orbital angular momentum was not
yet demonstrated due to low-power THz sources and limited beam manipulation technologies. In this paper,
the highly intense broadband THz vortex output generation is demonstrated in nonlinear optical crystal by
using optical rectification method in combination with a polymeric spiral phase plate (SPP). By optimized
phase-matching condition, we achieve 2.3-mW output power and 250-kV/cm THz electric field with a
FWHM bandwidth of 0.8 THz at the center frequency of 0.6 THz. Furthermore, spatial nonlinear
transmission effect in graphene was measured by THz vortex output.
Keywords:
Terahertz wave, Mode conversion, Terahertz spectroscopy, Terahertz nonlinearity
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Comparison of coherent lattice vibration in WSe2 and MoSe2
정태영1, 2, 정수용2, 이기주*1
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Abstract:
WSe2와 MoSe2에서의 결맞음 포논 실험을 통하여 물질이 가지고 있는 포논의 모드를 조사하였다. 측정에 사용된
샘플은 기계적 박리법으로 제작한 WSe2와 MoSe2를 석영기판위로 전사하는 방식으로 제작하였다. 이 연구에서는
투과형태의 여기-탐침 실험을 수행하였으며, Kerr-lens 모드록킹 티타늄 사파이어 레이저를 이용하였다. 여기 빔
은 물질 내에 전자와 포논을 여기 시켜 비 평형 상태로 만들어주게 되고, 탐침 빔은 시간이 지남에 따라 여기된 전자
와 포논의 밀도의 변화에 따른 투과율의 변화를 이용하여 측정하게 된다. 여기 빔에 의하여 여기된 전자와 포논이
재결합과 감쇠에 의하여 탐침빔의 투과율이 시간에 따라 여기빔이 들어오기 전의 투과율로 되돌아오게 된다. 이 과
정을 시간에 따라 측정하게 되면 WSe2와 MoSe2가 가지고 있는 포논의 진동수, 감쇠시간을 알 수 있다. WSe2와
MoSe2 모두 층수가 증가함에 따라 A1g 모드의 진동수가 증가하였으며, 단 일층 WSe2의 경우 3.9 ps의 감쇠시간을
가지고 있고, MoSe2의 경우 6.1 ps의 감쇠시간을 가지고 있음을 확인 하였다. 측정된 시간에 따른 탐침 빔의 투과율
의 변화를 푸리에 변환을 통해 B1 모드와 LA(M)모드의 측정효율을 비교해본 결과 물질에 따라 다르게 나타난
다. 이러한 현상은 물질이 가지고 있는 결함이나 구조적인 특징에 따라 다르게 나타난다. 이를 이용하여 우리는
WSe2와 MoSe2의 포논모드의 진동수와 푸리에 변환을 통한 세기 비교를 통하여 물질이 가지고 있는 특성에 대해
토의 하고자 한다.
Keywords:
WSe2, MoSe2, TMDs, femto, pump-probe experiment
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Measurements of Second Order Correlation Function of Heralded
Single Photons
이중성, 홍성혁, 이진형, 이광걸*
한양대학교 물리학과
*
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Abstract:
Quantum light sources such as single photons from single
emitters and heralded photon pairs are the basic ingredient in
quantum optical applications likes quantum computation,
quantum cryptography and metrology. Single photon is generated
by the quantum emitters (single molecule, quantum dot, color
centers in crystals, and etc.). Heralded photon pairs (signal and
idler) can be generated by SPDC(Spontaneous Parametric Down
Conversion) through the interaction of pump source and nonlinear crystal. Signal photon is guaranteed when idler photon is
detected. Thus the SPDC source is often called “heralded single
photons”. It is an important task to check the quality of heralded
single photons, and one possible indicator for that is the second order correlation function .
where denotes a positive frequency field operator. We measure of heralded single photon. To exploit the
heralded nature of photon pairs 'post-selection' method is usually applied, where the idler photon is used as
the 'trigger' in the measurements. It is known that the statistics of photon pairs itself follows the thermal
(random) distribution, whereas the heralded photons shows the characteristics of an anti-bunched state. In
the measurements of of heralded photons we combine a commercial 2-channel coincidence device (PicoHarp
300) with two home-made AND gate circuits for the operation of the 'post-selection'. To simulate the
measured data we have considered the timing jitter of the detector, coincidence time windows of the AND
gates and coincidence device. Figure (a) shows our experimental schematic. Red line is the beam path of
SPDC source where the signal photons are transmitted and the idler photons are reflected by a polarizing
beam splitter (PBS). Two non-polarizing beam splitters (NPBSs) with four single photon counting APDs
construct two pairs of Hanbury-Brown and Twiss interferometer to eliminate the dead-time effect of APDs.
Finally, the electronically post selected signals enter a coincidence device which performs a start-stop
measurement. Figure (b) shows the measured data(black line) together with the simulation(red solid dots)
System parameters used in the simulation are listed in table 1. Because of classical light sources cannot be
below 1, our result clearly demonstrates that heralded single photon source used in this experiment is a
quantum light source (anti-bunched). This heralded single photon source can be useful in the studies of
quantum mechanics which exploit the quantum nature of photons. In the end part of the talk, we also
mention on the our current researches using this heralded single photon source.
Keywords:
second order correlation function, heralded single photons
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형광상관분광법을 이용한 K+ 이온농도에 따른 G-rich DNA의 확산 계
수 측정
이재란, 김석원*
울산대학교 물리학과
*

sokkim@ulsan.ac.kr

Abstract:
G-rich DNA는 single-strand DNA형태에서 양이온에 의해
G-quadruplex와 같은 구형으로 변형되는 것으로 잘 알려져 있다.
하지만 (GGGT)4와 같은 짧은 구조의 G-rich DNA가
G-quadruplex가 되기 위해 G-quadruplex 내부에 포함되는 양이
온 보다 높은 농도의 양이온을 요구한다. 따라서 본 연구에서는 형광
상관분광법을 이용하여 K+이온의 농도에 따라 (GGGT)4의 확산 속
도 변화를 측정하고 이온농도가 DNA의 형태 변화에 미치는 영향에
대해 연구하였다. Single strand DNA를 G-quadruplex로 변형시키
기 위해 K+이온의 농도를 10 nM, 10 μM, 10 mM 변화시키고 10
mM Tris-HCl 버퍼로 희석하여, 각각의 농도에서 DNA의 확산계수가 시간에 따라 변하는 것을 확인하였다. 반
응 초기에는 이온의 농도가 높을수록 입자의 확산 계수가 증가하는 것이 뚜렷하였지만, 시간이 지남에 따라 확산
계수가 낮아지는 것으로 나타났다.
Keywords:
G-rich DNA, fluorescence correlation spectroscopy, Diffusion coefficient
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A study of flavour changing neutral current in the single top and top
quark pair production mode at the LHC
ABU ZEID Shimaa2, ANDREA Jeremy3, BASSO Lorenzo5, COLLARD Caroline3, CONTE Eric3, DEROOVER
Kevin2, DHONDT Jorgen2, FUKS Benjamin7, HAMMAD Gregory4, KIM Tae Jeong*1, VAN PARIJS Isis2,
VAN ONSEM Gerrit6
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Abstract:
At the LHC, for Run II period, top quarks are expected to be produced copiously to enable searches for rare
processes, such as flavour changing neutral currents (FCNC) which are strongly suppressed in the Standard
Model. Therefore, evidences for FCNC would bring us a hint for New Physics that could explain unsolved
issues in the particle Physics. In this analysis, the SM Lagrangian is supplemented with FCNC operators from a
low-energy effective field theory. The phenomenological study is performed in the single top and top quark
pair production mode. Results from both possible final states with simulated events corresponding to an
integrated luminosity of 100 fb-1 are presented.
Keywords:
Top quark, FCNC
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Measurement of ttbar cross section at sqrt(s)=13 TeV with CMS
ROH Youn Jung*, CHOI Suyong
CMS Collaboration
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Abstract:
Measurement of ttbar cross section is performed with proton-proton collisions at a center-of-mass energy of
13TeV. The measurement is performed with a data collected in 2015 using the CMS detector at the Large
Hadron Collider.
Keywords:
top quark, cross section, CMS
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Higgs boson on-shell production at 13 TeV proton-proton collision,
and off-shell production and decay rate at 8 TeV collision
이상은*, 손동철, 김귀년, 카킴잔 부타노브, 하미드 유수포브, 박상일
경북대학교 물리학과
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Abstract:
We present the Higgs boson decay rate and off-shell production signal strength with proton-proton collision
data at 8 TeV and on-shell production signal strength at 13 TeV. The study uses the electron and muon final
state of W boson pair decay of Higgs boson using the collected data 2.3/fb at 13 TeV, 19.4/fb at 8 TeV, and
4.9/fb at 7 TeV.
Keywords:
Higgs boson, W boson, signal strength, decay rate
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Measurement for the electroweak Z + production in association with
two jets and a search for anomalous quartic gauge couplings in pp
collisions at TeV
YuChul Yang*, DongHee Kim
Department of Physics, Kyungpook National University
*
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Abstract:
Measurement for electroweak associated production of a Z boson, a photon and two jets, where the Z boson
decays into electron or muon pairs, is presented. The measurement is based on a sample of proton-proton
collisions collected by the CMS detector at a center of mass energy of 8 TeV, corresponding to an integrated
luminosity of 19.7 fb-1. The electroweak contribution to the production is consistent with the standard model
prediction and the limits on anomalous quartic gauge couplings are set with a binned profile likelihood method
based on the Z + mass spectrum.
Keywords:
electroweak productionZ + productionVector boson fusion
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Study of top quark mass measurement using D* inside jets at LHC
RYU Geonmo, PARK Inkyu*, KIM Ji Hyun*
Department of Physics University of Seoul
*
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Abstract:
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. On previous results, we already knew that energy peak of b-quark can mapped to top quark
mass because of unchanged energy peak. Same as method, we can also research some meson to acquire b-jet's
energy. In this presentation, we researched ttbar events include D*-in-jet to measure top quark mass. These
events were extracted from 13TeV LHC data in 2015. This method used an isolated lepton from W boson and
3-tracks from D* meson in b jet.
Keywords:
D* mesonTop quark massb-jet
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Differential ttbar cross sections in the dilepton channel at center of mass
of 13 TeV
전다정1, 박인규*1, 이상훈1, 최수용2, 노연정2, 고정환3
1

서울시립대학교 물리학과, 2고려대학교 물리학과, 3성균관대학교 물리학과
*

inkyu.park@cern.ch

Abstract:
Differential cross sections of the top-quark pair production are measured in the dilepton decay channel with
proton-proton collisions at a center-of-mass energy of 13 TeV. The measurement is performed with a data
corresponding to an integrated luminosity of 2.3 1/fb collected in 2015 using the CMS detector at the Large
Hadron Collider. In this analysis, we measure the differential cross sections with respect to the kinematic
variables of leptons, bjets, and top-quarks at particle and parton level.
Keywords:
top, ttbar, CMS, LHC, run2, dilepton channel, differential cross section
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A study of Initial State Gluon Radiation on the Drell-Yan process in pp
collisions at sqrt(s)=8 & 13 TeV
최준호*, 김준호, 박재균, 유금봉, John Almond, 양운기
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Abstract:
p.p1 {margin: 0.0px 0.0px 0.0px 0.0px; font: 13.0px Times; -webkit-text-stroke: #000000} span.s1 {fontkerning: none} We have studied initial state gluon radiation (ISR) on the Drell Yan event at the LHC at sqrt(s)
= 8 & 13 TeV. In this study, we choose the Drell Yan event to analyze only ISR effect as there’s no final state
gluon radiation (FSR) in the Drell Yan process. Monte-Carlo studies show that the averaged pt of dilepton has
logarithmic dependence on the averaged invariant mass of diletpon in electron and muon channel. We measure
the logarithmic slope of the dilepton pt using the CMS data at 8 TeV and 13 TeV.
Keywords:
CMS, LHC
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Drell-Yan differential cross section measurement in dimuon channel in
pp collisions at sqrt(s) = 13 TeV
이경필*, 남경욱, 유휘동*
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Abstract:
Measurement of the differential Drell–Yan cross sections in the dimuon channel is presented. They are based
on proton–proton collision data at sqrt(s)=13TeV recorded with the CMS detector at the LHC and
corresponding to an integrated luminosity of 2.7 fb-1. The measured inclusive cross section in the Z peak
region (60–120 GeV) is also presented. The differential cross section dsigma/dm in the dimuon mass range 15
–3000 GeV is measured and corrected to the full phase space. These measurements are compared to the
predictions of perturbative QCD at NNLO and NLO orders.
Keywords:
CMS, Drell-Yan, Cross Section, Muon
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Overview of the storage ring proton EDM experiment
SEMERTZIDIS Yannis K*
Center for Axion and Precision Physics Research/Institute for Basic Science
*
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Abstract:
The Storage Ring proton EDM experiment has a New Physics sensitivity in the range of 10^3 - 10^4 TeV,
which makes it a must do experiment before the next generation colliders are designed. This experiment can
be designed and launched in Korea, it has a high discovery potential and can transform the Korean position in
the international HEP and NP communities.
Keywords:
Electric Dipole Moment, EDM
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Exploring beyond the standard model with EDM and axions
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Abstract:
I discuss the prospect for exploring physics beyond the standard model with EDMs and axions.
Keywords:
EDM, Axions
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In Search of a Dark Sector Inspired by a Moment
DAVOUDIASL Hooman*
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Abstract:
The dominance of dark matter in the Universe could imply the presence of a new sector of physics containing
various particles and forces. Such a "dark" sector may have no direct contact with the Standard Model (SM),
but instead interact with our visible world through a small degree of mixing. In particular, the long-standing
discrepancy between the SM prediction and the measured value for the muon g-2 may originate from a dark
force that couples to electric charge via loop-induced mixing processes. In this talk, we examine some dark
sector models, and their generalizations, that may explain the muon g-2 anomaly, and survey aspects of their
potential phenomenology. These include signals in rare Higgs, meson, and lepton flavor violating decays, dark
parity violation, and possibly a measurable muon electric dipole moment.
Keywords:
Standard model, EDM
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KEK Isotope Separation System (KISS) for b-decay spectroscopy
JUNG Hyo Soon*1, HIRAYAMA Yoshikazu1, WATANABE Yutaka1, MIYATAKE Hiroari1, SCHURY Peter1,
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Abstract:
KEK Isotope Separation System (KISS) [1] has been developed at RIKEN to produce pure low-energy beams
and measure the lifetimes to study the b-decay properties of very exotic, neutron-rich nuclei (A~195) relevant
to the r-process nucleosynthesis. The KISS is able to access to close to the N=126 nuclei by taking advantages
of multi-nucleon transfer (MNT) reactions of a 198Pt target with a heavy ion beam, 136Xe [2]. We are now
proceeding with its development for lifetime measurements. Since the energy of the ions of nuclei from the
KISS is as low as 20 keV and the yield of nuclei of interest is scarce, a large solid angle of the detector is
required and a background rate should be as low as the extraction yields to perform the lifetime measurements
by using only the b-ray telescope. A position sensitive gas-flow b counter is under development. The present
status of KISS, development of detector system, and the future plan of KISS will be presented. [1] Y. Hirayama
et al., Nucl. Instr. Meth. B 353, 4 (2015). [2] Y.X. Watanabe et al, Phys. Rev. Lett. 155, 172503 (2015).
Keywords:
r-process nucleosynthesis, Neutron rich nuclei, b-decay spectroscopy, Low background b counter

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

H1.02

Development of LAMPS Time Projection Chamber at RAON
이효상*, 김영진, 이광복, 김은희, Charles Anthony Akers, 박진형, 권영관
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Abstract:
기초과학연구원 중이온가속기 건설구축사업단 실험장치팀은 핵물질의 대칭에너지 (symmetry energy) 연구를 위
해 고에너지 핵물리 실험설비인 대면적 다목적 스펙트로미터 (Large Acceptance Multi-Purpose Spectrometer :
LAMPS)를 개발하고 있다. LAMPS의 주 검출기는 솔레노이드 마그넷 내부에 위치하는 시간투영검출기 (Time
Projection Chamber : TPC)이다. TPC는 중이온 충돌에서부터 생성되는 모든 하전입자의 궤도를 추적해 하전입자
의 운동량 및 종류를 구분하는 것이 목적이다. LAMPS TPC는 1.2m 길이의 원통 형태(외경 1m, 내경 30cm)로
360도 방위각 전체와 극각 24도 에서 127도의 검출영역을 가지고 있다. TPC를 지나가는 하전입자는 혼합기체 분
자들을 이온화시키며 이때 발생한 전자들은 가스 영역을 둘러싸고 있는 전기장 우리(Field Cage)에 의해 만들어진
균일한 전기장의 영향으로 TPC의 끝 방향으로 이동하게 된다. 이동한 전자들은 기체전자증폭기(Gas Electron
Multiplier : GEM)에 의해 증폭되고, 검출기 가장 끝단의 신호 수집판(readout pad)에서 전기신호로 만들어져 신
호처리 시스템에 의해 읽어진다. LAMPS TPC 개발을 위해 1/8 크기에 달하는 시작품 TPC를 만들어 TPC의 제작
과 운영에 필요한 기술을 연구하고 있다. 또 시작품 TPC를 이용해 LAMPS TPC와 같은 3층 GEM 구조의 특성 파
악과 신호처리 시스템의 성능검증을 진행하고 있다. 본 발표에서는 시작품 TPC를 이용한 테스트 진행사항과 결과
그리고 앞으로의 계획에 대해 발표할 것이다. 그리고 LAMPS TPC의 신호처리 방법과 계획을 소개할 것이다.
Keywords:
TPC, LAMPS, RAON, 중이온가속기, GEM, AGET, AsAd, CoBo, Narval
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Performance test and future plan for a PPAC for use with the KOBRA
spectrometer
AKERS Charles Anthony*, LEE Hyo Sang, LEE Kwang Bok, KIM Eun Hee, PARK Jin Hyung, KWON Young
Kwan, KIM Young Jin
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Abstract:
We have fabricated two prototype delay type parallel plate avalanche counters (PPAC) intended for future use
with the KOBRA spectrometer. Such a detector is required to provide precise position measurements (<1 mm)
at high count rates (>10^5 pps) with a large sensitive area. Our prototype consists of a single positively biased
anode plane (10x10 cm2) located between two strip segmented cathode planes, forming two sensitive gas
volumes used for X and Y position measurements. With a bias voltage of 610 V, a C3F8 gas volume of 4.5 torr
and an 241Am alpha source, the position resolution was measured to be 1.2mm FWHM. This detector will
form the basis of a wider model, currently in design, which can provide a much larger sensitive area. In this
presentation, the design details and test results of the PPAC prototype will be discussed.
Keywords:
PPAC, KOBRA, resolution, prototype, RAON
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A high sensitivity alpha particle counter at the Yangyang underground
laboratory
HA Chang Hyon*
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*
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Abstract:
A particle counter that measures alpha-induced ionization signals in the Ar gas chamber has been operating in
the Yangyang underground laboratory. The main purpose of the counter is to determine radiopurity of
materials which are used in the KIMS-NaI dark matter experiment and the AMoRE double beta decay
experiment. In addition to the alpha particle's characteristic risetime signal, an additional veto technique is used
to select alpha particles that originate from the sample area and reject those from other sources. The
preliminary measurements using various lead, copper, and dielectric sheets show that the counter can acheive a
sensitivity as low as 0.0001 count/cm^2/hr.
Keywords:
alpha particle, KIMS
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Study on vanadium oxide thin film as an interfacial layer for silicon
solar cells
오규진, 김은규*
한양대학교
*
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Abstract:
Vanadium oxide (V2O5) thin film has been extensively studied by solar cell research group in recent years as a
p-type contact materials because of their high work function. In previous our study, for silicon solar cells,
vanadium oxide deposited by sputtering method could be effective role as an interfacial material. When the
vanadium oxide interfacial layer between indium tin oxide and amorphous p-type silicon was deposited, the
photoelectric conversion efficiency (PCE) of Si solar cell was improved more than 10 % of that of reference
sample. However, as increasing the applied power of vanadium oxide target during sputtering process, the
quality of thin film as well as the efficiency of solar cells deteriorated. In this study, we analyzed the origin of
deteriorating the thin film quality with a variety of experimental methods. Using x-ray diffraction, crystal
structure of vanadium oxide thin films was determined. Spectroscopic ellipsometry and deep level transient
spectroscopy (DLTS) were utilized to measure trap state and density. Finally, the effect of vanadium oxide
interfacial layer on PCE of heterojunction with intrinsic thin layer solar cell will be discussed.
Keywords:
vanadium oxide; hole transport; solar cell application
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Enhancement of the photo conversion efficiencies in Cu(In,Ga)(Se,S)2
solar cells fabricated by two-step sulfurization process
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Abstract:
We have investigated sulfurization process in Cu(In,Ga)(Se,S)2
(CIGSS) absorber layer fabricated by two-stage sputter and
selenization/sulfurization method in order to make ideal doublegraded band-gap profile and enhance the surface state of the
absorber layer. To investigate the surface passivation role
depending on sulfurization process, the CIGSS absorber layer was
measured by local electrical characterization utilizing Kelvin
probe force microscopy (KPFM), especially grain boundary
potential and surface work-function. From these results, we
explained the device performances depending on potential
properties at CIGSS absorber surface. In addition, we propose a
new method of two-step sulfurization using two different H2S
gas concentrations during sulfurization treatment. Two-step process yielded, remarkable improvements in
the efficiency (+0.7 %), open circuit voltage (+14 mV), short circuit current (+0.23 mA/cm2), and fill factor
(+0.21 %) of a CIGSS device 30 x 30 cm2 in size This two-step sulfurization process was experimentally
found to be useful for a good surface condition such as uniform surface state and good grain boundary
passivation.
Keywords:
Cu(In,Ga)(Se,S)2 solar cells, Grain boundary passivation, Kelvin probe force microscopy, Sulfurization
process
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Electroforming-dependent multifunctional resistive switches:
Transition from bipolar with multi-level states to complementary
resistive switching dynamics
LEE Ah Rahm1, BAEK Gwang Ho1, KIM Tae Yoon2, HONG Jin Pyo*1, 2
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Abstract:
We
presents
the
unique
electroforming-dependent
multifunctional resistive switching features by operating a merged
Pt/Ta2O5-x/Ta-Ta/Ta2O5-x/Pt switching device under particular
bias and polarity conditions. The basic Pt/Ta2O5-x/Ta resistive
switching cell comprising the completely merged device shows
two different bipolar switching behaviors with an initial forming
process under different bias polarities. Therefore, two switching
elements can be merged in various ways to produce diverse
functionalities such as asymmetric complementary resistive switching (CRS) and typical CRS, achieved
through control of the forming process. In addition, a reasonable physical model was proposed to explain the
observed forming-polarity-dependent bipolar and asymmetric CRS-like resistive switching phenomena; this
model explained the switching as a combined effect of redox reactions and Joule heating. This is a simple and
useful route that offers the applecation of CRS into future massive array strcutrued resistive switching
memory devices.
Keywords:
Resistance switching, Electroforming, CRS (complementary resistive switching), Tantalum oxide, ReRAM
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Enhanced hot electron flow on plasmonic nanodiodes by adsorption of
PbS quantum dots
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Abstract:
Hot electrons that are not at thermal equilibrium with the lattice can be generated upon absorption of light;
utilization of hot electrons is proposed as a promising strategy to go beyond the capability of conventional
devices. Here, we show that hot electron flow generated in PbS quantum dots deposited on plasmonic Au are
amplified by localized surface plasmon resonance on plasmonic nanodiodes. This is achieved by depositing PbS
quantum dots on Au/TiO2 Schottky nanodiodes. By modifying the morphology of the Au and obtaining
connected nanoscale Au islands, we investigated the effect of surface plasmons on hot electron transport
through quantum dots and the Au/TiO2 interface. The hot electron flows were measured on PbS quantum dots
with sizes of 2.6 nm and 3.5 nm, which have different bandgaps. We will discuss the effect of doping PbS
quantum dots on the amplification of hot electrons.
Keywords:
hot electron, PbS quantum dot, surface plamson, plasmonic nanodiode
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Intuitive theory for effective density
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Abstract:
To understand why the effective mass of a metamaterial unit cell is different from its natural mass, we
introduce the idea of hidden force: the effective density is negative when the hidden force is larger than, and
operates in antiphase to, the applied force. We demonstrate this picture for some established acoustic
metamaterials with elements based on membranes, springs, and masses. The hidden force for membrane-based
acoustic metamaterials, for instance, is the force from the membrane tension. We also explain the analogous
concepts for pure mass-and-spring systems, in which case the hidden force can arise from masses and springs
fixed inside other masses. This new picture provides a powerful tool for conceptual understanding and design
of new acoustic metamaterials, and avoids common pitfalls involved in determining the effective parameters of
such materials.
Keywords:
Metamaterials
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Abstract:
We present a new method to calculate effective moduli of acoustic metamaterials. We introduce the concept of
hidden source of volume: the effective modulus is negative when the volume of fluid injected from the hidden
source is larger than, and operates in antiphase to, the volume change of the unit cell that would be obtained in
its absence. We demonstrate this ansatz for some established acoustic metamaterials with elements based on
Helmholtz resonators and side holes. The hidden source for a Helmholtz-resonator-based metamaterial is the
extra air volume injected from the resonator cavity. The hidden sources can arise from light rigid trusses—more
aptly termed hidden expanders of displacement in this case—coupled to extra degrees of freedom for
mechanical motion such as the case of coupling to masses that move at right angles to the wave-propagation
direction.
Keywords:
Metamaterials
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Control of electromagnetically-induced transparency-like and snakeshape-resonator metamaterials
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Abstract:
Electromagnetically-induced transparency (EIT)-like effects for metamaterials (MMs) were investigated at
GHz both theoretically and experimentally. The EIT-like effects in MMs are induced by the interference
among the plasmonic unit cells, and simple tuning can be realized by varying their geometry. In general, the
origin of EIT is observed to be the destructive Fano interference between bright and dark resonances. However,
recent studies reported that Fano resonances could be generated by the interference between only bright modes
without dark-mode excitation. In this work, we propose a simple scheme based on the phase coupling
between two different snake-shape resonators (SRs) to construct the EIT-like spectral response at microwave
frequencies. The proposed scheme is also extended to controllable EIT-like feature. Two types of SR were
fabricated at the top (with one bar) and the bottom (with two bars) of FR4 substrate, respectively. It was
found that two SRs in the MM were activated in bright modes, and the coupling between two bright modes
induces the EIT-like effect, which results in the enhanced transmission at 5.61 GHz. Furthermore, we
confirmed that the EIT-like feature could be controlled by adjusting the geometric parameters of MM. The
main advantage of this approach is that the bright-mode coupling strength is entirely improved by the barlength symmetry. The measured transmission spectra were in good agreement with the simulation in general
shape and frequency. This work was supported by the ICT R&D program of MSIP/IITP, Korea (13-911-01101).
Keywords:
Metamaterials, Electromagnetically-induced transparency
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Spectroscopic investigations of Nd3+ doped gadolinium calcium silica
borate glasses for the NIR emission at 1059 nm
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Abstract:
The Nd3+-doped gadolinium calcium silica borate (BSGdCaNd) glasses of composition (55-x) B2O3 - 10 SiO2
- 25 Gd2O3 -10 CaO -x Nd2O3, where x = 0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 mol %, have been prepared by
conventional melt quenching technique and were characterized through absorption, emission and decay rate
measurements. Judd-Ofelt intensity parameters were derived from the absorption spectrum and in turn used to
calculate the radiative transition probability (AR), radiative lifetime (tR) and branching ratios (bR) for
prominent emission levels of Nd3+ ion. The emission spectra recorded for BSGdCaNd glasses gives three
emission transitions 4F3/2 ® 4I9/2 (903 nm), 4F3/2 ® 4I11/2 (1059 nm) and 4F3/2 ® 4I13/2 (1333 nm) for which
effective bandwidths (Dleff) and stimulated emission cross-section (s(lp)) are evaluated. Branching ratios (bR)
measured for BSGdCaNd1.0 glass show that 4F3/2 ® 4I11/2 transition is quite suitable for lasing applications.
The intensity of emission spectra increases with increase in the concentration of Nd3+ ion up to 1.0 mol% and
beyond concentration quenching is observed. Hence, the spectroscopic results indicate that the BSGdCaNd1.0
glass system could be considered as a good candidate for strong NIR lasers at 1059 nm.
Keywords:
Nd3+; Gadolinium calcium silica borate glasses; Judd-Ofelt parameters; Optical properties; NIR
luminescence.
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Synthesis and luminescent property of Eu3+-doped (Na0.5Gd0.5)MoO4
phosphors
DU Peng, YU Jae Su*
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Abstract:
In recent year, phosphor-converted white light-emitting diodes (pc-WLEDs) which are thought to be a nextgeneration light source to replace these fluorescent lamps and conventional lights have attracted considerable
attention due to their advantages of low power consumption, high efficiency and eco-friendly feature.
Nowadays, the commercial pc-WLEDs are generated by the combination of a blue InGdN chip and yellow
phosphor (YAG:Ce3+). Due to the lacking of red-emitting component, the white light exhibits low color
rendering index and high corrected color temperature. To overcome this drawback, a red-emitting phosphor is
required. Typically, the Eu3+-doped compounds are considered to be alternative candidates for red-emitting
phosphors owing to their high efficiency characteristic red emission. In this work, a series of Eu3+-doped
Na0.5Gd0.5MoO4 phosphors were synthesized by a typical sol-gel method. The X-ray diffraction results
revealed that all the samples possessed single phase structure. Under the excitation of near-ultraviolet light,
strong red emissions were observed and the luminescent emission intensity showed an increasing tendency with
the increment of Eu3+ ion concentration. These results indicate that the Eu3+-doped Na0.5Gd0.5MoO4
phosphors have promising applications in WLEDs and field-emission displays as a red-emitting phosphor.
Keywords:
Phosphor, rare-earth, photoluminescence, WLEDs
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Abstract:
Due to its peculiar properties, diverse attempts have been made to incoporate graphene into optical devices.
Among these properties, tuneable graphene plasmons in THz range have particularly exciting applications. Via
electrical gating or surface doping, Fermi level of the graphene can be externally controlled, modifying plasmon
characteristics [1]. Thus, expecially optoelecronic devices, such as modulators or lasers, are able to take their
advantages and consequently, optical properties and performance can be externally modulated. In recent work
[2] we experimentally demonstrated a graphene-integrated THz quantum cascade laser (QCL) which spectral
properties were controlled by electrical gating [2]. However, only a limited electromagnetic (EM) simulation of
the laser waveguide was performed, owing to the complexity of the structure. In this work, through numerical
solution of a 2D approximation to the full waveguide structure using the finite element method (FEM), we
show a complete simulation of the graphene incoperated distributed feedback (DFB) QCL waveguides. Various
ranges of graphene Fermi level allow us to relate this data to the experimental results. Specifically, our
simulation quantifies the relationship between the graphene plasmon induced scattering and the cavity laser
modes. [1] A. N. Grigorenko, M. Polini and K. S. Novoselov, “Graphene plasmonics,” Nat. Photon., 6 (26),
749-758 (2012). [2] S. Chakraborty, O. P. Marshall, T. G. Folland, Y.-J. Kim, “Gain modulation by graphene
plasmons in aperiodic lattice laserst”, Science 351 (6270) 246-248 (2015).
Keywords:
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Abstract:
Bose-Einstein condensates form when a macroscopic number of bosonic particles or quasiparticles scatter its
energy, through interaction with other particles and collect into the single-particle ground state (the energy
state with the lowest energy). In exciton and exciton-polariton condensates, scattering with acoustic phonons
of the crystall lattice [1] offers a mechanism of energy relaxation. Aside fundamental significance, propagating
condensates have recently demonstrated potential as optoelectronic transistors in exciton [2] and excitonpolariton systems [3]. However, the most worked-out existing approaches, namely the Boltzmann equations
formalism and the Gross-Pitaevskii equation, turn out unable to describe the relaxation behavior since both
have different but unavoidable drawbacks. We introduce a microscopic theory which can describe the energy
relaxation in a coherent excitonic ensemble [4]. The exciton/exciton-polariton field is coupled to a field
representing phonons in the system, which is modeled using stochastic variables. Some results of modeling are
presented in Fig. 1. Another important application is the energy relaxation in a periodic structure with the
minizones formation in reciprocal space [5], to be in the talk. [1] F. Tassone, C. Piermarocchi, V. Savona, et
al, Phys. Rev. B 56, 7554 (1997). [2] A. High A. Hammack, L. Butov, M. Hanson, and A. Gossard, Opt. Lett.
32, 2466 (2007). [3] T. Gao, P. S. Eldridge, T. C. H. Liew, et. al., Phys. Rev. B 85, 235102 (2012). [4] I. G.
Savenko, T.C.H Liew and I.A.Shelykh, Phys. Rev Lett. 110 127402 (2013). [5] K. Winkler, O. A. Egorov, I. G.
Savenko et al, arXiv:1509.08820, soon in PRB Rapid Com. (2016).
Keywords:
Exciton-polaritton system, Gross-Pitaevskii equation, Boltsmann equation
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Abstract:
CH3NH3PbX3 (X=Cl, Br, I)의 구조를 지니는 organic-inorganic halide perovskite 물질의 경우 높은 광전 변환효
율을 갖는 차세대 태양전지 물질로 각광을 받고 있다. 특히, halide stoichiometry를 통한 가시광 영역에서의 파장의
변화는 광전자 소자 분야에서 이 물질이 지니는 활용성을 더 높여줄 것으로 기대된다. 본 연구에서는 이러한 halide
perovskite 물질 중 CH3NH3PbI3 (l~ 780 nm)를 square lattice 구조의 2차원 광자결정에 접목함으로써 상온에서
작동하는 광자결정 띠가장자리(band-edge) 레이저를 구현하였다. PECVD 방법을 통하여 증착한 silicon nitride 위
에 e-beam lithography방법을 통하여 square lattice 구조의 광자결정 패턴을 만들고 RIE를 통하여 silicon nitride
박막에 패턴을 전사하였다. 이렇게 만들어진 passive 광자결정 구조 위에 간단한 spin-casting 방법을 통해서 발광
물질인 perovskite 물질을 도포하였다. 광펌핑을 통해 제작된 2차원 광자결정 구조가 상온에서 레이저로 잘 작동함
을 관찰하였으며, square lattice에 공존하는 두 개의 띠가장자리 모드인 Γ-point와 M-point의 특성을 갖는 레이
저의 특성도 확인할 수 있었다.
Keywords:
halide perovskite,spin-coating, photonic crystal, band-edge laser, optoelectronic applications
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Abstract:
Three-dimensional (3-D) semiconductor nanoarchitectures, including nano- and micro- rods, pyramids, and
disks, are emerging as one of the most promising elements for future optoelectronic devices. Since these 3-D
semiconductor nanoarchitectures have many interesting unconventional properties, including the use of large
light-emitting surface area and semipolar/nonpolar nano- or micro-facets, numerous studies reported on
novel device applications of these 3-D nanoarchitectures. In particular, 3-D nanoarchitecture devices can have
noticeably different current spreading characteristics compared with conventional thin film devices, due to their
elaborate 3-D geometry. Utilizing this feature in a highly controlled manner, color-tunable light-emitting
diodes (LEDs) were demonstrated by controlling the spatial distribution of current density over the
multifaceted GaN LEDs. Meanwhile, for the fabrication of high brightness, single color emitting LEDs or laser
diodes, uniform and high density of electrical current must be injected into the entire active layers of the
nanoarchitecture devices. Here, we report on a new device structure to inject uniform and high density of
electrical current through the 3-D semiconductor nanoarchitecture LEDs using metal core inside microtube
LEDs. In this work, we report the fabrications and characteristics of metal-cored coaxial GaN/InxGa1-xN
microtube LEDs. For the fabrication of metal-cored microtube LEDs, GaN/InxGa1-xN/ZnO coaxial
microtube LED arrays grown on an n-GaN/c-Al2O3 substrate were lifted-off from the substrate by wet
chemical etching of sacrificial ZnO microtubes and SiO2 layer. The chemically lifted-off layer of LEDs were
then stamped upside down on another supporting substrates. Subsequently, Ti/Au and indium tin oxide were
deposited on the inner shells of microtubes, forming n-type electrodes of the metal-cored LEDs. The device
characteristics were investigated measuring electroluminescence and current–voltage characteristic curves and
analyzed by computational modeling of current spreading characteristics.
Keywords:
metal core, light-emitting diodes, gallium nitride, microtube
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The effect of growth temperature on structural and magnetic properties
of FeMn2O4 epitaxial films on MgO(100) substrate by molercular
beam epitaxy
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Abstract:
Spinel ferrites ABO4 has been attractive because of high magnetic ordering and large saturation magnetizations,
which can be used various applications, such as magneto-electric heterostructures and spin-ﬁlter devices.
Among them FeMn2O4 is one of promising material in this class. Growth of high quality single crystal ﬁlms are
still challenging. In this work, we report the effect of growth temperature on structural and magnetic properties
of FeMn2O4 epitaxial films on MgO(100) substrate by molercular beam epitaxy. The reflection high energy
electron diffraction (RHEED) and X-ray diffraction (XRD) results indicated that films were epitaxially grown
on MgO(100) without the impurity phases. The valence states of Fe and Mn in the FeMn2O4 film were carried
out using x-ray photoelectron spectrometer (XPS). The magnetic properties measured from vibrating sample
magnetometer (VSM), indicate that the samples are ferromagnetic at room temperature. In detail and origin of
magnetic ordering in FeMn2O4 will be discussed.
Keywords:
Oxide, thin film, magnetism
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감마선 조사에 따른 비납계 강유전체의 전기적 특성 변화
조삼연, 최기쁨, 강신욱, 부상돈*
전북대학교 물리학과
*
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Abstract:
압전체 물질에서의 방사선 조사에 따른 영향을 조사하는 것은 우주환경, 원자로 그리고 군사적 목적으로 사용되는
소자의 개발에 있어 매우 중요하다. 그러나, 이러한 방사선 조사 연구는 상업적으로 많이 사용되는 압전체인 PZT에
집중되어 있다. 또한, 최근에는 PZT물질에 함유된 납(Pb) 성분의 유해성 때문에 이를 대체하기 위한 비납계 압전체
의 연구가 많이 이루어지고 있다. 본 연구에서는 비스무스 층상구조형 (bismuth-layered structure) 강유전체/압전
체인 Bi4Ti3O12를 기반으로하는 Bi4Ti3O12 (BIT), CaBi4Ti4O15 (CBTO) 물질과 페로브스카이트(perovskite) 구조의
강유전체/압전체인 BiFeO3를 기반으로하는 BiFeO3-BaTiO3 (BF-BT)물질에서의 방사선 조사에 따른 전기적 특성
변화를 조사하였다. 세라믹시료는 일반적인 고상반응법으로 제작하였으며, 총 감마선 조사량은 0에서 3000 kGy
까지의 범위에서 조절하였다. 그결과 3000 kGy의 감마선 조사에 의한 유전분극 (Pr) 값과 압전계수 (d33) 값의 감소
율이 BF-BT (Pr: 4.2 % 감소)와 CBTO 세라믹스에서 공통적으로 10 %이내인 것으로 확인 하였다. 이러한 결과는
PZT (Pr: 24.4 % 감소)와 비교하여 상대적으로 우수한 내방사선 특징을 나타낸다. 이와함께 물질에 따른 내방사선
특성 차이를 조사하고 원인에 대하여 논의하고자 한다.
Keywords:
Gamma-ray, Piezoelectric ceramics, Bismuth-layered structure, Perovskite
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Diffusion barrier-controlled perpendicular magnetic anisotropy of
metal/CoFeB/MgO frames
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Abstract:
The discovery of perpendicular magnetized CoFeB/MgO frame has encouraged the spintronic applications
such as memory and logic devices. For practical applications, several requirements still remain to improve the
metal/CoFeB/MgO frames. One is large perpendicular magnetic anisotropy (PMA) energy density for
ultrahigh-density devices. The clean interfaces of Fe/MgO and Co/MgO are the convincing origin of PMA in
CoFeB/MgO frames. For larger PMA in CoFeB/MgO frames, therefore, the B atoms should be removed at the
interface. Another requirement is the annealing stability at approximately 400 °C that is for compatible with
CMOS back end of line process. The PMA of Ta/CoFeB/MgO frames that typically used is rapidly
deteriorated during annealing process with temperature greater than 300 °C due to atomic intermixing
between Ta and CoFeB. For this reason, the recent studies focused on substitution materials exhibiting large
and thermally stable PMA property in metal/CoFeB/MgO frame. Here, the use of metal-nitride at the
interface of transition metal/CoFeB leads to the improved PMA and/or annealing stability in
metal/CoFeB/MgO frames. Various metal-nitrides were investigated as a diffusion barrier (DB) in
metal/DB/CoFeB/MgO frames. Such a large Keff of 10 Merg/cc after 350 °C annealing was achieved, while
retaining the PMA response using a relatively thick (1.8 nm) CoFeB layer.
Keywords:
interface perpendicular magnetic anisotropy; CoFeB/MgO; B-diffusion; Ta-diffusion; diffusion barrier
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Non-Local Spin Signal in Quasi-2DEG of LAO/STO
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Abstract:
LaAlO3/SrTiO3 (LAO/STO) hetero interface have received growing attention due to unique electronic
behaviors, such as coexistence of superconductivity and ferromagnetism, strong Rashba-type spin-orbit
coupling, etc. We studied spin Hall effect induced non-local spin signal in quasi-2DEG of LaAlO3/SrTiO3
(LAO/STO) interface. We fabricated simple hall-bar (H-bar) like geometry to study non-local spin diffusion
without ferromagnetic layer. Channel length was varied 2~10um to confirm spin diffusion through the
conduction interface. All electrical measurement was performed in a Physical Property Measurement System
(PPMS) using Keithely source meter (K2636) and nanovoltameter (K2182). When an electric current flows one
of the lines of the H-bar structures, a transverse spin current due to the spin Hall effect is induced in the
connecting part. Subsequently, this spin current produces a non-local voltage difference in the opposite line of
the H-bar structures via inverse spin Hall effect. The non-local spin diffusion were further confirmed with
spin precession behavior under parallel magnetic field sweep. This work was supported by the National
Research Foundation of Korea (NRF) grant (No. 2014R1A1A2055685) funded by the Ministry of Education,
Science and Technology. This work was also supported by a grant from Future Challenge Project or Creativity
and Innovation Project (No. 1.140092.01) funded by the UNIST.
Keywords:
spin, LAO/STO, 2DEG, oxide interface, spin Hall effect
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Sign reversal of damping-like spin-orbit torque in collinear
antiferromagnet
천수익, 이현우*
포항공과대학교 물리학과
*

hwl@postech.ac.kr

Abstract:
We consider spin torque generated by an electric current flowing through a two-dimensional collinear antiferromagnetic layer subject to the Rashba spin-orbit coupling(SOC). In particular, we focus on the spin-orbit
torque (SOT), which is the spin torque generated by the interplay between the current and the spin-orbit
coupling. We demonstrate that the damping-like(DL) component of the SOT, or DL-SOT, can be quite large
in this system due to property of collinear AF which is invariant under combination of time reversal symmetry
and lattice translation symmetry operations. Considering small Fermi energy and strong exchange limit, we
derive 2D effective free electron model with Rashba SOC, which is a contribution to the band splitting. Using
Kubo formula, we show that AF ordering provides additional parameters at AF SOT fields, and AF DL-SOT
is obtained as not only electric field-induced torque but also conductivity-current-induced torque, which is
new type torque in weak Rashba SOC, i.e., small two bands spacing. Finally, we propose that AF DL-SOT is
decided by sample quality as electric field-induced torque or conductivity-current-induced torque, and the
direction of these torques are opposite to each other.
Keywords:
Spin-orbit torque, Antiferromagnet
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Abstract:
We investigate thermoelectric properties of CuI doped polycrystalline Bi2Te2.7Se0.3 which are prepared by hotpress and hot-deformation method. From CuI doping, Hall mobility and carrier concentration are increased as
compare with pristine Bi2Te2.7Se0.3. The carrier contribution of CuI is about 3.1 carriers per CuI which is
higher than 0.3 ~0.65 electrons per copper of Bi2Te2.7Se0.3. Also, because of structural arrangement by hotdeformation, anisotropic properties are shown in all measured physical properties. The maximum power factor
of x = 0.003 (3.81 mW/mK2 at 300K) is appeared in the perpendicular direction to the press direction.
Keywords:
Bi2Te2.7Se0.3, CuI, thermoelectric properties
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Thermoelectric properties and extremely low lattice thermal
conductivity in p-type Bismuth Tellurides by Pb-doping and PbTe
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Abstract:
Bi2Te3-based solid solutions are well known for its thermoelectric application near room temperature [1, 2].
Here, We investigated the thermoelectric properties of Pb-doped compounds (Bi0.2Sb0.8−xPbx)2Te3 and
pseudo-binary PbTe composites of [(Bi0.2Sb0.8)2Te3]1− x(PbTe)x (x = 0.0, 0.01, 0.02, 0.05, and 0.10). The Pbdoping and PbTe-precipitation enhanced their metallic properties, as confirmed by the increase in electrical
conductivity and carrier density, and the decrease in Seebeck coefficient and Hall mobility. We obtained the
exceptionally low lattice thermal conductivity of 0.2 W m−1 K−1 from the single parabolic band model, which
can be justified by the good fitting with the Pisarenko plot. Because of the high electrical conductivity at room
temperature and high Seebeck coefficient at high temperature, with the decrease in thermal conductivity with
increasing temperature, the thermoelectric figure-of-merits ZT were enhanced in the mild temperature range,
which can be advantageous in energy harvesting technologies. Reference [1] L.-P. Hu, T.-J. Zhu, Y.-G.
Wang, H.-H. Xie, Z.-J. Xu, X.-B. Zhao, Shifting up the optimum figure of merit of p-type bismuth
telluride-based thermoelectric materials for power generation by suppressing intrinsic conduction, NPG Asia
Mater., 6 (2014) e88. [2] Q. Zhang, Q. Zhang, S. Chen, W. Liu, K. Lukas, X. Yan, H. Wang, D. Wang, C.
Opeil, G. Chen, Z. Ren, Suppression of grain growth by additive in nanostructured p-type bismuth antimony
tellurides, Nano Energy, 1 (2012) 183.
Keywords:
Thermoelectric materials, (Bi, Sb)2Te3,PbTe precipitation, phonon scattering, low lattice thermal conductivity.
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Abstract:
Lead chalcogenides have long been promising thermoelectric materials for operating in the mid-temperature
range, 500–950 K. There have been several reports that electronic band engineering in binary compounds of
PbTe-PbSe and PbTe-PbS had an enhancing effect on their thermoelectric properties [1, 2]. At the same time,
nanostructure engineering is a promising route to reducing lattice thermal conductivity [2]. Here we optimized
the thermoelectric performance of pseudo quaternary compounds of (PbTe)0.95-x(PbSe)x(PbS)0.05 (x = 0.0, 0.05,
0.10, 0.15, 0.20, 0.35, and 0.95) with 1 % Na-doping by simultaneous band structure engineering and nanoprecipitation. We found that the quaternary compounds achieved the exceptionally high zT value of 2.3 at 800
K for x = 0.20, which is the state-of-the-art value for PbTe based materials. In addition, we demonstrated
significantly enhanced engineering thermoelectric performance, including engineering zTeng, device efficiency
η, output power density Pd, and device zTd. These state-of-the-art high zT compounds have good
compatibility with the n-type I-doped PbTe compound, and can be applied to practical waste heat power
generation. References [1] Y. Pei, X. Shie, A. LaLonde, H. Wang, L. Chen, G. J. Snyder, Nature. 473, 66
(2011). [2] S. N. Girard, J. He, X. Zhou, D. Shoemaker, C. M. Jaworski, C. Uher, V. P. Dravid, J.
P.Heremans and M. G. Kanatzidis, J. Am. Chem. Soc. 2011, 133, 16588-16597
Keywords:
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Abstract:
We report on in situ scanning tunneling microscopy (STM) investigation of superconducting iron pnictide thin
films grown by pulsed laser deposition (PLD) under ultrahigh vacuum. Epitaxial thin films of Ba(Fe1-xCox)2As2
and LiFeAs were grown on SrTiO3 (001) substrates and examined in an STM chamber directly connected to
the growth chamber. The crystallinities of the epitaxial thin films were monitored using reflection high-energy
electron diffraction (RHEED) and low energy electron diffraction (LEED) during and after deposition. A (4x4)
and missing row structures were observed in the grown Ba(Fe1-xCox)2As2 films. The reconstruction can be
understood with charge electron doping of additional Ba atoms in the topmost layer. Strong charge density
wave was observed in the grown film. A (1x1) structure was reveals in LiFeAs. These films reveal
superconducting behavior in the scanning tunneling spectroscopy and four probe transport measurements.
Keywords:
STM, PLD, epitaxial growth,pnictide, superconductivity
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Abstract:
Recently, interfacial monolayer iron-based superconductor with perovskite substrate has shown the possibility
of high Tc in excess of 100 K, probably due to the enhancement of antiferromagnetic spin fluctuationmediated pairing of the electrons by phonons from the perovskite substrate. Here we present a spectroscopic
imaging scanning tunneling microscopy study on a parent compound superconductor Sr2VO3FeAs (Tc ~ 35 K)
with repetition unit made of a single FeAs layer coupled to two perovskite-like layers on its sides. We observed
two bosonic signatures around the Γ-centered Fe dxz/dyz electron band: (1) Strong electron-phonon mode
coupling as two distinct replica bands separated by the phonon mode energy both in the filled and empty
states, (2) Γ-M electron scattering mediated by the plaquette order-based spin waves theory as anisotropic
kinks in the Γ-centered band. Our experimental data and phonon mode simulation show that self-assembled
encapsulation of the FeAs monolayer by two perovskite monolayers could lead to symmetrically breathing
interfacial phonons suitable for BCS pairing.
Keywords:
Iron-based Superconductor, Perovskite, Spectroscopic Imaging Scanning Tunneling Microscopy, Bosonic
mode, Antiferromagnetic Spin Fluctuation
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Abstract:
We have measured the infrared reflectivity spectra of the (Ca1-xLax)10(Pt3As8)(Fe10As10) (x=0.15) single crystal
in the temperature range from 8.5 to 300 K. The sample superconducting transition temperature is Tc=32.8 K.
The optical conductivity spectrum shows IR absorption at ~100 cm-1. As the temperature is lowered, the IR
absorption moves towards 0 cm-1 and disappears in the superconducting state. We also observed interband
transition around 3000cm-1. This transition spectral weight transfers to high frequency at a low temperature.
We tried to fit the optical conductivity using Drude and Lorentz models. The condensate plasma frequency
and penetration depth are evaluated, which indicates that the sample is in dirty limit.
Keywords:
Iron-based superconductor, Optical Conductivity
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Abstract:
철계 고온 초전도체중에서 전자 혹은 홀이 도핑된 CaFe2As2 화합물은 초전도 전이온도가 비교적 높으나, 초전도
부피율이 10% 아래로 매우 작다. 최근에 발견된 La가 도핑된 CaFeAs2 화합물은 같은 Ca화합물이지만, 초전도 층
으로 알려진 FeAs 층 사이에 As-As 로 이루어진 매개층이 존재하는 다른 구조의 초전도체로써 기존에 알려진 Ca
화합물 초전도체에 비해서 초전도 부피율이 ~60%로 크게 나타났다. 또한 이 매개층은 전도성이 있는 것으로 알려
져있다. 따라서 전도성 매개층이 존재하는 드문 경우의 철계 초전도인 La이 도핑된 CaFeAs2 단결정을 개량된 플럭
스법을 사용하여 성장시켰다. 이와같은 방법으로 성장된 Ca(La)FeAs2 단결정의 초전도 전이온도(Tc)는 ~ 46 K
이며, 부피율도 ~70%로 이전 결과 매우 크게 나왔다. 여기에 Co도핑과 Sb도핑을 통한 도핑에 따른 양질의 단결정
을 성장시켰으며, 이에 대한 연구결과를 보고하고자 한다.
Keywords:
철계 초전도체, 단결정, 플럭스법, CaFeAs2
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Abstract:
최근 FeSe를 SrTiO3에 single layer로 올렸을 때 임계온도가 bulk의 8K에서 100K에 이른다는 결과가 보고가 되면
서 철기반 초전도체 시스템에서 임계온도 상승의 주요한 원인에 대한 단서를 좀더 분명하게 얻을 수 있을 것으로 기
대를 모으고 있다. 특히 초전도 상승에 interface 가 미치는 효과의 여부및 역할에 대한 이슈가 기대를 모은다. 우리
는 무엇이 중요한 factor가 되는지에 대해 bulk FeSe에 Na을 evaporation을 시켜서 각분해 광전자 분광 실험으로
얻은 전자구조를 분석하여 단서를 얻어 발표한다. Evaporation 은 그 동안 여러 시스템에 대하여 행해진 것으로 대
표적으로 전자를 도핑하는 효과를 보기위해 수행되어져 왔기에 이번 실험에서 Na을 evaporation시켜서 FeSe에 전
자를 도핑을 시도하였고 실험적 증거들을 통해 전자가 첫번째 layer에만 침투하여 도핑되는 것을 확인하였다. 우리
는 Na evaporation을 조절하여 1 monolayer FeSe / SrTiO3 와 같이 1 monolayer FeSe / FeSe 을 만들 수 있었
다. 이 시스템의 초전도 gap size의 변화를 관측한 결과, 4 .2 meV 의 gap 과 20 K의 임계온도를 관측했다. 이 실
험 결과는 single layer FeSe/SrTiO3의 임계온도 상승 요인이 단순히 전자 도핑만으로 되지 않는다는 사실을 보여주
며, 그 외적으로 interface 효과가 분명히 있어야 함을 보여준다.
Keywords:
: FeSe, Fe based superconductor, orbital ordering, Na dosing
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Transport spectroscopy for electronic bands in carbon-based
nanomaterials with weak-bond contacts
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Abstract:
Various intriguing quantum transports for carbon-based nanomaterials (CNMs) such as a carbon nanotube
and graphene based on their unique electronic band structures have been performed in a fashion of field-effect
transistor (FET), where the contact resistance represents the coupling strength between the nano system and
the bulk system. Here, we report a novel CNMs quantum device concept in a FET geometry, which provides a
transport spectroscopy in tunneling regime of ~1 eV; directly reflecting the electronic density of states. This
was accomplished by the physisorption contacts to the CNMs. Our first-principles calculations reveal that
charge transfer is rare between the physisorption contacts and CNMs. Therefore, the physisorption contact
forms a physisorption interface with a considerable vacuum gap and causes little disruption to density of states
of a CNM near the In contact. This new quantum transport regime may allow developing novel quantum
devices by selective electron (or hole) injection to specific subbands.
Keywords:
Transport spectroscopy, CNT, physisorption contact
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Analysis of Electron Mobility on 3He-4He Mixture
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Abstract:
3

He film formed on 3He-4He mixture provides us a chance to explore atomically flat and specular two

dimensional quantum fluid with tunable thickness. In order to study the properties of 3He film formed on 3He4

He mixture, we have measured the mobility of electrons on the mixture at temperatures as low as 15 mK.
Mobility of electrons on quantum liquid at low temperatures is a useful tool to probe surface properties of the
underlying liquid, since the electrons are coupled to the surface capillary waves (ripplons). We compare the
measured data to theoretical calculations[1] taking both electron-ripplon scattering and electron-helium gas
scattering into account. [1] Y. P. Monarkha and K. Kono, J. Phys. Soc. Jpn. 75, 044601 (2006)
Keywords:
2D quantum liquid, electrons on helium, 3He-4He mixture
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Adiabatic Green’s function technique and the transient behavior in
time-dependent fermion-boson coupled models
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Abstract:
Lang-Firsov Hamiltonian is a solvable model of interacting fermion-boson system with the fermion Green’s
function known to display sideband behavior reflecting the fermion-boson composite states. The exact
solvability breaks down when time dependence is introduced in the fermion-boson coupling constant. Here we
introduce a method, akin to the use of instantaneous basis states in solving the adiabatic evolution problem in
quantum mechanics, by which the non-equilibrium two-time Green’s function can be obtained in essentially
exact form. With such “adiabatic Green’s function” we analyze the transient behavior under the situation
where the coupling is gradually tuned to zero. Another well-known model similar to the Lang-Firsov
Hamiltonian is the spin-boson Hamiltonian. We analyze the non-equilibrium Green’s function for the timedependent version of this model as well. In both cases the sidebands arising from the fermion-boson coupling
gradually lose their spectral weights in accord with expectations, but possibly with two distinct routes to
recover the ground-state Green’s function. We conclude with speculations on the transient dynamics in the
time-resolved pump-probe experiments on the two-dimensional Dirac bands.
Keywords:
Adiabatic Green's function technique,time-dependent fermion-boson coupling
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Electron Quantization in Segmented Au Atomic Wires
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Abstract:
We demonstrate the electron quantization within metallic Au
atomic wires self-assembled on a Si(111) surface and segmented
by adatom impurities. The local electronic states of wire segments
with length between 1.5 and 10 nm are investigated as defined by
two neighboring Si adatoms. The one dimensional (1D) quantum
well states are well indicated by their spatial distributions and the
inverse-length-square dependence in their energies. This
quantization is also revealed to cause the quantum oscillation of the conductance at the Fermi level. Present
result discloses the strong scattering nature of the adatoms, denying the previously proposed local dopant
role. This finding introduces a decent platform for the physical realization of 1D quantum phenomena with
atomic precision.
Keywords:
"Si(111)5×2-Au", "atomic wire", "quantum confinement", "quantum oscillation", "1D quantum phenomena"
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First-principles study of reduction of Fermi-level pinning at Au-MoS2
interfaces by surface treatment of Au
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Abstract:
Monolayer molybdenum disulfide (MoS2) has drawn much attention for application in electronic devices with
its direct band gap of ~1.8 eV. However, it is known that Fermi-level pinning (FLP), which can obstruct the
attainment of high performance of electronic devices, occurs at metal-MoS2 interfaces. For example, MoS2
forms n-type contact with Au which has high work function, representing the FLP at Au-MoS2 interfaces. For
application of MoS2 in electronic devices, we need to understand and reduce the FLP at metal-MoS2 interfaces.
In this study, we report the reduction of FLP at Au-MoS2 interfaces using first-principles calculations. To
reduce the FLP at Au-MoS2 interfaces, we consider hydrogen, nitrogen, oxygen, fluorine, and sulfur atoms
that can passivate the surface of Au(111) to avoid direct contact between Au and MoS2. Our calculations show
that FLP at Au-MoS2 is reduced by passivating atoms with modification of metal work function. Details are
analyzed by atomic structures, partial density of states (PDOS) and charge density difference.
Keywords:
MoS2, Au, Fermi-level pinning, First-principles study
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Cotunneling drag effect in Coulomb-coupled quantum dots
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Abstract:
In a Coulomb-coupled double quantum dot system, a current flowing through a quantum dot can induce a
drag current across a coupled quantum dot. We study this Coulomb drag phenomenon and show the
cotunneling plays an important role in analyzing the experimental results.
Keywords:
Coulomb drag, Sequential tunneling, Cotunneling
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Topological anyonic vacuum bubble
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Abstract:
Vacuum bubbles, which represent virtual particles created from vacuum and self-annihilating without
interacting with real particles, do not affect physical observables in fermionic and bosonic many-body physics.
This is known as the linked cluster theorem. We show [1,2] that this theorem is no longer valid for anyon,
quasiparticle obeying fractional statistics. Certain vacuum bubble of abelian or non-abelian anyons, which we
call topological vacuum bubbles, affect physical observable. They represent virtually excited anyons which
wind or braid around real anyonic excitations. These vacuum bubbles can be detected in a Fabry-Perot
interferometer operated in the fractional quantum Hall regime. The detection will be equivalent with direct
observation of anyonic fractional statistics. [1] C. Han et al., preprint (2016). [2] C. Han, S. B. Chung, and
H.-S. Sim, in preparation (2016).
Keywords:
Fractional Quantum Hall Effect, Fractional statistics, Anyon interferometer
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강유전체 기판을 이용한 그래핀 소자에서 계면에 삽입한 절연체의 효
과 분석
강해용*, 박나희, 서동석
성균관대학교 에너지과학과
*
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Abstract:
강유전체는 자발적인 분극현상을 가지고 있으며 분극의 방향은 외부 전기장에 의해서 바꿀 수 있다. 또한 큰 포화
분극도를 가지고 있기 때문에 강유전제 위에 2차원 물질에 올려 전계효과 트랜지스터를 만들게 되면 많은 전하를
주입할 수 있을 것으로 기대되었다. 특히 단결정 강유전체인 (1-x)[Pb(Mg1/3Nb2/3)O3]-x[PbTiO3] (PMN-PT) 의
경우 1014정도의 전하를 유도할 수 있기 때문에 그래핀을 이용한 전계 효과 트랜지스터 (FET) 를 만들게 되면
many-body effect 에 의한 흥미로운 물리현상을 관찰할 것으로 기대하였다. 그러나 PMN-PT 표면이 분극 방향에
따라서 도메인이 형성되고 도메인에 의한 단차가 크지는 않지만 생기기 때문에 매우 얇은 그래핀의 경우 PMN-PT
위에 직접 올리는데 기술을 요할 뿐만 아니라 계면에 형성되는 전하 트랩 층에 의해서 기대한 강유전체 FET의 특성
을 제대로 발현하지 못한다는 것을 알게 되었다. 이에 본 연구에서는 강유전체와 그래핀 사이에 추가로 절연체를 형
성하여 마치 반도체 메모리 소자에서 metal-ferroelectric-insulator-semiconductor (MFIS) 구조와 유사하게 만들
었고 강유전체-그래핀 FET 특성의 변화를 관찰하였다. 그래핀의 전기적 특성은 절연체로 사용한 hBN의 두께에 따
라 다른 경향성을 보여주었고, hysteresis의 폭도 크게 달라짐을 볼 수 있었으며, 특정 두께의 hBN을 가진 소자에서
는 특징적인 그래핀의 양자 홀 효과가 나타나기도 하였다.
Keywords:
그래핀, 강유전체, PMN-PT, Hysteresis
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Visualizing bond formation in solution with femtosecond X-ray
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Abstract:
Bond formation is an essential process in chemistry, but it is challenging to keep track of detailed atomic
movements associated with bond formation because of its bimolecular nature. Bond formation in solution
phase has been especially elusive because it is difficult to initiate and follow such diffusion-limited bimolecular
processes with ultrafast time resolution. In this regard, Au oligomer complex, [Au(CN)2–]n, offers a good
model system in which to study the dynamics of bond formation in solution [1,2]. Using femtosecond timeresolved X-ray scattering, we successfully visualized in real time the birth of a gold trimer complex, [Au(CN)2
–

]3, that occurs via photoinduced formation of Au-Au covalent bonds [3]. The ground state of the trimer has
Au atoms that are weakly bound to each other by aurophilic interaction and aligned in a bent geometry. Upon
photoexcitation, the ground state rapidly converts into the first excited state where Au-Au covalent bonds are
formed among Au atoms aligned in a linear geometry. Subsequently, the state transforms to a triplet state in
1.6 ps while accompanying further contraction of Au-Au bonds by 0.1 Å. Later, the triplet state of the trimer
converts to a tetramer on nanosecond time scale. This work showcases the possibility of tracking detailed
structural changes in solution with sub-ps temporal and sub-angstrom spatial resolutions, thanks to the
advent of X-ray free electron lasers and the advance of data analysis of time-resolved solution scattering data.
References [1] Rawashdeh-Omary, M. A., Omary, M. A., Patterson, H. H. & Fackler, J. P., J. Am. Chem.
Soc. 123, 11237–11247 (2001). [2] Iwamura, M., Nozaki, K., Takeuchi, S. & Tahara, T., J. Am. Chem. Soc.
135, 538–541 (2013). [3] Kim, K. H., Kim, J. G., Nozawa, S., Sato, T., Oang, K. Y., Kim, T. W., Ki, H., Jo,
J., Park, S., Song, C., Sato, T., Ogawa, K., Togashi, T., Tono, K., Yabashi, M., Ishikawa, T., Kim, J., Ryoo, R.,
Kim, J., Ihee, H. & Adachi, S., Nature, 518, 385-389 (2015).
Keywords:
Femtosecond X-ray, XFEL
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Abstract:
Terahertz radiation is a part of the electromagnetic spectrum located between the microwaves and the infrared.
Coherent THz radiation with dramatically enhanced energy, peak power, and peak electric field is generated
by coherent superposition of radiated fields emitted by ultrafast electron bunches. THz field strengths on the
order of ~1 MV/cm has great potential for applications in nonlinear optical phenomena and in the study of
high E-field effects on the materials in the condensed phase with ultrafast temporal resolution. Time-resolved
terahertz spectroscopy is a specific case of optical pump-probe methods. An overview over THz generation,
Transport, detection methods, experimental results and the future opportunities will be discussed.
Keywords:
THz, Time-resolved, Spectroscopy
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Abstract:
We will present our recent x-ray characterization of newly synthesized nanoparticles (NPs) having functional
properties of a CO oxidation activity or a hydrogen property. The target materials were Ru NPs, Ag-Rh NPs,
and others. High-energy diffraction data suggested three-dimensional configurations of the NPs with a
disordered structure through Reverse Monte Carlo modelling. In addition, the Rietveld refinement analysis of
the data also provided us with structural parameters. Features of the local and whole structure of the NPs will
be discussed as a function of particle size and be compared with the catalytic property. The incident photon
energy of 61 keV was used at the public beamline BL04B2, SPring-8. We will discuss valence band structures
of Ag-Rh NPs using hard x-ray photoelectron spectroscopy at the NIMS beamline BL15XU. Observed
spectra will be compared with calculated total density of states and be discussed with relevance to a hydrogen
absorbing/storage property.
Keywords:
High-energy X-ray diffraction
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Abstract:
In the applications of x-ray photoemission spectroscopy (XPS), due to the short inelastic attenuation lengths
of photoelectrons as well as the requirement of high vacuum in the electron spectrometer, only the model
studies have been carried out, i.e. ultrahigh-to-high-vacuum conditions (10-10 to 10-6 torr). In an attempt to
close this pressure gap of XPS, Advanced Light Source in Lawrence Berkeley National Laboratory has
developed ambient pressure (AP) XPS in 2002 and continued its further development. 1,2 Now, after 12 years
of its first appearance, AP-XPS has now clearly established its firm territory in the field of surface science as a
must-have tool for the characterization of surface/interface under elevated pressure conditions. With AP-XPS,
a truly in-situ surface characterization and monitoring reactivity, i.e. operando analysis, has become possible.3
In recent year, utilizing hard x-ray of synchrotron radiation source, the application of AP-XPS has extended
further to the study of liquid/solid interface, such as electrochemistry, corrosion, and environmental study. In
this presentation, I will discuss the recent advancement of AP-XPS in the area of liquid/solid interface and
present recent result at ALS, Bekeley.

Reference

1

D.F. Ogletree, Hendrik Bluhm, Gennadi Levedev, Charles

S. Fadley, Zahid Hussain, Miquel Salmeron, Rev. Sci. Inst. 73, 3872 (2002) 2 Michael E. Grass, Patrik G.
Karlsson, Bongjin S. Mun, Funda Aksoy, Måns Lundqvist, Björn Wannberg, Zahid Hussain, Zhi Liu, Rev. Sci.
Inst. 81, 053106 (2010) 3 Bongjin Simon Mun, Hiroshi Kondoh, Zhi Liu, Phil N. Ross Jr., Zahid Hussain,
Current Trends of Surface Science and Catalysis, Springer, 2014, edited by Jeong Young Park
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PdCrO2 using scanning tunneling microscopy and spectroscopy
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Abstract:
The origin of unconventional anomalous hall effect (UAHE) in frustrated magnetic system has been issued.
PdCrO2 is a platform for investigation of the interplay between conduction electrons and frustrated
magnetism. We studied atomic structures and electronic structures in two dimensional triangular-lattice
antiferromagnet PdCrO2 using scanning tunneling microscopy and spectroscopy (STM / STS). Atomic
resolution STM images show distinguishable layers, Pd layers and CrO2 layer. Additionally, Differential
conductance images show unusual standing wave patterns related to the spin dependent scattering process of
charge carrier. Our results give a clue about the origin of unconventional anomalous hall effect in PdCrO2.
Keywords:
Scanning tunneling microscopy, Scanning tunneling spectroscopy, frustrated magnetism, unconventional
anomalous hall effect, PdCrO2
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Abstract:
To understand the pairing mechanism of iron-based superconductor (IBS), magnetism of Fe layer has been
intensively studied for a decade. However, it can be often complicated to understand the exact magnetic
ground state and its low energy excitations, due to the presence of the magnetoelastic effect associated with the
orthorhombic structural deformation. Theory suggests that, if there is negligible orthorhombicity and nearestneighbor exchange interaction (J1) is small, quantum fluctuation is dominant and the plaquette
antiferromagnetic (AFM) order is favored over the typical diagonal double stripe order on the Fe lattice. In this
context, the parent-state superconductor Sr2VO3FeAs (Tc ~ 35 K) is an ideal IBS system to understand the
true effects of exchange interactions and the quantum fluctuations, since it exhibits negligible orthorhombic
deformation down to 4 K. In this work, we studied the magnetism of Sr2VO3FeAs in the range of 4 K to 180 K
using spin-polarized scanning tunneling microscope (SP-STM). We directly measured the C4-symmetric
(2×2) unit cell structure in V atomic layer, implying the plaquette AFM order in the Fe layer. Moreover, from
our temperature dependent SP-STM images, we found that the plaquette AFM order only exists below 60 K.
The correlation between magnetic transition temperature 60 K and J1 will be discussed.
Keywords:
Fe based superconductor, plaquette antiferromagnetic order, spin-polarized scanning tunneling microscope
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Abstract:
The magnetite (Fe3O4) is one of the renowned magnetoelectric (ME) materials wherein its ME coupling in a
bulk specimen has been observed below ~10 K. On the other hand, the ME properties in nano-meter sized
Fe3O4 particles has not been known for technical reasons such as the smallness of electrical signals and leakage
currents in the nanoparticles. We herein report the quantitative measurements of the ME coupling in Fe3O4
nanoparticles embedded in an insulating host material, e.g., StycastTM. We have successfully synthesized
uniform spherical Fe3O4 nanoparticles with a diameter (d) ranging from 3 nm to 15 nm. An intrinsic ME
coupling in Fe3O4 nanoparticles is demonstrated by the sensitive ME susceptibility (MES) measurements as a
function of temperature, exhibiting e.g., the maximum MES of ~0.6 ps/m at 5 K for d=15 nm. The ME signal
becomes strongly size-dependent; it decreases with decreasing particle sizes and completely disappears for d£5
nm. Moreover, the critical temperatures at which the MES becomes zero, increase from 9.8 K in a bulk to 19.7
K in the nanoparticles with d=7 nm. Our results represent the first quantitative measurements of ME coupling
in Fe3O4 nanoparticles and open up a new pathway of investigating quantitative ME coupling in various
magnetic materials in a nanometer scale.
Keywords:
Magnetoelectric, magnetite nanoparticle, size effect, magnetic nanoparticle, iron oxide
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Abstract:
Geometrically frustrated antiferromagnet has been an attractive subject in condensed matter physics due to the
macroscopic degeneracy originating from competing magnetic interactions and the low dimensionality. As a
typical example, low-temperature magnetism of two-dimensional triangular lattice antiferromagnet (2DTLA) were studied extensively. In this presentation, we report the inelastic neutron scattering (INS)
experiments on the 2D-TLA CuCrO2. CuCrO2 has an incommensurate noncollinear magnetic structure
similar with classical 120 degree ordering [1]. The linear coupling between magnon and phonon operators
originated from its noncollinear magnetic structure affects the INS spectra directly [2]. High energy INS
measurements revealed direct evidences of magnon-phonon coupling: the presence of magnetic character of
optic phonon mode at 12.5 meV as well as previously reported roton-like minima at zone boundary [3, 4].
Additional exchange-striction type magnon-phonon coupling Hamiltonian reproduces the observed feature
well. This study will be a clue of understanding the magnetic properties of other noncollinear antiferromagnet.
[1] M. Frontzek et al., J. Phys.:Condens. Matter 24, 016004 (2012). [2] J. H. Kim et al., Phys. Rev. B 76,
054431 (2007) [3] M. Poienar et al., Phys. Rev. B 81, 104411 (2010). [4] M. Frontzek et al., Phys. Rev. B 84,
094448 (2011).
Keywords:
two-dimensional triangular antiferromagnet, inelastic neutron scattering, CuCrO2, Copper Chromite,
magnon-phonon coupling
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Abstract:
Magnetoelectric materials which can control magnetism using electric field or electric polarization using
magnetic field have attracted many interests since they have potentials for technological and device
applications. Furthermore, cubic spinel structure such as CoCr2O4 and ZnCr2Se4 exhibits magnetoelectric
effect due to their long range magnetic ordering. Herein, we have grown single crystal of spinel structure
MnGa2O4 using conventional floating zone method in the condition of Ar gas flow with 5 mm/h growth rate.
Powder and single crystal x-ray diffraction of grown crystal shows high crystallinity. Dielectric constant and
pyro-current measurement under magnetic field indicate that electric polarization orders below 25 K. In
magnetization measurement, anomaly at the same temperature of electric long-range ordering is related to
anti-ferromagnetic ordering. Polarization value along [011] in three different magnetic field directions H[111],
H[100] and H[011] supports that easy axis of MnGa2O4 crystal is [111]. Magnetoelectric coupling in 9 T and
2 K is 0.46 ps/m. This value is comparable to that of CoCr2O4 crystal. According to theoretical calculation
magnetoelectric effect in MnGa2O4 crystal is originated to single-ion contributions of magnetic ions located in
non-centrosymmetric sites.
Keywords:
magnetoelectric effect, MnGa2O4, spinel
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Abstract:
XY pyrochlore antiferromagnets are well-known to exhibit order-by-disorder through both quantum and
thermal selection. We consider the effect of substituting nonmagnetic ions onto the magnetic sites in a
pyrochlore XY model with generally anisotropic exchange tuned by a single parameter J±±/J±. The physics
is controlled by two points in this space of parameters J±±/J±=±2 at which there are line modes in the
ground state and hence an O(L2) ground-state degeneracy intermediate between that of a conventional
magnet and a Coulomb phase. At each of these points, single vacancies seed pairs of line defects. Two line
defects carrying incompatible spin configurations from different vacancies can cross leading to an effective
one-dimensional description of the resulting spin texture. In the thermodynamic limit at finite density, we find
that dilution selects a state "opposite" to the state selected by thermal and quantum disorder which is
understood from the single vacancy limit. The latter finding hints at the possibility that Er_{2-x}Y_xTi2O7 for
small x exhibits a second phase transition within the thermally selected Psi2 state into a Psi3 state selected by
the quenched disorder.
Keywords:
frustrated magnetism, pyrochlores, order by disorder
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CoFe2O4/Fe3O4 superlattices; MBE growth and magnetic properties
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Abstract:
In order to evaluate the effect of interface on the magnetic and transport properties of ferrite and cobalt doped
ferrite, [CoFe2O4(25Å)/Fe3O4(25Å)]40 and [CoFe2O4(100Å)/Fe3O4(100Å)]10 epitaxial superlattices (SLs) have
been fabricated by molecular beam epitaxy (MBE), called sample 25Å/25Å and 100Å/100Å, respectively. The
physical properties of SLs were strongly affected by interfaces, where a strong anti-ferromagnetic order was
formed due to exchange coupling between two oxides. Above Verwey transition the SLs showed an
unconventional reversal mechanism with magnetically hard CoFe2O4 switch first when external field reduced
from saturation resulting in an open of other loop at high field. This behavior becomes stronger, when the SL’s
wave length decreases due to the interfaces domination. Maximum magneto-resistance MR was observed
when external field is applied in-plane and parallel to current direction.
Keywords:
superlattice, CoFe2O4/Fe3O4, MBE
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Abstract:
Developing spin-polarized OLED [1-3] opens exciting perspectives for the brighter, more effective and
environmentally friendly devices than conventional OLEDs. This new kind of OLED also uses an organic
semiconductor (OSC), but it is not simply an electronic device based on the electrical charges. Alternatively, it
is a spintronic device. In this work, we report enhanced magnetoelectroluminescence (MEL) effects in OLEDs
with magnetic electrodes. To clarify the role of spins in spin-OLEDs, different ferromagnetic (or
paramagnetic) electrodes, such as Fe, Fe(001), Py, Co and Al, were used in traditional OLED structures which
consist of Cu-Phthalocyanine(CuPc)\N,N'-Bis(naphthalen-1-yl)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine
(α-NPD)\Alq3\LiF organic multilayers. MEL of ~ 6% was observed at RT in a low magnetic field of 1 kG
for an applied voltage in excess of ~ 5 volts while these measurements showed less than 3% for not fully spin
polarized FM anodes (Py, Fe(001) and poly-Fe) without the thin MgO(001) overlayer. Furthermore, in the
device with Co cathode and Fe(001)\MgO(001) anode, significantly enhanced magnetic field dependence was
observed. In order to get information of the OLED operating mechanism, such as charge distribution, carrier
mobility, current density and etc., numerical analysis was performed by using the MOLED simulation model
[4]. In addition, our experimental results were analyzed in the framework of the electron-hole pair (e-h pair)
model. All these results strongly support that enhancement of MEL could be attributed to the spin-polarized
carriers injection from the epitaxial Fe(001)\MgO(001) anode and Co cathode. [1] V. Alek Dediu et al.,
Nature Materials 8, 707 (2009). [2] T. D. Nguyen et al., Science. 337, 204 (2012) [3] I. Bergenti et al., Org.
Electron. 5, 309 (2004). [4] H. Houili et al., Comp. Phys. Comm. 156, 108 (2003). * Corresponding author:
taehee@ewha.ac.kr
Keywords:
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Abstract:
Magnetostriction experiments of the frustrated spin dimer compound SrCu2(BO3)2 have shown that its
macroscopic physical dimensions change with the applied magnetic field mimicking the complicated structures,
with discreet jumps and plateaus, observed in the magnetization. Using Density Functional based methods we
find that the driving force behind the magnetoelastic coupling is the Cu-O-Cu superexchange angle which,
thanks to the orthogonal Cu2+ dimers acting as pantographs, can shrink significantly (0.44%) with minute
(0.01%) variations in the lattice parameters. Our calculations show that the consequence is a reduction of the
order of 10% in the antiferromagnetic intra-dimer exchange integral J, sufficient to compensate the elastic
energy loss in the deformation. Finally, we will show that our prediction of the dimer shrinking under applied
magnetic field appears as a modification of the optical Raman active modes compatible with the pantograph
effect.
Keywords:
density functional theory, magnetic exchange interaction, Raman
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Abstract:
We systematically investigate the electronic structures and magnetic properties of two dimensional (2D) MPX3
(M= V, Cr, Mn, Fe, Co, Ni, Cu, Zn, and X = S, Se, Te) transition metal phosphorous trichalcogenides as
candidate van der Waals materials that can exhibit magnetic order as a single layer. Our ab initio calculations
of the magnetic ground states in MPX3 single layer compounds predict semiconducting antiferromagnetic
phases with variable band gap sizes down to metallic ferromagnetic phases depending on the constitution of
transition metals and chalcogens. A systematic trend of decreasing band gaps in antiferromagnetic states is
observed as the atomic number of chalcogen atoms increases (from S to Se, Te), whereas diverse ground-state
phases (e.g., ferromagnetic, antiferromagnetic, and nonmagnetic phases) can be expected for different
compounds which are accompanied by variations in the lattice constants, and non-negligible distortions in
crystal symmetries. We also find that the phase transition from antiferromagnetic semiconductor to
ferromagnetic half-metal can be controlled by the external gate voltage (or carrier density) and strain
engineering. The sensitive interdependence between the magnetic, structural, and electronic properties suggest
important potential of 2D magnetic van der Waals materials for strain and field-effect carrier tunable
spintronics.
Keywords:
Magnetism, chalcogenide, MPX3, van der Waals material
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Abstract:
We have developed the real-time evolution package of the time-dependent density functional theory, in which
Kohn-Sham orbitals evolve along with the self-consistent evolution of density and Hamiltonian, and the
Hubbard U potential is incorporated as an explicit descriptor of the electrons correlation. This method can be
applied to the study of ultrafast dynamics of the non-equilibrium states of condensed matters in femtosecond
range. As example studies, we present the high speed motion of alkali atoms on metal surface and the
exchange of electron between localized defects and metallic bath. The real-time dynamics along the transition
of few-layer graphene into nanometer-thick diamond will be discussed. We also present the role phonon on
the metal-insulator phase transition of transition-metal oxide bulk structures.
Keywords:
Time-dependent density functional theory
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Abstract:
The van der Waals layered CrPS4 is a ternary transition metal chalcogenide with the potential of exhibiting
magnetism. Here, we explore the electronic structure of magnetically ordered phases of ultrahin CrPS4 mono,
bi and tri layer and its bulk through ab initio calculations. Our calculations indicate that the ground-state
magnetic order of bulk CrPS4 consists of ferromagnetic (FM) order in ab-plane and anti-ferromagnetic
(AFM) order along c-axis. This magnetic phase that we refer to as abFM-cAFM order is found to be more
stable than the abFM-cFM counterpart, i.e FM order in all directions, by a small total energy difference of
about 1.4 meV/unit cell. Other configurations such as abAFM-cFM and abAFM-cAFM orders are also found
to be higher in energy than the ground-state by 49 meV/unit cell and 53 meV/unit cell respectively. This
preference for the abFM-cAFM order ground state remains in the ultrathin limit for the trilayer and bilayer
AA-stacked Cr atoms configuration. For the monolayer limit the ground state FM CrPS4 is found to be a
semiconductor with an electronic gap of 0.84 eV at the Gamma point. We estimated the exchange interactions
between the first nearest neighbours (NN), second NN and third NN of magnetic Cr atoms to be -0.104 meV,
0.064 meV and 0.018 meV which leads to a Curie temperature estimate of 17.6K based on Monte-Carlo
simulations of an Ising model with 32x32 matrix size.
Keywords:
Magnetism, chalcogenides, van der Waals material, Curie temperature
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Abstract:
We study static systems of self-gravitating radiations con ned in a sphere by using numerical and analytic
calculations. We classify and analyze the solutions systematically. Due to the scaling symmetry, any solution
can be represented as a segment of a solution curve on a plane of two- dimensional scale invariant variables.
We nd that a system can be conveniently parametrized by three parameters representing the solution curve, the
scaling, and the system size, instead of the parameters de ned at the outer boundary. The solution curves are
classi ed to three types repre- senting regular solutions, conically singular solutions with, and without an
object which resembles an event horizon up to causal disconnectedness. For the last type, the behavior of a
self-gravitating system is simple enough to allow analytic calculations.
Keywords:
photon star, self-gravitating radiation
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Abstract:
We study the thermodynamic properties of a black hole and the Hawking-Page phase transition in
asymptotically anti-de Sitter spacetime in both Einstein-Gauss-Bonnet and the dilatonic Einstein-GaussBonnet theory. We show how the higher-order curvature terms can affect the thermodynamic properties and
the phase transition.
Keywords:
thermodynamic properties of a black hole, Hawking-Page phase transition, (dilatonic)Einstein-Gauss-Bonnet
theory
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Abstract:
We have shown that changes occur in a (2+1)-dimensional charged black hole by adding a charged probe.
The particle increases the entropy of the black hole and guarantees the second law of thermodynamics. The
first law of thermodynamics is derived from the change in the black hole mass. Using the particle absorption,
we test the extremal black hole and find out that the mass of the extremal black hole increases more than the
electric charge. Therefore, the outer horizon of the black hole still exists. However, the extremal condition
becomes non-extremal.
Keywords:
black hole, thermodynamics, cosmic censorship
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Abstract:
It is possible for a quantum field theory that have two vacuum states. If one of the states has higher energy
density, than it is called false vacuum which becomes unstable through the quantum tunnelling. For the false
vacuum decay, the solution of scalar fi eld equation is called the bounce which can also exists even for the case
without a potential energy barrier. The Fubini instanton is a bounce which describes the false vacuum
decay through tunneling without a barrier in a negative quartic potential. It was studied by analytically in the
absence of gravity. We investigate the behaviors of Fubini instanton in the presence of gravity with Einstein
gravity and dilatonic Einstein-Gauss-Bonnet (dEGB) gravity for the first time. We analyze the bounces in the
background spaces e.g. de-Sitter (dS), flat, and anti de-Sitter (AdS) space and compare its with the case in the
absence of gravity.
Keywords:
Fubini instanton, Tunneling
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Abstract:
In General Relativity, it is known that a particle moving in curved spacetime undergoes a force which results
from the interaction of the particle with its own field; namely, a self force or radiation reaction force. In this
work, we investigate the effects of the self force on the orbital motion of a small object about a black hole: e.g.
a test particle orbiting a small black hole (of about a solar mass), a small black hole (of about a solar mass)
orbiting a supermassive black hole (of about a million solar masses), etc.. This study can be applied for
designing accurately the theoretical gravitational waveforms from binary systems consisting of a small black
hole and a supermassive black hole (so called extreme-mass-ratio binaries), which are possible target sources
of gravitational waves for LISA detection.
Keywords:
radiation reaction, self force, black hole, extreme-mass-ratio binary, gravitational waves
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Abstract:
Given the so called puncture gauge conditions, we study the geometry near black hole punctures formed from
collapsing supermassive stars (SMSs). The collapsing dynamics is simulated by using a fully general relativistic
hydrodynamics code. We consider the rotating SMSs that leave only black holes which have eaten up all
the surrounding matter promptly. Even though the density inside the black hole does not grow up indefinitely
due to the rotational effect, the puncture gauge conditions do not make successful excision-without-excision.
We analyze the global nature of the black holes in comparison with the one taken into account the hydroexcision.
Keywords:
black hole, supermassive star, general relativity, hydrodynamics
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Abstract:
We have numerically investigated an initial data construction of the black hole universe model which consists
of cubic lattice of identical rotating black holes. It is the solution of vacuum Einstein constraint equations. To
realize our numerical construction of the model, a cubic domain having periodic boundary conditions on each
sides is introduced. Our numerical solutions are two parameter families of solutions characterized by the ADM
angular momentum of the black hole and the coordinate size of its cubic domain. Our results show that, as the
separation of rotating black holes increases, the relation between the Hubble expansion rate and the mass
density of black holes becomes similar to the case of the Einstein de Sitter universe although the rotation slows
down their agreement compared to the case of non-rotating black hole universe. The behaviors of scale factors
defined in various ways are quite different from those in the non-rotating case, but become indentical as the
size of neighbouring black holes becomes large. It is also shown that the presence of rotation makes the
geometry nearby cubic surfaces being anisotropic with a negative curvature. It turns out that the rotating black
hole universe fits with the Kasner universe better than the Einstein de Sitter universe.
Keywords:
Black hole, Numerical Relativity, Cosmology
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Abstract:
Deformed liquid microjet is known to be a novel tool for studying quantum chaos and microcavity optics,
owing to its high quality factor, high output directionality and shape tunability. In applications, it is important
to measure the size and the index of refraction of the deformed liquid microjet as accurately as possible,
because they are related to the characteristics of the jet as a laser cavity. However, the diameter of the jet
changes rapidly as it propagates and the index of refraction depends on the jet temperature, which is not
predetermined. Therefore, one needs to measure the diameter and temperature of the jet instantaneously and
simultaneously. To achieve this goal, in this study we used rainbow refractometry. Though the technique is
originally developed for sprayed droplets, its main ideas are also applicable to capillary jets: the slope of the
temperature-vs-refractive-index curve is insensitive to the wavelength, and the light scattering from a liquid
volume can be described by an adequate wave theory. Under various conditions, we extract the resonance
structures from the experimentally observed cavity-modified fluorescence spectra. By comparing them with
numerical calculations, we determined temperature and diameter of the jet simultaneously in the accuracy of
0.1 K and 10 microns, respectively.
Keywords:
Refractometry, index of refraction, temperature, measurement, microcavity, microjet
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Abstract:
본 연구에서는 LCD 종류에 무관하게, 빛에 편광에 독립적으로 위상을 조절할 수 있는 Polarization Independent
Spatial Light Modulator 구조를 실험적으로 구현하였다. 이 구조는 특정한 조건을 만족하는 2개의 LC cell들로 이
루어지며, 본 연구에서는 두 개의 상업용 VA(Vertical alignment) LCD들을 이용하여 Polarization independent
SLM을 구현하였다. 각 입사 빛의 편광에 따른 결과 빛의 편광방향과 파워를 측정하였으며, 이 SLM을 이용하여
OAM과 Hologram 등을 통해 그 특성을 분석해 보았다. 이와 더불어 본 연구에서는 uniaxial 물질을 이용한 좀 더
일반화된 구조 및 실제 pixel 구조에 따른 보완 방법을 제시한다.
Keywords:
Polarization independent phase only spatial light modulator, Polarization independent-SLM, Spatial Light
modulator, SLM, commercial LCD

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

H12.03

Open quantum mechanics and Lamb shfit in circular dielectric
resonator
박규원*1, 김제완2, 정갑균3
1

서강대 물리학과, 2고등 과학원, 3서울대 물리 천문학부
*

bluewater79@naver.com

Abstract:
We study the normal modes and quasi-normal modes (QNMs) in circular dielectric microcavities through
non-Hermitian Hamiltonian, which come from the modifications due to system–environment coupling.
Differences between the two types of modes are studied in detail, including the existence of resonances tails.
Numerical calculations of the eigenvalues reveal the Lamb shift in the microcavity due to its interaction with
the environment. We also investigate relations between the Lamb shift and quantized angular momentum of
the whispering gallery mode as well as the refractive index of the microcavity. For the latter, we make use of
the similarity between the Helmholtz equation and the Schrödinger equation, in which the refractive index can
be treated as a control parameter of effective potential.
Keywords:
open quantum mechanics,non-hermitian,Lamb shfit,effective potential well
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반도체 웨이퍼 표면 상의 2Xnm급 결함검출을 위한 Ultra-high NA 광
학계 설계 Ultra-High NA of optical system design to inspect 2Xnm
defects on a surface of semiconductor wafer
오지영1, 김재순*1, 조은길1, 한우준1, 오승철2, 추승룡2, 김경주2
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Abstract:
반도체 웨이퍼의 회로 집적도가 높아짐에 따라 결함의 크기 작아져 수십 나노 급의 결함 검출 기술의 필요성이 부각
되고 있다. 본 연구에서는 UV 파장대의 조명을 이용한 결함 검출용 광학 시스템을 설계하였으며 이는 Imaging
system과 Illumination system으로 구성하였다. Imaging system은 Imaging part와 Objective part, Autofocus part
로 구성하였다. Objective part는 NA 0.85를 갖는 렌즈와 그 이상의 NA를 갖기 위해 Index matching을 이용한
Solid immersion lens(SIL) 타입의 렌즈 두가지 방향으로 설계하였다. NA 0.85의 Objective lens와 Index matching
을 이용한 Solid immersion lens(SIL)도 설계하였다. Illumination system은 검사 영역에 균일한 Intensity로 조명이
될 수 있도록 설계하였다.
Keywords:
Inspection Semiconductor Solid immersion lens Optical system design Autofocus High NA
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간섭계를 이용한 반도체 포토 공정 내에서의 공정변위 측정 방법에 대
한 연구. Study on interferometic measurement for process variation of
semiconductor photolithography
임승일1, 김재순*1, 윤성민1, 양한모1, 최재준1, 오승철2, 정우성2, 이재용3
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Abstract:
반도체소자의 제조 공정은 수 십 개의 서로 다른 종류의 막들에 패턴을 형
성, 적층하는 과정으로 구성된다. 반도체 소자가 고안된 전기적 사양으로
동작하기 위하여 각 층에 형성된 패턴들이 설계된 의도대로 정렬되어 전하
가 누설 없이 이동할 수 있어야 한다. 설계 한도를 넘어 패턴간의 오정렬이
발생될 경우 반도체 소자는 열화된 전기적 특성을 보이거나 작동이 불가능
하게 된다. 최근 반도체 패턴의 직접도가 1xnm급으로 향상됨에 따라 웨이
퍼의 형상오차가 아주 중요한 고려사항이 되었다. 반도체 공정과정 중 소
자의 불량 원인의 약 70%가 반도체 계측에서 발생한다. 반도체 계측 중에는 두께에 의한 오차, 기판 자체적 결함
도 있지만, 오버레이 공정과정에서 오차가 발생한다. 기본적인 공정 과정 순서는 필름공정, CMP(Chemical
Mechanical Polishing / Planarization)공정, 사진(lithography)공정, 이온주입공정, 세정공정, 사진공정, 식각공정
의 단계로 진행된다. 여기서, 각각의 공정이 끝날 때 마다 반도체 결함을 검사를 한다. 이때, 사진공정과정 중 각
층간 패턴의 정렬 정도를 계측하여, 노광기의 노광 조건을 실시간으로 조정하는 것을 오버레이 공정이라고 한다.
오버레이 공정과정에서 구체적인 오차원인은 각 층의 패턴 간 오정렬 때문에 유발된다. 오정렬의 원인은 공정변
위 과정에서 일어난다. 반도체 기판을 공정 후, 응력이 발생하여 필름과 기판 간의 변위차이가 생기기 때문이다.
공정변위에 대한 오차를 보상하기 위해, 응력 측정 과정을 추가하고, 간섭계를 이용하여 오차에 대해 보상을 실시
한다. 응력 측정 과정은 간섭계를 바탕으로, 간섭무늬를 획득하고, 반도체 기판의 위상을 확인한다. 이후에 기판의
형상을 획득하고, 형상의 변환에 대한 공정변위 및 응력을 도출하게 된다. 간섭계에는 크게 두 가지 방법으로 무늬
를 분석한다. 첫 번째는 고정된 간섭무늬들을 분석하는 방법으로 계산이 편리하지만, 무늬의 중앙을 찾아야 하는
어려움이 있다. 두 번째는 위상을 변화시키며, 각 위치의 무늬를 분석하는 방법이 있다. 두 번째는 PSI(Phase shift
interferometry)방식이다. PSI는 시간에 따라 여러 장의 간섭무늬를 기록하고, 간섭무늬의 각 위치에서 위상 차이
를 통해 높이 차이를 구하는 방법이다. 이때, 분석을 쉽게 하기 위해 다양한 방법의 알고리즘을 사용한다. 그중 대
표적인 continuous PSI는 buket 방식을 사용한다. buket 방식이란 phase가 연속적으로 변할 때, 일정한 위상 간격
을 통째로 기록을 하는 방식이며, modulation을 분석하여 최종적으로 표면의 높이를 분석 할 수 있다. 이번 연구
의 관건은 continuous phase shift의 방식에 대한 것 이다. 기존의 machanical방식은 PZT를 이용하는 방식인데,
PZT를 이용하여 phase shift를 유도하여 reference와 test로 각각 다른 phase의 빛을 보내 돌아오는 두 빛의 간섭
무늬를 보는 방식이다. 그러나 PZT방식은 전압에 따른 운동이 이력곡선에 의해 운동이나 복원이 일정하지 않음
을 알 수 있고, 측정시간이 오래 걸리는 단점이 있다. 이번 연구에서 적용하고자 하는 방식은 입력 파워에 따라 진
동수가 변하는 frquency modulation laser를 사용하여 continuous phase shift방식이다. Two wave를 사용하는
방식이 있고, multi-wave에 대해서 frequency modulating laser와 voltage modulating supply를 사용하여 phase
shift를 하는 방법 등을 고려하고 있다. 최종 목표로는 반도체 기판의 응력과 오버레이 측정 간의 상관관계 추적하
고 오버레이 측정에 응력의 영향을 보정한 미세 패턴 오정렬 계측장치를 개발하는 것이다. 세부 요구조건이나 진
행상황에 대해서는 학회에서 발표하도록 하겠다.
Keywords:
Overlay, PSI, Continous phase shifting
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단일파 광 시간역행 거울
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Abstract:
시간 역행 거울, 혹은 위상 공액 거울은 반사표면에서 빛의 위상의 부호
를 뒤집는 (공액, conjugation) 광학 기기이다. 위상 공액 거울에 의해 위
상이 뒤집혀진 빛은 시간 대칭성 성질에 의해 겪어왔던 광학 경로를 그대
로 되돌아가게 된다. 이러한 빛의 시간 대칭성은 빛의 파동 방정식으로부
터 유도되는 빛의 매우 일반적인 성질 중 하나로, 빛이 이전에 어떠한 굴
절, 반사, 산란을 겪어왔더라도 그 모든 현상을 되돌려 원래 빛의 형태로
되돌아 갈 수 있다는 것을 의미한다. 이는 산란의 정도에 관련 없이 일반
적으로 성립하는 빛의 성질이므로, 우유, 하얀색 페인트, 혹은 신체 조직
등에 의해 심하게 다중 산란되어 나온 빛이라고 하더라도 그 산란을 모두
되돌려 원래 빛의 형상을 복원할 수 있다. 이는 마치 바닥에 흘린 물을 도
로 컵으로 주워 담는 것과 비슷한, 매우 흥미로운 현상으로 따라서 과학
자들에 의해 꾸준히 연구되어왔다. 그러나 시간 역행 거울을 실험적으로
구현하는 것은 쉽지 않았다. 일반적인 반사는 맥스웰 방정식의 경계 조건에 의하여, 반사면에서 엄격하게 입사된
빛의 위상이 보존 되었기 때문이다. 따라서 위상 공액 거울을 실현하기 위해서는 비선형효과가 필연적으로 도입
되어야만 했다. 이러한 비선형 효과를 통한 위상 공액 거울은 빛의 시간 역행을 실현하는 것에는 부분적으로 성공
하였으나, 낮은 반사율과 참조빛을 제공하기 위한 간섭계의 구축으로 주변 환경에 극도로 민감하다는 단점을 가
지고 있었다. 더불어, 일반적인 거울이 반사를 하기 위해 필요한 빛은 입사빛 뿐인데 반하여, 비선형 위상 공액 거
울은 입사빛 외에 추가적인 참조빛을 필수적으로 요구 하였으므로, 이상적인 위상공액 거울의 실현과는 거리가
멀었다. 우리는 이러한 기존 위상 공액 거울의 개념적/실용적 문제를 해결하기 위하여, 거존 거울 표면에서의 반
사를 재해석하여 활용하였다. 연구팀은 일반적인 거울에서도 반사면에 평행한 파면을 가지는 빛은 그 반사 빛이
입사빛의 위상 공액을 만족한다는 것에 착안하였다. 따라서 무작위 입사빛을 파면제어기에 입사시켜, 일반거울의
반사면에 평행하도록 파면 제어를 한 후 일반 거울에 반사 시킨다면 어떠한 형태의 입사빛도 일반 거울을 통해 간
단히 위상 공액 반사를 하게 되었다. 여기서 한발 더 나아가, 단일 광학 모드를 가지는 도파관에서 서로 반대방향
으로 진행하는 빛은 언제나 위상 공액을 만족한다는 점에 착안, 입사 빛을 파면 제어하여 단일 모드에 집약시킨
뒤, 반대방향으로 강한 빛을 넣어주어 크게 증폭된 위상 공액 반사를 구현하였다. 우리는 시중에서 닭 가슴살을 구
매하여 빛을 입사시킨 뒤, 닭 가슴살에 의해 크게 산란된 빛을 제안된 위상 공액 거울로 입사시켜 닭 가슴살로 입
사되기 전 빛 형태를 되돌려내는데 성공하였으며, 또한 같은 방법으로 다중 모드 광섬유 (multimode fiber)에서
일어나는 모드 간의 분산 역시 시간 역행을 통해 되돌리는데 성공하였다. 구현된 방법은 참조빛을 필요로 하지 않
으며 입사 빛을 그대로 위상 공액 반사하는 거울로서 일반적인 거울과 같이 작동하는 첫 번째 위상 공액 거울이다.
또한, 간섭계 기반으로 작동하지 않으므로 실제 위상 공액을 필요로 하는 많은 응용에 적용될 수 있을 것이라 여겨
진다. 대표적인 예상 응용 기술로는 위상 공액을 통한 레이저 레이저 발진기 내부에서의 광 수차 보정, 미사일 방
호막, 무절개 광 수술 등이 있다.
Keywords:
시간 역행, 위상 공액, 광 산란, 파면 제어,
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소형 카메라 이미지 분석을 통한 자동 광축 정렬 방법에 관한 연구
Study on the automatic optical axis alignment method using the small
camera image analysis
양한모1, 조은길1, 오지영1, 최재준1, 윤성민1, 김재순*1, 위관재2, 김은영2
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Abstract:
최근 광학 카메라 산업의 트렌드는 광학계의 크기는 작고 고성능을 낼 수 있는 시스템을 요구 한다. 이에 따라 이미
지센서(CCD)의 pixel size 그리고 고 배율 렌즈의 크기가 소형화되고 비교적 큰 기존 광학계의 광축 정렬보다 정밀
한 광축 정렬이 요구된다. 기존의 광학계는 렌즈모듈과 이미지 센서를 나사산 체결방식을 사용하여 고정시켰다. 이
방법은 오정렬시 수정이 어려운 단점이 있다. 따라서 본 연구에서는 카메라 모듈 공정시에 광축 정렬을 실시간으로
할 수 있는 방법을 제안하고자 한다. 그 방법으로 렌즈 모듈의 광학적 특성과, 격자 무늬 패턴을 이용하여 이미지 분
석을 통한 광축 정렬을 하고자 한다. 광축 오정렬에 영향을 끼치는 현상으로는 defocus, tilt, decenter가 있으며, 이
러한 현상들의 보정을 통해 정밀한 광축 정렬이 가능할 것으로 예상된다. 광축 정렬시 고려해야 할 점들과 영상 분
석법 등 자세한 내용은 학회에서 발표하도록 하겠다.
Keywords:
compact cameraautomatic aligmentmetrology
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Search for Heavy Neutrinos in the Same-sign Di-lepton Events at =
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haneol.lee@cern.ch, john.leslie.almond@cern.ch, si.hyun.jeon@cern.ch, jae.sung.kim@cern.ch,
sungbin.oh@cern.ch, sunny.seo@cern.ch, geum.bong.yu@cern.ch, un.ki.yang@cern.ch

Abstract:
The discovery of neutrino oscillations has opened a possibility of the existence of heavy neutrinos at the LHC
energy scale. In the last KPS meeting, we reported search results of heavy neutrinos in the same-sign dilepton
channels with 2 jets at =8TeV. In this meeting, we present searches for heavy neutrinos in t-channel and in
pair production channel of heavy neutrinos at =13TeV. These two channels are studied using same-sign
dilepton events with 4 jets.
Keywords:
LHC, CMS, Heavy Neutrino
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Status Report of the SHiP Experiment
YOON C. S.*1, LEE K. Y.1, PARK B. D.1, KIM S. H.1, WOO J. K.2, KO J.2, LIU D.2, KIM Y. G.3, CHOI
K.-Y.4
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Gyeongsang National University, 2Jeju National University, 3Gwangju National University of Education,
4

Chonnam National University
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Abstract:
The SHiP (Search for Hidden Particles) is a newly proposed
experiment at the CERN SPS (P-350) in order to explore the
domain of hidden particles with mass from sub-GeV up to O(10)
GeV. It is designed to search in particular for very weakly
interacting long lived particles, such as Heavy Neutral Leptons
(HNL), new scalar, fermionic and vector particles including dark
matter particles. These particles would be produced in a proton
beam dump at high intensity 400 GeV from decay of charm or
beauty particles. The main experimental signature involves two
charged decay tracks of HNL. The SHiP detector (total length is about 150m) consists of long evacuated
decay volumes, which is followed by magnetic spectrometer, a calorimeter and muon detectors in order to
allow full reconstruction and particle identification. Moreover, the facility is ideally suited to study the
interactions of tau neutrinos. For this purpose, the emulsion target surrounded by a magnetic field is located
upstream of the decay volumes. About 3000 tau neutrinos are expected to be observed with an integrated
2x1020 protons on target. In addition, anti-tau neutrinos can be observed for the first time. Recently, Korean
group was formed and involved in the SHiP Collaboration. In this talk, we will present the current status,
long term schedule and our possible contributions to the experiment.
Keywords:
SHiP, Hidden particle, Tau neutrino, CERN SPS
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Searches for heavy neutrinos in tri-leptons at 8 TeV and 13 TeV using
the CMS detector.
김재성*, 양운기*, 오성빈*, 유금봉*, 이한얼*, John Almond*, 서선희*, 전시현*
서울대학교 물리학과
*
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Abstract:
We report studies of heavy Majorana neutrino searches in trilepton events using the CMS detector, using
19.7/fb of data at 8 TeV and 2.3/fb at 13 TeV. For events with tri-leptons and missing transverse energy, the
invariant mass of the heavy neutrino can be fully constructed with a good mass resolution. We present a study
of this channel and the discovery sensitivity.
Keywords:
LHC, CMS, Heavy Neutrino, trilepton
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Search for charged Higgs decaying into cbbar at the CMS
JWA Yeon-jae*, YU GeumBong, ALMOND John Leslie, YANG Un-ki
Department of Physics, Seoul National University
*

yeon-jae.jwa@cern.ch

Abstract:
We present the result of charged Higgs search in top quark pair production events using the CMS data from
pp collisions at 8 TeV. In the search region where charged Higgs bosons are lighter than top quark, they
appear in top decay as t->H+b. In particular, the branching ratio of charged Higgs decay into cb-bar can be
enhanced in type-Y two Higgs doublet model. In the lepton+jets channel of the Standard Model tt-bar event,
the final state has one lepton, four jets (two b-jets and two light jets), and missing transverse energy. If the
charged Higgs decaying to cb-bar is produced in the place of hadronic decaying W, tri-jets are expected in the
final state. A search for the light charged Higgs to cb-bar using at least two b-jets is performed using 19.7/fb
of the data. This is the first attempt to search for a charged Higgs decaying to cb-bar.
Keywords:
Higgs, Charged Higgs, CMS, LHC
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Search for high-mass resonances in Z(ll)gamma final state
YOO Hwidong, NAM Kyungwook*, LEE Kyeongpil
Department of Physics & Astronomy Seoul National University
*
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Abstract:
A search for new high-mass resonances decaying to Z(ll)gamma final state in pp collisions at sqrt(s) = 13 TeV
is presented. The search is based on the data collected with the CMS detector during Large Hadron Collider
(LHC) 13 TeV 2015 run.
Keywords:
LHC, CMS, Zgamma
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Observation of doubly Cabibbo-suppressed decay of a charmed
baryon,
양성배*
서울대학교 물리천문학부
*

maruchi2@snu.ac.kr

Abstract:
Charmed meson에서 발견된 doubly Cabibbo-suppressed decay (DCSD) 는 감쇠 모델과 flavor-SU(3) 대칭 연
구 등에서 중요한 정보를 제공하였다. Belle의 전체 데이터 샘플 (980 fb-1) 을 이용하여 감쇠 채널을 발견하였고,
이 것은 첫 번째로 발견된 charmed baryon에서의 DCSD이다. 이 DCSD와 이에 대응하는 Cabibbo-favored
decay (CFD) 사이의 감쇠 분기 비를 charmed meson에서의 결과와 비교함으로써 charmed meson 감쇠와
charmed baryon 감쇠의 차이를 확인할 수 있다. 이 발표에서 분석결과를 발표할 것이다.
Keywords:
charmed baryon, double Cabibbo-suppressed decay, Belle

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

H13.08*

Study of B+ → (ccbar)K+ → ppbarK+, and B0 → (ccbar)K0S →
ppbarK0S Decays at Belle
LEE Jaekeum*1, OLSEN Stephen Lars2, CHOI Sookyung3, KIM Sunkee1
1

Department of Physics & Astronomy, Seoul National University, 2Center for Underground Physics, Institute
for Basic Science, 3Department of Physics, Gyeongsang National University
*
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Abstract:
We use B+ → ppbarK+, and B0 → ppbarK0S final states in order to search for decays of the intermediate
charmoniumlike states such as ηc(2S), ψ(3770), X(3872), and X(3915) to ppbar, using a 711 fb−1 data
sample collected on the Y(4S) resonance with the Belle detector at the KEKB asymmetric-energy e+e− collider.
The analysis is performed with the ppbar mass region 3.5 GeV/c2 to 4.0 GeV/c2 blinded. We report the
preliminary results including the branching fractions of ηc → ppbar, and J/ψ → ppbar, whose masses lie
outside the blinded region.
Keywords:
Belle experiment,KEKB, charmonium-like state, ηc(2S), ψ(3770), X(3872),X(3915), χc0(2P)
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Electric field plate development plan for the storage ring proton EDM
experiment
BOWCOCK Themis*
University of Liverpool
*

youngim@kaist.ac.kr

Abstract:
The Storage Ring proton EDM experiment can be build in Korean with significant international contribution
in hardware. I will present the plan for the electric field plate development at the University of Liverpool in the
UK for the needs of the proton EDM experiment.
Keywords:
EDM, electric field plate
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Recent Advances in Storage Ring EDM Feasibility
STEPHENSON Edward*
Indiana University Center for Spacetime Symmetries
*
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Abstract:
For some time, experiments at the Cooler Synchrotron (COSY) located at the Forschungszentrum Jülich in
Germany have been used to demonstrate the feasibility of key technologies for a possible storage ring search
for an electric dipole moment aligned with the spin of a fundamental particle or nucleus. For some time, such
tests have made use of a highly efficient thick target configuration for making continuous polarization
measurements of the circulating beam. More recently, the clock-time marking of all polarimeter events has
made possible the unfolding of the rapidly precessing in-plane components of the polarization and the
exploration of bunching, electron cooling, and sextupole field corrections to extend the lifetime of the in-plane
polarization, a requirement for the final EDM experiment. This report will emphasize the recent records
achieved of in-plane polarization lifetimes in excess of 1000 seconds and the new capability of controlling the
polarization precession rate through active feedback from the polarization measurements to the RF cavity
frequency. This latter capability is the last technical achievement needed to ensure that the polarization remains
aligned with the particle velocity during an actual EDM experiment.
Keywords:
EDM, COSY
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Status of hardware developments for pEDM experiment at CAPP/IBS
HACIOMEROGLU Selcuk*
CAPP/IBS
*
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Abstract:
pEDM collaboration aims to search for the proton EDM at the level of 10-27 e.cm at the first and 10-29 e.cm at
the second phase of the experiment. This requires suppressing the radial magnetic field in the beam line down
to about 1fT in the first phase and 10aT in the second. The most critical external magnetic field will be mainly
due to the mechanical movements around the experimental area (at the order of 5nT). There will be three
elements in the ring to suppress the external magnetic field: Magnetic shield, beam position monitors (BPM)
and magnetic field cancellation system. First, the ring will be shielded by a combination of high permeability
and high conductivity materials. This will decrease the field to nT level inside. Then, the DC component of the
field will split the counter rotating beams vertically. This split will lead to very tiny horizontal magnetic field in
the close proximity of the beams. The average of this field will be measured by SQUID-based BPMs and then
will be canceled by Helmholtz coils. We are currently working on a prototype and have already achieved better
than the requirement of the first phase and close to the second.
Keywords:
EDM, BPM, magnetic shield
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Muon beam phase space matching for the muon g-2 experiment at
FNAL
KIM Young-Im*
CAPP/IBS
*
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Abstract:
The precise measurement of the muon anomalous magnetic moment is very important to check the possibilities
of physics beyond the Standard Model (SM). The measured value from the previous experiment at BNL is 3.5
standard deviations different from the theoretically expected value based on the SM. The new g-2 experiment
at FNAL aims to measure the muon anomalous magnetic moment with four times better precisions than
previous experiment. Muon losses and coherent betatron oscillation (CBO) are important issues to be
addressed in order to reduce the systematic errors for the new experiment. We are planning to apply radio
frequency (rf) signals for illuminating the CBO and reducing the muon losses, which is called muon beam
phase space matching. The physics motivation, the principle of the muon g-2 experiment, the progress of
CAPP/IBS contributions will be presented.
Keywords:
muon, g-2, CBO, standard model
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개화기 소학교 물리 교과서의 역학 내용 비교 연구
홍석인*, 박철
경인교육대학교 과학교육과
*

quantumfield@naver.com

Abstract:
이 연구에서는 개화기 소학교 물리교과서의 내용 중 역학 부분을 분석하였다. 분석대상은 신찬소물리학, 초등물리
학교과서, 물리학초보, 초등용간명물리교과서 등 4종이다. 먼저, 서적의 내용을 전자 문서화하였고, 다음으로 한자
를 한글로 바꾸고 표준어로 교정하였다. 분석 결과, 개화기 교과서의 역학 내용은 대체로 많은 학습요소를 간단하게
설명하고 있었다. 용어가 서로 다른 경우도 있었고, 중력가속도를 5m/s2로 표기하는 등 오류도 발견되었다. 교과서
들이 다루고 있는 내용의 깊이에는 서로 상당한 차이가 있으며, 초등용간명물리교과서는 그림 없이 글로만 이루어
져 있다. 덧붙여, 우리는 근대교육이 시작되었던 개화기의 물리교육에 대한 이해를 통하여 현 시대의 교과서에 주는
시사점을 논한다.
Keywords:
초등과학교과서, 개화기물리교과서
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Seeing balancing toys graphically and gravitationally
HONG Seok-In*
Department of Science Education, Gyeongin National University of Education
*
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Abstract:
There are two kinds of balancing toys, which right themselves when pushed over, according to the type of a
pivot point or an axis of rotation: fixed (type I) or instantaneous (type II). We found that observing the COG
(center of gravity) height provides a unifying, graphical, and intuitive way to capture the underlying principles
of both type I and II balancing toys. This work would be instructive to both primary/secondary students and
their teachers because it allows them to build an insight into the concepts of equilibrium and stability.
Keywords:
balancing toy, stability, center of gravity
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전류에 의한 자기장에 관한 중학생의 표상 해석, 구성, 적용 능력
윤혜경1, 조헌국2, 조광희*3
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Abstract:
전류가 흐르는 직선 도선 주위에 자기장이 생기는 현상은 전기와 자기 사이의 관계를 보여주는 출발점이라고 할 수
있다. 또 학년이나 내용 수준이 바뀐 적은 있지만 여러 차례의 교육과정 개정에서 빠짐없이 언급될 정도로 전자기학
의 핵심 개념과 관련이 깊다. 아울러 비가시적인 전류와 자기장의 관계를 이해하고 설명하는 과정에서 시각적 표상
이 사용되는 대표적 사례이다. 이와 같은 측면에서 이 연구에서는 중학생 남녀 112명을 대상으로 전류가 흐르는 직
선 도선 주위의 자기장에 관한 실험 상황을 제시하고 이와 관련된 시각적 표상 활용 능력을 조사하였다. 분석 결과
에 따르면 75% 이상의 응답자가 전류와 자기장을 뜻하는 화살표의 의미를 알고 있었다. 그러나 절반 가량은 전하의
움직임과 자기장의 방향을 혼동하였다. 전체의 60% 이상은 직선 도선의 자기장을 원형 폐곡선 모양으로 적절히 표
현하였다. 그렇지만 나침반의 방향으로 상황을 바꾸어 표상 적용 능력을 조사한 결과, 과학적 표현에 해당하는 응답
자의 비율이 줄어들었다.
Keywords:
전류, 자기장, 표상, 중학생
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한국의 봄을 위한 아름다운 물리교육 Wonderful physics
education for spring in Korea - 디즈니 영화 ‘겨울왕국(Frozen)’을 중
심으로이수아*1, 석창원2, 정은식3, 박준일4, 이윤정5, 주시은6, 임지혜7, 최원석8
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Abstract:
최근 우리나라는 통합형 교육과정이 제시됨에 따라 창의・융합적 인재 양성을 위해 나아가고 있다고 볼 수 있다
(교육부, 2015). 동시에 이러한 움직임이 물리교육의 위기를 가져올 것인가에 대한 우려도 깊어지고 있다. 과학교육
은 입시의 영향을 받는다고 볼 수 있는데, 수능(College Scholastic Ability Test) 과학탐구 영역에서 물리 과목의 선
택률은 낮게 나타나며 여학생의 선택률은 더욱 낮게 나타났다(Kim, 2009). 문제에 주어지는 상황(context)은 학생
들의 과학학습과 사고에 중요한 역할을 한다고 볼 수 있다(Song, 1997). 그렇다면, 어떤 상황의 도입이 '물리학의 대
중화(the popularization of physics)'에 긍정적인 영향을 미치게 될까? 과학과 예술에 대한 연구에 의하면, 예술
적 상황은 학생들의 흥미를 일깨우며(Cohen & Galili, 2001) ‘미래 첨단 자동차(NAU, 2012)’와 같은 아름다운 가
상적 세계는 흥미와 상상력을 북돋운다고 할 수 있다(Lee & Park, 2015). PISA에서도 예술적 요소뿐만 아니라 가
상적 상황(imaginary context)을 제시하였다(Lee, 2007). 디즈니의 ‘겨울왕국(2013)’의 경우 마법에 의한 환상적 과
학세계를 섬세하고 다양하게 나타내며 시련을 통한 가족 간의 사랑을 아름답게 표현했다고 볼 수 있다(Kowalski &
Bhalla, 2015; England et al., 2011). IT혁명을 일으킨 기업가이자 디즈니의 대주주인 스티브 잡스는 “자신이 일을
계속할 수 있었던 것은 그 일을 사랑했기 때문이다...”라고 하였다. 따라서 과학수업이 학생들의 열정을 북돋우기 위
해서는 아름다운 가상적 상황의 도입을 통한 통합적 접근이 필요하다고 할 수 있다. 또한, 이러한 시각이 국제적인
경쟁력을 확보하기 위해서는 디즈니의 공주 캐릭터와 같이 한국만의 독창성을 추구할 필요가 있다고 할 수 있다. 다
시 말하면, 우리나라를 비롯한 동아시아는 전통문화가 번영한 지역이므로 각 나라의 색깔을 발전시켜 나갈 필요가
있다고 할 수 있다(Hong, 2009). 그런데, 디즈니의 여성 캐릭터의 특징은 시대를 따라 변화하고 있으며 겨울왕국의
경우 운명을 개척해나가는 현대여성의 이미지를 표현하고 있다고 볼 수 있다(England et al., 2011). 특허의 출원
도 진보적인 새로움을 추구한다고 할 수 있다(Kim, 2011). 따라서 전통 문화적 상황의 도입은 시대를 흐름을 수용
하고 이러한 과학교육을 통해 새로운 미래를 제시할 필요가 있다고 할 수 있다. 본 연구는 영화 ‘겨울왕국’을 기반
으로 한 가상적 상황(Imaginary context that introduced Artistic factors)과 ‘명성황후’ 등과 같은 문화적 상황
(Cultural context that introduced Artistic factors)의 문항들을 개발하고 문제해결과정에 나타난 학생들의 창의
적・통합적 사고에 대해 살펴봄으로써 과학사랑과 한국에 대한 자긍심을 느낄 수 있는 체계적 과학교육(systematic
science education)의 가능성을 제시하고자 한다.
Keywords:
통합형 교육과정, 물리학의 대중화, 과학과 예술, 가상적 상황, 창의적 사고, 통합적 사고
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중학교 과학 교사들의 과학용어 ‘힘’ 사용 형태 분석
윤은정, 박윤배*
경북대학교
*

ypark@knu.ac.kr

Abstract:
과학 학습에 있어 과학 언어의 습득이 중요하고(Darina, 2003) 언어의 습득은 해당 언어의 사용 환경에 충분히 노
출됨으로써 제대로 습득된다는 관점에서(Chomsky, 2002) 과학 교사들이 수업 중에 사용하는 언어는 학생들의 과
학언어 습득 및 과학 학습에 큰 영향을 미치게 된다. 그러나 현재 과학 교사 양성 과정에는 바람직한 과학언어의 사
용과 관련된 내용이 포함되어 있지 않으며, 실제 현장의 과학 교사들 역시 언어 사용에 주의를 기울이지 않는 경우
가 많다(Kim & Mah, 2007). 실제로 과학 교사들이 수업 시간에 과도한 양의 과학용어 및 부적절한 과학용어를 다
수 사용하고 있음이 조사된 바 있다(윤은정, 박윤배, 2015). 이에 본 연구는 과학교사가 사용하는 언어의 문제점을
보다 구체적으로 살펴보고, 문제점 진단 및 개선의 실마리를 찾아보고자 하였다. 본 연구에서는 개별 과학용어
‘힘’을 선정하고, 과학 교사 3인의 과학 수업을 녹음 및 전사하여 공기어, N-gram, 키워드 분석을 통해 ‘힘’의 언어
적 사용 형태를 분석하였다. 또한 분석 결과를 과학 교과서 및 일상어에 대한 분석 결과와 비교하여 과학 교사들이
과학용어 ‘힘’을 과학적 의미로 사용함에 있어 나타나는 문제점들에 대해 논의하였다.
Keywords:
과학용어, 과학교사, 과학수업, 힘, 과학교과서
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Polage의 색변화 탐색: 간단한 광학실험 및 설명
정용욱*, 최우석
서울대학교 물리교육과
*

zimusa@snu.ac.kr

Abstract:
폴라주(Polage)는 백색광이 편광판-복굴절물질-편광판 겹층구조를 지나면 색을 나타내는 원리를 이용하여 역동
적인 시각이미지를 만드는 미술작품이다. 본 연구는 폴라주의 색변화를 탐색하는 광학실험을 제시하였다. 이 실험
에서는 PVC 밑판에 셀로판테이프를 붙인 폴라주 기판을 제작하여 겹층구조의 중간부에 넣는 복굴절물질로 활용한
다. 이러한 겹층구조에서 폴라주 기판, 혹은 편광판을 회전하면서 백색광을 투과시키면 반대편에서 색변화를 관찰
할 수 있다. 이러한 색변화의 양상을 색상, 명도, 채도를 중심으로 탐색할 수 있다. 본 연구는 이렇게 얻은 색의 변화
양상을 복굴절, 편광에 의한 간섭색의 개념을 통해 설명하는 방법을 제시하였다. 또한 실험에서 유의할 점 및 시범
실험 방안에 대해서도 논의하였다. 끝으로 물리학과 예술을 연결하는 이러한 실험의 교육적 의의에 대해 논의하겠
다.
Keywords:
Polage, 간섭색, 복굴절, 편광, STEAM , 실험교육 , 시범실험
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20세기 구축주의 양식을 통한 현대물리학의 이해: 나움 가보와 안토니
곰리의 사례 Understanding of modern physics shown in the
constructionism in the 20th century: Naum Gabo and Antony
Gormley
조헌국*
단국대학교 교양학부
*

hjho80@dankook.ac.kr

Abstract:
20세기 과학과 예술은 모두 큰 변화의 시기를 경험하였다. 특히, 상대성이론과 양자역학은 과학자 뿐만 아니라예술
가들에게도 큰 관심이 있었으며, 많은 영향을 미쳤다. 이에 본 연구에서는 20세기 조형예술의 대표적 주자인 나움
가보와 안토니 곰리의 작품에 대한 과학적 해석을 통해 현대물리학의 특성을 이해하고, 이를 통해 예술을 통한 현대
물리학의 이해와 과학적 이해를 통한 예술적 감각 증진에 대해 논의하고자 한다. 특히 양자의 개념, 물질의 이중성,
불확정성 원리, 확률 함수 해석 등을 중심으로 예술 작품의 특성과 비교하였다. 두 예술가의 사례를 통해 현대물리
학이 예술 속에서 어떻게 이해되는지 그리고 물리학이 예술에 어떻게 기여할 수 있는지 융복합교육의 관점에서 시
사점을 제공하고자 한다.
Keywords:
과학과 예술, 융복합교육, 구축주의, 나움 가보, 안토니 곰리
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Didaktik에 기반한 교수를 위한 내용 구조화의 특징과 시스템 개념의
적용
지영래*
서울대학교 물리교육과
*

jyr1@snu.ac.kr

Abstract:
Jenkins(2001)는 과학교육 분야의 연구를 두 영역으로 구분하였다. 수업의 개선과 관련된 교수(pedagogical) 영역
과 교육의 실천(practice)에 영향을 미치는 객관적인 자료의 분석과 관련된 경험적(empirical) 영역이다. 실천의 개
선과 관련하여 두 영역의 균형이 요구되며, 이 균형은 교수를 계획하고 수행하기 위한 다양한 관점을 고려하는
didaktik과 관련하여 논의될 수 있다(Westbury, Hopmann, & Riquarts, 2000). Didaktik이 기반을 두고 있는
bildung은 특정 영역의 지식을 학교 교육을 위한 지식으로 변화시키는 분석적인 과정을 의미한다. 나아가 특정 영
역의 내용 구조가 교수(instruction)를 위한 내용 구조를 중심으로 변화될 필요성을 제기한다. 본 연구는 didaktik
전통에서 주장하는 교수를 위한 내용 구조화의 목적과 특징을 분석하고, 교수의 구조화를 위한 도구로서의 시스템
개념의 적용 가능성을 모색하였다. 그 결과, 교사가 내용 구조를 요소화(elementarization)하고 내용 요소들을 교수
목적에 적합한 형태로 조직하는 것이 요구되었다. 또한 시스템 개념은 물리학의 내용 구조의 요소화와 조직에 적합
한 개념으로 교수 내용의 재구조화에 활용될 수 있다.
Keywords:
Didaktik, 교수, 구조화, 시스템
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MCNPX 기반 반도체 소자의 손상 저감 필터 연구
박찬종, 박혜민, 김정호, 박기현, 주관식*
명지대학교 물리학과
*

ksjoo72@gmail.com

Abstract:
본 연구에서는 MCNPX 전산모사 프로그램의 코드를 이용하여 X선 발생장치를 구현하고, 네 가지의 필터를 설정
하여 반도체 소자가 흡수하는 X선 에너지 흡수량을 구하였다. 전산모사의X선 발생장치에 쓰인 타겟은 두께 2μm
의 텅스텐을 사용하였고, 설정한 필터는 Ag, Rh, Mo, V필터를 사용하였고 두께는 25μm, 50μm, 75μm로 설정
하여 전산모사 진행하였다. 서로 다른 필터를 거친 X선에 의해 실리콘의 X선 흡수 스펙트럼을 측정하여 비교하였
다. 필터의 두께와 종류에 따른 반도체 소자의 X선 에너지 흡수율은 8.74%부터 49.28%까지 분포로 나타났으며,
Rh필터가 두께에 따라 29.8%, 15.18%, 8.74%의 가장 높은 X선 에너지 흡수율을 보였다. 추후 필터를 제작하여 실
험을 통해 그 결과에 대해 논의할 것이다.
Keywords:
MCNPX, X선, 필터,반도체
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Colloidal Quantum Dot Solar Cell Performance Enhancement through
Stable Self-Assembled Monolayers
KIM Gi-Hwan1, 2, DE ARQUER F. Pelayo Garcia1, YOON Yung Jin2, LAN Xinzheng1, LIU Mengxia1,
VOZNYY Oleksandr1, YANG Zhenyu1, FAN Fengjia1, IP Alexander H.1, KANJANABOOS Pongsakorn1,
HOOGLAND Sjoerd1, KIM Jin Young*2, SARGENT Edward H.1
1

Department of Electrical and Computer Engineering University of Toronto, 2School of Energy and Chemical
Engineering UNIST
*

jykim@unist.ac.kr

Abstract:
The optoelectronic tunability offered by colloidal quantum dots (CQDs) is attractive for photovoltaic
applications but demands proper band alignment at electrodes for efficient charge extraction at minimal cost to
voltage. With this goal in mind, self-assembled monolayers (SAMs) can be used to modify interface energy
levels locally. However, to be effective SAMs must be made robust to treatment using the various solvents and
ligands required for to fabricate high quality CQD solids. We report robust self-assembled monolayers
(R-SAMs) that enable us to increase the efficiency of CQD photovoltaics. Only by developing a process for
secure anchoring of aromatic SAMs, aided by deposition of the SAMs in a water-free deposition environment,
were we able to provide an interface modification that was robust against the ensuing chemical treatments
needed in the fabrication of CQD solids. The energy alignment at the rectifying interface was tailored by tuning
the R-SAM for optimal alignment relative to the CQD quantum-confined electron energy levels. This resulted
in a CQD PV record power conversion efficiency (PCE) of 10.7% with enhanced reproducibility relative to
controls.
Keywords:
Quantum dot solar cells, high performance, R-SAM, robust, interface, dipole moment
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Ultra-thin broadband metamaterial absorber containing resistive layers
KIM Young Ju1, YOO Young Joon1, HWANG Ji Sub1, SON Hye Mi1, RHEE Joo Yull2, KIM Ki Won3, PARK
Sang Yoon4, LEE YoungPak*1
1

Department of Physics, Hanyang University, Seoul, Korea, 2Department of Physics, Sungkyunkwan University,
Suwon, Korea, 3Department of Information Display, Sunmoon University, Asan, Korea, 4Advanced Institutes
of Convergence Technology, Seoul National University, Suwon, South Korea
*
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Abstract:
Tailored metamaterials, in which metallic patches with size smaller than the wavelengths of incident wave are
periodically arranged, respond to electromagnetic radiation or sound in a way which is not found in nature.
Conventional metamaterial absorbers are composed of two metallic layers separated by a dielectric layer. The
metallic plane unexposed to electromagnetic wave plays a role as blocking the transmission of electromagnetic
wave, and the other metallic plane is designed in order to match the impedance of metamaterial absorbers with
that of free space by adjusting parameters (real and imaginary parts of permeability and permittivity) to
minimize reflection. In this work, we demonstrate ultra-thin broadband absorbers by utilizing the properties of
resistive sheet and metamaterial. We analyze the absorption mechanism in terms of distribution of the surface
currents at specific frequencies. In simulation, the absorption was higher than 99% in 1.8 – 4.2 GHz. The
corresponding experimental absorption was observed to be higher than 99% in 2.62 – 4.2 GHz, while the
absorption appeared to be slightly lower than 99% in 1.8 – 2.62 GHz owing to irregularities in the thickness
of resistive layers. This work was supported by the ICT R&D program of MSIP/IITP, Korea (13-911-01101).
Keywords:
Perfect absorption, Metamaterial, Broadband, Microwave applications
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Flexible metamaterial absorber based on simple layered structure
SON Hye Mi1, YOO Young Joon1, KIM Young Ju1, HWANG Ji Sub1, RHEE Joo Yull2, KIM Ki Won3, LEE
YoungPak*1
1

Department of Physics, Hanyang University, Seoul, Korea, 2Department of Physics, Sungkyunkwan University,
Suwon, Korea, 3Department of Information Display, Sunmoon University, Asan, Korea
*
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Abstract:
Metamaterials (MMs) are artificially-designed structures to have special electromagnetic responses, which
cannot be found in nature. MMs have very wide range of potential applications, such as perfect absorber,
stealth aircraft, electromagnetic cloak and energy harvest. The central idea of MMs is to employ periodic
arrays of small inhomogeneous metal-dielectric structures to enact effective electromagnetic macroscopic
behavior. Generally, each unit structure of MM is composed of an electric and a magnetic component, called
“meta-atom.” Change in the geometric parameters of “meta-atom” allows us to arbitrarily tailor the
electromagnetic properties of the designated medium. The conventional MMs are usually fabricated on rigid
substrates such as FR-4. Recently, to overcome the restricted applications due to the rigidness of MMs, great
efforts have been made to adopt flexible substrates. In this work, we study a flexible MM absorber based on a
simple layered structure. The MM absorber consists of three metallic layers separated by a flexible PET layer.
The top and the middle metallic layers are composed of rectangular and circular meta-atoms, respectively, and
the bottom layer is a continuous metal plane. The computer simulation reveals that the proposed MMabsorber structure has three absorption bands ranging from 82% to 94% of absorption. The characteristics of
each absorption band are elucidated in terms of the simulation results, and further analyzed by comparing with
the experimental ones. This work was supported by the ICT R&D program of MSIP/IITP, Korea (13-91101-101).
Keywords:
Metamaterials, Flexible, PET, Layered structure
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위그너 방정식에 의한 가우션 웨이브 패킷과 무반사 포텐셜과의 상호
작용 연구
이준호, 신민철*
한국과학기술원
*

mshin@kaist.ac.kr

Abstract:
위그너 방정식과 쉬레딩거 방정식의 비교연구는 가우션 웨이브 패킷과 포텐셜 장벽사이의 상호작용을 관찰함으로
써 편리하게 다루어질 수 있는데, 이러한 연구는 결정론적 방법보다는 주로 몬테카를로 방식으로 행해져왔다. 본 연
구는 사각 포텐셜 장벽, 우물, 무반사 포텐셜과 상호작용하는 가우션 웨이브 패킷의 시간의존 특성을 위그너 방정식
의 결정론적 해법으로 관찰한다. 본연구는 충분히 작은 초기 속도를 가진 웨이브 패킷으로 결정론적 계산을 하면 쉬
레딩거방정식과 위그너 방정식이 거의 일치하는 결과를 보여준다. 특히, 무반사 포텐셜로 알려진 sech-제곱 포텐셜
우물에서 웨이브 패킷의 가속, 역 분산등의 특징이 재확인된다. 좀더 현실적인 계산을 위해 Jonasson et al. [J.
Comput. Electron. 14, 879 (2015)]이 제안한 3가지 종류의 산란항들이 고려되는데, 이 항들의 역할은 각각 에너지
손실, 운동량 무작위화, 공간 결맞음 파괴이다. 계산에 의하면 무반사는 에너지 손실항에 대해서만 그대로 유지된
다. 운동량 무작위화항은 한 방향으로 향하려는 패킷의 질서있는 행동을 방해하여, 무반사가 본질적으로 불가능하
다. 공간 결맞음 파괴항은 패킷에 추가적인 분산 효과를 주는데 이것은 패킷의 느린 부분을 역방향으로 진행시키기
때문에 결국 무반사가 이루어 지지않는다. 이 연구는 첨단사이언스교육허브사업(NRF-2012M3C1A6035303)의
지원으로 수행되었습니다.
Keywords:
위그너 방정식, 쉬레딩거 방정식, 무반사 포텐셜, 가우션 웨이브 패킷
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Characterization of a Hybird Composite for Triboelectric and
Piezoelectric Generation
CHOI Moonkang, LEE Minbaek*
Department of Physics Inha Univeristy
*

mlee@inha.ac.kr

Abstract:
In this study, a hybrid composite for piezoelectric and triboelectric generation is fabricated. Its mechanical and
electrical properties has been investigated such as young's modulus, triboelectrical and piezoelectric outputs.
For the bottom electrode, we coated Au/Ti layers on a polyimide film. Wurzite ZnO nanowires were grown
directly on Au for piezoelectric generation. Lastly, PVDF were coated on ZnO structure for piezoelectric and
triboelectric generation. To verify advantage of hybrid composite, we made control sample without ZnO
nanowires and measured electrical output at various strain. As a result, a hybrid composite showed a higher
output than the control group. This hybrid composite should have the advantage over a single material because
it can be applied to hybrid electric generation utilizing different mechanism. Furthermore, it can be expanded
to the research for energy harvesting in harsh environments.
Keywords:
triboelectric, piezoelectric, nanogenerator, energy harvesitng
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Characterization of Triboelectric Effect of Graphenes depending on
Dopants and Metal substrates
HWANG Sungmin, KIM Seoyoung, LEE Minbaek*
Department of Physics Inha University
*
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Abstract:
In this experiment, we investigated triboelectric generation utilizing the graphenes on Al and Cu electrodes. For
the comparison with a pristine graphene, graphenes were added with N-type dopant and the P-type dopant.
Mechanical deformation was carried out using method customized pushing system to generate triboelectircity
between grapheme electrode and PTFE polymeric surface. Electrical power outputs were characterized by
measuring both current and voltage for each type Contacting PTFE with a grapheme electrode, PTFE tends to
be charged negatively, while graphene is charged positively. Electrical power output and energy status of each
graphene electrode will be discussed in this study.
Keywords:
graphene, work function, nanogenerator, triboelectric, energy harvesting
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A Fast and Reversible Insulator-Metal Transition in Vanadium
Dioxide by Ionic Liquid Gate Voltage
ABBAS Kaleem2, KANG Dae Joon*1, 2
1

Department of Energy Science, Sungkyunkwan University, 2Department of Physics, Sungkyunkwan University
*

djkang@skku.edu

Abstract:
Ionic-liquids (IL) offer a facile method for gate-dielectrics using small gate-voltage to exert uniform and
exceptionally high electric-field (>10MV/cm) at sub-nanometer scale. This work is intended to investigate the
vanadium dioxide (VO2) insulator-metal transition (IMT) exploring high ionic mobility (~1.9mS/cm) of ionic
liquid. IMT response time of VO2 devices were measured with different IL gate voltages and areas (Ω/□). The
recovery of insulating state in VO2 was demonstrated by reverse biasing the IL gate voltage and compared with
the device area to optimize the device performance. The VO2 devices was characterized by current-voltage
(IV), Raman, Hall measurement and its transmittance-reflectance data for viable applications.
Keywords:
Vanadium Dioxide, Ionic Liquid, Metal-insulator Transition
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Wearable Piezoelectric Nanogenerators Using Ultra-thin ZnO
Nanoflakes
OH Simgeon2, KANG Dae Joon*1, 2
1

Department of Energy Science, Sungkyunkwan University, 2Department of Physics, Sungkyunkwan University
*
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Abstract:
Piezoelectric nanogenerators are promising wireless energy
sources for portable devices. Most nanogenerators employ
piezoelectric materials in a nanowire form. However, their energy
conversion efficiency is much lower under bending than pressing
because the force across the nanowire network is dissipated laterally. In this report, we employed highly
inter-connected ZnO nanoflakes to harvest ambient physical strains such as pressing, bending, twisting from
various directions. The assembled nanogenerators showed high output power performance under both
pressing and bending due to their high aspect ratio and outstanding structural interconnection. The measured
outputvoltage and current were 130 V and 1 μA cm−2 under 5 N pressing and 9 V and 200 nA cm−2 under
bending respectively.
Keywords:
Wearble, Piezoelectricitiy, ZnO, Nanoflakes
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All-CVD Growth of High-Performance Graphene on Ultra-thin
h-BN as Dielectric Layer FETs by Using Layer-by-Layer Method
NGOC Huynh Van1, QIAN Yongteng2, KANG Dae Joon*1, 2
1

Department of Physics, Sungkyunkwan University, 2Interdisciplinary Department of Physics and Chemistry,
Sungkyunkwan University
*
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Abstract:
Hexagonal boron nitride (h-BN) has attracted enormous attention as an exceptional two-dimensional (2-D)
dielectric for graphene and other 2-D material based field effect transistor (GFET). However, the chemical
vapor deposition (CVD) growth of h-BN as a dielectric layer has not been fully explored yet for highperformance GFETs. This is mainly due to residues originated from incomplete etching of PMMA during a
typical PMMA-assisted transfer process of 2-D materials. In this report, we demonstrate that GFETs based on
all-CVD grown of graphene on h-BN as ultra-thin dielectric layer can exhibit excellent electrical properties
by utilizing PVA-assisted transferring layer-by-layer of 2D materials method. The thickness of h-BN
dielectric layer was optimized for 5-6 single layers for the fabrication of high performance FET. Our facile
transfer technique presents a great potential for high performance, flexible, large area of mechanical, optical
and electronic devices exploiting h-BN dielectric layer and 2D materials heterostructures.
Keywords:
CVD, h-BN, FET, Layer-by-layer Method
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Porous PDMS/GO as a Negative Triboelectric Layer
HARNCHANA Viyada, KANG Dae Joon*
Department of Physics, Sungkyunkwan University
*
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Abstract:
A porous film of PDMS and graphene oxide mixture was prepared using sodium dodecyl sulfate (SDS)
surfactant and used as a negative triboelectric material for a simple contact mode triboelectric nanogenerator.
The maximum output voltage and current of 255 V and 25 µA were achieved from the porous PDMS/GO film
with 2 x2 cm size, which were higher than those of the flat PDMS film (148 V and 14 µA). A combination of
adding graphene oxide which provides negative surface charge and the high surface to volume ratio of porous
sponge structure are accounted for the enhanced triboelectric performance.
Keywords:
Triboelectricity, Graphene oxide, PDMS
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Fe3O4 나노 입자가 주입된 rugate 다공성 실리콘 박막에서의 유기증기,
압력 및 자기장 감응 특성 연구
한성범, 이재준, 김나경, 김영유, 이기원*
공주대학교 물리학과
*

ga992205@kongju.ac.kr

Abstract:
Fe3O4 나노 입자가 주입된 rugate 구조를 갖는 다공성 실리콘(rugate-structured porous silicon, RPS) 박막의 유기
증기, 압력 및 자기장에 대한 다중 감응 특성을 조사하였다. RPS 박막의 반사스펙트럼에서는 특정 파장에서 봉우리
강도가 최대가 되는 rugate 봉우리를 보인다. 본 연구에서는 Fe3O4 나노 입자가 주입된 RPS 박막에 서로 다른 농도
의 유기증기, 박막 양단의 압력차 및 외부 자기장을 인가하였다. 그리고 인가 전과 후에 RPS 박막의 감응을 확인하
기 위해 rugate 봉우리의 파장과 강도를 실시간으로 측정하였다. 그 결과, 유기증기 인가 시 RPS 박막 내 나노 크기
를 갖는 미세공에서의 모세관 응축현상으로 인해 rugate 봉우리 파장이 장파장 쪽으로 이동함을 확인하였다. 또한
박막 양단의 압력 차와 외부 자기장 세기 변화에 따라 박막의 형태가 달라지게 되고, rugate 봉우리의 강도 변화가
나타났다. 이러한 결과들을 통해 Fe3O4 나노 입자가 주입된 RPS 박막은 유기증기, 압력 및 자기장에 대한 다중 감
응 센서로서 활용될 수 있음을 알 수 있었다.
Keywords:
다공성 실리콘, rugate-structured porous silicon, 감응 특성, 다중 센서
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Towards a reusable graphene mass detector
MCALLISTER Kirstie Elizabeth1, SHIN Dong Hoon1, KIM Hakseong2, LEE Sang Wook*1
1

Division of Quantum Phases & Devices, School of Physics, Konkuk University, 2The Korea Research Institute
of Standards and Science
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Abstract:
Here we present the development of a novel device which may be
utilised as a reusable graphene mass detector. Recently in this
field, there have been many advances in pushing the limits of
mass detection. However, such devices often have a certain flaw,
namely that after multiple uses, their reliability and accuracy fall
rapidly and ultimately they must be replaced. Our device holds
the advantage of being able to be used again and again, without
significant loss of accuracy or dependability. We employ a
suspended graphene device, and through resonance frequency
measurements, achieved via an optical interferometry technique,
we can determine the mass added. Mass may be locally added to
the device using a PMMA mask. By application of a high bias
voltage, we are able to effectively “reset” our graphene mass
detector by induced heating, so removing deposited metals or
residues, and thus rendering it reusable. From previous experiments with similar devices, we are able to
estimate the mass resolution of this device to be in the attogram (10-18g) range. We will introduce our recent
experimental data and discuss possible techniques for enhancement of mass sensitivity and also improvement
of our own device’s reliability.
Keywords:
Graphene, mass detector, reusable
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플라즈마 처리를 통한 PTFE 필름의 마찰전기 발전 특성의 효율 증대
김동영, 윤병길, 정종훈*
인하대학교 물리학과
*

jhjung@inha.ac.kr

Abstract:
뛰어난 마찰전기 특성을 가지고 있는 고분자 화합물인 Polytetrafluoroethylene (PTFE) 필름에 Ar과 O2 기체를 사
용하여 플라즈마 처리를 한 뒤에 나노발전기를 만들고 디바이스의 출력을 측정하였다. 플라즈마 처리를 통하여 디
바이스의 전압과 전류의 출력이 증가하는 것을 확인하였다. 플라즈마 처리를 하지 않은 PTFE 필름을 사용하여 접
촉, 분리를 반복하여 전압과 전류가 각각 17.7V와 2.5uA로 측정되었다. O2 플라즈마 처리를 20분 한 결과, 전압과
전류가 각각 37.8V와 6.3uA로 각각 약 2배와 2.5배 정도 출력이 증가하였고 Ar 플라즈마 처리를 8분 한 결과, 전압
과 전류가 각각 60.3V와 10.6uA로 약 4배 정도 증가하여 플라즈마 처리를 하지 않았을 경우와 비교하여 마찰전기
특성이 크게 증대되었음을 확인하였다. 필름 표면 특성을 연구하기 위하여 접촉각을 측정한 결과 플라즈마 처리 시
간이 증가함에 따라 표면의 친수성이 향상되었음을 확인하였다. 또한 XPS 측정결과 플라즈마 처리 후에 PTFE 표
면의 원자 구성비율과 C 원자에 대한 F 원자와 O 원자의 비율이 실제로 변화하였음을 확인하였다.
Keywords:
마찰전기발전, 플라즈마, 친수성
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테플론 파우더를 이용한 마찰 전기 에너지 수확 장치
고영준, 송한성, 정종훈*
인하대학교 물리학과
*
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Abstract:
전지구적인 에너지문제와 환경문제로 인해 다양한 대체 에너지원이 연구되고 있다. 그 중에서 역학적 에너지를 수
확할 수 있는 방법중의 하나는 유기물과 전극으로 이루어진 디바이스의 마찰을 이용한 것이다. 이러한, 마찰전기 에
너지 수확장치에 주로 사용된 물질은 테플론과 알루미늄이다. 본 연구에서는 테플론의 표면적을 늘리기 위해, 전자
빔 조사를 통해 파우더로 합성을 하였고, 알루미늄의 표면적을 늘리기 위해, 수열 합성법을 이용하였다. 이러한 표
면적의 증대는 기존 장치에 비해, 10배 이상의 전력을 생산할 수 있음을 보였다. 이 논문은 2015년도 정부(미래창
조과학부)의 재원으로 한국연구재단의 지원을 받아 진행된 원자력연구개발사업임 (대형연구시설공동이용활성화지
원분야, NRF-2015M2B2A4027878)
Keywords:
테플론, 마찰전기, 전자빔 조사
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Ferroelectric memristive properties of Pt/PZT/Pt thin film capacitor
CHUN Min Chul, NA Sang-Chul, SHIN Hyejin, KWON Young-Sun, KANG Bo Soo*
Department of Applied Physics Hanyang University
*
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Abstract:
The demand for non-volatile memory device has been increased. Ferroelectric(FE) memristor is a memory
device that shows different resistance value depending on its FE polarization. Unlike other type of resistance
random access memory based on conductive filament formation/rupture, FE memristor does not require any
change in microstructural stoichiometry of the material, leading to better reliability properties. We fabricated
Pt / PZT / Pt capacitor structure by using sol-gel technique. And its crystal structure and ferroelectricity were
confirmed from X-ray diffraction and piezo-response force microscopy results. The resistance switching
voltages are similar to the coercive voltages of PZT, which represents that the polarization reversal induces the
resistance switching. We suppose that the polarization modulates the Schottky barrier height at Pt / PZT
interface.
Keywords:
ferroelectric resistance switching, PZT
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Phototransistor based on polycrystalline MoS2 thin film with interdigital
patterns
SHIN Hyejin, NA Sang-Chul, CHUN Min Chul, KWON Young-Sun, KANG Bo Soo*
Department of Applied Physics Hanyang University
*
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Abstract:
Recently, molybdenum disulfide (MoS2) has attracted much attention because various devices based on
monolayer MoS2 show great performance, especially the optoelectronic device. MoS2 is one of the promising
materials for the optoelectronic device since MoS2 can absorb relatively a broad range of the wavelength due
to its band gap of 1.2 eV ~ 1.8 eV. However, frequently used exfoliation method still requires more
development to be applicable to the mass production of 2-dimensional materials. We fabricated the
polycrystalline MoS2 thin film on the Si wafer by using chemical vapor deposition method. In order to facilitate
the efficient collection of photo-carriers, we prepared the source and the drain with interdigital pattern
structure by using photo-lithography process. The photocurrent data from the phototransistor structure will
be shown and the possibility of practical application will be discussed.
Keywords:
Phototransistor, MoS2
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Switching Power Universality in Unipolar Resistive Switching Memories
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Abstract:
We investigate the resistive switching power from unipolar resistive switching current-voltage characteristics in
various binary metal oxide films sandwiched by different metal electrodes, and find a universal feature (the socalled universality) in the switching power among these devices. To experimentally derive the switching power
universality, systematic measurements of the switching voltage and current are performed, and neither of these
correlate with one another. As the switching resistance (R) increases, the switching power (P) decreases
following a power law P ∝ R-β, regardless of the device configurations. The observed switching power
universality is indicative of the existence of a commonly applicable switching mechanism. The origin of the
power universality is discussed based on a metallic filament model and thermo-chemical reaction.
Keywords:
Unipolar Resistive Switching, Switching Power Universality
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Effects of annealing temperature on dielectric properties in Y2O3
amorphous thin films
KWON Young-Sun, NA Sang-Chul, CHUN Min Chul, SHIN Hyejin, KANG Bo Soo*
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Abstract:
Yttrium oxide (Y2O3) is widely investigated as a high-k material. Y2O3 thin films were deposited on Ptcoated Si substrates at room temperature by sputtering an Y2O3 target. Then, the samples were annealed using
the conventional furnace. Y2O3 thin films still remained amorphous phase after annealed at 800 . We fabricated
capacitor structures by depositing top electrodes on the Y2O3 layer. In this work, we report the dielectric
properties depending on the annealing temperatures. The stable capacitance and the low dissipation factor
were measured as a function of the frequency. We estimated the voltage coefficient of capacitance (VCC) from
capacitance-voltage measurements. The optimal annealing temperature was determined that results in high
dielectric constant and low voltage VCC.
Keywords:
Y2O3, capacitor, dielectric, high-k

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-ap.122*

Study on Optical Properties of PtSi/Si by Spectroscopic Ellipsometry
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Abstract:
Recently, PtSi/Si multilayer structures have drawn much attention as one of valuable candidates for
thermoelectric devices. In this work, Pt monolayer and Pt-Si multilayer which consists of three pairs of Pt and
Si layers were deposited on p-doped-silicon substrates, and then rapid annealing process was performed to
form PtSi films. Pseudodielectric function data <ε> = <ε1> + i<ε2> of the PtSi/Si samples were obtained
from 1.12 to 6.52 eV by using spectroscopic ellipsometry. Employing Tauc-Lorentz (TL) and Drude models,
the extracted dielectric function (ε) of PtSi monolayer shows three strong peaks at around 1.69, 3.03, and
5.03 eV which correspond to peaks α, β, and γ, respectively, which were assigned to the transitions between
occupied and unoccupied states which mainly consist of Pt 5d states. In Pt-Si multilayer sample, diffusion of Pt
atoms in entire layers was observed, which is different from original plan of having Si layers in between. Layers
with different chemical compositions are distinguished easily through characteristic line shape of dielectric
function of each layer with fixed film thickness values determined from scanning transmission electron
microscopy.
Keywords:
Ellipsometry, Dielectric function, PtSi
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Fabrication of Sprayed CIGSe Solar Cells with Different Solvents
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Abstract:
We made CIGSe solar cells by using non-vacuum spray pyrolysis and post-selenization. To compare the
effects of different solvents, we used two precursor solutions of DI-water and DMSO solvent, and proceeded
to make CIGS thin films. Crystallized CIGSe thin films were made by post-annealing in selenium ambient.
Subsequently, indium sulfide(In2S3) buffer layers were deposited by spray pyrolysis and i-ZnO & ITO layers
were deposited by RF sputtering process. We compared thin film qualities by FESEM, Raman spectroscopy
and also compared solar cell performances by J-V and EQE measurement.
Keywords:
CIGSe, DI-water, DMSO, Spray Pyrolysis, Post-selenization

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-ap.125

Study of photovoltaic properties of CIGS solar cell with co-sputtered
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Abstract:
Zn-based buffer layer has attracted increasing attention in recent years because it is nontoxic material having
wide band gap energy. The most usual CdS buffer layer has disadvantage of Cd, a very toxic and contaminant
element. Therefore, we have fabricated Zn(O,S) buffer layer by vacuum process through which large area
deposition and dry inline process is possible for large scale production. We have used co-sputtering system
using ZnO and ZnS targets to get alloyed Zn(O,S) films. The stoichiometry of the film is varied by applying
different RF powers to ZnO and ZnS targets. The Zn(O, S) films were characterized by several techniques like
XRD, Raman spectroscopy, UV-visible spectroscopy etc. We applied the fabricated Zn-based buffer layer to
CIGS absorber layer. The fabricated device was studied by J-v characteristics and EQE. This study could have
remarkable impact on the environmental issues of photovoltaic industry.
Keywords:
Zn(O,S) buffer layer, Co-sputtering, Solar cell, Band gap
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Controlled MoSe2 surface hydrophobicity using remote O2 plasma for
integration of uniform high-k dielectrics
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Abstract:
Transition metal dichalcogenides (TMDCs) are promising two-dimensional layered structure semiconductor
for next-generation electronic devices. Many groups reported high mobility with the Field-effect transistor
(FET) device using TMDCs channel material. To fabricate top-gate thin film transistor (TFT) using TMDCs
channel material, the study on high-k dielectrics on TMDCs is necessary. However, TMDC’s hydrophobic
surface makes difficult to growth of atomic-layer-deposited high-k dielectric film uniformly. In this study, we
pretreated remote-oxygen plasma on large area synthesized few-layer MoSe2’s to make surface hydrophilic
and help the growth behavior of Al2O3, which were formed by atomic layer deposition (ALD) using trimethyl-aluminum (TMA) metal precursors with water oxidant. Atomic force microscopy (AFM) and
Scanning electron microscopy (SEM) were used to investigate uniformity of Al2O3. Raman spectra of MoSe2
with remote plasma pretreatment time were obtained to confirm the existence of physical plasma damage. In
addition, We investigated the existence of the chemical reaction between MoSe2 and oxygen atom after the
remote O2 plasma pretreatment by X-ray photoelectron spectroscopy (XPS). Finally, we have uniform Al2O3
thin film on the MoSe2 by remote O2 plasma pretreatment before ALD without physical damage and chemical
reaction. Uniformly grown Al2O3 gate oxide can decrease the leakage current and improve mobility of topgate TFT much higher.
Keywords:
Transition metal dichalcogenides, MoSe2, Atomic layer deposition, Thin film transistor, remote oxygen plasma
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위그너 방정식에 의한 다중 층 원통형 나노선-FET의 양자 수송 연구
이준호, 신민철*, 이재현
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Abstract:
기존 나노선-FET연구들에 적용된 위그너 방정식이 비평형 그린함수 방법과 유사한 결과를 도출해 냄을 증명하였
다. 이를 기반으로 위그너 방정식을 좀 더 다양화된 소자 형상에 확대 적용할 수 있다. 본 연구는 위그너 방정식, 쉬
레딩거 방정식, 포아슨 방정식에 기반한 자체 충족 계산을 통하여 다중 층 원통형 나노선-FET의 양자수송 특성을
계산한다. 소자의 형상은 기존의 소자 바깥 부분의 게이트 외에 중심부분에 게이트가 추가되어 있으며, 이 게이트를
내부 산화물 튜브가 감싸고 있다. 계산 결과, 내부게이트와 내부 산화물이 없을 경우 I-Vg특성은 기존 소자의 특성
과 유사하게 나타난다. 내부 산화물의 반경이 커지게 되면 log 스케일의 I-Vg곡선은 그 경향은 유사하나 문턱전압
(threshold voltage)이 증가함을 알 수 있었다. 내부게이트가 작동하게 되면 log 스케일의 I-Vg곡선은 비포화영역에
서 기존보다 더 큰 기울기를 가지게 되는 것을 알수있었다. 이것은 바깥의 단일게이트만 있는 것보다는 내부 게이트
가 추가된 형태가 더 우수한 작동을 보여줌을 알 수 있다. 이 연구는 첨단사이언스교육허브사업(NRF2012M3C1A6035303)의 지원으로 수행되었습니다.
Keywords:
나노선 FET, 위그너 방정식
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Hybrid characteristics of organic rubrene/MoS2 and nanooptoelectronic applications
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Abstract:
유기 반도체인 루브린 (rubrene)은 단결정 상태에서 p-형의 높은 전하이동도 (10~40 cm2/Vs)를 갖기 때문에 광전
자 소자 특성에 응용된다. MoS2와 같은 전이금속 칼코겐 화합물 (Transition metal dichalcogenide)은 단층의 2차
원 상태로 존재 할 때 높은 전하이동도 (≳70 cm2/Vs) 특성을 나타내는 n-형 반도체 물질이다. 본 연구에서는 수
층의 MoS2와 루브린 나노판 (nanosheets)을 하이브리드 구조로 만들어 2차원 p-n 접합 소자를 만들었다. 박막 분
리한 수 층의 MoS2를 SiO2 기판 위에 올리고 그 위에 물리 기상 증착법 (physical vapor deposition)으로 성장시킨
루브린 나노판을 올려 놓았다. Atomic force microscope를 사용해 MoS2와 루브린의 두께를 측정하였다. 고분해능
레이저 공초점 현미경 (laser confocal microscope) 장비와 시간분해 분광장비 (time-resolved spectroscope)를 사
용하여 빛 발광 (photoluminescence) 및 엑시톤의 수명을 측정하여 MoS2 층 수에 따른 루브린/MoS2의 계면에서
의 변화를 관찰하였다. 수 층의 루브린/MoS2 나노판을 활성층으로 한 나노소자를 만들어 루브린/MoS2의 전계 효
과 트랜지스터 및 광반응 전류-전압 특성을 측정하였다.
Keywords:
photoluminescence; rubrene; molybdenum disulfide; photoinduced charge transfer; reflection
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Photoresponsivity of field-effect transistors (FETs) using organic
tetracene/MoS2 hybrids
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Abstract:
Transition metal dechalcogenides (TMD) 계열 물질인 molybdenum disulfide (MoS2) 박막을 화학 기상 증착 방
식 (chemical vapor deposition)을 이용하여 성장시킨 후 유기 반도체 물질인 tetracene을 organic molecular beam
deposition (OMBD)로 약 50 nm의 두께로 증착하였다. 고해상도 공초점 레이저 현미경 (laser confocal
microscopy; LCM) 장비를 이용하여 나노규모 광발광(photoluminescence; PL) mapping과 time-resolved PL
mapping을 사용하여 tetracene, MoS2, hybrid (tetracene+MoS2) 각 영역의 PL 특성 및 엑시톤 수명을 측정하였
다. 광 특성의 온도 의존성을 알아보기 위하며 77K부터 300 K까지 온도를 올리며 각 영역에서의 PL 특성을 확인하
였다. 마지막으로 SiO2 기판 위에 MoS2와 tetracene hybrid를 활성층으로 사용하여 광 반응 전계 효과 트랜지스터
(FET)를 제작하여 광 조사 유무에 따른 전기적 특성 변화를 측정하였다.
Keywords:
MoS2, tetracene, phototransistor,
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Nanoscale luminescent characteristics of WSe2/Au-NPs hybrids
김준영1, 이용준2, 김정용2, 주진수*1
1

고려대학교 물리학과, 2성균관대학교 에너지과학과
*

jjoo@korea.ac.kr

Abstract:
본 연구에서는 2차원 전이금속 칼코겐 화합물 (transition metal dichalcogenide, TMD)인 WSe2 위에 기능성 금
-나노입자 (Au-NPs)를 하이브리드 시켜서 photoluminescence (PL)과 Raman 스펙트럼의 변화를 관찰하였다. 고
분해능 레이저 공초점 현미경 (laser confocal microscope) 장비를 이용하여 WSe2/Au-NPs 하이브리드 구조체의
나노규모 PL과 Raman 스펙트럼을 측정하였다. 금-나노입자를 WSe2 표면에 하이브리드 시킨 경우, surface
enhanced Raman scattering (SERS) 현상에 의한 Raman 세기의 증가를 관찰하였다. WSe2/Au-NPs 하이브리드
시스템에서 WSe2의 층 개수에 따르는 PL 특성 변화를 관찰하였고, 표면플라즈몬 효과를 이용하여 실험 결과를 해
석하였다.
Keywords:
WSe2, Surface Plasmon, SERS
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Abstract:
Bombyx mori로부터 얻은 Silk Fibroin Solution을 Electrospinning 방법을 통해 만든 섬유를 이용하여 전자 섬유를
제작하였다. Silk Fibroin은 아미노산인 알라닌(Alanine), 글리신(Glycine), 세린(Serine)을 연속적으로 포함하는 구
조로 그래핀 산화물과 수소결합이 가능하기 때문에 아무런 매개체 없이 Silk Fibroin에 흡착이 가능하다.
Electrospinning을 이용하여 제작한 섬유를 그래핀 산화물 수용액에 간단히 담그고 말리는 과정을 통하여 Silk
Fibroin 섬유에 그래핀 산화물을 코팅 시켰다. 그 후에 전기적 특성을 향상 시키기 위하여 Hydroiodic Acid를 이용
한 Chemical Method를 통하여 그래핀 산화물을 환원 시켰다. X-ray Photoelectron Spectroscopy(XPS)를 통하여
환원 전후의 Oxygen Fuctional Groupe의 비율을 비교 하여 환원이 잘 된 것을 확인 하였다. 이렇게 제작 된 전자섬
유의 전도도는 약 10 S/cm 이며, 이 값은 Bending, Washing, 저온 등 Severe Condition에서도 잘 유지되는 것을 확
인하였다.
Keywords:
Electronic Textiles, Silk, Graphene Oxide
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Abstract:
수소분자가 그래핀에서 해리되어 그래핀에 C-H 결합이 생기며 결과적으로 n-type의 그래핀을 고압의 수소분자로
얻을 수 있다는 것이 보고되었다. 이를 증명하기 위하여 여러 층의 그래핀을 이용하여 ng의 질량을 측정할 수 있는
Quartz Crystal Micro balance (QCM)를 이용하여 얼마나 많은 양의 수소가 그래핀에 흡착되는지 확인하였다. 그
러나 graphene에 붙은 수소의 질량이 매우 작아 QCM을 이용하여서는 정확한 질량을 측정할 수 없다. 본 연구에서
는 1 Hz 당 수 yg (yg=10-24 g)의 초 미세질량 측정을 위해 Nanoelectromechanical systems (NEMs) 방법으로
graphene을 자체를 공진진동수로 진동하게 만든 질량센서를 이용하여 수소분자를 넣어준 뒤 graphene에 붙은 수
소의 질량을 측정하였다.
Keywords:
Graphene, Dissociative H2 adsorption,Nanoelectromechanical systems, Mass detection
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Abstract:
We investigate Raman signatures of few-layer WS2 using seven different excitation energies in the range of
1.96 to 3.81 eV. Due to complicated excitonic band structures, transition metal dichalcogenides (TMDs) show
peculiar resonant Raman behaviors. Some second order peaks are enhanced when the excitation energy
matches with exciton states. Furthermore, in the low frequency region (<80 cm-1), several new peaks appear in
addition to the breathing and shear modes. We observe broad central peak and new peaks at 28 and 46 cm-1
when the excitation energy matches with A and B exciton states. Also, additional breathing-like peaks are
observed below 20 cm-1 at resonance with the A exciton. Through this study, we can acquire insights of
excitonic resonance effects on the Raman modes of WS2, which can be used as a fingerprint to determine the
layer numbers of WS2 thin films.
Keywords:
WS2,Raman spectroscopy, Tungsten disulfide, Excitonic resonance
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Abstract:
Tuning of the threshold voltage (Vth) of field effect transistor (FET) is an important issue for the application of
low dimensional electronic devices such as transition metal dichalcogenide (TMDC). Here, we realize the
controlling of Vth of molybdenum disulfide (MoS2) monolayer by means of hydrosulphurization process. We
have measured in situ electrical transport properties as a function of time at 350 K and 20 bar of hydrogen
atmosphere. We discuss the electrical and structural modulation using Raman spectroscopy in terms of charge
carrier density and lattice strain effect. In addition to Raman spectroscopy, we observed that Vth of MoS2 is
shifted toward negative gate side, which indicate electron doping. These results for monolayer are in agreement
with previous report for multi-layer MoS2
Keywords:
MoS2, nanodevice, TMDC
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Abstract:
We measured Raman spectra of bulk and few-layer GaSe. GaSe is one of two-dimensional metal
monochalcogenides, which show significantly different electronic and optoelectronic properties from those of
transition metal dichalcogenides (TMDCs). [1] Although most studies have focused on two-dimensional
TMDCs, two-dimensional layered metal monochalcogenides such as GaTe, GaSe, and InSe have recently
attracted increasing interest. For example, GaSe-nanosheet-based photodetectors show better performance
compared to existing photodetectors such as graphene-based photodetectors. Although some reported
experimental data show the characteristic optical properties of GaSe thin films, they are not reliable due to
degradation of GaSe by exposure to atmosphere and laser. Therefore, we performed Raman measurements in
vacuum to avoid damaging the sample. [2] Few-layer GaSe samples were mechanically exfoliated on silicon
substrates with oxidized layer of 90 nm thickness. We observed low frequency shear modes in the range of 1025 cm-1 which gives information about inter-layer vibrations. References [1] Xufan Li et al., Scientific reports,
4, 5497 (2014). [2] PingAn Hu et al., ACS nano, 6, 5988 (2012).
Keywords:
GaSe, Gallium Selenide, Raman spectroscopy, 2D materials
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Urea 함량에 따른 탄소 나노입자의 발광 특성 연구
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Abstract:
탄소 나노입자(carbon nanodots)의 발광 원리는 아직까지 명확하게 밝혀지지 않았으나, 입자 표면의 에너지 트랩
(energy trap) 또는 양자 제한 효과(quantum confinement effect) 등의 원리로 이해되고 있다. 지난 몇 년간 질소 도
핑(nitrogen doping)을 통해 탄소 나노입자의 발광 quantum yield가 향상된 연구와 탄소입자 표면에 금속 나노입
자 도핑에 따른 발광 특성 변화 연구 등이 보고 되었으며, 이러한 연구들은 탄소 나노입자의 발광 원리에 대한 실마
리를 제공하고 있다. 본 연구에서는 마이크로웨이브 오븐(microwave oven) 합성 시 Urea(요소, CH4N2O) 함량을
달리하며 탄소 나노입자를 합성하고, 합성된 탄소 나노입자의 광학적 특성 변화를 측정하였다. 제작된 탄소 나노입
자의 흡수, 발광 스펙트럼을 조사하고, 푸리에 변환 적외 분광법(FT-IR)을 통해 입자 표면의 화학적 변화가 광학적
특성에 어떠한 변화를 가져오는지 연구하고자 한다.
Keywords:
Carbon nanodots, Urea, Optical characterization
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전기적 특성
권오혁, 김맥, 양용석*
부산대학교 나노융합기술학과
*

ysyang@pusan.ac.kr

Abstract:
고체산화물 연료전지는 고효율, 저공해의 장점이 있는 차세대 연료전지이다. 최근 고체산화물 연료전지의 구동 온
도를 낮추기 위한 연구가 활발하게 진행 중이다. 650 ~ 800 ℃에서 구동하는 중온용 고체산화물 연료전지 전해질
소재인 SDC (samarium-doped ceria)의 경우 낮은 산소 분압에서 Ce의 환원에 의한 전자 전도 발생의 문제가 있
다. SDC에 알칼리 탄산염을 혼합함으로써 이러한 문제점을 개선하고 동시에 이온 전도도를 크게 향상시킬 수 있다.
본 연구에서는 sol-gel법을 이용하여 SDC를 열처리 온도에 따라 다른 크기의 나노분말로 합성하고 10 wt%의
LiNaCO3와 혼합하였다. DSC 측정으로부터 LiNaCO3의 융점을 확인하고 SDC-LiNaCO3의 열처리 온도를 정하
였다. SDC-LiNaCO3의 구조는 XRD 측정으로 확인하였으며, LiNaCO3의 혼합에 따른 구조 변화는 생기지 않았
다. SDC-LiNaCO3의 온도 및 주파수에 따른 전기적 특성은 복소 임피던스 해석법을 이용하였다. Cole-Cole 식으
로 맞추기 한 결과는 grain보다 grain boundary에 의한 저항이 매우 크게 나타나는 것을 확인하였다.
Keywords:
고체산화물 연료전지전해질SDC알칼리 탄산염이온 전도도
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나노구조 엑스선 회절격자 기술을 적용한 산업용 엑스선 연속검사장치
의 실효에너지 측정 방법
정승태*1, 김인수1, 김은광1, 김숭구1, 한범수1, 강창무2, 안치원3, 이세호4, 김영주4, 이승욱4
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이비테크(주), 2한국과학기술정보연구원(ReSEAT), 3나노종합기술원, 4부산대학교 기계공학부
*
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Abstract:
나노구조 엑스선 회절격자 기술을 적용한 산업용 엑스선 연속검사장치는 종래의 엑스선 투과 영상(흡수영상)과 더
불어 엑스선 회절격자를 이용한 위상차(phase contrast) 영상 및 가시도(darkfield) 영상 획득을 통하여 피조사체의
구조결함 및 부패정도를 영상으로 구현가능하다. 본 연구에서는 엑스선발생장치의 실효에너지를 측정하기 위해 엑
스선발생장치의 반가층을 알고자 하였고, 흡수선량측정기를 사용하여 알루미늄 두께의 변화에 따른 흡수선량률을
측정하였다. 흡수선량률을 통해 측정된 반가층으로 질량감쇠계수를 확인할 수 있었고, 이를 NIST의 엑스선 감쇠
자료(X-ray Attenuation Database)에 적용하여 엑스선발생장치의 실효에너지를 도출할 수 있었다.
Keywords:
실효에너지(Effective Energy), 엑스선 회절격자, 위상차(phase contrast), 반가층, 질량감쇠계수
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Photoluminescence and Raman spectroscopic study on few-layer
WSe2
KIM Sanghun, LEE Jae-Ung, KIM Kangwon, CHEONG Hyeonsik*
Department of Physics Sogang University
*

hcheong@sogang.ac.kr

Abstract:
Transition metal dichalcogenide (TMD) materials, such as MoS2, MoSe2, WS2, and WSe2, have a direct band
gap, and have been studied for possible applications in electronics. Raman characteristics of WSe2, compared
to other TMDs, have not been systematically examined and few low frequency data have been available up
until now. We present an extensive Raman analysis of few-layer WSe2. A previous Raman study on bi-layer
WSe2 clearly specified the two main peaks E2g1 and A1g near 250 cm-1 based on symmetry dependent
exciton-phonon coupling. We found that the intensity ratio of the two peaks changes with the layer number
and the laser source. Additionally, A1g peak is shown to have a higher Raman intensity on the anti-Stokes side
than on the Stokes side for the 784.8 nm laser. An unusual resonance pattern seems to be responsible for the
phenomenon. Eight different lasers ranged from 325 – 784.8 nm were used to further investigate the
resonance effects. An unknown peak at 21cm-1 was observed for the 632.8 nm source.
Keywords:
WSe2, Tungsten Diselenide, Raman spectroscopy
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Hydrothermal Synthesis of FexOy Hollow Nanosphere for
Supercapacitor Electrodes
YAN Yaping1, KANG Dae Joon*1, 2
1

Interdisciplinary Department of Physics and Chemistry, Sungkyunkwan University, 2Department of Physics,
Sungkyunkwan University
*

djkang@skku.edu

Abstract:
Hollow sphere made of Iron oxide (FexOy ) composites have been successfully prepared via a facile
hydrothermal method. The morphology and the crystal structure of the as-prepared FexOy were characterized
by ﬁeld emission scanning electron microscopy and X-ray diffraction. The electrochemical performance of the
as-prepared FexOy is investigated using CV and GCD measurements. This work has demonstrated the use of
FexOy hollow nanosphere as supercapacitors electrode material for the first time. Our results present a great
potential to be further developed as a high performance supercapacitor.
Keywords:
Iron oxide, hollow nanosphere, supercapacitors
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Biexciton Emission from Edges and Grain Boundaries of Triangular
WS2 Monolayers
KIM Min Su*1, YUN Seok Joon1, 2, LEE Yongjun1, 2, SEO Changwon1, 2, KIM Jeongyong1, 2
1

Center for Integrated Nanostructure Physics, Institute for Basic Science, Sungkyunkwan University,
2

Department of Energy Science, Sungkyunkwan University
*

minsukim@skku.edu

Abstract:
Monolayer tungsten disulfides (WS2) constitute a high quantum
yield two-dimensional (2D) system, and can be synthesized on a
large area using chemical vapor deposition (CVD), suggesting
promising nanophotonics applications. However, spatially nonuniform photoluminescence (PL) intensities and peak wavelengths
observed in single WS2 grains have puzzled researchers, with the
origins of variation in relative contributions of excitons, trions,
and biexcitons to the PL emission not well understood. Here we
present nanoscale PL and Raman spectroscopy images of
triangular CVD-grown WS2 monolayers of different sizes, with these images obtained under different
temperatures and values of excitation power. Intense PL emissions were observed around the edges of
individual WS2 grains and the grain boundaries between partly merged WS2 grains. The predominant origin
of the main PL emission from these regions changed from neutral excitons to trions and biexcitons with
increasing laser excitation power, with biexcitons completely dominating the PL emission for the high-power
condition. The intense PL emission and the preferential formation of biexcitons in the edges and grain
boundaries of monolayer WS2 were attributed to larger population of charge carriers caused by the excessive
incorporation of growth promoters during the CVD, suggesting positive roles of excessive carriers in the PL
efficiency of TMD monolayers. Our comprehensive nanoscale spectroscopic investigation sheds light on the
dynamic competition between exciton complexes occurring in monolayer WS2, suggesting a rich variety of
ways to engineer new nanophotonic functions using 2D transition metal dichalcogenide monolayers.
Keywords:
tungsten disulfide, monolayer, photoluminescence, biexciton, chemical vapor deposition
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Graphene Converted from Amorphous SiC Thin Film by Electron
Beam Irradiation
JIN Hanbyul1, LEE Jung-Yong2, KIM Jun Hyoung1, PARK Kibog*2
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School of Electrical and Computer Engineering, Ulsan National Institute of Science and Technology,
2

Department of Physics, Ulsan National Institute of Science and Technology
*

kibogpark@unist.ac.kr

Abstract:
We report the formation of graphene on an amorphous SiC thin film (~20 nm thick) by electron beam
(e-beam) irradiation at low electron acceleration voltage of 1 kV. Several electron fluencies were used with the
assistance of Ni thin film. As the electron fluency increased, the crystallinity and uniformity of graphene
formed were improved, which were confirmed by the changes in Raman spectra and SEM images. We propose
two physical mechanisms for the influences of e-beam irradiation on graphene growth. First, the e-beam
hitting the surface of SiC film at the acceleration voltage of 1 kV can penetrate into the SiC film only by several
atomic layers [1]. Accordingly, the thermal energy delivered by e-beam will be accumulated in the region near
the surface of SiC film. Then, only the e-beam irradiated region of SiC film will be heated to the temperature
high enough to kick off the selective sublimation of Si atoms. Second, some of the irradiated electrons are
expected to pile up at the penetration depth and those electrons can generate a strong electric field very near
the surface of SiC film. This strong electric field can boost the sublimation of Si atoms so that it can be
triggered even at temperature below 900 degree C, much lower than the conventional vacuum annealing
process for growing graphene on a SiC single-crystal substrate. [1] Huang Q, Chen X, Liu J, Wang W, Wang
G, Wang W, Yang R, Liu Y, Guo L, Chem. Commun. 46, 4917-4919 (2010)
Keywords:
Silicon CarbideGrapheneE-beam IrradiationSurface-Confined Heating
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암모니아 가스로 발생시킨 용량 결합 플라스마를 이용하여 환원된 산
화 그래핀 박막의 특성 연구
이성엽, 김홍탁, 김찬, 이형락*
경북대학교 물리학과
*

phyhrlee@knu.ac.kr

Abstract:
본 연구에서는 액상 공정을 이용하여 산화 그래핀 박막을 유리 기판 위에 형성하고 암모니아 가스를 이용한 용량 결
합 플라스마로 환원시키는 연구를 수행하였다. 13.56 MHz의 라디오 주파수 전원을 이용하여 암모니아 플라스마를
발생시키고, 광학적 분석을 통해 반응에 참여하는 활성화 이온들을 분석하였다. 플라스마를 내부 (bulk region) 와
외부 (sheath region) 로 구분하고, 각각의 위치에서 환원 시간에 따라 암모니아 플라스마가 박막에 미치는 영향을
비교하였다. 이를 통해 환원된 산화 그래핀 박막을 투명 전극으로 활용할 수 있는 가능성을 확인하였다.
Keywords:
그래핀, 환원된 산화 그래핀, 플라스마
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Role of Sulfur vacancies for n-type behavior in MoS2
GU Minseon, JOO Beom Soo, PARK Youngju, JUNG Namsik, HAN Moonsup*
Department of Physics, University of Seoul
*

mhan@uos.ac.kr

Abstract:
It is known that MoS2 typically shows n-type behavior. However the origin of n-type property seems not to
be understood clearly. Among the candidates for the origin, sulfur vacancy can be attributed to the main origin
for MoS2 to show n-type behavior. In this study, we deposit MoS2 sample by using RF sputtering. To make
vacancies in the samples, we perform ion-irradiation. The amount of vacancies can be controlled by
irradiation dose (i.e. irradiation time). In order to obtain stoichiometric information and charge carrier
property, we perform X-ray photoelectron spectroscopy, current-voltage (I-V) measurement and Hall
measurement. By analyzing the experimental results, we observe that sulfur contents decrease after ion
irradiation and that ion-irradiated sample has more n-type property. And also we conclude that n-type
behavior becomes stronger as the sulfur content decreases as several reports insisted. We expect that ionirradiation technique would be widely used as carrier type control method for MoS2. Acknowledgement:
NRF-2014M2B2A4031923, NRF-2015M2B2A4032245, NRF-2015R1D1A1A01060381
Keywords:
MoS2,vacancy, carrier type, ion implantation
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온도 변화에 대한 단분자 층 MoS2 전이점의 타원편광분석법 연구
유창현1, 김화섭1, 박한결1, Nguyen Hoang Tung1, 김영동*1, 김용수2, 성맹제3
1

경희대학교 물리학과, 2울산대학교 물리학과, 3중앙대학교 물리학과
*

ydkim@khu.ac.kr

Abstract:
Molybdenum disulfide (MoS2) 는 광학적·전기적 특성 조절이 가능하여 디스플레이, 광 검출기, 전계 효과 트랜지
스터 등에 활용되는 중요한 전이금속 다이칼코제나이드 (dichalcogenides) 이다. 특히 2-D 단분자 층 MoS2 는 1.8
eV 에서 직접 밴드갭을 가지며 차원물성 제어가 가능하기 때문에 최근 더욱 주목받고 있다. 2-D 소자를 설계하고
최적화하는데 있어서 물질의 광 특성이 필수적이기 때문에, 상온에서의 MoS2 유전율 함수 연구는 몇 차례 보고되
었다. 그러나, 더욱 본질적인 특성의 이해를 위한 저온 유전율 함수 연구 및 다양한 온도에서 동작하는 소자 개발을
위한 유전율 함수의 온도 의존성 연구는 아직 미비하다. 본 연구에서는 타원편광분석법을 이용하여 얻은 35 ~ 350
K 온도 범위, 1.40 ~ 6.42 eV 에너지 범위에서 단분자 층 MoS2 유전율 함수를 보고하고자 한다. 단분자 층 MoS2
는 two zone hot - wall furnace 에서 무 촉매 화학기상성장 방법을 통해 SiO2/Si 기판 위에 성장되었고, 사파이어
기판 위에 옮겨졌다. 이차미분 유전율 함수의 표준해석법을 통해 전이점의 에너지를 얻었다. 상온에서는 중첩돼있
던 전이점이 저온에서 분리되는 것을 확인하였고, 전이점 에너지가 청색 편이하는 연구 결과를 얻었다. 이 결과는
온도에 따른 MoS2 물성의 이해와 MoS2 기반의 소자 설계 및 응용에 유용할 것이다.
Keywords:
타원편광분석법, 유전율함수, MoS2, 온도변화
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백금 나노입자에 의한 단일벽 탄소나노튜브 가스센서의 Cl2 감응 특성
(Chlorine sensing performance in single-walled carbon nanotubebased gas sensors by platinum nanoparitcles)
최선우, 김재성, 김선호, 변영태*
한국과학기술연구원 센서시스템연구센터
*
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Abstract:
최근, 특정 가스에 대한 향상된 감응 특성뿐만 아니라, 선택성이 부여된 탄소 나노구조물 기반 가스 센서에 대한 실
용화 연구가 활발히 진행되고 있다. 게다가, 국내외에서 빈번히 발생하는 유해화학물질 유출 사고는 산업현장에서
고감도, 고선택성을 가진 소형의 반도체 센서의 필요성을 더욱 강조하고 있다. 특히, 대표적 유해화학물질로 알려진
이원자 분자인 염소(Cl2) 가스는 기존의 FT-IR 광학식 센서 구동방식으로 Cl2 가스를 검출할 수 없고, 휴대성이 용
이하지 않기 때문에 산업현장에서의 즉각적인 Cl2 검지가 어려운 단점이 있다. 따라서 산업현장에서 Cl2 가스를 선
택적으로 검지할 수 있고 휴대가 가능한 소형화된 반도체 센서 개발이 필요하다. 본 연구에서는 네트워크 구조의 단
일벽 탄소나노튜브(SWCNT) 기반의 나노 반도체 센서를 제작하고, 자외선(UV) 조사를 적용한 광 환원법을 이용하
여 백금 나노입자를 네트워크 구조의 SWCNT 표면에 형성하였다. 또한, UV 조사 조건에 따라 형성된 Pt 나노입자
가 Cl2 가스 검지에 대한 감도와 감응 특성(반응 시간, 회복 시간 등)에 미치는 영향을 조사하였다.
Keywords:
단일벽 탄소나노튜브, 백금 나노입자, Cl2, 반도체 나노센서
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열처리 온도 변화에 따른 다결정 Pb(Zr0.52Ti0.48)O3 나노튜브 어레이의
압전특성 변화 연구
조삼연, 양선아, 김병훈, 김은영, 최기쁨, Johnson A. Trent, 부상돈*
전북대학교 물리학과
*
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Abstract:
강유전체의 나노구조물은 에너지 하베스트, 압전 변환기, 액추애이터 등과 같은 많은 응용분야에서 적용될 수 있기
때문에 많은 관심을 받고 있다. 특히 나노막대, 나노선, 나노튜브와 같은 1차원의 나노구조물이 주목을 받고 있는
데, 이는 전도성 기판위에 균일하게 잘 정렬되어 분포되어 있는 경우 큰 활동 표면적을 가져 고출력밀도에 활용하기
적절하기 때문이다. 1차원 나노구조물 중에서도 나노튜브는 속이 빈 구조와 높은 종횡비에서의 안정성 때문에 나노
막대나 나노선보다 높은 잠재력을 가진다. 따라서 전도성 기판 위에 균일하게 잘 정렬되어있는 나노튜브 제작 연구
와 압전 특성 연구가 필요하다. 본 연구에서는 졸-겔 방법과 다공성 알루미나 멤브레인을 주형틀로 이용하여 다결
정 Pb(Zr0.52Ti0.48)O3 (PZT) 나노튜브 어레이를 제작하였으며, 그들의 압전 특성을 piezoresponse force
microscopy (PFM)을 이용하여 관찰 하였다. PZT 나노튜브는 Pt/Si 기판 위에 준비된 PAM 위에 PZT 졸-겔 용액
을 도포한 후 스핀코팅과 500 oC에서 700 oC의 다양한 온도에서의 열처리 과정을 거쳐 제작되었다. 그 후 주형틀을
선택적으로 식각함으로써 기판위에 수직적으로 서있는 PZT 나노튜브 어레이를 얻을 수 있었다. 제작된 나노튜브의
평균 직경, 높이, 벽두께는 각각 320 nm, 1000 nm, 그리고 60 nm로 관찰되었으며, 550 oC의 열처리 온도 이상에
서 페로브스카이트 구조를 가진 나노튜브가 형성되는 것을 확인하였다. PFM phase 이미지 분석을 통하여 본래 나
노튜브가 가지는 수직방향의 도메인을 관찰하였으며, 나노튜브의 분극 방향이 외부 전기장에 의해 스위칭 되는 것
을 관찰 할 수 있었다. 또한, 열처리 온도에 따른 나노튜브의 압전 특성을 분석한 결과 650 oC에서 열처리한 나노튜
브가 가장 높은 압전 특성을 보이는 것을 관찰할 수 있었다.
Keywords:
PZT, Ferroelectrics, Piezoelectric, PFM
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High Power Generation of Zinc Oxide Piezoelectric Nanogenerator
Based on Ti mesh Electrode
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Abstract:
Zinc oxide nanorods have been received a tremendous attention due to remarkable physical properties and
enormous applications. Here, we provide a strategy for fabricating the zinc oxide flexoelectric nanogenerator
based on Ti mesh electrode, generating high electrical output from multidirectional external force. The arrays
of ZnO nanorod were multidirec tionally grown on Ti-mesh electrode due to the 3-dimensional structure of
Ti mesh, resulting in high power generation from the forces of all direction. An electrical output from
fabricated nanogenerator by folding and releasing strain was observed up to ~ 10 V, while a voltage of ~ 4 V
was obtained under compressing and releasing strain. In particular, the fabricated flexoel etric nanogenerator
exhibited high electrical stability, durability and robustness owing to the outstanding mechanical properties of
Ti mesh. We believe our device can provide a promising platform for applications of wearable and portable
devices to effectively harvest energy from mechanical movement.
Keywords:
Piezoelectric, Nanogenerator, ZnO
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Investigation of electronic structure related to phase transition for single
layer MoS2
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Abstract:
Single layer MoS2 exhibits semiconducting and metallic properties for 2H and 1T phases, respectively,
depending configurations. However, the transformation process from 2H to 1T phases of MoS2 is not fully
understood yet. To understand the phase transition process between 2H and 1T phases of MoS2, we have
performed density functional theory calculations using Vienna ab initio simulation package (VASP). The phase
transition from 2H to 1T phases usually occurs in MoS2 with an aid of intercalated Li atoms. In this case,
charge transfer takes place from Li to MoS2. To investigate the effect of charge transfer on phase transition, we
consider two cases: (1) Additional electrons is inserted into MoS2 to effectively explain charge transfer from Li,
and (2) to be more realistic, Li atoms are adsorbed (or intercalated) on MoS2. We study the change in
electronic structure related to phase transition between 2H and 1T phases of MoS2. Especially, the differences
in the two cases of charge transfer are compared. The bonding characteristics of intermediate states between
2H and 1T phases are also investigated.
Keywords:
Density functional theory, MoS2, Phase transition, 2H and 1T structures
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양성자빔을 이용한 금-은 나노복합체 생성 연구
정명환, 김계령*
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Abstract:
양성자빔을 이용하여 나노입자를 제조하는 것은 양성자빔에 의해 물분자가 라디칼을 생성하게 되고 생성된 라디칼
에 의해 수용액 상의 나노 입자가 빠른 속도로 환원된다. 이는 화학적인 방법에 비하여 나노입자를 빠르게 생성할
수 있으며 제조 공정이 단순화되는 장점이 있다. 금 나노입자는 항암제의 캐리어 역할, 자체 항균 효과,
photothermal 치료 등에 사용되는 등 바이오 분야에서 활발하게 이용되고 있다. 은 나노입자 또한 바이오센서로 활
용하여 질병에 대한 진단, 항균작용에 적용하여 이용되고 있다. 금과 은 나노입자를 복합체로 제작하여 사용한다면
각각의 역할에 대해 상호보완이 가능할 것으로 사료된다. 본 연구에서는 금-은 나노복합체를 양성자빔을 이용하여
제조하는 연구를 수행하였다. 양성자빔 조사선량과 HAuCl4와 AgNO3의 농도비 등을 조절하였을 때 금-은 나노복
합체의 금과 은의 조성비가 조절됨을 확인하였다.
Keywords:
양성자빔. 금-은 나노복합체
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Hydrogenated graphene-based gas sensors
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Abstract:
Graphene is a promising material that has unique properties, such as high surface-to-volume ratio, low
electrical noise, and exceptional transport properties associated with its two-dimensional structure. Adsorption
ability and high surface-to-volume ratio of graphene make it attractive as a gas sensing material. However,
the absence of a sizeable bandgap in graphene has been a major obstacle for application. To improve the gasresponse sensitivity, graphene was doped with hydrogen using hydrogen plasma. The hydrogenated graphene
exhibited p-type semiconducting behaviors, implying that the bandgap might be opened by hydrogen doping.
In addition, compared to the pristine graphene, the hydrogenated graphene exhibited better sensing
performances for NH3 and NO2 at room temperature
Keywords:
graphene, gas sensor, hydrogenated method

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-ap.153*

Plasmon enhanced graphene photodetector with various plasmonic
structures
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Abstract:
Graphene photodetectors have attracted strong interest for their exceptional physical properties, such as broad
spectrum, flexibility, high mobility and photocarrier multiplication. However, compared to traditional III-Vbased photodetectors, graphene-based photodetectors have lower sensitivity. To improve the sensitivity, we
fabricated various plasmonic structures on single layered graphene. Indeed, graphene photodetector with
arrayed gold plasmonic resonators exhibited higher photosensitivity compared to pristine monolayer graphene.
In addition, we investigated the dependence of Au array spacing on plasmonic enhancement.
Keywords:
Grapehen, Plasmonic resonator, photodetector
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Parallel single-electron pumps on GaAs/AlGaAs 2DEG system
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Abstract:
We have investigated quantum dot (QD)-based parallel single-electron pumps fabricated on GaAs/AlGaAs
two dimensional electron gas (2DEG) system. It has been suggested that parallelization of single electron
pumps could be a solution to achieve the required accuracy and output current level for a quantum current
standard. Quantized electrons pumped from a QD modulated by microwave (MW) frequency f produces
quantized current plateau steps, satisfying the relation of In=nef, where n is the number of electrons pumped
per cycle of MW, and e is elementary charge. We found that the synchronized pumping conditions between the
pair of electron pumps could be satisfied by tuning both plunger and trench gates separately. As results, the
total current produced by parallel pumps is the twice of the single electron pump current without deteriorating
the flatness of the current plateau. Consequently, the accuracy of the pair of electron pumps becomes improved
twice better.
Keywords:
2DEG, quantum dot, quantum current standard, GaAs/AlGaAs
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LC 공진기를 이용한 저차원 전자계의 전자 상태 측정
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Abstract:
공진주파수가 515 MHz이고 Q 값이 ~20인 lumped element 공진기의 공진주파수 변화를 측정함으로써 저차원 소
자 (quantum point contact, quantum dot)의 전자 상태 변화를 관찰하였다. 소자의 게이트 전압의 변화에 따라서
소자의 전자 상태 또는 전자 밀도가 변화하면, 소자와 연결된 LC 공진기의 공진주파수 특성함수의 변화가 유도된
다. 즉, 공진기 S-파라미터의 크기 및 위상의 변화가 관찰된다. 이와 같은 S-파라미터의 크기 및 위상 변화는, 소자
의 전도 특성 변화를 반영하므로, 직류 측정 방법에 의해 관찰된 전도 특성 결과와 일치한다. 공진기 S-파라미터의
측정 방법이 직류 측정 방법보다 S/N비가 우수하고, 측정 주파수 밴드폭이 100 MHz 정도까지 확장 가능하므로,
향후 양자점에서의 전자 수송을 single shot mode로 실시간 측정을 시도하고자 한다. 모든 측정은 액체 헬륨 온도에
서 수행되었다.
Keywords:
LC resonator, tankcircuit, conductance quantization, quantum transport
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and Graphite Electrodes
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Abstract:
높은 전하 이동도를 가지고 있는 그래핀은 트랜지스터의 채널 물질로 그 동안 많은 관심을 받아왔다. 그러나 그래
핀 트랜지스터 소자의 특성을 보다 향상시키기 위해 그래핀과 전극 사이의 접촉 저항이 향상되어야 한다는 연구들
이 보고되었다. 본 연구에서는 접촉 저항에 영향을 미치는 여러 요인들 중에서, 전극과 그래핀과의 일함수 차이를
감소시켜 접촉저항을 낮추는 연구를 진행하였다. 그래핀 트랜지스터에서 널리 사용되는 금속 전극을 대체하여 그래
핀 채널과 일함수가 거의 일치하고 유연성을 가진 다층 그래핀을 전극으로 선택하였다. 채널 층인 단층 그래핀과 전
극 물질인 다층 그래핀을 화학기상증착법으로 동시에 합성하여 소자를 제작 후, 접촉 저항을 측정하여 금속 전극과
그 특성을 비교하였다. Transfer length Method (TLM)라는 방법으로 접촉 저항을 측정하기 위해 전극의 간격을
10 ~ 200 마이크로미터 사이의 총 9 가지의 채널 길이를 통해 소자가 제작되어 분석하였다. 일반 금속 전극보다 작
은 접촉 저항을 실현시킴으로써 향후 그래핀 트랜지스터의 연구에 많은 도움이 되리라 기대한다.
Keywords:
Contact resistance, Graphene field effect transistor, Transfer length method, Multilayer graphene electrode
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Structural, electrical and optical properties of proton-bombarded ZnO
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Abstract:
We investigated the structural and the electrical properties of proton-beam-bombarded ZnO nanorods.
Vertically-aligned ZnO nanorods were synthesized on Al2O3 substrates by using a catalyst-free metal organic
chemical vapor deposition (MOCVD). ZnO nanorods were bombarded by proton beam at energies of 10 ~ 40
MeV and fluxes of 1×1011 - 1×1012 particles/cm2. Field-emission scanning electron microscopy (FE-SEM)
measurements showed no visible distortion on the ZnO nanorods after proton-beam bombardment. Highresolution X-ray diffraction measurements (HR-XRD) demonstrated a small but substantial amount of lattice
constant distortion in ZnO nanorods, compared with untouched ZnO nanorods. Polarization-dependent
extended X-ray absorption fine structure (EXAFS) revealed that the bond length of Zn-O pairs along the
c-axis of ZnO nanorods were more distorted than other atomic pairs. From I-V measurements, we found that
the electrical properties of proton-bombarded ZnO nanorods were enhanced by at least 5 time than that of
untouched ZnO nanorods. PL measurements revealed that disorder was increased by proton bombardment
process. Also, we will discuss annealing effect of the electrical, optical property change of proton-bombarded
ZnO nanorods.
Keywords:
ZnO nanorods, proton-bombardment, XAFS, I-V,PL
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Abstract:
As promising Two-dimensional materials, transition metal dichalcogenide nanosheets recently attracted much
attention in respects of its relatively high mobility and distinct energy band gap of 1.2~1.8 eV. Black
phosphorus nanosheet emerged after appearance of transition metal dichalcogenide, but with some similarity
to graphene, since it contains one element, phosphorus (P), quite high mobilities which are depending on its
thickness and bandgap. So, We have fabricated transistor with 12 nm-thin black phosphorus channel on
glass substrate, where our black phosphorus field effect transistors (FETs) have a patterned-bottom gate
structure with 30 nm-thick atomic layer deposited Al2O3 dielectrics on top and bottom of black phosphorus
channel. Top gate dielectric has simultaneously been used as device encapsulation layer, slightly controlling the
threshold voltage of FETs when FETs mainly operate under bottom gate bias. Bottom, top, and dual gatecontrolling mobilities were respectively estimated, to be 270, 90, and 210 cm2/V s. also demonstrating
demonstrate logic functions by separately using top- and bottom-inputs.
Keywords:
Black phosphorus, Dual gate FET, OLED switching, NOR logic, Inverter
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Abstract:
Two-dimensional transition metal dichalcogenides (TMDs) are fundamentally and technologically have been
studied for their electronic properties. The most widely studied two-dimensional material is graphene because
of its electronic properties and its high mobility. However, graphene does not have a bandgap which is
essential for many application of transistor. Here we use MoS2 and WSe2 as n-type and p-type channel
respectively. We fabricate AMOLED pixel using TMDs channel FET to operate OLED.
Keywords:
MoS2 FET AMOLED
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표면 공명 현상을 이용한 가시광선 영역에서의 이산화바나듐 나노 어
레이 구조의 광학 특성 연구
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Abstract:
본 연구에서는 전기수력학적 리소그래피를 통해 약 68℃에서 금속-부도체 상전이가 일어나는 이산화바나듐을 인
듐 주석 산화물 위에 100nm 이하의 균일한 라인 어레이 구조를 형성하여 표면 플라즈몬 공명 현상을 유도해 근자
외선 영역에서 가시광선 영역까지의 광학 특성을 연구하였다. 시뮬레이션을 통해, 한쌍의 라인 어레이 구조 위에 입
사광이 35°로 고정되었을 때, 파장이 커질수록 높아지는 반사율이 700nm에서 급격하게 하락하여 광흡수가 일어
났음을 확인하였다. 평면에서는 800nm 이상에서 발생한 것과 달리, 나노 어레이 구조가 되면서 구조적 측면에서의
유효 굴절률 변화와, 나노 표면 위에 진동하는 플라즈몬에 의한 국부적인 파의 간섭이 생기면서 입사광과 일치하는
파수 벡터가 바뀌게 되고 이는 결과적으로 광흡수 등 반사율이 급격하게 하락하는 파장대가 이동하게 되는데,
100nm의 어레이 pitch에서 600~760nm 영역의 공명 효과가 발생함을 확인하였다. 우리는 이러한 데이터를 광학
적 측정을 통해 실험적 데이터와 일치함을 증명하여, 이산화바나듐이 자주 응용되는 스마트 윈도우에서의 새로운
장을 보여주고자 한다.
Keywords:
표면 공명현상, 이산화버냐듐, 전기수력학적 리소그래피
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액정 콜로이드에서 액정의 찌그러짐에 따른 액정과 입자의 상호작용에
관한 연구
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Abstract:
액정 안에서 입자와 액정의 찌그러짐은 서로 상호작용을 하여, 입자의 움직임에 영향을 준다. 빛에 반응하고 편광
방향에 따라 배향 방향을 바꿀 수 있는 배향막을 유리 기판에 코팅하였다. 기판의 위치에 따라 편광 방향을 바꾸면
서 빛을 조사하였다. 즉 배향 방향에 적당한 패턴을 형성하여 액정 texture가 그 패턴에 따라 만들어지도록 하였다.
이런 기판으로 이루어진 셀을 만들고 액정과 입자를 함께 넣었다. 입자 주위에서 액정이 계면에 수직하게 늘어서는
입자를 사용하였다. 셀에 주입된 액정은 배향 방향이 달라지는 경계에서 급격히 방향을 바꾸어 높은 찌그러짐 에너
지를 갖는다. 이 영역이 입자들과 상호작용을 강하게 하였다. 특히 찌그러지는 방향에 따라 입자와의 상호작용이 달
라지는 것으로 보인다. 이 발표에서는 연구 과정과 결과에 대해 자세히 설명하려고 한다.
Keywords:
콜로이드, 네마틱 액정, 광배향
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Axonal mRNA Dynamics in Live Hippocampal Neurons
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Abstract:
localization of mRNA and protein synthesis is critical for axonal guidance and regeneration. Yet it is not
clearly understood how mRNA localization is regulated in axons. Using a transgenic mouse that expresses
fluorescently labeled β-actin mRNA (Park, Lim et al. 2014), we investigated the dynamics of endogenous
β-actin mRNA in axons. By culturing hippocampal neurons in a microfluidic device which allows separation
of axons from cell bodies, it is possible to track β-actin mRNA motions in live axons. We observed highfrequency random oscillating movements of β-actin mRNA, which were clearly different from the movements
in the dendrites. In addition, we found several mRNAs localized at axonal varicosities where synapses typically
occur. We modeled mRNA transport in axons using a theoretical random walk model, Ornstein-Uhlenbeck
process that has a specific destination. This study suggests a biophysical mechanism of mRNA transport and
localization in axons, which will have important implications for axon regeneration.
Keywords:
Axon,mRNA, MS2 system, transgenic mouse, microfluidic, Orstein-Uhlenbeck Process,diffusion
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Single-molecule FRET based study on Mot1, the global repressor of
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Abstract:
Saccharomyces cerevisiae(brewer's yeast) is an eukaryotic unicellular organism, which has an elaborated
transcription mechanism. Before transcription, transcriptional complex with RNA polymerase should find its
initiation site with the assistance of TATA-binding protein(TBP), which is a part of a transcription factor II D
(TFIID) protein. TBP has well-known capability of finding proper initiation site, generally has a series of bases
as TATAAAA, which is the origin of the protein's name. The affinity of TBP to various binding site is
inhomogeneous. Some TATA-rich site can show high affinity, but the other initiating sites perform low
affinity, which induces unwanted gradation of transcription. There are some groups of proteins redistribute this
TBP to control transcription process. Modifier of Transcription 1(Mot1) is a member of these proteins, which
regulate TBP in the vicinity of the protein. We imported single molecule FRET(smFRET) techniques to measure
the dynamics of this TBP-Mot1-DNA complex at nanometer scale, which will help to understand the
mechanism of transcription regulation, and beside the whole transcriptional process.
Keywords:
smFRET, TATA-binding protein, Modifier of transcription, transcription regulation
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smFRET Analysis of Nucleosome Translocation by CHD1
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Abstract:
Nucleosome is unit of DNA package and deeply related to transcription regulation. To regulate
transcription, various chromatin remodelers form, deform, and move nucleosomes, which disturb
transcription. In these chromatin remodelers, CHD1 not only translocates nucleosome by itself, also plays a
key role in transcription -form a complex with RNA polymerase II and overcome nucleosome in
transcription initiation and elongation-. So, Understanding the transcription regulation requires mechanism of
CHD1 to be unveiled. Here, we are studying on detail mechanism of CHD1 by single molecule FRET
technique. It provides nanometre resolution and video rate time resolution. We observed nucleosome DNA
unwrapping during ATP hydrolysis cycle of CHD1 in nucleosome remodeling which is different phenomena
from other known chromatin remodelers. We think this property helps CHD1 move nucleosome further than
other remodelers using single ATP.
Keywords:
Nucleosome, Nucleosome remodeling, CHD1
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Abstract:
A riboswitch is a non-coding region of an mRNA which
recognizes a specific metabolite and regulates the expression of
the mRNA itself. 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 RNA folding.
We used fluorescence resonance energy transfer (FRET) to study conformational dynamics of the Escherichia
coli thiM TPP (thiamine pyrophosphate) riboswitch. Previously, we found that the open form and the closed
form of the riboswitch recognize the ligand with similar preference and the final conformational transition of
it is induced by the ligand. Using RNA polymerase elongation complex system, we will show that these
processes including ligand bindings are strongly related to the co-transcriptional effect.
Keywords:
single-molecule, FRET, RNA folding, TPP riboswitch, co-transcriptional folding

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-co.107

NAP1L1 promotes dynamic CSB-DNA interactions and accelerates
activation and translocation of CSB-mediated chromatin remodeling
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Abstract:
The Cockayne syndrome complementation group B (CSB) protein belongs to the SWI2/SNF2 ATP-dependent
chromatin remodeling family. CSB is the only ATP-dependent chromatin remodeler essential for
transcription-coupled nucleotide excision repair. CSB has been shown to remodel nucleosomes at a rate about
20 times slower than that of the human ACF remodeling complex. Strikingly, the NAP1-like histone
chaperones, which interact with CSB, greatly enhance the chromatin remodeling activity of CSB to a rate
similar to that of ACF. While chromatin remodeling by CSB and NAP1-like histone chaperones are crucial
for efficient transcription-coupled DNA repair in cells, the mechanism that underlies the enhancement of
CSB-mediated remodeling had not been elucidated. Here we use single-molecule fluorescence measurements
to determine how the NAP1-like histone chaperone, NAP1L1, regulates CSB’s DNA-binding and
nucleosome-remodeling activities. We found that NAP1L1 enhances the dynamic interaction of CSB with
DNA. Additionally, NAP1L1 promotes nucleosome remodeling by accelerating both the activation and
translocation rates of CSB. Of great interest, NAP1L1 also decreases the pausing probability and, thus,
increases the processivity of nucleosome remodeling by CSB. Our study, therefore uncovers novel mechanistic
insights into the way by which NAP1L1 regulates the biochemical activities of CSB to facilitate its biological
functions.
Keywords:
Cockayne syndrome complementation group B, ATP-dependent chromatin remodeler, DNA-Protein
interaction
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Super-resolution Imaging of Neuron in Mouse with Line-scan
Confocal Microscope
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Abstract:
We demonstrate three-dimensional super-resolution imaging of neuron in mouse with line-scan confocal
microscopy (LSCM). We combine LSCM with the method of transient binding oligonucleotides labeled with
fluorescent dye (DNA-PAINT, point accumulation for imaging in nanoscale topography). Optical sectioning
(about 1 μm) by LSCM suppress the excessive fluorescence background that would prevent the imaging of
structures located far from coverslip. LSCM also provides bright single molecule images. As super-resolution
imaging with LSCM is not constrained by photobleaching, we could produce three-dimensional superresolution images of presynapse and postsynapse in neuron cell and mouse brain tissue.
Keywords:
super-resolution imaging, neuron, synapse, line-scan confocal microscopy, DNA-PAINT
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smFRET analysis of tR2 terminator
KANG Wooyoung1, 3, UHM Heesoo1, 3, HA Kooksun4, KANG Changwon4, HOHNG Sungchul*1, 2, 3
1

Department of Physics and Astronomy, Seoul National University, 2Department of Biophysics and Chemical
Biology, Seoul National University, 3National Center of Creative Research Initiatives, Seoul National
University, 4Department of Biological Science, Korea Advanced Institute of Science and Technology
*

shohng@snu.ac.kr

Abstract:
‘tR2 terminator’ is one of intrinsic terminator composed of a stem-loop hairpin structure and a poly-uracil(U)
chain in e. coli. This terminator originates from bacteriophage λ and plays an important role as a regulator of
lytic cycle with some factors such as NusA protein. As we know, these structures can induce the termination
event, but how it is happening still remains uncovered. In this study, we observed the FRET change and Protein
Induced Fluorescence Enhancement (PIFE) during the terminator process. Using DNA with various dye
positions and mutant hairpin structure, we found the motion of RNA polymerase after RNA dissociation and
the NusA effect on the dissociation of RNA polymerase. We will study the movement of RNA polymerase after
the termination in more real condition and the effect of other factor related to RNA transcription
Keywords:
tR2 terminator, transcription termination, NusA, smFRET
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Abstract:
Efficient carbon utilization is critical to the survival of microorganisms in competitive environments. To
optimize energy usage, bacteria have developed an integrated control system to preferentially uptake
carbohydrates that support rapid growth. Maltose is transported across the cytoplasmic membrane of
Escherichia coli by a maltose binding protein(MalE)-dependent transport system. The three membraneassociated components of the transport system, the MalK, MalF, and MalG proteins. This system has been
studied extensively by crystallography and biochemical assays. Although crystal structures provide crucial
snapshots of discrete states of the translocation cycle, but do not resolve the dynamics of the processes.
Additionally, “bulk” biochemical experiments cannot provide insights into rare and/or transient events, crucial
for the transport process, as these are lost in the ensemble averaging. Thus we are studying this transport
system by using single-molecule technique to overcome these limitations.
Keywords:
Maltose transporter, MalFGK2, Maltose binding protein, MBP, MalE, Single-molecule, FRET, Fluorescence
resonance energy transfer
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Abstract:
Nowadays phosphorescence materials have attracted attention from OLED device field, because of their
potential. Theoretically, phosphorescent has three time higher efficiency than that of fluorescent. However,
phosphorescence emission from metal-free organic materials has low emission efficiency, and even they are
hard to emit phosphorescent due to the energy loss by vibrational and heat energy conversion. Thus, lots of
papers used the heavy atoms such as Ir, Pt for the metal-to-ligand charge transfer (MLCT) character. Herein
we report our observation of phosphorescence emission and enhancement of phosphorescent emission from
metal-free organic material. The phosphorescence emission sample was prepared with 2,5-dihexyloxy-4brombenzaldehyde (Br6A) embedded into isotactic poly methyl methacrylate (iPMMA). The material harvests
the triplet by halogen bonding between bromine and oxygen. And we used silver nanoparticle (100 nm) for
enhancing phosphorescence emission by surface plasmon resonance. Experimentally, phosphorescence and
fluorescence emission are enhanced on silver particle. The metal-free organic phosphorescence material
suggesting a low cost and higher efficiency phosphorescence emission devices than that of metal-compounded
organic phosphorescence materials.
Keywords:
Metal-free organic material, Surface plsmon, Emission enhancement
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Abstract:
Photoluminescence (PL) spectrums in an organic semiconductor TMTSF (tetramethyletetraselenafulvalene)
have been studied at various temperatures between 14 and 300 K. The dependence of the spectral line shapes
on molecular doping of iodine in the organic semiconductor was also monitored. Single crystal TMTSF
samples were grown by physical vapor deposition in the shape of free standing plate and slab type. X-ray
diffraction studies indicate a triclinic structure with unit cell dimension, a=6.306 , b=6.942, and c=8.083 and
α=108.790°, β=105.598°, and γ=95.461°. The two theta scan suggests that the crystal a-c plane is
parallel to the flat top and bottom plane for the plate type while the crystal a-b plane corresponds to the flat
top and bottom plane for the slab plane. The PL spectra were obtained with the 514 nm excitation line given
by He-Ar laser. Steady state PL spectra of intrinsic TMTSF exhibit a highly antisymmetric peak near 1.83 eV
at 300 K which clearly develops a secondary peak structure near 1.66 eV at low temperatures. Detailed peakfit analysis shows the presence of four vibronic peaks arising from the S1 to S0 band transitions in which the
main 0-0 peak is centered at 1.83 eV. The peak position shifts to higher energy by 50 meV at 14 K with
S-shaped temperature dependence. A natural explanation for the blue shift is the expansion of band edge as
described by Varshni relation which accounts for the contribution of thermal contraction of lattice. In TMTSF
system, the unusual temperature dependence of the peak position seems require an additional factor due to the
temperature dependent redistribution of localized excitons induced by thermal activation and thermal transfer
between the strongly localized states. As the exposure of the iodine vapor increases from 1 to 10 hours, the PL
intensity is reduced while the peak width is enhanced above 150 K. The quenching mechanism of the PL
intensity over the iodine exposure can be attributed to either (both) the collisional quenching when exciton
come across a common quenching agent Iodide ion (I-) or (and) the Auger recombination process in which
the excition recombination energy is transferred to the conduction electrons or holes in the valence (HOMO)
band.
Keywords:
TMTSF, Single crystal,PL, Iodine doping
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Abstract:
UV-damage to DNA can arrest DNA replication, which results in cell death. Human cells have the UVdamaged DNA repair system. The intrinsically disordered protein p15PAF regulates DNA repair by directly
interacting with the proliferating cell nuclear antigen (PCNA) sliding clamp. A recent crystal structure of the
human p15PAF–PCNA complex suggests that p15PAF drags PCNA sliding along the DNA to regulate freely
diffusing PCNA to facilitate the switch from replicative to translesion synthesis polymerase binding [1]. To
investigate the dynamic features of PCNA in the presence of p15PAF, on extended DNA we directly examined
the thermal fluctuation-driven motion of a single PCNA molecule fluorescently labeled with Alexa647.
Keywords:
DNA, diffusion, particle tracking, PCNA, p15, PAF15

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-co.114

Unrestricted Adhesion of Drug-Resistant Breast Cancer Cells on
Nanoscaffolds
PARK Soyeun*
College of Pharmacy, Keimyung University
*

sypark20@gmail.com

Abstract:
The cell-substrate adhesion plays an important role in cancer progression. In this study, we interrogated how
the cellular adhesion affect the acquisition of the drug resistance of breast cancer. To do this, we utilized the
nanoscaffolds which allow us to control the maturation of focal adhesions on well-defined nano-sized areas.
Nano-scaffolds were fabricated by our bottom-up procedures combining nanosphere lithography and
orthogonal chemistry. The drug-sensitive (MCF-7) and drug-resistant (MCF-7/ADR) breast cancer cells
were investigated as a model system. The MTT assay confirmed the difference in the doxorubicin-sensitivity of
the two cell lines. We monitored the cell proliferation by taking the phase contrast images every 24 hours for
three days after the initial cell seeding on nanoscaffolds. We found that the proliferation of the drug-sensitive
breast cancer cells was highly affected by the spatial characteristics of nanoscaffolds. Interestingly, the MCF-7
cells showed the decrease in the proliferation when grown on the nanoscaffolds made with nanospheres of 300
nm in diameter. However, no effect on the proliferation was observed when the drug-resistant breast cancer
cells were grown on the nanoscaffolds. We postulate that such difference in the proliferation between two cell
lines might originate from the enhanced expression of vinculin in MCF-7/ADR cells. Vinculin is an accessory
protein affecting the maturation of focal adhesions and its increase could allow focal adhesions to extend
beyond the restricted regions of nano-scaffolds. We also observed a faster wound closure of MCR-7/ADR
cells than MCF-7 cells. The increase in 2D motility of MCF-7/ADR could be again resulted from a higher
traction force generated by the abnormally matured focal adhesions. In conclusion, we found that the
abnormal maturation of focal adhesions via vinculin caused the uncontrolled proliferation and resulted in the
acquisition of the drug resistance of breast cancer cells. We suggest that the restoration of the normal
maturation of focal adhesions might be a promising target to sensitize the anti-cancer drug response of the
breast cancer cells.
Keywords:
Atomic Force Microscope, Young's moduli, nanoscaffolds, anti-cancer drug resistance, adhesion, mechanical
stiffness, breast cancer
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Abstract:
Exonuclease enzyme removes nucleotides one at a time from the end of polynucleotides strand, which results in
the conversion of double stranded DNA to single stranded DNA. Human exonuclease 1 (hEXO1) with 5’ to 3’
exonuclease activity plays a critical role in eliminating the mismatch during DNA mismatch repair. hEXOI also
exhibits restriction endonuclease activity against 5’ overhanging flap structures that are generated during DNA
replication. However, the dynamic features of hEXOI have been poorly understood. We developed real-time
single molecule techniques to study the kinetics of hEXOI during its catalytic reaction. Our observation
proposes a novel mechanism of the exonuclease activity of hEXOI.
Keywords:
DNA mismatch repair, hEXO1, Single-molecule FRET
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Abstract:
It is well established that human cells experience thousands of DNA-damaging events per day. Exposure to
UV radiation from sunlight is one of the major DNA-damaging events, making the resulting skin cancers the
most common cancers worldwide. Nucleotide excision repair (NER) is utilized by all organisms to eliminate
and repair DNA lesions. In bacteria, the NER pathway is implemented by the successive action of several
proteins inclduing UvrA, UvrB and UvrC, via a series of large and dynamic multiprotein complexes. By using
single-molecule FRET assay, we aim to understand the detailed mechanisms for DNA damage sensing and
subsequent damage repair in E.coli.
Keywords:
UvrA, UvrB, DNA damage, DNA repair, Single-Molecule spectroscopy, FRET
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Abstract:
실크 단백질은 최근 놀라운 물리적, 화학적, 생물학적 특성으로 인하여 의공학 분야에서 활발하게 연구되어 왔다.
이 단백질로 다양한 형태의 마이크로, 나노 구조들을 제작할 수 있으며, 이들은 약물전달과 세포성장 연구에 적용된
다. 더 나아가 광학적으로 투명한 고체 구조를 만들 수 있음은 이를 생체친화적인 광학소자로 적용할 수 있게 한다.
본 연구에서는 인체에 해가 적은 발광 염료와 실크를 혼합하여, 나노 섬유와 같은 다양한 나노구조를 제작할 수 있
음을 보여준다. 더불어 자외선을 노광하여 경화시킴으로써 유연성을 지닌 새로운 고분자 필름을 형성할 수 있음을
규명하였다.
Keywords:
실크 단백질, 나노 구조, 발광 염료
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Tuning the Schottky barrier of two-dimensional lateral heterostructure
by strain engineering
황휘현, 이재광*
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Abstract:
It has been know that Schottky barrier (SB) formed at Metal-semiconductor junction is one of the very
important key parameters determining modern electronic device performance and efficiency. Recently, twodimensional (2D) transition metal dichalcogenides have emerged among the hottest classes of materials owing
to their promising properties for future applications. Compared with their bulk counterparts, 2D materials can
sustain much higher elastic strain up to 10%. Here, using density functional theory, we find that the SB height
(formed at semiconducting MoS2 and ferromagnetic metal VS2) is spin dependent and tunable by about 0.1 eV
due to the uniaxial strain. We expect these strained lateral heterostructures can be a promising 2D-based
rectifying device such as transistor, diode and spintronics.
Keywords:
Density functional theory, spin-dependent Schottky barrier, uniaxial strain, MoS2, VS2
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Wedge energy bands of monolayer black phosphorus: A firstprinciples study
박민우, 이훈경*, 배현후, 이승한, 양형모
건국대학교
*
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Abstract:
We investigate the properties of one-dimensional mass or massless fermions in monolayer black phosphorus
stripe-patterned with halogen atoms. We observed that within the low-energy approximation, the energymomentum relation of electrons in the halogen-striped monolayer black phosphorus is given by when the
stripe–stripe distance is smaller than ~40 Å. The dispersion states are one-dimensional and parallel to the
halogen stripes, which generates a wedge energy band. Our tight-binding study shows that the wedge energy
band occurs when 2-atom basis 1D lattices are periodically repeated aligned with each other in a 2D lattice.
We also discuss the possible applications of this wedge energy band in electron supercollimation with high
mobility or severely anisotropic electronic transport, which can be used for the development of new nanoelectronics and nano-circuits.
Keywords:
Black Phosphorus, DFT, First-principles, 1D Dirac-fermion, wedge energy band, massless fermions
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Developing phonon dispersion code with acoustic sum rules for
thermoelectric materials.
LEE Yung Ting*1, RYEE Siheon1, LEE Chi Cheng2, HAN Myung Joon1, OZAKI Taisuke2
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Korea Advanced Institute of Science and Technology, 2The Institute for Solid State Physics, The University of
Tokyo
*
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Abstract:
Phonon dispersion relation combined with acoustic sum rules has been successfully developed in OpenMX by
using finite-difference method. And, a specific phonon mode at a k-point can be extracted to show its
vibrational modes by equation of motion. In addition, the phonon density of states (PhDOS) is calculated by
summation of contributions of atom(s) over all phonon bands. Phonon dispersions of graphene and
corresponding phonon modes and PhDOS are consistent with other research work. In this poster, we
apply this method to study the thermoelectric materials, i.e. SnSe, and relevant properties.
Keywords:
phonon dispersion, OpenMX, acoustic sum rules
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Elastic properies of carbyne : quantum Monte Carlo study
HONG Iuegyun1, AHN Jeonghwan1, SHIN Hyeondeok2, LEE Hoonkyung1, KWON Yongkyung*1
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*
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Abstract:
We present quantum Monte Carlo (QMC) calculations of the elastic properties of polyyne, a 1D carbon chain
with alternating single and triple bonds. Based on the total energy calculations within density functional theory
(DFT) framework, polyyne was reported to be the strongest material among carbon allotropes [1], stronger
than graphene. On the other hand, recent QMC study of Shin et al. [2] revealed that DFT calculations
overestimated the cohesive energies of carbon allotropes. This trend has been confirmed by our present QMC
calculations on polyyne. We have investigated the change in the QMC total energy of polyyne under the
varying stress, from which its elastic properties are computed. The tensile stiffness and bending stiffness of
polyyne in this QMC scheme are estimated to be 85.073 eV/곾 and 2.57 eV∙Å, respectively while its Young’s
modulus is predicted to be 35.79 TPa. These QMC values for tensile stiffness and bending stiffness are
significantly less than the corresponding DFT values, which is found to be due to the increasing DFT
overestimation with the increasing stress. [1] Mingjie Liu et al ACS Nano. 7, 10075 (2013) [2] Hyeondeok
Shin et al J. Chem. Phys. 140, 114702 (2014)
Keywords:
QMC, DMC, carbyne, polyyne, Young’s modulus
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Ab initio exploration of hydrogenation of graphene on metal (111)
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Abstract:
We have investigated the hydrogen treatment of graphene on
(111) surfaces of Cu, Pt, Ni and Pd metals based on first
principles density functional theory calculations. The dissociation,
diffusion and migration kinetics of hydrogen on and at near the
surfaces are examined for each clean metal. According to the
calculations, Pd surface is most stable for hydrogen adsorption
while Pt surface offers most mobile environment for hydrogen
migration. The surface sites on all considered metals are
energetically more favorable for atomic hydrogen adsorption as
compared to subsurface or above surface sites separated with
moderate energy barriers. We carried out similar calculations to examine the behavior of hydrogen at the
grain boundaries of graphene layer on metal surface. For this, model systems of zigzag and armchair edged
carbon nano-ribbons attached on metal surfaces are considered. Bond strengths between ribbons and metal
surfaces are calculated; possible hydrogenation mechanisms are considered. We suggest that migration of
hydrogen between graphene and the metal surfaces may break the carbon-metal bonds by attaching on
graphene surface. The suggested mechanism can explain the buckling of graphene, which may lead the sp2 to
sp3 bond transition between layers of multilayer graphene, by hydrogenation with catalytic effect of metal
surface. The study provides an insight to understand the behavior of hydrogen at the metal-graphene
interface.
Keywords:
Ab initio, density functional theory, graphene, hydrogenation,metal surface
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Length Scaling of Metal-Graphene Contact Resistance: An ab inito
study
SHIM Yoon Su, KO Kwan Ho, KIM Yong-Hoon*
Graduate School of EEWS, Korea Advanced Institute of Science and Technology (KAIST)
*
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Abstract:
Despite many efforts to improve the performance of Si transistors, their performance has been pushed close to
its physical limits. Thus, there is a high demand in searching for new materials suitable to replace Si by offering
superior current transport properties and improved electrostatics. One of the most promising materials to
replace Si is graphene due to its small size and superior electrical properties. In spite of the impressive intrinsic
electronic properties, there are still many issues that have to be solved before carbon-based nanoelectronic
devices can actually be manufactured. Contact resistance at the interface is a crucial property for
nanoelectronic devices and understanding the profound effect of the graphene-metal contact on carrier
transport is a major challenge. In this work, contact resistances for “end-contacted” metal-graphene is
investigated. Particularly, the scaling of resistance with the length of channel materials and the effect of
different metals on contact resistance have been studied.
Keywords:
graphene,contact resistance, Schottky barrier, wetting metal
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Development of a non-equilibrium electronic structure calculation
method based on local constrained density functional theory:
Applications to vertically-stacked 2D heterostructures
KIM Han Seul, KIM Yong-Hoon*
Graduate School of EEWS, KAIST
*
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Abstract:
We report on the development of a novel first-principles electronic structure calculation method for the
junction systems subjected to non-equilibrium conditions. Within the scheme, non-equilibrium situations
induced by external bias voltages are described within the local constrained density functional theory
formalism. We will discuss our solutions to the several technical difficulties in describing complicated
nanointerfaces placed under bias voltages. As applicaton examples, we consider vertically-stacked van der
waals heterostructure based on two-dimensional layered materials. By explicitly extracting the changes in
energy level alignment and charge transfer characteristics in response to the source-drain and gate biases, we
provide atomistic guidelines for the design of several novel nano-devices.
Keywords:
electronic structure calculation, constrained DFT,van der waals heterostructure, non-equilibrium conditions
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Tuning of band gap in single- and few-layer β-ZrNCl by applying
strain and electric field
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Abstract:
Recently layered two-dimensional materials are explosively attractive to many researchers due to their
intriguing properties. For this reason, the search for 2D materials with promising physical properties has been
an issue of growing interest in the field of low-dimensional systems. Among them, β-ZrNCl has a layered
structure like MoS2, where the layers (consist of Cl-Zr-N-Cl) are coupled to each other by weak van der
Waals interactions. Very recently, ZrNCl nanosheets could be successfully synthesized through the mechanical
micro-cleavage technique and electrochemical Li-intercalation method. In this work, in order to investigate
the electronic properties of single- and few-layer β-ZrNCl, we performed the first-principles calculation. As
a result, ZrNCl shows semiconducting characters with indirect gap, regardless of their thickness. However,
ZrNCl undergoes the indirect-direct gap transition when the strain reaches ~3.5%.
Keywords:
ZrNCl, bandgap,strain, electric field
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First-principles based computational study on nucleation and growth
mechanisms of U on Mo(110) surface solvated in an eutectic LiCl-KCl
molten salt
KWON Choah, BYUNGCHAN Han*
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*
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Abstract:
We utilize first principles density functional theory (DFT) calculations and ab-initio molecular dynamic
(AIMD) simulations to identify underlying mechanisms elucidating the initial stage of electrocrystallization
process of U on Mo(110) surface in a eutectic LiCl-KCl molten salt at T = 773 K. Our results clearly unveil
that surprisingly different principles on the nucleation of U in the media from that under vacuum conditions. U
nanoclusters exposed to vacuum completely collapse into flat atomic layers on Mo(110) surface as similarly to
an electrodeposition process. On the other hand, Cl ions in eutectic molten salt thermodynamically drive
crystallite formation consisting of UCln (n=3-6) through agglomeration of U atoms. Those crystallite gradually
grow into bigger nuclei by adsorbing on Mo(110) surface. We propose that those behaviors are understandable
only with revised conventional theories and that atomic level interactions among U, LiCl-KCl molten salt and
Mo(110) surface play key role to describe the atomic-scale dendrite formation of U in the electrorefining
process. Our study can be one of basic steps to design efficient electrorefining systems by identifying
fundamental cause of the experimentally observed uranium nucleation phenomena.
Keywords:
First principle calculations, Density Functional Theory, Molecular Dynamics, Electrorefining, Nucleation and
growth
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Thermopower in Semiconducting Carbon Nanotubes: A FirstPrinciples Study
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Abstract:
Carbon nanotubes (CNTs) have attracted great attention because of their remarkable material properties such
as strong mechanical strength, high thermal conductivity along their axis. Additionally, their unique electronic
properties closely depend on the chirality and the diameter. As one of electronic properties, the thermopower
should be also sensitively affected by the chirality and the diameter of CNTs. In this study, we propose a way
to calculate the intrinsic contribution to the thermopower in one-dimensional CNT systems based on coherent
electron transport within first-principle density functional theory (DFT) calculation. To see the dependence of
the thermopower in semiconducting CNTs on their structural differences, the thermopower of various
semiconducting CNTs with different chiralities and diameters were calculated. From the calculation results, we
found that the thermopower changes as doping level changes and the absolute value of thermopower can be
maximized near the center of band gap. We also found that the highest value of the thermopower increases as
the diameter of CNTs decreases. When the diameter is smaller, the intrinsic thermopower in semiconducting
CNTs can be as high as 1,300 μV/K with appropriate doping level.
Keywords:
Thermoelectrics, Carbon nanotubes, Thermopower, First-Principles Study

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-co.211

Atomic-Level Understanding toward a High-Capacity and HighPower Silicon Oxide (SiO) Material
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Abstract:
Silicon oxide (SiO) has attracted much attention as a promising anode material for Li-ion batteries. The
lithiation of SiO results in the formation of active Li–Si alloy cores embedded in an inactive matrix consisting
of Li-silicates (Li2Si2O5, Li6Si2O7, and Li4SiO4) and Li2O. The maximum Li content in lithiated SiO (LixSiO) is
known to be x = 4.4 based on experiments. Our calculations reveal that Li-silicates are dominant over Li2O
among matrix components of the experimental Li4.4SiO phase. We show that LixSiO can become
thermodynamically more stable and thus accommodate more Li ions up to x = 5.2 when Li2O dominates over
Li-silicates. The minor portion of Li2O in the experimental phase is attributed to kinetically difficult
transformations of Li-silicates into Li2O during electrochemical lithiation. The Li2O subphase can act as a
major transport channel for Li ions because the Li diffusivity in Li2O is calculated to be faster by at least two
orders of magnitude than in Li-silicates. We suggest that Li2O is a critical matrix component of lithiated SiO
because it maximizes the performance of SiO in terms of both capacity and rate capability.
Keywords:
Silicon oxide, Li-silicates, Li2O, Li-ion batteries, Density functional calculations
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First-Principles Study on Structural Phase Transition of Phase Change
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Abstract:
Using first-principles calculation based on density functional theory, we investigate ordered crystalline and
disordered amorphous phases of a phase change material, GeSb4Te7, which may be used for phase change
random access memory. We first obtain the equilibrium structure of its crystalline phase by considering various
possible structural configurations. To obtain its corresponding disordered amorphous phase, we carry out
molecular dynamics (MD) simulations composed of several stages: (i) a pre-melting procedure at extremely
high temperature with a low atomic density to make perfectly disordered structures; (ii) a liquefaction step at
temperature a little higher than its melting point with a normal density; (iii) a quenching process from the
temperature of the stage (ii) to room temperature; and (iv) a thermal equilibration step at the room
temperature. We collect all necessary thermodynamic variables from the stage (iv) of our MD simulations and
evaluate their ensemble averaged values. To identify the local atomic configurations in the crystalline and
amorphous phases of GeSb4Te7, we calculate their radial distribution functions, angle distribution functions
and order parameters as a function of coordination numbers. From these results, we analyze the structural
characteristics of both phases and discuss a possible mechanism of their phase transition.
Keywords:
PCRAM,Phase Change Memory, Molecular DynamicsSimulations
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Ab Initio Studies of Structure, Electronic and Optical Properties of Sndoped Hematite
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Abstract:
ɑ-Fe2O3(Hematite) has been spotlighted as one of the very promising solar cell materials since it is very stable
and environment-friendly. Furthermore, iron is the cheapest and one of the most abundant of all metals in the
earth. Even though hematite is capable of absorbing roughly 40% of the solar spectrum, but its practical use
has been limited due to the low conductivity, weak optical absorption and rapid carrier
recombination.Recently, it has been reported that the substitutional Sn doping significantly increases and
improves the solar cell efficiency of hematite. Here, using density functional theory, we study the change in
electronic and optical properties of hematite due to the Sn doping, and elucidate the underlying mechanism
related to the efficiency increase. We expect that our study can provide key parameters for developing novel
hematite-based solar cell device with maximal efficiency.
Keywords:
ɑ-Fe2O3, Sn, Substitutional doping, Density Functional Theory(DFT), Electronic and Optical properties
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Electronic structure and magnetic property of LaNiO3/CaMnO3
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Abstract:
We investigated the electronic structure and magnetic properties of (LaNiO3)n/(CaMnO3)m superlattices along
(001)-direction using first-principles density functional theory calculations. Due to the electron transfer from
Ni to Mn sites, the spin moments are induced or enhanced at both transition metal sites. The detailed nature of
electronic redistributions as a function of layer thickness and correlation strength is discussed in comparison
with recent experiment.[1] [1] A. J. Grutter et al. Phys. Rev. Lett. 111, 087202 (2013)
Keywords:
"Density Functional Theory", "Ferromagnetism", "Superlattice"
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Magnetic force theorem within LCPAO basis method and its
application to transitionmetal monoxides
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Abstract:
The Heisenberg exchange constants for transition-metal monoxides are calculated by so-called magnetic force
theorem within our LCPAO-based DFT code, OpenMX (www.openmx-square.org). The dependence on the
numerical parameters such as LCAO cut-off radii and the number of basis orbitals has been investigated. The
ambiguity related to the initial spin configuration is discussed in comparison with the experimental data and
the total energy method. We also test and discuss its possible extension toward further analysis.
Keywords:
Heisenberg model, exchange constant, LCPAO-based DFT
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Abstract:
Thermoelectric devices that utilize the Seebeck effect convert heat flow into electrical energy. The conversion
efficiency of such a device is determined by its figure of merit or ZT value, which is proportional to Seebeck
coefficient and the ratio of its electrical conductivity to its thermal counterpart. To improve the ZT value, we
consider various facters such as bandgap size that determines Seebeck coefficient, mobility, material dimension
and so on. Under these cosiderations, we choose two-dimensional gray arsenic, which exhibits a band gap of
~1.5eV and high hole mobility. Such superior electronic and transport properties suggest that gray arsenic may
have a potential for thermoelectric applications. We use density functional theory to investigate its
thermoelectric property by evaluating its electrical conductivity, Seebeck coefficient, and thermal conductivity
contributed from both electrons and lattice vibrations based on Boltzmann transport theory. Furthermore we
exactly estimate relaxation time or electron-phonon scattering rate, which is an essential value for various
transport coefficients, by performing a first principle calculation of electron-phonon interaction using density
functional perturbation theory and wannier interpolation. We discuss the effect of the relaxation time on the
thermoelectric property of gray arsenic.
Keywords:
Thermoelectric, Gray-arsenic, Relaxation time, Electron-phonon interaction
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Abstract:
In Ref. [1], the rigorous mathematical expression for the widths of the low-lying energy bands of the Mathieu
equation is re-obtained by using the tight binding approximation for the periodic system with a WKB wave
function, while the wave function is normalized to be matched in a forbidden region of one of the wells onto a
normalized eigenfunction of an harmonic oscillator centered at the minimum of the well. Here, it will be
shown that the widths of the bands can also be obtained through the multi-level approach with the WKB
wave functions in the limit of large number of levels, which is an extension of the two-level approach used for
the calculation of the energy splitting in double-well potential (see, e.g., Ref. [2]). The low-lying energy
spectra in the finite periodic systems will also be discussed. [1] G. Catelani, R.J. Schoelkopf, M.H. Devoret, L.I.
Glazman, Phys. Rev. B 84 (2011) 064517. [2] D.-Y. Song, Ann. Phys. 362 (2015) 609.
Keywords:
WKB method, low-lying energy bands, tunneling effect, Mathieu equation, double-well potential
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Abstract:
Layered black phosphorus (BP) attract great attention as promising candidates for the nanoelectronics and the
field-effect transistor (FET) due to their excellent mechanical, optical, thermoelectric, and electronic
properties. For a practical device realization, it is important to control electronic transport properties and
contact resistance at the interfaces between semiconducting BP and metal electrode. In this work, based on the
first-principles calculations, tuning the schottky barrier height and carrier-type control of black phosphorenemetal contact by thickness and contact metals are investigated.
Keywords:
Black phosphorus ,The first-principles calculations , Schottky barrier height
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Abstract:
물체가 중력에 의해 바닥에 여러번 비탄성 충돌할 때, 그 충돌 시간이 지수 함수적으로 감소하는 것을 알고 있다. 그
러나 특정 영역에서부터 충돌시간은 거듭제곱으로 감소한다. 기존 일반물리 수준에서는 이상적인 경우로, 두 물체
가 충돌 할 때 물체간의 충돌 시간을 아주 짧다고 판단하고 고려하지 않는다. 비탄성 충돌을 할 때 반발 계수의 정의
는 충돌전 속도와 충돌 후 속도의 비로 충돌하는 시간을 고려하고 있지 않다. 하지만 실제 상황에서는 아주 짧지만
충돌 시간이 존재한다는 것을 알고 있으며, 이를 헤르츠 접촉으로 설명할 수 있다. 두 물체가 접촉할 때 접촉 부분에
힘이 작용하여 접촉면이 변형되는데, 이를 헤르츠 접촉이라고 한다. 즉 접촉하면서 눌려졌다가 다시 원래대로 펴지
는 그 시간을 접촉시간으로 정의할 수 있다. 본 연구에서는 접촉시간을 고려할 때, 반발계수를 이용하여 운동방정식
으로 계산 한 부분과 헤르츠 접촉을 적용하여 물체가 압력을 받기 시작하는 시점과 끝나는 시점을 찾아 속도에 따른
충돌시간을 알 수 있었다.
Keywords:
충돌시간, 반발계수,헤르츠 접촉
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일차원 헤르츠 체인에서의 충격파 연구
이종진*, 박소연
경상대학교 물리학과
*

bandy1@gnu.ac.kr

Abstract:
일차원 Hertz chain 에서는 충격파의 전달이 솔리톤(soliton) 형태로 이루어지며, 단일 충격에 대해 SW(secondary
wave) 가 생겨나는 것이 알려져 있다. 본 연구에서는 이러한 sw 가 일차원 알갱이계의 질량이 연속적으로 변하는
경우에 어떻게 변화하는지 관찰하고자 한다.솔리톤의 진행방향으로 질량이 연속적으로 줄어드는 경우에는 항상
SW 가 생겨나는 것을 확인할 수 있었으나,질량이 연속적으로 증가하는 경우에는 특정한 조건에서 SW 가 생성되지
않음을 확인 할 수 있었다
Keywords:
솔리톤, secondary wave ,충격파
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Application of the machine learning algorithm to electronic structure
calculations: A test case of B/N-doped graphene
KIM Yong-Hoon*, KIM Hu Sung
Graduate School of EEWS, Korea Advanced Institute for Science and Technology
*
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Abstract:
We will report on the progress of our effort to apply the machine learning (ML) approach to first-principles
electronic structure calculations. Taking the B- and/or N-doped graphene as a simple test case, we consider
the prediction of their electronic density of states (DOS) near the Fermi level. For a training set, we first carry
out conventional local density approximation calculations and accumulate their DOS data. Next, for an
unknown system, we avoid the explicit solution of Kohn-Sham equations and obtain its DOS by solving a
nonlinear statistical regression problem of reduced complexity based on a ML algorithm [1]. Prospects of
applying the developed methods to various materials discovery problems will be discussed. The open-source
Django project provides a collection of convenient development platform for a web-based graphical user
interface that includes the ML library scikit-learn as well as the database handling functionality [2]. We will
also present a demonstration of a web interface constructed using the Django package. References [1]
Matthias Rupp et al., Phys. Rev. Lett. 108, 058301 (2012); G. Pilania et al., Sci. Rep. 3, 2810 (2013); K. T.
Schutt et al., Phys. Rev. B 89, 205118 (2014); L.-F Arsenault et al., Phys. Rev. B 90, 155136 (2014) [2]
“scikit-learn: Machine Learning in Python, http://scikit-learn.org/stable”, JMLR 12, 2825-2830 (2011);
“Django: The Web framework for perfectionists with deadlines” (https://www.djangoproject.com)
Keywords:
machine learningdoped graphenefirst-principles calculationelectronic structure
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Effective models of 2D layered magnetic chalcogenides.
LEE Dongkyu1, CHITTARI Bheema Lingam1, 2, GAO Xing2, HWANG Euyheon*2, JUNG Jeil*1
1

Department of Physics, University of Seoul, Seoul 130-743, Korea, 2SAINT, Sungkyunkwan University,
Suwon, 16419, Korea
*
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Abstract:
We present the calculation of the critical temperatures and magnetic susceptibilities for a variety of 2D layered
magnetic chalcogenides of the MPX3 form (M=3d transition metal, P=phosphorous, X=V, Cr, Mn, Fe, Ni) and
few layers CrPS4 structures that constitute important reference systems of two dimensional magnetic materials.
Based on ab initio calculations of the different magnetic ground states we are able to extract the exchange
coupling J parameters of an effective model up to the third nearest neighbor. The effective Hamiltonian for the
MPX3 compounds can be mapped in a honeycomb lattice, whereas the CrPS4 can be mapped in rectangular
in-plane lattices that can be stacked vertically. We comment on the magnetic properties of these materials and
carry out the Classical Monte Carlo simulations of their critical temperatures as a function of system’s model
parameters in order to explore their applicability in spintronics applications.
Keywords:
Magnetism, chalcogenides, 2D materials, Monte Carlo
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Boltzmann transport calculation of thermoelectric properties in
Ag2Se1-xTex (x = 0.0 and 0.5)
YUN Jae Hyun*1, 2, LEE Min-Ho2, KIM Jae Nyung3, SHIM Ji Hoon3, RHYEE Jong-Soo2
1

Department of Chemistry and Nano Science, Ewha Womans University, Seoul 03760, 2Department of Applied
Physics and Institute of Natural Sciences, Kyung Hee University, Yongin 17104, 3Departmnet of Chemistry,
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Abstract:
We calculated electrical thermoelectric properties of the Ag based chalcogenides Ag2Se and Ag2Se0.5Te0.5 (AST)
at room temperature by the Boltzmann transport equations within the density function theory (DFT). We
confirmed that AST is electrically superior to the binary chalcogenide Ag2Se (ZTmax~0.96 at 300K) in addition
to its lower lattice thermal conductivity. We can check that more localized electrons by the bigger Te atom
yield to the valence bands mass enhancement and gap feature near the Fermi-energy. It was also studied how
two features improve the thermoelectric performance through the two band model with arbitrary isotropic
dispersions. Consequently, we suggest AST can be a possible good p-type thermoelectric material and multicomponent alloys by a larger size atomic substitution maintaining the same shape can be a general strategy for
the good thermoelectric performance.
Keywords:
Boltzmann transport, Ag based chalcogendies, thermoelectricity
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Bi0.5Na0.5TiO3-SrTiO3-BiFeO3 삼성분계 세라믹스의 전계유기 변형특
성 연구
이창헌1, 강진규1, Thi Hinh Dinh1, 안창원2, 김일원2, 이재신*1
1

울산대학교 첨단소재공학부, 2울산대학교 물리학과
*

jslee@ulsan.ac.kr

Abstract:
대표적인 압전소재인 PZT는 중량비로 50% 이상의 납을 함유하고 있어서 제조과정이나 사용중에 발생 가능성이
있는 환경 오염과 인체에 대한 유해성에 대한 우려가 높아지고 있다. 따라서 최근 납을 함유하지 않은 무연 소재에
대한 연구가 활발하다. 본 연구에서는 전계 유기 변형 특성이 우수한 무연 소재를 찾기 위하여 Bi0.5Na0.5TiO3
(BNT)를 주성분으로 하는 Bi0.5Na0.5TiO3-SrTiO3-BiFeO3 (BNT-ST-BF) 삼성분계 소재를 세라믹 공정으로 제조
하고 유전특성과 압전 특성을 살펴보았다. BNT-ST 이성분계의 경우 ST의 함량이 26 mol%일 때 정규-완화형 강
유전성 상전이가 관찰되었고 이때 전계유기변형 특성이 최대를 나타내었다. 이 조성에 BF를 첨가한 결과 상경계가
BNT 쪽으로 편이하면서 삼성분계 정규-완화형 강유전성 상경계가 이동하면서 이 부근에서 역시 전계유기 변형특
성이 우수한 현상을 발견하였다.
Keywords:
압전 세라믹스, 무연 소재, 전계 유기 변형특성
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Enhanced Ferroelectric and Piezoelectric Property of Bi0.86Sm0.14FeO3
Ceramics by Water-quenching Method
CHOI Haiin1, 2, LEE Myang Hwan2, PARK Jin Su2, KIM Da Jeong2, HAN Sung Jin1, KIM Myong-Ho2,
JANG Kiwan1, KIM Won-Jeong1, SONG Tae Kwon*2
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Abstract:
The bismuth ferrite (BiFeO3, BFO) is a room-temperature multiferroic material with high Curie temperature
(1100K) for ferroelectric order and high Neel temperature (653K) for antiferromagnetic order. Base on the
multiferroic order of BFO system, it will be applied to sensor and memory devices. However, this system
cannot approach to single phase due to the bismuth volatility and valence electron state transition of iron. To
approach the single phase of BFO system, solid solution with rare-earth metal oxide is the way to form of the
phase. In a specific selected of rare-earth metal oxide, samarium oxide doped BFO system can be improved the
phase stability, ferroelectric and piezoelectric properties. In this study, samarium oxide doped BFO ceramics
are studied with different sintering method; water-quenching (WQ), air-quenching (Q) and Furnace-cooling
(FC). The phase and structure are observed rhombohedrally distorted perovskite structure. Temperature
dependence dielectric constants are observed ferroelectric to paraelectric transition temperature at 450 oC. The
ferroelectric hysteresis loops are measured at room temperature. The piezoelectric properties are measured with
d33 meter and strain measurement system. Detail of information will be present in poster.
Keywords:
Ferroelectric, Piezoelectric, BFO, Samarium
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Large piezoelectric properties of Na0.5Bi0.5TiO3 templates based
relaxor-ferroelectric composite ceramics at low driving field
KHALIQ Abdul1, AHN Chang Won1, LEE Jae Shin2, KIM Ill Won*1
1
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Abstract:
Piezoelectricity of perovskite structured materials is being studied around the world to replace the lead based
candidates. Na0.5Bi0.5TiO3 templates are ferroelectric in nature and effectively make variations in relaxor
materials. In this work, Na0.5Bi0.5TiO3 (BNT) templates were fabricated using topochemical microstructural
conversion (TMC) method where Na0.5Bi4.5Ti4O15 (NBiT) plate shaped particles prepared by molten salt
method and were used as precursors. These are bismuth layer-structured ferroelectric (BLSF) templates.
During the conversion of Na0.5Bi4.5Ti4O15 (NBiT) into Na0.5Bi0.5TiO3 (BNT) templates, there occurs no
changes in surface while eliminates the bismuth layered part to engineer simple perovskite structure. 0.96Bi0.5
(Na0.78K0.22)0.5TiO3-0.04Bi(Mg0.5Ti0.5)O3 (BNKT-BMT) prepared by conventional solid state reaction was
used as a relaxor whereas Na0.5Bi0.5TiO3 (BNT) templates had a role of ferroelectric component. Having done
with the fabrication of both the components independently, composites were prepared by mixing different
weight ratios of Na0.5Bi0.5TiO3 (BNT) templates and 0.96Bi0.5(Na0.78K0.22)0.5TiO3-0.04Bi(Mg0.5Ti0.5)O3
(BNKT-BMT). Driving electric field makes both the components of relaxor-ferroelectric polarized. The
electric field induced strain values are significantly large at low driving field as compared to non-composite
0.96Bi0.5(Na0.78K0.22)0.5TiO3-0.04Bi(Mg0.5Ti0.5)O3 (BNKT-BMT). This research work is keenly focused on
enhancement of piezoelectricity in composite ceramics upon application of low driving electric field.
Keywords:
Composite ceramics,BNKT-BMT,BNT templates, piezoelectricity, low field
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X-ray microdiffraction study of structural changes in (Bi0.5Na0.5)TiO3
-xBaTiO3
박정현, 위상원, 정진석*
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*
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Abstract:
(Bi0.5Na0.5)TiO3(BNT)에 BaTiO3(BT)를 doping한 (1-x)BNTxBT 의 압전성이 우수하다고 보고되었는데, ceramic 형태의 BNTBT는 다결정 형태이며 grain boundary와 lattice distortion이 물리
적 성질의 변화에 중요한 역할을 한다. 이런 변화를 측정하기 위하여
작은 크기로 집속된 X-선을 이용하여 시료의 국부적인 결정구조를
측정할 수 있는 X-선 미세회절을 이용하였다. 본 연구에서는 x=
2mol% BNT-BT는 tetragonal구조의 BT가 섞여있어 a와 c의 비율이 1에 가깝지만, 그 차이는 존재할 것으로 예
상하고 x=0.02로 제작된 (1-x)BNT - xBT 다결정 시료를 X-선 미세회절로 측정하여 grain 내부에서의 변화와
grain 별 크기 와 grain사이의 boundary에 따라 어떤 변화가 있었는가에 대하여 살펴보았다. 격자상수의 비 c/a의
값과 |90-α| 값은 grain 간의 편차는 크지만 grain 내에서는 상대적으로 편차가 작아, c/a는 0.99~1.01,
|90-α|는 0~0.2의 분포를 보였지만, 특정 grain에서는 위치에 따라 grain내의 경계면을 따라 뚜렷한 변화를 보
이는 경우가 많았는데, 이는 grain안에 sub-grain이 존재한다는 것을 알 수 있다. c/a와 |90-α| 값으로 grain간
결정의 차이와 sub-grain은 각 grain의 결정구조가 서로에 영향을 주어 grain 크기가 결정되는데 중요한 역할을
한다고 추측되어 진다.
Keywords:
BNT-BT(Bi0.5Na0.5)TiO3X-ray microdiffraction
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Piezoelectric properties of lead-free K0.5Na0.5NbO3 –based thick films
measured by laser Doppler vibrometer
SEOG Hae Jin, PARK Bong Chan, AHN Chang Won, KIM Ill Won*
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Abstract:
Lead-free piezoelectric materials have been receiving special attention due to recent environmental issues.
Among several lead-free piezoelectric materials, K0.5Na0.5NbO3 (KNN) is a promising candidate, as it has a
high Curie temperature, good ferroelectric and piezoelectric properties as well as biocompatibility. Recently, it
has been reported that Mn plays a very important role in suppressing leakage current and in the enhancement
of ferroelectric properties [1]. The demand for ﬁlm processing has increased for the development of integrated
devices, which require increasing miniaturization and integration. Thus, piezoelectric micro-electromechanical
systems (MEMS), using ferroelectric ﬁlms, have been intensively studied. In this study, we have deposited
(K0.5Na0.5)(Mn0.005Nb0.995)O3 (KNMN) films on Pt(111)/TiO2/SiO2/Si(100) substrates with micro meter
thickness using chemical solution deposition method and investigated the surface morphology, crystal
structure, ferroelectric and piezoelectric properties. The KNMN ﬁlms showed typical ferroelectric P–E
hysteresis and ﬁeld-induced strain loops. The Pr and Ec values of the KNMN ﬁlm (2μm) were 14 μC/cm2
and 20 kV/cm, respectively. From the slope of the ﬁeld-induced unipolar, the eﬀective d33 was found to be
600pm/V using laser Doppler vibrometer system. [1] Sun Young Lee, Hae Jin Seog and Ill Won Kim et. al.,
Curr. Appl. Phys. 11, S266 (2011).
Keywords:
K0.5Na0.5NbO3, thick film, ferroeelctric, piezoelectric
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Tuned ferroelectric and piezoelectric properties of BiAlO3 modified Bi0.5
(Na0.78K0.22)0.5TiO3 Lead-free piezoelectric thin films
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Abstract:
Growing demands for green materials with minimized impacts on environment and health researchers are
diverted from the lead based materials due to its toxicity to the lead-free contents. Among various
Bi0.5Na0.5TiO3 (BNT) based solutions, (1-x) BNT-xBKT (BNKT) is considered to be the most promising
starting material due to its high ferroelectric and piezoelectric properties near the morphotropic phase
boundary (MPB). In this study, lead-free (1-x) Bi0.5(Na0.78K0.22)0.5TiO3-xBiAlO3 thin films abbreviated as
(1-x) BNT-xBKT (BNKT) with composition ranging from x=0 to x= 0.050 were deposited on the
Pt/Ti/SiO2/Si substrates by sol-gel processing technique. The effect of BA addition in BNKT was investigated
for both the ferroelectric and piezoelectric properties. Two compositions of x=0.020 and 0.030 showed
enriched ferroelectric and piezoelectric properties.
Keywords:
tuned ferroelectric and piezoelectric properties
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비납계 유리계의 교류전도도와 복소 유전율의 온도의존성
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Abstract:
액상법으로 (20-x)BaO-80B2O3-xLi2O (x=10, 7, 6) 유리를 제조하였다. 순도가 매우 좋은 B2O3, BaCO3, Li2O
원료분말을 볼밀 후 1350℃에서 12시간 녹인 후 녹은 액상을 공기 중의 구리판에서 급랭하여 무연 유리를 제조하였
다. 제조된 유리의 물리적, 구조적 특성을 알아보기 위하여 x-선 회절, SEM, 열적실험(DTA) 실험을 하였다. x-선
회절, SEM실험결과로 부터 (20-x)BaO-80B2O3-xLi2O 유리 잘 합성되었음을 알았다. Li의 양에 따라서 (20-x)
BaO-80B2O3-xLi2O 유리의 질이 의존하였다. 복소 유전율의 측정으로부터 실수부와 허수부의 주파수 의존성을
조사한 결과 변곡점 손실피크가 이 유리계에서 관찰되었다, 주파수에 의존하는 손실 피크의 log-log함수 관계가 손
실피크 주파수를 중심으로 선형적으로 나타났으며 이로부터 Hunt의 이론을 적용한 결과 (20-x)BaO80B2O3-xLi2O 유리의 약 400℃이상에서 클러스터의 차원 d=3, 프랙탈 차원 g=2.5을 얻었으며 Li2O의 양의 변화
와 같이 프랙탈 차원이 조금 변화 하였다.
Keywords:
비납계 유리, 복소유전율, 프랙탈
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Phase Extraction from Transmission Spectra via Kramers-Kronig
Relations.
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Abstract:
The Kramers-Kronig relations are mathematical tools that can be applied to analytic function. In physical
systems, the real and imaginary parts of the physical response functions are both analytic because of the
causality condition. We simulated some arbitrary transmission spectra with the phase uncertainty in a broad
spectral region. The phase beyond the terahertz region is obtained from the correct infrared transmission by
Kramers-Kronig analysis and corrected in line with the correct phase in terahertz region. The calculated phase
almost coincided with the correct phase after a linear compensation. When the localized phase information is
given, we can obtain wide range phase information from the real transmission by Kramers-Kronig relation.
Keywords:
Kramers-Kronig, transmission, phase extraction
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Insulator-to-semimetal transition of calcium fluoride induced by
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Abstract:
We demonstrate that electric current flows in calcium fluoride under the influence of laser pulses. Opticalfield-induced transient charge flow through the dielectric substance is measured as a function of the carrierenvelope phase (CEP) of incident laser pulses and the strength of the optical field. The temporal profile of the
emerging current is traced using pump-probe technique. All of these measurements indicate that due to
optical-field-induced insulator-to-semimetal transition, a sizable current can be optically induced in calcium
fluoride, controlled by an optical field and switched on a sub-femtosecond time scale. This demonstration will
serve widening an avenue to ultrafast devices in PHz frequency.
Keywords:
semimetallization
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Raman mapping analysis of pigment distribution of Korean cultural
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Abstract:
We observed several color pigments from Korean cultural heritage by Raman spectroscopy. In this study,
Raman mapping is used for investigating the detailed distribution of pigments found in the building decoration
of Bongjeongsa temple in Andong. From the Raman spectra of each position of the specimen used in the
mapping, we could find that the orange pigment has several components of minium red lead, iron oxide yellow
ochre and calcite. We also detected some components of green and light blue pigments by raman mapping. The
pigment distribution of the specimen from the Raman mapping matched with the microscopic image of the
color distribution of the specimen. Our Raman mapping results could be potentially useful in conservation and
restoration of cultural heritage.
Keywords:
Raman mapping, Korean cultural heritage, Pigments
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Thermal annealing effects on physical properties of (K0.5Na0.5)NbO3
poly-crystals
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Abstract:
Searching for lead-free ferroelectric materials is an important area of research to replace commonly used
piezoelectric materials such as PbZrxTi1-xO3(PZT). Among them, (K0.5Na0.5)NbO3(KNN) is a promising
material, since its property is compatible to those of PZT. However, creation of stoichiometric KNN is
difficult, because of high reactivity of KNN on moisture and volatility of potassium and sodium in thermal
treatment. In this work, we studied correlation between cation composition and physical properties as a
function of either calcination temperature or sintering time. X-ray diffraction, scanning electron microscope,
dielectric measurement, and electron probe micro-analyzer were used for determination of crystal structure,
surface morphology, composition, and electrical properties. The results of this work will be useful to not only
create stoichiometric KNN but also study cation defect engineering. This research was supported by Basic
Science Research Program through the NRF funded by the Ministry of Education(NRF2015R1D1A1A02062175)
Keywords:
Ceramic,Dielectrics
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Structural and electrical properties of La-doped BiFeO3-BaTiO3 lead
free ceramics
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Abstract:
BiFeO3-BaTiO3 ceramic system has been studied for replacement of lead based piezoelectric ceramics, because
BiFeO3-BaTiO3 system has a high Curie temperature with high piezoelectric properties at morphotropic phase
boundary (MPB) at 0.67BiFeO3-0.33BaTiO3 composition. However, BiFeO3-BaTiO3 ceramic system has the
Bi volatilization problem. BiFeO3-BaTiO3 ceramics exhibited poor piezoelectric properties due to the
conductivity problem by Bi vacancies. To improve the piezoelectric properties of BiFeO3-BaTiO3, it is
reasonable to change chemical composition and structure of ceramics. In this investigation, La doped
BiFeO3-BaTiO3 ceramics (BLF-BT) are investigated to solve the Bi volatilization. The BLF-BT ceramics are
prepared with conventional solid solution method with water-qeuhching process. The La contents are
exchanged from Bi site with 0.67[Bi(1.05-x)LaxFeO3]-0.33BaTiO3 (x =0.01, 0.03, 0.05, 0.10). The structure is
investigated by X-ray diffraction. Ferroelectric and dielectric properties are investigated with P-E hysteresis
loop, d33*, and temperature dependence dielectric constant. Detail of results are will be shown in presentation.
Keywords:
BiFeO3-BaTiO3 ceramics, Piezoelectric, Dielectric
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Intergrowth 구조를 가지는 CaBi4Ti4O15-Bi4Ti3O12 세라믹스의 La, Nd
도핑에 따른 특성 변화
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Abstract:
비스무스 층상구조 형 강유전체 (bismuth layer-structured ferroelectrics, BLSFs)는 일반적으로 (Bi2O2)2+(Am의 화학식으로 표현되며, (Bi2O2)2+의 비스무스 층 사이에 (Am-1BmO3m+1)2-의 페로브스카이트
(provskite) 층이 삽입된 구조를 갖는다. BLSFs는 높은 상전이 온도, 우수한 전기적 특성으로 인해 고온환경에 적용
가능한 전자소자로의 많은 연구가 진행되고 있다. 하지만 낮은 압전 특성은 응용 분야에 한계를 갖게 하는 문제점으
로 지적되어 왔다. 이러한 문제점을 해결하기 위한 방법 중 하나로 최근 intergrowth BLSFs에 대한 연구가 진행되
고 있다. Intergrowth BLSFs는 페로브츠카이트 층의 개수 (m)가 서로 다른 (∆m = 1) BLSFs를 이용한 구조로써,
Bi2O2 층의 위아래에 다른 종류의 페로브스카이트 층이 위치한다. 이러한 구조는 Bi2O2 층의 큰 격자 왜곡
(distortion)을 유도하여 압전 특성이 향상되는 것으로 알려져 있다. 본 연구에서는 intergrowth BLSFs 구조를 갖는
La,
Nd
이온이
도핑
된
Bi4Ti3O12-CaBi4Ti4O15
(Bi3.1Nd0.9Ti3O12-CaBi4Ti4O15
(BNT-CBT),
Bi3.25La0.75Ti3O12-CaBi4Ti4O15 (BLT-CBT)) 세라믹스를 일반적인 고상반응법으로 제작하여 미세구조 및 압전 특
성을 포함한 전기적 특성 변화를 조사하였다. 세라믹스의 미세구조는 X-선 회절 결과를 이용하여 분석하였다. 그
결과 도핑 이온에 따른 이차상 (second-phase)이 형성되지 않은 단일상의 세라믹스가 제작 된 것을 확인할 수 있었
다. 단일상의 세라믹스는 BIT-CBT (11 pC/N)와 비교하여 15 pC/N (BLT-CBT), 16 pC/N (BNT-CBT)의 향상
1BmO3m+1)

2-

된 압전특성(d33)을 나타내면서, 790 oC의 높은 큐리 온도 (Curie temperature, Tc)를 가지는 것으로 확인되었다. 이
러한 결과들을 통하여 La, Nd 이온이 도핑 된 BIT-CBT 세라믹스의 고온 압전 소자로써의 가능성을 확인 하였다.
Keywords:
Ceramic, Intergrowth, layer-strctured ferroelectric, BLSFs, Solid state reaction
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Abstract:
Multiferroic bismuth ferrite (BiFeO3, BF) thin film simultaneously exhibit ferroelectric and ferromagnetism
have received much attention as promising materials for the development of new types of electronic devices.
Bi-based perovskite ferroelectric materials are expected to have high potential owing to their large
ferroelectricity. However, BF has high leakage current, it is hard to obtain piezo and/or ferroelectric property
in BF polycrystalline film. Recently, BiFeO3-BaTiO3 solid solutions with MPB (morphotropic phase
boundary), such as 0.67BiFeO3-0.33BaTiO3 has shown high piezoelectric properties. In this work, the (1-x)
BiFeO3-xBaTiO3 (BF-BTx, x = 0.3, 0.33, 0.40, 0.50) thin films were deposited on La0.7Sr0.3MnO3-coated
LaAlO3 single-crystalline (001), and on Pt(111)/Ti/SiO2/Si(100) substrates (111) substrates by pulsed laser
deposition and the high quality thin films to investigation the ferroelectric and piezoelectric properties of BFBT thin films. X-ray diffraction confirmed a highly orientation growth of all the as-deposited films. It is
believed the strong orientation dependence of ferroelectric and piezoelectric properties on the films is attributed
to the relative alignment of crystallites and spontaneous polarization vector. The large piezoelectric coefficient
d33 of 259 pm/V was attained in (111) BF-BT0.40 thin film, suggesting its potential application for highperformance lead-free piezoelectric devices.
Keywords:
BiFeO3-BaTIO3, Ferroelectric, Piezoelectric, Orientation, Solid solution
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Structural, electrical and ferroelectric properties of V-doped
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Abstract:
The Aurivillius phase CaBi4Ti4O15 and V-doped CaBi4-x/3Ti4-xVxO15 (x=0.06) (CaBi3.98Ti3.94V0.06O15) thin
films were prepared on Pt(111)/Ti/SiO2/Si(100) substrates by using a chemical solution deposition method.
The effects of vanadium doping on the structural, electrical and ferroelectric properties of the CaBi4Ti4O15 thin
films were investigated. Both of the thin films crystallized with single phase Aurivillius orthorhombic structures
were confirmed by means of X-ray diffraction and Raman spectroscopy studies. Compared with the pure
CaBi4Ti4O15 thin film, the V-doped CaBi3.98Ti3.94V0.06O15 thin film exhibited better electrical and ferroelectric
properties. From the experimental results, doping with V5+-ion into the Ti-site of the CaBi4Ti4O15 was found
to be more effective in improving the electrical and the ferroelectric properties for the CaBi4Ti4O15 thin film.
The improved electrical and ferroelectric properties of the V-doped CaBi3.98Ti3.94V0.06O15 thin film could be
related to the significant decrease of the number of oxygen vacancies and the structural distortion caused by
the V5+-ion doping into the Ti-site of the CaBi4Ti4O15.
Keywords:
CaBi4Ti4O15 thin films, chemical solution deposition, structure, electrical properties, ferroelectric properties
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강유전체 Bi4Ti3O12 유리-세라믹의 상전이 및 전기적 특성
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Abstract:
상대적으로 낮은 용융 온도, 높은 퀴리 온도의 장점이 있는 Bi4Ti3O12 비납계 강유전체 물질은 비휘발성 메모리, 액
추에이터, 전기 광학 소자로 응용된다. 최근 Bi4Ti3O12의 잔류 분극, 압전 특성을 향상시키기 위해 Bi를 첨가하거나
Bi를 희토류 금속으로 부분 치환하여 유전 특성을 분석하는 연구가 활발하다. 본 연구에서는 Bi4Ti3O12를 유리로 제
조하고 결정화 동역학 및 유리-세라믹의 전기적 특성을 분석하였다. 상전이에서 나타나는 결정화 봉우리를 분석하
여 결정상 형성 메커니즘을 특정 짓는 활성화 에너지와 Avrami 지수를 구하였다. 온도와 주파수에 따른 유리 및 유
리-세라믹의 전기 특성을 측정하였다. XRD 및 AFM 측정으로부터 확인한 결정 크기 변화 및 Bi의 첨가량 변화와
유전 특성의 상관관계를 비교하였다. 전하 이동과 분극에 따른 전기적 특성을 전기 전도도, 복소 임피던스, 전기 모
듈러스 모델을 이용하여 분석하였다.
Keywords:
강유전체유리유리-세라믹결정화 동역학전기 특성
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P(VDF-TrFE)의 전자빔 조사를 통한 이완 강유전체 상전이 특성
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Abstract:
강유전성을 갖는 고분자 화합물 poly(vinylidene fluoride-trifluorethylene) [P(VDF-TrFE)]의 전자빔 조사에 의한
상전이 특성을 연구하였다. 편극-전기장 및 유전율의 온도-주파수 의존성을 측정을 통해, 항전기장, 편극 세기, 상
전이 온도의 감소 및 주파수에 따른 유전율의 변화를 관측하였다. 이와 같은 결과로부터, 전자빔 조사에 의한 P
(VDF-TrFE) 물질의 이완 강유전성에 대해 논의하였다. 이 논문은 2015년도 정부(미래창조과학부)의 재원으로
한국연구재단의 지원을 받아 진행된 원자력연구개발사업임 (대형연구시설공동이용활성화지원분야, NRF2015M2B2A4027878)
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분극 시간에 따른 복합 유전체 Li2B4O7-SrTiO3 계의 압전성 연구
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Abstract:
매우 넓은 활용성을 가진 물질인 강유전체는 전기 및 전자재료공학, 세라믹 공학, 반도체 공학과 같은 여러 공학계
뿐만아니라 산업계 전반에서 연구가 활발히 진행되고 있는 물질이다. 최근 강유전체의 광학적 특성에 대한 연구가
흥미를 이끌고 있으나 높은 융점과 불투명성에 의해 물성의 파악이 쉽지 않다. 이러한 문제점을 해결하기 위해 본
연구에서는 낮은 융점을 가지며, 투명한 유리의 형성이 가능한 Li2B4O7(LBO)을 이용하여 투명한 복합 강유전체를
합성하였다. Li2B4O7-SrTiO3 (LBST) 계 화합물은 전기/광학적으로 우수한 LBO와 전기/기계적 특성이 좋은
SrTiO3를 복합한 화합물로써, 수분의 흡수로 인한 강도의 감소나 산소 빈자리에 의한 전기적 불안정성의 보완을 꾀
한 물질이다. 이러한 LBST를 이용하여 시간에 따른 분극(poling) 실험을 하였다. 이를 통해 시간 변화에 대한 압전
성의 변화를 관찰하였다. 또한 라만 분석법을 이용하여 압전성 변화에 따른 시료 내부의 분자량 변화나 진동 구조
변화를 연구하였다.
Keywords:
복합 강유전체, Li2B4O7-SrTiO3 , 압전 특성, 라만 분석법
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Effects of Al-substitution in BaFe12-xAlxO19 studied by Raman
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Abstract:
BaFe12O19 is a magnetic hexaferrite and has a very similar crystal
structure with that of BaAl12O19. BaAl12O19 is hexagonal beta
alumina different only in crystal structure in the mirror plane on
which Barium ion is located. BaAl12O19 is widely studied as a
catalyst or host material of fluorescence. It is reported Fe3+ and
Al3+ substitutes well each other. So, studying both materials
changing the proportion of Fe, and Al would be helpful to
understand the properties of the two materials. We report
preliminary studies of several samples of BaFe12-xAlxO19 through
Raman spectroscopy. Phonon Band broadening and peak shift were observed in accordance with the
substitution ratio of Al. Transition temperature around ~200K observed in previous study of BaAl12O19 still
could be observed in up to 15% Al-substituted sample.
Keywords:
BaFe12-xAlxO19 , Raman spectroscopy
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Raman spectroscopy of the pigments on a Korean Buddha painting
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Abstract:
Raman spectroscopy is now a well-established tool in characterizing archaeological materials, such as
traditional paintings. In this report, we applied Raman spectroscopy to investigate the pigments used in Korean
traditional paintings. Korean traditional colors are often represented by the five basic colors; blue, red, yellow,
white, and black. In real paintings, the colors are more diverse including orange and green. We report a Raman
spectroscopy of the various pigments found in Tongdosa Buddha painting. The Buddha painting measured in
this study was first completed in 1792 during Yi dynasty, now registered as the Korea treasure No. 1351 in
2002. Raman spectra are used to identify the minerals in the pigments by comparing the spectra with those of
known minerals. Our work would provide a useful scientific basis for the conservation and restoration of aged
and damaged Korean traditional heritages.
Keywords:
Traditional pigments, Mineral pigments; Raman spectroscopy; Traditional painting; Nondestructive
measurements; Vibrational spectroscopy
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Abstract:
Easy control of magnetization through spin-orbit interaction and
oxidation has opened possibility for effective manipulation of
magnetic state in nanoscale devices without magnetic field.
Recent works showed that E-field induced ion migration
between oxide layer and cobalt ferromagnetic metal such as
AlOx/Co/Pt or GdOx/Co/Pt was able to control Perpendicular
Magnetic Anisotropy(PMA) of Cobalt metal layer. To utilize simultaneously the change of magnetic state
with other mechanism of memory devices, we first prepared cobalt thin films ranging from below 1 nm to
few hundred nanometer layer prepared by thermal evaporation to investigate magnetic anisotropy change
with thickness. As the first step, presence of high quality cobalt layer has been confirmed with SEM and EDS.
Figure1 (b) show that the cobalt thin film below 10 nm was successfully deposited with more dark region of
cobalt contrast to platinum substrate in Figure (a). Moreover, the magnetization state of thin film
characterized through VSM and MFM demonstrated that dependence of preferred anisotropy on thickness of
the film.
Keywords:
Ferromagnetic metal thin film, E-field control of magnetization, oxidation of cobalt metal
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방사광을 이용한 3차원 위상절연체 (Bi2-xGd)xTe3의 전자 구조 연구
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Abstract:
최근 Bi2Te3, Bi2Se3, Sb2Te3와 같은3차원 위상절연체 (3D topological insulator)가 많이 연구 되고 있다. 이 물질들
은 간단한 3차원 위상절연체들로 Г-점에서의 표면 상태가 하나의 디락 원뿔 (Dirac cone) 모양을 가진다고 알려져
있다. 이 중 Bi2Te3의 결정 구조는 다섯 개의 층이 겹쳐 쌓여 있는 구조로 세 개의 Te 층 사이에 두 개의 Bi층이 번갈
아 존재하고 있다. [1] 3차원 위상절연체 Bi2Te3의 Bi3+ 자리에 2가 ( 2+) 의 전이금속인 Fe2+ 혹은 Mn2+ 이온들을
치환하면 양공 불순물 (hole dopant) 이 생기는데, 이 자기 불순물(magnetic impurity)은 동시에 전하 운반자
(charge carrier)도 함께 도핑이 되기 때문에 위상 특성이 아닌 자기 질서 (magnetic ordering) 효과를 보기는 매우
힘들다. 반면에 Bi3+ 대신 Ce3+ 이나 Gd3+ 와 같은 3가 (3+) 의 희토류 금속을 치환 할 경우 자기 질서 효과만 있으
므로 이 효과를 관찰하는데 용이하다. 특히 Gd는 큰 자기모멘트를 가지고 있기 때문에 Bi3+ 대신 Gd3+ 을 치환할 경
우 위상절연체의 자기 도핑 효과 (magnetic doping effect) 가 가장 커지게 된다. 이전 논문 결과에 의하면 Gd 치환
후에도 결정 상수는 변화가 없었고, 자화 (magnetization)는 Gd양이 증가 할수록 커지는 것으로 관찰되었다. 그리
고 (Bi2-xGdx)Te3 는 저온에서 상자성 (paramagnetism) 에서 반강자성 (antiferromagnetism) 으로 상전이가 일어
나는데 이것 역시Gd양이 증가할수록 닐 온도(TN)가 증가하였고, 비저항 (resistivity)와 자기 저항
(magnetoresistance)도 대체로 증가하는 경향을 보였다. [2] 이 연구에서는 연 x-선 흡수 분광법 (soft x-ray
Absorption Spectroscopy: XAS) 과 광전자 분광법 (photoemission spectroscopy: PES) 을 이용하여 (Bi2-xGdx)
Te3 (x=0.04, 0.08, 0.15, 0.2)의 전자구조를 연구하였다. 이 발표에서는 Gd 3d XAS 실험 결과로부터 Gd의 원자가
를 결정하였고, Survey와 core-level PES 실험으로부터 네 시료의 전자 구조 연구 결과를 발표 할 예정이다. [1] Y.
L. Chen et al., Science 325, 178 (2009). [2] Jinsu Kim et al., Scientifi Reports 5, 10309 (2015) .
Keywords:
Topological Insulator, BiGdTe3, XAS, PES,

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-co.403

희토류 금속의 치환에 따른 이중 페로브스카이트 R2FeVO6(R= La,
Nd, Eu, Y)의 방사광 분광 연구
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Abstract:
A2BB’O6 형의 이중 페로브스카이트 (double perovskite) 구조의 산화물들은 초거대 자기저항 (colossal
magnetoresistance)[1], 다강성 (multiferroicity)[2], 전하운반자들의 스핀분극성 (spin polarized carriers)[3], 또는
산소방출에 따른 촉매 물성 (catalytic properties)[4] 등의 독특한 특성으로 인하여 세계적으로 활발한 연구가 진행
되고 있다. A2BB’O6 에서 B site 와 B’ site가 각각 다른 이온반경이나 다른 산화 상태를 가지는 이온들로 채워진 경
우, 이들은 종종 양이온 정렬 (cation ordering)과 반쪽 금속 (half-metallic) 특성을 띠는 경향이 있는데, 이는 속박
된 전자들 (bound electrons)과 비국소화된 전자들 (delocalized electrons)이 공존하기 때문으로 생각되고 있다.[5]
한편 A=R (R: 희토류 원소)로 이루어진 R2FeVO6에서는 희토류 원소의 변화에 따라 Fe 이온의 원자가가 변할 것
으로 예상되며 따라서 특정 치환 물질에서 우수한 다강성이 나타날 수 있을 것으로 예상된다. 이 연구에서는 방사광
을 이용한 연 X-선 흡수 분광법 (soft X-ray absorption spectroscopy: XAS)과 연 X-선 자기원편광 이색성 (soft
X-ray magnetic circular dichroism: XMCD) 분광법을 이용하여 R2FeVO6 (R=La, Nd, Eu, Y) 이중 페로브스카
이트 산화물들의 전자 구조를 연구하였다. 이 연구의 Fe 2p XAS 와 V 2p XAS 결과에 의하면, Fe 와 V 의 원자가는
각각 Fe2+와 Fe3+ 및 V3+와 V4+가 섞여있는 혼합 원자가 상태임이 발견되었는데, V 에 대한 실험 데이터는 재확인과
체계적인 분석이 필요한 실정이다. 그리고 희토류 이온의 원자가는 R3+ 상태로 관찰되었으며 측정된 Fe 이온과 V
이온의 XMCD 신호의 크기는 거의 0이었다. 이 연구 발표에서는 R2FeVO6 (R=La, Nd, Eu, Y) 산화물의 전자구조
가 이 물질의 다강성에 미치는 영향에 관하여 발표할 예정이다. [1] K.-I. Kobayashi et al., Nature, 395, 677
(1998). [2] Y. Shimakawa et al., Materials, 4, 153 (2011). [3] A. Gupta et al., J. Magn. Magn. Mater., 200, 24
(1999). [4] A. Grimaud et al., Nat. Commun., 4, 2439 (2013). [5] F. Mezzadri et al., J. Mater. Chem. C 4,
1533 (2016)
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반쪽 금속 호이슬러 화합물 Mn3Ga의 방사광 분광 연구
성승호1, 김대현1, 이은숙1, 김현우1, M. Venkatesan2, J. M. D. Coey2, 고윤영3, 김재영3, 강정수*1
1

가톨릭대학교 물리학과, 2School of Physics and CRANN, Trinity College, 3포항가속기연구소
*

kangjs@catholic.ac.kr

Abstract:
반강자성 (antiferromagnetic: AFM) 물질은 하드디스크의 헤드, MRAM (magnetic random-access memories),
그리고 센서와 같은 마이크로 전자 장치 등에 넓게 응용되고 있다. 이런 장치들은 계면 교환결합 (교환 바이어스 영
향)을 통해 기준 층 (reference layer)의 자화를 고정하는데 사용되는 AFM 층의 스핀밸브와 자기터널접합
(magnetic-tunnel-junction: MTJ)을 포함한다.[1] 최근 반강자성 기반의 스핀 밸브 구조물이 큰 자기저항을 갖는
것에 대한 증명으로 실온에서도 잘 정렬되는 새로운 반강자성 물질의 발견을 위한 연구가 활발하다.[2] 반쪽금속
(half-metallic) 반강자성체 물질들이 이러한 가능성을 가진 것으로 생각되고 있으며,[3] 다양한 호이슬러
(Heusler) 구조의 화합물에서 반쪽금속 반강자성체 성질이 예측된 바 있다. 반쪽금속이란 업 스핀 (up spin) 띠 혹은
다운 스핀 (down spin) 띠의 두 가지 다른 스핀 방향의 띠 중 한 쪽 스핀 띠는 에너지 갭을 가지지만 다른 스핀 띠는
금속성인 물질로 따라서 페르미 준위에 있는 전자들이 한쪽 방향으로 100% 분극된 스핀을 가진다. 그리고 반쪽금
속 물질 중 알짜 자기모멘트가 0으로 정렬된 경우를 반쪽금속 반강자성체, 혹은 zero-moment 반쪽금속 준강자성
체 (ferrimagnet), 혹은 보상형 반쪽금속 준강자성체 (compensated half-metallic ferrimagnet) 라 부른다. 이 연구
에서는 반쪽금속 반강자성체 호이슬러 화합물로 알려진 Mn3Ga 의 전자구조를 연구하였다.[4] 이 연구에 사용한
시료들은 full-Heusler 구조를 가진 ball milling 한 Mn3Ga 시료와 ball milling 후 400 °C에서 열처리한 시료들이
며, 연구 내용은 방사광을 이용한 연 X-선 흡수 분광법 (soft X-ray absorption spectroscopy: XAS)과 연 X-선
자기원편광 이색성 (soft X-ray magnetic circular dichroism: XMCD) 분광법 실험을 수행하였다. 이 연구에 의하
면 Mn3Ga에서 Mn 이온들의 원자가는 Mn2+상태임을 알 수 있었으며, 또한 Mn 주위에 있는 Ga 이온들의 국소적
인 구조는 4면체 (tetrahedron) 구조와 8면체 (octahedron) 구조가 섞여 있음을 알 수 있었다. 이 연구 발표에서는
Mn3Ga 의 전자구조와 이 물질의 반쪽금속 반강자성 물성과의 상관 관계에 관하여 발표할 예정이다. [1] C.
Chappert, et al., Nature Mater. 6, 813 (2007). [2] B. G. Park, et al., Nature Mater. 10, 347 (2011). [3] T. Graf,
et al., PSSC 39, 1 (2011). [4] M. Hakimi, et al., JAP 113, 17B101 (2013).
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Abstract:
We reported recently that a symmetrically Rh-terminated film exhibits ferromagnetism (FM) with strong
perpendicular magnetocrystalline anisotropy (MCA) energy of ~2.1 meV/cell, while an Fe-terminated film
always shows a G-type antiferromagnetic (G-AFM) state with in-plane MCA without respect to its thickness
[1]. It was reported in our another recent paper that an asymmetrically terminated FeRh(001) film where one
surface is Fe- and the other surface is Rh-termination shows a FM state at the Rh-terminated side and a
G-AFM state at the Fe-terminated side, as expected [2]. Hereafter, such mixed magnetic state will be denoted
as a Rh-surface-only-ferromagnetic (ROFM) state. In the ROFM state, magnetic boundary of FM and
G-AFM states plays a key role to increase perpendicular MCA. For instance, a 10-ML film of the ROFM spin
configuration indicates MCA energy of ~1.25 meV/cell, while the film of a whole-layer FM state has only 0.7
meV/cell. In this talk, we will discuss strain-dependent MCA energy of asymmetrically terminated films, and
contributions of the Rh-terminated surface, the Fe-terminated surface, and the magnetic boundary are
analyzed by a single particle energy spectra. [1] S. Jekal, S. H. Rhim, S. C. Hong, W. J. Son, and A. B. Shick,
Phys. Rev. B, 92, 064410 (2015). [2] S. Jekal, S. H. Rhim, and S. C. Hong, accepted on IEEE Trans. Magn.
Keywords:
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Abstract:
제일원리 계산방법을 이용하여 계산한 L12 구조 CrPt3의 자성에 대
해 보고한다. 계산방법으로는 Vienna Ab-initio Simulation
Package (VASP)을 이용하였고 교환-상관 전위는 일반화 물매 근사
(GGA: generalized gradient approximation)로 표현하였다. CrPt3
합금의 총에너지에 대한 계산으로부터 구한 격자상수는 3.925 Å 이
였고 이는 실험치 3.877 Å 보다 0.048 Å 컸다. 덩치에서는 FM 상
태일 때가 가장 안정하였는데, Table 1과 같이 A-AF, C-AF, G-AF
의 에너지는 FM 상태에 비해 0.517 eV, 0.591 eV, 0.183 eV 높았
다. CrPt로 끝나는 표면의 박막과 Pt로 끝나는 표면의 박막에 대해
자성을 계산하여 그 결과를 Table 2와 3에 각각 정리하였다. 먼저
Table 2을 보면 CrPt로 끝나는 표면의 9층, 7층, 5층 박막은 FM 상
태일 때 가장 안정하였으나, 3층 박막에서는 C-AF 상태가 안정할 수 있음을 알았다. CrPt로 끝나는 박막은 두께
가 얇으면 C-AF 상태로 바뀐다는 것을 확인하였다. Table 3이 보여주듯이 Pt로 끝나는 표면의 9층, 7층 박막에서
는 FM 상태일 때 가장 안정하였고 5층 박막에서는 G-AF 상태일 때 가장 안정하였다. Pt로 끝나는 박막도 두께가
얇아지면 가장 안정한 G-AF 상태를 포함하여 AF가 안정함을 확인하였다.
Keywords:
자성
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Abstract:
Since lattice mismatch occurs quite often, strain can be
considered as one factor to engineer MCA. In this presentation,
we report strain effect on magnetocrystalline anisotropy (MCA)
of 5d transition metal (TM)/Fe/MgO (TMs= Hf, Ta, W, Re, Os,
Ir, Pt, and Au) using a first-principles study. All TM/Fe/MgO
except the cases of W and Pt show perpendicular MCA (PMCA)
like Fe/MgO without TM. Cappings of Ta, Re, Ir, and Os over
Fe/MgO enhance PMCA, in particular the enhancements by cappings of the late elements of Ir and Os are
gigantic. The MCAs of TM/Fe/MgO are not so sensitive to compressive strain except W and Pt, as shown in
Figure 1. However, compressive strain (up to 4 %) on W/Fe/MgO and Pt/Fe/MgO yields meaningful
changes on their MCAs, even switching of in-plane MCA into PMCA for Pt/Fe/MgO. We will further
elucidate physical origin of capping and strain effects on MCAs of TM/Fe/MgO.
Keywords:
Magnetocrytalline anisotropy, A first-principles study
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Abstract:
Silver chalcogenide Ag2Se has been well-known to exhibit an unusual magnetoresistance: large and linear
magnetoresistance for the magnetic field up to 6 Tesla in the temperature range from 5 to 500 K [1]. The origin
of this behavior is still unclear. In this study, by using the density functional theory, we investigated effects of
some defects on the magnetic properties of Ag2Se. Different kinds of defects were included into calculation: It
was found that the intrinsic defects such as silver (VAg) and selenium (VSe) vacancy, and the extrinsic defect of
hydrogen insertion do not show any magnetism. However, the magnetic impurity of Mn induces magnetic
[1]
moment of the system. Detailed electronic structure of the system is provided to discuss the magnetism.
R. Xu, A. Husmann, T. F. Rosenbaum, M.-L. Saboungi, J. E. Enderby & P. B. Littlewood, Nature 390, 57
(1997) * Supported by the Priority Research Centers Program (Grant No. NRF-2009-0093818) and the Basic
Science Research Program (Grant No. NRF-2015R1A2A2A01003621) through NRF funded by the Ministry
of Education of Korea and the Ministry of Science, ICT, and Future Planning of Korea, respectively.
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Abstract:
We have successfully grown the Co4Ta2O9 single crystals by flux method using the mixture of NaCO3, NaF
and V2O5 flux, slowly cooled from 1280℃ to 800℃. We have measured temperature and magnetic field
dependences of magnetizations along different orientations, investigating detailed magnetic properties
associated with the crystallographic anisotropy.
Keywords:
single crystal, flux method, antiferromagnet
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Abstract:
Using the full potential linearized augmented plane wave (FLAPW) method, we have investigated the
magnetocrystalline anisotropy of rare-earth free FeCo/AuCu multilayered systems. Here we considered
multilayer Au30Cu70/Fe45Co55/Au30Cu70 with and without interstitial carbon doping. The thickness of
5ML was taken for AuCu while 15 ML for FeCo. A relatively high value of perpendicular magnetocrystalline
anisotropy energy (EMCA) is observed in multilayer FeCo/AuCu, which is even enhanced on interstitial
carbon doping. For instance, we have obtained a uniaxial anisotropy constant of 0.43 MJ/m3 for multilayer
AuCu/FeCo/AuCu, which is enhanced to 0.89 MJ/m3 on interstitial carbon doping. Additionally, the
estimated coercive fields and maximum energy products for these systems are (13.6 kOe, 28.7 kOe) and (15.9
MGOe, 15.3 MGOe). Both energy product and coercive field stated above imply that these systems can be
utilized for potential rare-earth free permanent magnet. This research was supported by Basic Science
Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (No.2013R1A1A2006071) and by the Supercomputing Center/Korea
Institute of Science and Technology Information with supercomputing resources including technical support
(KSC-2015-C3-040).
Keywords:
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Giant exchange bias effect in YCo0.25Mn0.75O3
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Abstract:
The exchange bias phenomena have been investigated in YCo0.25Mn0.75O3 (YCMO). The YCMO with
orthorhombic structure was prepared by conventional solid state reaction and the weekly ferromagnetic
behavior is found below 39 K. Giant exchange bias field, HE = 13 kOe, was observed at 2 K upon measuring
field of 15 kOe. The observed exchange bias effect reveals the strong dependence on cooling magnetic fields,
measuring fields, and temperature. We suggest that the giant effect would originate from the interfacial pinning
of exchange couplings between ferromagnetic and antiferromagnetic clusters generated by ionic disorders.
Keywords:
exchagne bias
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Magnetic and transport properties of epitaxial [Fe3O4/MnFe2O4]20
superlattice film on MgO (100) by molecular beam epitaxy
DUONG Van Thiet, NGUYEN Van Quang, NGUYEN Thi Minh Hai, NGUYEN Anh Phuong, DUONG Anh
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*
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Abstract:
Magnetic oxide superlattice thin films have been insensitively researched on both theory and application due to
their unique properties, which shown potential applications such as magnetic recording media and sensors
devices. The supperlattice of half metallic Fe3O4 and insulator MnFe2O4 is expected to improve magnetic
properties with high Tc. In this work, we report on magnetic and transport properties of epitaxial
[Fe3O4/MnFe2O4]20 superlattice thin film on MgO(100) substrate. The reflection high energy electron
diffraction (RHEED) and X-ray diffraction (XRD), Physical Property Measurement System (PPMS), Raman
spectroscopy, Vibrating sample magnetometer (VSM) were used to analysis the structural, transport, and
magnetic properties of this film. The structural detail and origin of magnetic ordering will be discussed.
Keywords:
Oxide, superlattice, magnetism
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비 자성 Bi3+ 치환에 의한 BaTi0.9Fe0.1O3의 결정구조 및 자기적 특성 변
화 유도
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Abstract:
우리는 비 자성 이온인 Bi3+의 치환에 따른 BaTi0.9Fe0.1O3 (Ba1−xBixTi0.9Fe0.1O3 (0 ≤ x ≤ 0.12)의 자기적 특성 변
화에 대해 연구 하였다. 치환된 시료는 고체상태 반응법으로 합성하였으며, x선 회절법과 Raman spectroscopy을
통해 합성된 시료의 결정구조를 확인하였다. 또한 VSM을 이용한 M-H와 M-T 자기이력곡선 측정을 통해 치환된
시료들의 자기적 특성을 확인하였다. Fe만이 치환된 BaTi0.9Fe0.1O3에서는 tetragonal BaTiO3 (T-BTO)상과
hexagonal BaTiO3 (H-BTO)상이 동시에 존재하였으며 약 700K에서 자기상전이를 보이는 강자성을 가지는 것을
확인하였다. Bi3+가 동시에 치환된 시료들의 경우 치환양이 증가함에 따라 T-BTO 상이 점점 안정되었으며,
H-BTO상이 점점 억제되는 변화를 나타냈다. 또한 Bi3+의 치환은 시료의 자기적 특성 체계적인 변화 또한 유도하
였다. 특히 Bi3+ 치환양이 0.8인 시료는 순수하게 T-BTO상을 가졌으며, 상온에서 가장 높은 포화 자화값을 나타냈
다.
Keywords:
Fe doped BaTiO3, Ferromagnetism, Raman spectroscopy
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Abnormal magnetoresistance in Fe3O4/Pt bilayers
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Abstract:
The spin Hall magnetoresistance (SMR) effect in ferromagnetic (FM) oxide /heavy metal structures has
attracted extensive research interests [1,3]. Since Fe3O4, so called magnetite, is an important 3d transition
metal-oxide, having a half metallic property and the high Curie temperature of 850°C, magnetite has been
explored in various applications. Moreover, Fe3O4 undergoes a metal-insulator transition at the Verwey
transition temperature, Tv = 120°C [2]. Hence, in this work Fe3O4 /Pt bilayer system has been investigate
intensively in order to discover the effect of FM materials on the SMR. We experimentally report the
magnetoresistance (MR) measurements as a function of Pt thickness ranging from 2.0 and 4.0 nm.
Optimization of growth conditions for Fe3O4 thin films is prior to characterize the SMR of Fe3O4 /Pt bilayers.
5 nm Ta and 5 nm MgO layers were inserted between Fe3O4 and Si substrate to stabilize the magnetic
properties of Fe3O4 after vacuum low-temperature annealing. SMR is obtained ~ 0.1 % at 100K below the
Verwey transition temperature for a 2.0 nm thick Pt film grown on Fe3O4 film. Moreover, the spin mixing
conductance at the interface, which is a key factor governing SMR effect [3], is found to be different
depending on the structural and electrical properties of Fe3O4 thin films. Our results indicate that magnetic and
electrical properties at Fe3O4 /Pt interface play an important role in enhancing the SMR effect of Fe3O4 /Pt
thin films. [1] Z. Ding, B. L. Chen, J. H. Liang, J. Zhu, J. X. Li, and Y. Z. Wu, Phys. Rev. B 90, 134424
(2014). [2] Ze Zhang and Sashi Satpathy, Phys. Rev. B 44, 24 (1991). [3] Miren Isasa, Amilcar Bedoya-Pinto,
Saul Velez, Federico Golmar, Florencio Sanchez, Luis E. Hueso, Josep Fontcuberta, and Felix Casanova, Appl.
Phys. Lett. 105,142402 (2014)
Keywords:
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Ultrafast spin dynamics and switching via the spin transfer torques in
antiferromagnet with added Dzyaloshinskii-Moriya interaction
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Abstract:
The spin-torque driven dynamics of the antiferromagnet with added Dzyaloshinskii-Moriya
interaction (DMI) have been fully investigated based on the Landau-Lifshitz-Gilbert equation with
the antiferromagnetic and ferromagnetic order parameters (L and M). We demonstrate that the information of
precessional trajectories of M determines DMI energy as well as the second harmonic oscillation of M enables
to probe the fundamental sub-lattices of antiferromagnet. Finally, we discuss the magnetization reversal with
variation of pulse duration and spin current density.
Keywords:
Antiferromagnet, Dzyaloshinskii-Moriya interaction, DMI, Ultrafastswitching
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Revisiting the effects of spin-orbit interaction in antiferromagnetic
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Department of Physics and IPAP, Yonsei University
*

h.j.choi@yonsei.ac.kr

Abstract:
We revisit magnetic and electronic structures in LaFeAsO in the single-stripe-type antiferromagnetic (AFM)
phase by refining first-principles density-functional calculations including the spin-orbit interaction. We find
that the longitudinal ordering (LO) where Fe magnetic moments are parallel or anti-parallel with the in-plane
AFM ordering vector, q, is lower in energy than transverse orderings (TOs) where Fe magnetic moments are
perpendicular to q, in agreement with neutron diffraction experiments. Calculated energy difference between
LO and TOs is about 0.1 meV per Fe atom, indicating that LO prevails at temperature below 2 K. We also
find that the spin-orbit interaction splits degenerate bands at k = (1/2)q by about 60 meV, depending on
spatial directions of the Fe magnetic moments. We analyze the effects of the spin-orbit interaction on the
magnetic and electronic structures considering the symmetry of the structure. This work was supported by
NRF of KOREA (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2015-C3039).
Keywords:
magnetism, superconductor
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Dynamics of Magnetic Bubblecade in the Creep Regime
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Abstract:
To replace hard-disk device having limitation and problems as a
storage device, many study has been performed for developing
new solid-state-data-storage/memory devices [1-3]. For this
demand, recently, magnetic bubblecade memory was suggested
and experimentally demonstrated as a 2-dim-solid-state
memory device [3]. The principle of this memory is based on
asymmetric domain-wall (DW) motion caused by the
Dzyaloshinskii-Moriya interaction (DMI) [4]. Main reason for
asymmetry is that DW energy density is changed in the presence
of the in-plane magnetic field. In order to understand the role of the physical parameters in the magneticbubblecade dynamics, we discuss about the magnetic-bubblecade dynamics in creep regime. For this study,
we prepared 5.0-nm Ta/2.5-nm Pt/0.3-nm Co/1.0-nm Pt ferromagnetic film with perpendicular magnetic
anisotropy. Figure 1 shows bubble speed VB(Hz,Hx) with respect to the in-plane magnetic Hx field in various
out-of-plane magnetic fields Hz. Irrespective of the Hz, it has the good linear relation in this Hx ranges. In
the low Hx region by using the eq. of the Ref. 3, VB(Hz,Hx) can be expressed by C1Hx, (C1=[sgn(HDMI)]´
[VDW]´[plMs]´[a(0)Hz-1/4]/[4sDW], where sgn(HDMI) is sign of the DMI-induced field, VDW is DW speed at
each Hz with Hx=0 mT, l is DW width Ms is saturated magnetization, a(0) is energy scaling constant at Hx=0
mT, and sDW is DW energy density). Note that the slope C1 is strongly related to magnitude of VDW and its
sign is determined by the direction of the DMI-induce field. Interestingly, the magnitude of HDMI does not
affect the bubble speed in low Hx region. From this relation, we find which parameters play important role in
VB and its result can be useful to optimize the VB. Detail analysis will be discussed in the presentation.
Keywords:
Bubblecade, Creep regime
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Abstract:
리튬인산철(LiFePO4)에 Na을 미량 치환한 Li0.99Na0.01FePO4 분말 시료를 직접합성법으로 제조하였다. 이 시료를
XRD(X-ray Diffractometer)를 사용하여 측정, Rietveld 정련법을 이용한 Full Prof 프로그램으로 분석하여 격자
상수는 a0 = 10.327 Å, b0 = 6.007 Å, c0 = 4.693 Å인 Pnma 공간 그룹의 orthorhombic 구조임을 확인하였다.
VSM(Vibrating Sample Magnetometer)를 사용하여 5 ~ 300 K 까지 온도에 따른 자화율을 측정한 결과, 50.5 K
에서 반강자성체에서 상자성체로 변화하는 닐 온도(TN)를 확인하였으며, 반강자성체 거동이 나타나는 닐 온도(TN)
이하인 22 K 에서 자화율이 감소하다가 증가하는 spin reorientation 온도(TS)를 확인하였다. 5 ~ 300 K 까지 온도
에 따른 미시적인 자기적 특성을 측정하기 위해 Mössbauer 분광 실험을 실시하였다. 그 결과, 닐 온도(TN) 이하에
서 8개의 비대칭 흡수선이 나타났으며, 4.2 K 에서 초미세자기장 Hhf = 124.53 kOe, 전기 4중극자 분열치 EQ =
2.74 mm/s, 이성질체 이동치 δ = 1.24 mm/s 로 분석되었다. 닐 온도(TN) 이상에서는 2개의 대칭 흡수선이 나타
났고, 295 K 에서 전기 4중극자 분열치 EQ = 2.95 mm/s, 이성질체 이동치 δ = 1.24 mm/s 로 분석되어 4.2 ~
295 K 까지 모든 온도에서 δ = 1.11 ~ 1.24 mm/s로 Fe 이온이 Fe2+로 존재하는 것을 확인하였다. 또한 초미세자
기장(Hhf)과 4중극자 분열치(EQ)가 spin reorientation 온도(TS) 22 K 에서 기울기 변화가 나타나 VSM 측정 결과
와 일치함을 보였다.
Keywords:
Mössbauer spectroscopy, LiFePO4, Sodium substitution, Cathode material
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Abstract:
Z-type hexaferrite인 Ba3Zn2Fe24O41의 시료를 직접합성법을 통해 제조하였다. 1250 oC에서 최종적으로 제조 된
시료를 x-선 회절기 (XRD), 진동시료형 자화율측정기 (VSM), 그리고 Mössbauer 분광기를 통해 결정구조 및 자
기적 특성을 연구하였다. 상온에서 측정 된 XRD 결과를 Rietveld 정련법을 이용하여 분석하였으며, 그 결과 RF 와
RB가 5 % 이하로 단일상임을 확인하였다. 결정구조는 P63/mmc 공간군의 hexagonal 구조임을 확인하였고, 격자
상수 a0와 c0는 각각 5.90, 52.64 Å로 분석되었다. 상온에서 자기장에 의한 자화 곡선을 측정한 결과 포화자화 (Ms)
는 58.70 emu/g, 보자력 (Hc)은 69.58 Oe로 측정되었으며, 준강자성의 거동을 보였다. 온도에 따른 자화율 변화를
확인하기위해 100 Oe 자기장 내에서 4.2부터 800 K까지 VSM을 통해 측정하였다. 그 결과 400 K 부근에서 planar
스핀구조부터 uniaxial 스핀구조의 전이가 보였고, 상자성으로 변화하는 퀴리온도를 613 K로 결정하였다. 미세적
인 자기적 특성을 연구하기 위해, 4.2부터 650 K까지 Mössbauer 분광 실험을 실시하였으며, Z-type hexaferrite내
에 중첩 된 10개의 부격자의 스펙트럼을 최소자승법으로 통해 6-sextets 형태로 분석하였다. 또한, 이성질체 이동치
를 통해 모든 부격자에서 Fe3+ 상태임을 확인하였다.
Keywords:
Mössbauer spectroscopy, Z-type Hexaferrite, Spin transition
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Abstract:
수소 처리된 Zn0.8Co0.2O 시료의 자기저항을 5, 7 그리고 10 K에서 gate voltage를 바꿔 가며 조사하였다.
Zn0.8Co0.2O 시료는 표면에 매우 약하게 수소처리가 되어 있어 Co-H-Co complex 들이 매우 독립적으로 형성되
어 자화의 유닛을 형성할 것으로 예상이 된다. 수소 처리된 시료는 5, 7, 10 K에서 gate voltage 에 따라 매우 다른
양상의 MR을 보였다. 특정 gate voltage 영역과 특정 자기장에서 MR 값이 불연속적으로 변하거나 두 curves 사이
를 진동하는 거동은 Co-H-Co들이 서로 개별적으로 존재하며 gate voltage에 따라 양자화된 저항상태를 제공함을
입증하는 결과이다. 본 연구를 통하여 Co-H-Co complex가 개별적 분자형태의 최소단위의 magnet임을 보이고자
한다.
Keywords:
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Abstract:
Fluorosulfate 물질의 이차전지 양극물질을 제조하기 위하여, 낮은 온도에서 합성할 수 있는Ionothermal 방법을
이용하였다. 합성된 MFeSO4F (M = Na, Li) 물질의 화학적 산화처리를 통하여 최종적으로 FeSO4F 물질을 제조하
여, 결정학적 구조에 따른 자기적 성질을 뫼스바우어 분광기를 이용하여 연구하였다. MFeSO4F 물질에서 산화반응
에 의해 리튬과 소듐이 결핍된 FeSO4F 분말의 단일상을 Rietvelt 법으로 분석한 결과, 리튬이 결핍된 FeSO4F는
triclinic 구조(P-1)로 확인되었고 반면, 소듐이 결핍된 FeSO4F는 monoclinic 구조(C 2/c)임을 확인하였다. 각각의
M 이온이 결핍된 FeSO4F의 상온에서의 뫼스바우어 스펙트럼은 1-doublet 이었으며, Fe의 이온상태가 3+ 임을 확
인하였다. 리튬이 결핍된 FeSO4F의 경우, 4.2 K에서 6 line 형태의 2 set으로 확인되었고, 소듐이 결핍된 FeSO4F의
경우, 6 line 과 doublet 형태로 나타남을 확인하였다. 이러한 결과는 서로 상이한 결정학적 구조 때문이며, 산화 반
응을 거친 (Li)FeSO4F는 a, b-축 방향으로 수축함과 동시에 c 축 방향으로 팽창하며, (Na)FeSO4F는 c-축 방향을
중심으로 Fe2O8F3 공유이중팔면체가 회전하면서 결정구조가 변하는 것으로 해석 되어진다.
Keywords:
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LiFe0.9Mg0.1PO4 물질의 결정학적 및 자기적 특성 연구
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Abstract:
이차전지 양극활 물질 중 우수한 특성을 지니고 있는 올리빈(olivine) 구조의 LiFePO4의 Fe-site에 Mg0.1을 치환하
여 연구하였다. LiFe0.9Mg0.1PO4시료는 직접합성법을 통하여 제조 하였다. 시료의 결정학적 특성을 분석하기 위하
여 X-선 회절 측정기 (X-ray diffractometer; XRD) 실험을 하였으며, 진동 시료형 자화율 측정기 (Vibrating
sample magnetometer; VSM) 측정을 통하여 온도에 따른 자화율을 측정하였다. 또한 Mössbauer 분광기로 시료의
미시적 자기적 특성과 초미세 상호작용을 관찰하였다. XRD 분석결과, 격자 상수는 a0= 10.3277 Å, b0= 6.0065 Å,
c0=4.692 Å, V = 289.746 Å3로 Pnma공간군의 orthorhombic 구조를 가지며 RF 와 RB는 각각 2.63 %, 4.71 %로
단일상임을 확인하였다. VSM 측정은 1000 Oe 내에서 5부터 300 K 온도에서 측정하였으며, 측정 결과 spinreorientation온도 (Spin-reorientation temperature; TS)는 15 K로, 자성체에서 반강자성체로 자기 상전이가 일어
나는 닐온도 (Néel temperature; TN)는 47 K로 측정되었다. Mössbauer 분광 실험은 4.2부터 300 K까지 실시하였
으며, LiFe0.9Mg0.1PO4 물질의 이성질체 이동치(Isomer shift; δ)가 1.1~1.23 mm/s 로 모든 온도구간에서 Fe2+ 상
태임을 확인하였다. 또한 TN 온도 이하에서는 8개의 비대칭 흡수선이 관측되었으며, TN 온도 이상에서는 자기 2중
극자 상호작용은 사라지고 강한 결정장에 의한 전기 4중극자 작용만이 존재하여 두 개의 흡수선이 나타나는 것을
확인하였다.
Keywords:
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Magnetic tunnel junctions based on ferromagnetism at
LaAlO3/SrTiO3 interface
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Abstract:
LaAlO3/SrTiO3 heterostructure have attracted considerable attention because of their various properties at the
conducting interface. We focused ferromagnetism at LaAlO3/SrTiO3heterointerface . Here, we have fabricated
magnetic tunnel junctions consisting of La0.7Sr0.3MnO3(LSMO) and LaAlO3/SrTiO3. The sample was
grown by pulsed laser deposition and La0.7Sr0.3MnO3 was etched by wet etching method. Au was sputtered
as top gate electrode on LSMO and wired to LaAlO3/SrTiO3 heterointerface by using four point contact
method. And we observed that the tunnelling magnetoresistance(TMR) is dependent on changes in the
thickness of the layer of LaAlO3.
Keywords:
Magnetic tunnel junction, tunnelling magnetoresistance
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Verwey transition of nano-sized magnetite crystals investigated by 57Fe
NMR
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Abstract:
— It is well known that magnetite crystals undergo a metal-insulator transition at the Verwey transition
temperature, Tv = 123 K. In this work, we studied the Verwey transition of nano-sized crystals with 57Fe
NMR. In the metallic state above Tv, the NMR spectrum shows a single sharp peak, which broadens below
TV indicating the Verwey transition. We measured the spectra of the nano-crystals with radii of 16 nm, 25
nm, and 40 nm and compared with that of a bulk. The transition temperature obtained from the NMR spectra
depends on both the crystal size and crystallinity. When the crystal size decreases from bulk to 16 nm, the
transition temperature drops from 123 K to 100 K. The transition temperature of the samples kept dry air
decrease due to aging.
Keywords:
NMR,magnetite, nano-size crystal, verwey transition
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PARK Sejun1, KWON Sangil2, LEE Soonchil*1, KHIM Seunghyun3, BHOI Dilip Kumar3, KIM Kee Hoon*3
1

Department of Physics, KAIST, 2Institute for Quantum Computing, University of Waterloo, 3, CENSCMR,
Department of Physics and Astronomy, Seoul National University
*

nmr@kaist.ac.kr, optopia@snu.ac.kr

Abstract:
Multiferroic systems including ZnCr2Se4, the chromium spinel with helical spin structure, have been in huge
interest for decades due to its physical variety and applicability. In the temperature range between 21K and
80K, this material shows negative thermal expansion. Due to the bond frustration, the spins of the chromium
ions order helically below the transition temperature, 21K, though the exchange constant tends to make a
ferro-order. The anomalous 1st order-like magnetic transition is yet clarified and still an interesting topic. To
probe microscopic origin of these features, we measured zero-field NMR of Cr3+ ions having nuclear spin
3/2. Six peaks were observed revealing Nuclear Quadrupole Resonance(NQR) and anisotropic hyperfine field
at chromium sites. The NQR spectrum reveals that the structure is highly distorted below the magnetic
transition temperature where the normal Jahn-Teller distortion is absent. Temperature dependence of the
spectrum is also measured to obtain the magnetization as a function of temperature.
Keywords:
NMR, Multiferroic, NQR
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Pt/Ru(001)과 Pt/Ru(111)의 자성과 촉매 반응성에 대한 제일원리계산
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Abstract:
연료전지의 전극에는 Pt가 촉매로 널리 사용되고 있다. 연료전지 공기극에서 산소의 환원반응은 연료극에서 수소의
산화반응보다 느려 실질적으로 연료전지의 전체 효율을 결정한다고 보아도 무방하다. Pt 자원의 국지적인 매장과
제한적인 매장량은 연료전지의 장래에 걸림돌이 될 것으로 예상되기 때문에 Pt을 대체하거나 Pt 사용량을 줄이기
위한 연구가 필요하다. 본 연구에서는 Ru(001)과 Ru(111) 기판 위의 Pt 단층의 전자구조를 제일원리계산 방법을
이용하여 계산하고 Pt(111) 표면의 전자구조와 비교하여 촉매로서 사용 가능성을 연구하였다. 제일원리계산방법으
로 VASP(Vienna Abinitio Simulation Package)을 이용하였으며 Ru 기판은 3, 5, 7층의 Ru 로 표현하여 Ru 두께에
따른 전자구조의 변화를 살펴보았다. 산소 분자의 흡착위치, 해리된 산소 원자의 흡착위치, 해리 과정에서의 장벽의
높이를 계산하여 Pt(111) 표면의 그것들과 비교, 분석하였다.
Keywords:
촉매, 제일원리계산, 전자구조
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Abstract:
강한 수직 자기이방성을 가지는 물질은 고밀도의 저장정보매체를 구
현할 수 있다고 알려져 있다. 본 연구에서는 비교적 가격이 저렴한
3d 전이금속인 Fe, Ni 원소만으로 강한 수직 자기이방성을 구현할
수 있는지를 제일원리계산 방법으로 탐색하고자 하였다. 제일원리계
산 방법으로는 Vienna Ab-initio Simulation Package (VASP)을 이
용하였고 generalized gradient approximation (GGA)으로 교환-상
관 전위를 나타내었다. 박막은 총 9층으로 이루어져 있는데, Ni 7층
의 양면에 Fe 단층이 부착된 구조를 이루고 있다. 덩치 Fe의 격자상수가 Ni보다 약 14% 크다는 점을 고려하여 그
림 1과 같은 구조를 택하였다. 계산된 각 층별 자기모멘트는 표 1에 나타내었다. Fe 표면은 3.090 μB으로 덩치 Fe
의 자기모멘트인 2.2 μB 보다 상당히 증가한 것을 알 수 있다. Ni의 경우 덩치 Ni의 자기모멘트 0.7 μB 에서 큰
차이가 없었으나 계면에서 박막의 중심으로 가면서 자기모멘트 값의 증감이 교대하는 것을 볼 수 있다. 기체 흡착
이 자성과 자기이방성에 미치는 영향도 논의할 계획이다.
Keywords:
자성
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Identification of proton species introduced in ZnO single crystal by H+
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Abstract:
Electronic and diffusion properties of hydrogen in ZnO have been extensively studied, since efficient defect
engineering is essential to fabricate electronic, ferroelectric, and optical devices. Here, we identify the proton
species which are of distinct thermal stability in proton-implanted ZnO. The 200 keV H+ beam with fluence
conditions of 1014, 1015, and 1016 cm-2 was irradiated on Zn- and O-terminated ZnO single crystals. The
dynamical properties of the implanted protons in ZnO were investigated by means of 1H nuclear magnetic
resonance spectroscopy. The impurity in ZnO, which may result in diffusion properties of H+, was examined
by proton-induced x-ray emission, the proton beam of 2.5 MeV obtaining from 1.7 MV horizontal Pelletron
accelerator, installed at KOMAC. (This work has been supported through KOMAC (Korea Multi-purpose
accelerator complex) operation fund of KAERI by MSIP (Ministry of Science, ICT and Future Planning)
Keywords:
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Broken sublattice symmetry states in Bernal stacked multilayer
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Abstract:
The electron-electron interaction plays an important role in multilayer graphene leading to interactioninduced broken symmetry states due to its chiral electronic structure. Recently, an insulating state in Bernalstacked tetralayer(ABAB) graphene has been observed at close to charge neutrality[1], indicating that a
spontaneous gap opens due to interactions for even number of layers whereas the gap remains closed for odd
number of layers. Motivated by this experiment, we calculate the ground state configurations of various
Bernal-stacked multilayer graphene using a self-consistent Hartree-Fock method with the help of a rotational
transformation of the wave function to reduce a computational cost[2]. We find that the ground state has a
broken sublattice symmetry in which energy gap opens in even-layered graphene and the gap size decreases
with the number of layers. We also calculate the ground state properties of Bernal-stacked graphene under
external electric field and find that there exists the regions where charge, spin, valley Hall coefficient are not
zero. [3] [1] A. L. Grushina et al., Nature Communications 6, 6419 (2015). [2] Yunsu Jang, E. H. Hwang, A.
H. MacDonald, and Hongki Min, Phys. Rev. B 92, 041411(R) (2015). [3] Fan Zhang, et al., Phys. Rev. Lett.
106, 156801 (2011)
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Abstract:
We investigate plasmon properties in Weyl semimetals with arbitrary isotropic energy band dispersion and in
multi-Weyl semimetals with anisotropic energy dispersion . We calculate long-wavelength plasmon
frequencies within the random phase approximation (RPA) in the presence and absence of chirality to analyze
the effect of chirality on plasmons. For both the isotropic and anisotropic cases, we find that chirality leads to
the red-shift of plasmon frequencies due to the interband contribution. In particular, the plasmon frequency
for isotropic parabolic band dispersion is suppressed enough to stay outside the electron-hole continuum over
the whole range of charge densities, thus not decaying via Landau damping. We also study intrinsic plasmons
at finite temperatures and show that thermally induced charges play the role of doped carriers. Our results
provide a comprehensive picture of how band dispersion and chirality affect plasmon behavior in three
dimensional gapless chiral systems with arbitrary band dispersion.
Keywords:
multi-Weyl Semimetal, Plasmons,
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Abstract:
We have investigated field effect operation of 2-Dimensional Electron Gas (2DEG) formed on LaAlO3/SrTiO3
heterostructure. The heterostructure was grown by pulsed laser deposition and hall-bar geometry was
fabricated by photo lithography. Hardly exposed poly methyl methacrylate (PMMA) by Scanning Electron
Microscope(SEM) was used as a gate insulator and Au electrode was sputtered as gate electrode. Conductivity
of 2DEG channel was modulated as a field effect transistor device. Noticeably, We observed that Threshold
Voltage(Vth) suddenly increase nearby specified temperature. In the way that temperature changing in Vth is
similar to transition temperature that SrTiO3 is transited cubic to tetragonal, we think that increase in Vth is
relate to change in structure.
Keywords:
Field effect transistor, LaAlO3 , SrTiO3 , heterostructure
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Manipulation of n and p type dope black phosphorene layer: A first
principles study
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Abstract:
We investigated the physical properties of the semiconducting impurity (Ga, Ge, As, and Se) doped
phosphorene layer systems. The Ga and As doped layer showed a semiconducting behavior while the Ge doped
system displayed a metallic state. The magnetic state appeared in the Se doped phosphorene. Deep donor or
acceptor sates was found with doping of semiconducting impurities. To investigate an effective n and p type
doped phosphorene, we explored the charge carrier doping effect. With an external electron carrier doping, the
donor level induced by the Se impurity became an effective shallow donor level. Due to the Fermi level shifting,
the metallic to semiconductor or vice versa was found in Ge and As. For external hole carrier doping, all the
systems showed metallic band structures except for the Se doped structure. The Se impurity created a shallow
acceptor state with an extra hole. Particularly, we propose that the most promising dopant is the Se because it
creates a magnetic state in phosphorene and an extra electron or hole doping can induce an n-type or p-type
phosphorene respectively. This suggests that the Se doped phosphorene has potential applications for both
dilute magnetic semiconductor and p–n junction device applications. This research was supported by Basic
Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry
of Education, Science and Technology (No.2013R1A1A2006071) and by the Supercomputing Center/Korea
Institute of Science and Technology Information with supercomputing resources including technical support
(KSC-2015-C3-040).
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Abstract:
Much efforts have been made to reach the short and ballistic limit of Josephson coupling, but they were often
hindered by poor interfacial characteristics between superconducting electrodes and the normal-conducting
insert or by the weak superconducting coherence. Recent breakthrough in enhancing the carrier mobility,
employing the graphene structure encapsulated by hexa-boron-nitride (BGB) layers, allows reaching the truly
ballistic regime in graphene. Closely edge-contacted BGB structure with two superconducting electrodes seems
to provide a promising scheme to realize the ballistic Josephson coupling. Here, we report on realizing planar
graphene Josephson coupling, in which Al superconducting electrodes with the long superconducting
coherence range, is made a one-dimensional contact to the edges of the BGB structure. Our device shows
exceptionally high transmission probability and strong Fabry-Perot oscillations, demonstrating its ballistic
nature. The superconducting gap energy of Al electrodes was about 100 meV at 20 mK, determined by
multiple Andreev reflection peaks. We observed that the critical currents oscillate for sweeping the gate voltage
along with the normal conductance oscillation, which is a direct evidence of ballistic Josephson coupling. In
addition, the convex shape of decreasing critical currents with increasing temperature, canonical properties of
short Josephson junction, was observed. The IcRN product (Ic and RN are the critical current and the normal
resistance, respectively), a parameter representing the Josephson coupling strength, was estimated to be , the
record high value in planar graphene Josephson junctions, although it still remains significantly lower than the
theoretically predicted ballistic-limit value.
Keywords:
Key words: ballistic Josephson coupling, graphene Josephson junction
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Abstract:
We report the magneto-electric effects observed in quasi-one-dimensional channels we realized in graphene
together with arranging quantum point contact (QPC). Devices were fabricated on monolayer graphene with
high carrier mobility, where the graphene was encapsulated between two clean hexagonal boron nitride
(h-BN) layers. In measurements, charge carriers were confined by QPC formed by the dual operation of the
bottom and top gates. The four-terminal magneto-conductance was measured with varying charge carrier
density from zero field to the quantum Hall regime where degeneracies of graphene were all lifted. Diagonal
conductance across the QPC shows the development of quantized conductance in steps of 4e2/h as determined
by the number of occupied transport channels inside the QPC in an external magnetic field. In the quantum
Hall regime, we demonstrate that the QPC arranged on a graphene sheet acts as electronic analogue of a beam
splitter that splits an incoming light beam from a source into two beams. We investigated splitting of a beam
electronic wave for different filling factors, adopting the non-equilibration of quantum Hall edge channels
between the ones inside and outside the top gates. These observation can be adopted for constructing a
quantum Hall interferometer for studying the interaction between quantum Hall edge channels and fractional
statistics of quasiparticles in graphene.
Keywords:
Graphene, quantum point contact, conductance quantization,quantum Hall effect
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Zero-line modes at stacking faulted domain walls in multilayer
graphene nanoribbon
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Abstract:
We study zero-line modes in a multilayer graphene nanoribbon whose domains have different stacking
configuration. Our analysis using a tight-binding model taking into account remote hopping terms indicates
that the topologically distinct domains characterized by the valley Chern number are separated by metallic
region connecting AA and AA′ stacking line in the layer translation vector space, and gapless states called
zero-line modes appear at the interface between domains with imperfect rhombohedral stacking
orders whose valley Chern numbers are diﬀerent from each other. As a consequence, our results support the
topological origin of zero-line modes and their robustness aginst overall layer-scale dislocation from
rhombohedral stackings.
Keywords:
Multilayer graphene, Inversion symmetry breaking potential,Valley Chern number, Gapless modes.
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Creation of exciton-polariton condensates in non-resonant and
resonant pumping regime toward exploring quantum fluid
OH† B. -Y.1, KWON† Min-Sik1, GONG Su-Hyun1, KIM Je-Hyung1, KANG Hang Kyu2, KANG
Sooseok2, SONG Jin Dong2, CHOI Hyoungsoon*1, CHO Yong-Hoon*1
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Abstract:
Recently, a new type of bosonic quasi particles, “exciton-polariton” has been studied, which has strong
photon-exciton coupling in semiconductor microcavities. Exciton-polaritons macroscopically occupy a single
quantum state above threshold density, forming the so called Bose-Einstein condensates. In this study, we
focus on creation of exciton-polariton condensates in incoherent and coherent laser pumping regime. First, we
observed exciton-polariton condensates in non-resonant pumping using photoluminescence technique,
interferometer and Fourier optics. Second, we also detected exciton-polariton condensates by optical
parametric oscillator (OPO) pumping (i.e., resonant pumping). The OPO pumping is an efficient way to inject
exciton-polaritons directly on the energy dispersion by non-linear two body polariton-polariton interactions.
We measured energy-momentum dispersion, coherence, density and momentum distribution of polariton
condensates. These works established the foundation for exploring emergent collective phenomena of quantum
fluid and applying to polaritonic optical devices.
Keywords:
Exciton-polariton, Bose-Einstein condensate, Quantum fluid
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Abstract:
Andreev reflection (AR), retro-reflection of an incident electron as a hole at a superconductor-normal metal
interface, leads to the formation of an Andreev edge state (AE), which consists of a coherent pair of an electron
and a hole in strong magnetic field [1]. The coexistence of AR and quantum Hall (QH) effect in twodimensional electron systems has been confirmed in two-terminal Hall conductance measurement
configurations where bulk and longitudinal contributions are bound to be contained. Here, we report signature
of the AE formed in bilayer graphene Hall-bar configuration devices, where a bilayer graphene layer was
encapsulated by hexagonal boron nitride crystals [2] and in proximity contact with a Nb electrode having high
critical magnetic field (Hc2~3.5 T at T=150 mK). As the high carrier mobility of our bilayer graphene allowed
the formation of QH states at perpendicular magnetic field as low as ~1 T, the bias dependence of both
longitudinal and QH conductance was examined. Signatures of the SC proximity effect due to the AR will be
presented, including the zero-bias enhancement of differential Hall conductance within the SC energy gap at
QH plateaus corresponding to high filling factors (ν>28). References [1] H. Hoppe et al., PRL, 84, 1804
(2000). [2] L. Wang et al., Science, 342, 614 (2013).
Keywords:
graphene, quantum Hall effect, Andreev reflection
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CdSe 양자점의 표면 상태에 따른 광학적 특성연구
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Abstract:
소자가 소형화됨에 따라 nano구 조 및 기술의 발전과 더불어 반도체 양자점에 대한 연구가 많이 되고 있다. 입자의
크기가 nano 크기가 될수록 bulk 상태와는 다른 독특한 특성을 띄게 되는데 그 중 양자점은 크기에 따라 다른 band
gap을 가져 다른 발광 파장을 가지는 특성을 보인다. 양자점의 크기가 전자와 홀의 결합에 의해 생기는 엑시톤
Bohr 반지름 (exciton Bohr radius)에 근접하게 되면 quantum confinement effect가 일어나 크기가 작아질수록 넓
은 band gap을 갖는 quantum size effect를 확인할 수 있다. 여기서 quantum confinement effect는 물체의 크기가
Bohr 반지름만큼 작아지게 되면 bulk 상태일 때보다 band gap이 넓어지는 현상을 말한다. 최근 양자점의 이러한
특성을 이용해 양자점 TV가 나오는 등 실제 산업과도 밀접한 관련을 맺고 있는 만큼 앞으로가 더욱 기대된다. 본
연구는 양자점의 합성조건에 따른 광학적 특성에 중점을 두고 있다. 화학적 콜로이드 방법으로 CdSe 양자점을 얻을
수 있으며 합성할 때의 조건에 따라 다른 크기와 표면 상태를 가지게 된다. CdSe 양자점을 합성 할 때는 Cd
solution과 Se solution을 합성하는 방법으로 이루어지는데 실제 Cd solution과 Se solution만으로 합성을 진행하게
되면 매우 순식간에 합성이 진행돼 원하는 크기의 양자점을 얻기 힘들다. 이 때 두 가지 유기물을 사용하면 Cd
solution과 Se solution의 반응 속도를 늦춰 고른 크기의 양자점을 얻을 수 있다. 하나는 TOPO (trioctlyphosphine
oxide)이며 다른 하나는 HDA (1-hexadecylamine)이다. 이 두 가지 유기물에 따라 양자점이 다른 표면 상태를 가
지게 되어 광학적 특성이 다르게 나타나는 것이 확인되었다. 유기물에 따라 달라지는 광학적 특성을 보기위해
photoLuminescence (PL), optical density (OD), time-correlated single-photon counting (TCSPC)을 측정하였
다. PL, OD를 통해 발광 파장과 흡수 파장의 스펙트럼을 측정하였으며 그 메커니즘을 이해하기 위해 TCSPC를 측
정해 보았다. 또한 저온이 되면 광학적 특성이 어떻게 달라지는지 측정해 보았다.
Keywords:
CdSe,양자점,화학적 콜로이드 방법.
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Ab initio study of graphene nanowrinkles on Ni(111) substrate
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Abstract:
Recently, an unique electronic structure of sub-5-nm graphene nanowrinkles (GNWs) on Ni(111) has been
reported: The bandgap opening and a one-dimensional van Hove singularity in the GNWs was found using
scanning tunnelling spectroscopy, and the possibility of controlling the bandgap by mechanical structuring was
suggested. However, the previous study lacks theoretical analysis related to the interaction between GNWs and
Ni(111). In this study, we investigate the interaction of GNWs with the underlying Ni(111) substrate using
density functional theory calculations. Especially, we focus on the change in electronic structure of GNWs due
to the presence of the substrate.
Keywords:
Graphene, Ni(111)
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Topologically confined 1D conducting channel in bilayer graphene
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Abstract:
The band gap of bilayer graphene (BLG) can be tuned by applying an external electric field perpendicular to
the plane of a BLG sheet. Motivated by the tunability of this bulk energy gap, a new kind of topological zeroenergy mode has been predicted in BLG [1]. If the direction of electric fields in two adjacent regions in BLG
are opposite, the corresponding bands are inverted from each other, which leads to the formation of a
topological one-dimensional (1D) conducting channel at the boundary between two regions. In this study, we
fabricated two pairs of top-bottom split gates attached to a BLG layer, which is sandwiched between two
atomically clean hexagonal boron nitride (h-BN) single crystals and thus allows ballistic transport of carriers
within the device size. Current-voltage characteristics show a large transport gap, which is comparable to the
results obtained from optical measurements and numerical calculations. Opening the band gap in two adjacent
regions of the BLG flake by oppositely gated electric fields, we observed a conducting behavior along the
boundary between the two insulating regions with the conductance of 4e2/h. This result indicates that a 1D
conducting channel formed between the two regions where the induced band gaps were inverted to each other.
The prefactor the conductance was caused by the valley and spin degeneracy of the valley-momentum-locked
helical conducting state.
Keywords:
bilayer graphene, valleytronics
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Abstract:
In design of supramolecular structures, molecules of three-fold symmetry are useful to bridge structures
merging from three different directions. Here, we report on intermolecular structures of brominated Y-shaped
molecules with Br-ligands, 1,3,5-Tris(3,5-dibromophenyl)benzene studied using scanning tunneling
microscopy (STM). Hexagonal structures were observed on Au(111), with chiral triple nodes that could be
explained with three Br···Br halogen bonds. Molecular models were proposed based on STM images, and
reproduced with density functional calculations. Our study shows that brominated Y-shaped molecules are
useful to build supramolecular structures with halogen bonds.
Keywords:
scanning tunneling microscopy, halogen bond
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Abstract:
Molybdenum disulfide (MoS2), is one of transition metal dichalcogenides, have been widely investigated for
applications in lithium-ion batteries, solar cell, and gas sensors. Similar to the graphene, MoS2 sheets can be
obtained by exfoliation method because of weak van der Waals interaction between stacked layers. It has been
known that two-dimensional monolayer MoS2 has a suitable band gap of ~1.8 eV for electric devices.
Theoretical calculations show that the one-dimensional (1D) armchair MoS2 nanoribbon has a smaller band
gap of about 0.58 eV, while the 1D zigzag MoS2 nanoribbon has no band gap. In experiment, the 1D zigzag
MoS2 nanoribbon was mainly observed. This can be explained by the calculation result that the zigzag MoS2
nanoribbon has lower energies than the armchair nanoribbon. We have performed density functional theory
calculations to investigate the change in electronic structure of MoS2 nanoribbons by the passivation of
nanoribbon edge areas.
Keywords:
MoS2, zigzag nanoribbon, band gap
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Bi2Se3 including van der Waals interaction
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Abstract:
Since topological insulator Bi2Se3 has a layered structure of neutral quintuple layers, considering the van der
Waals (vdW) interaction is inevitable in predicting the atomic structure correctly. In our present work, we
investigate structural and electronic properties of subsurface defects in topological insulator Bi2Se3 using the
density functional theory including the vdW interaction. We considered two types of defects: Bi vacancy and
SeBi antisite located at the Bi layer right below the surface Se layer. We obtained relaxed atomic structures near
the defects, calculated electronic structures around the defects, and compared the calculated local density of
states with results of scanning tunneling microscopy (STM) experiments. Our results are in excellent agreement
with STM experiments, identifying the types of defects in the experimental samples and revealing effects of the
defects on atomic and electronic structures of Bi2Se3. This work was supported by NRF of Korea (Grant No.
2011-0018306) and KISTI supercomputing center (Project No. KSC-2015-C3-039).
Keywords:
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Single crystal copper oxide growth using single crystal copper thin film
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Abstract:
2D material graphene is flexible, transparent, and electrical properties are very good. So Graphene is
spotlighted in the textile, chemical, displays, semiconductors, mobile, wearable, solar energy, etc. are emerging
as the new material of next generation. Accordingly, recently single crystal monolayer graphene on Ge
substrate epitaxial growth cause or minimizing monolayer graphene grown on copper 's grain boundary, etc,
The high quality of graphene is going to many produce a lot of research. One of the study Research with
reference to the paper called Monolayer Single graphene can grow on Cu2O surface (Nano letter, Comparing
Graphene growth on Cu(111) versus Oxidized Cu(111)) This poster, naturally using oxidized Single crystal
copper film surface to create Single Crystal Cu2O surface, and this research is about the real space surface
structure and characteristic of that Cu2O
Keywords:
Graphene, Single graphene, Cu, Cu2O, Copper oxcide, LEED,
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Abstract:
We performed first-principles calculations for the electronic band structures of pristine and potassium (K)
-doped black phosphorus (BP) by using the GW approximation. We used the experimental lattice constants of
pristine BP in all calculations. Contrary to the gapless pristine bulk BP with the GGA method, the GW
approximation opens a band gap of bulk BP and the band gap increases monotonically from bulk to few-layer
BP. With a surface K doping on the few-layer BP, we show that the conduction and the valence bands meet at
two points and their overlap is reduced by the many-body effect. We estimate the critical K density for the
band-gap closing in the GW approximation. This work was supported by NRF of Korea (Grant No. 20110018306) and KISTI supercomputing center (Project No. KSC-2015-C3-039).
Keywords:
Black phosphorus, BP,GW, K-doped

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-co.608

Anomalous structural disorder and distortion in metal-to-insulatortransition Ti2O3
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Abstract:
Mott proposed that impurity bands in corundum-symmetry Ti2O3 at high temperatures caused a collapse in
the bandgap. However, the origin of the impurity bands has not yet been clarified. We examine the local
structural properties of metal-to-insulator-transition Ti2O3 using in-situ x-ray absorption fine structure
(XAFS) measurements at the Ti K edge in the temperature range from 290 to 750 K. The Ti2O3 powder is
synthesized by using a chemical reaction method. X-ray diffraction (XRD) measurements from Ti2O3 with a
Rietveld refinement demonstrate a single-phased R 3 c symmetry without additional distortion. ExtendedXAFS combined with XRD reveals a zigzag pat-terned Ti position and an anomalous structural disorder in
Ti-Ti pairs, accompanied by a bond length expansion of the Ti-Ti pairs along the c-axis for T>450 K. The
local structural distortion and disorder of the Ti atoms would induce impurity levels in the band gap between
the Ti 3d a1g and egπ bands, resulting in a collapse of the band gap for T>450 K.
Keywords:
XAFS, Local structure, Ti2O3, MIT

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-co.609

Understanding the electronic structure of Pt-alloys for surface reactivity
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Abstract:
백금 기반 촉매물질은 연료전지에 쓰이는 촉매물질 중 가장 뛰어난 성능을 가지고 있다. 최근 연구를 통해 백금과
전이금속 물질의 합금을 통해 연료전지의 성능을 크게 높일 수 있음이 알려졌다. 백금 촉매물질에서 전이금속의 역
할을 알기 위한 많은 연구가 이루어졌으며, subsurface의 전이금속의 전자가 surface의 백금층으로 transfer되면서
표면 백금의 전자구조가 변하기 때문이라는 것이 알려졌다. 본 연구에서는 ARPES를 통하여 백금 전이금속 합금 물
질의 전자구조를 측정하였으며, 일함수를 측정하여 표면의 dipole moment와 표면 반응성의 변화를 살표보고 이를
비교하였다.
Keywords:
Pt catalyst, ORR, work function, Electronic structure
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Abstract:
SnSe는 2D layered material로서 각 층들은 Van der waals force로 결합되어 쉽게 분리할 수 있는 특성을 가진 반도
체 물질이다. 최근 발표된 연구에서는 bulk SnSe에서 아주 뛰어난 열전특성(ZT = 2.6 at 932K)을 보이는 것으로
보고되어 관련 연구분야에서 큰 관심을 받고 있다(Zhao et al, Nature 508 373(2014)). 이번 발표에선 본 연구실에
서 자체 제작한 저온주사터널링현미경(low temperature Scanning Tunneling Microscopy, STM)을 이용하여 원자
수준의 SnSe 표면구조에 대해 연구한 결과를 소개하고자 한다. SnSe 표면에 대해 filled state와 empty state에서 각
각 원자 이미지를 관찰하였으며, 세부적인 원자 구조는 DFT image simulation을 통해 비교 분석하였다. 이론적인
SnSe의 표면은 Sn과 Se가 지그재그 패턴의 공유결합으로 구성되어 있다. 하지만 실제로 관측된 이미지는 사각형을
이루는 패턴이 관찰되었다. 자세한 구조를 DFT계산을 통해 알아본 결과, 관측된 원자는 Sn원자이고, 사격형 패턴
은 Sn원자만 관측되어 나타나는 패턴 임을 알 수 있었다
Keywords:
SnSe, STM
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Abstract:
We report the effect of concentration of precursor solutions on the growth mode of ZnO nanostructures
synthesized by using a hydrothermal process. Typical ZnO nanorods were fabricated in the range of
0.05-0.125 M, while the samples grown at high concentrations greater than 0.25 M show the surface spirals.
This can be explained by the change of growth mode from initial dendrite growth to later unidirectional
growth. The screw dislocations associated with surface steps were nucleated near the dendrite boundaries
along the normal direction at the intermediate stage. Such unidirectional growth leads to the formation of ZnO
nanotubes.
Keywords:
ZnO, Hydrothermal process, Unidirectional growth, Screw dislocation, Dendrite, Nanotube.
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Abstract:
Two-dimensional crystals have emerged as a novel class of materials. Black phosphorus (BP) is a twodimensional semiconductor with a moderate band gap, which is different from graphene, and has attracted
growing interests due to its high mobility and optical responses. We have studied the electronic band structure
of single-crystal BP by means of high-resolution angle-resolved photoemission spectroscopy (ARPES). The
experimental ARPES spectra taken with various photon energies and light polarization are directly compared
to previous theoretical band calculations, which is overall in good agreement. Our quantitative analysis based
on a simple tight-binding model allows us to reproduce low-energy band dispersions and to quantify key
tight-binding parameters. This would advance our understanding to the electronic structure of BP and its
fundamental properties.
Keywords:
Black phosphorus, ARPES, band structure.
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Abstract:
Surface chemistry has been addressed as an important conceptual subject in the description of ionic II-VI and
IV-VI colloidal quantum dots (CQDs) because their electronic structures and optical properties are affected by
surface-ligand interactions, namely absorptions of surfactant ligands stabilizing the CQDs. As recently
reported [1], based on density functional theory (DFT), microscopic understandings on surface chemistry of
the CQDs enabled us to control physicochemical properties of the CQDs, for example, air stability of the
CQDs with the surface passivation by absorbing ligands. However, size and shape controls of greener and
covalent III-V CQDs have been challenging due to not only synthetic difficulties, but also lack of
understandings on their surface chemistry. Therefore, to synthesize well-shaped III-V CQDs with narrow size
distributions, it is necessary to attempt solution phase synthesis with various precursors, as well as to
understand complex surface-ligand interactions based on theoretical simulations. Surface chemistry of
tetrahedrally-coordinated III-V CQDs is rather complicated due to presence of fractional dangling electrons
on their surfaces, which are difficult to be passivated with real anionic/cationic ligands. In this study, we
present a halide-amine co-passivation scheme based on DFT calculations together with electron counting
models to elucidate how (111) InP surfaces are stabilized during formation of tetrahedral shaped InP CQDs at
the atomic level [2]. [1] Choi, H.; Ko, J.-H.; Kim, Y.-H.; Jeong, S. Steric-Hindrance-Driven Shape
Transition in PbS Quantum Dots: Understanding Size-Dependent Stability. J. Am. Chem. Soc. 2013, 135,
5278-5281. [2] Kim, K.; Yoo, D.; Choi, H.; Tamang, S.; Ko, J.-H.; Kim, S.; Kim, Y.-H.; Jeong, S. HalideAmine Co-passivated Indium Phosphide Colloidal Quantum Dots in Tetrahedral Shape. Angew. Chem. Int.
Ed. 2016, 55, 3714-3718.
Keywords:
Colloidal quantum dots, III-V, InP, Tetrahedral shape, Halide, Co-passivation
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Abstract:
The controlled growth of atomically thin films is generally important not only for fundamental research but
also for device applications. It is well known that high-quality epitaixal graphene can be fabricated on the
surface of silicon carbide by thermal graphitization in Argon atmosphere [1,2]. We have constructed a furnace
system, equipped with an induction heater for sample annealing at high temperature up to 1900 degree C. In
this system, a variety of growth conditions, such as sample temperature, gas pressure, and flow rate, can
efficiently and precisely be controlled through the feedback mechanism. We carefully optimized growth
conditions for various thickness of graphene, ranging from zero-layer to bilayer. The quality of grown samples
has been checked by means of atomic force microscopy, Raman spectroscopy, low-energy electron diffraction,
and angle-resolved photoemission spectroscopy. [1] C. Bereger et al., J. Phys. Chem. B 108, 19912 (2004).
[2] K. V. Emtsev et al., Nat. Mater. 8, 203 (2009).
Keywords:
Graphene growthEpitaxial graphene
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Abstract:
Recently, friction force microscopy studies of epitaxial graphene on SiC substrate showed that nanoscale
friction of buffer layer is 7-times higher than that of monolayer graphene. To understand the nanoscale
friction of epitaxial graphene on SiC substrate, we investigated the mechanical and adhesive strength of
epitaxial graphene on SiC substrate based on total lateral stiffness in friction profile and binding energy
between tip and epitaxial graphene on SiC obtained from first-principles density functional theory (DFT)
calculations. Our investigations showed that the total lateral stiffness of buffer layer is 3-times higher than that
of monolayer graphene and the total lateral stiffness of epitaxial graphene on SiC substrate cannot be
explained by conventional bulk-to-bulk contact mechanics. And we found that this difference and unusual
behavior of total lateral stiffness is attributed to bending deformation of graphene and shear deformation at
interface between graphene and substrate. In addition, the calculated binding energies showed that its buffer
layer is higher than its monolayer graphene. It means that the adhesive strength of buffer layer is stronger than
that of monolayer graphene. Thus, our findings indicate that the higher friction of buffer layer results from the
greater mechanical and adhesive strength of buffer layer, compared to monolayer graphene.[1] [1] S. Kwon,
J.-H. Ko, J. Woo, G. E. Yang, W.-D. Kim, Y.-H. Kim, and J. Y. Park (in preparation).
Keywords:
nanoscale friction, graphene, total lateral stiffness, contact mechanics theory
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STM study on the surface defects of SnSe semiconductor
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Abstract:
SnSe is a IV - VI semiconductor with 0.9 eV gap and usually exhibits a p-type characteristic. SnSe is one of
2D layered materials, and it has attracted researcher’s attentions due to its excellent physical properties for
future applications. In particular, exceptionally high ZT value (ZT = ~ 2.6 at 923 K) was reported for SnSe
single crystal (Zhao et al, Nature 508 373 (2014)). Even though many researches on SnSe have proposed the
possibilities of various applications so far, surprisingly little information is available regarding the microscopic
structure of SnSe surfaces. Systematic study was done on the surface defects of SnSe via a home-built low
temperature scanning tunneling microscopy/spectroscopy (STM/S). Various defects were characterized by
STM/STS at both filled and empty states. We found that one of most common defects is Sn vacancy.
Keywords:
SnSe, STM
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Abstract:
It has been a long-standing puzzle why buckled dimers of the Si(001) surface appeared symmetric below ∼20
K in scanning tunneling microscopy (STM) experiments. Although such symmetric dimer images were
concluded to be due to an artifact induced by STMmeasurements, its underlying mechanism is still veiled.
Here, we demonstrate, based on a first-principles density-functional theory calculation, that the symmetric
dimer images are originated from the flip-flop motion of buckled dimers, driven by quantum tunneling (QT).
It is revealed that at low temperature the tunneling-induced surface charging with holes reduces the energy
barrierfor the flipping of buckled dimers, thereby giving rise to a sizable QT-driven frequency of the flip-flop
motion. However, such a QT phenomenon becomes marginal in the tunneling-induced surface charging with
electrons. Our findings provide an explanation for low-temperature STM data that exhibits apparent
symmetric (buckled) dimer structure in the filled-state (empty-state) images.
Keywords:
Si(001) surface, quantum tunneling, surface charging
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Abstract:
We report the characteristics of individual ultra-long SnO2 nanowires(NWs) grown on sapphire(0001)
substrates using a vapor transport method. NWs, with typical lengths of >400 mm, grew in NW bundles under
a H2 reducing atmosphere, without metal catalysts. Individual NWs were examined using high-resolution
X-ray diffraction, transmission electron microscopy, and micro-Raman spectroscopy. The results revealed
that the SnO2 NWs grew as high-quality, tetragonal-rutile-phase single crystals with mosaic distributions of
0.02° and 0.026° in the (101) and (110) planes, respectively.
Keywords:
SnO2; Nanowires; Vapor transport method; hydrogen reducing atmosphere; X-ray techniques; Raman.
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나노구조 산화막을 가진 지르코늄 합금의 공기중에서의 고온 산화거동
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Abstract:
원자력 분야에서 널리 사용되어온 지르코늄 기반의 합금은 고온에서 산화되면서 막대한 양의 열과 수소를 방출하여
원전의 건전성에 심각한 위해를 준다. 후쿠시마 원전사고의 원인이 지르코늄 합금 피복관의 산화로 인해 방출된 수
소 폭발임이 밝혀지면서 사고 저항성을 가진 피복관의 개발이 중요한 과제가 되었다. 본 연구팀은 지르코늄 합금의
표면이 나노구조를 가지도록 미리 산화시켜, 더 이상의 산화가 일어나지 않도록 하는 공정을 개발하였다. 나노구조
산화막을 가진 지르코늄 합금과 표면처리를 하지 않은 지르코늄 합금의 고온에서의 산화거동을 TGA 측정을 이용
하여 비교하였다.
Keywords:
지르코늄, 나노구조, 산화막, 고온, TGA
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Abstract:
In the diverse potential applications such as catalytic, photo electronic, sensor, battery, energy harvesting
systems and thermoelectric devices based on the metal-insulator transition in vanadium oxides, controlling
their nanoscale morphology is an important issue these days. We report a systematic study of the metalinsulator transition in VO2 nano wires grown by vapor transport method on Al2O3 (0001) substrates using
vanadium-dioxide (VO2) powder source under hydrogen reduction environment. In-situ XRD studies show a
clear structural phase transition of single crystalline VO2 nanowires between the low T monoclinic and high T
tetragonal phases which exhibit insulating and metallic properties, respectively as shown in x-ray diffraction
data. X-ray diffraction data reveal that the phase transformation occurs in the range of 59-83ºC and 8355ºC for heating and cooling run respectively. The Lattice parameters are found to be (a) for Monoclinic
Structure a=5.37Å, b=4.46Å and c=5.15Å (b) for Tetragonal Structure a=b=4.592Å (in good agreement with
the JSPCD Database). In addition, electron microscopy results reveal that the grown single crystalline VO2
nanowires are well crystalline monoclinic structures having specific angle with each other i.e. 120°.
Keywords:
MIT, Phase Transition, In-situ XRD, SEM, VO2, CVD
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Abstract:
We investigated the growth mechanism of In-doped b-Ga2O3 nanowires (NWs) deposited using radio
frequency powder sputtering. Although the growth sequence of the doped NWs is similar to that of the
undoped b-Ga2O3 NWs, the formation of self-assembled In clusters is much more favorable compared to Ga
clusters. In clusters acted as seeds for initiating the growth of In-doped b-Ga2O3 NWs through a self-catalytic
vapor-liquid-solid mechanism, while Ga seeds initiated the growth of undoped b-Ga2O3 NWs by the same
mechanism. We also observed zigzag NWs originating from the alternation of the growth directions.
Keywords:
Ga2O3 nanowire, In-doped, RF powder sputtering, Self-catalytic VLS
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Abstract:
It’s important to understand physical and chemical properties such as friction, adhesion, and work function of
atomic steps, because they play a crucial role in determining surface reactivity. The frictional properties of the
step edges on pristine graphene and graphite surfaces have been studied both experimentally and theoretically.
Recent advances of mapping of nanomechanical properties in atomic force microscopy have allowed a few
mechanical properties mapped across entire scan area. Here, we’ve investigated nanomechanical properties of
highly ordered pyrolytic graphite (HOPG) using atomic force microscopy. Studies on external and internal
steps of HOPG have revealed that external steps are more reactive than internal steps formed during crystal
growth. We’ve again explained the different reactivity of two types of steps by mapping of adhesion forces
along the external step edges. The adhesion of internal step edges exhibited quite different contrast of adhesion
compared to that of the terrace. We found that pull-off force of tip-sample interaction was lower at the upper
edge of external steps and higher at the lower edge of external steps. We discuss the effect of electrostatic
effects and tip-sample contact geometry on the observed contrast across the external step edges.
Keywords:
graphite, step, adhesion, friction
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Abstract:
Using optical-pump terahertz-probe spectroscopy, we investigated ultrafast photocarrier dynamics of the
Bi1.5Sb0.5Te1.7Se1.3 single crystal which is one of the most bulk-insulating topological insulators. Overall, a
relaxation time of the transient transmission spectrum is several times longer than that of Bi2Se3, which is
attributed to the much lower doping concentration for Bi1.5Sb0.5Te1.7Se1.3 compared to Bi2Se3. Interestingly, we
found that the relaxation process for Bi1.5Sb0.5Te1.7Se1.3 occurs by taking at least two different time scales.
Furthermore, we observed a nonlinear change of the transient transmission spectrum as a function of the pump
fluence. We discuss the possible contribution from the surface Dirac fermions to explain these distinct
behaviors observed in Bi1.5Sb0.5Te1.7Se1.3 at room temperature.
Keywords:
topological insulator; BSTS, terahertz spectroscopy
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Abstract:
We discuss an application of the anomalous chromomagnetic quark-gluon-pion interaction induced by
instantons in the QCD vacuum to the energy loss of heavy quark in quark gluon plasma. We compare the
energy loss of a heavy quark by the anomalous chromomagnetic quark-gluon-pion interaction with the loss
by the perturbative QCD.
Keywords:
chromomagnetic quark-gluon-pion interaction, instantons, energy loss, heavy quark
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Abstract:
Red TL trap parameters (i.e. the activation energy (E), frequency factor (S), life time (τ)) were determined by
two methods: initial rise (IR) method and glow curve fitting (GCF) method. The activation energy values could
be obtained for several temperatures using IR method, which suggested that red TL glow curve was composed
of several peaks. In order to estimate the precise kinetics parameters, the GCF method was conducted on the
basis of the result of IR method. As a result, the activation energy values estimated from GCF method were in
accordance with the results of IR method within standard deviation.
Keywords:
Quartz, Trap parameters, IR method, GCF method
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Abstract:
Estimation of the exact amount of beam particles incident to the target atoms in extremely important for
determining the differential cross section of the nuclear reactions. In many cases, the beam count rate is limited
to about 100,000 particles per second for many types of beam tracking detectors such as PPAC, MWPC, and
ionization chamber. The previously developed and commissioned fast gas-filled ionization chamber by chat et
al. utilizes multiple electrodes to overcome this limit. It became, however, more difficult to quickly calculate the
energy loss of the beam particles (or heavy recoils) for the new ionization chamber due to much larger number
of electrodes used and the adjustable distance between the electrodes. A new interactive energy loss calculation
tool was developed by using the object-oriented programming language, JAVA. More details of the software
tool and the performance will be discussed.
Keywords:
ionization chamber, energy loss
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Abstract:
DSSD, GAGG scintillator에 기반한 컴프턴 카메라에 대해 Monte Carlo simulation을 수행하였다. 컴프턴 카메라
의 영상에 영향을 주는 검출기 사이의 간격, 픽셀의 크기, 소스와 산란부 사이의 거리, 흡수부의 회전, 감마선의 에
너지에 대하여 분석하였다. 이러한 분석을 통하여 efficiency와 image resolution 그리고 검출기의 threshold 값을
모두 고려한 최적의 컴프턴 카메라 구성에 관한 연구를 수행하였다. 이 성과는 2015년도 정부(미래창조과학부)의
재원으로 한국연구재단의 지원을 받아 수행된 연구임 (No.NRF-2014R1A1A3051983).
Keywords:
Compton camera, DSSD, GAGG, Monte Carlo simulation, Efficiency, Image resolution, Threshold.
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Abstract:
Study of optimization of X-ray generation tube is an interesting area. Particularly, X-ray tube based on
carbon nanotube has attracted attention recently. In many articles, the well-known monte carlo simulation
toolkit, Geant4 has been used to optimize X-ray tube parameters and to obtain spectral energy distribution of
X-ray. Many analytical simulator for trajectory analysis of accelerated electrons consider the effect of
electromagnetic field between charged particles as well as showing the space charge effects. The momentum of
accelerated electrons differs for each other because of space charge effects, and the variation of momentum
generates different spectral energy distribution of X-ray. Particularly, accelerated electrons which has energy
range of soft and hard X-ray area show more diverse dynamics for that effect. However, Geant4 does not
consider the electromagnetic field effect between charged particle beam and can not show precise trajectory for
charged particle beam. Therefore, the electromagnetic field from each charged particles of beam needs the
calculation for more precise simulation using Geant4. In this study, we implement electromagnetic field based
on Liénard–Wiechert potential on Geant4 and show differences of spectral energy distribution of generated
X-ray, considering the existence of the field. The results obtained in this study show that the space charge
effect is an important factor for more precise optimization of X-ray generation tube. Additionally, the results
can be also used to optimize the processes on ion chamber and proton therapy simulation areas.
Keywords:
X-ray, space charge effect, GEANT4, Liénard–Wiechert
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CTOF PMT Installation and Performance Studies at JLab
NI Andrey1, TAN Joshua Artem1, KIM Woo Young*1, BURKERT Volker2, CARMAN Daniel2, ASRYAN
Gegham2
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Abstract:
The Central Time-of-Flight (CTOF) system is a part of CLAS12 detector used to measure the flight time of
charged particles emerging from interactions in the target. The KNU nuclear physics group participated in
R&D process of CTOF system during the last decade. We contributed to wrapping, installation, testing, and
calibration of all CTOF system components. In order to allow operation of the PMTs in environment with
magetic fields, they must be operated within specially designed multi-layer magnetic shieldings (MS). We
report the elaborate installation process, performance studies, and field reduction factors for the CTOF PMT
magnetic shieldings. The studies were performed placing a complete production shield in the fringe field of the
FROST superconducting solenoid in positions where the field strength and gradient closely matches to the
expected fields the shield will encounter within the fringe field of the CLAS12 solenoid in Hall B. The fields
inside PMT completely match the expectations from the calculations. The results and future plans will be
presented.
Keywords:
CTOF, CLAS12, PMT, Plastic Scintillator , Timing resolution, High magnetic field
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Growth and characterization of Cs2Mo2O7 crystal
SON Jukyung, KIM Hongjoo*
Department of Physics, Kyungpook National University
*
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Abstract:
The AMoRE (Advanced Mo-based Rare process Experiment) collaboration is searching for 100Mo neutrinoless
double beta decay with Mo-based crystals in a cryogenic environment. As part of this, we continue our search
suitable Mo based crystals for use in this experiment. In this poster, we report on the growth of a Cs2Mo2O7
crystal by the Czochralski method and measurements of its emission spectrum with a 266 nm laser source from
temperatures that range from 10 K to 300K. In addition, we discuss investigations of the DSC (Differential
Scanning Calorimetry) and XRD (X-ray Diffraction) analysis of this crystal.
Keywords:
AMoRE, Cs2Mo2O7 crystal, Neutrinoless double beta decay, Luminescence
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컴프턴 카메라 구성 검출기의 반응 위치 결정을 위한 통계적 알고리즘
연구
조화연*, 이춘식*
중앙대학교 물리학과
*
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Abstract:
컴프턴 산란에 기반을 둔 감마선 영상 장치인 컴프턴 카메라의 산란부 및 흡수부로 활용되는 감마선 검출기는 감
마선의 반응 위치 도출이 가능하며 에너지 분해능이 우수해야 하기 때문에 현재 반도체 검출기 및 섬광제 검출기가
널리 사용되고 있다. 그러나 감마선 반응 위치에 대한 오차는 검출기의 기하학적 구조에 의존하게 되기 때문에, 이
를 향상시키기 위한 방안으로 신호 파형분석을 통한 반응 위치의 오차를 줄이는 방법을 적용하고 있다. 본 연구에
서는 컴프턴 카메라의 구성 검출기에 대해 전산 모사 코드와 이론적 계산을 통해서 감마선 검출기의 신호의 특성을
파악하고 복잡한 검출기의 전극 구조와 전기적 잡음을 신호 파형 형성에 기여하는 변수로 활용하여 감마선 에너지
에 따른 최적의 반응 위치를 통계적으로 산출하는 알고리즘을 연구하였다. 검출기에서 감마선의 반응 위치에 대한
신호 파형을 각 변수에 대한 확률 분포 함수로 변환한 후, 컴프턴 영상 재구성에 사용하는 최대 가능도 기대치 최대
화(ML-EM) 알고리즘을 사용하여 반응 위치를 결정하였다.
* 이 성과는 2015년도 정부(미래창조과학부)의 재
원으로 한국연구재단의 지원을 받아 수행된 연구임 (No.NRF-2014R1A1A3051983)
Keywords:
컴프턴 카메라, 신호 파형분석, 통계적 알고리즘, 감마선 영상장치
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Study on small light detectors for 1 cm3 crystals
KIM Hyelim1, KIM Yong-Hamb*2, KIM Hong Joo*1, JO Hyon-Suk2, KANG Chan Seok2, KIM Geon-Bo2,
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Abstract:
Low-temperature detectors have demonstrated their extreme sensitivities better than conventional
semiconductor-based detectors. This cryogenic particle detection can provide not just high energy resolution
but also clear event-by-event discrimination. Using a scintillation crystal as an absorber, scintillation light
detection can be another detection chain in a simultaneous measurement with its phonon signal. We developed
a detector system for 1 cm3 crystals in order to study scintillation and phonon properties. In this presentation,
we report on the recent improvement of light detectors for the 1 cm3 system. The performance of the light
detectors is presented using 60 keV γ-rays with metallic magnetic calorimeter (MMC) readout.
Keywords:
Lowtemperature detectors, Light detector, Crystal, Scintillation, Metallic magnetic calorimeter
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Growth and characterization of PbGa2Se4 crystal
PHAN Vuong Quoc, KIM HongJoo*, PANDEY Indra Raj, SON Jukyung, JANG Jonghun
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Abstract:
The semiconductor detector operated at room temperature with high gamma detection efficiency is under
active development. Lead digallium teraselenide (PbGa2Se4) is one of the good candidates due to its high Z and
high energy band gap (~ 2.3 eV). In this study, the first ingot of PbGa2Se4 crystal was grown by using vertical
Bridgman technique. The resistivity of these samples with silver paste contact is in the range of 1011 Ωcm-1.
The current response of this sample with respect to the current of X-ray beam is very linear.
Keywords:
Semiconductor detector, Lead digallium teraselenide, Bridgman technique
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Simulations of external & internal backgrounds in the AMoRE-pilot
experiment
하대훈1, 김홍주*1, For the AMoRE Collaboration2
1

경북대학교, 2AMoRE

*
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Abstract:
AMoRE-pilot is part of an experimental program to search neutrino-less double beta decay from 100Mo in
CaMoO4 crystals; it is currently operating at the Yang-Yang underground laboratory.
The AMoRE
experiment needs ultra-low crystal detectors in an ultra-low background environment. To achieve these low
background levels, we need to have a detailed understanding of the internal background sources inside the
crystals as well as external backgrounds from the experimental equipment and environment. Essential tool for
this are detailed simulations of backgrounds from the different sources. In this poster, we will present the
effects of 238U, 232Th, and 40K contaminations inside crystal and surrounding materials determined by
simulations using the Geant4-toolkit.
Keywords:
AMoRE, Background, Simulation
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Monte Carlo design study of multi-layered neutron detectors based on
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Abstract:
Neutron detection is an essential means for applications to the border security such as radiation portal
monitoring system as well as the radiation protection. One of the widely used types of the neutron detectors
have been the 3He-based detector so far, which was called "golden-standard". A replacement of that, however,
should be required since 3He gas is being depleted rapidly. Enriched boron carbide (10B4C) is a strong
candidate for the 3He replacement. To increase detection efficiency, we have designed multi-layered neutron
detectors based on 10B4C thin film in this study. For the purpose, the designs were evaluated and verified by
using Monte Carlo method by using Geant4.
Keywords:
neutron, neutron detector, boron carbide, homeland security, border security
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Synthesis of CaMoO4 powder from purified (NH4)2MoO4 and Ca
(NO3)2 Solutions
KARKI Sujita1, ARYAL Pabitra1, PARK Hyang Kyu2, KIM HongJoo*1
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Abstract:
The AMoRE (Advanced Mo Based Rare Process Experiment) collaboration is using calcium molybdate
CaMoO4 (CMO) crystals in a search for neutrino less double beta decay of 100Mo. As part of the R&D in
support of this effort, CaMoO4 powder is synthesized directly by removing low background impurities present
in commercial MoO3 powder, in a (NH4)2MoO4 solution, and CaCO3 powder in a Ca(NO3)2 solution. These
purified solutions are then mixed together to synthesize the CaMoO4 powder that is subsequently used to grow
CMO crystals. The purification is done with various methods including: sedimentation, co-precipitation and
ion-exchange column chromatography. The effectiveness of the purification techniques are evaluated with
ICP-MS (Inductively Coupled Plasma Mass Spectrometery) and HPGe (High Purity Germanium)
measurements.
Keywords:
AMoRE, neutrino less double beta decay, synthesize,
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Status of the focal plane detector development for the KOBRA
spectrometer
KIM Eunhee*, LEE Kwang Bok, AKERS Charles Anthony, PARK Jin Hyung, KIM Young Jin, LEE Hyo Sang,
KWON Young Kwan
Rare Isotope Science Project, Institute for Basic Science
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Abstract:
The KOBRA spectrometer at RAON requires a focal plane detection system which provides information on the
position, angle, timing and energy for identification of recoil products. To develop the focal plane detector for
KOBRA, we brought a hybrid focal plane detector used at the focal plane of the CNS radioactive ion beam
separator (CRIB), RIKEN. The detector consists of two position counters and two energy-loss counters. We
have repaired the broken parts of the detector and will conduct its performance test soon. Based on the studies
of this detector as well as cathode-readout drift chambers used at SHARAQ and VAMOS, we will develop the
prototype of the focal plane detector. In this poster, current status and test results of the focal plane detector
will be presented.
Keywords:
focal plane detector, KOBRA, RAON
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Development status of the beam line detector for the KOBRA
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Abstract:
To monitor the beam profile and track the particles from the nuclear collisions, we need a position
sensitive beam tracking system at the focal planes. For that purpose, a parallel-plate avalanche counter (PPAC)
has been developed and tested. The current PPAC has an active area of 10 cm * 10 cm and we are
developing bigger size one to increase the geometrical acceptance. But it raises technical issues because it is
getting hard to produce electrodes and control the detector as the active area increases. In this poster, design
and simulation study of the big size PPAC will be shown and also development plan for other beam line
detectors of MWPC, MCP and diamond detector will be introduced.
Keywords:
PPAC, Beam Line Detector, Beam Tracking, Large Size, Design, Simulation, RAON, KOBRA Spectrometer, IF
Separator
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The study of the alanine Electron Paramagnetic Resonance(EPR)
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Abstract:
In this study alanine pellet dosimeter samples were irradiated at five different absorbed dose range from 5 to 25
Gy using 137Cs gamma-ray blood irradiator (Biobeam-8000, STS GmbH, Germany) The samples were put
into quartz, thin wall Electron Paramagnetic Resonance (EPR) tubes and measured with a EPR spectrometer
( Elexsys E500, Bruker, USA) operating at X-band. The EPR signal intensities were defined to be the peak to
peak height for the most intense EPR lines per sample mass. To ensure reproducibility of the EPR signal
intensity, the samples were examined at the same instrument settings. The calibration curve was fitted with the
average signals of 4 pellets irradiated to 5, 10, 15, 20 and 25 Gy each at a fixed temperature. This study
demonstrated that alanine dosimetry can accuracy measure the radiation absorbed dose range in between 5-25
Gy. This work was supported by the National Research Foundation of Korea(DIRAMS) grant funded by the
Korea government(MSIP) (No.50496-2016)
Keywords:
Electron Paramagnetic Resonance, EPR, alanine dosimetry , blood irradiator
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Abstract:
With regard to experiments searching for rare phenomena like the double beta decay or dark matter search, it
is important to require detectors working in ultra-low background conditions. At the sea level, the long-lived
radioactive isotopes could be produced by the detector exposure to cosmic rays. It might be even more
important than remaining radioactive contamination of crystals and could be quite tricky and difficult. We
studied feasibility of activation of CaMoO4 crystal by proton-induced reaction about naturally abundant
nuclide of the Ca, Mo and O. The 88,99Mo, 92,93,94,95,96,99mTc and 88m,90,95Nb radionuclides for proton-induced
reactions on molybdenum were measured with CaMoO4 crystals targets of natural isotopic composition using
HPGe gamma spectrometry in the proton energy range 21.4 – 54 MeV at Korea Multi-Purposed Accelerator
Complex.
Keywords:
Cosmogenic activation, CaMoO4 crystal, Double beta decay, Dark matter search, Proton-induced reaction
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Large size CaMoO4 crystal growth and its scintillation properties
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Abstract:
We have studied neutrinoless double beta decay of Mo-100 with CaMoO4 single crystals for the AMoRE
experiment. Crystal growing study is on beginning stage so it is necessary to optimize from powder preparation
to crystal growth. The CaMoO4 crystals were successfully grown by Czochralski method with commercial
powder and the grown crystals have strong coloration because of oxygen deficiency. XRD analysis was
perfomed to assess phase purity of grown CaMoO4 crystals. The crystals were cut 10 mm3 from top, middle,
and bottom part then annealed in furnace at 1200℃. Scintillation properties measurements were carried out by
gamma and X-ray excitation and the measured results were compared with reference CaMoO4 crystal which
was grown by Ukraine group.
Keywords:
Czochralski, CaMoO4, AMoRE experiment, scintillation
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Abstract:
해운 물류 안전/보안 시스템을 위한 항만용 컨테이너 검색기를 개발하기 위하여, CdWO4 (CWO) 결정 섬광체와
결합할 광 다이오드 센서를 두 차례에 걸쳐 설계 및 제작하였다. 개발된 광 센서는 p-i-n 구조를 갖지만, 작동 원리
와 수광부의 위치에서 차이를 보인다. 첫 번째로 제작된 센서는 최대공핍층 (fully depletion (FD) layer)을 형성한
상태에서 입자를 검출하고, n-side에 수광부, p-side에 신호출력부가 각각 위치하도록 설계되었다. 반면, 제작 중에
있는 두 번째 센서는 공핍층을 크게 형성하지 않고 (non-fully depleted, NFD), 수광부와 신호출력부가 모두
p-side에 설계되었다. NFD 센서의 경우, 최대공핍영역을 필요로 하지 않으므로 구동 전압이 낮고, 수광부와 신호
출력부가 같은 면에 있으므로 신호 수집 효율이 높을 것으로 기대된다. 신호출력부와 수광부의 위치에 따른 센서의
성능을 비교하기 위하여, FD 센서와 LED (465 nm)를 이용하여 에너지 분해능 측정 실험을 수행하였다. 이로부터
FD 센서의 기존 구동 방법과 NFD 센서와 유사한 상황에서의 실험 결과를 비교 및 분석하였다. 본 포스터에서는 실
험에 사용된 FD 센서의 전기적 특성 측정 결과와 LED 실험으로부터 획득한 에너지 분해능 결과를 발표하고, 새롭
게 설계하여 제작 중에 있는 NFD 센서의 마스크 디자인을 소개한다.
Keywords:
컨테이너 검색기광 다이오드 센서Non-fully depletion
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Abstract:
A data-based photonuclear reaction model for GEANT4 is developed for a more accurate simulation of
photon-induced neutron production. The evaluated photonuclear cross-sections from the ENDF/B-VII.1 are
taken as input data. Incident photon energies up to 140 MeV which is the threshold energy for the pion
production are considered. For checking the validity of the use of the data-based model, we calculate
photoneutron production yields and compare them with experimental data in the region of incident photon
energy Eγ < ~ 30 MeV. The results obtained from the developed model are found to be in good agreement
with the experimental data for (γ,xn) reactions.
Keywords:
Photonuclear reaction, Photoneutron, ENDF/B-VII.1, GEANT4
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Abstract:
Relativistic analyses based on the Dirac equation are performed for the intermediate energy unpolarized proton
inelastic scattering from an s-d shell nucleus 24Mg. Using the optical potential model, the scalar and time-like
vector optical potentials are considered in the Dirac coupled channel calculations. The optical potential
parameters using the Woods-Saxon geometry and the deformation parameters using the collective model to
describe the high lying collective excited states are determined using the numerical method in order to
reproduce the experimental differential cross section data. The calculated results are compared with those of
the nonrelativistic calculations and those of other s-d shell nuclei.
Keywords:
relativistic analyses, optical potential model, s-d shell nuclei, Dirac equation

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-nu.022

Measurement of nuclear reaction cross sections of natPd(n,x)99Mo and
nat

Pd(n,x)99mTc reactions induced by high energy neutrons
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Abstract:
We measured cross sections for natPd(n,x)99Mo and natPd(n,x)99mTc reactions in the high energy neutrons
generated by 25MeV, 35 MeV and 45 MeV proton beams at the Korean Institute of Radiological and Medical
Sciences (KIRAMS). The quasi-mono energetic neutron spectrum was by 9Be(p,n)9B reaction. The above cross
sections were measured by using the activation and off-line γ–ray spectrometric system consist of 4K
multichannel analyzer with HPGe detector. Natural Palladium is a multi-isotopic element. However it was
observed that major yield route of considered radionuclides is through Palladium-104. It is because the
reactions required less reaction threshold energy due to higher alpha particle emission probability. In order to
measure neutron flux theoretically MCNPx simulation code was utilized. TALYS-1.6 theoretical code and
TENDL-2015 library were also used to compare experimentally measured cross sections with theoretical
values. Present experimental results show good agreement between experimental data and theoretical values.
Keywords:
Quasi-mono energetic neutron; Neutron energy, off-line g-ray spectrometry; 9Be(p,n)9B reaction; MCNPX
simulation; TALYS-1.6, TENDL-2015
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Thermal neutron capture and resonance integral cross section of 187Re
NGUYEN Hien Thi, KIM Guinyun*, KIM Kwangsoo, MUHAMMAD Nadeem
Department of Physics, Kyungpook National University, Daegu 702-701, Korea
*

gnkim@knu.ac.kr

Abstract:
The thermal neutron capture cross section (σ0) and resonance integral (I0) of the

187

Re(n,γ)188Re reaction

have been determined relative to that of the 197Au(n,γ)198Au monitor reaction by the neutron activation
method at the Pohang Neutron Facility (PNF) based on the 65-MeV electron linac of the Pohang Accelerator
Laboratory (PAL). The induced activities in the activated foils were measured with a high purity germanium
(HPGe) detector. The measured thermal neutron capture cross section for the 187Re(n,γ)188Re reaction has
been determined to be σ0,Re = 73.39 ± 2.04 barn relative to the reference value of σ0,Au = 98.65 ± 0.09 barn
for the 197Au(n,γ)198Au reaction. The resonance integral cross section for the 187Re(n,γ)188Re reaction has
been determined to be I0,Re = 317.44 ± 18.31 barn relative to the reference value of I0,Au=1550 ± 28 barn for
the 197Au(n,γ)198Au reaction by using a 1/E epithermal neutron spectrum and assuming the cadmium cut-off
energy of 0.55 eV. The present results are compared with literature values and discussed.
Keywords:
Thermal neutron capture cross section; Resonance integral; Activation method; 187Re(n,γ)188Re;
198

Au.

197

Au(n,γ)
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Measurement of neutron capture cross sections for 161Dy and 163Dy at
MLF beam line of J-PARC
SHIN Sung Gyun1, KYE Yong Uk1, WON Namkung2, CHO Moo Hyun1, KIM Guinyun*3, KIM Kwangsoo3,
LEE Man Woo4, KANG Yeong-Rok4, RO Taeik5, LEE Ji Eun5
1

Division of Advanced Nuclear Engineering, Pohang University of Science and Technology, 2Pohang Acclerator

Laboratory, 3Department of Physics, Kyungpook National University, 4Dongnam Institute of Radiological and
Medical Science, 5Department of Physics, Dong-A University
*

gnkim@knu.ac.kr

Abstract:
We measured neutron capture cross-sections for isotopically enriched 161Dy and 163Dy sample using the timeof-flight method in the energy range of 10 meV to 1 keV. The experiments were carried out at the Materials
and Life Science Experimental Facility (MLF) of the Japan Proton Accelerator Research Complex (J-PARC).
The NaI(Tl) spectrometer of the Accurate Neutron-Nucleus Reaction Measurement Instrument (ANNRI) was
used to detect gamma-rays from the neutron capture reaction. In order to estimate the scattered neutron
background, we used the carbon sample and to measure the neutron spectrum, we used the boron sample. The
gold sample was used for monitoring neutron flux. The detector response function was determined using the
Monte Carlo simulation. The measured capture cross sections were compared with the existing values from
EXFOR (Experimental Nuclear Reaction Data) data. *This R&D was supported by the NRF?grant funded by
MEST (Center for Korean J-PARC Users, Grant No. NRF-2013K1A3A7A06056592, BK21+ program
through the National Research Foundation of Korea funded by the Ministry of Education, and The National
R&D Program through the Dong-nam Institute of Radiological & Medical Sciences (DIRAMS) funded by the
Ministry of Science, ICT & Future Planning(50496-2016)
Keywords:
neutron capture cross-sections, dysprosium, time-of-flight
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Measurement of Proton-induced relative cross-section for 206Pb(p,x)
reactions by 100 MeV Proton Accelerator
LEE Jieun1, JANG Heejin1, YOON Jungran1, RO Taeik1, LEE Samyol*2
1

Department of Physics Dong-A University, 2Department of Radiological Science Dongseo University
*
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Abstract:
The measurement of delayed gamma-ray energy spectrum from residual nuclide for 206Pb(p,x) reaction was
performed by irradiating the Pb target with 100 MeV protons using the linear accelerator at KOMAC. The
accelerator system was operated on the condition of 1 Hz pulsed beams. The activation of sample used stacked
foil irradiation technique. The gamma-rays were measured by gamma-spectroscopy system with HPGe
detectors calibrated and normalized with the standard gamma-ray sources. We measured the delayed gammaray energy spectrum and analyzed relative nuclear reaction cross section. The radionuclides of Bi, Pb, Tl and
Hg are pordcued (p,xn), (p,pxn), (p,αxn) and (p,αpxn) reactions. The current results are compared with the
previous experimental data EXFOR and the evaluated ENDF/B-VI data. Acknowledgement: • Regarding this
experiment, it was honor to have an opportunity to be offered all of relative stuff, especially the people who let
us conduct our successful research in KOMAC. • This work was supported by Dongseo University, “Dongseo
Frontier Project” Research Fund of 2014
Keywords:
proton nuclear reaction, 100 MeV proton accelerator, relative cross-section
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Measurement of neutron capture cross-sections of 162Dy, 164Dy at
J-PARC/MLF/ANNRl
LEE Jieun1, RO Taeik*1, KIM Kwangsoo2, KIM Guinyun2, LEE Man Woo3, KANG Yeong-Rok3, SHIN Sung
Gyun4, CHO Moo Hyun4
1

Department of Physics of Dong-A University, 2Department of Physics of Kyungpook National University,
3

Dongnam Institute of Radiological and Medical Science, 4Division of Advanced Nuclear Engineering,
POSTECH
*
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Abstract:
The neutron capture cross-sections of 162Dy, 164Dy were measured at the MLF (Materials and Life Science
Experimental Facility) of the Japan Proton Accelerator Research Complex (J-PARC). The capture gammarays were detected with the NaI(Tl) spectrometer of ANNRI (Accurate Neutron-Nucleus Reaction
Measurement Instrument). The neutron capture cross-sections were determined by the Time-of-Flight (TOF)
method in the neutron energy region from 0.01 eV to 1 keV. The experiment results will be compared with the
previous experimental data JENDL-4.0 and the evaluated ENDF/B-VII.1 data. *This R&D was supported
by the NRF grant funded by MEST (Center for Korean J-PARC Users, Grant No. NRF2013K1A3A7A06056592). *This work was supported by the National Research Foundation of Korea
(DIRAMS) grant funded by the Korea government(MSIP) (No. 50496-2016)
Keywords:
J-PARC, neutron capture cross-sections, dysprosium, time-of-flight
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TALYS 및 PHITS 전산모사를 이용한 96Zr(α, n)99Mo 핵반응 단면적
계산
박상인1, 함철민1, 홍승우*2, 박태선2
1
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Abstract:
99m

Tc 는 핵의학 진단영상에 사용되는 동위원소의 80 % 이상을 차지하여 수요가 매우 높은 동위원소이다.

반감기가 T1/2 = 6 h으로 짧아, 모 핵종인

99

99

Mo을 추출하고 있는데 이들 원자로의 노후화 등으로 인해, 가속

기를 이용한 다른 생산 방식에 대한 연구가 활발하다. 가속기를 이용한
Mo 핵반응은 다른 Tc 동위원소를 생산하지 않으면서

반응에 대한 연구가 관심을 끈다. 과거

96

99

Mo/99mTc의 생성 연구 중

99

Zr(α, p) Nb(T1/2 = 15 s) →

99

96

Zr(α, n)

99m

Tc 동위원소를 생성할 수 있는 장점을 갖고 있어 이 핵

99

Zr(α, n) Mo 핵반응 단면적은 다른 연구그룹에 의하여 stacked foils

method로 두 차례 이루어졌으나, 실험 결과 간의 차이를 보이고 있다. 또한,
96

Tc은

Mo(T1/2 = 66 h)를 생산하여 보급한다. 전세계적으로 몇 개의 연구용

원자로에서 고농축 우라늄(HEU) 표적을 이용해
99

99

96

Zr에 alpha빔 조사시 발생할 수 있는

Mo 과정을 stacked foils method를 이용한 실험에서 반영하지 않은 문제도 있

다. 본 연구에서는 TALYS 1.8 및 PHITS 2.76 코드를 이용하여

96

Zr(α, n)99Mo 및

을 계산하였으며, 실험 결과와 비교를 수행하였다. TALYS와 PHITS 의

96

96

Zr(α, p)99Nb 핵반응 단면적

Zr(α, n)99Mo 핵반응 단면적은 매우 유

사한 형태를 보이고 있으나, 실험과는 차이를 보인다. 또한 실험값이 존재하지 않는 96Zr(α, p)99Nb에 대해서는
TALYS와 PHITS 결과 사이의 차이가 매우 크게 나타나고 있어, 추가적인 연구가 필요하다.
Keywords:
alpha, Zirconium, Molybdenum, TALYS, PHITS, medical isotope
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Low Pressure Spin-exchange Optical Pumping of 129Xe
KAVTANYUK Vladimir, TAN Joshua Artem, NI Andrey, STEPANYAN Samuel, PARK Sung Woo, ANDO
Yu, SO Ji Eun, BAE Yeong Cheol, KIM Woo Young*
Kyungpook National University
*
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Abstract:
We present a spin-exchange optical pumping (SEOP) method of 129Xe at low pressure, ~500 Torr, regimes
where the van der Waals molecules dominate thus enhancing the spin exchange rate. To compensate the
anticipated decrease in absorption of laser light, borosilicate glass cell elongated along the laser light
transmission axis is used and the gas mixture employed in SEOP is circulated to flow against the direction of
the laser light. Circularly polarized laser light with wavelength tuned to 794.7 nm is used. To further improve
the efficiency of SEOP, N2 and 4He are used as buffer gases. Polarization measurements are performed by using
upgraded nuclear magnetic resonance (NMR) system which employs a permanent magnet with 217.3 G and
99.4% homogeneous effective field, new electrical components of better performance, and optimized NMR
measurement software essential in acquiring signal of good quality. NMR measurements are performed using
free induction decay (FID) mode and water sample is used in calibrating NMR signal. We obtained ~3%
polarized 129Xe with 100 Torr of Xe, 130 Torr of N2, and 350 Torr of 4He.
Keywords:
Polarized

129

Xe, Spin-exchange optical pumping
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악티늄 계열 224-234 Th핵의 구조 연구
이수연*, 이영준, 이종환
동의대학교 물리학과
*

syyi@deu.ac.kr

Abstract:
232

Th이 포함된 핵연료를 사용하면 방사성 폐기물의 발생량을 줄일 수 있으므로 이러한 효과를 발휘할 수 있는

232

Th의 구조를 파악하는 것이 오늘날 우리가 처해있는 방사성 폐기물 처치곤란의 문제를 해결하기 위해 어느 때보

다 중요한 근원적인 연구과제라 할 수 있다. 핵구조(nuclear structure)의 파악은 어떠한 구조적 특징으로
그러한 영향을 미치는지에 대한 이유를 확인하는 중요한 단계이다. 본 연구는
핵구조 이론인 IBM을 이용하였다.
하여 실험값과 비교하였다.

232

Th 뿐 아니라 악티늄계열에 해당하는

Keywords:
IBM, U(5), SU(3), O(6), X(5), Thorium

232

232

Th이

Th의 구조를 파악하기 위해 대수적

224-234

Th 짝수-짝수 핵의 구조를 계산
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Search for a Charged Higgs Boson Decaying to a Pseudo-scalar Boson
and a W Boson at 13 TeV using CMS Detector
BHYUN Jihwan*, YU Geumbong, YANG Un-ki
Department of Physics and Astronomy, Seoul National University
*

bjhd13s@snu.ac.kr

Abstract:
The Standard Model Higgs was discovered at the LHC but the exact structure of Higgs sector still remains as a
question. In various models beyond the Standard Model, extra Higgs particles are predicted to exist. We
present a study of a charged Higgs boson decaying into a pseudo-scalar boson, A, and a W boson. In this
search we use top pair events where one top decays into a W and a b-quark, the other top decays into
a charged Higgs boson and a b-quark. This study was performed on the final state of 3 leptons, at least 2 of
which are muons with opposite charges, at least 4 jets, and large missing transverse energy.
Keywords:
Charged Higgs, Pseudo-scalar Higgs, top, CMS, LHC
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Higgs to dimuon search with the CMS detector
김병준, 박인규*, 이상훈*
서울시립대학교 물리학과
*
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Abstract:
We present the results of a search for the standard model Higgs boson production in the rare decay channel in
proton-proton collisions at 13 TeV. The data samples, recorded by the CMS experiment at the LHC,
correspond to integrated luminosities of 2.3~fb^(-1). To enhance the Higgs signal over the dominant DrellYan background, the events are categorized by topologies corresponding to different production processes
Keywords:
Higgs, dimuon, CMS, detector, Run II, full simulation
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Search for the production of dark matter in association with top-quark
pairs in the di-lepton final state in proton-proton collisions at sqrt(s)
= 13 TeV
HEO Gunwoo, PARK Inkyu*, LEE Jason*, KO Byeonghak
Department of Physics University of Seoul
*

icpark@uos.ac.kr, jason.lee@cern.ch

Abstract:
A search is presented for particle dark matter produced in association with a pair of top quarks in pp collisions
at a centre-of-mass energy of sqrt(s) = 13 TeV. The data were collected with the CMS detector at the LHC
and correspond to an integrated luminosity of 2.3 inverse femtobarns. This search requires the presence of two
lepton, multiple jets, and large missing transverse energy.
Keywords:
Dark matter, ttbar, CMS, LHC
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study using hadronic tagging method
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Abstract:
We present an inclusive study on the measurement of the branching fraction of the radiative B meson decay ,
using the full data sample collected with the Belle detector at the KEKB asymmetric-energy collider,
corresponding to 753 × 106 pairs. One of the B mesons in the decay is fully reconstructed in hadronic modes,
and the radiative photon is sought in the decay of the other B meson. We plan to obtain the CP asymmetry and
the isospin asymmetry according to the measured photon energy spectrum.
Keywords:
b to s gamma, hadronic tagging, belle, fcnc, flavor changing neutral current, fullrecon, ewp
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Search for the decay at the Belle experiment using hadronic tagging
육영민*
연세대학교 물리학과
*

yookym@gmail.com

Abstract:
We search for the lepton flavor fiolating decay () using 772M pairs collected at resonance with the Belle
detector at the KEKB asymmetric-energy collider. To obtain the best kinematical resolution regarding the
missing energy of the signal process, we fully reconstruct an accompanied meson in an event hierarchically
from hadronic decays. In this presentation, MC study to propose the feasibility of future progresses is covered.
Keywords:
Physics, Belle experiment, Lepton Flavor Violation, Hadronic Tagging
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테라헤르츠 자유전자레이저용 도파관 저손실 최적구조 해석
배상윤1, 2, 문정호1, 김현우1, 박선정1, 3, 박성희1, 이기태1, 장규하1, 전민용2, 정영욱*1, Nikolay Vinokurov1
1
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*
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Abstract:
오늘날 테라헤르츠파는 의료, 통신, 보안검색, 원격감지 등 많은 분야에서 수요가 있다. 광원기술은 높은 최대 출력,
넓은 주파수대역, 소형화하여 구현하는 방향으로 개발 중이다. 한국원자력연구원에서는 마이크로트론을 사용하여
가속되며, 에너지 5 MeV, 최대 전류 ~1 A, 에너지분산 0.4 - 0.5%인 전자빔을 사용하여 0.5 ? 1 THz 영역의 도파
관모드의 고출력 자유전자레이저를 개발 중이다. 이전의 열린 형태의 공진기의 경우 기본모드의 큰 가로 길이로 인
하여 증폭 및 효율을 감소하며 레이저 발진에 어려움을 겪는다. 이 문제의 해결방법으로 기본모드의 가로 길이를 제
어할 수 있는 도파관 공진기를 사용하는 것이다. 도파관을 사용하였을 경우, 도파관 벽면에서의 손실과 비균질성으
로 인한 고차원모드생성이 문제가 될 수 있다. 본 발표에서는 도파관의 형상, 크기, 코팅에 관련하여 최적조건을 찾
는 시뮬레이션을 수행하였다.
Keywords:
THz, FEL,waveguide
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Asymmetry Realization for pC Scattering in Geant4
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Abstract:
A storage ring experiment is under development to measure the proton electric dipole moment (pEDM) down
to 10^-29 e cm, which can shed light on the strong-CP problem and improve the current experimental limits
significantly. The existence of a permanent pEDM is expected to make the proton spin rotate inside a storage
ring caused by precession, so the experiment plan is to use a polarimeter to measure the polarization rotation
of the pEDM. To investigate the significance of the geometrical errors on the final systematic errors in the
polarization measurement, MC simulation is essential and Geant4 is one of the tools to do this. However, there
is no spin dynamics related asymmetry functionality for proton-Carbon interaction in the current Geant4
version. In order to study the sensitivity of the method thoroughly, the spin dependent cross section of proton
has been implemented in the Geant4 simulation package. This poster discusses the implementation details of
the spin-dependent cross section in Geant4.
Keywords:
Geant4, proton, EDM, spin, asymmetry, polarimeter, scattering
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Interplay of ATLAS 750 GeV diphoton excess and dark matter.
KANG Youjin, LEE Hyun Min*
Department of Physics Chung-Ang University
*
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Abstract:
We consider a singlet Dirac fermion with U(1) global symmetry as dark matter. Anomalies of the global
symmetry and Higgs-portal coupling mediate between dark matter and the SM particles. We show that the
pseudo-scalar resonance with anomalies and dark matter interaction in the model can explain the ATLAS
diphoton excess at 750 GeV while both anomalies and Higgs-portal coupling can determine the relic density
of dark matter. We discuss the interplay between the direct detection of the fermion dark matter and the
ATLAS diphoton excess, and the collider search of a Higgs-like scalar.
Keywords:
LHC, ATLAS, 750 GeV,diphoton,Dark matter
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The plastic scintillator cosmic-ray muon detector of the KIMS-NaI
experiment
PRIHTIADI Hafizh*
Department of Physics Bandung Institute of Technology, Indonesia
*

hafizh.physics@gmail.com

Abstract:
A precise understanding and rejection of cosmic-ray-muon events is a crucial component of the KIMS-NaI
experiment's search for a dark-matter-WIMP-induced annual-modulation signal. This is because a seasonal
variation in the cosmic-ray muon flux can mimic the dark matter modulation signal. The Korea Invisible Mass
Search (KIMS) experiment has constructed an array of plastic scintillators to tag muons that traverse the NaI
(Tl) crystal array at the Yangyang underground laboratory. The muon veto detector is comprised of 37, 3cmthick scintillating plastic panels coupled via light guides to 2-inch photomultiplier tubes. These panels have
been installed just outside of newly installed KIMS-NaI 2 x 2 x 3 m^3 shielding structure,and provides nearly
4-pi coverage. In this poster, we report details of the detector construction as well as detector performance
measurements including: muon-tagging efficiency; counter light yield; and muon flux determinations.
Keywords:
Plastic Scintillators, KIMS, cosmic ray muons
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Construction of fast-neutron monitoring detector for KIMS-NaI
experiment.
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Sejong University
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Abstract:
The DAMA/LIBRA experimental search for evidence of Dark Matter scattering off nuclei consistently reports
a positive (albeit controversial) 9.3 sigma signal for an annual modulation of event rate. The KIMS (Korea
Invisible Mass Search) NaI experiment aim is to confirm or refute the controversial observation of
DAMA/LIBRA experiment. Due to possible modulation of environmental neutrons, that can interact with
nuclei, it is necessary to continuously monitor neutron flux for the annual modulation study. The KIMS
collaboration is building a prototype neutron detector with LAB-based liquid scintillator for fast-neutron
monitoring. The detector's energy response, pulse shape discrimination properties, and neutron background in
ground and underground laboratories have been studied. Here, we discuss the status of the neutron detector
construction and prospects for a future study.
Keywords:
KIMS, NaI,neutron detector
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Abstract:
The Advanced Mo based Rare process Experiment (AMoRE) is a neutrino-less double beta decay search
experiment using scintillating crystals of enriched 40Ca100MoO4 (CMO) and cryogenic detectors called
metallic magnetic calorimeter (MMC). MMCs employ paramagnetic sensor material to detect temperature
increase by the absorption of incoming particles. The MMCs used in AMoRE use a paramagnetic Au:Er alloy
placed upon superconducting meander-typed Nb pattern which supplies magnetic field to the Au:Er by
flowing persistent current in it. In this poster, we present the results of characteristic measurement for newly
fabricated MMC used in the AMoRE pilot experiment. These results include M-T curves, which show
magnetization on varying temperature, and heat capacity of MMCs. This measurement has been performed in
a dilution refrigerator at KRISS.
Keywords:
AMoRE, neutrino-less double beta decay, cryogenic detector, MMC, metallic magnetic calorimeter
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Simulation study on optimization of cavity design for axion search
experiments using COMSOL multiphysics
JEONG Junu1, 2, YOUN SungWoo*2
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Abstract:
A conventional axion search experiment utilizes microwave resonant cavities, where axions are converted into
photons under a strong magnetic field. Optimized cavity dimension is essential to enhance signal power from
the axion-to-photon coupling, to broaden the frequency range, to minimize mode crossings, etc. An extensive
study has been performed to optimize the dimension of a cavity and frequency tuning system using the
COMSOL multiphysics simulation software. We introduce a figure of merit for this purpose, and present the
results from the simulation study.
Keywords:
axion search experiment
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Quality factor measurements of microwave cavities for axion search
experiments
AHN Saebyeok1, 2, YOUN Sungwoo*1
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Abstract:
In cavity-based axion search experiments, the quality factor of microwave resonant cavities is an important
parameter in terms of signal power from the axion-to-photon coupling. One of the R&D efforts conducted at
the Center for Axion and Precision Physics Research of the Institute for Basic Science is to develop high-Q
cavities with a frequency tuning system. Using a 4K cryocooler, we measure the temperature dependence of Q
values for cylindrical cavities of various materials and tuning rods. The results of the measurements are shown
and the future plans are discussed in this presentation.
Keywords:
Axion search experiment, Microwave Cavity
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Laser frequency stabilization for Cs atomic magnetometry system in a
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Abstract:
Atomic magnetometry is for measuring very weak magnetic fields with high sensitivity. Some applications of
this technique can be to measure or detect biomagnetic fields, or signals in NMR or MRI which usually deal
with very weak magnetic fields, less than 100 picotesla. Recently, this method has been revolutionized by a
development of a tunable laser diode. We have developed an atomic magnetometry system with Cs alkali metal
for detecting exotic transient magnetic fields from the fluctuation of axion like domain walls. The laser
frequency (852 nm) in the system can be stabilized using the nonlinear magneto-optics effect called dichroic
atomic vapor laser lock (DAVLL). This laser stabilization system requires a homogeneous magnetic field. We
will present the design of DAVLL system for Cs atom and the optimization of the magnetic field generated by
the Helmholtz coil system.
Keywords:
Atomic magnetometry, DAVLL, laser frequency locking, frequency stabilization, Cesium atom
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Abstract:
Axions are hypothetical pseudo scalar particles that appear in the solution of the strong CP problem. Axions
can also be a dark matter candidate. There have been several attempts to detect axions based on their mass
range. For example, Axion Dark Matter Experiment (ADMX) employs a resonant cavity exploiting the inverse
Primakoff effect. In addition, Moody and Wilczek postulated an interaction between monopole and dipole
masses mediated by axions at macroscopic scale that can be tested in laboratory scale experiments. We have
developed new experiment that can detect pseudo-magnetic field, induced by the exchange of axions between
monopole and dipole. For this experiment, we use 3He as a dipole fermion and develop a system that can
polarize 3He gas in the mbar pressure range with a 1083 nm laser under uniform magnetic field. This method
has been employed in other areas of science such as analysis and polarization of neutron beams. This poster
contains theoretical description of 3He optical pumping process using the metastable exchange optical
pumping(MEOP) technique, and an optical instrument setting.
Keywords:
3
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Strong correlation and pseudogap in holography
송근호, 서윤석, 신상진*
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Abstract:
We study the optical conductivity in a holographic model starting from the 3+1 dimensional EinsteinMaxwell-Axion action with Chern-Simons interaction. In this model, the time reversal symmetry is broken to
consider magnetically ordered system. We find the pseudogap-like feature in the optical
conductivity calculated holographically. We find that as the effective impurity increases Drude peak disappears
and optical conductivity has pseudogap-like feature.
Keywords:
Pseudogap, Strong correlation, Holography
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펨토초 전자빔 펄스폭 측정용 고주파 휨 공동 개발
박선정1, 2, 정영욱*1, Nikolay A. Vinokurov2, 박성희2, 이기태2, 장규하2, 김은산3, 김홍주1, 문정호2, 4, 배상윤2, 4,
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Abstract:
원자나 분자의 나노 구조 변화를 피코초 또는 그 이하의 시간 분해능으로 측정하기 위해서 초고속 전자 회절 기술
(Ultrafast Electron Diffraction; UED)을 활용할 수 있다. 원자나 분자의 구조 변화를 수 나노미터나 펨토초 시간정
밀도로 측정하기 위해서는 펨토초의 펄스폭을 갖고 있는 전자빔을 사용해야 한다. 현재 개발 중인 UED 장치는 50
펨토초 이하의 펄스 폭과 약 1 pC의 전하량을 가지는 전자빔을 사용하며 그 에너지는 약 3 MeV이다. 이러한 조건
의 펄스폭 측정을 위해 전자기계산 코드를 사용하여 TM120 모드로 구동하는 S-band 고주파 휨 공동을 설계 및 제
작하였다. 또한 삼차원 입자동역학계산 (Particle-In-Cell, PIC) 코드를 사용한 전자빔의 동역학 운동을 계산하여
실제 장치를 모사해보았다.
Keywords:
초고속 전자회절, UED, 펄스폭측정, 고주파 휨공동
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경북대 CMS Tier-2 센터의 운영 현황
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Abstract:
경북대학교 CMS (Compact Muon Solenoid) 연구진은 WLCG (Worldwide LHC Computing Grid) 연구진 및
CERN의 CMS 실험연구진과 공동연구로 한국 CMS Tier-2 센터를 운영하고 있다. WLCG (Worldwide LHC
Computing Grid) 프로젝트는 LHC 실험에서 생산되는 대용량의 데이터를 분석하기 위해 시작된 프로젝트로, 기존
의 단일 환경에서 처리하기 힘든 대용량의 데이터를 전세계에 흩어져 있는 연구기관들의 연산 및 저장 자원을 빠른
네트워크로 묶는 그리드 컴퓨팅으로 처리하고 있다. 경북대 CMS Tier-2 센터에서 보유하고 있는 연산자원은 약
9,700 HEP06, 데이터 저장공간은 약 830 TB로 국내 8개 대학(경북대학교, 고려대학교, 성균관대학교, 서울대학교,
서울시립대학교, 세종대학교, 전북대학교, 전남대학교)을 비롯한 전세계에 흩여져 있는 CMS 연구진에게 CMS 실
험을 위한 전산자원과 데이터 분석환경을 제공하고 있다. 경북대 CMS Tier-2 센터는 가상화 및 클라우드 기술, 프
로비저닝/자동화시스템, 통합모니터링시스템 등 최신의 전산자원 관리 시스템 운용을 통하여 서비스 중단 시간의
최소화, 자원 배치시간 절감 및 자원 활용의 극대화를 위해 노력하고 신속한 장애 발견 연구를 수행하고 있으며 신
뢰성 있고 안정성 있는 서비스 제공 및 사용자 편의 증대를 위한 다양한 노력으로 국내외 연구자들의 CMS 연구에
기여하고자 한다.
Keywords:
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고주파 광전자총 기반 초고속 전자회절 빔라인 성능 측정
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Abstract:
한국원자력연구원에서는 가속기 기반 초고속 펌프-프로브 장치를 개발하고 있다. 초고속 전자회절 (Ultrafast
Electron Diffraction) 빔라인은 가스시료와 고체시료에 대한 독립적인 실험을 수행하기 위하여 대칭구조로 두 개를
구성하였다. 우리는 가스시료 초고속 전자회절 빔라인에서의 전자빔 변수들을 측정하였다. 전자빔의 에너지는 약 3
MeV이며 전하량은 1 pC 이상이다. 전자빔의 특성을 나타내는 에미턴스는 진행방향의 수평과 수직성분에 대하여
각 각 0.30 mm-mrad와 0.33 mm-mrad이다. 전자기코드로 계산된 값은 0.27 mm-mrad이며, 측정치가 계산치와
잘 일치함을 알 수 있었다. 이 전자빔을 200 nm 두께의 알루미늄 시료에 조사하여 발생하는 회절무늬를 측정하였
다. 이 발표에서는 측정한 전자빔 변수들과 초고속 전자회절 실험 결과 등에 대해서 소개한다.
Keywords:
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Development of S-band accelerating components for PAL-XFEL
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Abstract:
㈜비츠로테크는 포항가속기연구소의 4세대 방사광가속기(PAL-XFEL) 프로젝트에 2011년부터 2013년까지 가속
기 부품의 기술개발 및 시제품의 설계, 해석 및 제작에 참여하였으며, 2013년부터 2015까지 양산을 통한 부품 제작
및 설치를 완료하였다. 제작 및 납품한 가속기 부분품으로는 accelerating column 60개(set), energy doubler 43개
(set), directional coupler(single/dual type) 486개, 3dB power diver 145개, power splitter 6개, power combiner
52개, SiC dummy load 185개, 기타 도파관 1731개를 제작 및 설치를 완료하였다. 가속기 부품 설계는 AutoCAD
프로그램, 전자기(EM) 해석은 CST(Computer Simulation Technology) 프로그램을 통하여 설계하였다. 도파관의
성능 평가는 Network analyzer(E5071C, keysight technologies)을 사용하였으며, accelerating column, energy
doubler, directional coupler(single/dual type, 3dB power diver, SiC dummy load는 포항가속기 연구소의 high
power testing 시스템을 사용하여 검증하였다. 본 연구는 그 동안 제작한 부분품의 성능에 대해 알아보고 세계적으
로 요구되는 수준과 비교를 하였다. 특히 Directional coupler의 경우 최고 수준임 니혼고주파의 제작품보다 32dB
(Directivity) 우수한 성능을 보였다.
Keywords:
S-band, Accelerating components, PAL-XFEL, Directional coupler
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DAQ works for Belle II experiment
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Abstract:
Contributions to the Data Acquisition system preparation, for the upcoming next generation B factory
experiment Belle 2 are presented, in the topics of the following items: Slow control support using Experimental
Physics and Industry Control, VHDL firmware maintenance for the High Speed Link Board component of the
Data Acquisition, and software support for remote electronic device programming via an internal protocol
communication board controlled by VME CPU.
Keywords:
DAQ, Belle II
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Introduction to an Experimental Dark Matter search in SHiP
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Abstract:
We introduce an experimental dark matter search based on a fixed target accelerator experiment that is a
Search for Hidden Particles (SHiP). SPS (P-350) at CERN provides 400 GeV proton beam to SHiP. A
scattering between the incident proton beam and the target nucleus produces a pair of dark matter
particles in GeV-level via a dark photon. Due to the neutralness of dark matter, a pulse shape discrimination
(PSD) can give us a solution to detect and identify two dark matters. Especially, here we say a way to
discriminate an Minimum Ionization Particle (MIP), such as gamma ray, from a Heavy Ionization Particle
(HIP), such as dark matter. Also, we introduce a mechanism detecting and identifying dark matter with SHiP
detector.
Keywords:
SHiP, Dark Matter, PSD, SPS, CERN
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Abstract:
교번자장기는 자유전자레이저의 핵심 장치로써, 가속된 전자빔을 이용하여 빛을 발생시키는 장치이다. 고출력의 소
형 테라헤르츠 자유전자레이저의 구현을 위해서는 소형의 전자 가속기와 짧은 길이이면서 강한 자기장을 발생시킬
수 있는 고성능의 교번자장기가 요구된다. 자유전자레이저의 파장은 전자빔의 에너지, 교번자장기의 주기와 자기장
세기에 의해서 결정된다. 전자빔의 에너지을 가변하면 전자빔을 전송하는 빔광학계의 파라메터들이 모두 바뀌어야
하기 때문에 전자빔의 에너지를 조절하여 파장을 가변하는것은 거의 불가능하다. 일반적으로 자유전자레이저의 파
장을 가변하기 위해서 교번자장기의 자기장 세기나 주기를 조절하는 방식이 사용된다. 본 연구에서는 주기를 조절
하여 파장을 가변할 수 있는 주기가변 영구자석 나선형 교번자장기의 설계, 제작 및 성능평가에 대해 논의하고, 전
자석을 이용하여 교번자장기의 자기장 세기를 조절할 수 있는 전자석 평면형 교번자장기의 설계 및 시뮬레이션 결
과에 대해 논의하겠다.
Keywords:
테라헤르츠, 자유전자레이저, 교번자장기
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: Kicker Eddy Current Simulatioin for the muon g-2 experiment at
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Abstract:
In muon g-2 experiment, the muon beam is injected in slightly tilted orbit of storage ring. To make it move to
the central orbit, a kicker is required. The kicker has two parallel plates where the strong pulse of current
flows. The kicker is located in the vacuum chamber. By this strong current, the eddy current arouses on the
surface of the chamber. This eddy current could distort the magnetic field (B) of the storage ring which should
be homogeneous for the experiment. To understand this effect the kicker B field simulation has done using
OPERA both 2D and 3D. The simulation is done in two different cases; one is the kicker structure with
chamber and the other is the kicker without chamber. The concept of the experiment, simulation results, and
the future plan will be presented.
Keywords:
muon g-2, OPERA, kicker, eddy current,
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A High Sensitivity Faraday Cup for Ultrafast Electron Beam
SAITINIYAZI Shadike*
Korea Atomic Energy Research Institute
*

sadik82@gmail.com

Abstract:
The UED (Ultrafast Electron Diffraction) beamline of KAERI (Korea Atomic Energy Research Institute) WCI
(World Class Institute) Center has been successfully commissioned. A S-band co-axial RF photogun and has
1.5 cylindrically symmetric cells to remove multiple modes of the electric filed inside the cavity. It is designed to
generate sub-picosecond electron bunches with energy up to 3.3~MeV. To measure charge, we have
developed a system consists of an in-air Faraday cup (FC) and a preamplifier. Tests performed utilizing
3.3~MeV electrons show the system were able to measure bunches with tens of femtosecond pulse duration at
10 fC sensitivity. In this paper, we shall present the design, calibration and test results of this system.
Keywords:
Faraday Cup, Ultrafast Electron Beam.
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Time-periodic Solutions of Gravity-scalar System in AdS
KIM Joonwoo*
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Abstract:
We study time-periodic solution of a gravitating massive scalar field in d+1 dimension Anti-de Sitter
spacetime. Our analysis includes tachyonic scalar fields whose mass is at or above Breitenlohner-Freedman
bound. We also show the cancellation of secular terms through shifting frequency in AdS4 and AdS6.
Keywords:
Time-periodic solution, AdS, Gravity-scalar system, secular terms

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pa.028

Vibration test of a light detector used in AMoRE pilot
LEE Hyejin*, . AMoRE collaboration
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Abstract:
We report on R&D on a light detector based on metallic magnetic calorimeters (MMCs). These light detectors
are to be used as part of simultaneous of heat and light signal measurements with low temperature scintillating
crystals in the AMoRE neutrinoless double beta decay experiment. A 2-inch Ge wafer is used as the light
absorber and is located between two copper plates and fixed by small Teflon blocks to reduce heat leakage.
This type of light detector is currently used in the AMoRE Pilot experiment. At low temperatures, excess low
frequency noise is produced by vibration caused by the pulse tube refrigeration (PTR) operation. We present
the light detection performance together with results of efforts to reduce the vibration-induced noise.
Keywords:
AMoRE, light detector
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Pulse Shape Discrimination for NEOS Experiment
OH Yoomin*1, KIM Yeongduk1, 2, PARK Hyangkyu1, LEE Moo Hyun1, LEE Jaison1, JEON Eunju1, PARK
Kang Soon1, JOO KyungKwang3, KIM Ba Ro3, SUN Gwang-min4, HAN Bo-Young4, KIM Hongjoo5, LEE
Jooyoung5, KIM Hyunsoo2, MA Kyungju2, SIYEON Kim6, KO Youngju6, KIM Jinyu2, SEO Kyungmin2
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Abstract:
One of the key issues in the very short baseline reactor neutrino experiments is a poor signal to background
ratio due to their shallow overburdens. The NEOS experiment has been running under about 30 m.w.e
overburden, in the tendon gallery of the Hanbit reactor unit 5. Hundreds of muons pass through the detector
per second, inducing fast neutrons which can mimic inverse beta decay signals. A great number of the fast
neutron background events can be rejected by using a pulse shape discrimination (PSD). Alpha background
events are also separated and utilized to understand the detector responses. The optimization process and
results of the PSD for the NEOS experiment will be presented.
Keywords:
reactor neutrino, background, pulse shape discrimination
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Data Acquisition System Development for AMoRE-I
YOON Young Soo*, LEE Jaison
Center for Underground Physics, Institute of Basic Science
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Abstract:
Data acquisition (DAQ) system has been developed for the first phase of Advanced Mo-based Rare Process
Experiment (AMoRE-I), an experimental search for neutrinoless double beta decay of 100Mo in calcium
molybdate (CaMoO4) crystals. For the AMoRE-I experiment, the DAQ hardware consists of three front end
electronics, tigger & clock board (TCB), flash analog-digital conversion for crystal measurements, and 64
MHz analog-digital conversion for muon veto system. The TCB handles triggers and a clock for synchronising
modules and the other modules take care of digitisation of signals. The DAQ software based on C++ in linux
have been developed to record events or signals. The status of AMoRE-I DAQ development will be presented.
Keywords:
instrumentation, data acquisition
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Status of AMoRE-pilot detector
KIM Yong-Hamb*, KANG Chan Seok
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Abstract:
The Advanced Mo-based Rare process Experiment (AMoRE) is a search for neutrinoless double beta decay
(0νββ) using heat/light detection of scintillating crystals at mK temperatures. The main detector module of
the current AMoRE pilot experiment consists of five doubly-enriched crystals of 40Ca100MoO4 with total mass
of about 1.5 kg. Each of the crystals are equipped for simultaneous measurement of heat and light signals. We
present an overview of the AMoRE Pilot detector installed in a shielded cryostat that is cooled by a dilution
refrigerator at YangYang underground laboratory. The poster includes design details on magnetic
shields, gamma-ray shields and muon veto system of the detector.
Keywords:
AMoRE, neutrinoless double beta decay
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Monitoring of flashing PMT and reduction algorithm
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Abstract:
The RENO detector has observed photomultipliers (PMTs) spontaneously emitting lights. The mechanism of
the spontaneous light emission is not well understood, but it is probably generated by voltage discharge of a
capacitor in the PMT base. The events with flashing PMTs contribute to an accidental background against
reactor neutrino signal. The PMT flashing activity seems to be correlated with the temperature of the detector
and the applied high voltage. In this presentation, we describe how to identify the flashing PMTs and how to
eliminate the events suffering from them.
Keywords:
neutrino, RENO, PMT
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Updated Status of HPGe Detectors at Y2L
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Abstract:
The YangYang underground Laboratory (Y2L) has a dedicated facility for the low background gamma
spectroscopy measurements with High Purity Germanium (HPGe) detectors. Two 100% relative efficiency
HPGe detectors are currently operating in the laboratory, one of which has been recently installed and its
dedicated shielding is now under construction. The older HPGe detectors set up and shielding have been
already optimized and the background has been reduced using passive active method consisting in a layer of
ancient Lead. A well type Ortec HPGe detector will be also installed with a dedicated shielding. The Y2L
HPGe detectors have been used for the material selection of a new very low background HPGe array,
composed of 14 70% HPGe detectors, from Canberra, The measurements have been performed to select the
array building materials with the lowest possible contaminations in order to achieve the expected intrinsic
background of the instrument. The array will be installed at Y2L this year and its sensitivity would allow not
only low background measurements for the material selection of rare physics events experiment but also the
measurement of rare decays (rare beta decay, resonant neutrino-less double electron capture, etc...).
Keywords:
HPGe detector, background gamma spectroscopy measurement
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Measurement of liquid scintillator attenuation-length
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Abstract:
RENO 실험은 중성미자를 검출하기 위하여 내부에 액체섬광검출용액을 사용한다. 액체섬광검출용액은 입자를 검
출할때 나오는 빛의 양과 감쇄거리가 아주 중요하게 작용한다. 특히 감쇄거리는 검출장비로 사용하는 PMT 까지 도
달하기 위해서 큰값을 가질 필요가 있고, 검출기의 크기가 클 수록 중요한 요인으로 작용된다. 또한 시간에 대한 검
출기의 특성변화를 이해하는데 중요하게 작용된다. 이에 따라 감쇄거리를 정확하게 측정하기 위하여 감쇄거리 측정
장비를 설계하였고, 이를 이용한 감쇄거리 측정 결과에 대하여 정리하였다.
Keywords:
RENO, 액체섬광검출용액, 감쇄거리
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Stability of NEOS detector
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Abstract:
After the installation at a tendon gallery of the Hanbit reactor in Aug. 2015, the NEOS detector has been
running well. But since the NEOS detector is located in a rather shallow overburden (~ 30 m.w.e.) compared
to other reactor neutrino experiments, the detector is exposed to the ambient environment. For a successful
experiment, we have been monitoring the detector including the environment. The response of the detector has
been quite stable, and the small drift has been taken care of using regular source calibrations.
Keywords:
NEOS experiment, reactor antineutrino, sterile neutrino, reactor anomaly
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Simulation for NEOS Experiment
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Abstract:
NEOS experiment intends to understand the short-distance behavior of reactor neutrino oscillation. The
NEOS detector has been constructed to measure the inverse beta decay of reactor antineutrinos. Monte Carlo
simulation based on GEANT4 has been developed to understand detector responses. We present the recent
progress of the simulation, such as position dependence, spill-in and model based anti-neutrino spectrum.
Keywords:
NEOS experiment, MC simulation, reactor antineutrino
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Abstract:
The IBS Center for Axion and Precision Physics (CAPP) Research in Korea will explore the dark matter axion
using a method suggested by P. Sikivie [1,2], converting axions into microwave photons in a resonant cavity
permeated by a strong magnetic field. Recent development of magnet technology (>35T) and superconducting
surface coating techniques would enable us to enhance (by a factor of 100) the chance to detect axions as well
as reach the energy resolution enough to measure the detailed line shape of the caustic fine structure and the
Maxwellian virialized energy distribution of galactic halo axions.
Keywords:
Superconducting cavityAxion detector
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Abstract:
Inflationary universe predicts very weak polarized B-mode patterns in the cosmic microwave background
radiation. The GroundBIRD telescope is under construction at present, aiming to achieve the sensitivity on the
tensor to scalar ratio down to 0.01. One of the key elements in the GroundBIRD telescope is the Microwave
Kinetic Inductance Detector (MKID) as the photon sensor of the system. For the readout system, we use a
commercially available board that houses a large size field programmable gate arrays (FPGA). Using this
board, we are developing an algorithm to read microwave signals from MKID sensors. The firmware generates
frequency comb inside FPGA in order to drive MKIDs and eventually detects shift of resonant peaks and
phases. The current firmware has 48 channels. A new firmware with 64 channels is under tests, and our goal is
to read 128 channels with a single board. We are using IQ mixing algorithm with window function instead of
Fast Fourier Transformation. Our algorithm simplifies the firmware logic and reduces the calculation time in
FPGA. We can achieve the data rate of 10 ksps with low cross-talk and leakage with this algorithm.
Keywords:
CMB,B-mode, MKID
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물방울 변환 (wavelet transform) 을 이용한 진폭 변조 (AM) 신호의 주
파수 측정 알고리즘
서성헌*, 오동근
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Abstract:
KSTAR 토카막에 설치된 주파수 변조 (FM) 반사계는 호모다인 방식의 회로에 믹서 출력을 직접 고속 디지타이저
로 측정 하는 매우 단순한 구조이다. 일반적으로 호모다인 방식의 수신기는 LO 단의 발진기 출력 중 RF 단으로 누
설됐다가 반사되는 매우 적은 양의 에너지가 IF 단에 가짜 신호를 만들어 내는 단점이 있다. KSTAR 반사계의 경우
는 LO단의 입력 주파수를 톱니파 모양으로 20μs 주기로 빠르게 변조할 경우 RF 단에 아무 입력이 없이도 IF 단에
수 MHz의 가짜 신호가 발생한다. 이러한 자체 혼합 신호 때문에 IF 단의 출력 신호에 진폭 변조 (AM) 가 심하게
일어난다. AM-FM 이 혼합된 신호는 특히 진폭이 0이 되는 진폭 반전 부근에서 기존의 위상 측정 알고리즘이 성립
하지 않는 경우가 발생한다. 이러한 경우에 대처하기 위해서 많은 AM-FM 복조 (demodulation) 알고리즘이 개발
되어 왔다. 본 발표에서는 물방울 변환을 써서 위상을 측정하는 새로운 방법을 소개한다. 이 방법은 특별한 기법 없
이도 진폭 반전 부근에서 정확한 위상을 측정할 수 있는 장점이 있다. 이러한 소프트웨어적인 노력외에도 하드웨어
적으로 진폭 변조를 줄이기 위해서 헤테로다인 방식을 적용한 결과도 같이 제시한다.
Keywords:
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2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.002

First measurement of bremsstrahlung signal by using hybrid type
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Abstract:
To measure plasma parameters, most nuclear fusion machines have many viewing windows and ports. Each of
windows has diagnostic system separately. This means that we need more viewing windows to measuring
plasma parameters to accurate research for plasma physics. However viewing windows are limited in nuclear
fusion machines, which is motivation of this research. This research suggests how we can conserve view ports
in fusion machine. In 2012, hybrid type polychromator that can measure electron temperature, electron
density, and Zeff profiles simultaneously was suggested for the first time [1]. And in 2015, more advanced
hybrid type polychromator was developed, and measured real bremsstrahlung signal in KSTAR tokamak. A
newly developed hybrid type polychromator include high voltage power for APD, thus it can easily move to
other plasma machine. APD temperature measurement system and LED backlight for Thomson alignment are
also special function of this hybrid type polychromator. Above all, this hybrid type polychromator include
523.8 nm wavelength bandpass filter (2 nm bandwidth) with PMT (photomultiplier tube) system for
bremsstrahlung signal. Last year only a hybrid type polychromator was installed in the KSTAR Thomson
system which position was plasma center (R~1800mm). In respect of plasma physics research, this new
polychromator will give more realistic data during plasma operation. Ordinary Zeff data should estimated with
ne and Te parameters that measured another position by using Thomson scattering or ECE diagnostics.
However, by using this new polychromator, Zeff can directly calculate using ne, Te values that measured at the
same position which bremsstrahlung signal measured. In this poster, design of hybrid type of polychromator
will be shown and will discuss first measuring result. Additionally, we will discuss 2016’s research plan to
measure Zeff , ne, Te profiles at the same times and at the same positions. References: [1] J.H. Lee et al.,
Conceptual design of new polychromator on Thomson scattering system to measure Zeff, Rev. Sci. Instrum. 83
(2012) 10E334.
Keywords:
bremsstrahlungThomsonKSTAR
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Abstract:
Thomson scattering (TS) system of KSTAR encompasses edge and core collection optics collecting the
Thomson scattered photons which are conveyed to polychromators via the optical fibres [1]. After passing
APD, inverter and amplifier, Thomson scattered photons are converted to electrical signals and recorded
through the newly installed fast sampling digitizer [2] and the existing charge-integrating (gating) digitizer [3].
Area of the recorded Thomson signal is a function of both electron temperature and density [4]. Normal
operation employs Rayleigh scattering in neutral nitrogen gas to determine the system constant which is
essential to harness the density information [5]. The recorded Rayleigh calibration signal with the fast sampling
digitizer shows non-Gaussian feature, i.e., long tail, as a function of time. We find that this long tail effect is
uniform for the case of high nitrogen pressure where Rayleigh signal dominates over the straylight signal. A
sophisticated fitting method [6] to compensate such a long tail effect is applied to the recorded signals to
estimate the system constant. The details and the results regarding the Rayleigh calibration is discussed.
References: [1] J. H. Lee, S. T. Oh and H. M. Wi, “Development of KSTAR Thomson scattering system”, Rev.
Sci. Instrum. 81 (2010) 10D528 [2] Tae-suk Oh et al., “Quantifying noise sources in the KSTAR 2014
Thomson Scattering system from the measured variation on electron temperature”, accepted to J. Instrum. [3]
S. T. Oh, J. H. Lee and H. M. Wi, “Examinations of electron temperature calculation methods in Thomson
scattering diagnostics”, Rev. Sci. Instrum. 83 (2012) 10D525 [4] Rory Scannell, “Investigation of H-mode edge
profile behaviour on MAST using Thomson scattering”, Thesis (Ph.D.), 2007 at Department of Electrical and
Electronic Engineering, UCC. [5] B. P. LeBlanc, “Thomson scattering density calibration by Rayleigh and
rotational Raman scattering on NSTX”, Rev. Sci. Instrum. 79 (2008) 10E737. [6] B Kurzan et al, “Signal
processing of Thomson scattering data in a noisy environment in ASDEX Upgrade”, Plasma Phys. Control.
Fusion 46 (2004) 299-317.
Keywords:
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Abstract:
Presence of magnetic field in a vacuum chamber which contains plasma affects the motion of ions resulting in
a different deposition pattern from that without magnetic field. Such effect of magnetic field has to be carefully
considered to understand the characteristics of redeposited layers in a fusion device under strong magnetic
field. In order to clarify the deposition and erosion characteristics as well as the properties of deposited layers
of plasma facing components, we have exposed a graphite target to deuterium ion beam produced in an ECR
(Electron Cyclotron Resonance) chamber to simulate the effect in a simple magnetic field configuration: D2 gas
pressure of 2.5 mTorr, coil current of 110 A, microwave power of 400 W, bias between electrodes of -87V,
ion energy of 100eV, and ion flux of 2.1x1021 m-2sec-1. The experiment provides space-resolved characteristic
changes of deposited layers including the nature of atomic bonding and the thickness topography of
amorphous hydrogenated carbon (a-C:H) thin films deposited on silicon samples attached at different vertical
positions of the wall. The optical constants were characterized by ellipsometric angles, Ψ and Δ, and chemical
bonding structures were identified by Raman spectroscopy.
Keywords:
hydrocarbon, ECR chamber
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Identifying real-time plasma equilibrium from artificial neural network
in KSTAR
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Abstract:
Neural network provides nonlinear multiple-input multiple-output mapping without physical modelling and
performs fast computation that may well be used for real time control of plasmas [1]. In order to reconstruct
plasma position and shape, off-line EFIT parameters are determined from neural network output since realtime EFIT overly simplifies the governing equation, i.e., Grad-Shafranov equation, to reconstruct equilibrium
in a short time [2]. Magnetic measurements which are some of the most fundamental information in tokamak
plasmas [3] are used as neural network inputs. Therefore, we develop artificial neural network that has an
ability to identify equilibrium plasma as good as off-line EFIT in real time. References: [1] J.B. Lister and H.
Schnurrenberger, “Fast non-linear extraction of plasma equilibrium parameters using a neural network
mapping”, Nucl. Fusion 31, 1291 (1991) [2] J.R. Ferron et al, "Real time equilibrium reconstruction for
tokamak discharge control", Nucl. Fusion 38, 1055 (1998) [3] E.J. Strait et al, "Magnetic diagnostics", Fusion
Technol. 53, 304 (2008)
Keywords:
Neural network, equilibrium, reconstruction, real-time control, EFIT
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Abstract:
To obtain physical properties of plasma, we use various diagnostics, i.e., Langmuir probe, BES (Beam
Emission Spectroscopy), and MIR (Microwave Imaging Reflectometry). For studying turbulence, statistical
characteristics of density, temperature, or potential fluctuations are important. Correlation length is one of
important statistical characteristics of turbulence. In KSTAR, there is possibility to measure parallel correlation
length because it has two 2D diagnostics measuring density fluctuations at two different toroidal locations:
BES and MIR. There is, however, only two measurement positions so we need to confirm that the correlation
length measurement with the two points is reliable. We introduce the mathematical model mimicking real
density fluctuations and it has coherent temporal and spatial structure [1-3]. By using this model, we make
stationary and homogeneous synthetic fluctuation data [4] to investigate reliability of two points correlation
measurement as a function of measurement distance and noise level, and analytically derivation is also
consistent with the result. The results show that reliability highly depends on the distance between two
measurement points and fluctuation to noise ratio. We also verify the results at real BES data of KSTAR.
References: [1] B. Tal et al, “Cross-correlation based time delay estimation for turbulent flow velocity
measurements: Statistical considerations”, Physics of Plasmas 18, 122304 (2011). [2] A. Bencze and S.
Zoletnik, “Autocorrelation analysis and statistical consideration for the determination of velocity fluctuations
in fusion plasmas”, Physics of Plasmas 12, 052323 (2005). [3] Y.-c. Ghim et al, “Measurement and physical
interpretation of the mean motion of turbulent density patterns detected by the BES system on MAST”, Plasma
Phys. Control. Fusion, 54, 095012 (2012) [4] J. Kim et al, “Conditions for generating synthetic data to
investigate characteristics of fluctuating quantities”, submitted to Comput. Phys. Commun. [arXiv:
1510.07457] (2015)
Keywords:
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Abstract:
The integrated tokamak simulation has been an important subject in developing fusion devices. Major fusion
institutes are developing their own simulator such as IPS[1], IMAS[2], etc… The principle of an integrated
tokamak simulator is to link different plasma codes (generally equilibrium, transport and heating modules)
through the use of a common data structure. Thanks to this modularity, the components can be easily
interchanged, depending on the specificity of the simulation. Such a simulator can be used in an interpretive
way in order to analyze data from existing tokamaks. Or it can be used in a predictive way, in order to
develop different scenarios for future fusion devices such as ITER[3] and DEMO[4]. The INFRA code is being
developed as an integrated tokamak simulator for K-DEMO simulation and is planned to incorporate the
individual tokamak plasma simulation codes developed at NFRI into the integration framework. It has been
decided that IMAS will be used for the data structure and IPS for the framework. In this study, we will present
the concept of our integrated tokamak simulator. We will introduce the Framework, the Data structure, the
modules used in the simulator, the advancement of the work and the different issues encountered during this
References: http://ipsframework.sourceforge.net/doc/html/intro.html F.
early stage of development.
Imbeaux et al, "Design and first application of the ITER integrated modelling & analysis suite", Nuclear Fusion
55, 123006 (2015) https://www.iter.org/ K. Kim et al, "Design concept of K-DEMO for near-term
implementation", Nuclear Fusion 55, 053027 (2015)
Keywords:
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ITG 난류 에너지의 진동수 스펙트럼에 관한 연구
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Abstract:
토카막 내부 플라즈마의 에너지 분포는 난류 플라즈마의 수송에서 중요한 역할을 한다. 기존의 연구에서는 푸리에
모드(k)에 따른 에너지 분포를 주로 탐구하여 에너지의 생성, 비선형 선속에 의한 작은 크기의 소용돌이로 에너지의
변이, 그리고 입자들 사이의 충돌에 의한 에너지의 소실 등을 설명한다. 이번 연구에서는 기존의 분석과 달리
electrostatic ion temperature gradient(eITG) 난류 에너지의 진동수 스펙트럼에 관해서 연구 한다. BOUT++을 사
용해서 시뮬레이션을 한 결과의 자세한 내용을 발표하고자 한다.
Keywords:
ion temperature gradient
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Abstract:
A photo-elastic modulator (PEM) based 25-chord motional Stark effect (MSE) diagnostic has been
successfully developed and commissioned in Korea Superconducting Tokamak Advanced Research (KSTAR).
The diagnostic measures the radial magnetic pitch angle profile of the Stark splitting of a D-alpha line at 656.1
nm by the electric field associated with the neutral deuterium heating beam. A tangential view of the neutral
beam provides a good spatial resolution of 1 - 3 cm for covering the major radius from 1.74 m to 2.28 m, and
the time resolution is achieved 10 – 50 ms. An in-vessel calibration before the vacuum closing as well as an
in-situ calibration during the tokamak operation was performed by means of specially designed polarized
lighting sources. In this work, we present the final design of the installed MSE diagnostic and the first results of
the commissioning.
Keywords:
kstar, mse, pitch angle, q-profile
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Abstract:
The profile data on the physical properties of plasma are critical to the analysis on the behavior of tokamak
plasma and also provide a basis of the simulation. There are many kinds of diagnostics for the profile data that
have different measurement principles. Comparing the results of these diagnostics will increase the reliability of
data and will help to understand the status of plasma more deeply. In Korea Superconducting Tokamak
Advanced Research (KSTAR), sets of diagnostics are available for the profile measurements. For the electron
density, a Thomson scattering (TS) system measures the profile on the core and the edge and a beam emission
spectroscopy (BES) system measures the relative profile on the edge with high temporal resolution. The average
electron density can be compared with the measurement results from interferometer systems, one for a radial
line density with millimeter-wave and another for a vertical line density with far-infra red (FIR) beam. For the
electron temperature, the TS provide the temperature profile as well and an electron cyclotron emission (ECE)
radiometer measures the profile with high temporal resolution. The radial coverage of the ECE system depends
on the toroidal magnetic field. Charge exchange spectroscopy (CES) measures the ion temperature and
rotation. Measurements results of these profile diagnostics showed good agreement each other. Measured
physical properties were compared with different diagnostics and the differences were discussed. Temporal
behaviors of the profiles were checked as well. Following these analysis, upgrade plans for the diagnostics were
suggested.
Keywords:
KSTAR, Profile, Diagnostics
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Abstract:
Gyro-fluid equation developed by Yagi which takes into account of the ion poloidal flow damping due to the
neoclassical effect was applied for the simulation study of the internal transport barrier (ITB) formation[1].
However, the quasi-linear modification of neoclassical viscosity was not taken into account as well as the
offset of ion poloidal flow damping at that time. It is important to consider these effects in order to understand
the mechanism of ITB formation. In this study, we introduce the offset ion poloidal damping in the neoclassical
viscosity [2,3], since the ion heat flow velocity is comparable to the diamagnetic velocity [4] for edge transport
barrier formation. For neoclassical viscosity coefficients, we adopted the interpolation formulas derived by
Callen [5] for the ion poloidal flow damping term and by Hinton and Hazeltine [6] for the offset ion poloidal
flow damping term. We investigate these effects on ion temperature gradient driven drift wave (ITG)
turbulence on the reversed shear plasma. It is found that there is small difference between the cases with
realistic neoclassical viscosity and without neoclassical viscosity. When the neoclassical viscosity is small, the
amplitude of diamagnetic velocity is higher than that of parallel velocity. However, as the neoclassical effect
becomes stronger, it mainly acts to reduce the diamagnetic velocity, resulting in the higher parallel kinetic
energy and lower pressure perturbation. We also found that the artificial strong neoclassical viscosity which
ensures the neoclassical force balance makes broader unstable region after nonlinear saturation of ITG
turbulence, then, the region becomes narrower as time goes by. It suggests that the importance of the behavior
of ITG turbulence on the collisional time scale for ITB formation. The simulations were carried out using the
supercomputer system HELIOS at IFERC, Aomori, Japan, under the Broader Approach collaboration between
Euratom and Japan, implemented by Fusion for Energy and JAEA. References : [1] S. Tokunaga, M. Yagi, S-I.
Itoh and K. Itoh, Nucl. Fusion 29, 075023 (2009). [2] S.P. Hirshman and D.J. Sigmar Nucl. Fusion 21, 9
(1981). [3] P. Helander and D. J. Sigmar, Collisional Transport in Magnetized Plasmas, Cambridge University
Press 2002. [4] G. Y. Park, et al., Phys. Plasmas 22, 032505 (2015). [5] J. D. Callen, W. X. Qu, K. D. Siebert et
al., Plasma Physics and Controlled Nuclear Fusion Research ~International Atomic Energy Agency, Vienna,
1986!, Vol. II, p. 157. [6] F.L. Hinton and R.D. Hazeltine, Rev. Mod. Phys. 48, 239 (1976)
Keywords:
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2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.012*

Fast Ion Confinement and Slowing Down Model Considering Plasma
Rotation
SEO JeMin, KIM SangKyeun, LEE YoungHo, NA DongHyeon, NA YongSu*
Department of Nuclear Engineering, Seoul National University
*

ysna@snu.ac.kr

Abstract:
Toroidal rotation of plasmas in a tokamak usually driven by neutral beam injection (NBI) is important because
of its role to stabilize the macro- and the micro-instabilities. Although it also affects the fast ion confinement
and slowing down of NBI, some analytic models do not take this into account [1, 2]. In this study we
improved the analytic model of NBI including the plasma rotation effect and investigated its’ effect on NBI
heating. In the fast ion confinement, the banana orbit of a fast ion is affected by the radial electric field raised
by the plasma rotation [3]. We found a change of the trajectory of the fast ion due to the plasma rotation and
calculated the first orbit loss fraction. Additionally, we observed that the radial electric field significantly
changes the passing particle fraction so to change the driven current by fast ions. For the slowing down model,
we modified Fokker-Planck equation (FPE) with shifted Maxwellian to include the plasma rotation. Also,
change of the collision frequency caused by the plasma rotation was reflected in inducing the solution of FPE.
Consequently, when the direction of the plasma rotation and the beam injection are same, the fast ion is found
to slow down more rapidly due to increased collisions with background ions. Finally, we calculated the driven
current by fast ions and the power transferred to ions and electrons from the solution of modified FPE
considering the plasma rotation. The results were verified by comparing with the numerical simulation using
NBI Monte-Carlo code, NUBEAM [4]. References: J. D. Gaffey 1976 Plasma Phys. 16(02) 149 A. Polevoi et
al 1997 JAERI Data/Code 97-014 T. S. Hahm 1992 Phys. Fluids B 4 4046 A. Pankin et al 2004 Phys.
Commun. 159 157
Keywords:
NBI, Plasma Rotation, FastIon Confinement, Fast IonSlowing Down, Fokker-Planck Equation

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.013

KSTAR 핵융합 플라즈마 가열용 헬리콘파 진행파형 고출력 안테나 설
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Abstract:
핵융합 연구에 있어서 플라즈마 자기 점화를 통한 연속 운전을 위하여 가열 장치에 대한 연구가 필수적이다. 특히
비유도성(non-inductive) 가열을 통한 비중심 (off-axis) 가열 및 전류 구동이 요구 된다. 최근에는 헬리콘파 전류
구동이라고 불리는 이온공진 주파수의 20~40배 하모닉 주파수 대역을 이용한 가열 방법에 대한 연구가 진행 되었
고, 기존의 다른 가열 방법 대한 높은 효율을 얻을 수 있다는 연구가 있다. [1, 2] 이에 KSTAR에서는 헬리콘파 전류
구동 연구에 대한 보다 실증적인 연구 및 검증을 위하여 500 MHz 대역을 이용한 연구를 시작 하였다. 2015년 캠페
인에 600 mm 길이를 가지는 컴라인 필터 (combline fitler) 기반의 진행파형 안테나를 설치하여 다양한 플라즈마
조건에서 안테나와 KSTAR 플라즈마간의 커플링 특성 및 부하탄력 (load resilient) 특성 실험을 하였다. 진행파 안
테나의 입력 파워는 VNA 출력을 이용하였고 반사특성 및 전송특성을 분석하여 L-mode 및 H-mode 플라즈마에
서 ~70% 정도의 안테나-플라즈마 커플링 특성을 얻었다. 또한 플라즈마 상태 변화에 따른 안테나의 반사특성이
부하의 변화에 상관없이 안정적인 임피던스 정합 특성을 가짐을 확인하였다. [3] 2016년 KSTAR 캠페인에서는 실
제 전류구동 특성을 확인하기 위하여 200~300 kW 실제 RF 파워를 입사하여 헬리콘파 전류구동 실험을 수행하고
자 한다. 이를 위해 고출력을 rf 파워를 플라즈마로 입사할 수 있는 고출력 진행파 안테나를 설계 및 제작 중에 있다.
제작된 고출력 진행파 안테나는 10개의 전류바(current strap)와 slow wave 저감을 위한 패러데이 쉴드(faraday
shield)로 구성되었고 고출력 입사를 위해 5 인치 동축선 급전 구조를 가지고 있다. 설계된 헬리콘파 전류구동용 고
출력 진행파 안테나는 동작 주파수 500 MHz 에서 n||=3 특성을 가지며 약 40 MHz의 임피던스 대역폭을 가지고
있다. 본 논문에서는 헬리콘파 전류구동용 고출력 진행파 안테나의 설계 변수와 자세한 전자기적 특성을 소개하고
자 한다. References: [1] H. Ikezi et al, "Traveling-Wave Antenna for Fast-Wave Heating and Current Drive in
Tokamaks", Fusion Science and Technology, vol. 31, no. 1, pp. 106-117, 1997. [2] V. Vdovin, E. Azizov et al.,
“Helicons current drive system in tokamak T-15”, Fusion Energy Conference FIP/P5-5 (2014). [3] S. J. Wang
et al., “Measurement of helicon wave coupling for current drive and anticipated role for high beta KSTAR
plasmas”, 57th Annual Meeting of the APS Division of Plasma Physics (2015).
Keywords:
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Abstract:
The Survey IRTV diagnostic has been installed and operated in 2010. The primary purpose of the survey IRTV
diagnostic is to observe the temperature of the antenna of the ICRH and the inner wall. In 2013 campaign,
analyzed the edge portion of the image in order to measure the heat flux of the plasma in contact with the
inner wall. However, it was difficult the analysis and the image is not clear. The Lens system for Survey IRTV
was redesigned and manufactured to improve performance. The specification of the Lens system is maintained
improve the vignetting and designed to be observe the divertor region. The changed Specification is 58 degrees
of FOV, 4.0 of f-number, 2909.5 mm of total length, 20.47mm of image size and the lens system was
composed of thirteen CaF2 and ZnSe lenses. We can get a good measurement results caused by improve the
vignetting. The surface temperature as well as heat flux on the PFCs were measured and estimated by using
equation q = κdT/dn, where κ is thermal conductivity, T is the surface temperature, and n is the index of
coordinate normal to the surface (e.g. “z”) with assumption of isotropic single material with no deposition. For
investigation of the parallel heat flux density in the scrape-off layer (SOL) on KSTAR, measurements have
been obtained using the combination of infra-red (IR) thermography, with a tangentially viewing system
whose field of view captures the graphite inner wall limiter (IWL) tiles, and a fast reciprocating Langmuir
probe assembly (FRLPA) providing plasma profiles across the outboard midplane SOL. The results are
compared with the heat flux measured by Fast Reciprocating Langmuir probes measurements.
Keywords:
plasma, heat flux, Scrape-off layer, fusion, IR thermography
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Design and RF test of High Power Hybrid Combiner for Helicon Wave
Current Drive in KSTAR Plasmas
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Abstract:
효율적인 off-axis 전류구동을 위해 진행파 안테나를 사용한 헬리콘파 전류구동 연구가 제안되었다.[1] 2015년에
헬리콘파용 mock-up 진행파 안테나를 제작, 설치하였고 KSTAR 플라즈마와 진행파 안테나의 결합을 측정하였다.
[2] 2016 KSTAR 플라즈마 실험에서는 동작 주파수 500MHz에서 고출력 RF를 입사하여 헬리콘파 전류구동을 검
증하고자 준비를 하고 있다. 고출력 rf 파워는 동작주파수 500MHz에서 75kW 출력을 갖는 4대의 클라이스트론의
출력을 결합하여 최종 300 kW 출력을 진행파 안테나를 통해서 플라즈마로 입사될 것이다. 4대의 클라이스트론에
서 발생되는 500MHz, 75kW 출력을 효과적으로 결합하기 위한 고출력Hybrid Combiner를 설계, 제작 및 RF 테
스트를 수행하였다. HFSS로 시뮬레이션을 통하여 4 포트 Hybrid Combiner는 동작주파수 500MHz에서 S21과
S31은 –3.1 dB로 같으며, S11과 S41은 –18 dB를 얻었다. 그리고 6인치 구리 동축전송선으로 제작된 Hybrid
Combiner의 RF 특성은 VNA를 이용하여 측정하였다. 제작된 하이브리드 결합기는 500 MHz 주파수에서 S11과
S41은 –19 dB, S21과 S31은 –3.56 dB의 값을 가짐을 확인하였다. 더 자세한 실험 결과는 본 학회에서 발표될 것
이다. [1] V. Vdovin, E. Azizov et al., "Helicons current drive system in tokamak T-15" Fusion Energy
Conference FIP/P5-5(2014). [2] S.J Wang, et al., "Measurement of helicon wave coupling for current drive and
anticipated role for high beta KSTAR plasmas", 57th Annual Meeting of the APS Division of Plasma Physics
(2015).
Keywords:
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Gyro-kinetic Study of Rosenbluth-Hinton Residual Zonal Flow
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Abstract:
Zonal flow, which has a role of turbulence suppression, doesn’t fully decay by collisionless damping but
remains with specific ratio of initial level. This residual flow is called “Rosenbluth-Hinton residual zonal
flow” [1]. Since the residual flow regulates particle & heat transport in tokamak, it is important to know the
exact level depending on its wavelength by using gyro-kinetic approach. We introduce two methods of
calculation for Rosenbluth-Hinton residual flow, conventional gyro-kinetic approach described by M. N.
Rosenbluth and F. L. Hinton [1] and modern gyro-kinetic approach described by L. Wang and T. S. Hahm
[2]. We present full mathematical derivation of each gyro-kinetic method. The result of the theoretical
research is reproduced by multi-species, multi-scale gyro-kinetic simulation code, GKV [3]. Developed by T.
H. Watanabe, it has a strength of high resolution in velocity space, which increases the accuracy of residual
zonal flow level. Using this simulation code, we report on benchmarking the Rosenbluth-Hinton residual zonal
flow calculation result with theoretical one. References: M. N. Rosenbluth and F. L. Hinton, “Poloidal Flow
Driven by Ion-Temperature-Gradient Turbulence in Tokamaks”, Phys. Rev. Lett. Vol. 80, No. 4, 1998. L.
Wang and T. S. Hahm, “Generalized expression for polarization density”, Phys. Plasmas. Vol. 16. 062309,
2009. H. Sugama, T. H. Watanabe, “Collisionless dampng of zonal flows in helical systems”, Phys. Plasmas.
Vol. 13, 012501, 2006.
Keywords:
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Development of post analysis plan for nonlinear ELM simulation using
the BOUT++ in KSTAR H-mode plasma
KIM Minwoo1, LEE Jaehyun1, YUN Gunsu2, LEE Jieun2, PARK Hyeon K*1, 3
1

Ulsan National Institute of Science and Technology, 2Pohang University of Science and Technology, 3National
Fusion Research Institute
*

hyeonpark@unist.ac.kr

Abstract:
Quasi-periodic ELM-crash which produces abrupt heat and particle flux onto the first wall of tokamak may
cause a severe damage on the machine. For effective control of the ELM-crash, ELM physics have been
thoroughly investigated. A comparative study between the observed dynamics of ELMs with ECEI 2D images
and MHD simulations has been an effective approach to study the ELM physics. For advanced study, a
nonlinear simulation should be included in comparative study, since most of observed phenomenology, such as
transition period before crash, multiple mode excitation and pedestal collapse, are nonlinear phenomena. Post
analysis plan for the preliminary BOUT++ nonlinear simulation is developed to extract diverse information of
the ELM dynamics and profile evolution. In this presentation, the results from the post analysis plan will be
presented; estimation of energy loss due to ELM-crash, profile evolution during ELM cycle, synthetic
diagnostics and etc. This work is supported by the NRF of Korea under Contract No
2014M1A7A1A03029865.
Keywords:
ELM, ECEI, KSTAR, BOUT++
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기체전자증폭기(GEM) 핀홀 카메라 진단계를 이용한 KSTAR 플라즈
마의 접선방향 2차원 재구성 영상
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Abstract:
핵융합 플라즈마 진단을 위해 개발된 기체전자증폭기 검출기를 [1] 기반으로 한 접선방향 X선 핀홀 카메라를 이용
하여 연 X선 영역(5 – 15 keV)의 토카막 접선방향 플라즈마 영상을 성공적으로 획득하였다. 본 진단계를 활용한
연구목표는 토로이달 방향으로 나타나는 낮은 m-모드, 노심 MHD 불안정성, 플라즈마 평형상태 재구성, 국소 가
열효과 또는 수송 현상 등을 관측하는 것이다. KSTAR에 설치된 이 카메라는 검출기 크기가 상대적으로 작고
(20x24x10 cm3), 에너지 분해능이 높으며, 다른 종류의 기체를 사용하면 광자 에너지 범위를 선택적으로 바꿀 수
있다는 특징이 있다. 특히 카메라의 위치를 전후 좌우 및 위 아래로 바꿀 수 있어서 플라즈마에 대한 시야각을 다양
하게 변화시킬 수 있는 유연성은 이 시스템의 가장 큰 장점이다. 검출기를 가장 뒤로(또는 앞으로) 위치시켰을 때 공
간 해상도는 3.3 cm(9.6 cm) 이며 시간 해상도는 최대 1 ms이다. 사용된 혼합기체는 7:3 비율의 알곤과 이산화탄소
이며 이는 15 keV 까지의 광자를 검출해낼 수 있다. 이 X-선 카메라를 통해 얻어진 선적분된 2차원 영상으로부터
폴로이달 단면의 영상을 얻어내기 위해 Philips-Tikhonov 알고리즘을 [2] 통하여 접선방향 재구성이 수행되었다.
인위적으로 만든 D자 모양의 플라즈마로 팬텀 테스트를 실시하였고, 실시간 EFIT 코드로부터 얻어진 평형상태 영
상과의 비교를 통해 재구성의 신뢰성을 검증하였다. 2015 KSTAR 실험 기간 동안 GEM 핀홀 카메라로부터 톱니진
동, 전자공명가열, 플라즈마 수직이동 현상 및 알곤 불순물 효과 등을 관측하였으며, ECE 진단계, VUV 분광기 및
가시광 영상 등의 다른 진단계의 결과와 비교하여 재구성된 영상의 타당성을 확인하였다. References: [1] D.
Pacella, et al., Rev. Sci. Instrum. 74, 2148 (2003). [2] S. H. Lee, et al., Curr. Appl. Phys. 10, 893 (2010).
Keywords:
기체전자증폭기, GEM, 핵융합, 플라즈마, 재구성,
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SOLPS-ITER를 활용한 KSTAR 디버터 열속 모델링
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Abstract:
KSTAR 플라즈마 경계 영역의 모델링을 위해 사용된 SOLPS-ITER 코드는 2015년 ITER-IO에서 개발된 SOLPS
의 새로운 버전이다. 본 연구에서는 KSTAR H-모드 외곽 타겟(outer target)의 열속 밀도를 SOLPS-ITER로 전산
모사 하였다. 전산모사의 대상이 된 실험은 2015년 KSTAR 캠페인에서 진행된 플라즈마 전류에 따른 디버터 열속
규모분석이다. IR 카메라로부터 얻은 디버터 열속의 실험값과 전산모사 결과를 비교하였다. 전산모사의 구속조건
을 정하기 위한 일부 중요 진단장치의 부재로 인해 전산모사는 트렌드 조사에 초점을 맞추었다. 플라즈마 유체 코드
와 중성종 몬테카를로 코드를 커플링시켜서(B2.5-Eirene) 사용하였고, 다핵종(이중수소와 탄소)을 고려하여 전산
모사를 진행하였다. 열 및 입자 확산계수는 IR 카메라로부터 얻은 디버터 타켓에서의 SOL 평행 열속너비(parallel
heat flux width) λq와 가장 잘 매치되는 값으로 택하였다.
Keywords:
SOLPS, 열속, KSTAR
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텅스텐에 대한 수소투과 실험 (Hydrogen Permeation Experiments
through Tungsten)
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Abstract:
핵융합로의 플라즈마 대면물질로 텅스텐이 주요하게 고려되고 있다. 핵융합의 연료인 수소동위원소는 핵융합로 대
면물질에 흡수 및 투과되어 손실되며, 대면물질의 물리적 특성 열화와 같은 문제를 발생시킨다. 따라서 텅스텐에 대
한 수소동위원소의 투과특성 데이터축적이 요구되고 있다. 본 연구에서는 텅스텐의 수소동위원소 투과특성에 대하
여 문헌조사를 수행 하였다. 또한 0.1 mm 두께 텅스텐 foil (Goodfellow사 제품)을 직경20 mm의 디스크 모양으로
가공하여 시편으로 사용했으며, 압력은 1bar로 고정하고 650℃에서부터 850℃까지의 온도범위에서 수소동위원소
투과실험을 수행하였다. 투과실험은 단국대학교에서 제작된 hydrogen-isotope permeation measurement system
장비를 이용하였으며, 측정방법은 gas-phase technique인 continuous-flow method를 채택하였다. 이를 통해 텅
스텐의 투과특성 데이터를 획득하고 타 그룹의 연구결과와 비교 분석 하였다. ------------------------------------------------------------------ "이 연구는 2015년도 정부(미래창조과학부)의 재
원으로 한국연구재단의 지원을 받아 수행되었음(No. 2015M1A7A1A01002234)."
Keywords:
핵융합로, 수소동위원소, 텅스텐, hydrogen-isotope permeation measurement system, continuous-flow method

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.021

Preliminary work for inner wall limiter SOL widths in the KSTAR
tokamak
BAK Jun-Gyo*1, KIM Heung-Su1, PITTS R. A.2, SEO Dong-Cheol1, JUHN JunWoo1, LEE Hyung-Ho1,
GARCIA O. E.3, KUBE R. A.3, JANG Ju-Hyeok4, CHOI Won-Ho4
1

National Fusion Research Institute, 2ITER Organization, 3The Arctic University of Norway, 4Korea Advanced
Institute of Science and Technology
*

jgbak@nfri.re.kr

Abstract:
The issue of limiter scrape-off layer (SOL) heat flux widths has recently become of much greater importance
following the realization that the previously simple approximation of a single exponential fall-off from the last
closed flux surface (LCFS) assumed in the design of the ITER first wall panel toroidal shaping is invalid and
that the SOL in present devices usually exhibits a more complex structure. A multi-machine effort,
coordinated by the ITER Organization, has been conducted over the past 3 years, to gather as much data as
possible regarding the scaling and physics understanding of this limiter heat flux profile [1]. In this work, we
report on the measurements performed on the KSTAR tokamak in support of this activity. In common with
the technique employed elsewhere [1], measurements of the inboard limiter SOL heat flux profile on KSTAR
have been obtained using the combination of infra-red (IR) thermography, with a tangentially viewing system
whose field of view captures the graphite inner wall limiter (IWL) tiles, and a fast reciprocating Langmuir
probe assembly (FRLPA) providing plasma profiles across the outboard midplane SOL. Radial profiles of
electron temperature Te and ion saturation current density Jsat obtained with the triple probe are used to
compute the parallel heat flux profile, q||(r), from which the heat flux width, λq can be extracted. The value
of q||(r) at the LCFS can be validated by using the SOL power from the bolometer measurement. The FRLPA
is also equipped for turbulence measurements and provides fluctuations with 2 MHz acquisition rate in both Te
and Jsat. A second measurement of q||(r) is extracted from thermal analysis of the IR surface temperatures, in
combination with field line mapping to the outboard midplane. The IR provides q||(r) near the LCFS from the
thermal image on only one IWL tile. Experiments are performed in moderately elongated (κ= 1.45 - 1.55)
L-mode inboard limiter plasmas with BT = 2.0 T, PNBI = 1.5 MW, line averaged densities 3.0 - 5.0 x 1019 m-3
and a plasma current scan, Ip = 0.4 - 0.7 MA. At 0.6 MA, there is a clear evidence of a double exponential
structure in q|| from the FRLPA with a narrow feature, λq,near ~ 4 mm found close to the LFCS, followed by a
broader width, λq,main ~ 4 cm as seen elsewhere [1]. The narrow feature is also seen in the IR heat flux profile.
Both λq,near (from mainly the IR) and λq,main (from the FRLPA) are compared with the scalings respectively
found in [1] and the new ITPA main SOL width database [2]. In addition, analysis of the turbulence statistics
shows high relative fluctuation levels and positively skewed distributions in Te and Jsat across the SOL, with
both properties increasing with increasing distance from the LCFS, as often observed in the tokamak SOL. [1]
M. Kocan et al., Nucl. Fusion 55 (2015) 033019; [2] J. Horacek et al., submitted to PPCF (2015)
Keywords:
KSTAR, SOL width (double exponential structure) , inner wall limiter plasma, Langmuir probe, infra-red
thermography
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Abstract:
Development of the 4 MW LHCD system upgrade is under study. 4 MW system will adopt oversized circular
waveguide system as long as the length of the transmission line is longer than 50 m. Transmitting mode in the
main transmission line will be chosen from TE11O or TE01O mode. Mode converter is necessary since the
klystron output is WR187 rectangular waveguide. TE10▭-to-TE11O mode converter is easy to design with high
efficiency but polarization of TE11O can be rotated during propagation. TE01 mode has circular symmetric field
and extremely low loss in highly oversized waveguide but mode converter is complicated. Two types of
TE10▭-to-TE01O mode converter were designed. One is serpentine type combined with TE10▭-to-TE11O mode
converter and the conversion efficiency is 98.9%. The other has symmetric side wall injections of rectangular
waveguide to circular waveguide and has conversion efficiency of 99.2%. Mock-ups for two types of mode
converter are under construction. PAM launcher is ideal for steady state operation because active cooling line
can be equipped behind the passive waveguides in between the active waveguides. In addition, it has extremely
low reflection, and is insensitive to the density profile in front of the launcher. As a preliminary study,
prototype PAM with fixed N// of 2.5 for 500 kW LHCD system is under development. PAM antenna consists
of multi-junctions, 3 dB hybrid splitter, TE10-TE30 mode converter, etc. Each multi-junction consists of 4
active waveguides of 58x7 mm2 and passive waveguides located in-between the active waveguides. In this
paper the conceptual design of prototype PAM launcher and HFSS design of RF components such as TE10▭to-TE01O mode converter, WR229 size 3-dB hybrid splitter, TE10-TE30 mode converter, multijunction are
described.
Keywords:
KSTAR, LHCD, RF heating, PAM, HFSS
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Transition of eigen mode number of edge localized modes in toroidal
plasma
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Abstract:
Semi-periodic explosive heat loss through the crash of edge localized modes (ELMs), which are a class of
magnetohydrodynamic (MHD) instabilities occurring at the edge region of the high-temperature toroidal
plasma, can damage the plasma facing components [1]. In the KSTAR tokamak, quasi-steady-state ELMs are
routinely observed with a dominant toroidal eigen mode number (n). Interestingly, abrupt changes of the mode
number during the inter-crash period are frequently observed [2]. The mode number transition takes a few
hundreds to thousands of μs and always accompanies a discrete change of the mode frequency (fmode) in the
laboratory frame. Two types of mode transitions are distinguished by the existence of coherent mode structure
during the transition process: overlapping transition and non-overlapping transition. The mode transition
involves a radially outward movement of the mode location confirmed by 2-D imaging technique [3]. This
observation suggests that the most unstable location for ELM moves outward as the pressure gradient builds
up. *Work supported by NRF of Korea under contract no. NRF-2014M1A7A1A03029881 and BK21+
program. References: Raffray A.R. et al., Fusion Eng. Des. 85, 93-103 (2010) J. E. Lee et al., Nucl. Fusion 55,
113035 (2015). G. S. Yun et al., Rev. Sci. Instrum. 85, 11D820 (2014)
Keywords:
Edge localized modes, toroidal mode number, ECEI, KSTAR
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핵융합로 플라즈마 대면물질에 대한 DPA 전산모사 (DPA simulations
for fusion reactor PFMs)
신해원1, 변우준*1, 서희정1, 변재덕1, 현준원1, 김희수1, 노승정1, 이석관2, 김재용2
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Abstract:
핵융합로의 플라즈마 대면물질은 고밀도의 플라즈마에 장시간 노출되어 저에너지 이온조사에 의한 표면손상을 입
는다. 이와 같은 표면의 조사손상은 재질의 부식 및 표면상태변화를 일으키고 핵융합로의 연료인 수소동위원소의
흡착 및 체류현상에 영향을 미칠 수 있다. 본 연구는 핵융합로의 수명과 안전 이슈 중 하나인 수소동위원소의 투과
와 체류에 표면손상이 미치는 영향을 확인하기 위해 이온빔의 표면조사손상에 대한 기초 데이터 확보에 초점을 맞
추었다. Stopping and range of ions in materials (SRIM) 코드를 이용하여 대면물질의 후보재인 텅스텐, CuCrZr,
reduced activation ferritic/martensitic (RAFM)강의 헬륨과 수소동위원소 이온조사에 의한 displacements per
atom (DPA)을 전산모사하였다. 조사되는 헬륨과 수소동위원소의 에너지는 1-7 keV로 변화시켰으며 fluence는
1×1016-1×1018 cm-2 의 범위에서 DPA를 분석하였다. ------------------------------------------------------------------ * "이 연구는 2015년도 정부(미래창조과학부)의 재원으로 한국연구재
단의 지원을 받아 수행되었음(No. 2015M1A7A1A01002234)."
Keywords:
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Control of edge localized mode crashes using a single toroidal row of
large aperture magnetic perturbation coils in KSTAR
KIM Jayhyun*
National Fusion Research Institute
*

jayhyunkim@nfri.re.kr

Abstract:
It has been regarded that magnetic perturbation (MP) by non-axisymmetric (NA) field coils is the most
promising technique in controlling edge localized mode (ELM) crashes since only the MP could achieve full
suppression of ELM crashes beyond the mitigation of them. Here, we will present the result of ELM crash
controls in KSTAR using a single toroidal row of large aperture MP coils (that is, mid-plane in-vessel control
coils in KSTAR) with low n toroidal mode NA fields: full ELM crash suppression by n=2 MP and strong ELM
crash mitigation by n=1 MP [1][2]. It will be discussed the difference and similarity between the suppression
and mitigation cases on the base of the characteristics of n=1 and n=2 MP spectra. [1] M.E. Fenstermacher et
al., Nucl. Fusion 48 (2008) 122001. [2] Y. Liang et al., Phys. Rev. Lett. 98 (2007) 265004.
Keywords:
magnetic fusion device, edge localized mode, magnetic perturbation
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Analysis for prompt loss of neutral beam injection in terms of
momentum phase space
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Abstract:
In the toroidal plasma facility for fusion energy like tokamak or stellarator, study for transport of fast ions is
important because those are not only closely related to efficiency of heating and current drive but also heat
load to plasma facing components (PFC). For these reasons, fast ion loss detector (FILD) [1] has been used to
investigate the characteristics of the lost energetic ions. FILD is a scintillator-based diagnostic, representing
gyro-radius (energy) and pitch-angle of the fast-ions by means of capturing the position of the collision with
the scintillator surface. In this presentation, we present theoretical analyses of origin of detected (lost) ions
during NBI heating. We have adopted 2D phase diagram of toroidal momentum and magnetic moment which
are conserved quantities in the axisymmetric system [2]. We could describe detectable momentums at the FILD
position as a quadratic line. Deposited birth-ions by the NBI are modeled with this simple way and drawn as
points in the momentum phase space. With this model, we found that model and experimental results agree
well in detected pitch-angle range of NBI prompt loss. [1] J. Kim et al., Rev. Sci. Instrums. 83, 10D305
(2012). [2] R.B. White, "The Theory of Toroidally Confined Plasmas", Imperial College Press 2001 2nd Edition
Keywords:
Tokamak, Energetic Particle, Prompt Loss, Momentum conservation
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전자공명가열(ECH) 세기에 따른 KSTAR H-모드 플라즈마 내 알곤
불순물 이온 수송 변화 및 노심축적 완화
홍주환1, 2, S. Henderson3, 김기민1, 2, 선창래4, 송인우1, 2, 이현용1, 2, 장주혁1, 2, 박재선1, 2, 이상곤4, 유정원4, 이종하
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Abstract:
플라즈마와 노벽간의 상호작용 등으로 핵융합 플라즈마 내부에 필연적으로 존재하는 불순물 이온들은 플라즈마 노
심에 축적되며 연료 이온을 희석시키고 방사광의 형태로 플라즈마 내부에 저장된 에너지를 지속적으로 감소시킨다.
반면 통제된 양의 불활성기체 불순물을 디버터 근처에 주입할 경우 플라즈마로부터 분출되는 고온의 열속으로부터
핵융합로의 내벽을 보호하는 역할을 하기도 한다. 즉 노벽과의 상호작용으로 발생한 탄소, 텅스텐과 같은 내벽재질
불순물뿐만 아니라, 본 연구에서 다루고자 하는 알곤과 같은 불활성 기체 불순물의 수송 및 제어 연구 역시 핵융합
상용화를 위해서는 반드시 해결해야만 하는 과제 중 하나이다. 이를 위해 본 연구센터에서는 KSTAR H-mode 플
라즈마에 다양한 세기의 전자공명가열(electron cyclotron resonance heating)을 인가하여 진단용으로 주입된 알곤
불순물 이온의 노심 축적 현상을 제어하는 실험을 수행하였다. 그 결과 전자공명가열을 인가해 준 플라즈마의 경우
상당한 크기의 알곤 방출광량 감소를 진공자외선 분광시스템과 엑스선 분광진단을 통하여 측정하였으며, 전자공명
가열의 세기를 강화시킬수록 Ar15+ 선 방출광의 경우 감소가, Ar16+ 선 방출광의 경우 증가가 일어남을 확인하였다.
또 불순물 수송 전산모사 코드인 ADAS-SANCO를 이용하여 측정된 알곤 방출광 데이터로부터 알곤 불순물 이온
의 수송계수 및 대류계수를 계산하였다. 전자공명가열을 인가해 줄 경우 가열위치의 확산계수가 크게 증대하였으며
대류계수의 경우 노심방향의 대류 세기가 감소하였다. 이를 설명하기 위해 NEO 코드를 통한 신고전이론 및 GKW
코드를 통한 난류이론 계산 또한 수행되었으며, 그 결과 KSTAR 플라즈마에 주입된 알곤 불순물의 경우 신고전이
론에 의한 충돌효과 보다는 난류수송효과가 지배적임을 확인하였다.
Keywords:
nuclear fusion, impurities, argon, ech, core accumulation, impurity transport
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자기공명섭동(Resonant magnetic perturbation)을 이용한 KSTAR 플라
즈마의 알곤 불순물 수송 실험
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Abstract:
핵융합 플라즈마에 존재하는 불순물은 주연료이온의 희석 및 방사냉각으로 핵융합 플라즈마의 성능을 저하시킬 수
있어 핵융합 플라즈마 내의 불순물 수송 연구는 중요한 연구테마 중 하나이다. KSTAR에서는 전자공명가열
(electron cyclotron resonance heating)을 이용하여 알곤 축적제어의 가능성이 입증되었다 [1,2]. 자기공명섭동은
입자 수송을 증대시키는 효과가 있어 [3], 불순물 수송 제어에도 활용이 가능할 것으로 예상된다. 본 연구에서는 BT
= 2.15 T, Ip = 0.5 MA, PNBI ~ 3.0 MW의 KSTAR 플라즈마 조건에서 자기공명섭동을 활용하여 알곤 불순물 실험
을 진행하였다. 인가한 자기공명섭동은 +90도 위상을 가진 n = 1 이며, 자기공명섭동을 생성시키는 코일의 전류값
을 0 kAt에서 2.5 kAt로 바꾸며 실험을 수행하였다. 자기공명섭동을 인가하였을 시에 선평균 전자밀도는 자기공명
섭동이 없을 때와 비교하여, 2.59x1019 m-3 에서 2.22x1019 m-3 로 감소하였으며, 언저리 국소모드(Edge localized
mode)의 주파수는 53 Hz에서 69 Hz로 증가하였다. 한 언저리 국소모드 발생으로 인해 나오는 디버터 열속도 그에
따라 감소하여, 자기섭동 인가로 언저리 국소모드가 완화되었음을 알 수 있다. 연 X 선 진단계[5]로 Ar16+와 Ar17+
의 선방출광을 진단한 결과, 자기공명섭동을 인가하였을 경우는 자기공명섭동이 없을 때와 비교하여 1.3 배 정도 작
아졌다. 이는 자기공명섭동이 알곤 불순물의 축적을 제어하는 가능성을 보이는 결과이다. 본 발표에서는 SANCO
코드로 예측되는 수송계수로 자기공명섭동 인가시의 알곤 불순물 수송에 관한 결과도 자세히 발표할 예정이다.
References [1] J.H. Hong et al., Nucl. Fusion 55, 063016 (2015). [2] J.H. Hong et al., In this conference. [3] E.
Evans et al, Phys. Plasmas 13, 056121 (2006). [4] B.G. Bak et al., J. Korean Phys. Soc. 65, 1232 (2014). [5]
S.H. Lee et al., Rev. Sci. Instrum. 83, 10E512 (2012).
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Design of a collective scattering system for small scale turbulence study
on KSTAR
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Abstract:
A four-channel collective scattering system utilizing 300 GHz high power beam is being developed for small
scale turbulence study in KSTAR. The scattering system has been designed based on the NSTX scattering
system [1] and DIII-D system [2] and will measure electron density fluctuations with four discrete poloidal
wave numbers. The maximum detectable poloidal wave number is ~24 cm-1, which corresponds to kθρe ≤
0.15 at 2 T plasmas. A variety of issues such as the Faraday and Cotton Mouton effects on the beam
polarization, radial spatial resolution, probe beam frequency, polarization, and scattered power will be
discussed. One of the challenges in optics design is that the scattering system has to share the front optics with
two other diagnostics, the MIR system [3] and millimeter wave interferometer. To extract phase information of
scattered beams as well as the scattered beam power, the scattering system will employ a quadrature detection
system, which consist of four-channel detector array and electronics. Considering the expected Doppler shifts
(up to ~2 MHz) of the scattered beams, we chose 4 MHz for the electronics bandwidth and 8 MHz for the
sampling rate of digitizers. This work is supported by the NRF of Korea under grant nos. NRFReferences: D. R. Smith et al, Rev. Sci.
2015M1A7A02002627 and NRF-2014M1A7A1A03029865.
Instrum. 79, 123501 (2008). W. A. Peebles et al, in Proc. 31st European Physical Society Conference on Plasma
Physics, Europhysics Conference Abstracts, Vol. 28G, edited by P. M. Pick (European Physical Society, Paris,
2004) p. 2.174. W. Lee et al, Nucl. Fusion 54, 023012 (2014).
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Mode Converter for Efficiency Improvement of KSTAR LHCD
Transmission-line
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Abstract:
The KSTAR LHCD system uses a 5 GHz, 0.5 MW c. w. klystron and oversized rectangular waveguides. In
order to transfer RF power effectively from a klystron to the launcher, we have to use lower loss transmission
lines. At present, tapered sections are used to connect fundamental and oversized rectangular waveguides. To
improve transmission efficiency more, we are going to use circular waveguides which provides almost 90%
transmission efficiency. In this case, mode converters are required in connecting rectangular and circular
waveguides. In this paper, we present simulation results for the mode converter.
* This research was
supported by National R&D Program through NRF of Korea funded by MSIP (NRF2014M1A7A1A02029891), BK21+ program and Korean ITER project.
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Development of W-band ECE radiometer for electron temperature
profile measurement at KSTAR
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Abstract:
A new heterodyne radiometer operated in the frequency range from 78 to 110 GHz has been developed to
measure electron temperature profiles in the low field side during the 2T operation of KSTAR. As main
components of this W-band system, a 94 GHz local oscillator, two double balanced mixers, and two bandpass
filters (78-93 GHz and 95-110 GHz) are used to obtain two separate IF frequencies in the range of 1 to16
GHz. Subsequently two sets of 2nd down-conversion modules with a 7 GHz local source and 4 sets of 8 Ch’s
detector modules (2-9 GHz) with 1 GHz step are used for 28 Ch electron cyclotron emission (ECE)
measurements. In this poster, the detailed system configuration and the preliminary test results with a hot
calibration source in the laboratory will be presented. Moreover, the combining manner with the D-band
radiometer (110–162 GHz) will be considered in terms of the absolute calibration for the 2016 KSTAR
experimental campaign.
Keywords:
W-band, ECE, radiometer, electron, temperature, profile, KSTAR
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Analysis on KSTAR vertical instability and extension of its
controllability
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Abstract:
The paper consists of 2 parts; The first part mainly summarizes a series of multi-year experimental activities
done under the ITPA MHD stability TG from 2012 to 2015. The relevant activity, MDC-18, addresses many
axisymmetric control issues needing resolution for ITER, which include 1) fundamental controllability of
axisymmetric equilibria and relevant metrics, 2) effect of noise in the principal diagnostics and 3) evaluate
candidates of control algorithms/approach in operating devices. As the first step, a series of dedicated “releaseand-catch” experiments are performed at KSTAR to measure the principal metrics for vertical stability – the
stability margin ms and the open-loop vertical growth rate γz[1]. The dynamics of the vertical movement is
analyzed by magnetic reconstructions, validations against the non-magnetic diagnostics, and an axisymmetric
plasma response model which can simulate the experimental results in the appropriate time resolution [2,3].
Based on the plasma response model obtained in the experiment, the second part describes relevant
experimental approaches for extending controllability of the vertical stability feedback controls. The present
scheme is briefly described and analyzed first. Effects of new diagnostics design are also analyzed, with real
experimental demonstrations[4]. Finally, results of a new control approach using decoupling in the frequency
domain are introduced, in order to reduce competition between the “fast” feedback for vertical displacement of
the plasma center and the “slow” feedback for the boundary control. [1]
D. A. Humphreys, T. A.
Casper, N. W. Eidietis, et al., Nucl. Fusion 49, 115003 (2009). [2]
S.-H. Hahn, A. S. Welander, S. W.
S.-H. Hahn, “Role of Control Simulator
Yoon, et al., Fusion Engineering and Design 89, 542 (2014). [3]
on Enhancement of Magnetic Control”, oral presentation in KSTAR Conference (2015). [4]
D. Mueller,
N. W. Eidietis, D. A. Gates, S. P. Gerhardt, S.-H. Hahn, E. Kolemen, et al, “Improvement in the fast vertical
control systems in KSTAR, EAST, NSTX and NSTX-U”, in IAEA Fusion Energy Conference (2014), PP/P817.
Keywords:
KSTAR, tokamak, MHD, vertical displacement event, vertical instability

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.033

KSTAR 톰슨산란진단 신호분석 및 플라즈마 변수 측정
이승헌*1, 이종하1, I. Yamada2, 이규동1, 이관철1, 전준우1
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Abstract:
톰슨산란진단은 플라즈마의 전자온도 및 밀도분포를 측정하기 위한 기본적인 수단 중의 하나이다. 2015년 KSTAR
캠페인에는 2.5 J 급의 10 ns 펄스 레이저 시스템이 새로 설치되었다. 중심부 및 언저리 영역의 신호를 받기위한 두
개의 집광 렌즈가 사용되고 있고, 각각의 렌즈는 12개와 15개의 위치에 따른 톰슨산란광을 수집할 수 있다. 두 렌즈
의 광축은 레이저가 지나가는 mid-plane (Z = 0) 과 다른 평면에 있기 때문에 톰슨산란광의 적분식에서 정확한 각
도범위를 고려하여야 한다. 이러한 정확한 계산을 통하여 톰슨산란광의 세기를 예측할 수 있고, 여기에 Gaussian
random noise를 추가하여 실제 데이터와 유사하도록 전산모사를 수행하였다. 이러한 통계적인 방법을 통해 기존의
전자온도를 계산하는 알고리즘을 분석하고 random noise의 영향이 어느 정도인지도 확인할 수 있다. 이 연구에서
는 2015년 KSTAR 캠페인에 측정된 톰슨산란 데이터를 토대로 측정 값의 신뢰도를 확인하였다.
Keywords:
톰슨산란진단, KSTAR, 플라즈마

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.035*

Development of fusion plasma diagnostics by the optical emission
spectroscopy (OES) and THz time-domain spectroscopy (THz-TDS)
KANG Keekon, JANG Dogeun, JANG Donggyu, SUK Hyyong*
Department of Physics and Photon Science Gwangju Institute of Science and Technology
*

hysuk@gist.ac.kr

Abstract:
In fusion plasma, diagnostics are very important for understanding of the plasma state. Unfortunately, it is
hard to mimic the extreme fusion plasma conditions in laboratory scale. In our laboratory, however, we
developed and tested a compact inductively-coupled plasma (ICP) source that can operate easily in small scale.
According to our experimental results, it turned out that the ICP source can yield a plasma density range of
1013~1014 cm-3. This implies that the developed ICP source can be used as a test-bed for development of new
plasma diagnostics methods. By using the developed ICP source, we tested and compared the OES and THzTDS methods, which shows that both methods can produce similar plasma density results. In this presentation,
we show the detailed experimental and analysis results.
Keywords:
plasma diagnostics, inductively-coupled plasma, optical emission spectroscopy, terahertz time-domain
spectroscopy

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.036

Design of a combined charge exchange spectroscopy and beam
emission spectroscopy system in VEST
KIM YooSung1, LEE Kihyun1, OH Soo-Ghee1, 2, SHI Yue-Jiang1, CHUNG Kyoung-Jae*1, HWANG Y.S.1
1

Department of Nuclear Engineering, Seoul National University, 2Center for Advanced Resarch in Fusion
Reactor Engineering, Seoul National University
*
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Abstract:
The combined system of charge exchange spectroscopy (CES) and beam emission spectroscopy (BES) [W.
Mandl et al., PPCF 1993] has been designed to measure the He II toroidal rotation, ion temperature and
impurity density without requiring any absolute intensity calibration of the spectra. Shift H alpha spectrum
656.3 nm and helium charge exchange spectrum He II (n=4-3) 468.6 nm were used for this system. A dichroic
beam splitter is used to measure CES and BES signal simultaneously with sharing same line of sight. High
spectral resolution spectrometer suitable for VEST situation is carefully designed based on the transmission
grating with a high diffraction efficiency. Multi-chord viewing sightlines has been chosen to have a ~1cm
spatial resolution. Pitch-controlled double entrance slit has been utilized to increase number of channel per
CCD with stigmatic images.
Keywords:
Charge exchange spectroscopyBeam emission
temperatureimpurity densitytransmission grating
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Atomic data on photon emissivity and dielectronic recombination for
tungsten ions
KWON D.-H.*1, LEE W.1, HONG J.2, 3, LEE H. Y.2, 3, SONG I.2, 3, CHOE W.2, 3
1

Nuclear Data Center, KAERI, 2Department of Physics, KAIST, 3Impurity and Edge plasma Research Center,
KAIST
*

hkwon@kaeri.re.kr

Abstract:
Atomic data need on tungsten (W) for spectroscopic and transport modelings in fusion plasma has been
increased since W has been highly preferred plasma facing component in various fusion tokamaks as well as
International Thermonuclear Experimental Reactor. We have calculated photon emissivity coefficients (PEC)
and dielectronic recombination (DR) rate coefficients for W ions using the relativistic Flexible Atomic Code
(FAC). Our calculated PEC’s for Wq+ (q=14-27) and DR rate coefficients for Wq+ (q=44-46) are presented
and compared with the available data on the Atomic Data and Analysis Structure (ADAS) database. As well
VUV emission spectra by spectroscopic modeling combined with an impurity transport modeling using our
calculated PEC’s for Wq+ (q=14-27) is compared with the spectra measured from a W powder injection
experiment in KSTAR tokamak and with the modeled spectra using the ADAS PEC’s.
Keywords:
Atomic data, tungsten ion, spectroscopic modeling, transport modeling, fusion plasma
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Tokamak plasma response to external perturbed magnetic field
with wall stabilization effect
HAN Hyunsun*1, JEON Young Mu1, KIM Jayhyun1, KWON Ohjin2
1

National Fusion Research Institute, Daejeon, Korea, 2Department of Physics, Daegu University, Gyeongbuk,
Korea
*
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Abstract:
Based on a linear stability computation, tokamak plasma response to external perturbed magnetic field has
been calculated. The perturbed field on the plasma boundary is computed from the RAFT code [1] which is
based on the vacuum superposition method. Then, the plasma response or radial displacement which is
obtained from the MISHKA1 code [2] is considered to be proportional to the perturbed field on the plasma
boundary. We have shown the resonance can be extensively amplified at the rational surface when the external
kink instability is suppressed by the wall stabilization effect. This result can explain for the observation that the
plasma shape and position can affect the suppression of ELM crashes. [1] Plasma Phys. Control. Fusion 52
(2010) 095009 [2] Plasma Phys. Rep. 23, (1997) 844
Keywords:
plasma response, perturbed field , linear stability

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P1-pl.039*

Triton burnup measurement result in KSTAR deuterium plasmas
JO Jungmin1, CHEON MunSeong2, KIM Jun Young2, 3, RHEE T. N.2, KIM Junghee2, ISOBE M.4, 5, OGAWA
K.4, 5, CHUNG Kyoung-Jae*1, HWANG Y. S.1
1
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University for Advanced Studies), Toki-shi, Japan
*
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Abstract:
Measurements of 14.1 MeV d-t neutrons generated by the triton burnup have been carried out in KSTAR
deuterium plasmas using neutron activation system (NAS) with copper and silicon samples. A High Purity
Germanium (HPGe) detector was used to count gamma rays from the activated samples. For a higher
measurement accuracy, compensation of the background gamma rays from surrounding activated materials
near the counting station was conducted. Due to the long plasma discharge duration of KSTAR plasmas,
which lasts nearly up to 60 seconds, the effect of the activity decay of silicon samples during the neutron
irradiation has been taken into account. The analysis result from the activation measurements obtained during
the 2015 KSTAR campaign shows that the average d-t neutron production rated was about for typical neutral
beam heated plasma discharge. The shot-integrated triton burnup ratio was measured to be in the range of
0.05~0.5%. Measured burnup ratio was compared with first orbit loss fraction and classical slowing down
time of tritons.
Keywords:
KSTAR, Neutron activation system, triton burnup
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Characteristics of global energy confinement in KSTAR H-mode
plasma
SEO Pooreun1, KIM Hyunseok2, YOON Siwoo2, JEON Youngmu*2
1
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Abstract:
The first High confinement mode (H-mode) with Edgy Localized Mode (ELM) is discharged by Neutral Beam
Injection (NBI) in the Korea Superconducting Tokamak Advanced Research (KSTAR) in 2010. In order to
design and deduce plasma performance of tokamak and fusion reactor, an energy confinement time has been
investigated. Also the statistical analysis of energy confinement time has been carried out since a plasma energy
transport has not been proved completely yet. In this work, firstly the global energy confinement time (τE)
was calculated with experimental data in KSTAR 2013 campaign. Secondly, it was analysed in terms of the
confinement enhancement factor (H-factor). Then finally, the characteristic of global energy confinement in
KSTAR plasma was analysed by deriving own regression equation and by comparing it with the multimachine H-mode scaling laws. The forthcoming H-mode and Advanced operation mode in KSTAR can be
evaluated properly on the basis of our results.
Keywords:
Fusion, Plasma, Energy confinement time, KSTAR, H-mode
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ExB Shear and Precession Shear Induced Turbulence Suppression
CHOI Gyung Jin, HAHM Taik Soo*
Department of Nuclear Engineering, Seoul National University
*
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Abstract:
It is well accepted that ExB shear induced turbulence suppression[1] is responsible for the formation of internal
transport barriers (ITBs) in ion thermal transport channel[2]. However, understanding different behavior of
electron thermal transport still remains a challenging problem in tokamak confinement physics. Trapped
electron precession shear induced turbulence suppression was previously proposed[3] as a general nonlinear
mechanism to explain electron thermal ITB formation in the presence of reversed magnetic shear configuration
and local electron heating[4]. In this work, we show that ExB shear, as well as trapped electron precession
shear, can be naturally included in the two point decorrelation theory on turbulence associated with trapped
electrons by systematic derivation using modern bounce kinetic formalism[5]. We also study ExB shear and
precession shear induced turbulence suppression, and synergism between ExB shear and precession shear.
Relative sign between ExB shear and precession shear is found to be important as well as their magnitudes
in suppressing turbulence. They can either reinforce or interfere with each other in reducing turbulence,
depending on local plasma conditions. Our result provides explanations on broad range of experimental
observations regarding electron thermal ITB observed in tokamaks such as TFTR and JT-60U[6,7].
References: [1] T.S. Hahm and K.H. Burrell, Physics of Plasmas 2, 1648 (1995) [2] K.H. Burrell, Physics of
Plasmas 4, 1499 (1997) [3] T.S. Hahm, P.H. Diamond and E.-J. Kim, Presented at the 29th EPS Conference on
Plasma Physics and Controlled Fusion (Montreaux, Switzerland, 2002) [4] X. Litaudon et al, Plasma Physics
and Controlled Fusion 38, 1603 (1996) [5] B.H. Fong and T.S. Hahm, Physics of Plasmas 6, 188 (1999)
[6] F.M. Levinton et al, Physical Review Letters 75, 4417 (1995) [7] T. Fujita et al, Plasma Physics and
Controlled Fusion 46, A35 (2004)
Keywords:
ExB Shear, Precession Shear, Turbulence Suppression, Internal Transport Barrier
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Dynamic simultion of a supercritical helium circulator circuit for
unexpected event
LEE Hyunjung*, OH S. J., OH D. K., KIM N. W., MOON K. M., AHN H. J., PARK K. R.
National Fusion Reasearch Institutue
*
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Abstract:
KSTAR circuit 2 has been designed for cooling of fourteen superconducting magnets and CS structure using
forced flow of supercritical helium. A large amount of supercritical helium (> 370 g/s) is circulated by
supercritical helium circulator after cool down of cold components. A heat load is certainly removed through
heat exchanger before circulator. Several cryogenic valves are controlled automatically according to pressure
and mass flow rate. A simple dynamic model has been developed for stability analysis of circulator using an
Aspen HYSYS software when the valve control and the property of the KSTAR supercritical helium circulator
has been embedded in the model. In this paper, validity of circulator model will be confirmed and the case
study of circulator fault will be investigated depending on the valve control.
Keywords:
Aspen HYSYS, supercritical helium circulator, forced flow, KSTAR cryogenic circuit,
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Tangential reconstruction of 2-D total radiation profiles during
impurity seeding in KSTAR
JANG Juhyeok1, 2, PETERSON Byron Jay3, SEO Dongcheol4, SANO Ryuichi3, HONG Sukho4, MUKAI
Kiyofumi3, HONG Joohwan1, 2, LEE Hyunyong1, 2, LEE Seunghun4, CHOE Wonho*1, 2
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Abstract:
Impurity in fusion plasmas can degrade fusion reactivity by fuel dilution and radiative cooling. Impurity line
radiation in plasma edge is also a candidate for the mitigation of divertor heat load. So, impurity transport
study is a critical issue for steady operation of tokamak and plasma radiation is a key parameter for
understanding impurity behavior. An infrared imaging video bolometer (IRVB) has been operational for total
radiation measurement in several fusion devices. Since bolometer data is the integration of local emissivity
through sight lines, tomographic reconstruction is necessary for two-dimensional radiation profiles. A
tangential reconstruction code for KSTAR IRVB was developed using the Phillips-Tikhonov algorithm.
Phantom tests with various synthetic images were carried out for the validation of the reconstruction. Typical
D-shaped phantoms and divertor radiation in the presence of ELM were reconstructed well. In 2016, the
spatial resolution of IRVB is expected to be increased twice with IR camera upgrade (from 12x16 to 24x32
channels). The phantom tests with the geometry of the upgraded IRVB showed the reconstruction performance
improved distinctly. The 2-dimensional radiation images during impurity seeding experiment in 2014 KSTAR
campaign were reconstructed. Radiation loss in the plasma edge and divertor region was increased
significantly after the argon puffing. Total radiation power in scrape-off-layer region (PSOL) was also
calculated. Using the IRVB data as the input of the SANCO impurity transport code, the effect of the level of
impurity seeding on plasma confinement was analyzed.
Keywords:
nuclear fusion, tokamak, bolometer, tomography, impurity
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The low H-mode threshold power under non-axisymmetric magnetic
fields in KSTAR
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Abstract:
Non-axisymmetric magnetic field is actively employed in ELM control experiments [1, 2]. Generally, nonaxisymmetric magnetic field can change pedestal transport and regulate pedestal profiles to stay below the
thresholds for the peeling-ballooning instabilities [2]. Non-axisymmetric magnetic field is important role on
the pedestal transport and confinement in KSTAR which has low error field (dB/B0~ 10-5) as compared with
other similar sized machine. KSTAR has 10% less H-mode power threshold (Pth) than DIII-D with similar
densities due to the low error field. The H-mode power threshold was obtained for different coil currents of
non-axisymmetric field as a function of δB/B0 from the experiments of power threshold, confinement, and
pedestal transport by non-axisymmetric magnetic field scan in KSTAR. The confinement time and the
normalized rotation pedestal were changed by non-axisymmetric magnetic field. [1] Jeon, Y.M. et al., Phys.
Rev. Lett. 109, 035004 (2012) [2] Won-Ha Ko et al., Nucl. Fusion, 55, 083013 (2015).
Keywords:
non-axisymmetric magnetic field, H-mode threshold power, ELM, low error field
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Design of diagnostic neutral beam injector for charge exchange
spectroscopy in VEST
LEE Kihyun1, PARK JongYoon1, JUNG Bongki2, CHUNG K.J.1, HWANG Y.S.*1
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Abstract:
Diagnostic neutral beam injector in VEST is designed for charge exchange spectroscopy. The DNBI system has
four parts: high-current ion source assisted electron gun, a plasma neutralizer using additional gas flow, ion
dump with bending magnet and power systems for ion source and ion beam acceleration. Beam requirements
calculation and investigation for CES shows that hydrogen beams with ~1A at 10keV are needed. Circular
cylinder is employed as gas flow neutralizer. Beam transport efficiency and neutralization efficiency is
considered for neutralizer to deliver sufficient hydrogen beams. Arrangement of each parts including bending
magnet and ion dump will be presented.
Keywords:
Diagnositc Neutral Bema Injection, Charge Exchange Spectroscopy, fusion, spherical torus, plasma heating,
plasma diagnostics
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Transition to supersonic plasma flows in magnetic nozzle geometries
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Abstract:
Understanding the transition to supersonic plasma flows near an X-point plays a crucial role for evaluating the
heat flux on divertor targets so as to appropriately design plasma facing components and control energetic
particles. In this work, we have investigated the transition of plasma flow from subsonic to supersonic regime
with convergent-divergent magnetic nozzle geometries similar to the divertor topology. The spatial variation of
the Mach number of plasma flow exhausted from the nozzle is measured with a movable Mach probe for
various magnetic field configurations. Changes in the bifurcation point of the supersonic transition along the
direction of plasma flow are found to depend on the strength and the curvature of the magnetic field. In this
paper, the change of the position of supersonic transition with magnetic field configurations is reported.
Keywords:
DivertorMangetic nozzleSupersonic transitionMach probe
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KSTAR 플라즈마에서 고속이온이 유발하는 알펜 고유 모드의 실험적
관찰
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Abstract:
핵융합 플라즈마 내에 존재하는 고속이온 (부가가열 및 핵융합 부산물 등에 의한) 은 여러가지 방식으로 플라즈마
불안정성을 만들어낼 수 있다. 이러한 불안정성은 중심부 플라즈마 고속이온 분포를 완만하게 하고 에너지를 떨어
뜨리거나 고속이온 손실을 유발할 수 있으므로, 핵융합 수율을 감소시키는 요인이 된다. 최근 핵융합 플라즈마 성능
이 성능이 고도화되고 ITER에서는 알파입자에 의한 자가 가열이 중요한 주제이므로 고속이온이 유발하는 불안정
성 연구의 중요성이 높아지고 있다. 그 중 대표적인 불안정성이 알펜 고유 모드라는 특정 주파수의 전자기 요동인
데, 고속이온의 자기장 축방향 속도가 알펜파 전파 속도를 넘지 못하더라도 고속이온 압력 구배에 의해 특정 조건에
서 야기될 수 있다. 또한 중성입자빔을 주된 고속이온원으로 사용하는 핵융합 플라즈마에서는 중성입자빔에 의한
전류밀도분포 변화가 알펜 고유 모드의 고유함수에 큰 영향을 미친다. 특히 KSTAR의 advanced 운전모드에 근접
한 실험 (완만한 전류분포, 중심부 고속이온 밀도 증가) 에서는 다양한 알펜 고유 모드가 빈번하게 관찰되는데, 이에
따른 고속이온 감금 성능 저하가 예측되며 향후 이를 제어하기 위해 중성입자빔의 조합을 바꾸어 가며 알펜 고유 모
드의 변화를 관찰하였다. 관찰된 불안정성 모드 변화는 CRONOS 코드 및 NOVA 코드를 이용하여 수치적 모델링
으로 고유함수를 재구성하고자 한다.
Keywords:
핵융합, 플라즈마, KSTAR, 고속이온, 알펜파
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3d-금속 이온 치환된 스피넬 LiTxMn2-xO4(T = Fe, Co, Ni, Cu, Zn) 화
합물 박막에서의 양이온 분포 및 구조적 변화 조사
박소연, 김광주*
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*
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Abstract:
리튬(lithium) 스피넬(spinel) 산화물 LiMn2O4를 기반 물질로 하여 주기율표 상에서 Mn과 인접한 금속 원소(T =
Fe, Co, Ni, Cu, Zn)가 도핑(doping)된 LiTxMn2-xO4 화합물 박막 시료들을 졸-겔(sol-gel) 방법 및 동일한 후열처
리 조건하에서 제작하여, X-ray diffraction, Raman spectroscopy, X-ray photoelectron spectroscopy 등을 이용
하여 이종 금속 도핑에 따르는 화합물의 구조적 특성, 양이온 분포 변화 등을 관측 및 분석하였다. Co, Ni, Cu 도핑
의 경우 금속 이온들이 스피넬 격자 상의 16d 팔면체 자리(octahedral site)를 대부분 차지하게 되어 LiMn2O4에서
와 같은 정스피넬(normal spinel) 구조를 유지하며, 반면에 Fe, Zn 도핑의 경우는 이온들 중의 일부가 8a 사면체 자
리(tetrahedral site)를 차지하고 Li+ 이온들 중 일부가 팔면체 자리에 위치하는 역스피넬(inverse spinel) 구조로 변
화함과 동시에 cubic−tetragonal 상전이(phase transition)가 관측되었다. 또한, Ni 및 Cu 도핑량이 증가함에 따라
(x ≥ 0.5) 조건에서는 LiyT1-yO (y < 1) 이차상(secondary phase)이 관측되었다. 화합물의 격자상수는 Fe, Zn 도핑
의 경우는 증가하였으나, Co, Ni, Cu 도핑의 경우는 감소하였다.
Keywords:
LiMn2O4, 스피넬, 양이온 분포, 상전이
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스피넬 NixCo3-xO4 화합물의 폴라론 전도 특성 및 응용성 탐구
고태영, 김광주*
건국대학교 물리학과
*

kjkim@konkuk.ac.kr

Abstract:
Ni 성분비 변화가 가능한 스피넬 NixCo3-xO4 산화물 단일상(single
phase) 박막 시료들의 제작을 sol-gel 방법을 이용하여 시도하고 그
구조적, 전기적 특성 변화를 관측 및 분석하였다. Ni 성분비(x)가 증
가함에 따라 NixCo3-xO4 화합물은 cubic 구조를 유지하며 그 격자
상수는 증가함(x = 1.0 일 때 0.5%)이 관측되었다. NixCo3-xO4 화
합물은 Ni 성분비가 증가함에 따라 전기비저항(electrical resistivity)
이 감소함이 관측되었으며, x = 1.0 에서 1.9 X 10-2 Ωcm 까지 낮아
져 x = 0 (Co3O4)에서의 값과 비교하면 3000배 정도 감소함이 나타
났다. X-ray diffraction, Raman spectroscopy, X-ray
photoelectron spectroscopy 측정 결과들의 해석을 통하여 Ni 이온들은 Ni2+, Ni3+의 상태로 팔면체 자리
(octahedral site) 들에 대부분 존재함이 나타났다. NixCo3-xO4 화합물에서의 전기전도성 증가는 팔면체 자리
Ni2+에서 Ni3+로의 폴라론(polaron) 전이에 의한 것으로 해석될 수 있다. 이와 같은 전도성 NixCo3-xO4 산화물의
리튬(lithium) 이차전지(secondary battery) 양극의 안정적 충방전 및 수명 향상을 위한 코팅(coating) 물질로의
응용성을 탐구하였다.
Keywords:
스피넬 산화물,NixCo3-xO4, 폴라론, 전기전도성
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은점토 공예용 은분말의 소결거동 연구
정광휘1, 이창헌1, 박영석1, 홍영환1, 진정호1, 마경희2, 이재신*1
1

울산대학교 첨단소재공학부, 2위메이크산타
*

jslee@ulsan.ac.kr

Abstract:
귀금속 분말을 이용한 PMC (precious metal clay; 귀금속 점토)는 최근 신속한 조형이 가능하고 개성을 살릴 수 있
는 잇점으로 인해 자가 공예품의 제작 용도로 시장이 확대되고 있다. 손으로 직접 조형되는 특성 때문에 PMC 자체
가 소결온도에 따라 적정한 강도와 수축율이 보장되어야 한다. 본 연구에서는 은점토용 은분말 특성을 파악하기 위
하여 상업용 은분말을 이용하여 동전 모양의 시편을 성형하여 공기 분위기 하에서 700~950℃의 온도범위에서 2시
간 동안 소성한 다음 시료의 물성 변화를 살펴보았다. XRD 분석결과 입방정 외에 다른 상은 관찰되지 않아서 산화
가 진행되지 않았다고 판단된다. 원료의 입도는 1-2 마이크론이었으나 소결 후 5-10 마이크론으로 입자성장을 보
였으나, 흥미롭게도 일반적인 무기재료 분말 소재와 다르게 소성수축 및 기계적 강도는 소성온도의 증가에 따라 단
순하게 변화하지 않고 복잡한 양상을 나타내어 보다 심도 있는 연구가 필요한 상태이다.
Keywords:
은점토, 귀금속, 분말, 소결거동
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MBE growth of various TMD films and characterizations
장영준*1, 최병기1, 이인학1, 김혁진2, 양승준1
1

서울시립대학교 물리학과, 2서울시립대학교 에너지환경시스템공학과
*
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Abstract:
Layered 2D transition metal dichalcogenides (TMDs) have been
studied recently, because of its unique electron correlated
properties, band structures and magnetic properties, such as
charge-density-wave
(CDW)
and
room-temperature
ferromagnetism (RTFM). To synthesize epitaxial films and
multilayers of TMDs, we employ both molecular beam epitaxy
(MBE) and ambient pressure thermal CVD. We are currently
optimizing several TMD films, such as MoSe2, VSe2, NbSe2,
which range from semiconducting, metallic, and CDW phases.
With these constituents, we are performing several
characterizaitons, such as structural (XRD & TEM),
stoichiometrical (TOF-MEIS & XPS), and electronic
(Ellipsometry & ARPES) measurements. We welcome
collaborative investigations, such as advanced characterization of
physical properties or device fabrications. [This research was
supported by Nano·Material Technology Development Program
through the National Research Foundation of Korea(NRF)
funded by the Ministry of Science, ICT and Future Planning.
(2009-0082580), NRF-2014R1A1A1002868]
Keywords:
TMD, MBE
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고상반응법을 통해 제작한 Sn이 첨가된 Hematite (α-Fe2O3) 분말의
전기적 특성 변화 연구
송세환1, 김지웅1, 이두용1, 배종성2, 박성균*1
1

부산대학교 물리학과, 2한국기초과학지원연구원
*
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Abstract:
α–Fe2O3 (Hematite)는 ~2.2 eV의 밴드갭을 가지며 태양광 스펙트럼의 약 40 %를 흡수할 수 있는 물질로, 광전
기 반응이 두드러지며, 산화 환경에서의 저항력이 높은 이유로, 물 분해 물질로 많은 연구가 진행되고 있다. 하지만,
짧은 전하수명 (10 ~ 12 μs)과, 낮은 전기전도도로 인해 광전기 화학셀로 적용하기에 아직도 많은 제한이 있다. 이
러한 제한을 극복하기 위한 노력으로 IV, V-족 원소의 도핑을 통한 물성향상 등의 방법들이 제안되었다. 본 연구에
서는 IV-족 원소인 Sn을 도핑하여 α–Fe2O3의 전기적 특성 변화 메커니즘을 연구하였다. 순수한 α–Fe2O3 분말
을 시작 물질로 하여 고상반응법을 통해 Sn 도핑량이 각각 1, 3, 5%로 도핑된 α–Fe2O3 분말을 제작하였다 (Fe22xSn2xO3, x= 0.01, 0.03, 0.05). n-type 특성을 갖는 제작된 시편은 Sn 도핑 시 비저항이 줄어들었으며, 3%가 도핑
된 시편에서 가장 낮은 비저항을 나타냈다. X-선 회절 측정으로부터 Sn이 도핑될 경우 (110) 피크의 세기가 증가하
였으며, 3% 일 때 가장 큰 값을 나타냈다. 이로부터 Sn은 비등방성 전기전도도가 높은 Fe2O3의 [110] 방향에 대한
기여도를 높여 시편의 전체적인 비저항을 낮추는 것으로 여겨진다. X-선 광전자분광 측정으로부터 Sn 도핑량에 따
른 Fe의 원자가전자 상태의 변화를 고찰한 결과, Sn이 도핑됨에 따라 Fe2+의 양이 증가하는 것을 확인하였다. Fe3O4
의 경우 원자가 전자상태가 다른 Fe 이온 사이에서 전자가 hopping 하며 전도하는데, 이 결과로부터 Sn이 3%까지
도핑된 시편은 [110] 방향으로 hopping 메커니즘을 통해 전자가 전도하는 것으로 여겨진다. 본 연구는 한국연구재
단(NRF-2015R1D1A1A01058672), 한국기초과학연구원(E36800), 한국원자력연구원의 지원을 받아 이루어졌습
니다. 또한 김지웅군은 글로벌박사양성사업(2015H1A2A1034200)의 지원을 받았습니다.
Keywords:
Sn-doped Fe2O3, 비등방성 전기전도도, hopping 메커니즘
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Synthesis of Two Dimensional VO2 Nanosheet for Smart Window
Application
OH Su-Ar, KIM Ki-Chul*
Department of Advanced Chemical Engineering Mokwon University
*

kckim30@mokwon.ac.kr

Abstract:
Vanadium dioxide (VO2) is a well-known thermochromic material for application of smart window system
[1]. VO2 undergoes phase transition changing its phase from monoclinic (below 68OC) to rutile phase (above
68OC). But its phase transition temperature (TC) is relative too high to be applied to smart window. Drop of
TC can be realized by nanostructured VO2. Nanostructured VO2 have been synthesized with nanobeam or
nanowires [2] and showed that TC decreases while diameter of VO2 decreases [3]. Nanowires, however, are not
continuous and regular in length and thickness, which makes it difficult to be applied for smart window
application. Very thin film of VO2 showed drop of TC into near room temperature [4]. In this study, we
synthesized two dimensional VO2 nanosheet on graphene layer using thermal CVD method. The morphology
of VO2 nanosheet was characterized by FE-SEM and the crystallographic properties of VO2 nanosheet were
carried out using Raman, XRD and TEM analysis, respectively.
[1] Hyeongkeun Kim et al, ACS Nano,
Vol. 7, pp. 5769-5776 (2013). [2] Beth S. Guiton et al, J. Am. Chem. Soc, Vol. 127, pp. 498-499 (2004). [3]
Liu Hongwei et al, Opt Express, Vol. 22, pp. 30748-30755 (2014). [4] N. F. Quackenbush et al, Nano Lett,
Vol. 13, pp. 4857-4861 (2013).
Keywords:
vanadium dioxide, phase transtion, smart window application
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Sonochemical syntheses of BaTiO3 nanoparticles
MO Junyong, KANG Yeojin, CHO Chulhee, JUN Byeongeog*
Korea Science Academy of Korea Adevance Institute of Science and Technology
*

chai2jun@kaist.ac.kr

Abstract:
BaTiO3 (BT) nanoparticles were successfully synthesized by using
a sonochemical route. The raw materials of BaCl2·2H2O and
TiCl4 were dissolved in the NaOH solutions in water, and the
molar concentrations of the raw materials were controlled to
be 0.2 mol/L to water. Ultrasonic irradiation was done in the
resonated cavity by varying the solution height in the home made
reactor. The size of BT nanoparticles was controlled by changing
the NaOH concentration from 1.0 mol/L to 4.0 mol/L. The
produced BT nanoparticles were characterized by using the
X-ray powder diffraction (XRD), transmission electron microscope (TEM), and FTIR spectroscopy. In this
study, we confirmed that the BT nanoparticles were decreased in size from 450 ± 25 nm to 35 ± 5 nm with
increasing the NaOH concentration in water. This work was funded by the Ministry of Science, ICT and
Future Planning.
Keywords:
Sonochemistry, Nanoparticles,
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Synthesis of Ultra-thin Tellurium Nanoflakes on Textile for High
Performance Flexible and Wearable Nanogenerators
HE Wen2, NGOC Huynh Van1, KANG Dae Joon*1, 2
1

Department of Physics, Sungkyunkwan University, 2Interdisciplinary Department of Physics and Chemistry,
Sungkyunkwan University
*

djkang@skku.edu

Abstract:
Tellurium nanoflakes were successfully grown on Au/Textile and employed as active piezoelectric materials.
An output voltage and current of 4 V and 300 nA were obtained by bending test under the driving frequency
of 10Hz. For practical application, the tellurium nanogenerator (TFNG) device was attached on human arm.
We clearly observed the generation of electricity from our TFNG by simple periodic arm-bending motions.
Furthermore, the influence of driving frequency and compressive force on piezoelectric generators under
compressive test has also been systematically studied. The optimized voltage and current density of about 125
V and 17 μA/cm2, respectively, were observed from TFNG at the force of 8 N and frequency of 10 Hz. Such
high power generation enabled it to light up 10 green light-emitting diodes without resorting to any external
power sources.
Keywords:
flexible and wearable piezoelectric nanogenerator.
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Direct Growth of Large Area, High-Crystalline Graphene on SingleLayer Hexagonal Boron Nitride by Chemical Vapor Deposition
QIAN Yongteng1, NGOC Huynh Van2, KANG Dae Joon*1, 2
1

Interdisciplinary Department of Physics and Chemistry, Sungkyunkwan University, 2Department of Physics,
Sungkyunkwan University
*

djkang@skku.edu

Abstract:
Herein, we report a successful growth of single layer graphene on single layer h-BN/Pt foil by chemical vapor
deposition method without using any metal catalysts. This allowed the Pt foil, which was not consumed during
transfer the process, to be recycled repeatedly. The large area, high crystalline and single layer of graphene on
h-BN was confirmed by Raman spectroscopy, scanning electron microscopy, optical microscopy and electrical
characteristic. Moreover, we show that single layer h-BN on Pt foil as a substrate can be exploited to improve
the graphene growth area and quality. Hall measurements indicated that the mobility of the graphene on
h-BN/Pt foil reached 579 cm2 V-1 S-1 at room temperature, which is among the best for CVD grown graphene
on h-BN/Pt substrate.
Keywords:
Single-Layer Hexagonal Boron Nitride, CVD, Graphene
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Optical investigation on the oxygen-deficient SrTiO films
SEO Ilwan1, LEE Y. S.*1, LEE Sang A2, CHOI W. S.2
1

Department of Physics Soongsil University, 2Department of Physics Sungkyunkwan University
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Abstract:
We report on the electronic structure of the SrTiO3-δ (STO3-δ) films grown at the different oxygen pressures
(PO2) by using the spectroscopic ellipsometry and the photoluminescence spectroscopy. It has been widely
accepted that the decrease of the oxygen pressure generates more oxygen vacancies in the films. We found that
the emission peak near 2.4 eV, originating from the oxygen vacancy, becomes stronger with the decreasing PO2.
While the absorption features by the oxygen vacancy are identified near 1.5 eV, 2.3 eV, and 2.9 eV, their
evolutions are rather non-monotonic with PO2, which may imply that the oxygen vacancy reconstruction
occurs. We compare our findings with the previous studies.
Keywords:
SrTiO3, oxygen vacancy, ellipsometry, photoluminescence
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스퍼터링 방법으로 제작한 Indium Tin Oxide 박막의 엑시머 레이저 후
처리 효과: 타원분광법 분석
노미루1, 서일완1, 이윤상*1, 김혁진2, 장영준2, 박성균3
1

숭실대학교 물리학과, 2서울시립대학교 물리학과, 3부산대학교 물리학과
*

ylee@ssu.ac.kr

Abstract:
최근 연구를 통해 졸-겔 법으로 만든 비정질의 indium thin oxide (ITO) 박막이 엑시머-레이저 어닐링 (excimerlaser annealing, ELA)를 통해 구조적, 전기적 그리고 광학적 특성이 크게 향상됨을 확인하였다. 위 연구를 확장하
여, 스퍼터링 방법으로 제작한 비정질 ITO 박막의 ELA 효과를 연구하였다. 시판되는 비정질 스퍼터링 ITO 박막을
사용하였고, 타원분광법을 활용하여 박막의 전자구조를 분석하였다. ELA 후처리한 박막의 성질이 엑시머 레이저의
밀도가 증가함에 따라 비례적으로 향상되지 않았다. 35mJ/cm2의 낮은 에너지 밀도에서는 pulse수가 증가할수록 광
학적 전기적 성질이 체계적으로 향상되었다. 졸-겔 박막의 경우와 비교할 때, 스퍼터링 박막의 ELA 효과가 다소 미
약함을 확인하였다. 심도깊은 논의를 위해 열 어닐링 후처리한 ITO 박막를 측정하여 비교분석하였다.
Keywords:
ITO, 타원분광법, 엘립소미트리, 스퍼터링, 엑시머레이져
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Reinterpreting the pathway of the red emission in β-NaYF4:Yb3+,
Er3+
OH Ju Hyun1, MOON Byung Kee1, JEONG Jung Hyun*1, KIM Jung Hwan2
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Abstract:
The long-accepted mechanism for the red and blue emission through upconversion (UC) of 975 nm excitation
in Yb3+ and Er3+ co-doped UC materials does not apply to the β-NaYF4 host. We suggest a new mechniasm
for the pathway of red and blue emission. The red emission can occur through energy state absorption (ESA),
the cross-relaxation (CR) process and energy back transfer (EBT) process. This study indicates that there are
two EBT processes as a pathway of the red emission, 4S3/2 → 4I13/2 (Er3+):2F7/2 → 2F5/2 (Yb3+) and 4G11/2 →
4

F9/2 (Er3+):2F7/2 → 2F5/2 (Yb3+) in Yb3+ and Er3+ co-doped β-NaYF4 host, then the EBT process, 4S3/2 →

4

I13/2 (Er3+):2F7/2 → 2F5/2 (Yb3+), is more dominant for the red emission. We believe that this study will play an
important role in developing luminescant markers for biolabeling applications.
Keywords:
Upconversion, β-NaYF4, Energy back transfer
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Crystal structure, electronic structure and photoluminescence properties
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Abstract:
SrLaMgTaO6 crystal doped with various Er concentrations were prepared using a solid state reaction process
from powder based precursors. The crystal structure, electronic structure, and optical properties of SrLa(1-x)
MgTaO6:Erx were studied with photoluminescence (PL) spectra, X-ray diffraction (XRD), UV-visible
spectrophotometer and field-emission scanning electron microscopy (FE-SEM), as well as DFT (density
functional theory) calculations. Under the excitation of a 975 nm laser diode, the phosphors emitted green and
red upconversion (UC) photoluminescence. Upon excitation at a wavelength of 975 nm, the temporal behavior
of the green emission (4S3/2→2I15/2 transition) and red emission (4F9/2→2I15/2 transition) was measured. Rate
equations containing both the excited state absorption (ESA) process and the energy transfer upconversion
(ETU) constant were proposed to interpret the upconversion mechanism. The solutions of the rate equations
were fitted to the decay curves of the UC green emissions. The emission spectra and the pump power
dependence of the luminescence intensities were employed to understand the excitation mechanism. The
upconversion pump mechanism is a combination of cross relaxation energy transfer and two photon
absorption. A schematic model of the upconversion process is suggested.
Keywords:
Upconversion, Energy transfer , SrLaMgTaO6

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-ap.117
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Abstract:
The general formula of apatites A10(BO4)6C2with the hexagonal symmetry group P63/min which A represents a
divalent cation (Mg2+, Ca2+, Sr2+, Ba2+), BO4 represents a trivalent anion (PO43-, AsO43-,VO43-) and C
represents a monovalent anion (OH-, F-, Cl-) can accommodate varieties of substitutions have attracted much
attention. Many investigations have showed the apatite like-compounds, which act as one of the most
promising classes of inorganic functional materials, widely used for different applications, such as the
electrolyte in solid oxide fuel cells, phosphors, catalysts, biomaterials and ionic conductors,etc. The apatite
like-compounds A10(BO4)6C2 can easily modified by various anionic and cationic substitutions with different
ion sizes due to the flexibility of the apatite structure. For instance, a silicate-substituted apatite can be
achieved following the pattern: (PO4)3- + C- = (SiO4)4-. Moreover, two divalent alkaline earth cations can be
replaced by one trivalent rare earth ion and one monovalent alkaline earth cation as: 2Sr2+ = La3+ + Na+.
Follow these ideas, we generate the new phosphosilicate apatite phosphor Sr3LaNa(PO4)2(SiO4). In this study,
we reported the fluorescence properties of Eu2+ doped Sr3LaNa(PO4)2(SiO4) phosphors prepared by solid state
method. There are two kinds of cationic sites for Eu2+, which are the 4f position (C3 point symmetry) with
9-fold coordination and the 6h position (Cs point symmetry) with 7-fold coordination. With Eu2+ doped, the
obtained powders own a broad excitation band extended from 200 to 500 nm, revealing the phosphor
interesting for application in the output wavelength of the near-UV (300 - 420 nm) used phosphor-converted
LED chips. On exposed to various excitations (290, 325, 350 and 380 nm), the sample exhibits a whitish green
broad emission band ranging from 400 to 700 nm.
Keywords:
Luminescence, Sr3LaNa(PO4)2(SiO4)
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phosphors – an application of energy level rules of Bi3+ ions
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Abstract:
Bi3+, Eu3+ doped CdWO4 phosphors have been synthesized through co-precipitation method and regular
micro-rods were obtained in Bi3+ or Eu3+ single-doped samples. X-ray diffraction, scanning electron
microscope, UV−vis spectrophotometer, photoluminescence and decay time were used to characterize the asprepared samples. CdWO4: Bi3+ and CdWO4: Bi3+, Eu3+ can be excited ranging from 250 to 400 nm. The
excitation at 350 nm was assigned to be Bi3+ 1S0→3P1 transition according to the energy level rules of Bi3+ ions.
The origination of O-W charge transfer transition has been analyzed using the calculated band structure and
density of states of CdWO4 based upon density functional theory. The approach to charge compensation that
two impurity ions substituting for three Cd2+ sites was investigated. Energy transfer properties from WO6
group to Bi3+, as well as Bi3+ to Eu3+ were discussed. The mechanism of energy transfer from Bi3+ to Eu3+ is
determined to be quadrupole–quadrupole interaction and the critical distance of energy transfer from Bi3+ to
Eu3+ is calculated to be 15.31 Å. The quantum efficiency, CIE chromaticity and thermal quenching properties
have also been investigated.
Keywords:
Photoluminescence, Quantum efficiency, CdWO4
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Abstract:
Niobates have attracted a great deal of attention in several devices due to their commendable electro-optical,
photoelastic, piezo-electric, and nonlinear properties together with good mechanical and chemical stability and
a wide transparency range. However, studying the luminescence properties is relatively few. A series of Li+,
Eu3+ ion doped SrNb2O6 (SNO) phosphors have been prepared via the conventional high-temperature solidstate reaction route. The X-ray diffraction (XRD), photoluminescence excitation, emission spectra, fluorescent
decay curves and concentration quenching were applied to characterize the samples. Charge compensation
approaches do not change the shape and position of PL spectra. However, there exists obvious difference
among their emission intensity. All two charge compensation approaches can enhance the red emission of Eu3+
in SNO. We can find that self-compensation approach can enhance the emission intensity of Eu3+ by 2.97
times and Li+ compensation can by 4.23 times. Thus charge compensation approaches can also improve the
color purity of the luminescence of phosphors and extend fluorescent lifetime. The photoluminescence
excitation spectra shows the Eu3+ characteristic absorption peaks of 393 and 463 nm. The ratio of I
(5D0→7F2)/I(5D0→7F1) strongly depends on the local symmetry of Eu3+ ions in the host. In this case, the
5

D0→7F2 transition at 612 nm becomes the dominant one, indicating that Eu3+ ions occupy the site without

inversion symmetry. Thus, the optimum concentration of Eu3+ is determined to be 15% of Eu3+ in the samples
of SrNb2O6 :x Li+, x Eu3+. Red emission was realized in this single-phase phosphor with exposure to 393 nm
near-UV light, suggesting that this material is competitive as a promising red component for possible
applications in the white LED phosphor. Besides, adding the co-activator can also improve the
photoluminescence (PL) intensity.
Keywords:
Luminescence, SrNb2O6, Charge compensation
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Abstract:
Electrons and phonons in chalcogenide-based materials play important roles in the performance of an optical
data storage media and thermoelectric devices. However, the fundamental kinetics of carriers in chalcogenide
materials remains controversial, and active debate continues over the mechanism responsible for carrier
relaxation. In this study, we investigated ultrafast carrier dynamics in an multilayered {Sb(3Å)/Te(9Å)}n
(n=21) thin film as a function of the annealing temperature. Multilayered film undergoes structural phase
transitions from amorphous to crystalline phase which is single crystalline Sb2Te3 film. During the structural
phase transition from amorphous multilayer to crystalline Sb2Te3 film, crystalline structure, carrier
concentration, optical property, and electrical transport property are examined by X-ray Diffraction, Hall
measurement, optical pump terahertz probe spectroscopy (OPTP), magnetoresistance measurements. Through
an analysis of OPTP spectra and magnetoresistance, we found that the response of the amorphous phase is
dominated by an electron-phonon coupling effect, while that of the crystalline structure is controlled by a
Dirac surface state and SOC effects. In addition, we concluded that the presence of a topological surface state
and SOC in a topological insulator significantly affects the overall carrier dynamics (lifetime). These results are
important for understanding the fundamental physics of phase change materials and for optimizing and
designing materials with better performance in optoelectronic devices.
Keywords:
optical pump optical probe, spin-orbit coupling, topological insulator
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Abstract:
Evolution of Au and Co nanoparticles after illuminated by 6ns
KTP Nd:YAG laser pulses were investigated. The as-prepared
AuNPs and CoNPs produced by RTA process were faceted and
100~300nm in size, which were heated by the non-focused
nanosecond laser beam with fluence 0.218J/cm2 and number of
pulses 1~200. While the AuNPs(100~300nm) were fragmented
into smaller nanoparticles about 5~40nm size, the CoNPs were
not fragmented although facets were disappeared. Total volume
of AuNPs and the diffraction intensity of the Au(111) Bragg
peak, was decreased with increasing laser pulses. After irradiated
by more than 50 pulses, only the small AuNPs with size 5~40nm were left.
Keywords:
Au nanoparticles, Co nanoparticles, nano-second laser irradiation, totalvolume of AuNPs, X-ray diffraction
intensity, Bragg peak
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Abstract:
MoOx with WO3 and Nb2O5 is one of interesting materials for potential applications in smart windows,
electrodes of batteries and gas sensors. To understand intrinsic properties, growth of single crystal is
indispensable. However, MoO3 has nature which changes activation energy at about 650oC. Therefore, until
now, most MoO3 single crystals formed elongated flake shape. They have few µm in thickness, and the area of
crystal face is just 20ⅹ2 mm2, so there is a difficulty for those applications. In this work, we have grown a
large MoO3 single crystal by modified vertical Bridgman method. The MoO3 crystal is easily cleaved like other
layered structure materials. X-ray diffraction (XRD), atomic force microscopy (AFM), UV-visible (UV-vis)
and dielectric constant measurements have been used. The experimental data were compared with those of
other MoO3 thin films and flake-shaped single crystals. As a result, we confirmed that our MoO3 single crystal
is in same structural, optical and electrical properties. Crystal growth used in this work can give a hint for
growing single crystals of other materials, which have lower sublimation point than melting point. This
work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIP) throgh GCRC-SOP (No. 2011-0030013). Also, this research was supported by Basic
Science Research Program through the NRF funded by the Ministry of Education (NRF2015R1D1A1A02062175).
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Abstract:
CuCo2S4 nanorods as an active electrode for supercapacitors are grown using a one pot hydrothermal process
with variation in concentration of thiourea and copper. Concentration of both thiourea and copper plays an
important role in determining the morphology of CuCo2S4. As the concentrations of both thiourea and copper
are increased, CuCo2S4 nanorods change into needle-like nanorods. The CV measurement reveals that the
needle-like CuCo2S4 electrode possesses high electrochemical performance than other types of CuCo2S4. As it
is well known that the performance of electrode materials are considerably pretentious by the morphology and
chemical properties, the optimized needle-like CuCo2S4 exhibits maximum specific capacitance of 97.63 F g-1
at a current density of 0.5 A g-1 in 1 M aqueous solution of KOH. Besides, the capacity retention for the active
electrode is 76 % at a higher current density of 2 mA g-1. EDS study confirms the presence of copper, cobalt,
and sulfur.
Keywords:
CuCo2S4, concentration, morphology, pseudocapacitor
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Abstract:
Aluminum nitride (AlN) single crystal is an attractive wide band gap material giving potential application for
substrate material applicable to deep UV optoelectronics. Currently, 2 inch AlN substrates were
commercialized by physical vapor transport (PVT) method which uses high-quality AlN powder as the source.
However, the absence of good quality AlN source is not available in the commercial market, and the reduction
of impurities in AlN powder is still open issue for producing high quality AlN single crystal wafer. In this
study, we investigate suitable process conditions for fabrication of high purity AlN powder by introducing Cl
containing species using computational thermodynamic simulations. Factsage software with FactPS database is
used to estimate the stability of metals acting as impurities in AlN crystal. *E-mail: hong@sejong.ac.kr ,
smjeong@kicet.re.kr (corresponding authors)
Keywords:
AlN powder, Purification, Thermodynamic simulations
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Abstract:
FeRh은 상온에서 반강자성을 띠는 물질로, bcc (body-centered-cubic) 구조의 B2 상과 fcc (face-centeredcubic) 구조의 A1 상을 가질 수 있다. 그 중 B2 상의 경우 반강자성으로부터 강자성으로 전이하는 온도가 약 50 oC
로, 330 oC인 A1 상보다 그 온도가 훨씬 낮고 상온 근처에서 전이할 수 있는 특성을 가지고 있다. 이러한 특성으로
가열자기기록 물질로서 자기냉각, 센서, 스핀트로닉스 기기 등으로 응용할 수 있는 재료로 각광받고 있다. 본 연구
에서는 상온에서 증착한 FeRh 박막을 후열처리를 통해서 A1 및 B2 상을 만들고, 후열처리 온도에 따라 물리적 특
성변화를 알아보고자 한다. DC 스퍼터링 방법을 이용해 MgO(001) 기판 위에 FeRh박막을 성장시켰다. 성장된 기
판을 진공에서 급속열처리 방법을 이용하여 다양한 온도에서 후열처리 하였다. X-선 회절 측정으로부터 FeRh박막
은 600 oC이상에서 A1상의 성장을 확인할 수 있었으면, 온도가 증가할수록 A1상에서 B2상으로 상변화를 하는 것
을 확인 할 수 있었다. 1050 oC에서 후열처리 한 박막의 경우 A1상과 B2상이 공존하고, 1100 oC에서 후열처리 한
박막은 순수한 B2상을 가지는 것을 확인하였다. 제작된 시편은 Superconducting Quantum Interference Device를
이용하여 자기적 특성을 측정하여 구조 특성과 비교하였다.
본 연구는 한국연구재단(NRF2015R1D1A1A01058672), 한국원자력연구원의 지원을 받아 이루어졌습니다. 또한 김지웅 군은 글로벌박사양성사
업(2015H1A2A1034200)의 지원을 받았습니다.
Keywords:
FeRh, Antiferromagnetic-Ferromagnetic transition,A1 phase, B2 phase

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-ap.127

Fabrication, temperature-dependent local structural and electrical
properties of epitaxial VO2 thin films
김정란, 황인희, 박창인, 한상욱*
전북대학교 과학교육학과
*

shan@jbnu.ac.kr

Abstract:
We examine the local structural and electrical properties of VO2 thin films showing metal-to-insulator
transition (MIT) by using in-situ x-ray absorption fine structure (XAFS) measurements at the V K edge and
resistance measurements in the temperature range 20-120℃. We fabricated VO2 films on Al2O3 (0001)
substrates using a DC magnetron sputtering deposition process with carefully controlling the O2 percentage in
an atmosphere. X-ray diffraction measurements from the films showed only (0l0) peaks with no extra peaks,
indicating b-oriented films. XAFS revealed that the structural phase transition was occurred nearly 70oC for
heating process and reproducible. Resistance measurements as a function of temperature (R-T) demonstrated
that the resistance of VO2 films was changed by a factor of 4 near 75oC which was higher than 68oC reported
from a VO2 bulk. We will discuss the MIT of VO2 films, comparing with the local structural properties
determined by XAFS measurements.
Keywords:
VO2 film, growth, local structure, XAFS, metal-insulator transition
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Abstract:
ZnWO4 thin films are synthesized on ITO glass substrates by using sputtered ZnO and WOx precursor layers
with total thickness of 400 nm and annealing at 400 °C in air atmosphere for different annealing times
ranging from 2 to 6 hours. The effects of the annealing time on the structural, morphological and optical
properties of the ZnWO4 thin films have been investigated. All the films exhibit a polycrystalline monoclinic
phase of a ZnWO4 crystal structure with a granular morphology. The band gap energies of the ZnWO4 thin
films are found to be ~ 3.20 eV. The electrochemical supercapacitor properties of the ZnWO4 thin films are
examined using cyclic voltammetery (CV), galvanostatic charge-discharge and impedance measurements in
1M H2SO4 electrolyte. A maximum specific capacitance of the ZnWO4 thin film annealed for 4 hours is
found to be ∼27 F g−1. We also present electrochemical impedance measurement data.
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metal (Hf, Ta, W) / CoFeB / MgO stacks
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Abstract:
The recently observed Spin-orbit-torque (SOT) behaviors have garnered considerable interest as one of
promising magnetization switching origin due to lower power consumption and thermal stability. The SOT can
become one of alternatives to conventional devices, such as Spin-orbit-torque Magnetic Random Access
Memory (SOT-MRAM), chiral domain wall race track memory, magnetic skyrmion devices and magnetic
nano-oscillators. Previous works addressed the spin Hall effects (SHE) and interfacial Rashba effects in
metal/ferromagnet/oxide structure as its origin. In particular, the SHE can be controlled by various metal
layers which are associated with the spin orbit coupling (SOC). Thus, the variation of metal materials is crucial
for analyzing the SOT features. Here, we report the SOT phenomena observed in various X/CoFeB/MgO
(X=Hf, Ta, W) trilayers with strong Perpendicular Magnetic Anisotropy (PMA) features through the lock-in
technique and harmonic measurements for the determination of the SOT parameters.
Keywords:
Spin orbit torque, magnetization switching
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Abstract:
In-plane current-induced magnetic switching at ferromagnet/paramagnet interfaces originates from the spin
–orbit torque (SOT) at the broken space-inversion-symmetry interface, which has recently paid considerable
attention as a novel magnetization switching mechanism due to low power consumption and fast switching
speed [1,2]. The Rashba effect and the spin Hall effect have been considered to generate SOT [3]. However, X.
Qiu [4] addressed a new mechanism of spin-orbit torque associated with the oxidation states. Here, we
examine the current-induced spin orbit torque field in W/CoFeB/MgO frames after various post-annealing
temperatures. The SOT features are systematically discussed by various atomic states and distribution,
especially oxygen states, at various annealing temperatures. References [1] Liu, L. Q. et al. Spin-torque
switching with the giant spin Hall effect of tantalum. Science 336 (2012) 555-558. [2] Miron, I. M. et al.
Perpendicular switching of a single ferromagnetic layer induced by in-plane current injection. Nature 476
(2011) 189-193. [3] Kim, J. et al. Layer thickness dependence of the current-induced effective field vector in
Ta/CoFeB/MgO. Nature Mater. 12 (2013) 240-245 [4] Qiu. X. et al. Spin-orbit-torque engineering via
oxygen manipulation. Nature nanotech. 10 (2015) 333-338
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Abstract:
The spin-orbit coupling (SOC) plays significant roles in various
basic magnetic phenomena such as magnetic crystalline
anisotropies, magneto-optical Kerr effects, anomalous Hall
effects, anisotropic magnetoresistances, and magnetic damping
processes, etc.1 Recently, among those SOC-related phenomena,
an interfacial Dzyaloshinskii-Moriya interaction (iDMI)2-4 has drawn quite interest. The iDMI is known to
arise at the interface due to inversion symmetry breaking and large SOC between heavy metal/ferromagnetic
layers. Especially, the Brillouin light scattering (BLS) measurement is powerful tool to investigate the
Dzyaloshinskii-Moriya interaction and magnetic anisotropy related with SOC phenomena.5,6 In this study,
we experimentally investigate the interface magnetic properties such as the iDMI energy (D) , saturation
magnetization (MS), and surface anisotropy (KS) at the spin-orbit coupled Ir/Co(tCo) interfaces by employing
BLS. Furthermore, we extract the Gilbert damping parameter (α) from the linewidth of spin wave resonance
frequency. We prepared the sample which is deposited with a wedge shaped Ta(4 nm)/Ir(4 nm)/Co
(tCo)/AlOx(2 nm) on a thermally oxidized Si-wafer by using a magnetron sputtering system. In Fig. 1(a) and
(b), the deduced iDMI energy densities and the Gilbert damping constant are plotted as a function of . As a
result, the measured iDM energy density is relatively smaller than the case of Pt/Co interface. On the other
hand, the saturation magnetization and the surface magnetic anisotropy are significantly improved due to a
higher proximity-induced magnetization. There are two crucial points. The first is that the sign of the iDMI
is the same with our previous report (Pt/CoAlOx, Pt/CoFeB/AlOx, Ta/Pt/Co/AlOx).5,6 The second is that
abulk ~0.012, which is quite well matched with the magnetic damping constant for bulk Co (= 0.011).7
References
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and G. S. D. Beach, Nat. Mater. 12, 611 (2013). 5 J. Cho et al., Nat. Commun. 6, 7635 (2015). 6 N.-H. Kim
et al., Appl. Phys. Lett. 107, 142408 (2015). 7 S. Pal et al., Appl. Phys. Lett. 98, 082501 (2011).
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Abstract:
The ferromagnetic materials, especially, Cobalt and CoFeB are
typically used for the spin-transfer torque random access
memory (STT-MRAM) application. Moreover, the heavy
metal/ferromagnetic layer structures are actively studied because
it can lead strong spin orbit coupling (SOC) phenomena such as
the interfacial Dzyaloshinskii-Moriya interaction (iDMI).1-4 In this study, we investigate the iDMI energy
density dependence on annealing temperature by employing Brillouin light scattering (BLS) in annealed Pt(4
nm)/Co(tCo)/AlOx(2 nm), Pt(4 nm)/CoFeB(tCoFeB)/AlOx(2 nm) and Ta(4 nm)/CoFeB(tCoFeB)/AlOx(2 nm)
structures. All layers are deposited by using a magnetron sputtering system, and especially, the Co(CoFeB)
layers are wedged in the range of 1.0 ~ 3.0 nm and annealed with 200o and 300o in a rapid thermal annealing
for an hour. BLS measurement is carried out with in-plane magnetic fields up to H= 0.9 T. From systematic
magnetic field scanning measurement, we obtained the saturation magnetization, the surface anisotropy, and
the iDMI energy density for each annealing temperature. Figure 1(a) and (b) show surface anisotropy
energies and decrease of the iDM energy densities dependence on annealing temperature for each Pt/Co
(CoFeB) and Ta/CoFeB structures. One of most possible reason of the iDM energy decrease, Boron diffusion
makes a different condition at the upper (HM/INS) and the lower (HM/FM) interface after annealing
process. From the results of surface anisotropies and the iDMI energy densities measurement, we also find
that the iDMI and perpendicular magnetic anisotropy (PMA) go to different way each other, although they
are originated from the same SOC. Unlike the result of surface anisotropy energy, the iDMI energies decrease
at all sample structures. References 1A. Fert and P. M. Levy, Phys. Rev. Lett. 44, 1538-1541 (1980). 2A.
Fert, Mater. Sci. Forum 59, 439-480 (1990). 3A. Thiaville, S. Rohart, É. Jué, V. Cros, and A. Fert, EPL 100,
57002 (2012). 4R. Yanes, J. Jackson, L. Udvardi, L. Szunyogh and U. Nowak, Phys. Rev. Lett. 111, 217202
(2013).
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Abstract:
The interfacial Dzyaloshinskii-Moriya interaction (iDMI) at the
interfaces between magnetic and heavy metals or oxides layers1,2
have recently caught much attention as it could open new paths
to manipulate information based on skyrmions. Recently, iDMI
was successfully determined by Brillouin light scattering (BLS) in
inversion symmetry broken systems.3,4 The BLS is powerful
measuring methods for studying iDMI phenomena. However,
BLS signal is not large enough due to its physical origin, and the
small signal to nose level make it difficult to determine iDMI in
the moderate interface quality samples. In order to obtain the iDMI energy density more easily and reliably,
better BLS signal is required. Since the BLS is based on magneto-optical Kerr effect (MOKE), we introduce
optical anti-reflective (AR) layer. It is well-known that the MOKE signal is improved with AR layer.5,6,7
Due to the multiple reflections, the incident beam have more chances to interact with the magnetic layer,
which enhanced magneto-optical effect. In this work, we investigate the magnitude of spin-wave signal with
additional AR layer by employing BLS. To expect existence of iDMI, we fabricated Ta(4 nm)/Pt(4 nm)/Co(2
nm)/MgO(10-100 nm)/Ta(4 nm) structures on Si/SiO2 substrate using DC magnetron sputtering system.
The deposition was carried out a base pressure of 3×10-8 Torr or low. We find the BLS signal strength
changed as a function of the MgO layer thickness as we expected. We also find that BLS signal has
maximum value at thickness of 80 nm, where MOKE signal is also enhanced. Fig. 1 shows BLS intensity as a
function of MgO thickness, and it is clearly shown that the BLS signal is oscillating with MgO AR layer
thickness. 1) A. Fert, and M. Levy, Phys. Rev. Lett. 44, 1538 (1980). 2) A. Fert, Mater. Sci. Forum 59-60,
439-480 (1990). 3) J. Cho, et al., Nat. Commun. 6, 8635 (2015). 4) N. -H. Kim, et al., Appl. Phys.
Lett. 107, 142408 (2015). 5) D. A. Allwood, et al, Science 296, 2003 (2002) 6) G. S. D. Beach, et al., Nat.
Mat. 4, 741 (2005) 7) D. –H. Kim, et al., J. Magnetics 13(2), 70 (2008).
Keywords:
Anti-reflective coating, Dzyaloshinskii-Moriya interaction, Brillouin light scattering, Magneto-optical Kerr
effects
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Abstract:
Recently femtosecond laser induced magnetic spin dynamics is interesting phenomena because of its potential
applications in ultrafast magnetic recording. However, most time-resolved magneto-optical Kerr effect (TRMOKE) spectroscopic techniques are only to measure irreversible magneto-optic spin dynamics, so dynamic
coercivity is smaller compared to that with static coercivity. Therefore in this paper we present reversible
magneto-optic spin dynamics by constructing TR-MOKE setup synchronized with AC magnetic field. We will
be presenting the results on Co/Pt multilayer sample measured by using this technique.
Keywords:
TR-MOKE, Reversible magneto-optic spin dynamics
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Abstract:
Silicon (Si) nanostructures that exhibit a significantly low reflectance in ultraviolet (UV) and visible light
wavelength regions are fabricated using a hydrogen etching process. The fabricated Si nanostructures have
aperiodic subwavelength structures with pyramid-like morphologies. The detailed morphologies of the
nanostructures can be controlled by changing the etching condition. The nanostructured Si exhibited much
more reduced reflectance than a flat Si surface: an average reflectance of the nanostructured Si was
approximately 6.8% in visible light region and a slight high reflectance of approximately 17% in UV region.
The reflectance was further reduced in both UV and visible light region through the deposition of a poly
(dimethylsiloxane) layer with a rough surface on the Si nanostructure: the reflectance can be decreased down
to 2.5%. The enhancement of the antireflection properties was analyzed with a finite difference time domain
simulation method.
Keywords:
Silicon nanostructure; Antireflection; Hydrogen etching; Silicon-based polymer
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Abstract:
GaN grown on m-plane sapphire substrate is known to have three possible preferred orientations (semipolar
and nonpolar orientations, i.e., [1-100], [1-10-3], and [11-2-2]). The (1-100)-orientation is, however,
found to be more favored than the (1-10-3)-orientation in the region with a smaller filling factor of SiO2,
while the latter orientation becomes more preferred in the region with a larger filling factor. Our experimental
results indicate that the effective concentration of reacting species (Ga and N) played an important role in
determining a preferred orientation of GaN domains grown on a patterned m-plane sapphire substrates. We
investigated the determining factor of a preferred orientation of GaN domains grown on SiO2 hole-patterned
m-plane sapphire substrate in combination with theoretical simulation.
Keywords:
GaN, preferred orientation, SiO2 hole pattern
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Abstract:
Nonpolar GaN grown on a patterned m-plane sapphire substrate was reported to experience polarity
inversion in such a way that inversion domains boundaries, which deteriorate the radiative recombination
efficiency, were easily formed. To overcome this problem, the in-plane polarity control becomes essential. In
this work, we discuss the in-plane polarity control by using processed substrate template and the effect of this
pretreatment on the growth of nonpolar GaN.
Keywords:
GaN, Nonpolar, In-plane polarity
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Abstract:
Metal films deposited on dielectric (and/or insulating) substrates agglomerated when the sufficient thermal
energy was applied. This agglomeration depends on the different surface energy between film and substrates.
Furthermore, it is one of the critical issues on the resistivity variation and/or disconnection of circuits in the
microelectronics. In this presentation we investigated the in-situ annealing temperature (500 oC ~ 800 oC)
dependent agglomeration process of ~80 nm thick Cu films deposited on Al2O3 (0001). As-grown film
exhibited (111) orientation with 6.8 Å RMS roughness. With further annealing, the number of surface voids
(formed at 500 oC) increased. Furthermore, the film became non-uniform surface as annealing temperature
increased. At 700 oC, the film disconnected and formed chain-like shape. Finally, a micro-size islands with
~600 nm height formed after 800 oC annealing. Interestingly, the crystallinity (resistivity) increased (decreased)
with annealing temperature. The detailed structural analysis revealed the films were ordered <110>Cu||<2
0>Al2O3 orientation regardless annealing temperature even though, the films maintained under highly tensile
strain up to 650 oC and became strain free after 700 oC. Lastly, the Cu (111) island had unusual highly order
crystallinity with < 0.03o full width at half maximum. This research is supported in part by NRF Korea
(NRF-2015R1D1A1A01058672), Korea Basic Science Institute (E36800) and Korea Atomic Energy Research
Institute. Also, J. W. Kim is supported by Global PhD Fellowship Program (2015H1A2A1034200) through the
NRF Korea funded by the Ministry of Education.
Keywords:
Agglomeration, Surface energy,Crystallinity,Resistivity
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Tin Oxide Studied by in-situ Photoelectron Spectroscopy
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Abstract:
Using UV and X-ry photoelectron spectroscopy (UPS & XPS) we have studied the work function (WF)
evolution and chemical changes of indium-tin-oxide (ITO) surface after a series of in-situ oxygen plasma
treatments (OPT). We took a special care not to damage the sample surfaces with the OPT by employing a
weakest possible plasma conditions. Even after such gentle OPT the ITO WF dramatically increased up to 6.6
eV after about 300 s of OPT. The carbon contamination at the surface was completely removed with only 40 s
of the gentle OPT. However, in contrast to similar studies, the compositions and chemical states of In, Sn, and
O at the ITO surface showed only a minimal change as con rmed by XPS core level peak analysis.
Keywords:
ITO, Work function, Photoelectron spectroscopy, Oxygen plasma
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Abstract:
파웨세기를 변화시켜 SnO2박박의 구조적 변화와 표면관찰을 하였다. 박막의 성장이 (110),(210),(200)면의 주성장
면의 변화가 관찰되었다. Si기판위에 산소를 유입하고 SnO2박막을 성장한 박막의 구조는 성장면이 달라짐을 보여
짐을 알수 있었고 박막의 표면의 입자모형도 달라짐이 관찰되었다.
Keywords:
SnO2, Thin Fils, XRD, SEM
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Abstract:
창호는 일반주택 및 건물에 있어 단열성이 가장 취약한 곳으로 알려져 있으며 창호를 통해 약 45%의 열에너지가 손
실되고 있다. 국내 상업용 건물 및 가정에서 사용되고 있는 생활에너지는 연간 17조원 이상으로 에너지 다소비 분
야이며 특히 냉난방 에너지 사용량이 전체 건물에너지의 55%를 차지하는 에너지 소비패턴을 볼 때 정부차원의 냉.
난방부하 절감을 위한 고단열 창호 시스템 개발이 시급하다.본 연구에서는 TCO 계열 물질을 가지고 상온에서 DC
pulse in-line sputter를 사용하여 단열필름에 사용할 수 있도록 원적외선 차폐를 위한 단열필름 박막제조를 연구하
였다. 많은 TCO 물질 중에서 AZO (Aluminium Zinc Oxide) 박막을 제조하여 광학적인 조사를 실시하였다. 여러
변수들을 정하여 최적의 광학적 특성을 보이는 AZO 박막을 기반으로 단열필름을 제조하는데 목적이 있다. 타겟으
로는 Al2O3 의 함량이 3%,와 5%인 타겟을 사용하였고 박막의 두께와 (작업)압력, gas source 유량 등 여러 변수들
을 변화해가며 가장 optimize 된 박막을 제작하였다. 또한 단열필름제작에 있어서 고굴절률 물질로 TiO2 , 저굴절
률 물질로 SiO2 를 사용하여 높은 단열 특성을 보이는 multi film을 제작하였다. 측정 방법으로는 UV-visible로 투
과도를 측정하였으며 엘립소미터를 이용해 굴절률 및 박막의 광학적인 특성들을 확인하였다.
Keywords:
DC pulse in-line sputter, Refractive Index, Transmittance, Thin Film, AZO, TiO2 ,SiO2
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Abstract:
A RuO2/graphene electrode is fabricated on flexible graphene-coated Cu foil using an electroplating
technique. The ruthenium oxide material for electrode has been well known for high specific capacitance and
also good compatibility with carbon materials. In this study, a flexible RuO2/Cu electrode exhibits specific
capacitance of 1354 F/g at 10mV/s. However, the electrode suffers from poor retention and stress caused by
the external deformation. So, it exhibits a reduction in the specific capacitance of 1194 F/g. In order to
overcome the problem, the electrode combined with graphene, RuO2/graphene/Cu, shows an improvement in
retention of 98%. The synergetic effect is due to the robust mechanical adhesion and graphene properties.
Keywords:
Supercapacitor, Graphene, Ruthenium oxide
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Abstract:
We report on changes in the interfacial and electrical properties of sub-1 nm equivalent oxide thickness (EOT)
HfO2 grown on InAs by atomic layer deposition (ALD). When the HfO2 film was deposited on an InAs
substrate at a temperature of 300 °C, the HfO2 was in an amorphous phase with an sharp interface, an EOT
of 0.9 nm, and low pre-existing interfacial defect states. During post deposition annealing (PDA) at 600 °C,
the HfO2 was transformed from an amorphous to a single crystalline orthorhombic phase, which minimizes
the interfacial lattice mismatch below 0.8 %. Accordingly, the HfO2 dielectric after the PDA had a high
dielectric constant of ~24 because of the permitivity of the well-ordered orthorhombic HfO2 structure.
Moreover, border traps were reduced by half than the as-grown sample due to a reduction in bulk defects in
HfO2 dielectric during the PDA. However, in terms of other electrical properties, the characteristics of the
PDA-treated sample were degraded compared to the as-grown sample, with EOT values of 1.0 nm and larger
interfacial defect states (Dit) above 1014 cm-2 eV-1. XPS data indicated that the diffusion of In atoms from the
InAs substrate into the HfO2 dielectric during the PDA at 600 °C resulted in the development of substantial
mid-gap states.
Keywords:
HfO2, Dielectric constant, Indium arsenide, Equivalent oxide thickness
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Abstract:
ITO(Indium Tin Oxide)는 가시광선 영역에서 높은 투과율과 우수한 전기적 특성 등으로 인해 디스플레이 산업이
나 태양전지 등 많은 분야에서 사용되고 있다. 본 연구에서는 자동차 전면 유리에 ITO를 증착시킨 필름을 이용하여
발열시트로 사용하기 위한 발열 특성을 조사하였다. ITO의 발열 특성 측정을 위해 PET(Polyethylene
terephthalate)위에 dc roll sputtering 장치로 증착하여 필름을 제작하였다. 필름의 폭은 1.2 m로 고정하였고, 길이
에 따른 필름에서의 발열특성을 측정하였다. 길이가 다른 각각의 필름에서 bias voltage를 10 V - 50 V 까지 10 V
씩 올리면서 시료 중앙에서 thermocouple를 이용하여 시간에 따른 시료 표면의 온도 변화를 측정하였고, 동시에 열
화상카메라를 이용하여 시료 표면의 온도 분포와 변화를 관찰하였다. 본 연구결과는 자동차 전면 유리 등에 응용 될
수 있다.
Keywords:
ITO, 발열특성, 대면적화
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Optical properties of Vanadium pentoxide prepared by Sol-gel and
PLD method for light detector
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Abstract:
Among transition metal oxide, Vanadium pentoxide is one of the
most fascinating material in view of application for light detectors
because of large band gap(~2.4eV) energy. In this work, we
prepared V2O5 samples by Sol-gel and PLD method and
confirmed the structure of V2O5 by using XRD and surface
morphology by using SEM, and also measured absorption rate
and transmittance of UV/Vis/NIR range wavelength. In the
absorption rate measuring, we observed absorption rate in a
range of UV and Visible wave length. Based on absorption rate of
V2O5, we carried out experiment of I-V measurement and
switching properties under the visible light using planar type
V2O5 device.
Keywords:
MIT; V2O5
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UV-Vis Spectroscopy of Zn0.9Mg0.1O:Ga Thin Films by Using the RF
Magnetron Depositions
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*

chai2jun@kaist.ac.kr

Abstract:
Gallium doped zinc magnesium oxides Zn0.9Mg0.1O:Ga (ZMO:Ga, Ga 3.0 at%) thin films were studied for
the fabrications of the transparent conductive layers by using the radio frequency magnetron sputtering
methods. The ZMO:Ga target ceramics were prepared by using the conventional ceramics routes. Substrate
temperature was varied in the temperature from 300 ℃ to 800 ℃. The sputtering gas atmospheres were
controlled by varying the mass flow rates of the argon sputtering and the oxygen reactive gases. Structural and
optical properties of the ZMO:Ga thin films on the Al2O3 (001) substrates were characterized by using the
X-ray diffraction analysis, the scanning probe microscopy and the optical transmittances in the ultraviolet visible range. Electrical properties of the ZMO:Ga thin films were investigated by using the Hall effects
measurements and the 4-wire surface conductivities at room temperature. The (002) and (004) diffraction
peaks were observed in the XRD measurement of ZMO:Ga thin films. The ZMO:Ga thin films were highly
oriented along the c-axis on the Al2O3 (001) substrates with varying the substrate temperature, the oxygen
gas flow rates. The optical transmittance edge of the ZMO:Ga thin film on the Al2O3 (001) substrate were
around 340 nm. The ZMO:Ga thin films showed the n-type semiconductive behaviors at room temperature.
The effects of gallium doping in ZMO:Ga thin films are further investigated by using the photoluminescence
measurements. This work was funded by the Ministry of Science, ICT and Future Planning.
Keywords:
RF magnetron sputtering, UV-Vis Spectroscopy
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Growth of high quality InGaN/GaN multiple quantum well for long
wavelength emission by plasma-assisted molecular beam epitaxy
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Abstract:
InxGa1-xN alloys have attracted much attention due to their tunable bandgap (0.7 ~ 3.4 eV), which covers the
entire visible spectrum. However compositional pulling effect, phase separation, and rough InGaN/GaN hetero
interface in QW have been main obstacles to realizing high In content InxGa1-xN/GaN quantum well (QW)
structure. We report growth techniques to obtain InxGa1-xN films with high x, single phase and abrupt
interface for nitride optical devices emitting long wavelength over 500 nm. InxGa1-xN films were grown on
c-plane sapphire substrate by plasma-assisted molecular beam epitaxy (PA-MBE). For the growth, substrate
temperature was in the range from 590 to 700 oC of thermal couple temperature. The beam flux of Ga and N
were in the range of 2~8 and 5~12 ML/min, respectively. The III/V ratio and Ga/In ratio were adjusted in the
range of 1~2 and 1~2, respectively. However, excess metal accumulated during the growth induces
compositional inhomogeneity in InGaN layer, and unintentional In-alloy in GaN barrier layer, resulting an
irregular QW interface. To prevent this adverse alloy, metal modulated epitaxy (MME) and metal covering
epitaxy were proposed. We precisely controlled a consumption of In-adlayer using N-interrupt and Gacovering technique with monitoring reflection high-energy electron diffraction (RHEED) patterns and
intensity. Streaky patterns and the change of intensity for RHEED demonstrate smooth QW interface. Indiumcomposition (x) and phase separation in InxGa1-xN layer were estimated by x-ray diffraction (XRD) and
photoluminescence (PL). A InxGa1-xN/GaN MQW structure emitting long wavelength PL signal up to 660 nm
(FWHM = 0.29 eV) was realized. It seems that precise control of metal-adlayer plays a key role to improve
crystal quality and increase In composition. Detailed experimental results and discussion will be studied in
presentation.
Keywords:
InGaN/GaN quantum well, High In composition, mocular beam epitaxy, metal modulated epitaxy
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Mg alloy에 대한 건식 표면처리 특성 연구
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Abstract:
Magnesium and its alloys are increasingly implemented into a number of components where weight reduction
is of great concern. However, the poor corrosion resistance of Mg and its alloys has limited their applications
in corrosive environments .Recently, the creep behavior of AZ91 Mg-alloy has attracted much attention due
to its useful value in practice. However, the conventional AZ91D magnesium alloy has a relatively low
resistance to creep at elevated temperatures in contrast to Al-alloy, which has restricted the development of
Mg-alloy. And Magnesium alloys have many good properties which make them ideal materials in a number of
applications. Die-casted AZ91D Mg alloy with a chemical composition (wt. %) of Mg–Al–Zn was used. All
samples were annealing (120 ℃) for out gassing and then burning in the CH3OH + CH3COCH3 + NaBr rate
(a-annealing: 2-3, b-annealing: 1-3). From reflectance results, the bulk state and after annealing state
reflectance differences are caused by hydrogenation presence of the Mg layer under oxidation surface layer.
And Oxidation state of surface can suppose that was grown to do uniform if form of spectrum is clean. The
results indicated strongly dependent on the uniform thickness of the oxidation.
Keywords:
mg alloy, AZ91D, Dry, Surface treatment

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-ap.149

The study of photoreflectance characteristic in
Si3N4/Al0.21Ga0.79As/GaAs samples
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Abstract:
Photoluminescence (PL) was obtained from near stoichiometric or amorphous Si nitride films (SiN) after
annealing at high temperatures. As a consequence, the existence of PL bands has been reported in the 400–900
nm range. In this paper, Photoreflectance(PR) method have been measured to investigated the characterization
of the Si3N4/Al0.21Ga0.79As/GaAs and Al0.21Ga0.79As/GaAs heterostructure. In the PR spectrum of that
was Si3N4 cap layer`s thickness obtained 170 nm. And after annealing, when Si3N4 cap layer was exist, band
gap energy was low shifted. this result is it that was Si3N4 cap layer was controled evaporation of As.
Keywords:
Photoreflectance, SIN, PECVD, AlGaAs, GaAs
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Abstract:
The pattern of de novo gene expression in neuronal network has been closely linked to the formation of longterm memory. Among several immediate-early genes, Arc is especially notable since it is deeply involved in the
modulation of synaptic plasticity. Expression of Arc occurs in a highly activity-dependent manner through
various signaling pathways such as protein kinase A (PKA), Ca2+-calmodulin dependent protein kinase
(CaMK), and mitogen-activated protein kinase (MAPK/ERK) pathways. For single molecule imaging of Arc
mRNA, we generated Arc-PBS mouse by knocking in 24 tandem arrays of PP7 binding site (PBS) in the 3′
untranslated region (3′ UTR) of the Arc gene. Using this mouse model, we observed the transcription of Arc
in live hippocampal primary cultures. By simultaneously imaging relative Ca2+ concentrations and Arc mRNA
transcription in various conditions induced by pharmacological reagents such as bicuculline and forskolin, we
investigated the relationship between the activity of neurons and expression of Arc at single mRNA resolution.
This study will allow us to gain new perspectives on the mechanism of synaptic plasticity at the transcriptional
level.
Keywords:
mRNA, Arc, transcription, neuron, single molecule, fluorescence
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Dynamics of human telomeric DNA using photochemical properties of
Tetramethylrhodamine dye by fluorescence correlation spectroscopy
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Abstract:
It is known that human telomeric DNA sequences can form G-quadruplex structures under the physiological
conditions, such as high cation concentration and molecular crowding environment. G-quadruplex structure
of telomeric DNA has the ability to inhibit telomerase activity. We investigated the dynamics of G-quadruplex
formation of tetramethylrhodamine (TAMRA) attached single strand human telomeric DNA sequence by
fluorescence correlation spectroscopy (FCS). FCS is the useful experimental technique for investigating the
dynamics and photochemical properties of fluorescent molecules. In general, FCS is used to examine the
diffusion coefficient of target molecule. However it is also efficient to focus on the sub-diffusion range (~ns to
µs) of correlation curve caused by the dark states of fluorophores, such as triplet state, photoisomerization and
photo-electron transfer. In this experiment, we observed the changes of both diffusion and sub-diffusion range
in FCS curves for human telomeric DNA sample. Formation of G-quadruplex induces shape change from
single strand to compact spherical structure. We found that the diffusion coefficient of telomeric DNA
decreased by 10 % from this structure change. There was another significant change in sub-diffusion range
because charge transfer between TAMRA and guanine was changed by G-quadruplex formation. We
confirmed these two changes in various environments.
Keywords:
human telomeric DNA, fluorescence correlation spectroscopy, Diffusion
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MonteCarlo Simulation Based Persistence Length Measurement of
Long Human Telomere by Fluorescence Correlation Spectroscopy
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Abstract:
We observed long human telomere (TTAGGG)n by FCS . MonteCarlo simulation is implemented to generate
ensemble of wormlike chain in which specific length L and persistence PL is chosen. Applying hydropro++
(from Torre) on ensemble of wormlike chain, we were able to compare diffusion time from the ensemble of
wormlike chain with that of FCS. Based on this strategy, conformation size of random coil in specific ionic
condition was predicted. Applying the same strategy on long human telomere analysis, we predict compactness
change varying ionic condition. They are explained by subtle valence between negatively charged phosphate
backbone repel and guanine stacking interaction.
Keywords:
MonteCarlo Simulation, Long Human Telomere, Fluorescence Correlation Spectroscopy
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A Simulation Study for the Radiation Damage of Tumor Cell in Proton
Boron Fusion Therapy
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Abstract:
Proton boron fusion therapy (PBFT) is a radiation therapy method based on the proton boron fusion reaction.
In proton boron fusion reaction, 3 alpha particles are emitted, and they are used to destroy the tumor cells. In
radionuclide therapy, the distribution of ionizing energy in the nucleus region of tumor cells is important to
assess the radiation therapy effects. In order to study the characteristics of energy distribution of the alpha
particles, we developed an innovation tumor cell model and summarized the interaction models of the alpha
particles and materials of cells. Then we simulated the interaction of alpha particles with the materials of cell
and analyzed the distribution of energy deposition of the alpha particles. It can be concluded that the position
of boron atoms is significant to affect the ionizing energy distribution in the cells.
Keywords:
Proton Boron Fusion Therapy (PBFT), Monte Carlo Method, Radiation Damage
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Geometric accuracy of stereotactic co-registered 11C-methionine PET
imaging in Leksell Gamma Knife treatment planning
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Abstract:
In treatment planning for Leksell gamma knife radiosurgery (LGKR), although stereotactic magnetic resonance
image provides optimal anatomical information and high spatial resolution, some additional diagnostic imaging
has been required to achieve the metabolic status of malignant brain tumors. A positron emission tomography
(PET) scan can be used to diagnose primary malignant brain tumors and its recurrence or progression after
radiosurgery. This research attempts to investigate the accuracy of MET-PET imaging co-registered to MRI or
CT imaging in a phantom study to demonstrate the actual availability of this co-registration procedure in
treatment planning for LGKR.
Keywords:
Gammaknife, 11C-methionine PET
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Abstract:
Three-dimensional (3D) cell cultures have recently received attention because they represent a more
physiologically relevant environment compared to conventional two-dimensional (2D) cell cultures. However,
2D-based imaging techniques or cell sensors are insufficient for real-time monitoring of cellular behavior in
3D cell culture. Here, we report investigations conducted with a 3D capacitance cell sensor consisting of
vertically aligned pairs of electrodes. We used human mesenchymal stem cells (hMSCs) in alginate hydrogel to
monitor the cellular behavior in 3D cell culture system, especially osteogenic differentiation which is important
process in bone formation from stem cells toward osteoblasts and proliferation. To promote osteogenic
differentiation BMP – 2 known as differentiation promoter was added. Compared to the time dependence of
capacitance measured during normal differentiation, the time dependence of capacitance measured during the
differentiation with BMP – 2 showed more rapid increase, suggesting that hMSCs were differentiated into
osteoblasts more rapidly in the presence of BMP-2.
Keywords:
Osteogenic differentiation, 3D cell sensor, Capacitance, human Mesenchymal Stem Cells
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Abstract:
본 연구에서는 루브린 (rubrene)과 기능성 금나노입자를 하이브리드 시켜서 신호 전달 특성과 이를 응용한 초미세
바이오 센싱 (ultra-sensitive biosensing)에 대한 연구이다. 루브린 MR과 금나노입자의 표면플라즈몬 (surface
plasmon, SP) 에너지 전달 현상에 의해 증폭된 PL세기와 효율적인 PL 신호 전달 특성을 확인하였다. 루브린 반도
체의 결정축 방향에 따르는 비국소 PL 신호전달 특성을 측정, 분석하였다. 바이오센싱을 위해 루브린/금나노입자
MR에 Cy5 염료가 붙은 probe-DNA를 부착해 target-DNA의 농도 100 pM까지 검출 하는데 성공하였다. 이 결
과는 루브린 MR의 PL 신호 전달을 이용한 초미세 원격 바이오 센싱 (ultra-sensitive remote biosensing)의 가능성
을 보여 주었다.
Keywords:
rubrene, photoluminescence (PL), PL signal transfer, surface plasmon, ultra-sensitive biosensing
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Abstract:
The properties of organic micro/nanostructures have attracted an outstanding attention in potential
technological applications as well as fundamental science. Organic micro/nanostructures such as 9,10diphenylanthracene (DPA) and 2,5-Bis(5-tert-butyl-2-benzoxazolyl)thiophene (BBOT) have been
synthesized via a surfactant-assisted self-assembly process. The morphology of the micro/nanostructures can
be controlled by varying the ratio of organic solutions to the surfactant solution. Here, we have used
cetyltrimethylammonium bromide (CTAB) as the surfactant solutions. Their optical and structural properties
have been investigated by UV-vis, fluorescence spectra, field emission scanning electron microscope (FESEM),
and transmission electron microscope (TEM). As the ratio of organic solutions/CTAB aqueous solution was
increased, the shape of organic structures changed from rods to wires. When the ratio of DPA/CTAB was 1:5,
microstructures with the diameter of 2-2.5 ㎛ and the length between 7.5 and 8.5 ㎛ were dominantly
obtained. And slightly change in optical properties were observed for various morphology of
micro/nanostructures. When the length of micro/nanostrucutres was increased, a blue shift was observed.
Then, changed from rod to wire, fluorescence spectra were slightly red-shifted.
Keywords:
Oranic Micro/Nanostructures, Light-Emitting Devices, DPA, BBOT, Surfactant-assisted self-assembly
process
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Abstract:
The discovery of photoluminescence and conductivity in polymers and small organic materials has attracted
more research on understanding the properties of these materials and on developing them for their use in
fluorescent devices. Among all the polymers, 2,5-Bis(5'-tert-butyl-2-benzoxazol-2-yl)thiophene (BBOT)
and poly[2-methoxy-5-2(2’-ethylhexy)-p-phenylenevinylene] (MEH-PPV) have been studied as candidates
for fluorescent materials used in white organic lightening device. In this work we studied the optical properties
of thin fabric films blended with BBOT and MEH-PPV. Optical properties are explored for the films using a
spectrophotometer for optical absorption in the UV-Visible region. The photo luminescence spectra of the
films were recorded. All films showed good optical properties for fluorescent devices. Such characteristics make
BBOT and MEH-PPV very favorable to be fluorescent materials for white organic lightening device. On the
other hand, light-induced photo-degradation and optical properties of MEH-PPV-blended BBOT have been
observed.
Keywords:
BBOT, MEH-PPV, organic materials, fluorescent device, lightening device, photo-degradation
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Abstract:
The solution processed methylammonium lead trihalide perovskite solar cells (CH3NH3PbX3) have achieved
about 20% certified power conversion efficiencies. The lead-halide perovskite fabricated by chemical solution
deposition have as main drawback for the instability of the material to atmospheric moisture. Recently, it is
very important to measured fundamental and intrinsic properties for hybride perovskite single crystals. In this
study, we have grown the CH3NH3PbI3 and CH3NH3PbBr3 single crystals by using inverse temperature
crystallization technique. The black and orange color single crystals of CH3NH3PbI3 and CH3NH3PbBr3 with
the size of 7 mm x 7 mm x 2 mm were successfully grown during several days. The perovskite CH3NH3PbI3
and CH3NH3PbBr3 single crystals were stable in the moisture compare to the polycrystalline thin films. The
crystal structure and physical properties of CH3NH3PbI3 and CH3NH3PbBr3 single crystals were investigated
by measuring XRD, optical band gap, dielectric constant and P-E hysteresis loop at the low temperatures
range from 100K to 250K. The CH3NH3PbI3 and CH3NH3PbBr3 crystals exhibited dielectric anomalies at
161K and 150K with phase transition from orthorhombic to tetragonal, respectively..
Keywords:
perovskite solar cell, single-crystal, dielectric
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Abstract:
유기 발광 소자(OLED)에서 음전극은 유기 박막층에 전자의 주입을 원활하게 하기 위해 비교적 낮은 일함수를 갖
는 금속 물질을 사용한다. 유기 발광 소자의 양전극과 유기물 사이에 정공 주입층을 사용하면, 소자의 수명 문제를
개선시킬 수 있고 낮은 구동전압에서 비교적 높은 효율을 얻을 수 있는 것으로 알려져 있다. 본 연구에서는
ITO/HIL(x nm)/TPD(40 nm)/Alq3(60 nm)/Al(100 nm)의 구조로 소자를 제작하고, 양전극(ITO)과 유기물
(TPD) 사이에 정공 주입층(HIL) MoO₃를 주입하여 정공 주입층의 박막의 두께에 따른 소자의 특성을 비교 분석
하고자 한다. MoO₃를 사용하지 않은 소자에 비해 MoO₃를 사용하였을 때 수명 향상이 되는 것을 알 수 있었다.
MoO₃ 두께는 0 ~ 30 nm의 범위에서 변화시켜가며 효율에 미치는 영향을 살펴본다.
Keywords:
OLED유기발광소자 정공수송층 HIL MoO3
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The electrical properties of methylbenzenethiol versus benzenedithiol
with PEDOT:PSS interlayer-electrode molecular devices
JEONG Inho1, HWANG Wang-Taek2, JANG Yeonsik2, JEONG Hyunhak2, KIM Dongku2, LEE Takhee2,
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Abstract:
We present the electrical characterization of the molecular devices with a dimethyl sulfoxide (DMSO)
-modified PEDOT:PSS (3,4-ethylenedioxythiophene) interlayer electrode. In this study, we used the
4-methylbenzenethiol (MBT) and 1,4-benzenedithiol (BDT) that have the same backbone structure but
different top-end groups. We examined the effects of the different contact properties between the end groups
of these molecules and the DMSO-modified PEDOT:PSS interlayer on the charge transport in the molecular
junctions. It was observed that the statistically representative current density of MBT devices was larger than
that of the BDT devices by a factor of ~4. Also, the temperature and humidity affect the electrical
characteristics of the DMSO-modified PEDOT:PSS interlayer electrode. These results would be caused by the
change of interfacial properties of the PEDOT:PSS-molecule contact and the removal of residual solvents or
water molecule from the interface by the thermal treatment. Acknowledgements This work was supported by
Basic Science Research Program (NRF-2013R1A1A1076158).
Keywords:
Molecular electronics, Molecular electronic devices, PEDOT:PSS electrodes, Electrical transport
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엘립소메터를 이용한 비등방성 물질 (B4PyMPM) 의 분자 배열과 광학
적 특성에 관한 연구
조호근1, 서지동1, 오정은1, 김혜림1, 이원재2, 김태완*1
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Abstract:
유기 비정질 박막은 유기 발광 소자(OLEDs)에서 널리 이용되고 있으며 진공 증착으로 비교적 쉽게 제작할 수 있
고 고효율의 소자를 만들기에 많은 이점이 있다. 유기박막 소자의 외부 양자효율을 높이기 위해 비등방성 물질을 이
용하여 outcoupling을 높이는 방법이 연구되고 있다. 본 연구에서는 OLED 소자에서 발광층으로 사용되는 등방성
물질 Alq3와 전자 수송 층으로 사용되는 비등방성 물질 B4PyMPM을 Silicon wafer에 증착시킨 후, 엘립소메터를
이용하여 시편의 각도를 수평 방향으로 90° 회전하여 박막의 두께, 굴절률, 흡광 계수를 비교 분석하였으며, 시편
의 수평굴절률과 수직굴절률의 차이를 통해 비등방성물질 B4PyMPM만이 수평배향 되었음을 확인하였다. 또한
B4PyMPM을 전자 수송층으로 사용한 소자와 B4PyMPM을 사용하지 않은 소자의 각도별 Intensity를 측정하고 각
각 비교하여 Outcoupling 증가여부를 확인하였다.
Keywords:
OLED, 유기발광다이오드, Anisotropic materials(비등방성 물질), ellipsometer
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Enhanced thermoelectric performance of glassy carbon thin films by
e-beam irradiation.
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Abstract:
Glassy carbon (GC) is good carbon-based composite thermoelectric materials due to a number of outstanding
properties, such as high temperature resistance, hardness, low density, low electrical resistance, low friction,
extreme resistance to chemical attack and impermeability to gases and liquids. In this work, we show the
optimization of thermoelectrical properties of GC thin film by e-beam irradiation. The GC thin films made by
pyrolysis process have relatively high Seebeck coefficient compare to other carbon composite materials. In
order to enhance thermoelectric properties of the films, GC films were irradiated by high energy (1.4 MeV) and
low energy (0.2 MeV) E-beam which is an effective method to make cross-linking and local structures, such
as fullerene, graphene nanosheet and nanotube. Morphological change in GC thin film by e-beam irradiation
was probed by raman analysis, which displays increased sp2 bondings and local 2D defects. Such changes in
local structure in GC film by e-beam irradiation produced higher Seebeck coefficient than pristine GC films
leading to enhanced thermoelectric performance. This work was financially supported by the Pioneer Research
Center Program through the National Research Foundation of Korea funded by the Ministry of Science, ICT &
Future Planning (2015M2B2A4032922)
Keywords:
Glassy Carbon, Thermoelectricity, E-beam irradiation

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-ap.215

Correlation between structural and thermoelectric performance
crossover in conducting polymer
JO Junhyeon, OH Inseon, JIN Mi-Jin, YOO Jung-Woo*
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*
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Abstract:
Conducting polymers with a conjugated system are emerging as attractive thermoelectric materials, resulting
from low thermal conductivity, high electrical conductivity, easy fabrication and variable functional
applications. Recently, there have been significant enhancements of thermoelectric power factor (S2σ) in the
conjugated polymer by adjusting chemical additives. These secondary dopings can induce a morphological
change, which increases Seebeck coefficient and electrical conductivity simultaneously unlike conventional
thermoelectric materials. However, the relations between thermoelectricity and charge transport in these
systems are not well understood, which is essential to optimize thermoelectric performance of these disordered
systems. Here, we have been studied thermoelectric performance of dimethylsulfoxide (DMSO) doped poly
(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) with adding variable amounts of
fluorosurfactant Zonyl. The charge transport in this disordered system was analyzed within variable range
hopping (VRH), which showed the change of hopping dimensionality and hopping distance with added
molecular dopants. The morphological change and its effect on the charge transport and thermoelectric
performance were further investigated through AFM, Raman, XPS, etc. As a result, we found the optimal
condition for improving the power factor, resulting from the enhanced charge transport due to improved
nano-morphology. This work was financially supported by the Pioneer Research Center Program through
the National Research Foundation of Korea funded by the Ministry of Science, ICT & Future Planning
(2014R1A1A2055685 and 2015M2B2A4032922)
Keywords:
organic thermoelectricity
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유기 발광 소자에서 F-SAM 박막의 정공 주입 영향과 발광 효율 특성
김혜림1, 서지동1, 오정은1, 조호근1, 홍진웅2, 김태완*1
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Abstract:
유기 발광 소자(OLED)에서 정공과 전류의 이동도 차이는 소자 특성에 영향을 끼친다. 전자의 이동도보다 큰 정공
의 이동도는 공간 전하 제한 전류(SCLC), 낮은 외부양자효율(EQE) 등으로 이어진다. 이러한 문제는 전자주입층
(EIL)과 정공주입층(HIL)에 유기 박막간의 일함수 차이를 낮추는 물질을 사용하여 개선시킬 수 있다. 본 연구에서
는 Indium-Tin-Oxide (ITO) 표면에 가수분해를 통하여 물리적 결함 없이 HIL로서 Fluorinated-Self Assembled
Monolayer(F-SAM) 박막을 형성하였다. SAM 과정은 정밀하고 쉬운 박막 형성을 할 수 있다는 장점을 가지고 있
다. ITO/(F-10SAM)/TPD(40 nm)/Alq3(60 nm)/Liq(2 nm)/Al(100 nm)구조의 소자를 제작하여 발광 및 특성 변
화를 비교해 보았다. 효율적인 정공 주입을 위하여 Dipole moment가 큰 F-SAM 물질을 사용하여 전자와 정공의
이동도 균형을 맞추어 소자의 효율과 휘도 향상에 미치는 영향을 확인하였다.
Keywords:
OLED, Self Assembled Monolayer, F-SAM
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The nanostructure evolution of ZnPc thin films during thermal process
under the C60 & C70
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Abstract:
We investigated the effects of annealing temperature as well as fullerene on the morphology of thin films,
lattice parameters and strain in zinc phthalocyanine(ZnPc) systems for small molecular organic photovoltaics
(SM-OPVs) using X-ray reflectivity and GIWAXS (Grazing Incident Wide Angle X-ray Scattering)
measurements. Surface roughness of ZnPc/C60 thin films increased as annealing temperature increased, while
surface roughness of ZnPc/C70 thin films was stable in the high temperature region as high as 180℃. The
compressive strain of ZnPc layer was larger under the fullerene layer in comparison with the single ZnPc layer.
In addition, the strain of ZnPc disappeared at 180℃ in the presence of C70. The surface morphology was
affected by the different strain evolution and interface stability which were dependent on the fullerene types. As
a results, the grain size of ZnPc/C60 was larger than the grain of ZnPc/C70, which corresponded to ~120 nm.
Keywords:
ZnPc, C60, C70, molecular stacking, thermal annealing, nanostructure
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Development of Microbial Battery on Carbon Nanomaterials
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Abstract:
The objective of this research is to develop a new type self-sustainable, a large areal and flexible microbial
battery through bio and material electronics for applying organic semiconductors. We develop a new cell and
carbon embedded material system that can extract a highly efficient microbial energy using a carbon nanotube
(CNT) and graphene. Firstly, we prepare the graphene layer and CNT integrated hydrogel cell patch for
harvesting microbial energy. After that, we investigate the characteristics of the microbial battery with the use
of high electrons
Keywords:
Microbial battery, Carbon NanoTube, Graphene, Organic Semiconductor
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Investigation of the highly sensitive critical mode in Ulam spiral
photonic structure
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Abstract:
우리는 수학적 소수에 기초한 울람 나선형 순서의 2차원 규칙적인 비주기 구조를 가지고 전산 모사하여 높은 퀄리
티 값을 가지는 크리티컬하게 국소화되는 모드의 특성을 조사하였다. 이 크리티컬하게 국소화된 모드는 센싱에 적
합하게 적용될 수 있는 높은 감도를 가진다. 우리는 울람 나선형 순서를 이용한 2차원 규칙적인 비주기 구조에서 감
도가 345 nm/RIU 로써 매우 높은 감도를 가지는 것을 전산 모사하여 입증하였다.
Keywords:
비주기 구조, 센서
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Effects of atomic hydrogen exposure on light emission of Si
nanocrystals
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Department of Physics, Kangwon National University
*

jhyoon@kangwon.ac.kr

Abstract:
In this work, the effects of atomic hydrogen plasma treatment on light emission of Si nanocrystals embedded in
a silicon dioxide matrix. Si nanocrystals were formed by thermally annealing silicon-rich oxide (SiOx) films in
nitrogen ambient. Hydrogen exposure is shown to result in an gradual increase of emission intensity, followed
by a saturation, as well as a redshift of emission spectra. The saturated value of photoluminescence intensity
strongly depends on exposure temperature: the higher the temperature, the larger the saturation value. Timeresolved PL measurements are also shown to result in an increase of luminescence life time. It was also
observed that the improvement of photoluminescence characteristics was more efficiently improved by atomic
hydrogen exposure.
Keywords:
Si nanocrystal,Atomic hydroegn
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Switchable Photovoltaic Effects in Hexagonal Manganite Thin Films
Having Narrow Optical Band Gaps
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Abstract:
Ferroelectric photovoltaics (FPVs) are being extensively studied owing to their anomalously high
photovoltages, coupled with reversibly switchable photocurrents. However, FPVs suffer from their extremely
low output photocurrent densities, which is primarily due to their wide band gaps. Herein, we present a new
class of FPV by demonstrating (i) a nearly optimum bandgap of ~1.55 eV and (ii) the ferroelectric polarization
switching in the epitaxially grown hexagonal manganite thin films, h-RMnO3, where R = Lu and Y.
According to the thickness-dependent photovoltaic measurements, the ITO/h-LuMnO3/Pt hetero-junction
solar cell shows an optimum power conversion efficiency (PCE) of ~0.11 % when the thickness of ferroelectric
h-LuMnO3 layer is ~150 nm. We have shown that the PCE of the h-RMnO3 FPV (~0.11 %) is 1 to 3 orders
higher than those of classical ferroelectric photovoltaics such as undoped Pb(Zr,Ti)O3 and BiFeO3 under the
standard AM 1.5G (sunlight) illumination.
On the basis of the poling-direction-dependent currentvoltage responses, we have further elucidated that the contribution from the switchable photovoltaic effect
dominates over the contribution from the unswitchable (nonferroelectric) internal bias field, which stems from
the net built-in potential (i.e., barrier-height difference) in the ITO/h-RMnO3/Pt hetero-junction cell.
Keywords:
Multiferroics, Ferroelectric polarization, Switchable photovoltaic effect, Ferroelectric photovoltaics
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주기적인 나노구조를 적용한 페로브스카이트 태양전지 제작 및 구동
특성 연구
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Abstract:
페로브스카이트(perovskite)는 유-무기(organic-inorganic) 하이브리드(hybrid) 반도체 물질로, 태양전지의 광 활
성 층(광 흡수 층), 레이저 및 발광다이오드의 발광 층 등으로 응용되고 있다. 특히 페로브스카이트 박막을 이용한
태양전지는, 최근 보고된 21.0%의 높은 에너지변환효율과 용액 공정의 간편함 및 저렴한 제작 단가 등으로 차세대
태양에너지 변환소자로 주목 받고 있다. 본 연구에서는 페로브스카이트 태양전지 내부에 나노임프린트 리소그래피
(nanoimprint lithography)를 적용하여 주기적인 나노구조를 도입하였다. 입사된 태양광의 소자 내부 분포에 대한
전산모사 결과를 바탕으로 나노구조의 주기, 깊이 등을 설계하였다. 전산모사 결과를 바탕으로 제작된 나노구조는,
광활성층 내부의 흡수를 향상시켜 광전류와 에너지 변환효율을 증가시킬 수 있을 것으로 기대된다.
Keywords:
Perovskite, solar cell, nanoimprint lithography
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Comparative study of luminescence properties on Li+ doped
GdSr2AlO5:Ce3+ phosphor synthesized by high energy ball milling and
sol-gel met
YANG Hyun Kyoung*, HONG Woo Tae, JOO Jung Sik, JANG Hyeong Il
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Abstract:
Commercialized white LEDs (WLEDs) are combined with InGaN blue LED chip and cerium doped yttrium
aluminum garnet (YAG:Ce3+) yellow phosphor. The YAG:Ce3+ phosphor has high thermal stability at
junction temperature of LED chip and high humidity resistance, excellent quantum efficiency and blue
absorption efficiency. However, WLEDs have several problem in the application, such as poor color-rendering
index and high color temperature due to the lack of red emission. Recently, cerium and lithium ion doped
gadolinium strontium aluminate phosphor (GdSr2AlO5:Ce3+, Li+; GSA:Ce3+, Li+) has been reported to be a
promising yellow phosphor candidate for white LEDs, since they have more enhanced red emission than
commercial WLEDs. However, their high reaction temperature and large quantity of impurity in synthesis
process limit the application in white LEDs. High energy ball milling method is attractive method for preparing
novel materials, which decreases the crystallite and particle size and induces the continuous formation of
structural defects through the cycling cut and deformation of large crystallites. The sol–gel process has
advantages in obtaining the novel chemical compositions with unique properties, high purity and relatively low
sintering temperature resulting in more homogeneous compounds, and it is also possible to synthesize
phosphors with smaller particle sizes. In this study, GSA:Ce3+, Li+ phosphors were synthesized by using a
high-energy ball milling and sol-gel method. The effect of synthesis process in crystallization, surface
morphology and luminescence properties of the GSA:Ce3+, Li+ phosphors were investigated.
Keywords:
GdSr2AlO5:Ce3+, phosphor, high energy ball milling, sol-gel method
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Abstract:
In recent years, TiO2 materials have attracted great interest because it has been widely used in dye-sensitized
solar cells (DSSCs), fuel cells and lithium ion batteries (LIBs) due to the low cost, high efficiency, high energy
density and long cycle life. TiO2 is a promising host material for luminescence of Eu3+ ions due to good
thermal and chemical properties. The morphologies with different dimensions (zero, one, two, and three) of
materials affect several properties such as optical, electronic, magnetic and chemical. Therefore, the phosphors
with specific shape, in particular, ideally spherical materials, are highly desired in luminescent property.
However, there are some disadvantages. The one of the disadvantages is synthesis process. The spherical TiO2
in the past demand several steps process of hydro-/solvothermal and using the surfactant and templating
method. It is difficult to synthesize the spherical TiO2 and spend long time. In this research, the spherical
TiO2:Eu3+ phosphors were synthesized by a facile solvothermal method without the use of any surfactant. The
crystal structure of materials were investigated by X-ray diffraction (XRD) using a Philips X’pert/MPD
diffraction system with Cu-k㉪ radiation (λ = 1.54056 Å). The surface morphology and size of powders were
observed by field emission scanning electron microscopy (FE-SEM) and transmission electron microscopy
(TEM). The optical properties of TiO2:Eu3+ were characterized by Photoluminescence (PL).
Keywords:
TiO2:Eu3+, solvothermal method , phosphor
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Optical magnetic mirror using metallic structure
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Abstract:
파장대비 매우 작은 단위 구조체로 이루어진 메타 소재를 설계함으로써 단위 구조체를 이루고 있는 금속재료의 자
연적 특성과는 전혀 다른 반사 특성을 구현하는 것이 가능하다. 일반적으로 마이크로파 영역에서의 금속재료는 매
우 높은 유전율로 인해 그 임피던스가 매우 작은 값을 가지며 표면에서 전기장이 반전되는 광학적 전기 거울로 이해
된다. 본연구에서는 금속으로 이루어진 파장보다 작은 단위구조체를 설계하고 이에 발생하는 전자기 공진현상을 이
용하여 구조 표면에서 자기장이 반전되는 광학적 자기 거울을 구현한다. 이를 달성하기 위해 마이크로파 영역에서
자기공진을 가지며 파장대비 수 십분의 일에 해당하는 두께를 가지는 LC 공진 구조체를 제안하였다. 우리는 등가
회로 기반의 물리적 해석을 통해 제안된 구조의 공진 특성과 기하학적 변수의 상관관계를 유추하였으며 그 결과
를 바탕으로 목표로 하는 공진 주파수에서 작동하는 파장대비 수십분일의 구조체를 설계하였다. 또한 이를 맥스웰
방정식을 기초로 한 유한 차분 시간 영역 방법을 이용하여 전산모사를 진행하였으며 자기위상이 반전되는 자기 거
울 특성을 수치적으로 검증하였다.
Keywords:
Metamaterial, Magnetic mirror
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Origin of negative permittivity
LEE Sam Hyeon*
Institute of Physics and Applied Physics, Yonsei University
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Abstract:
We present a straightforward and general method for calculating the effective permittivity of metamaterials.
Proposed theory employs most of the classical scheme of dielectric theory about how the induced dipole
moments of each molecule contribute to the permittivity. Classical scheme however fails to handle severely
inhomogeneous local electric field experienced by a metamolecule. We present a modified scheme based on a
new definition of effective polarizability, which allows quick and accurate account for effective permittivity of
a wide variety of metamaterials. Proposed theory provides a powerful tool for conceptual understanding and
design of new metamaterials.
Keywords:
Metamaterials
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국제우주정거장에서의 고에너지 우주선 관측을 위한 실리콘 전하검출
기의 pedestal 값과 온도의 함수를 통한 데이터 처리
박일흥*, 이직*, 이혜영, 전진아, 최광호
성균관대학교 물리학과
*

ilpark@skku.edu, jiklee999@gmail.com

Abstract:
ISS-CREAM실험은 국제우주정거장에서 고에너지 우주선을 관측하는 과학 탑재체로서, 모든 우주 인증시험을 마
치고 현재 발사 장소인 Kennedy Space Center에서 2017년 4월 국제우주정거장으로의 발사 및 설치를 기다리고 있
다. ISS-CREAM 탑재체 중 중요한 기기의 하나인 우주선 성분을 검출하는 실리콘 전하 검출기는 한국 그룹이 독자
적으로 개발한 장치이며 총 4개의 층으로 총 10,752개의 채널로 이루어져 있다. 각 채널에는 pedestal 값이 존재하
는데, 시간에 따른 데이터 값이 많고 채널들도 많기 때문에 많은 양의 데이터를 매번 처리하기가 어렵다. 본 발표에
서는 데이터를 쉽게 처리하기 위해서 실리콘 전하검출기의 온도 성분을 추출하여 pedestal 평균값 및 rms
(root mean square)를 온도와의 1차 선형 함수로 나타내어 처리하고, 나아가 이 결과로 실리콘 전하검출기의 데이
터 compactification을 위한 문턱 값에 적용하는 응용 예에 대하여 보고한다.
Keywords:
ISS-CREAM , pedestal
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Field Test of UFFO-p/SMT-ICCD with the recently embedded its
flight model software
PARK Il H.*, JEONG Soomin*, GAIKOV Georgii, KIM Minbin, PARK Woochan, JEONG Hyomin
Department of Physics, Sungkyunkwan University
*
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Abstract:
The Slewing Mirror Telescope(SMT) of Ultra-Fast Flash Observatory (UFFO) is a space telescope onboard the
Lomonosov spacecraft for detection of early UV/Optical emissions from GRBs. The launch is planned in April,
2016. To understand better its detector performance with the recently embedded flight model software, we
have conducted a series of field tests of SMT-ICCD with 130 mm Takahashi refractive telescope. In this paper,
we report the preparation and results on the final sensitivity expected for SMT. Furthermore, using the
obtained images through field tests, we have simulated to map the pixels of ICCD (Intensified CCD) of SMT
onto the WCS coordinate. The aim of this study is to find and fix the misalignment of SMT with respect to
the Lomonosov satellite axis which might occur during the launch, and thus to obtain a final mapping of SMT
data from space onto the celestial coordinate.
Keywords:
UFFO, SMT, ICCD, Field Test, Gamma-ray bursts(GRBs)
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Enhanced PMT Photon Traps for Hyper-K
IN Seongjin*1, ROTT Carsten1, RETIERE Fabrice2, GUMPLINGER Peter2
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*
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Abstract:
Hyper-Kamiokande is the next generation Cerenkov detector in Japan. One of the main cost factor is
numerous 20-inch photomultiplier tubes(PMTs). We suggest a new detector module design which includes
dichroic mirrors, broadband mirror, wavelength shifters and a more economical smaller 12-inch PMT. We
simulate different configurations of photon traps with GEANT4. From each configurations, we obtain photon
collection/detection efficiencies and timing resolution to confirm the competitiveness and feasibility of our
traps. Our simulation results show that our enhanced photon trap can match a 20-inch PMTs in collection
efficiency and provide better detection efficiency with the decreased timing resolution.
Keywords:
HyperK, PMT, Neutrino Telescope
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Camera System for Antartic Ice Property Studies for IceCube Upgrades
KIM JongHyun*
Department of Physics SungKyunKwan University
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Abstract:
The IceCube Neutrino Observatory is the world’s largest neutrino detector located deep within the
geographic South Pole ice. In the ice there are more than 5000 optical sensors for observing Cherenkov light
from neutrino interactions. The large number of optical sensors with precise timing make IceCube the most
sensitive instrument for the observation of astrophysical neutrinos. The Antarctic ice is extremely clean and
ideally suited as detector medium. However, our knowledge about ice layers and in particular the refrozen ice
after sensor deployment is limited. To address this problem we propose a camera system integrated with
optical sensor modules. We describe how this system can help us to understand unknown ice properties. We
present a prototype design of our proposed system and simulations that demonstrate its merit.
Keywords:
IceCube, Neutrino, Camera system
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pdates on data analysis pipeline for the UFFO-pathfinder
JEONG Soomin*, PARK Il H.*, PARK Woochan, GAYKOV Georgy, JEONG Hyomin
Department of Physics Sungkyunkwan University
*
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Abstract:
UFFO-pathfinder is a space telescope to observe UV/optical from Gamma-ray bursts as fast as ever observed.
The data size of a GRB event taken by UFFO-pathfinder is 17,225,752 bytes. This data has to be transformed
for following subsequent physics analysis. We have developed a software code which makes a structure of raw
data and classifies the type of data. The data is converted to FITS files for analysis. If there is missing data or
any other errors, our code produces invalid values in the data. Thus we need additional validation processes
that check the data size and header signs in a quick manner. My codes will exam the size of each data and
make a consistency check by comparing header signs of transmitted data and fixed values of the header signs.
These software will also report if the housekeeping data is normal or not by comparing with previously
obtained data. I present a preliminary result of how the monitoring codes of data works.
Keywords:
UFFO, Gamma-ray bursts(GRBs)
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Development and test of Langmuir Probes for the CubeSat LINK for
the QB50 project
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Abstract:
The QB50 mission proposes to make simultaneous observation of the lower ionosphere at altitudes of 200 –
380 km using 50 CubeSats. Most of CubeSats select one of three kinds of detectors, Ion-Neutral Mass
Spectrometer (INMS), Flux-Φ-Probe Experiment (FIPEX), multi-Needle Langmuir Probe (m-NLP) as their
payload. A CubeSat developed in KAIST, called the CubeSat LINK, chooses the INMS as a primary payload.
And it also carries the Langmuir Probes (CubeSat LP) as a secondary payload. The CubeSat LP is expected to
provide information on the electron density from ~104/cm3 to ~106/cm3 and the electron temperature from a
few hundreds K to a few thousands K of the lower ionosphere. Especially, to satisfy the limitation of
downloadable data amount, we dramatically reduced the points to take the data. The points are biased in the
electron saturation region. This measurement principle was verified by comparing results tested in a plasma
chamber using the conventional method. In this paper, we introduce the QB50 mission and report the
measurement principle, the system architecture, and test results of the CubeSat LP.
Keywords:
CubeSat, QB50, Langmuir probe, lower ionosphere
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Cross-phase modulation based on a double-Λ system with a few
photon probe pulses.
KIM Bongjune1, KIM Hoo-Sung2, KANG Hoonsoo*1
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Abstract:
We experimentally observed cross-phase modulation by converting a closed to open loop system with turning
on/off controlling of a few photon level probe pulse. Disappeared multi-photon interference of closed loop by
turning off the probe pulse changes atom-photon interactuin property of the system slightly. Using this
changed property, we obtained radian order of phase shift in a few photon level of probe pulses.
Keywords:
cross-phase modulation, multi-photon interference, double-Λ system, optical loop system
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전자에 의한 DNA-Cu ion 결합체 손상
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Abstract:
DNA 분자는 방사선 혹은 방사선에 의해 생성된 2차종과 상호작용하여 직접 혹은 간접적인 손상을 받는다. 이러한
손상 중 관심을 끄는 것은 생체분자의 이온화 에너지 보다 낮은 에너지를 갖는 전자에 의한 간접적 손상이다. 보다
실제적인 DNA 환경에서 DNA 분자 주변에 존재하는 다른 입자들이 DNA 손상에 미치는 영향을 이해하기 위한
노력의 하나로서 DNA-금속이온 복합체에서 전자와 금속이온이 DNA 손상에 미치는 영향을 연구하여 왔다. 본 연
구에서는 낮은 에너지 전자 조사에 의한 DNA-Cu ion 손상을 살펴보았다. 그 결과를 이전 DNA-Fe ion 연구 결과
와 비교 제시한다.
Keywords:
DNAelectron interactionmetal ionradiation damage
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Analytical study of absorption and dispersion for Doppler-broadened
two-level atoms
NOH Heung-Ryoul*
Department of Physics, Chonnam National University
*
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Abstract:
We present an analytical study of absorption and dispersion in pump—probe laser spectroscopy for an
ensemble of Doppler-broadened two-level atoms. We derive an analytical formula for absorption and
dispersion up to the first (arbitrary) order at the Rabi frequency of the probe (pump) beam. We also derive
analytical solutions for the linewidth and peak value of the absorption spectrum.
Keywords:
Anaytical solution, Doppler broadening, Two-level atoms

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-at.004*

Polarization dependence of ultra-narrow EIA spectra of 85Rb atom in
degenerate two level system
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Abstract:
We have investigated experimental and theoretical investigation on the profile variations of ultra-narrow EIA
signal with respect to polarization of both pump and probe beam from Fg = 3 -> Fe = 4, D2 transition line of
85

Rb atoms. Polarizations of pump and probe laser beams play crucial role in spectral EIA features. In case of
circular and orthogonal polarization configuration, the observed linewidth of EIA signal is approximately equal
to 100 kHz. The ultra-narrow EIA signals have been obtained by using one laser combined with AOM instead
of two independent pump and probe laser beams. The observed EIA linewidth is broadened due to laser
powers and decoherence rate between the magnetic sublevels in the ground state from transit-time relaxation
and matches well with the calculated one. Laser power dependences of ultra-narrow EIA spectra will be
reported.
Keywords:
EIA
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Experimental and theoretical study of V-type electromagnetically
induced transparency for 87Rb atoms
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Abstract:
Electromagnetically induced transparency (EIT)는 대표적인 원자 결맞음현상 중 하나로, 결맞는 광원(레이저)과
원자와의 상호작용으로 생성된 결맞음 원자 매질에서 원자와 공진하는 주파수를 가진 probe광이 흡수되지 않고 투
과가 일어나고, 이 때의 투과 주파수 영역이 매우 좁다는 특성을 가진다. 3준위 원자계 중에 하나인 V형 구도에서의
EIT에 대해 알아보고, EIT신호의 편광의존성에 대해 살펴보기 위해 probe광을 87Rb D1전이선의 Fg=2 -> Fe=2에
해당하는 주파수에 고정시키고, coupling광의 세기를 변화 시키면서 probe광과 coupling광의 편광이 각각 서로 수
직, 수평 선 편광일 때의 신호의 변화를 실험으로 관찰했을 뿐만 아니라 계산 결과와 비교, 분석해보았다.
Keywords:
V-type, EIT, Polarization
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Polarization-rotation for the D2 lines of Rb atoms
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Abstract:
편광 분광학은 기체 셀에 비등방성을 유도하여 조사광과 굴절율의 차이를 이용한 분광학 방법으로 포화흡수 분광
학이나 sub-Doppler DAVLL과 같은 고분해능 분광학 방법이다. 실험의 단순성과 에러 신호를 바로 얻을 수 있다
는 장점이 있기 때문에 주파수 안정화에 자주 사용되고 있다. 실험에서 두 대의 독립된 레이저를 사용해서, 조사광
의 편광은 선편광으로 컨트롤광의 편광은 우원편광을 만들었다. 두 레이저 광을 루비듐 기체 셀에 같은 방향으로 보
내 각각 85Rb F=3 → F’=4 및 87Rb F=2 → F’=3의 D2 전이선을 중심으로 컨트롤광의 세기 의존에 따른
polarization-rotation 신호를 관찰하였다. 이 실험에서 조사광 레이저로 해당 전이선의 주파수에 고정을 했으며 컨
트롤광 레이저로 스캔하였다. 특히, 87Rb F=2 → F’=3 D2 전이선의 경우 밀도 행렬 및 비율 방정식을 이용해서 계
산한 그래프와 실험을 통해 얻은 실험결과 그래프와 비교하였다.
Keywords:
polarization, rotation, rubidium
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FIRST TEST OF HIGHLY CHARGED ION BEAMS USING AN
ELECTRON BEAM ION SOURCE
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Abstract:
Electron beam ion source (EBIS) has been one of widely used table-top devices for the production of highly
charged ions by electron impact ionization. An EBIS employs a magnetically compressed electron beam of high
energy and density to sequentially ionize atoms or ions with a low charge state. At KOMAC, we have a
compact room-temperature operated EBIS. It is additionally constructed with a dipole bending magnet and a
Faraday Cup for ion charge spectra. In this measurement setup, first preliminary tests are performed to find
suitable operational conditions in the EBIS for a stable production of highly charge ions. Using the dipole
bending magnet, we apply various magnetic field strength to ion beams to separate and distinguish their
charged states. In future, we aim to build an EBIS based pre-injector with a radio frequency quadrupole. It
has advantages of having a simple operation and a large number of ion species. To accomplish this, we intend
to modify and improve the current EBIS design to incorporate with setups at KOMAC. This work has been
supported through KOMAC operation fund of KAERI by Ministry of Science, ICT and Future Planning.
Keywords:
Highly charged ions, electron beam ion source
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Dispersive broadening of entanged biphoton wavepackets generated via
type-I and type-II spontaneous parametric down-conversion
HONG Kang-Hee*
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Abstract:
We demonstrate dispersive broadening of biphoton wave-packets generated via spontaneous parametric down
conversion (SPDC). Using optical fibers as dispersive media, both from type-I and type-II SPDC are
demonstraded experimentally and theoretically, under various experimental conditions with various lenghts
of non-linear crystals, and various filters. Relation between biphoton's spectral properties and dispersive
broadening effect is presented.
Keywords:
Dispersive broadening of wave-packets, type-I and type-II spontaneous parametric down conversion
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Time dependent B-Spline R-matrix method without R-matrix
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Abstract:
강한 레이저와 상호작용하는 다전자 원자(many-electron atom)를 아무런 근사없이 기술하는 가능한 수치 해석적
방법으로 알려져 있는 것은 현재 Belfast group의 TDRM(time-dependent R-matrix)방법과 RMT(R-matrix
with time-dependence) 방법들이다[1,2]. TDRM은 1997년 Burke 와 Burke에 의해 제안된 R-matrix
propagation 방법의 적용이고 [3], RMT는 TDRM의 계산 속도를 개선하기 위하여 새롭게 제안된 방법이다
[2]. RMT의 특징은 Krylov subspace를 사용하는 Arnoldi iteration 방법을 사용하는 것이다. 이 Arnoldi 방법의 사
용으로 계산 속도가 많이 증가한 것으로 알려져 있다. 그러나 TDRM 의 문제점은 매순간 R-matrix 구해야 하는
것이다. 이 점이 TDRM의 속도를 느리게 하는 근원이다. 이 두 방법의 장점은 전체 구간을 여러 구간으로 나누어
파동함수를 계산하고 이를 각 구간들의 경계에서 결합을 시켜 전체 파동함수를 구할 수 있어, 병렬 컴퓨팅이 가능하
다는 것이다. 우리는 이 TDRM의 문제점을 최근에 많이 사용하는 B-spline basis의 특징을 사용하여 치료를 하고
Arnoldi iteration의 방법을 사용할 수 있는 방법을 개발하였다. 물론 이 방법은 병렬처리도 가능하다. 이 새로운 방
법을 1차원 시간의존문제에 적용해보고 장단점에 대하여 논의를 할 것이다.
[1] M. A. Lysaght, H. W. van der
Hart, and P. G. Burke, Phys. Rev. A 79, 053411 (2009). [2] L. R. Moore et al. J. of Mod. Opt. 58, 1132
(2011). [3] P. G. Burke and V. M. Burke, J. Phys. B 30, L383 (1997)
Keywords:
Time depnendent, B-spline, R-matrix,TDRM(time-dependent R-matrix)
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About geometric optimal conditions for minimax problem of minimum
error discrimination
김지환, 하동훈, 권영헌*
한양대학교 응용물리학과
*
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Abstract:
우리는 최소오류구별 문제에서의 minimax 문제를 고려한다. 이 문제에서 모든 상태를 검출하는 것이 최적일 때 만
족해야 할 필요충분조건이 기하학적으로 어떤 구조를 지니고 있으며 최소오류구별문제에서의 최적조건이 지니는
기하학적의미와 어떤 연관이 있는가를 살펴본다.
Keywords:
Minimum error discrimination minimax problem optimal condition
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The fate of dynamical localization for two interacting quantum kicked
rotors
QIN Pinquan, ANDREANOV Alexei, PARK Hee Chul, FLACH Sergej*
Center for Theoretical Physics of Complex Systems, IBS
*
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Abstract:
The kicked rotor model is described as a single particle move on a ring with kicked driven potential. There is a
well known dynamical property called dynamic localization. This property tell us if the period of the kicked
drive take irrational multiple of , the particle will localize in the momentum space. However, if considering two
quantum kicked rotors with very short range interaction - function interaction, what is the fate of this
dynamic localization In my poster, different decay behaviors of the matrix element of the time evolution
operator in the momentum space will be exhibited first. By using the second moments and the information
entropy, the property of the dynamic evolution are also indicated. Compared to the exponential law decay of
the matrix element in the kicked rotor model, we show that, the matrix element of the two interacting
quantum kicked rotors have similar exponential law decay in the center of mass coordinate direction, but the
power law decay in the relative coordinate direction. Due to this much slower decay, the second moments and
the information entropy indicate that the dynamic localization is destroyed in the relative coordinate direction,
even though it is still kept in the center of mass coordinate direction.
Keywords:
quantum kicked rotors, dynamical localization
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가우시안 파속을 사용하는 위상공간에서의 준고전적 방법에 필요
한 Matching Pursuit
변창우1, 이민호1, 최낙렬*1, 김대성2
1
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Abstract:
시간에 따라 발생되는 신호를 시간-진동수 공간에서 다루면 성긴(sparse) 표현으로 나타낼 수 있다는 것과 같은 이
치로, 양자역학에서 시간의존 슈뢰딩거 방정식에 의한 파속의 진행을 위상공간에서 다루게 되면 위치공간 또는 운
동량공간에서 보다 작은 크기의 기저함수 세트로 표현할 수 있을 것으로 예상할 수 있다. 그러나 실제로 폰노이만
격자를 기저 세트로 사용하면 기저 함수들의 비직교성에 의해 파속을 나타내기 위해서는 엄청나게 큰 위상공간에
걸쳐 있는 격자들이 필요하게 된다. 따라서 위상공간에 고정되어 있는 기저 세트를 사용하지 않고 필요한 때 마다
대상 파속을 가장 작은 수의 가우시안 파속들의 선형결합으로 나타내는 방법을 사용하고 그때 사용된 가우시안들을
준고전적으로 진행시키고 그 과정 중에 이런 식의 표현을 여러 번 적용함으로써 준고전적 방법의 유효성을 유지시
킨다. 이 방법의 효율성을 평가하기 위해 1차원 및 2차원 모델 문제에 적용하여 정확한 양자역학 계산 결과와 비교
한다.
Keywords:
Matching Pursuit, 폰노이만 격자, 위상공간, 파속의 진행, 가우시안 파속

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-at.013*

Development of an Electron-Ion Velocity Map Imaging Spectrometer
SAXENA Arvind Kumar1, 2, HYUNKOOK Kim2, 3, TAE KYU Kim3, DONG EON Kim*1, 2
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Abstract:
The charged particle imaging techniques have been extensively progressed in atomic and molecular physics
since the pioneering experiment of Chandler and Housten in 1987. Eppink and Parker discovered in 1997 that
an appropriate electrostatic lens configuration can be used to guide all particles with the same initial velocity
vector onto the same point on detector, and thus improving the resolution of charged particle imaging. This
technique is popularly known as Velocity Map Imaging (VMI) Technique. VMI is a very popular and
powerful technique used extensively to study the reactive collisions, photo-dissociation, photo-detachment
and photo-ionization experiments. In VMI, the three- dimensional (3D) distribution of charged particle
momenta is projected onto a two-dimensional (2D) detector by implementing cylindrically symmetric
electrostatic fields. In VMI, the laser–target interaction takes place in a region of high electric fields which
project the charged particles (electrons and ions) towards the detector, in general, a Micro Channel plate
(MCP) and phosphor screen with a CCD camera. In order to study the ultrafast molecular reaction dynamics,
We have developed a Dual VMI to detect both electrons and ions simultaneously arising from the laseratom/molecule experiments. The VMI comprises from the 16 circular electrodes with the outer diameter of 80
mm and inner diameter of 40 mm with an increment of 2 mm. The electrodes are equally spaced with a
distance of 22 mm. The total length of the VMI electrodes is 346 mm. The VMI is designed in such a way so
that a better energy resolution for electron and ion is achieved. The electrodes are mounted in a vacuum
chamber pumped by a Turbo molecular pump and baked by a dry Scroll pump. The minimum pressure
achieved in the reaction chamber is 2x10-9 mbar. The pulsed nozzle is mounted in a source chamber with the
minimum pressure of 2x10-6 mbar. The differential pumping is maintained in the experimental setup using a
conical skimmer of 0.5 mm aperture. The target atoms (Xenon) are injected into the interaction region of VMI
using a pulsed supersonic jet generated by a pulsed nozzle (0.5 mm, Parker). For the testing of VMI, 10 Hz
picosecond laser (Leopard SS) providing 70 mJ, 120 ps linearly polarized pulses was used to induce ATI of Xe
at 532 nm. The charged particles are detected using a 40 mm MCP (Photonis) and a PMT. The charged
particle images are recorded using MCP, Phosphor Screen (Photonis) and a CCD camera (Viewrun). The
charged particle trajectory simulation is carried out, prior to the experiment, using SIMION 8.0. It is found
that Xe Ions up to 20 eV and electrons up to 60 eV can be detected by dual VMI. The detailed discussion on
the development of dual VMI, and preliminary results from the testing of spectrometer will be presented in the
conference.
Keywords:
Molecular reaction dynamics, Velocity Map Imaging Spectrometer, Charged particle imaging, Photoionization, Photo-fragment
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Full-quantum analysis of the enhanced spontaneous emission near an
exceptional point in a deformed microcavity laser
SHIN Younghoon, MOON Songky, AN Kyungwon*
Department of Physics and Astronomy, Seoul National University
*
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Abstract:
When a quantum system is non-Hermitian, the eigenmodes are not orthogonal. Instead, the modes are
biorthogonal to another basis set called adjoint modes. In non-Hermitian lasers, lasers with atomic and cavity
damping, it is known that each cavity mode has an excess-noise factor or the Petermann factor originating
from the non-orthogonality. In several semiclassical studies, the Petermann factor is shown to diverge under a
special condition called an exceptional point (EP), where two interacting modes coalesce to one. However,
how atomic spontaneous emission into a mode near an EP is modified has been controversial. In particular, by
using quantum analysis Y.-J. Cheng showed that atomic total spontaneous emission is not modified at all by
the Petermann factor for uniform gain-molecule distribution. Here we carried out full-quantum analysis of
both population and photon rate equations in a deformed microcavity by employing quantum Langevin noise
operators. We then found that the atomic spontaneous emission into a mode near an EP is indeed enhanced by
the Petermann factor until it reaches the total spontaneous emission rate including the cavity-QED
enhancement. Such greatly enhanced spontaneous emission would enable development of thresholdless lasers.
Keywords:
Enhanced spontaneous emission, Petermann factor, non-Hermitian, Exceptional point, Microcavity,
Thresholdless laser
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Atomic dynamics in a moving optical lattice and its rate equation
analysis
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Abstract:
The atomic localization and tunneling effect in a moving optical lattice of a phase-stabilized magneto-optical
trap (MOT) was investigated experimentally through the spectrum of resonant fluorescence. Sub-Doppler
cooling and dipole force from the moving optical lattice determine the dynamics of atoms in the lattice. By
applying a sub-Doppler cooling force, we observed that atoms localized in the lattice become delocalized as
the speed of the lattice increases. In addition, the population of delocalized atoms increased stepwise. In order
to explain the results, a rate-equation model of atom numbers which describes quantum transitions among
vibrational states of lattice potential and thermal states has been developed. Experimental results were well
described by our model.
Keywords:
optical lattice, rate equation
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Generation of a Schröodinger-cat-like state in a cavity by injecting
atoms in opposite-phase superposition states
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Abstract:
A Schröodinger cat state has attracted a great deal of interest owing to its unintuitive aspects. Moreover,
optical Schröodinger cat states are known to be useful in quantum information processing and in quantum
metrology. Although Schröodinger cat states in a cavity has been realized before, the methods are limited to a
ultralow decoherence regime due to necessary complicate qubit operations. Here, we propose a new method to
generate an optical Schröodinger-cat-like state in a cavity in a large decoherence regime. Our method uses
continuously injected atoms in opposite-phase superposition states(). Opposite-phase atoms traversing the
cavity then generate a vacuum squeezed state in the cavity. Upon a photon detection event outside the cavity,
the vacuum squeezed state collapses to a Schröodinger-cat-like state, which can be detected by
balanced/unbalanced homodyne detection or atomic state tomography. We have performed quantum
trajectory simulations on the dynamics of the Schröodinger-cat-like state under various conditions. Based on
these results we then propose a possible experiment.
Keywords:
Cavity-QED, Cat state, Microlaser
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Development of FPGA-based LabVIEW control Software for Atomic
Force Microscopy
ULLAH Naveed, ALUNDA Bernard Ouma, LEE Yong Joong*
School of Mechanical Engineering Kyungpook National University
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Abstract:
Atomic Force Microscopy (AFM) is a powerful and versatile microscopy technique for studying various
samples at nanoscale. Most of the commercial scanning probe microscopy systems lack the flexibility required
for custom applications. Therefore, it is often desired for an easier, more flexible control system with an
intuitive user interface. In order to address this need, we are developing a custom control software set for AFM
using National Instrument’s LabVIEW. Utilizing flexibility and programmability of FPGA (field programmable
gate array) hardware, efficient controls for various microscope operations are possible. Unlike typical
microprocessors or digital signal processors, FPGAs are truly parallel in nature, so different process operations
do not have to compete for the same resources at the same time. Different aspects for controlling an AFM
system can be programmed and added in a modular fashion since each component acts as an independent
sub-unit. This feature allows future modifications to the overall control code much easier, thus resulting in a
greatly expanded level of customization. So far, an oscillator tuning function, a digital PID feedback control,
various scan parameter controls, and image construction algorithm have been implanted. We are currently in
the process of implementing other features necessary for running a tuning fork-based AFM.
Keywords:
AFM, LabVIEW, FPGA
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UHV & Low temperature Atomic Force Microscope system to image
organic molecules with atomic resolution and observation of selfassembly of L-Leucine
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Abstract:
Examining the exact 3-dimensional structure of proteins has
been a main interest of structural biology to understand the
functions of proteins. Traditionally, X-ray diffraction and
scattering, and Nuclear Magnetic Resonance are employed to
determine the structure of proteins. However, these techniques
require complicated data analysis and sample preparation process
such as crystallization of proteins. To directly visualize the
structure of proteins with atomic resolution, we designed an
Ultra-High Vacuum (UHV) and low temperature Atomic Force
Microscope (AFM) system using dual probes to manipulate
molecular samples and achieve atomic resolution by carbon monoxide functionalization. Position sensors
using capacitors and piezoelectric motors enable fast and accurate switch between 2 probes. In addition, as a
precedent research, we observed self-assembled parallel chain features of L-Leucine on a graphite substrate
using a commercial non-contact AFM.
Keywords:
Atomic ForceMicroscope (AFM), Leucine, self-assembly
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단결정 유기-무기 할라이드 페로브스카이트 CH3NH3PbX3 (X=Br
and I) 의 광학적 성질 분석
임준휘1, 김진민1, 이윤상*1, 우원석2, 김일원2
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Abstract:
유기-무기 할라이드 페로브스카이트는 발광 소자나 태양전지 활용에 유력하여 개발 연구가 활발하게 진행되고 있
는 물질이다. 소자 활용에 필요한 기본적인 물성 정보를 제공하기 위해, 우리는 단결정 시료 CH3NH3PbX3 (X=Br
and I) 의 광학적 성질과 전자구조를 연구하였다. 광학적 성질 연구를 위해 광학 분광학과 광발광 분광학을 활용하
였다. 두 물질은 할로겐의 종류에 따라 밴드갭이 다르며, 그에 따라 광학 스펙트럼의 차이가 명확하게 관측되었다.
위 페로브스카이트 물질의 광학 특성과 전자구조 성질을 전기적 성질과 연관하여 비교설명한다.
Keywords:
페로브스카이트, 태양전지, 밴드갭, 저온PL
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A flexure-based high speed nano-positioner for Atomic Force
Microscopy
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Abstract:
Flexure-based nano-positioners have demonstrated superb qualities when used for controlling ultra-fine
motions during AFM imaging due to minimal cross-coupling effects and high resonant frequencies. In order
to study dynamic and structural behaviors of biological samples including proteins and DNA, a high speed
scanner unit is required. This work presents a novel design for a nano-positioner with parallel kinematic
configurations that ensures precision, high-bandwidth, and no backlash. The design also has high rigidity and
is simple and easy to fabricate. Our design further permits the integration of the scanner into an inverted
optical microscope for dual AFM and optical imaging operations. Finite element analysis was used to predict
the maximum static deflection and resonant modes of the designed scanner unit.
Keywords:
Nano-positioner, Atomic Force Microscopy, Imaging, Stiffness
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Catalytic Reaction by Coherent X-ray Diffraction Imaging
CHUNG Myungwoo1, KIM Dongjin1, KIM Sungwon1, CARNIS Jerome1, KANG Jinback1, YOON Kyusuk1,
KIM Jaeseung1, CHA Wonsuk2, MAXEY Evan3, HARDER Ross3, ZOZULYA Alexey4, SPRUNG Michael4,
KIM Hyunjung*1
1

Department of Physics Sogang University, Korea., 2Materials Science Division. Argonne National Laboratory.
USA., 3Advanced Photon Source. Argonne National Laboratory. USA., 4PETRA III. Deutsches ElektronenSynchrotron. Germany.
*

hkim@sogang.ac.kr

Abstract:
Modern catalysis adopts nanotechnology for increasing efficiency and adjusting activation energies. Along
with active researches on manipulating the sizes and ratio of the catalytic materials in synthesis, understanding
of full mechanisms and their underlying kinetics are still need to be pioneered. The most important practical
use of platinum is in catalytic converter for an automobile. In this study we focus on atomicscale lattice
development of displacement inside platinum nanocrystals during catalytic process involving adsorption,
diffusion and desorption etc. Here we employ coherent X-ray diffraction imaging technique to get a shape of
the nanoparticles and the phase information which represents lattice distortion of the crystal during in-situ
catalytic process. Results show that the strain generation during methane oxidation catalytic process is
dependent on not only the activation temperature and gas environment but also the size of platinum single
crystal.
This research was supported by the National Research Foundation of Korea (No. NRF2014R1A2A1A10052454) and National Core Research Center (No. NRF-2015R1A5A1009962)
Keywords:
Keywords : Platinum , Deformation , Nanoparticle , Coherent X-ray Diffraction Imaging, Catalysis
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저노이즈 측정용 저역통과 금속분말 필터의 제작 및 감쇄특성 연구
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Abstract:
극저온에서 저-노이즈 측정에 사용되는 저역 통과 금속분말 필터의 감쇄특성을, 금속분말 입자모양과 제작 방법에
따라, 벡터회로망분석기를 사용하여 20 GHz까지 측정하였다. 열전도도를 높이기 위하여 금속분말을 에폭시와 혼
합하였으며, 명목상 입자사이즈 30 um의 SUS 304L 분말과 Emerson and Cumming 회사의 Stycast 2850FT와
catalyst 23LV를 사용하였다. 필터 제작은, 지름 0.1 mm 절연 구리선을 분말/에폭시 혼합물로 만든 spool에 감은
다음, 금속 튜브 또는 박스에 넣고 빈 공간을 분말-혼합물로 채우고, 입출력단에 SMA Connector를 연결하여 완성
하였다. 금속 분말의 표면을 SEM으로 관찰한 결과 제조사에 따라 표면 모양이 매우 상이하였으며, 이는 분말의 밀
도차이를 야기시켜 분말/에폭시 혼합 비율에 큰 영향을 미쳤다. 제작된 금속분말 필터들은 고주파에서 큰 감쇄 특
성을 보였으며 cut-off 주파수는 1 GHz 근처였다. 분말/에폭시 혼합 질량비가 2:1이고, 전선의 길이가 1.53 m(6.2
turn/mm)인 필터는, 4 GHz에서 약 93 dB의 감쇄 특성을 보였다. 일반적으로 감쇄특성이 길이에 비례하는 것으로
나타났으나, 코일의 단위 길이당 감은 수를 줄일 경우에도 감쇄특성이 증가하는 것이 관측되었다. 단위 길이당 감은
수를 절반(3.1 turn/mm)으로 줄인 경우, 0.7 m 길이 전선을 사용한 필터가 3.7 GHz에서 약 93 dB의 감쇄특성을
보였으며, insertion loss와 skirt 특성 등 전체적인 필터특성이 매우 우수한 결과를 보였다.
Keywords:
attenuation measurement, microwave filters, metal powder
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A comparative study of hysteresis loops and hysteresis losses for HTSC
films
KIM Mu-yong, PARK Hee-yeon, KIM Chan, PARK Sang-kook, RI Hyeong-cheol*
Department of Physics, Kyungpook National University, Daegu, Korea
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Abstract:
In this study, we calculated hysteresis loops based on three critical state models of Bean model, Kim model,
and three-parameter model. Bean model assumes constant critical current density, while the others consider
field dependence of the critical current density. Hysteresis loops and hysteresis losses of each model were
evaluated at low and high applied field. In the high applied field case, we found out the relation between the
hysteresis loss and the remanent field from Bean model. The results of theoretical models were compared
SHPM results of GdBCO coated conductors.
Keywords:
critical state model, GdBCO coated conductor, remanent field, hysteresis loss
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In-situ Synthesis of High-Tc Superconducting Ba1-xKxBiO3 Films by
Pulsed Laser Deposition
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Abstract:
Ba1-xKxBiO3 (BKBO) is a well-known high-Tc oxide superconductor with a transition temperature of 31 K
[1-2] highest among oxides except cuprates. As holes are doped into a parent compound BaBiO3, a charge
density wave insulator, a complicated phase diagram, accompanied with structural transitions, has been
reported [3-4]. Intriguingly, superconductivity only emerges at a large potassium doping (0.37 < x < 0.55),
Detailed studies on the phase diagram of BKBO have often been hindered due to difficulty in sample growth,
where physical properties are subject to change by small differences in stoichiometry that can hardly be
controlled in bulk [2]. In this study, we present in-situ synthesis of superconducting BKBO films by using
pulsed laser deposition technique. We found that precise control of film stoichiometry is possible by tuning
post-anneal condition and laser fluence. First, minimizing oxygen vacancy is important for obtaining
superconducting BKBO films, since superconducting behavior was observed only if the BKBO film was postannealed in high oxygen partial pressure (above 0.1 atm). Second, superconducting Tc was found to be highly
dependent on laser fluence, indicating potassium concentration could be varied during the deposition process.
As a result, we obtained not only reasonably high Tc up to 24.5 K, comparable to that of previous reported
films [5-6], but also superconducting dome as a function of potassium concentration. These results can be
useful to study the detailed feature of the BKBO phase transition, and reveal a novel superconducting state in
this material by further field-effect gating experiment. [1] R. J. Cava, B. Batlogg, J. J. Krajewski, R. Farrow, L.
W. Rupp Jr, A. E. White, K. Short, W. F. Peck & T. Kometani Nature 332, 814 - 816 (1988) [2] D. G. Hinks,
B. Dabrowski, J. D. Jorgensen, A. W. Mitchell, D. R. Richards, Shiyou Pei & Donglu Shi Nature 333, 836 838 (1988) [3] S. Pei, J. D. Jorgensen, B. Dabrowski, D. G. Hinks, D. R. Richards, A. W. Mitchell, J. M.
Newsam, S. K. Sinha, D. Vaknin & A. J. Jacobson, Phys. Rev. B 41, 7 (1990) [4] C. Franchini, G. Kresse & R.
Podloucky, Phys. Rev. Lett. 102, 256402 (2009) [5] B. M. Moon, C. E. Platt, R. A. Schweinfurth & D. J. Van
Harlingen, Appl. Phys. Lett. 59, 1905 (1991) [6] H. Sato, S. Tajima, H. Takagi & S. Uchida, Nature 338, 241
- 243 (1989)
Keywords:
BKBO, Thin film, Superconductivity, Pulsed Laser Deposition
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The local magnetization of the GdBCO coated conductors
RI Hyeong-Cheol*, PARK Heeyeon, KIM Muyong, KIM Chan, PARK Sangkook
Department of Physics, Kyungpook National University
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Abstract:
The local magnetization of the GdBCO coated conductors was measured with the external magnetic field
applied parallel to the c-axis by using Low temperature scanning Hall probe microscopy (LTSHPM). The
GdBCO coated conductor samples were patterned to be bridge shape by Photolithography method. We can
verify that the area of the hysteresis loop is proportional to the normalized remanent field distribution from the
experimental results.
Keywords:
GdBCO, hysteresis loop, magnetization, local magnetization, scanning hall probe microscopy, SHPM
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Abstract:
The hexagonal PdTe is a superconductor with Tc=4.5K.[1,2] Through electric, magnetic, and thermodynamical
observations, showing a specific heat jump of △C/γTc ~ 1.67, Karki and coworkers claimed that the
superconductivity of PdTe is mediated by strong electron-phonon coupling (EPC). In contrast to these
experiments, Tiwari et al. observed △C/γTc ~ 1.33, implying a weak EPC. To settle down this puzzle of the
superconducting PdTe, we performed first principles full-phonon calculations. Our calculations are consistent
with the experimental observed Tc with our obtained EPC constant λ=0.9, indicating a weak EPC mechanism.
Additionally, we suggested a 50% higher Tc in an isovalent and isostructural PtTe unsynthesized yet.
Considering the fact that many Pt-related superconductors are unconventional, our results are expected to
provide a new route of finding a new unconventional superconductor. Acknowledgements: This research was
supported by Korea University. [1] A. B. Karki, D. A. Browne, S. Stadler, J. Li, and R, Jin, J. Phys.:Condens.
Matter 24, 055701 (2012). [2] Brajesh Tiwari, Reena Goyal, Rajveer Jha, Ambesh Dixit, and V. P. S. Awana,
Supercond. Sci. Technol. 28, 055008 (2015).
Keywords:
first principles calculations, PdTe, superconductivity
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Optical properties of doping and temperature dependence Ba1xKxFe2As2
LEE Seokbae1, SONG Dongjoon2, LEE Myoung-hoon1, PARK Sangheon1, JUNG Eilho1, EISAKI Hiroshi2,
HWANG Jungseek*1
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Abstract:
We studied three Ba1-xKxFe2As2(K-doped Ba-122) single crystals at three different doping levels (underdoped,
optimally doped, and overdoped) using an optical spectroscopy technique. We used a commercial Fourier
Transform Infrared Spectroscopy (FTIR) type Bruker Vertex 80v spectrometer to obtain reflectance spectra
of Ba1-xKxFe2As2 at various temperatures in a spectral range from Far-IR to Mid-IR. We applied a KramersKronig analysis to get the optical constants including the optical conductivity. We estimate the
superconducting gap from optical conductivity under the critical temperature. We will discuss about results
obtained from an extended Drude model analysis.
Keywords:
Ba-122 pnictides, FTIR
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Reduced fluctuation-induced magneto-conductivity in proton
irradiated superconducting FeSe1-xTex thin film
AHMAD Dawood1, CHOI W.J1, SEO Y.I.1, SEO S.H.2, LEE S.H.2, MOSQUEIRA J.3, KWON Y.S.*1
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Abstract:
The superconducting ﬂuctuations well inside the normal state of superconducing thin film FeSe1-xTex were
studied through measurements of the in-plane and out of-plane magnetoconductivity. These measurements,
performed in magnetic ﬁelds up to 11 T allowed a reliable check of the applicability to iron-based
superconductors of Ginzburg–Landau approaches for 3D anisotropic compounds, even at high reduced
temperatures and magnetic ﬁelds. Our results showed that amplitude of fluctuation effect reduced up to 5
times as compare to prestine FeSe1-xTex. It is concluded that irradiation weakens the superconductivity by
strongly reducing Tc, Hc2 ,and the superconducting volume fraction.
Keywords:
Iron-based superconductor, flutuation, FeSe1-xTex thin film
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Comparing in situ growth and ex situ growth in BSCCO sample
KIM Duri, SONG Jonghyun*
Department of Physics Chungnam University
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Abstract:
We successfully grew superconducting Bi₂Sr₂CaCu₂O8 (BSCCO) thin films by using Pulsed Laser
Deposition (PLD) technique with in situ treatment and ex situ treatment. Comparing in situ BSCCO sample
with ex situ BSCCO sample, in situ sample surface roughness is more better and critical temperature is higher
than ex situ sample. Detailed X-Ray Diffraction (XRD) analysis exhibited the in situ sample is more close to
JCPDS card. Reciprocal Space Mapping (RSM) show both samples are tetragonal structure. Films were grown
on the single crystal MgO (100) substrate. In situ sample grew at 700˚C in 200mtorr and ex situ sample
maintained at 880˚C in 15min and annealed at 850˚C in 5h in ambient air.
Keywords:
BSCCO, Superconductivity
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Pressure effects on the 1-D iron based compound BaFe2-δSe3
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Abstract:
Iron-based superconductors are crystallized in a square lattice consisting of iron ions surrounded by pnictide
or chalcogenide tetrahedral and layers of the tetrahedral constitute in a 2-D electronic structure. Recently an
iron-based semiconductor BaFe2S3 that contains the double chains of the Fe-S edge-shared tetrahedral along
the crystallographic b axis was reported as a pressure-induced superconductor1. The selenium-based
compound BaFe2Se3 with an orthorhombic structure (Pnma 62) shows higher activation energy than the
sulfur-based compound. In this presentation, we report synthesis of the iron deficient BaFe2-dSe3 single crystals
with tellurium flux technique. Needle shaped crystals were grown along the chain direction, which were
confirmed by X-ray diffractometer and energy dispersive spectroscopy. Activation energy calculated from the
resistivity measurements is 160meV and 130meV for electrical currents applied along the b axis and the ac
plane, respectively. When subjected to physical pressure, the activation energy for the current (I) along the b
axis is suppressed gradually by the rate 40K/GPa. For current along the ac plane, the suppression is steeper
with increasing pressure than for I // b-axis.
Keywords:
Semiconductor, BaFe2Se3, pressure, possible superconductivity
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라만 분광법을 이용한 제2세대 고온 초전도 선재의 특성 분석
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Abstract:
초전도가 미래의 친환경 기술로 떠오르고 있는 가운데, NMR, MRI, 모터 등의 다양한 초전도 응용기기의 제작을
위해서는 균일한 고임계전류를 가지는 초전도 선재가 요구된다. 본 연구에서는 라만 분광법을 이용하여 여러 종류
의 제2세대 고온 초전도 선재들의 특성을 분석하였다. 선재는 동시 다발 증착법으로 제작된 4 mm 폭의
GdBa2Cu3O7-x (GdBCO)를 사용하였고, 실험에 이용한 선재는 액체질소 온도인 77 K에서 약 215 - 275 A/cm의
임계전류를 나타내었다. 임계전류 값은 1 μV/cm를 기준으로 결정하였다. 라만 분광법 실험에 앞서 시료의 성장
방향, 고해상도의 표면 및 조성 등의 분석은 x-선 회절 분석과 주사 전자 현미경을 통해 관찰하였다. 선재는 모두 c
축으로 잘 성장이 되어있으며, 모든 선재에서 Gd2O3, CuO 등의 이차상이 관측되었다. 라만 분광법을 이용하여 희
토류 계열 REBCO 선재가 가지는 여러 진동 모드를 확인할 수 있었고, 이를 토대로 결정 방향의 정도, 이차상의 정
량적인 양, 산소의 충분한 도핑 정도 등을 확인하였다. 또한, XRD로 확인되지 않는 시료의 결함의 한 종류인
broken-chain 모드 역시 관측을 하였다. 본 연구 결과를 바탕으로 GdBCO 선재의 진동 모드와 초전도 특성의 연
관성에 대해 알아보고자 하였다.
Keywords:
고온초전도선재, GdBa2Cu3O7-x (GdBCO), 라만 분광법
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Diagrams Based on the SU(2) Slave-Boson Approach to the t-J
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Abstract:
One of the major theoretical challenges in high-Tc superconductivity is to reproduce the observed phase
diagrams which display the monotonously decreasing pseudogap temperature and the dome shaped
superconducting transition temperature, Tc in the plane of temperature vs. hole concentration. Earlier Lee and
Salk [Phys. Rev. B 64, 052501 (2001); ibid. 71, 134518 (2005)] reported a successful reproduction of the
phase diagram by introducing their newly developed slave-boson approach of U(1) and SU(2) symmetry to the
Heisenberg term in the t-J Hamiltonian. More recently, Shin et.al. [J. Supercond. Nov. Magn. 23, 637 (2010)]
showed reliable temperature and doping dependencies of magnetic susceptibility and spin pairing correlations
in association with spin dynamics in high-Tc superconductivity. We present a systematic numerical study of
the phase diagrams by taking the SU(2) slave-boson approach to the t-J Hamiltonian. For this study we take
the reduced Heisenberg coupling strengths, J/t of 0.3, 0.5, 0.7 and report a rigorous study on the lattice size
dependency of convergence to the satisfactory dome shaped Tc mentioned above by choosing unit lattice sizes
such as 20Ⅹ20, 30Ⅹ30, 50Ⅹ50 and larger sizes, corresponding to each value of J/t above.
Keywords:
Numerical Study, High-Tc Superconductivity, Phase Diagram, SU(2) Slave-Boson Approach, t-J Hamiltonian
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Orbital anisotropy in iron based superconductors observed by X-ray
absorption spectroscopy
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Abstract:
Iron based superconductor is a multi-orbital system so that orbital degree of freedom has been considered as a
key factor which is related to the physical properties of this compound. Therefore, an investigation of orbital
anisotropy could give essential information of interesting phenomena such as nematic phase, magnetism and
superconductivity that are observed in iron based superconductor. X-ray absorption spectroscopy is a widely
used technique for studying orbital information of materials. So, we will present orbital anisotropy in iron
pnictides by polarization dependent X-ray absorption spectroscopy.
Keywords:
orbital, iron based superconductor, X-ray absorption
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A quantum criticality in the coupled spin ladder Ba2CuTeO6
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Abstract:
Spin ladder systems have proved to be a rich reservoir for emergent quantum phenomena. When isolated spin
ladders are coupled via inter-ladder interactions, a quantum phase transition is anticipated to occur from a
singlet to a Neel ordered state. Ba2CuTeO6 is a promising material to address such a quantum criticality as the
sizeable inter-ladder couplings place this compound almost exactly at the quantum critical point. A lowtemperature magnetic susceptibility gives a hint for magnetic ordering at Tm=16 K. Nonetheless, NMR, specific
heat, and neutron diffraction data give no clear signatures of ordered magnetic moments. Using
thermodynamic and Raman scattering experiments, we show that Ba2CuTeO6 develops quantum critical spin
correlations with a time-reversal breaking.
Keywords:
spin ladder, quantum criticality
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Abstract:
The band-width control through external stress has been demonstrated as a useful knob to modulate metalinsulator transition (MIT) in RNiO3 as a prototype correlated materials. In particular, lattice mismatch strain
using different substrates have been widely utilized to investigate the effect of strain on transition temperature
so far but the results were inconsistent in the previous literatures. Here, we demonstrate dynamic modulation
of MIT based on electric-field-induced pure strain in high-quality NdNiO3 (NNO) thin films utilizing
converse-piezoelectric effect of (001)-cut Pb(Mg1/3Nb2/3)O3-(PbTiO3) (PMN-PT) single crystal substrates.
Despite the difficulty in the NNO growth on rough PMN-PT substrates, the structural quality of NNO thin
films has been significantly improved by inserting SrTiO3 (STO) buffer layers. Interestingly, the MIT
temperature in NNO is downward shifted by ~ 3.3 K in response of 0.25 % in-plane compressive strain,
which indicates less effective TMI modulation of electric-field-induced strain than substrate-induced strain.
This study provides not only scientific insights on band-width control of correlated materials using pure strain
but also potentials for energy-efficient electronic devices.
Keywords:
Metal-insulator transitions, Rare-earth nickelates, PMN-PT single crystal, Piezoelectric strain
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Abstract:
We prepared VO2 on sapphire substrates varying the crystalline
orientations (c-, a-, m-, r-planes), and performed ellipsometric
measurement on VO2 films with temperature dependence in order
to investigate the origin of different transition temperature and
behavior of metal-insulator transition in terms of anisotropic
characteristics of orbital occupation. We prepared the VO2 thin
films on different orientation sapphire substrates in order to
obtain differing orientation and strain in VO2 structure. The films
were deposited by RF magnetron sputtering and XRD
measurement are found to have single phases for different crystal
orientations (c-, a-, m, r-planes) of sapphire substrates. By
performing ellipsometric measurement, we observed the transition
from metallic to insulating behavior of film throughout the
heating and cooling processes. Even from ellipsometric raw data,
the phase transitions as well as difference of transition
temperature between two substrates are clearly observed at
around certain temperatures. Anisotropic dielectric functions of
insulating and metallic VO2 films due to sapphire substrates of
various orientations will be discussed in terms of electronic band structures influenced by differing strain
configurations induced by various sapphire substrates.
Keywords:
VO2, metal-insulator transition, ellipsometry
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Abstract:
The existence of a second-layer commensurate 4He solid on graphite is understood to be essential in
realization of supersolidity. However, a series of path-integral Monte Carlo (PIMC) studies denied its
existence above an incommensurate triangular solid of the first-layer 4He atoms on graphite[1] and graphene
[2]. A recent PIMC study revealed that a second-layer 4/7 commensurate structure was at least metastable
over a newly-found C7/12 commensurate solid of the first-layer 4He atoms at the areal density of 0.111 Å-2.[3]
Noting these previous theoretical reports, we have performed PIMC calculations for 4He adsorption on
H2-plated graphite to search for a new stable helium commensurate phase beyond the first layer on graphite.
One-dimensional density distributions of 4He atoms on H2-preplated graphite tell us that the 4He atoms form
a well-separated second layer above the first H2 layer. The formation of a stable 4He commensurate structure
in this configuration might open the possibility of two-dimensional supersolidity. [1] P. Corboz et al., Phys.
Rev. B 78 245414 (2008). [2] Y. Kwon and D. M. Ceperley, Phys. Rev. B 85 224501 (2012). [3] J. Ahn, H. Lee
and Y. Kwon, Phys. Rev. B 93 064511 (2016).
Keywords:
Helium adsorption, second-layer commensurate structure, H2-plated graphite, path-integral Monte Carlo,
supersolidity
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Ultrafast Switching and Unique Phase Transition in Vanadium
Dioxides Thin films Triggered by Infrared Laser Irradiation and Electric
Field
BAE Garam1, YANG Hyoung Woo1, LEE Yongwook2, KANG Dae Joon*1
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Abstract:
Vanadium dioxide (VO2) is one of the fascinating strongly
correlated material systems due to extremely large change of the
resistivity exceeding 104, and ultrafast phase transition. Here we
report that electric field driven and optical triggered MIT
phenomena in vanadium dioxide thin film. Parallel circuits
consisting of multiple VO2 active components exhibited high onstate current of 1 A at 1.13 V, and high break-over voltage of
164 V. The high gating speed of < 50 μs were measured in our
devices triggered by infrared laser. This work presents a great
potential for the high electric power electronics employing multi-array devices of VO2.
Keywords:
VO2, Phase Transition, Light Triggered MIT
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Synthesis of 2-dimensional V2O5 Nanosheets and Study of Their
Unique Surface Metal Insulator Transition Behaviors.
CHOI Minwook, KANG Dae Joon*
Department of Physics, Sungkyunkwan University
*
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Abstract:
Two-dimensional (2D) oxides have been the hot subject of studies due to their emergent exceptional properties
originated form 2D geometrical confinement. We report successful synthesis of ultrathin 2D V2O5 nanosheets
by hydrothermal process and demonstrate its unique surface metal insulator transition behavior. We present
our understanding on the underlying physics behind such unprecedented phenomenon.
Keywords:
2 dimensional oxides, Surface MIT, V2O5
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Optical spectroscopic study of the electronic structure of La-doped
Sr2IrO4
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Abstract:
We investigated the electronic structure of (Sr1-xLax)2IrO4 (x=0, 0.021, 0.067) by using optical spectroscopy.
We observed an insulator-to-bad metal transition with increasing the concentration of La ion. A filling of the
Mott gap accompanying a suppression of the optical excitation between the Hubbard bands was registered.
The optical conductivity of the metallic compound was found to contain significant contribution from
incoherent excitations. Our data further revealed that the changes in the electronic structure were limited to the
Jeff=1/2 bands. We will discuss the roles of the spin-orbit coupling, the crystal symmetry, and the electronic
correlations in the electronic structure of (Sr1-xLax)2IrO4.
Keywords:
La-doped Sr2IrO4, electronic correlations, optical spectroscopy
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THz spectroscopy of a Ba0.6K0.4BiO3 superconducting thin film
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Abstract:
The superconductivity of Ba1-xKxBiO3 is realized when a long range charge density waves (CDW) order in
BaBiO3 is suppressed by K doping. The interplay of the CDW and superconductivity is still in controversy. We
investigate the superconducting response of the Ba0.6K0.4BiO3 superconductor by time domain spectroscopy
over 0.5-7 THz. A superconducting thin film of Ba0.6K0.4BiO3 of Tc 18 K was grown on MgO substrate. We
observe clear superconducting response in the transmission spectra at equilibrium as temperature decreases. We
are currently performing NIR-pump/THz probe experiment to better understand the nature of the
superconductivity and phase competition/coexisting behavior.
Keywords:
THz Time-Domain-SpectroscopyBa1-xKxBiO3
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Facile Synthesis of Ultra-long and Horizontally Aligned Single
Crystalline Vanadium Dioxide Nanowires and Understanding of Their
Electrical and Optical Properties
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Abstract:
We have synthesized ultra-long VO2 nanowires with the length over 1mm and the diameters ranging from
150-200 nm on the X-cut and Y-cut quartz substrates. Such ultra-long nanowires can offer an ideal
platform for better understanding of their unique electrical and optical properties across their phase transition.
The variation of resistivity and threshold voltage along the entire length of the ultra-long nanowires were
systematically investigated. This study reveals an inhomogeneous nature of phase transition across the ultralong
nanowires.
Keywords:
Ultra-long Nanowires, metal-insulator transition, VO2
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Abstract:
Recently, Zhu et al. synthesized a little tetragonally distorted perovskite BaCrO3 with a 3d2 configuration[1].
This system is insulating with an energy gap of ~0.38eV, in contrast to the metallic isovalent compounds
CaCrO3 and SrCrO3. Our previous research suggested that inclusion of both spin-orbit coupling(SOC) and
Coulomb repulsion U leads to a zigzag orbital ordering (OO) at Uc~4eV, resulting in a metal-insulator
transition. This SOC assisted Mott transition is unprecedented in 3d compounds. In this research, we have
performed first-principles calculations in BaCrO3/SrTiO3 superlattices. In contrast to the insulating bulk
sample, regardless of terminations, this is metallic due to broken OO at the interface. We will address the
mechanism and discuss a strong magnetocrystalline anisotropy. Acknowledgements: This research was
supported by National Research Foundation of Korea Grant No. NRF-013R1A1A2A10008946. [1] Z. H.
Zhu, F. J. Rueckert, J. I. Budnick, W. A. Hines, M. Jain, H. Zhang, and B. O. Wells, Phys. Rev. B 87, 195129
(2013). [2] H.-S. Jin, K.-H. Ahn, M.-C. Jung, and K.-W. Lee, Phys. Rev. B 90, 205124 (2014).
Keywords:
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First-principles calculation of Sr2RuO4, SrRuO3, and
SrRuO3/Sr2RuO4 interface.
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Abstract:
In the first part, by using quasiparticle self-consistent GW (QSGW) calculations, we reexamined the
electronic structure of Sr2RuO4 and SrRuO3. Our calculations show that the correlation effects beyond the
conventional local density approximation and generalized gradient approximation are reasonably well captured
by the QSGW self-energy without any ad hoc parameter or any ambiguity related to the double-counting and
the downfolding issues. While spectral weight transfer to the lower and upper Hubbard band is not observed,
the noticeable bandwidth reduction and effective-mass enhancement are obtained. Important features in the
electronic structures that have been debated over the last decades such as the photoemission spectra at around
−3 eV in Sr2RuO4 and the half-metallicity for SrRuO3 are discussed in the light of our QSGW results and in
comparison with the previous studies. In the second part, the electronic structure and magnetic property of
SrRuO3/Sr2RuO4 interface will be discussed.
Keywords:
QSGW, GW, electronic structure, first-principles calculations, Sr2RuO4, SrRuO3,superlattice
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Single Crystal
OH Yoon Seok*1, 2, BAEK G. L.1, SONG S.2
1

Department of Physics and Applied Mathematics, UNIST, Ulsan 44919, South Korea, 2School of Natural
Science, UNIST, Ulsan 44919, South Korea
*

ysoh@unist.ac.kr

Abstract:
Named after Russian mineralogist L. Perovski, Perovskite is material which has the chemical formula ABX3 (A
and B are cations, and X is an anion) and a crystal structure with the anion X in the face centers. The
Perovskite compounds exhibit a variety of exotic physical phenomena, such as high-Tc superconductivity as
well as quantum criticality, heavy fermion, multiferroics, morphotropic phase boundary. In terms of new
functional material design, the Perovskite has high tunability. It’s possible that selective chemical substitution of
atomic sites induces various orthorhombic distortions as well as cubic. In addition, it can also form layered
structure, so called Ruddlesden-Popper structure, composed of one or multiple ABX3 two-dimensional
perovskite slabs and AX rock salt interleave layers. Recently, in the hybrid inorganic-organic framework with
the Perovskite architecture, highly efficient solar cell application was demonstrated. Because of its variety and
the intriguing physics, there has been lots of attention to Perovskite compounds during the last 30 years.
Among plenty of the Perovskite compounds with the fascinating physical property, insulating Perovskite
oxides, such as SrTiO3, LaAlO3, DyScO3, are utilized as substrate to grow epitaxial films. The compressive and
tensile strains due to lattice mismatch between the substrate and the film coin multifunctional electronics and
magnetism of the epitaxial grown film. In this research, stoichiometric cubic BaZrO3 single crystal, whose
lattice constant is 7.5 % larger than that of SrTiO3, is successfully grown with size of 5 mm × 5 mm × 5 mm.
Using X-ray diffraction, atomic force microscope, ultraviolet-visible-near-infrared transmission spectra, and
transmission electron microscope, comprehensive structure and electronic properties have been studied.
Keywords:
Perovskite Oxide
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Abstract:
In condensed matter physics, topological phenomena have been received tons of attention due to their
interesting properties for applications. A couple of years ago, a quai-2-dimensional honeycomb lattice BaFe2
(PO4)2 was synthesized by Mentre and coworkers, who observed the 2-diminsional Ising ferromagnetism
(FM), very rare in oxides, of this system. In our previous research, considerable effects of spin-orbit coupling
(SOC) with a large orbital moment~0.7 μB were found in this 3d material, consistent with the experimentally
observed saturated (5 μB/Fe) and Curie-Weiss moments (6.16 μB/Fe). With the ab-initio calculations
including both correlation and SOC, we investigate the electronic, magnetic structures and topological
properties on this compound. Due to the large exchange splitting(Δex ~ 3eV), this system can be effectively
treated as a minority d1 system in a high spin S = 2 Fe2+ configuration. So, all fully filled majority bands are
orbitally inactive. The partially filled minority bands lead to a Dirac point at K-point pinning the Fermi level.
Only inclusion of SOC resulting in a symmetry breaking leads to splitting this Dirac half-semimetallic band.
Remarkably, BaFe2(PO4)2 shows the Chern insulating states with a high Chern number of -3 below a critical
value of Uc = 2.45eV. At Uc, a continuous transition of Chern insulator to trivial Mott insulator occurs due to
a continuous electronic reconstruction. We will discuss on these transitions in detail. Acknowledgements: This
research was supported by NRF-2013R1A1A2A10008946. [1] H. Kabbour, R. David, A. Pautrat, H.-J. Koo,
M.-H. Whangbo, G. Andre, and O. Mentre, Angew. Chem. Int. Ed. 51, 11745(2012) [2] R. David, A. Pautrat,
D. filimonov, H. Kabbour, H. Verin, M.-H. whangbo, and O. Mentre, J. Am. Chem. SOC. 135, 13023(2013)
[3] Young-Joon Song, Kwan-Woo Lee and Warren E. Pickett, Phys. Rev. B, 92, 125109 (2015)
Keywords:
qunatum anomalous Hall effects, Chern insulator, first principles calculations, spin-orbit coupling, correlation
effects
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and Hg-based hole-doped cuprates
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Abstract:
We investigate the crucial but still unresolved issue for high-Tc cuprates, namely the identification of the
parent compounds. While there has been intensive discussion of their insulating nature, all arguments rely
strongly on, or are closely related to, the correlation strength of the materials. Clear understanding has been
seriously hampered by the absence of a direct measure of this interaction, traditionally denoted by U . Here, we
report a first-principles estimation of U for several different types of cuprates. The U values clearly increase as
a function of the inverse bond distance between apical oxygen and copper. Our results show that the electrondoped cuprates are less correlated than their hole-doped counterparts, which strongly supports the Slater
picture rather than the Mott picture. Further, the U values significantly vary even among the hole-doped
families. The correlation strengths of the Hg-cuprates are noticeably weaker than that of La2CuO4 and may
also be regarded as Slater-type insulators. Our results suggest that the strong correlation enough to induce
Mott gap is not a prerequisite for the high-Tc superconductivity.
Keywords:
cRPA, Correlation, Model parameter, Cuprate, Superconductivity
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Abnormal electrical transport properties and small bipolaron
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Abstract:
It reported that the Pb1-xSnxTe exhibits the topological phase transition from normal insulator (PbTe) to
topological crystalline insulator (SnTe). The single crystal of Pb0.7Sn0.3Te is in the vicinity of topological
quantum phase transition region by band inversion. We were aiming to break mirror symmetry by
incorporating excess Indium of the Pb0.7Sn0.3Te crystalline compound, synthesized by the Bridgman method.
From the temperature-dependent electrical resistivity, we found the abnormal semiconductor-insulator-metal
transition with decreasing temperature resulting in the sharp peak in ρ(T) near 25 K. We analyzed the
abnormal transition in terms of localization of bipolaronic transport (semiconductor to insulator transition)
and condensation of bipolarons (insulator to metal transition), respectively. In addition, the field dependent
isothermal Hall resistivity ρxy(T,H) exhibits a non-linear behavior with magnetic field in a temperature region
between 15k and 40K. We argue that the nonlinear Hall resistivity versus magnetic field also correlates with
the polaronic transport and condensation of bipolarons.
Keywords:
polaron, resistivity, Hall resistance, electrical transport
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Abstract:
We investigated the angle-resolved electrical transport properties of LaSb single crystal synthesized by the
Bridgman method. The temperature-dependent electrical resistivity showed unsaturated behavior of ρ(T) and
extremely large transverse magnetoresistance (XMR) at low temperatures. The Hall resistivity measurements
with respect to magnetic fields ρxy(H) at various temperatures exhibited non-linear behavior with magnetic
field at low temperatures (T≤30 K) which is the same temperature region exhibiting XMR. It implies the
anomalous Hall resistivity is related with the XMR behavior. From the angle dependent magnetoresistance
both the rotations with respect to Φ- (sample s1) and θ- directions(sample s2), we observed unsaturated
negative magnetoresistance near 90˚(E∥B). Here we argue that the negative MR at the special condition E∥B
is a signature of chiral anomaly which is the strong indication of Weyl semimetal character in LaSb.
Keywords:
Weyl semimetal, LaSb, Topological semimetal, Extreme Magnetoresistance, XMR
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Optical properties of topological insulator Bi2Te3 single crystals
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Abstract:
We studied the optical properties of Bi2Te3 single crystals via terahertz time-domain transmission
spectroscopy. The free-carrier optical conductance G and an IR active in-plane phonon mode at 60 cm-1 of
Bi2Te3 were detected in the terahertz regime. We fitted real and imaginary parts of the conductance G of Bi2Te3
to the Drude – Fano model.
Keywords:
Topological insulator, Bi2Te3, single crystal, terahertz time-domain spectroscopy, topological surface state
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Abstract:
We have studied the optical properties of several compounds in the transition metal dichalcogenide (TMDC)
family including Mo1-xWxSe2. The experiment was conducted by using spectroellipsometry and terahertz timedomain spectroscopy. The result of our experiment shows that Mo1-xWxSe2 exhibits semiconducting behavior
at terahertz frequencies toward the d.c. limit.
Keywords:
transition metal dichalcogenide, spectroellipsometry, terahertz time-domain spectroscopy, optical band gap
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Abstract:
Cr2Ge2Te6 is a ferromagnetic insulator with Tc ≈ 80 K and MS ≈ 2.9 μB/Cr. It is a layered compound of
CdI2 type, but 1/3 of Cd sites are periodically filled with Ge-Ge dimer and resultantly, Cr lattice forms a
honeycomb lattice[1]. Ge-Ge dimer forms a sp-sp bonding state, which energetically locates far below from
the fermi level, resulting 2+ valence state. Then, the nominal valence of Cr is 3+, and it is agreed with Cr
L-edge X-ray absorption spectrum. The magnetic easy axis of Cr2Ge2Te6 is c-axis, the layer normal direction,
but the magnetic anisotropy is very weak; saturation fields are 2450 Oe for H//c and 4900 Oe for H//a. The
spin direction suggested by Cr L-edge X-ray linear dichroism is c-direction which correspond to the magnetic
easy axis. To analysis the single ion anisotropy, Cr L-edge magnetic circular dichroism (XMCD) for H//c and
H//a are measured and angular momentum is extracted by XMCD sum rule[2]. Despite of d3 ground state of
Cr3+, about 0.1 μB of angular momentum is induced by spin orbit coupling, but the anisotropy is not strong.

Keywords:
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2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-co.320

Terahertz spectroscopic study of topological insulator Bi2Se3 thin films
LEE Howon1, SIM Kyung Ik1, JEONG Kwang Sik1, PARK Byung Cheol2, KIM Jong Hyeon1, CHO MannHo*1, KIM Jae Hoon*1
1

Department of Physics and Institute of Physics and Applied Physics, Yonsei University, 2Department of
Molecular Spectroscopy, Max Planck Institute for Polymer Research
*

mh.cho@yonsei.ac.kr, super@yonsei.ac.kr

Abstract:
We recently reported on the terahertz electrodynamics and phase transition of topological insulator Bi2Se3 thin
films grown on Si by employing terahertz time-domain spectroscopy. We confirmed that a 3 quintuple layer
Bi2Se3 film supports only two topological surface states [1]. For the topological surface states and the other
quantum states, conductance quantization was manifested by extrapolating of real conductance in units of G0
(e2/h) to zero frequency limit. We also analyzed the interaction between the topological surface states and the
in-plane α phonon modes in terms of the Fano model.
Keywords:
Terahertz spectroscopic, topological insulator, Bi2Se3
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Abstract:
We studied the doping-dependent charge dynamics of conduction electrons in Ba1-xLaxSnO3 (0.01-0.06)
epitaxial films grown on SrTiO3 by using terahertz time-domain spectroscopy (THz-TDS), Fourier transform
infrared spectroscopic ellipsometry (FTIR-SE), and visible-ultraviolet(VUV) grating spectroscopy. The
effective mass of transparent conductive oxide Ba1-xLaxSnO3 was estimated by combing Drude and BursteinMoss analyses.
Keywords:
terahertz, Burstein-Moss, Ba1-xLaxSnO3, effective mass
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Abstract:
We have investigated optical properties of two different topotactic phases of SrFeO3-x (SFO) by using FTIR
and monochromatic spectrometers. Those two phases are perovskite (when x=0.0) and brownmillerite (x=
0.5). In particular, the brownmillerite phase can be splitted into two sub-phases depending on the direction of
oxygen vacancy channel. All the samples were prepared by pulsed-laser deposition technique on SrTiO3(001)
substrate in different growth conditions. Our optical study reveals not only electronic evolution but also the
structural evolution of SFO depending on its oxygen levels. In this presentation, we focus on the structural
evolution by examine the phonon modes.
Keywords:
Phonon, FTIR, Brownmillerite, Oxide
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Observation of coherent oscillations in optimally
doped Bi2.1Sr1.9CaCu2O8+δ via time-resolved optical reflectivity
SEO Choongwon1, 2, LEE Min-Cheol2, 3, KWAK InHo2, 3, LEE Young-Seon1, 2, KIM SeongJun1, 2, KIM
Kyungwan*1
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Abstract:
When a lattice degree of freedom is coupled to the electronic structure, strong coherent oscillations are
observed in a time trace of a pump-excited response. In cuprates and Fe-based superconductors, charge or
spin density waves are believed to play an important role determining their ground state properties and strong
coherent oscillations have been observed in many of them. In case of the cuprates, coherent oscillations are
mostly reported in YBCO and LSCO families with no such a report on other representative system of BSCCO.
Here, we present the coherent oscillations of the optimally doped Bi2.1Sr1.9CaCu2O8+d observed in the NIR
pump-NIR probe experiments. We will discuss the results in comparison with the oscillations of other
cuprates systems.
Keywords:
Coherent oscillations, cuprate, BSCCO, Time-resolved experiment
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Carrier Dynamics of Transparent Conducting Oxide Ba1-xLaxSnO3
Probed by Terahertz and Infrared Spectroscopy
하태우1, 김우성2, 박철권2, 심경익1, 차국린2, 김재훈*1
1

연세대학교 물리학과, 2서울대학교 물리천문학과
*

super@yonsei.ac.kr

Abstract:
We have investigated the carrier dynamics of a cubic perovskite transparent conducting oxide Ba1-xLaxSnO3
(BLSO) with x = 0 − 0.06 grown on SrTiO3 (STO) (100) substrates, focusing on the relationship among the
free carrier parameters such as the effective mass (m*), the scattering rate (Ү), and the electron mobility (?,
utilizing terahertz time domain spectroscopy (THz-TDS) and Fourier transform infrared spectroscopic
ellipsometry (FTIR-SE). The optically deduced d.c. conductivity is in good agreement with Hall measurement
data while an independently determined scattering rate confirms that the doping dependence of the mobility in
this material system is dominantly controlled by scattering time variation with doping. In particular, the
peculiar behavior of the mobility that exhibits a maximum of 57 − 60 cm2/V∙s at 4 % La doping is a result of
the simultaneous presence of three independent scattering mechanisms due to threading dislocations, grain
boundary, and ionized impurities.
Keywords:
Transparent conducting oxide, Ba1-xLaxSnO3, Terahertz spectroscopy, Infrared spectroscopic ellipsometry,
carrier dynamics

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-co.325

Gapped Topological Surface states of Bi2-xGdxTe3
LEE Hwangho1, 2, KO Kyung=Tae2, LEE Seungsuk2, 3, PARK Jae-Hoon*2, 3, KIM Jinsu4, JUNG Myung-Hwa4
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Abstract:
Topological insulators have been attentive quantum matter in which surface states residing in the bulk
insulating gap of such systems are protected by time-reversal symmetry. Magnetic dopants were
introduced into the three-dimensional topological insulator, Bi2Te3, to break the time reversal symmetry and
create a gap on the surface state. It was successfully demonstrated that Fe dopants create a gap, Δ ~ 44 meV,
in Bi0.88Fe0.12Te3. However, divalent dopants of 3d transition metal result hole doping1.2 that prevent us to
control accurately the chemical potential. In order to avoid doping and control the chemical potential, trivalent
rare-earth ions are good candidates. We successfully synthesized doped Gd ions on Bi2-xGdxTe3 and the
system exhibits AFM magnetic order when x > 0.093. Relative Gd concentrations were examined by using
x-ray absorption spectroscopy at Gd M5-edge. At x = 0.15, the topological surface bands are gapped and the
gap size(Δ) is nearly 60 meV. This observation is well justified because of the larger local magnetic moments
of Gd3+ ion, S =7/2, comparing to that of Fe2+, S = 2. Our observation opens a way to control the topological
surface states and chemical potential by doping rare-earth ions. 1. Y. L. Chen et al., Science 329, 659 (2010).
2. Y. S. Hor et al., Phys. Rev. B 81, 195203 (2010). 3. Jinsu Kim et al., Sci. Rep. 5, 10301 (2015).
Keywords:
Topological Insulator, rere-earth doping, surface state, Bi2Te3
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High pressure synthesis of orthorhombic YCo0.15Mn0.85O3 ceramic
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Abstract:
We have synthesized orthorhombic YCo0.15Mn0.85O3 (YCMO) ceramic under high pressure and investigated
magnetic properties. It has been confirmed that the YCMO has orthorhombic structure using X-ray
diffraction. Magnetic susceptibility increases smoothly as temperature decreases and exhibits a sharp peak
around 25 K indicating the antiferromagnetic transition. The isothermal magnetization at 2 K shows tiny
magnetic hysteresis.
Keywords:
High pressure, Manganite, magnetic properties, orthorhombic strucuture
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Rotating magnetocaloric effect in Tb2CoMnO6
KIM J.H., MOON J.Y., KIM M.K., LEE N.*, CHOI Y.J.*
Department of Physics and IPAP, Yonsei University
*
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Abstract:
We investigated magnetic and magnetocaloric properties in single crystals of double-perovskite Tb2CoMnO6
(TCMO). Ferromagnetic ordering occurs below 105 K due to superexchange interaction of Co2+-Mn4+ ions.
The temperature dependence of magnetic entropy change, -ΔSM, with the field variation of 0-9 T, presents a
large peak at low temperature due to the ordering of Tb3+ spins. In addition, -ΔSM bring about the huge
difference between along and perpendicular to c axis, supplying the large rotating magnetocaloric effect.
Keywords:
perovskite, magnetocaloric effect
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Transport properties of the heteroepitaxial SrRuO3 / SrTiO3 thin film
with brief film growth analysis
KIM Yohann1, KO KyungTae2, PARK JaeHoon*1, 2
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Abstract:
Nowadays, SrRuO3 thin film is widely used in heteroepitaxial film growth as bottom electrodes, buffer
layers, and own characteristics. Because of it has a good electric contacts, only 0.3% lattice constant mismatch
with SrTiO3 substrate, and interesting behavior of electric and magnetic properties. For instance BiFeO3 /
SrRuO3 / SrTiO3 / Si heterostructure thin film is hardly achieved good quality of sample due to large lattice
constant mismatch with substrate. So people use SrRuO3 for minimizing lattice constant difference[1], [2].
Also it has good metallicity(several hundreds of micro ohm per cubic cm). So it could be used as electrodes for
device applications[3]. Lastly this film has interesting characteristics such as metal to insulator transition,
magnetic structure changes as oxygen octahedron tilts[4], [5]. In this poster, I would like to present the result
of electrical transport properties SrRuO3 / SrTiO3 heteroepitaxial thin film by using Q.D. PPMS and the
summery of growth mechanisms of 2D growth mode by using insitu. high pressure RHEED system. All the
samples are grown by PLD method. To check the flatness and surface morphology, I get the morphology and
phase images in contact-AFM mode / FPM(Fictional Force Microscope) mode by using ambient pressure
Bruker Multimode 8 AFM. In last, to confirm the fine structure of film, I measured XRD (00L) scan and
Reciprocal Space Mapping(R.S.M.) at (103) by using PANalytical Empyrean XRD at room temperature and
ambient pressure.
[1]. Zheng, R. Y., Gao, X. S., Zhou, Z. H., & Wang, J. (2007). Multiferroic BiFeO3 thin
films deposited on SrRuO3 buffer layer by rf sputtering. Journal of Applied Physics, 101(5), 054104–6.
http://doi.org/10.1063/1.2437163 [2]. Martin, L. W., Chu, Y. H., Zhan, Q., Ramesh, R., Han, S.-J., Wang,
S. X., et al. (2007). Room temperature exchange bias and spin valves based on BiFeO3∕SrRuO3∕SrTiO3∕Si
(001) heterostructures. Appl. Phys. Lett., 91(17), 172513–4. http://doi.org/10.1063/1.2801695 [3]. Baek, S.
H., Jang, H. W., Folkman, C. M., Li, Y. L., Winchester, B., Zhang, J. X., et al. (2010). Ferroelastic switching
for
nanoscale
non-volatile
magnetoelectric
devices.
Nature
Materials,
9(4),
309–314.
http://doi.org/10.1038/nmat2703 [4]. Toyota, D., Ohkubo, I., Kumigashira, H., Oshima, M., Takizawa, M.,
Fujimori, A., & Ono, K. (2005). Thickness-dependent electronic structure of ultrathin SrRuO[sub 3] films
photoemission
spectroscopy.
Appl.
Phys.
Lett.,
87(16),
162508.
studied
by
in
situ
http://doi.org/10.1063/1.2108123 [5]. Chang, Y. J., Kim, C. H., Phark, S. H., Kim, Y. S., Yu, J., & Noh, T.
W. (2009). Fundamental thickness limit of itinerant ferromagnetic SrRuO 3 thin films. Physical Review Letters.
http://doi.org/10.1103/PhysRevLett.103.057201
Keywords:
PLD(Pulsed LASER Deposition), heteroepitaxial, high pressure RHEED, SrRuO3
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Flat-type LED 조명에서 입광면 형태에 따른 도광판의 광학적 특성
신용진*, 박소희
조선대학교 물리학과
*

yjshin@chosun.ac.kr

Abstract:
Flat-type LED조명은 측면 광원으로부터 나오는 빛을 반사판 및 도광판을 통해 평면광의 형태로 형성하기 때문에
박형화에 유리하고 비교적 적은 수의 LED를 사용할 수 있다. 그러나 대면적 조명시스템에 적용되는 고출력 LED
광원은 Lambertian 배광 형태를 지니기 때문에 point glare 또는 discomport glare을 나타내고 있다. 선행연구에서
는 도광판에 가공된 산란패턴의 형태 및 방향을 조절하여 휘도의 비균일성 및 비효율성의 문제점을 대부분 해결하
였다. 그러나 입광면에서의 glare가 잔존하여 전체적인 균일도 및 효율성에 영향을 주고 있다. 따라서 도광판과
LED 사이의 거리 조정 및 도광판 입광면의 미세 굴절 패턴을 설계한 후 simulation을 통하여 glare을 최소화 할 수
있었다. 따라서 도광판 입광면의 패턴이 LED의 glare 제거에 미치는 영향을 분석하고 도광판 본체에 형성된 산란패
턴의 방향을 조절함으로써 flat-type LED 조명시스템의 균일도 및 휘도의 효율성 극대화를 실현시킬 수 있었다.
Keywords:
Light guide plate (LGP), Scattering pattern, Glare, Simulation
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Color-tunable calcium silicate based phosphors: A new focus on the
aging of silicate source
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Abstract:
In this work, a tunable luminescence of Ca2SiO4 based Eu2+ ion
doped phosphor was successfully developed using differently aged
PGMS as silica source. The powder XRD patterns of all the
prepared samples confirm the presence of three different crystal
phases namely αL’, β & γ, which afford for variable
accommodation of Eu2+ dopant in the host. The tunable
luminescence properties of phosphors were observed with the
alteration of crystal phase ratio in the phosphor. The crystal
phase ratios were fixed by the ageing of PGMS source. The
emission spectra of all the phosphors showed a band in the visible
region and this may be attributed to the 4f65d1→ 4f7 (8S7/2)
transition of Eu2+ ions. Prototype pcLEDs have also been
fabricated using all the above mentioned prepared phosphors
which possess the ability to produce variable colors namely red, yellow and green.
Keywords:
White LED, Silicate, PGMS, Phosphors, Emission spectrum,Excitation spectrum
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POF 광원장치의 가공방식에 따른 LGP성능 분석
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Abstract:
BLU(Back-light unit)의 박형화를 만족시키려는 최근 flexible LCD 동향에 맞춰 측면 발광형 플라스틱 광섬유
(Plastic Optical Fiber, POF)의 클래딩층(cladding)에 미세 패턴을 가공한 POF 광원장치를 도광판(Light Guide
Plate, LGP)에 결합하고, 다양한 조건에서 발광효과를 분석하고자 전산모사를 수행하였다. 그 결과 최적화된 패턴
이 가공된 POF 광원장치로부터 빛이 고르게 입사되면 도광판의 두께가 감소하더라도 내부에 가공된 산란패턴에
의해 상부에 균일한 상태로 전달되어 도광판의 발광효과가 향상됨을 확인하였다. 또한 양쪽 입광부 영역을 1mm 간
격을 유지했을 때 광원으로부터 영향을 받게 됨을 확인하였고, POF와 LGP의 두께를 3mm에서 1mm로 감소시켜
입광부 영역의 길이가 길어짐에 따라 발광특성의 변화를 분석하고자 하였다.
Keywords:
BLU(Back-light unit), flexible LCD, LGP(Light Guide Plate), POF(Plastic Optical Fiber)
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Interferogram 과 Quadrature Transform 을 이용한 단차측정 연구
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Abstract:
물체의 3차원 측정 방법에는 다양한 방법이 이용되고 있다. 그 중 간섭에 의한 interferogram 을 이용하는 것이 정
밀도 면에서 매우 우수한다. interferogrm을 이용하여 위상을 측정하는 방법에는 여러 장의 이미지를 이용하는 방법
과 한 장의 이미지를 이용하는 방법이 있다. 여러 장의 이미지를 이용하는 방법 중 대표적인 방법은 위상 이동 방법
과 시간 위상추적 방법 있다. 이 방법들은 위상 측정 면에서는 우수하나 여러 장의 이미지를 측정해야 된다는 단점
이 있어 실시간 측정에 불리하다. 한 장의 이미지를 이용하는 방법 중 대표적인 것은 Fourier transform 방법이다,
그러나 Fourier transform을 이용하기 위해서는 시료위상 변화 주파수와 carrier 주파수 차이가 커야 된다는 조건이
있다. 그러나 일반적인 interferogram 에서는 위의 조건을 만족하지 못하기 때문에 Fourier transform 방법으로 얻
은 위상은 오차가 많다. 특히 closed 형태의 interferogram은 Fourier method로 접근할 수 없다. 이러한 문제를 해
결하기 위해 Quadrature transform을 이용한, 즉 2차원 Hilbert transform을 이용한 위상 측정 방법이 제안되었
다. 본 연구에서는 투과형 간섭법을 이용하여 closed 형태의 interferogram을 측정하고, 3차원 shape을 계산하기
위해 2차원 hilbert 변환을 이용하여 위상을 추출하고, 위상 펼침을 이용하여 3차원 형상을 계산 하였다. 그리고 파
장보다 큰 단차를 측정하기 위해서 2-wavelength interferogram을 구성하여 단일 파장보다 큰 단차를 구하는 연구
도 진행하였다.
Keywords:
interferogram, phase reconstruction, quadrature transform
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초고속 전자회절 장치의 시간 정밀도를 위한 재생증폭된 레이저 펄스
의 위상 안정화
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Abstract:
광 전자총 기반 전자가속기에서 안정적인 극초단 전자빔을 발생시키기 위해서는 극초단 자외선 펄스의 에너지뿐만
아니라 위상 안정도가 매우 중요하다. 한국원자력연구원 양자빔기반방사선연구센터의 전자가속기 시스템에서는
비교적 복잡한 전자 제어를 기반으로 하는 Ti:sapphire 재생증폭기를 사용하고 있으며, 약 10 m 이상인 광 전자총
까지의 광학적 길이 때문에 정밀한 위상 측정 및 보상이 필수적이다. 본 연구에서는 초고속 전자회절 장치의 시간
정밀도 향상을 위해 RF와 동기화된 Ti:sapphire 공진기 펄스와 재생증폭된 펄스의 상대적 시간 안정도를 광학적 방
법으로 정밀하게 측정하고 이를 보상하는 연구를 수행하고자 한다.
Keywords:
위상 안정화, Ti:sapphire 재생증폭기
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Sub-10 nm chromium nanogap arrays for photomask applications
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Abstract:
We report a simple and cost-effective nanogap fabrication method based on atomic layer deposition and
chemical etching. We achieve vertically oriented sub-10 nm feature chromium gap arrays, arranged in square
rings of 50 μm length, and 100 μm periodicity. We observe that ultraviolet i-line (365 nm) lights pass
through nanogap arrays and transfer ring patterns on photoresist and target substrate in conventional contact
lithography setting. Liftoff process is carried out for generating metal ring arrays on target substrate.
Keywords:
nanogap, photolithography, lithography
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파장 가변형 이터븀 광섬유 레이저의 편광 발진 특성
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Abstract:
광섬유 레이저는 고체 또는 유리로 된 레이저보다 출력, 빔 질, 효율, 열적 특성, 소형화 등 많은 부분에서 이
점이 있다. 이터븀이 첨가된 광섬유 레이저는 넓은 방출 폭을 가지고 있어서 좋은 가변 레이저 광원으로 쓰인다. 본
연구에서는 이터븀이 첨가된 편광 유지 광섬유(Polarization maintaining fiber, plma-ydf-30/400)를 사용하여 광
섬유 레이저를 제작하고 발진되는 빔의 출력 및 빔 질, 편광도, 파장 가변성 그리고 펄스 발진 등의 광섬유 레이저가
가지는 다양한 특성에 대해 연구하였다.
그림 1. (a)PBS를 통한 이중 출력의 편광 특성
(b) 회절격자
를 사용한 파장가변 스펙트럼
그림 1.(a)는 선형 편광 된 레이저를 제작하기 위해 공진기 내부 출력경 앞
에 편광 빔 분할기(Polarization Beam Spliter; PBS)를 설치하여 서로 수직하게 편광 된 두 빔을 동시에 발진시킨 이
중 출력 빔의 편광 특성이다. 동시에 발진 된 s-편광된 빔과 p-편광된 빔은 흡수된 펌프 파워 16.5 W에서 각각 최
대 출력 5.7 W, 0.7 W이었으며 편광도는 93%, 98%으로 우수한 편광도를 가진 선형 편광 레이저라 할 수 있다. 이
그
때 평균 M2 값은 s-편광된 빔이 1.6, p-편광된 빔은 1.4로 회절한계에 가까운 우수한 빔 질 특성을 보였다.
림 1.(b)는 전반사경 대신 회절격자를 설치하여 광섬유 레이저에서 발진되는 파장을 가변 시킨 것이다. 회절격자의
각도를 조절하여 1045 nm~1125 nm까지 총 80 nm의 영역에서 파장 가변이 가능하며, 펌프 파워 9.5 W일 때 중심
파장이 1070 nm이고, 선폭 1.8 GHz, 출력 2.14 W인 레이저가 발진되었다.
Keywords:
편광유지 광섬유 레이저, 파장가변, 편광
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나선형 박막증착을 이용한 최외층 저굴절 무반사 코팅의 제작
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Abstract:
무반사 코팅은 카메라, 디스플레이 등 대부분의 광부품이나 광학산
업에서 사용되고 있고 많 은 연구가 이루어지고 있는 분야이다. 특히
카메라렌즈 부분에서는 고스트이미지등과 같은 문 제를 해결하기 위
해 더욱더 성능이 좋은 무반사 코팅이 요구 되고 있다. 더욱 낮은 반
사율의 무반사 코팅을 만들기 위해서는 이론적으론 1.2의 굴절률을
가지는 물질로 박막을 구성하거나, 박막을 구성하는 고굴절률 물질
과 저굴절률 물질의 굴절률 차이가 커야 하거나, 박막의 층수가 많아
져야 한다. 최근에는 graded index를 이용한 무반사 코팅도 연구 되
고 있다. 본 실험에서 는 나선형 박막증착법을 이용하여 맨 마지막
층을 저굴절 물질로 코팅하여 무반사 코팅을 만 드는 방법을 사용하
여 평균반사율 0.11%(파장 440nm~740nm)의 6층 무반사 코팅을
설계 제작 하였다. 나선형 박막은 OAD(Oblique Angle Deposition)
을 이용하여 제작을 하였다. OAD란 기판을 기울이거나 돌려서 기둥
구조를 기울이거나 회전이 되게 하여 나노구조가 될 수 있도록 증착 시키는 방법이다. 이렇게 증착을 하게 되면 증
착 시 기판의 각도와 회전수에 따라 기울어진 기 둥구조나 나선형 구조를 만들 수 있게 된다. 또한 이러한 박막은
기울어진 각도에 의해 그림자 효과로 빈 공간이 생기게 되고 이는 일반적인 기둥구조의 박막보다 박막의 다공성
을 증가시켜 굴절률이 낮아지는 효과를 초래 한다. 이렇게 굴절률이 낮은 물질을 사용하게 되면 층수를 늘 리지 않
으면서 반사율을 더욱 낮은 박막을 얻을 수 있다. 본 실험에서는 증착물질로 저굴절 물 질은 SiO2, 고굴절 물질은
TiO2를 사용하였으며, 마지막 층의 SiO2는 기판을 85°로 기울이고 회전수는 0.3rpm을 주어 나선형 나노사이즈
패턴을 형성하게 하여 낮은 굴절률의 SiO2박막을 증착 시켰다. 매우 낮은 반사율의 박막으로 작은 두께와 굴절률
차이로도 최종결과물이 달라질 수 있으므 로 각 층의 굴절률과 두께를 보다 정확히 알아야 할 필요성이 있다. 이를
위하여 엘립소미터와 분광광도계를 이용하여 다층박막의 굴절률과 두께를 분석하였다. 기존의 엘립소미터를 이
용한 박막의 분석은 단층박막에 한정되어 있었다. 이를 보완하기 위해 분광광도계의 반사율 혹은 투 과율 데이터
를 함께 사용하여 보다 정확한 다층박막의 굴절률과 두께를 분석한 후, 이러한 분 석결과들을 바탕으로 OAD를
이용한 무반사 코팅의 설계 및 제작을 진행하였다. 그 결과 다층 박막의 분석에서 엘립소미터로 측정한 Δ와 Ψ값
과도 일치하며(1)(2), 분광광도계의 반사율 결과와도 일치하는 각 층의 굴절률과 두께를 찾아내게 되었고, 이를 토
대로 한 무반사 코팅 역시 시 뮬레이션 결과와 측정결과가 매우 흡사하게 나옴을 확인 하여 엘립소미터를 이용한
다층박막 의 분석이 효과적임을 알 수 있었다. 이러한 분석을 토대로 각층의 굴절률과 두께를 설계단계 에서부터
반영하여 평균반사율 0.11% 대의 무반사 코팅을 설계 및 제작하였다. 이와 같은 결 과들을 통하여 단층박막의 분
석에만 쓰이던 엘립소미터를 분광광도계와 상호보완적으로 다층 박막의 분석에도 이용하도록 확장하였으며,
OAD를 이용한 나노구조의 저굴절률 박막을 실제 무반사 코팅에도 적용시켜 적은층수로도 효과적인 무반사 코팅
을 설계, 제작하였다. 이러한 결 과는 향후 OAD박막을 응용한 여러 가지 박막에도 도움이 될 것으로 보인다. 참
고문헌 1. Bernhard von Blanckenhagen, Applied Optics, Vol. 41, Issue 16, pp. 3137-3141 (2002) 2. G.E.
Jellison, Jr, Thin Solid Films, Volumes 313–314, Pages 33–39, (1998)
Keywords:
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두 개의 파장을 이용한 흙 노면 상태의 광학적 구분
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Abstract:
현재 인간 생활에 가장 많이 사용하는 교통수단 중 하나는 자동
차이다. 자동차는 지능형교통시스템(ITS), 하이패스 등으로 점점 고
속화 되었다. 본 연구에서는 도로 노면 기상 측정 장비를 사용하여
두 개의 파장에 신호 크기로 어떤 노면인지 어떤 기상 상태인지 구분
할 수 있다.[1] 특히 운전 시 노면에 위험한 요소인 젖은 상태와 결빙
상태를 구분하려 하고, 아스팔트가 아닌 흙을 이용하여 다른 노면에
대해서도 같은 광학적 특성이 적용되는지 확인하려 한다.
본 연구
는 레이저 다이오드를 이용한 도로노면 측정장비로 두 개의 파장을
사용하며, 파장의 광학적 특성에 따른 신호 세기로 흙 노면의 기상상
태를 구분하였다. 그림 1 (a), (b)에서는 905 nm, 1550 nm의 파장을
사용하여 물의 건조와 얼음의 융해 과정을 측정하였다. 그림 1 (a)는
물의 건조과정 신호 세기 그래프로 흙 노면에 10 ml 물을 분무기로
균일하게 분사하였다. 물의 분사 후 건조할 때의 신호 세기 590 mV
에서 325 mV로 낮아졌다가 약 2 시간에 걸쳐 서서히 건조됨에 따라
초기 신호 값으로 되돌아왔다. 그림 1 (b)는 얼음의 융해과정 신호로
흙 노면 위에 7 mm ~ 10 mm 크기의 얼음 알갱이를 30 mm 두께로
흙 위를 덮은 후에 측정되는 신호를 녹을 때까지 측정하였다. 이 과
정에 905 nm의 신호는 얼음 알갱이에 의한 빛의 산란으로 신호가
잠시 650 mV로 증가하였다가 융해과정을 거치면서 초기 신호 절반
인 250 mV 정도로 떨어지다 젖은 상태에서 260 mV로 눈에 띄지 않을 정도 신호는 아주 천천히 증가한다. 이
905nm의 신호만으로 얼음과 젖음을 구분하기는 어렵다. 1550 nm의 신호는 최초 건조할 때 490 mV에서 얼음의
신호 크기가 약 10 mV까지 떨어졌다가 융해과정을 거치면서 17시 10분경에는 완전히 녹아서 사진에서처럼 얼음
은 사라지고 흙 노면이 완전히 젖은 상태가 되어 약 200 mV까지 상승한다. 1550 nm의 신호는 얼음이 녹는 과정
에서 뚜렷한 신호 변화가 나타났으며, 두 개의 파장에 신호를 비교하면 얼음과 젖음의 변화를 확인할 수 있었다.
이를 통해 흙 노면의 건조, 결빙(얼음), 젖음 등을 정확히 구분할 수 있다. [1] J. Casselgren, M. Sjödahl, and J.
P. LeBlanc, "Angular spectral response from covered asphalt," Appl.
Opt. 46, 4277-4288 (2007).
Keywords:
신호 세기, 건조, 융해
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은폐에 필요한 렌즈 구성과 배율 특성 연구
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Abstract:
메타물질의 발견으로 군사기술 등 다양한 응용분야에서 물체를
숨기기 위한 은폐(Cloaking) 기술의 관심이 급증하였고, 렌즈와 방
해석을 이용해 은폐의 가능성이 증명되었다.[1, 2, 3] 본 연구는 4개
의 일반 양볼록렌즈를 이용한 은폐연구를 하였다. 상의 왜곡을 방지
하기 위해서는 렌즈 사이의 정확한 거리를 결정 하여야 한다. 또한
물체의 은폐를 완벽하게 구현하기 위해서는 왜곡을 방지하면서 물체
와 상의 비율이 1 되는 배율(Magnification)을 만들어야 한다.
본
연구에서는 그림 1 (a)와 같이 은폐장치를 구성하였고, 4개의 렌즈에
서 렌즈 1과 2를 구성하는 2개의 렌즈는 각각 동일한 사양의 렌즈이
다. 렌즈 사이 간격을 d1 , d2, d3, d4로 표현하였다. 그림 1 (a)의 광
경로를 보면 평행광이 렌즈로 입사한다는 가정으로 d2에서 다시 평
행광으로 진행하는데, 이 때 기하광학적으로 d1은 렌즈 1과 2의 후
초점 거리(Back focal length)의 합이라는 것을 알 수 있다. 렌즈 1과 2의 후 초점 거리의 합은 269 mm이다. 그림
1 (b)는 광학 소프트웨어인 Zemax를 이용한 전산모사로 d1, d3를 동시에 같은 거리로 변화시켜 구해진 배율을 그
린 그래프이며, 오른쪽 그림은 렌즈 사이의 거리 변화를 통해 촬영한 배율 변화 모습이다. d1, d3를 210 mm부터
310 mm까지 변화시키고 나머지 거리 d2 =150 mm, d4 =200 mm로 고정하였다. 이러한 거리의 증가에 따라 배율
의 변화는 그림 1 (b)와 같이 선형적으로 증가하였다. 특히 배율 1을 가장 잘 유지하는 d1, d3는 260 mm 이다. 이
는 렌즈 1과 2의 후 초점 거리 합인 269 mm와 근사하며, 이 9 mm의 차이는 약 3 %의 오차로 이는 비구면 렌즈가
아닌 보통의 양볼록 렌즈의 사용에서 생긴 것으로 판단된다. 이를 통해 실제 실험과 이론의 차이가 거의 없음과 렌
즈를 이용한 은폐가 가능함을 확인하였다. [1] J.S. Choi and J.C. Howell, “Paraxial ray optics cloaking”, Opt.
Express 22(24), 29465-29478 (2014). [2] J.C. Howell, J.B. Howell and J.S. Choi, "Amplitude-only, passive,
broadband, optical spatial cloaking of
very large objects", Appl. Opt. 53(9), 1958-1963 (2014). [3] H.
Chen, L. Shen, H. Wang, X. Zhang, N.I. Zheludev and B. Zheludev, "Ray-optics cloaking devices for
large objects in incoherent natural light", Nat. Commun. 4, 2652 (2013).
Keywords:
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Li2Sr(0.995-x)SiO4:Eu2+0.005(x=La) 형광체의 합성과 광학적 특성 연구
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Abstract:
차세대 조명광원으로 각광받고 있는 백색 LED는 적색, 녹색 및 청색 LED를 결합하여 구현하거나 청색 LED 또는
자외선 LED에 청색, 녹색, 황색, 및 적색 형광체를 조합하는 방법이 사용되고 있다. 형광체를 이용한 백색 LED 구
현 방법에는 현재 까지 연색지수 및 색온도의 저하라는 단점을 가지고 있는데 이러한 단점을 보안하기 위해 형광체
의 개발은 매우 중요하다. 본 연구에서는, 고상 반응법을 이용하여 Li2Sr(0.995-x)SiO4:Eu2+0.005(x=La)형광체 분말을
제조하고, 소결온도 및 Eu(0.5 mol%)이온과 함께 첨가된 La3+가 발광효율에 미치는 영향을 조사하였다.
Li2Sr0.995SiO4:Eu2+0.005 형광체의 최적발광조건을 찾기 위하여 소결온도를 변화시키면서 시료들을 합성하였고, 최
적 소결온도에서 La3+ 발광효율에 미치는 효과를 연구하기 위하여 La3+를 첨가하여 농도에 따른 Li2Sr(0.995-x)
SiO4:Eu2+0.005(x=La)형광체의 발광효율을 조사하였다. 제조된 시료의 결정구조는 X선 회절 분석 장치를 사용하여
조사하였고 표면은 SEM이미지를 이용하여 조사하였다. 제조된 시료들에 대한 여기 및 발광스펙트럼 같은 광학적
특성은 분광계(FP-8500, Jasco, JP)를 이용하여 측정하였다.
Keywords:
백색LED, 형광체, Li2SrSiO4:Eu2+, Eu2+, 여기 및 발광스펙트럼
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Tandem Configuration of Nonlinear Organic Crystals for Plugging
Self-absorption gap in THz regime
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Abstract:
비선형 유기결정은 높은 비선형 광특성, 광대역 투과 특성, 쉬운 성
장기법 및 위상정합 제어 특성 등의 장점을 지니기 때문에, 비선형
무기 결정에 비해 상온에서 매우 높은 효율로 THz 펄스를 발생시키
고 검출하는 것이 가능하다는 연구 결과들이 보고되고 있다. 하지만
하나의 결정이 다양한 장점들을 모두 지니는 것이 어려울 뿐만 아니
라 결정을 구성하는 분자들의 자체 포논모드에 의한 THz 흡수가 존
재하여 발생된 THz의 일부가 재흡수 된다. 이는 THz 변환 효율을
감소시킬 뿐만 아니라 방출된 스펙트럼 상에 공백을 만들기 때문에,
다양한 응용에 제한을 받는다. 본 연구에서는 결정의 자체흡수 특성
을 보완하기 위하여 반도체 공정에서 사용되는 이종 접합 기법을 비
선형 유기결정에 적용하였다. 본 연구팀이 결정구조 제어를 통해 성장시킨 HMQ-TMS 결정은 기존 유기결정에
비해 높은 비선형성, 넓은 여기광 흡수 및 THz 방출 대역폭, 높은 성장률 등 많은 장점을 지니고 있지만 1.7 THz
부근의 포논모드에 의한 자체흡수로 방출공백이 존재한다. 이를 보완하기 위해 0.2 - 2.5 THz 대역폭에서 낮은
흡수 특성 및 연속적인 THz 방출 특성을 지닌 OH1 결정과 기계적 접합을 통해 HMQ-TMS/OH1 복합구조를
최적의 위상정합 조건에서 구현하였다. 제작한 HMQ-TMS/OH1 복합구조의 THz 발생 특성은 같은 두께의
HMQ-TMS 결정과 비교 하였을 때 포논모드에 의한 방출공백이 보완 될 뿐만 아니라 0.6 - 2.3 THz 영역에서
더 강한 THz 전기장를 발생시키는 것을 확인하였다. 이 결과를 바탕으로 향후 다양한 결정들의 상보적 이종 접합
뿐만 아니라 다른 조건들을 정량화 및 최적화시켜 다양한 포논모드의 흡수를 억제함으로써 높은 THz 발생 효율
을 얻을 수 있으리라 기대된다.
Keywords:
THz, Nonlinear ogarnic crystal, Tandem
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Tunable and Broadband Epsilon-Near-Zero Perfect Absorption of
ITO Thin Films in the Near-Infrared
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Abstract:
Perfect absorption (PA) of incident light is important for both
fundamental light-matter interaction studies and device
applications. Recently transparent conductive oxides (TCOs)
have been considered as alternative plasmonic materials in the
near-infrared (NIR) since they have an advantage of low optical
losses and adjustable optical properties.(1) Indium tin oxide (ITO),
one of TCOs, shows the Epsilon-Near-Zero (ENZ) wavelength
at NIR wavelengths. ENZ materials have been studied in various
research areas such as perfect absorption, wavefront engineering,
supercoupling effect, strong coupling, and nonlinear optics. In
this paper we demonstrate tunable and broadband PA in the
near-infrared region using simple thin film coatings. At an ENZ
wavelength, the normal electric field in an ENZ thin film
becomes very strong, and this leads to large light absorption with
a low optical loss .(2) We adjust the growth condition of ITO films and control its ENZ wavelength. We show
that this results in highly tunable PA in the telecommunication window. Then, using an ITO multilayer of
different ENZ wavelengths, we demonstrate a broadband PA that covers a wide range of near-infrared
wavelengths. The broadband PA phenomenon related to the effective dielectric constant and multilayer
electric field distribution.(3) The broadband PA phenomenon relaxes the single wavelength condition in
previous PA studies, and thus it is suitable for many practical device applications, such as sensors,
photodetectors, and energy harvesting devices. FIG. (a) Absorption spectra of three ITO films with different
growth conditions. There is a gradual change in the PA wavelength. (b) Angle dependence of broadband PA
experimentally measured in the ITO multilayer. PA becomes more robust in a wide range of near-infrared
wavelengths due to its flat broadband nature. (c) Modeling of the ITO multilayer as a three-layer system
(Layer 1-3). (d) Contour map of the field distribution across the film as a function of wavelength. Each
layer (L1-L3) has the field maximum at different wavelengths. The broadband field enhancement over the
wide region of the near-infrared spectrum results in broadband PA. (e) Effective dielectric constant of the
multilayer ITO films, obtained from the ellipsometry measurement. The real part of the effective dielectric
constant is close to zero over the broad spectral region. 1. Gururaj B. Naik, Vladimir M. Shalaev, Alexandra
Boltasseva, "Alternative Plasmonic Materials: Beyond Gold and Silver", Adv. Mater. 25, 3264-3294 (2013).
2. Md. Alamgir Badsha, Young Chul Jun, Chang Kwon Hwangbo, "Admittance matching analysis of perfect
absorption in unpatterned thin films", Opt. Commun. 332, 206-213 (2014). 3. Junho Yoon, Ming Zhou,
Md. Alamgir Badsha, Tae Young Kim, Young Chul Jun, Chang Kwon Hwangbo, "Broadband EpsilonNear-Zero Perfect Absorption in the Near-Infrared", Sci. Rep. 5, 12788 (2015).
Keywords:
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Abstract:
Coherent perfect absorption (CPA) is an optical phenomenon
occurring in an absorbing thin film or in a subwavelength
periodic structure by the interaction of two counter-propagating
coherent waves. It is the time-reversed counterpart of a laser, and
this is why CPA is called as an anti-laser. It was first
demonstrated in a Fabry-Perot cavity with a wavelength-scale Si
slab. Incident light is trapped in a cavity, bouncing back and
forth, until it is completely absorbed and converted to heat or
other form of energy. The CPA was proposed for various
nanostructures and subwavelength thin films, including even
one-atom-thick graphene. However, the proposed CPA
structures are mostly limited to single-frequency or narrowband
operation, and are hard to be extended to a broadband structure
- especially in the high, optical frequency region. Here, we
propose a new broadband CPA scheme based on epsilon-nearzero (ENZ) multilayer films. In this study, we report the
broadband CPA design of multilayer tunable ITO thin films in
the near infrared wavelength regime using the admittance
matching method and investigate their optical properties. Also,
we introduce CPA conditions in terms of reflection/transmission
amplitude coefficients and phase that can be obtained from the
scattering matrix. Figure 1(a) presents the ENZ ITO CPA thin
film structure of [ZnSe/ ITO-1 (14.22 nm) / ITO-2 (20.13 nm) /
ZnSe] configuration at 45o incident angle as shown Fig. 1(a). The
CPA bandwidth with greater than 99% absorption is as large as
134 nm as shown in Fig. 1(b), which is much broader than the
single layer ENZ CPA film. This design method using the
admittance matching can be used for various nanophotonic
devices, such as optical modulators, sensors, switches, detectors, transducers, and notch filters.
Keywords:
perfect absorption, epsilon-near-zero, ITO
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80 MHz로 모드 잠금 된 티타늄 사파이어 오실레이터의 특성 연구
이신영1, 2, 김경남*1, 이기태*1, 박성희*1, 김하나*1, 3, 류우제*1, 4, 김정태*1, 2, Manoj Kumar*1, 정영욱*1, Nikolay
Vinokurov*1
1

한국원자력연구원 양자빔기반방사선연구센터, 2과학기술연합대학원대학교 가속기 및 핵융합 물리공학과, 3충남대
학교 물리학과, 4한남대학교 물리학과
*

kkn2003@kaeri.re.kr, klee@kaeri.re.kr, shpark@kaeri.re.kr, hanakim85@kaeri.re.kr, rwj@kaeri.re.kr,
jtk@kaeri.re.kr, manojailum@gmail.com, yujung@kaeri.re.kr, vinokurov@kaeri.re.kr

Abstract:
30 테라와트급 레이저 시스템에 적용할 80 MHz 티타늄 사파이어 오실레이터를 제작하고, 그 특성을 분석하였다.
접힌 공진기 형태이며, 공진기 길이는 1875 mm이다. 브루스터 각으로 연마된 티타늄 사파이어 레이저 매질의 두
께는 6 mm이고, 도핑률은 0.15 wt. %이다. 공진기 내부에서 발생하는 군분산 값을 보상하기 위해, 용융실리카 프
리즘 한 쌍을 408 mm의 간격을 두고 설치하였다. 또한, 공진기 소형화를 위해 세 개의 처프거울도 추가로 설치하였
다. 여기광 3 W에서 모드 잠금 된 레이저 펄스의 에너지는 2.13 nJ이었다. 이때, 스펙트럼 폭(FWHM)은 ~ 68 nm
였다. 여기광 출력이 증가할수록, 스펙트럼 폭이 넓어지는 경향을 보였다. 레이저 펄스 폭은 13.8 fs정도로 예상되
나, 정확한 펄스폭은 자체상관계를 사용하여 측정할 예정이다.
Keywords:
티타늄 사파이어 레이저, 모드락킹, 펨토초 레이저, 군분산 보상
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메타표면 금 구멍 배열 박막의 Extraordinary Transmission 연구
함원규1, 김태영1, 김원영1, 이선영1, 이건준2, 황보 창권*1
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Abstract:
폴리스틸렌(polystyrene, PS) 나노 입자를 이용하여 제작한 메타 표
면(metasurface) 금 구멍 배열(gold hole array)의 광학적 특성에 대
하여 연구하였다. 메타 표면을 이용하면 구조의 변화를 통해 광학적
특성을 보다 쉽고 다양하게 조절할 수 있으므로, 메타 표면 구조에
대한 연구가 활발히 진행되고 있다. 본 연구에서는 PS 나노 입자를
스핀 코팅으로 증착한 후, 반응성 이온 식각(Reactive Ion Etching)
방법으로 식각하여 배열의 주기 및 구멍의 크기를 조절하였다[1]. 식
각한 PS 나노 입자 위에 금 박막을 증착한 후 PS 나노 입자를 클로로
포름으로 제거하여 메타 표면 금 구멍 배열 박막을 제작하였다.
Extraordinary Transmission(EOT) 현상은 금속 나노 구멍 배열에
의해 주기보다 큰 파장에서 투과 피크가 생기는 현상이다[2]. 그림 1과 같이 제작한 메타 표면 구조 금 구멍 배열
박막에서 구멍의 주기와 크기에 따라 순수 금 박막의 표면 플라즈몬 투과 피크(~500nm)와 EOT 피크
(900~1000nm)가 측정되었다. 금 나노 구멍의 주기는 500 nm이고 나노 구멍의 크기가 커짐에 따라 EOT 파장의
위치가 장파장 쪽으로 이동하고, 투과율이 증가하는 경향을 보임을 알 수 있다. Finite-Difference Time-Domain
시뮬레이션 또한 이와 같은 경향을 가짐을 볼 수 있었다. 그림 2는 제작한 메타표면 금 구멍 격자 박막의 SEM 이
미지이며, 주기 500nm, 금 구멍의 반경은 각각 175nm, 160nm, 140nm이다. 메타 표면 구멍의 반경 및 주기에 따
라 금 메타 표면의 광학적 특성을 조절하고 이를 바이오센서에 응용하는 연구를 진행할 예정이다. 참고문헌 1. H.
Hassanin, A. Mohammadkhani and K. Jiang, “Fabrication of hybrid nanostructured arrays using a
PDMS/PDMS replication process”, Lab on a Chip. 12, 4160-4167 (2012) 2. R. Biswas, S. Neginhal, C. G.
Ding, I. Puscasu, and E. Johnson, “Mechanisms underlying extraordinary transmission enhancement in
subwavelength hole arrays”, J. Opt. Soc. 24, 2589-2596 (2009)
Keywords:
nanohole array, extraordinary transmission, metasurface

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-op.017

Understanding the origin of a time-varying diamagnetic angular
momentum of an electron in a uniform magnetic field
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Abstract:
Recent paper (PRL 113, 240404) has shown that an electron moving in a uniform magnetic field possesses a
time-varying "diamagnetic" angular momentum. As a result, the classical-quantum correspondence breaks. We
have shown that the time-bvarying "diamagnetic" angular momentum can be understood as a result from the
improper choice of the origin of a coordinate. Hence the classical-quantum correspondence is recovered
successfully.
Keywords:
Quantum mechanics, kinetic angular momentum of an electron, conservation of angular momentum,
electromagnetic field
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표면플라즈몬 레이징 중 주입되는 캐리어에 의한 레이징 소멸 및 재생
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Abstract:
본 실험에서는 InP 기판 위에 InGaAsP를 400 nm 증착한 뒤, 은(Ag)을 90 nm 로 올린 후 은을 일정한 주기를 가
지는 격자로 제작한 Ag/InGaAsP 나노구조를 통하여 표면플라즈몬 레이징을 구현시켰다. 그리고 중심파장이 800
nm이고 펄스폭이 300 fs의 특성을 가지는 펨토초 레이저인 Ti:Sappaire laser을 이용하여 시간에 따라 변화하는 표
면플라즈몬 레이징을 볼 수 있는 up-conversion 실험을 하였다. 여기서, 기존과 다르게 표면플라즈몬 레이징이 되
는 중 캐리어를 주입시켰으며, 그 결과 캐리어가 주입되는 순간 레이징이 끝나고 다시 레이징 되는 과정을 볼 수 있
었다. 본 실험에서는 이 같은 현상을 주입되는 캐리어 밀도를 변화시키거나 캐리어를 주입시키는 시간을 변화 시키
면서 측정하였고 이 결과에 대해 논의하고자 한다.
Keywords:
표면플라즈몬, 표면플라즈몬 레이징
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Abstract:
1.5 ㎛ 파장대역은 광통신, 원격검출, 생체영상등의 다양한 분야에서
활발히 연구 및 응용되고 있다. 하지만 높은 반복률, 높은 출력, 짧은
펄스폭 등 다양한 펨토초 펄스 레이저의 성능을 동시에 충족시키는
광원과 관련한 연구는 레이저 이득매질 및 광소자의 특성을 한계까
지 끌어올려야 하기 때문에, 현재까지도 관련 연구가 부족한 실정이
다. 이에 따라 본 연구에서는 탄소나노튜브를 통해 552 MHz의 반복
률로 동작하는 Cr:YAG 레이저의 모드잠금 동작을 유도하고 그 특
성분석을 수행하였다. 펌핑 소스로는 1064 nm 10 W Yb-fiber 레이
저를 사용하였으며 이득매질로는 브루스터 각으로 양면이 연마된
20 mm 길이의 흡수계수 1cm-1인 Cr:YAG 결정을 사용하였다. 공진기는 z-형태로 구성하였으며, 구성시 전체
공진기 길이는 약 28 cm 수준으로 550 MHz 반복률 수준에 대응시켜 제작하였다. 모드잠금용 소자로서 활용한
HipCo 방식으로 합성된 탄소나노튜브의 경우 분산용액을 제작한 후 평면거울상에 스핀코팅하였으며, 충분한 빔
세기를 얻기 위해 추가적인 집속지점을 구성하고, 빔을 거울상에 집속하였다. 분산보정은 2개의 chirp 거울을 사
용하였으며 이때 공진기내 1-round-trip 알짜 음분산은 1.5 ㎛ 파장에서 약 -628 fs2임을 확인하였다. 레이저는
0.5% 투과율의 출력경을 거쳐 발진되었으며, 발진된 레이저는 안정적인 모드잠금동작을 수행하였다. 모드잠금은
펌프세기 2.2 W에서부터 유도가능하였으며, 최대출력은 9.08 W 펌핑시 116 mW 이다. 모드잠금 수행 시 스펙트
럼 측정결과로부터 모드잠금시 중심파장은 1501 nm 였으며 반치폭은 20.8 nm 임을 확인하였다.
Keywords:
탄소나노튜브, Cr:YAG 레이저, 모드잠금, 고반복률
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Photoinduced Birefringence in Disperse Orange 3 Doped Polymer
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Abstract:
Photoinduced birefringence in DO3 doped poly (methyl methacrylate) PMMA thin film is investigated. The
sample is prepared with 104 thickness in 1 wt % D03 using dip coating method. The birefringence is measured
by placing the sample between two crossed polarizers and exciting the sample with pumping beam at 515 nm
and 488 nm. The birefringence is reached at the maximum value at 515 nm with pumping intensity and at
488 nm with after 150 s. It relaxes back to initial state about 200 s after pumping beam is off for each case.
The kinetics of tans-cis photoisomerization reaction caused by light illumination is discussed.
Keywords:
photoisomerization, photoinduced anisotropy, photoinduced birefringence, disperse orange 3
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탄소 나노 콜로이드의 입자 농도에 따른 비선형 광학적 특성
김이새, 이재란, 김석원*
울산대학교 물리학과
*
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Abstract:
Z-scan이란, 레이저 빔을 초점에 집속시키고 시료를 광 경로에 놓아
초점과의 거리에 따른 흡수율과 굴절률을 측정하는 실험이다. 액체
시료에 펌프 빔이 집속되면 시료가 빛을 흡수하여 비선형 굴절률과
흡수율을 나타내는데 이를 열 렌즈 효과라 한다. 본 연구에서는 단일
빔 방법에 비해 정밀도가 높은 펌프(Nd:YVO Laser 532nm
64mW)-프로브(He-Ne Laser 633nm 4.7mW) 이중 빔 방법으로
Z-scan 실험을 하였으며, 비선형 흡수율 실험은 open aperture 방
법을 사용하였고 비선형 굴절률 실험은 closed aperture 방법을 사용
하였다. 액체시료로 200 nm size 20 wt% 탄소 나노 콜로이드를 사
용하였으며 수용액 농도를 0.76 M에서 0.87 M으로 증가시키며 비
선형적 광학특성을 측정하였다. 탄소 나노 콜로이드의 비선형 흡수
율은 양의 값을 가졌고, 농도가 증가함에 따라 최대 흡수율이 8% 증
가하였다. 비선형 굴절률은 음의 값을 가졌고, 농도가 증가함에 따라 최대 투과율과 최소 투과율의 차이가 35%정
도 줄었다. 또 closed aperture 실험에서 aperture의 지름이 증가할수록 open aperture 실험 결과가 유사하게 변함
을 알 수 있었고 가우스 빔 모델을 사용하여 aperture의 지름 크기와 굴절률의 상관관계를 정량적으로 분석하였
다.
Keywords:
Z-scan, 비선형 광학계수, 탄소 나노 콜로이드, Rayliegh zone,열렌즈 효과
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Background correction of IR spectra for the analysis of lanthanides and
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Abstract:
The infrared spectroscopy of lanthanides is critical for the development of future infrared light sources for
telecommunications in industry. However, present methods of transmission infrared spectroscopy suffer from
variable solid-state baseline absorption in biophotonics materials due to scattering and water absorption. A
background correction algorithm is presented which incorporates both additive and nonlinear correction for
common gas vapors and water-derived bonds, while also accounting for the varying refractive index and
scattering of the sample in the infrared region.
Keywords:
infrared spectroscopy, biomaterials, lanthanides, background correction, principal components analysis
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공초점 현미경과 PCS를 사용한 콜로이드 결정 표면 특성 분석
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Abstract:
공초점 현미경은 기존의 광학 현미경에 비해 높은 해상력을 가진 측정용 현미경으로, 요철이 있는 시료면에 대해
시야 전면에 초점이 맞는 고해상도 이미지를 얻을 수 있으며, 비파괴 및 비접촉의 3차원 형상 계측이 가능하여 바이
오 및 여러 산업 분야에서 이미징 장치로 활용되고 있다. 하지만, 이미지만으로 물질의 표면 특성을 정의된 정량적
인 값과 동일시하는 것은 어렵기 때문에 이를 보완해줄만한 신호 처리 기술이 필요하다. 본 연구에서는 레이저 주사
공초점 현미경의 시료 표면 주사 기술과 표면에서 반사된 신호의 시간에 따른 상관성을 분석하는 상관함수 분석 기
술을 결합하여 콜로이드 결정의 표면 특성을 분석하였다. 콜로이드 결정은 단분자 구형입자를 규칙적으로 배열하여
막을 생성하는 자기조립방법을 사용하여 제작하였으며, 레이저 주사 공초점 현미경을 구성하기 위해 아르곤 이온
레이저(MODU-LASER, Stellar-Pro ML/100) 의 488 nm 파장의 빔, 갈바노미러, 대물렌즈(olympus, 60×, NA
1.2), 빔스플리터, PMT(photomultiplier tube) 모듈을 사용하였고, 레이저 주사 공초점 현미경에서 얻어지는 광자
신호를 상관함수의 형태로 분석하기 위해서 광자상관분광법(PCS; photon correlation spectroscopy)을 적용하였
다. 주사 속도를 1000 Hz에서 100,000 Hz까지 변화시키면서 20 μm × 30 μm 면적의 이미지와 PCS 신호를 얻
을 수 있었고, 수 마이크로 미터 크기의 표면 요철은 공초점 현미경의 이미지를 통해, 수백 나노미터 이하의 입자 크
기는 PCS를 통해 분석할 수 있었다. 본 연구 결과는 박막의 표면 거칠기와 같은 특성들을 분석하는 기술로 활용할
수 있을 것이다.
Keywords:
PCS, 자기조립, 콜로이드
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Abstract:
Third-order nonlinear optical phenomena lie at the heart of alloptical signal processing, where laser pulses are used to switch,
modulate, or gate another laser pulse. we investigated the thirdorder nonlinear optical responses of the solidified silk fibroin
films and obtained their

(3)

values in a broad spectral range. The

(3)

observed
values from the open aperture and closed aperture
Z-scan measurements were very large compared to those of other
nonlinear polymers. This is mainly attributed to additional
intermolecular interactions of the aromatic amino acids in the
solidified silk fibroin. We confirmed that inducing the b-sheet
secondary molecular structure enhanced nonlinearity, which was
also strongly related to enhancing transition absorption of the
aromatic acids. Interestingly, the real part of (3) was dominant in
the observations up to GW-level incident intensities. Our results
provide the solidified silk fibroin as a remarkable new nonlinear
optical material for applications in all-optical signal processing
devices, switching and controlling optical beams through lightinduced changes in the refractive index. In addition, the
biocompatibility and the nanofabrication capability of silk fibroin promise nonlinear bio-optical imaging and
sensing devices that will be applicable in vivo.
Keywords:
silk, thin film, Z-scan, optical Kerr gate, third-order optical nonlinearity
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Abstract:
It has been considered that time-dependent spectral properties of near field in the plasmonic structures
are independent of the duration of the driving laser pulse. Here we show that when a few-cycle laser pulse
shine on a bow-tie nanoantenna, its spectral properties are dramatically modified, as evidenced by a large shift
of the center wavelength of the near field, relative to the driving laser. In addition, for certain geometries, a
second color appears in the near field, creating conditions for generation of an isolated attosecond pulse at
megahertz repetition rate.
Keywords:
surface plasmon, nanoantenna, bowtie
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광학적 거울피크 제거기법을 이용한 광계측에서의 응용
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Abstract:
위상 천이를 이용한 광학적 측정 기법은 현재까지 다양한 방법으로 연구되고 있다. 그 중 광결맞음 특성을 이용한
기법은 광을 이용하여 실시간으로 대상체의 크기 및 위치 정보를 알 수 있다. 하지만 광경로차에 의존하는 간섭무늬
의 경우 코사인 함수 형태인 이유로 푸리에 변환 이후에는 원하지 않는 거울 피크가 나타나게 되어 degeneracy가 발
생되는 문제가 있어 대상체의 크기를 정확하게 판단하는데 어려움이 있다. 본 논문에서는 저출력 펌프광을 이용하
여 위상 천이를 발생시켜 이를 이용하여 푸리에 변환 이후의 degeneracy를 제거한 결과를 제시하고자 한다. 저출력
펌프광과 특수 광섬유를 이용함으로써 약 20 mW의 펌프광 출력으로 π만큼의 위상 천이를 유도할 수 있었고 이를
이용하여 대상체의 크기에 대한 정보의 분석 뿐만 아니라 광단층영상으로의 응용도 가능함을 확인하였다. This
work was supported by Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education(grand no. 2014R1A1A2059532) and the Ministry of Trade,
Industry & Energy(MOTIE), Korea Institute for Advancement of Technology(KIAT) through the
Encouragement Program for The Industries of Economic Cooperation Region(grand no. R40004732).
Keywords:
phase shift, mirror image removal, pump
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진동자 기반 도플러 편이 제어를 통한 광학 영상 깊이 향상
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Abstract:
간섭계를 이용한 광학적인 영상인 optical coherence tomography(OCT)는 생체 조직을 실시간으로 분석하여 영상
정보를 제공할 수 있을 뿐만 아니라 도플려 편이를 이용하여 생체 및 생체의 움직이는 물질을 분석 할 수 있는 장점
을 가지고 있다. 푸리에 변환을 통한 영상 구현 과정에서 원하지 않는 영상의 folding이 발생할 수 있어 이를 해결하
기 위한 다양한 방안이 제시되었다. 본 논문에서는 이러한 단점을 극복하고자 진동을 이용한 도플러 편이를 발생시
켜 미세한 위상 변화를 유도하여 활용한 내용을 제시하고자 한다. 광섬유를 이용한 마하젠더 간섭계의 한쪽 팔에
BIF(bending insensitive fiber)와 진동소자를 이용하여 진동자를 만들어 도플러 편이를 유도하여 위상정보를 분석
하였다. 이 위상제어 기법을 OCT에 적용하면 folding이 제거된 영상을 구현할 수 있음을 제시하고자 한다. This
work was supported by Basic Science Research Program through the NationalResearch Foundation of Korea
(NRF) funded by the Ministry of Education(grand no.2014R1A1A2059532) and the Ministry of Trade,
Industry &Energy(MOTIE),Korea Institute for Advancement of Technology(KIAT) through the
EncouragementProgram for The Industries of Economic Cooperation Region(grand no. R40004732).
Keywords:
phase shift, Doppler shift, mirror image removal

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-pl.001

4결정 채널컷 분광기의 성능 정상화
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Abstract:
포항방사광가속기-II의 4B 빔라인은 X-선 마이크로빔을 이용한 미세회절 실험과 미세형광 실험에 이용되고 있다.
K-B(Kirkpatrick-Baez) 거울시스템에 의해서 집속된 마이크로빔은 분광된 빔으로서도 이용될 수 있으며, 이를 위
하여 4결정 채널컷 분광기가 운용되고 있다. 하지만 분광기에 입사하는 백색광의 크기가 허치슬릿에 의해서 100
μm (H) x 100 μm (V)의 작은 크기로 정의됨으로 인하여 분광기의 출력이 낮은 문제점이 있어왔다. 본 연구에서
는 이러한 분광기의 출력 강도를 향상시키기 위하여 몇 가지 방안이 추진되었다. 분광기를 광학테이블로부터 독립
적으로 조정하기 위하여, 분광기를 빔 방향에 직각인 두 방향으로 평행 이동시킬 수 있고, 롤, 피치 및 요 방향으로
회전시킬 수 있는 5자유도 정밀 분광기 조정장치가 설계/제작되어 조립/설치 후, 정상 운용되고 있다. 4결정 채널컷
분광기의 결정블록은 기존의 Si(111) 결정블록으로부터 에너지 대역폭이 큰 Ge(220) 결정블록으로 교체되었다. 펩
토 A까지 측정이 가능한 Keithley 사의 2635B System SourceMeter가 별도 설치된 이온화상자와 더불어 분광 빔
전용으로 적용되었다. 한편, 후방 결정블록의 피치각을 전방 결정블록의 피치각과 동일하게 맞춰주는 LabVIEW 프
로그램을 작성하여 에너지 주사 프로그램에 포함시켜 시험한 결과, 오히려 에너지 스펙트럼을 불연속하게 만드는
단점이 나타나, 그 적용이 유보된 상태이다. 본 발표에서는 상기의 네 가지 방안의 수행 현황을 상세히 기술하고, 그
로 인한 분광기의 출력 향상을 중심으로 시운전 결과를 보고한다.
Keywords:
X-선 마이크로빔, 미세회절 실험, 미세형광 실험, 4결정 채널컷 분광기, 결정블록, 에너지 스펙트럼, 출력 향상
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Magnetic Measurement Results of PAL-XFEL Magnets
SUH HyungSuck*, LEE Sang-Bong, OH Bongi, JUNG Young-Gyu, JEONG Seong Hun, LEE Hong-Gi, KIM
Dong Eon, PARK Ki-Hyeon, KANG Heung-Sik, KO In Soo
Pohang Accelerator Laboratory
*

suhhs@postech.ac.kr

Abstract:
Dipole magnets, quadrupole magnets, and corrector magnets for PAL-XFEL have been designed,
manufactured, and tested in Pohang, Korea. There are 6 families of 52 dipole magnets, 11 families of 236
quadrupole magnets, and 4 families of 108 corrector magnets. Two hall probe benches were used to measure
the magnetic field. This paper reviews the main parameters of these magnets and presents the results of
magnetic field measurements.
Keywords:
magnet design, dipole magnet, quadrupole magnet, corrector magnet, magnetic field measurement
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Source-term Analysis in Carbon-ion Synchrotron Facilities
MIN Sunhong*, CHO Ilsung, HEO Seung-Uk, AN Su Kyoung, JUNG Haijo, JI Young-Hoon, JUNG WonGyun
Korea Heavy Ion Medical Accelerator Project, Korea Institute of Radialogical & Medical Science
*

sabchoking@naver.com

Abstract:
In the field of heavy-ion beam radiotherapy and radiation measurements for safety, it is imperative to analyze
the source-term related to the decision of beam loss points on a basis of Synchrotron radiation. The beam loss
mechanisms from the radiation under the collision between carbon-ion beam and the structures of
synchrotron facilities are significantly dependent on Bremsstrahlung, neutron, secondary radiation and radiant
light. Moreover, the beam loss mechanisms and lifetimes of carbon-ion beams in the Synchrotron ring in
collisions with residual gas, internal gaseous target, and other ions after the acceleration were studied.
Especially, the maximum β-function occurs in the quadrupole magnets which are located at frequent intervals
along the lattice of the synchrotron ring. Beam losses will occur at locations where β(=v/c) is a maximum and
therefore will be distributed around the synchrotron ring. In addition, any limiting aperture intercepts the beam
and becomes a location for beam losses. In addition, the studies indicate that the beam lifetimes with beam loss
are restricted considerably by charge exchange between the beam ions and the internal gaseous target, as well
as radiative recombination with the electrons. The lifetime of C6+ ion beam was calculated 0.251 sec
considering the values for the charge amount and the beam current when the maximum energy is 430MeV/u.
At this time, the revolution time is 0.159㎲ and the turning number during the beam lifetime is about
1.58×106. The feasible studies of source-term analysis in carbon-ion synchrotron facilities can be conducted
by investigating the beam loss, the beam lifetime and the turning number with the estimations of beam
parameters. Also, the decision of beam loss points is required to analyze the location of secondary radiation
with the generation of neutrons by the photonuclear reaction.
Keywords:
Synchrotron, Synchrotron radiation, Source term, Beam loss, Carbon-ion radiotherapy, Beam lifetime
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laser 편광 효과를 포함한 ponderomotive 힘 계산
송형선, 허민섭*
울산과학기술원 물리학과
*

benjhur@gmail.com

Abstract:
ponderomotive 힘은 laser plasma 분야에서 nonlinear 현상을 설명하는 기본적인 원리로 중요하다. Raman
scattering, THz 전자기파 발생원, 전자가속 등의 다양한 분야에서 laser와 반응한 플라즈마 내부 입자의 운동을
ponderomotive 힘으로 설명해왔다. 최근 laser 기술의 발전으로 tihgtly focused 하고 pulse duration이 짧으면서 강
력한 빔을 사용할 수 있게 되었다. 이에 따라 laser 편광 효과를 포함한 ponderomotive 힘으로 설명할 수 있는 현상
이 실험으로 관측되었다. 대표적인 예로 laser plasma 전자가속 분야에서 레이저 편광방향으로 전자 빔의 emittance
가 증가하는 현상이 있다. 이 현상을 정량적으로 설명하고 최적화된 조절을 하기 위하여 laser 편광 효과를 포함
한 ponderomotive 힘 계산을 수행하였다.
Keywords:
ponderomotive힘, laser 편광 효과, 빔의 emittance
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저전력 원통형 플라즈마 추력기의 이온 빔 및 성능 특성 연구
김호락1, 이승훈1, 2, 임유봉1, 김준범1, 최원호*1
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Abstract:
플라즈마 전기추력기는 자기장과 전기장을 인가하여 플라즈마를 발생시켜 이온을 가속시키는추력기로, 비추력이
높아 인공위성의 자세제어, 궤도천이를 포함한 행성 탐사활동 및 심우주 임무수행을 위한 우주선의 엔진 등으로 다
양하게 활용되고 있다. 홀 추력기 중 원통형 추력기는 원통형 방전구조를 갖고 있으며, 고리형 추력기에 비하여 방
전공간이 넓어 저전력 방전에 적합한 추력기이다. 또한, 저전력 추력기는 큐브샛(cubesat) 및 마이크로 위성의 증가
하는 수요에 따라 필요성이 증가하고 있으며, 활용도가 높아 다양하게 연구 및 개발되고 있다. 하지만, 증가하는 필
요성에 비하여, 저전력 추력기는 소모전력이 적고 방전공간이 좁아 성능 저하 및 자기장 구조 설계에 있어 많은 어
려움이 존재한다. 본 연구에서는 약 50 W급의 소모전력을 바탕으로 영구자석을 이용한 저전력 플라즈마 추력기를
개발하였다. 방전 채널은 지름 15 mm, 길이 16 mm, 무게는 약 0.6 kg으로 원통형 구조의 채널로 제작되었으며, 약
1500-2000 G의 자기장 세기를 갖도록 설계되었다. 방전기체는 제논을 사용하여 1-5 sccm영역에서 방전특성을
살펴보았으며, 방전전류는 0.02-0.4 A로 나타났다. 100-550 V영역에서 방전을 시도하였고, 채널길이를 16-24
mm 에서 약 1 mN 급의 추력특성을 나타냈다. 본 발표에서는 홀 추력기의 제작 특성, 이온 전류밀도, 이온전류 등
성능 및 이온빔 특성에 대 자세한 연구결과가 발표될 예정이다.
Keywords:
Ion beam source, Hall thruster, micro thruster, ion beam characteristics
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Beam dynamics simulations with the proton at the RAON accelerator
JIN Hyunchang*, JANG Ji-Ho, JEON Dong-O, HYUN Myung Ook
Institute for Basic Science
*
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Abstract:
The RAON accelerator of Rare Isotope Science Project (RISP) has been developed to accelerate various kinds
of ion beams, from proton to uranium, for a wide range of science experiments. In the RAON accelerator, the
target of the high energy experimental hall requires the proton which has larger than 600 MeV beam energy.
The proton generated by the source will be accelerated by the low energy and high energy superconducting
linear accelerators to satisfy the energy requirement in the RAON accelerator. Here we will present the results
of the particle tracking simulations with the proton and describe the calculated beam parameters.
Keywords:
RAON accelerator, beam dynamics simulation
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Development of PAL-XFEL Magnet Power Supply
PARK Ki-HYeon*, JEONG Seong-Hun, JUNG Young-Gyu, KIM Dong-Eon, SUH Hyung-Suck, LEE
Hong-Gi, LEE Sang-Bong, OH bong-Gi
PAL
*
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Abstract:
All magnets and magnet power supplies (MPS) for PAL-XFEL had been installed at the site. The all MPSs had
been tested with the magnets at the field. The total number of assembled MPSs was amounted to 688, which
were grouped into nine categories by their power capacities in order to reduce the manufacturing cost and
make maintenance easy. The general specifications for the MPS for the PAL- XFEL were summarised. The
design configurations of the MPS were also explained to satisfy the given requirements such as the output
current stability. The test results of performances of the MPSs for corrector magnets were described here.
Keywords:
MagnetMagnet power supply
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거대과학장치의 지반 및 건물 변화의 지속적 측정
최효진, 서광원, 이상봉, 이홍기, 길계환, 김승환, 강흥식*
포항가속기연구소
*
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Abstract:
일반적인 측량(survey) 및 정렬(alignment) 방법은 다음과 같다. (1) GPS를 이용한 Surface Geodetic Network 구
축 (2) 건물 내에 Secondary Network 측량망 구축 (3) 주요 장비에 대한 fiducialization 부착 작업 (4) AT401 레이
저 트랙커를 비롯한 정밀측량장비를 이용한 장비별 위치좌표(X, Y, Z) 측정. 작은 규모의 시설은 몇 시간이면 측량
및 정렬을 마칠 수 있다. 그러나 과학장치의 규모가 커지면서 측량 업무만 몇 일식 소요된다. 더구나 과학장치가 동
작 중에는 사람이 출입할 수 없는 위험지역(radiation)은 휴지기간을 기다려야 한다. 과학장치를 최적화하여 정열
한 후 운전 중에 지반과 건물의 변화가 발생하면, 장치의 정렬 오차로 이어져 시스템 전체의 파라미터가 변화한다.
일반적으로 지반과 건물의 변화는 건설완료 후 지반이 안정화 되는 기간(2~3년)에 많이 변화하고, 5~6년까지는 서
서히 변화한다. 최소한 6년까지는 지속적인 측정을 통해 지반과 건물이 안정화 될 때까지 변화추이를 측정하고 기
록해야 한다. “구슬이 서말이라도 꿰어야 보배다”라는 속담이 있다. PAL-XFEL은 지속적인 측량을 통해 지반과
건물의 변화 추이를 관측하고, 필요시 변위가 심하게 일어난 지역의 장치를 신속히 정렬하기 위해 Hydrostatic
Leveling System (HLS)와 Wire Position System (WPS)을 설치하고 운영한다. 본 논문에서는 HLS와 WPS에 관해
소개한다.
Keywords:
측량 정렬 HLS WPS
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Operational Software Tools for the Injection Efficiency Improvement in
the PLS-II
KIM Mun Gyung*, HWANG Ilmoon, LEE Tae Yeon, CHOI Jea Young
Pohang Accelerator Laboratory
*
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Abstract:
One of the main issues of the linac operation problems in the PLS-II is injection efiiciency for top-up mode to
keep radiation safety levels. The energy spread of the injection beam is the main beam parameter to effect
injection efficiency. So we try to develope several operational software tools to analize the variation of the
energy spread and to reduce the amount of energy spred. And also we try to meaure another beam parameters
related to the energy spread like wise RF power phase and dispersionn functions in the beam transport system.
etc.
Keywords:
energy spread software operation linac
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Commissioning of Pal-Xfel magnet power supplies
JEONG Seong Hun*, PARK Ki-Hyeon, SUH Hyung Suck, LEE Sangbong, OH Bonggi, JUNG Young-Gyu,
LEE Hong-Gi, KIM Dong Eon, KANG Heong-Sik, KO In Soo
Pohang Accelerator Laboratory
*

jsh@postech.ac.kr

Abstract:
The PAL-XFEL has in the order of six hundreds of magnet power supply (MPS) installed, ranging from
4A/9V bipolar PS to 310A/250V unipolar PS. The nine different types of MPS are manufacturing and
installing. This paper describes the commissioning results of the MPS. All MPSs have to be tested and running
at the end of February in 2015. The test results of performances of the dipole magnet MPSs were described
here.
Keywords:
Magnet power supply
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High order approximation for relativistic transparency of thin foil
plasma
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Abstract:
laser를 이용한 plasma acceleration에서 매질의 투과율과 반사율은 plasma heating과 radiation pressure에 매우 밀
접한 관련이 있다. 이를 정확히 알기 위해선 상대론적 영역에서의 non-linear equation을 풀어야 하지만 일반해는
존재하지 않고, 특히 overdense plasma의 경우 가장 간단한 상태(isotropic and steady density)에 대해서조차 매우
복잡한 equation을 다뤄야만 한다. 다행히 laser-plasma ion acceleration에서 많은 경우 target이 매우 얇기 때문에
문제가 간단해지는데, Vshivkov는 원편광 전자기파가 매우 얇은 plasma로 입사하는 특수한 경우에 대한 거의 완벽
한 해를 제시했다(1998). 하지만 이 해는 적용될 수 있는 plasma 얇기가 파장 대비 1% 이하로 매우 짧았고, plasma
내부를 표현하지 못했다. 우리는 Vshivkov의 이론을 확장해서 plasma 내부에서의 투과율과 반사율을 나타내는 이
론식을 유도했다. 그리고 여기에 high order approximation을 적용하여 더 굵은 plasma까지 이론에 포함시켰다.
마지막으로 다양한 경우에 대해서 이 이론을 PIC simulation 결과와 비교했다.
Keywords:
transparency, ion acceleration, PIC simulation, overdense plasma
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CMOS 이미지 센서를 사용한 레이저-플라즈마 가속 양성자빔의 실시
간 에너지 측정
김하나1, 2, 김경남2, 류우제2, 3, 김정태2, 4, 이신영2, 4, 이기태*2, 박성희2, 전민용1, 정영욱2, Nikolay A. Vinokurov2
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Abstract:
CMOS(Complementary metal-oxide-semiconductor) 이미지센서 기반 방사선 영상검출기(Teledyne DALSA사
의 RadEye1)를 이용하여 레이저-플라즈마 가속 양성자빔의 에너지 스펙트럼을 실시간으로 측정하였다. 기존에 사
용하였던 CR-39(Columbia Resin #39) 플라스틱 기판을 일정한 간격으로 구멍을 낸 후 RadEye1 검출기 앞에 위
치시켜 가속된 양성자빔의 신호가 두 검출기에서 동시에 측정되도록 하였다. CR-39 플라스틱 기판에서 검출된 양
성자 수를 기준으로 하여 Radeye1에 나타난 양성자의 밝기 측정값을 양성자의 개수로 보정하는 작업을 수행하였
다. 가속 양성자의 에너지에 따라서 입자개수 대비 이미지 밝기 보정값을 얻었다. 그 보정값의 재현성과 정확도에
대한 평가를 통하여 실시간 양성자 에너지 측정기술의 적용범위를 결정한다.
Keywords:
레이저-플라즈마 가속 양성자빔, 실시간 측정 시스템, 양성자 에너지 스펙트럼 분포
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레이저 편광에 따른 electrostatic shock 연구
김영국1, 강태연2, 허민섭*2
1

전기전자컴퓨터공학과, 울산과학기술원, 2물리학과, 울산과학기술원
*

benjhur@gmail.com

Abstract:
초강력 레이저를 이용한 입자 가속, X-ray 생성, 고에너지 물리 등은 최근 관심을 얻고 있다. 그 중 electrostatic
shock(ES) 생성은 입자 가속, 레이저 퓨전 등의 이해에 도움이 될 것으로 생각되고 있다. 레이저가 플라즈마에 입사
할 때 레이저 입사면은 높은 밀도로 압축 및 가속되고 주변 전자들은 높은 온도로 가속된다. 이 때 Mach number
조건 1.5<M<3.7 을 만족하면 ES 을 관측할 수 있다. 우리는 선편광 레이저 펄스와 원편광 레이저 펄스에 의해 만들
어지는 ES의 조건 및 특징을 particle-in-cell simulation을 통해 연구하였다. 두 경우에서 semi-transparent 플라즈
마에 대해 효과적인 ES 가속을 예상할 수 있었다.
Keywords:
ion acceleration, electrostatic shock, laser-plasma interaction
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KOMAC Proton Linac 빔에너지 및 빔프로파일 측정
김한성*, 권혁중, 윤상필, 이석근, 조용섭
한국원자력연구원 양성자가속기연구센터
*
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Abstract:
양성자가속기연구센터에서는 선형양성자가속기를 운영 중에 있으며 사용자들에게 20MeV 및 100 MeV 양성자 빔
을 공급하고 있다. 가속기의 운전 효율을 높이고 빔손실을 줄여 장치의 방사화를 낮추기 위해서는 빔 특성 파악이
필수적이다. 이를 위해 본 연구에서는 가속된 양성자빔의 에너지 및 프로파일을 측정하였다. 빔의 에너지 측정은 빔
라인에 설치된 스트립라인 타입의 BPM 신호를 이용한 TOF 방법을 사용하였고 상호 교차 검증을 위해 알루미늄
재질의 투과도 측정을 통한 빔에너지 측정과 비교하였다. 빔 프로파일 측정에는 빔라인 종단에 설치된 2D 이온챔버
어레이를 이용하였다. 본 연구에서는 빔에너지 및 프로파일의 측정 방법 및 결과에 대해 논한다. 본 연구는 미래창
조과학부의 연구비 지원을 받았음.
Keywords:
KOMAC, 양성자가속기, 빔에너지, 빔프로파일
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KOMAC 저선량 빔라인 팔극 전자석 설계
권혁중*, 김한성, 윤상필, 이석근, 이승현, 조용섭
한국원자력연구원 양성자가속기연구센터
*
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Abstract:
양성자가속기연구센터에서는 100 MeV 양성자 빔의 활용도를 높이고 더 많은 이용자에게 다양한 조건의 빔을 공급
하기 위하여 저선량 빔라인을 구축할 예정이다. 저선량 빔라인에서는 최대 8% 듀티, 평균전류 10 nA 의 빔을 이용
자에게 제공하며 100 mm × 100 mm 표적에서 빔의 균일도는 5% 이하이다. 저선량 빔라인은 빔 소송을 위한 이극
전자석과 사극 전자석 이외에 저선량 빔을 제공하기 위한 Collimator, 에너지 가변을 위한 Degrader, Fast beam
shutter 그리고 표적에 원하는 균일도의 빔을 공급하기 위한 팔극 전자석으로 구성된다. 본 연구에서는 설치 예정인
저선량 빔라인에 대해서 소개하고 특히 균일한 빔을 공급하는데 사용되어질 팔극 전자석 설계 및 그 특성에 대해서
논한다. 본 연구는 미래창조과학부의 연구비 지원을 받았음.
Keywords:
KOMAC, 빔라인, 팔극전자석
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PLS-Ⅱ 빔 전송라인 BPM 분해능 측정 연구
정호영*1, 김은산*2, 장시원2
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Abstract:
PLS-Ⅱ는 PLS(Pohang Light Source)에서 업그레이드된 3세대 가속기로, 2013년부터 유저에게 Top-up 모드로
방사광 빔을 제공했다. PLS-Ⅱ에는 빔의 상태를 진단하고 피드백하기 위한 장비들이 설치되어 있고, 빔 진단 장비
중 하나인 빔 위치 모니터(BPM)는 빔 라인 단면의 빔 위치를 측정하는 역할을 한다. 빔 위치 측정은 빔 궤도의 보정
과 빔 손실 최소화에 이용되며, BPM의 성능은 빔 위치 분해능 측정을 통해 확인할 수 있다. PLS-Ⅱ의 선형가속기
구간과 빔 전송 라인에 설치된 BPM의 성능이 피드백 시스템에 적합한지 판단하기 위해 빔 위치 분해능 측정을 수
행하고 그 결과를 정리하였다.
Keywords:
PLS-Ⅱ, BPM, 빔 위치 모니터, 분해능
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Stability analysis of C-band klystron with Extended-Interaction cavity
HWANG Jihyun*1, PARK Sungju2, NAMKUNG Won2, CHO Moohyun3
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Department of Physics, POSTECH, 2Pohang Accelerator Laboratory, 3Department of Division of Advanced
Nucelar Engineering, POSTECH
*
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Abstract:
A prototype 5-GHz 500-kW CW klystron (model E3762 provided by Toshiba Electron Tubes & Devices Co.
Ltd.) has been operating as the RF source for the lower hybrid current drive (LHCD) system in the KSTAR
tokamak. In order to achieve higher efficiency, we are trying to further optimize its design. This is being done
by simulating klystron performances for various cavity parameters including the number of cavities, intercavity distance, and cavity tuning frequencies. The simulation has been done with the FCI (field charge
interaction) code aided by a matlab script for scanning input parameters. Initial set of scan parameters was
obtained by benchmarking the E3762 klystron. It was possible to obtain optimized design parameters with
better efficiency for a cavity system adopting a multi-cell output cavity. However, the multi-cell output cavity
is prone to produce a self-oscillation due to the prolonged (several half RF periods) beam-field interaction
along its multiple gaps. We have checked the feasibility of the optimization by evaluating the stability of output
cavity system. The stability is given by the ratio of a beam-loading conductance to the circuit conductance.
Keywords:
klystron, FCI, stability analysis, extended-interaction cavity
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Generation of a laser-produced plasma waveguide by using a
cryogenically-cooled gas-cluster jet
JANG Donggyu1, KIM Ki-yong2, SUK Hyyong*1
1

Department of Physics and Photon Science, Gwangju Institute of Science and Technology, Gwangju, 2IREAP,
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*
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Abstract:
A gas-cluster consists of many gas atoms or molecules with nm to μm size and its density is on the order of
that of solid state. Due to its high density, gas-clusters can interact very effectively with intense laser pulses,
leading to generation of EUV, X-rays, energetic electrons, ions, and fast neutrons. In order to increase the
efficiency of such applications, a long laser-plasma interaction length is necessary, so a plasma-waveguide for
laser pulses is required. Since the gas-clusters effectively absorb the intense laser pulse energy by collisional
ionizations, high density and high temperature plasma can be generated, resulting in hydrogenically-expanded
plasma waveguide. In our experiment, we use a cryogenically-cooled gas jet as a gas-cluster source to produce
the plasma waveguide. This waveguide can ensure a long interaction length for the intense laser pulses. In our
presentation, we show the experimental results for generation of the laser-produced plasma waveguide based
on the cryogenically-cooled gas-cluster jet.
Keywords:
Plasma waveguide, Gas-cluster, Laser-plasma interaction, Interferometry, Plasma diagnostics
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Beam Optics of 180-degree Bending Section in DYNAC code
JANG Ji-Ho*, JIN Hyunchang, JEON Dong-o
Rare Isotope Science Project, Institute of Basic Science
*
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Abstract:
RISP linac consists of the low energy part with QWR (quarter-wave resonator) and HWR (half-wave
resonator) cavities and the high energy part with two different type of SSR (single spoke resonator) cavities.
They are connected by 180-degree bending section. At the entrance of the bending section there is a charge
stripper which increases the charge values of uranium beams to between 77 and 81 for efficient acceleration.
This work summarized the beam optics of the bending section by using DYNAC code and compared the
results with the TRACK calculation.
Keywords:
RISP, Bending Section, Beam Optics
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Design Study of a Self-Driving G-band Folded Waveguide Traveling
Wave Tube with an Integrated High Input Power
LEE Ingeun1, SAWANT Ashwini1, SO JoonHo2, HONG Yongjun2, CHOI EunMi*3
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Department of Electrical and Computer Engineering, UNIST, 2Agnecy of Defense Developement, 3Department
of Physics and Applied mathematics, UNIST
*
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Abstract:
We present a design study on a G-band self-driving folded waveguide traveling-wave tube (FWTWT). This
device consists of two different vacuum tubes one of which is a folded waveguide (FWG) TWT structure as an
amplifier and the other is a backward-wave oscillator (BWO) as a self-driving. The typical solid-state based
input driver power in G-band is around milliwatts or less, whereas the proposed integrated input driver source
is capable of providing tens of watts since it is based on the vacuum tube. Additionally, we design the BWO
operating oscillated due to a spent electron beam which increases the output efficiency. The initial circuit
design has been done based on the analytic equations and detail design has been performed with CST
StudiosTM. The TWT cold-test circuit has been fabricated using a computer numerical control (CNC) machine
and its Scanning Electron Microscope(SEM) result will be present
Keywords:
Self-Driving; FWTWT; BWO
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Design Study of a Sine Waveguide Circuit for G-band TravelingWave Tube
CHOI Wonjin1, CHOI EunMi*1, HONG Yongjun2
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Abstract:
In this poster, we show the optimized design of a sine waveguide interaction circuit for a G-band travelingwave tube (TWT). TWT is one of the most promising vacuum electron devices for generation of high power
terahertz wave. Terahertz wave is recently gaining popularity for various applications such as imaging systems,
security scanner, and imaging radars due to its high spatial resolution and non-ionizing photon energy.
However, the generation of high power THz wave is troublesome since as the operating frequency increases,
the circuit loss becomes significant and the circuit fabrication tends to be extremely challenging. The sine
waveguide is a promising slow-wave structure for TWT due to its properties such as low reflection, low ohmic
loss, and fabrication easiness [1, 2]. The electrical properties of the sine waveguide circuit including scattering
parameters, dispersion characteristics, and particle-wave interaction are studied and presented.
Keywords:
Terahertz, Traveling-Wave Tube, Sine Waveguide
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양성자가속기 연구센터 기체이온빔장치 질량분리전자석 설치 및 업그
레이드
김범석*, 강종현, 김한성, 권혁중, 김계령, 조용섭
한국원자력연구원 양성자가속기연구센터
*

kbs0721@kaeri.re.kr

Abstract:
양성자가속기연구센터에서는 2000년도 중반부터 이온빔조사 서비스를 수행하고 있다. 현재 기체이온빔 장치(200
keV, 5 mA), 금속이온빔장치(150 keV, 1 mA), 수직이온빔장치(60 keV, 20 mA) 장치가 서비스 중에 있다. 이온빔
장치의 안정적인 운영과 빔 조사서비스 품질 향상을 위하여 지속적인 업그레이드가 진행되고 있다. 가장 빔서비스
가 많은 기체 이온빔 장치의 경우 최근 질량분리전자석 설치, 이온원 진공챔버 설치, 타겟 챔버 교체등의 업그레이
드가 진행되었다. 질량분리전자석의 챔버의 경우 빔라인이 0, ±15, ±30 도로 구성되어 있고 1.1 Tesla 급 전자석
으로 Ar+ 200keV 까지 30도 밴딩이 가능하도록 설계되었다. 이온원의 진공도 향상을 위하여 이온원 앞단에 소형
TMP(60 l/s 급)가 설치된 진공챔버를 설치하였다. 샘플 교체시 진공 배기시간등을 고려해 기존에 대형의 타겟 챔버
를 소형 챔버로 교체하고 빔 조사시 실시간 빔 측정이 가능한 샘플 홀더를 설치하여 조사량의 신뢰성을 확보하였다.
최근 기체이온빔 장치 스위치 전자석 설치 및 업그레이드로 빔 조사서비스 품질 향상이 가능하게 되었다. 미래창조
과학부의 지원을 받아 수행중인 양성자가속기연구센터 운영과제로 수행되었음
Keywords:
이온빔장치, 질량분리 전자석
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소형 페러데이컵을 이용한 실시간 이온빔 진단
강종현*, 김범석, 김계령
한국원자력연구원 양성자가속기연구센터
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Abstract:
양성자가속기연구센터(KOMAC)는 기체, 금속, 수직 이온빔장치를 보유하고 있어 여러 분야의 빔이용 연구에 사용
되고 있다. 그 중 기체이온빔장치는 수소, 헬륨, 질소, 아르곤과 같은 가스를 이온화 시켜 조사할 수 있는 장치로 이
온빔을 200 keV까지 가속시킬 수 있다. 기체이온빔장치는 빔의 선량을 측정하기 위해 페러데이컵을 사용하고 있
다 . 페러데이컵은 빔 단면을 X축 방향으로 측정할 수 있는 이송형으로 실시간 관찰이 가능하지만 빔 분포를 2차원
으로 확인할 수 없으며 타겟과 거리가 있어 실제 샘플에 조사되는 선량 및 빔 분포와는 차이가 있다. 본 연구에서는
소형 페러데이컵을 기체이온빔장치의 샘플 홀더 모서리에 설치하여 실시간 빔 선량 측정과 위치에 따른 빔 분포를
확인하였고 기존의 페러데이컵의 신호와 비교하여 보다 효율적이고 정확한 빔 진단이 가능하도록 하였다. 미래창
조과학부의 지원을 받아 수행중인 양성자가속기연구센터 운영과제로 수행되었음
Keywords:
실시간 빔 진단, 페러데이컵
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초음속 플라즈마 열유동 특성 측정을 위한 이중 엔탈피 탐침 해석
김동욱1, 양인목2, 윤정헌2, 장진욱1, 서준호*1
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Abstract:
초음속 아크 플라즈마 유동의 엔탈피, 마하 수, 온도 및 속도 특성을 동시에 얻을 수 있는 이중 엔탈피 탐침 진단 기
법을 개발하여 측정 실험을 수행하였다. 이를 위해, 내경 2.5 mm, 외경 6.4 mm의 엔탈피 탐침에 내경 1.2 mm의 피
토 관을 덧댄 수정된 엔탈피 탐침을 제작하고 마하 수 1.5로 설계된 10 kW급 비이송식 직류 아크히터로부터 나오
는 초음속 Ar 아크 플라즈마 유동에 삽입하였다. 이중 엔탈피 탐침을 이용하여 탐침 전면에 형성되는 충격파를 거
쳐 탐침 첨두로 전달되는 전체 엔탈피와 전체 압력 및 탐침 주위를 흐르는 유동의 정압을 한꺼번에 측정할 수 있었
으며, 수직 충격파 전후의 마하 수 관계식과 Rankine-Hugoniot 방정식 및 수직 충격파 뒷면에서 탐침 첨두까지의
단열과정 관계식을 이용하여 측정된 압력 정보들로부터 초음속 아크 플라즈마의 마하 수를 알아 낼 수 있었다. 마지
막으로, 이와 같은 방식으로 얻은 마하 수와 측정된 전체 엔탈피 값을 이용하여 초음속 아크 플라즈마 유동의 온도
와 속도를 계측하였다.
Keywords:
초음속 플라즈마, 이중 엔탈피 탐침, 플라즈마 진단
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Tokamak Plasma Equilibrium Reconstruction from Experimental Data
YEOM Jun Ho*, CHOI Insik, NAM Yong Un, TERZOLO Laurent, KIM Hyoung Chan
National Fusion Research Institute
*

phyan@nfri.re.kr

Abstract:
The tokamak plasma equilibrium is an important subject for modelling study of tokamak plasma. The
validated equilibrium code with experimental data is to be a constituent module of the integrated tokamak
simulator which will be utilized for conceptual design of fusion reactors such as K-DEMO. In this study, we
will present the preliminary validation result of a new equilibrium code developed in NFRI. This new
equilibrium code is used to reconstruct the equilibrium of KSTAR tokamak plasma. The code is implemented
by solving free boundary Grad-Shafranov equation by numerical algorithm with experimental data. For
validation of the code, the reconstructed flux surfaces are compared with the images of plasma measured by
fast-framing camera in KSTAR. The result shows that the exact information of measurement uncertainty is
critical for accurate modelling of tokamak plasma equilibrium.
Keywords:
plasma equilibrium, equilibrium reconstruction, KSTAR, K-DEMO
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Interferometric analysis of optical breakdown dynamics in bulk of
transparent dielectrics induced by sub-nanosecond laser pulse
NGUYEN Vinh Huu, SUK Hyyong*, JANULEWICZ Karol Adam*
Department of Physics, Gwangju Institute of Science and Technology
*
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Abstract:
The femtosecond time-resolved interferometry in Nomarski arrangement using a Fresnel-biprism was applied
to study dynamics of laser-induced optical breakdown in bulks of fused-silica glass and sapphire when
irradiated by a sub-nanosecond laser pulse at 790 nm. The interferograms were processed by a dedicated
numerical fast-Fourier-transform-based code. The transient electron density distribution in the plasma
produced by the laser beam in bulk of fused-silica glass was reconstructed from the phase shift map by the
inverse Abel transform. The plasma channel core exhibited a strong and fast change of the induced refractive
index resulting from a growth in plasma electron density up to 1020 cm-3. In the recorded interferograms of
sapphire an anomalous fringe shift (in the opposite direction than expected) was observed in the central part of
the plasma channel. This may imply contribution of the bound electrons to the refraction index of laserinduced plasma in bulk of sapphire due to significant amount of highly ionized Aln+ ions.
Keywords:
time-resolved interferometry, fused-silica, sapphire, plasma density, inverse Abel transform, bound electron
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Structural and Photoluminescence for Al-doped CdO Thin Films
이봉주*, 정진
조선대학교
*

bjlee@chosun.ac.kr

Abstract:
. X-ray diffraction showed that the crystallinity of the grown thin films increased with increasing deposition
time. The surface of the thin film was examined using a Scanning Electron Microscope (SEM). Al-doped CdO
thin films grain size distinctly increased with increasing deposition time. However, grain size does not change
significantly with increasing deposition time.
Keywords:
Al/CdO, Thin Films
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Feasibility of fast neutron activation analysis using a DD neutron
generator and a BGO detector
박승일*, 김성봉, 윤정우, 유석재
국가핵융합연구소 플라즈마기술연구센터
*

spark@nfri.re.kr

Abstract:
A neutron sensor system is developed to identify the nitrogen in the soil by measuring the 10.8 MeV prompt
gamma from 14N(n,γ)15N reaction based on the fast neutron activation analysis (FNAA). This sensor uses a
DD neutron generator in consideration of safety. The scintillator of the gamma detector is a Bismuth
Germanium Oxide (BGO, Bi4Ge3O12) due to the high photopeak efficiency in the high energy region. The
sensor design was performed using a Monte Carlo N-Particle code (MCNP) calculation and the results are
presented in this paper. Also, the feasibility of this sensor for the discrimination of the nitrogen in the soil and
the investigation of the sensor performance are described. In order to identify the nitrogen in the soil, the
melamine (C3H6N6) with a high nitrogen content was used as a target. The performance test was carried under
several conditions such as the depth and the housing of the target. Preliminary performance results are
presented in this paper. Acknowledgements This work was partly supported by R&D Program of ‘Plasma
Advanced Technology for Agriculture and Food (Plasma Farming)’ through the National Fusion Research
Institute of Korea (NFRI) funded by the Government fund and partly supported by the IT R&D program of
MOIE/KEIT(10041837) through the National Research Foundation of the Republic of Korea (NRF) funded
by the Ministry of Science, ICT & Future Planning (MISP).
Keywords:
Neutron activation analysis, DD neutron generator, BGO detector
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Combined Treatment of Rice Seeds with Ozone, Ultrasonic wave or
Arc Discharge Plasma
KANG Min Ho1, CHOI Kyung Hoon2, SONG Seung Ah1, CHOI Eun Ha1, 2, UHM Han Sup1, 2, PARK
Gyungsoon*1, 2
1

Department of Electrical and Biological Physics, Kwangwoon University, 2Plasma Bioscience Research Center,
Kwangwoon University
*

gyungp@kw.ac.kr

Abstract:
Sterilization of microbes associated with foods and host organisms requires non-toxicity to foods and hosts.
The objective of our study is to examine the potential of plasma, O3, and ultrasonic wave for selectively
inactivating a fungal pathogen on rice seeds. In our previous study, we observed that arc discharge plasma and
the combined treatment of ozone and ultrasonic wave were effective in sterilizing rice seeds infected with
Fusarium fujikuroi, causing rice bakanae disease. Since ultrasonication produced heat, we examined the effect
of heat on sterilization efficiency. The combined treatment with ozone, ultrasonication and heat (50 °C) has
disinfected rice seeds more effectively than separate treatment. Germination rate of the treated seeds was not
much changed compared to that of control. This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korea government (MSIP), (No. 2010-0027963), Rural Development
Administration (RDA) grant, No. PJ009891, and National Fusion Research Institute (NFRI).
Keywords:
Ozone, Arc discharge Plasma, Ultrasonication, Rice seeds, Sterilization, Fusarium fujikuroi, Bakanae disease
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Analysis of solutions treated by using plasma generated nitric oxide
(PGNO) and application to plant development
JEON Seong Sil1, KANG Min Ho1, SHIN Somin2, LEE Jinseon2, SHIN Jae Ho2, CHOI Eun Ha1, UHM Han
Sup1, PARK Gyungsoon*1
1

Plasma Bioscience Research Center, Kwangwoon University, 2Department of Chemistry, Kwangwoon
University
*

gyungp@kw.ac.kr

Abstract:
In this study, we analyzed solutions treated with plasma generated nitric oxide (PGNO generated using 10 lpm
nitrogen and 400sccm oxygen). Real time level of NO measured using electrical sensor in PGNO treated
deionized water and 0.5 mM phosphate buffer was about 100 µM after 50 min. pH of solution was decreased
to around 3 after PGNO treatment. Effects of the PGNO treated solutions on plant germination and seedling
growth were analyzed. Before treatment, we adjusted pH of solutions to 6.0. Our preliminary results showed
that spinach leaves grew wider and bigger compared to control after PGNO solution treatment. In addition, we
measured concentration of nitrite (NO2-) and nitrate (NO3-) in PGNO treated solutions. Concentration of
nitrite (NO2-) was higher right after PGNO treatment and then nitrate (NO3-)concentration became increased
after 24 h. This work was supported by the National Research Foundation of Korea (NRF) grant funded by
the Korea government (MSIP), (No. 2010-0027963) and National Fusion Research Institute (NFRI).
Keywords:
microwave plasma, nitric oxide, PGNO
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Influence of Plasma Generated Ions in Water on the Glow-toabnormal Transition in a Spokes like Pins-to-water Discharge Device
윤 성영*, 변 용성, 홍 은정, 유 승열, 유 승민, 김 성봉, 유 석재
Plasma Technology Research Center, National Fusion Research Institute
*

yoon0116@nfri.re.kr

Abstract:
The characteristics of newly developed vertical type spokes like pins-to-water discharge for plasma treated
water is investigated. The plasma device for plasma treated water generation is demonstrated by applying the
ac-driven power. The device in this work is able to produce a liter of pH 3.0 PTW per hour by using the
distilled water. The electrical and optical signals are monitored to measure the plasma power, gas temperature,
excited gas composition, and electrode temperature during the plasma treatment. The optical emission
spectroscopy and discharge image implies the interaction between the plasma and water. The increase of
electrical conductivity of water causing the transition of the normal glow discharge to the abnormal glow
discharge. Simple chemical reaction model insists that the RONS generation rate in the plasma is changed by
the plasma characteristics transition. The ion concentration measurement using the liquid chromatography well
support the calculation.
Keywords:
Plasma Water OES

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-pl.033*

플라즈마에서의 stimulated Raman backscattering에 가해준 외부자기
장의 효과 (Effects of external magnetic field on stimulated Raman
backscattering in plasma.)
라욱주, 허민섭*
울산과학기술원 물리학과
*

benjhur@gmail.com

Abstract:
최근 연구들을 통해 laser의 출력은 크게 향상되어왔다. 여러 연구 분야중에서도 CPA(chirped pulse
amplification)가 그 흐름을 이끌어 왔는데, CPA 공법은 물질의 격자를 이용하는 공법으로 물질 특성의 한계가 존
재하였고 자연스레 다음 물질로 액체,가스,플라즈마가 가지는 특성들로 그러한 한계들을 극복하려 하였다. 그 중에
서 플라즈마를 이용한 extremely fast amplification mechanism을 이용하는 방법이 있으며, 플라즈마 에서
의 Stimulated Raman backscattering이 좋은 방법이 될 것이라고 Malkin[Phys. Rev. Lett. 82, 4448(1999)] 이 소
개하였으며, 이론상 CPA공법에 비해 높은 출력의 laser를 얻을 수 있다고 설명하였다. 하지만 이러한 공법에도 이
론적으로 존재하는 한계들이 있으며, 우리는 그 한계들 중 일부를 외부자기장을 통해 극복할 수 있음을 PIC 시뮬레
이션을 통해 관측하였다.
Keywords:
raman amplification, raman,THz,PIC simulation
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The study of trigger unit enhancing electric field for a triggered vacuum
switch
PARK Wung-Hoa, KIM Moo_Sang*, SON Yoon-Kyoo*, LEE Byung-Joon*
Pohang Accelerator Lboratory
*

moosang@postech.ac.kr, ygson@postech.ac.kr, bjlee707@postech.ac.kr

Abstract:
The trigger unit of a triggered vacuum switch (TVS) is included a trigger pin, an insulator ceramic, a holder
enclosing the ceramic. It generates an igniting plasma when trigger signal is supplied by an external trigger
pulse generator. A main discharge is sequentially induced in a six-rod electrode, after generating the igniting
plasma. It means that the TVS switching characteristics is decided by the trigger unit, and to control the TVS
should be perform the research of it. In this paper we have studied to enhance the electric field through
modification of the trigger unit. At first, the study of structure has been accomplished by simulation with two
types of components to compare the electrical field strength. The selected type of the holder is concave and
convex, and the shape of the trigger pin is cylinder and umbrella which is curved in the upper edge. The type
of ceramic is adopted cylinder and truncated cone. The optimization of each types is performed for various
kinds of parameters such as height, width, thickness, curvature and so on. After then, we have fabricated
components with considering the machining characteristic and compared with triggered voltage and current
before trigger conditioning.
Keywords:
trigger unit, vacuum switch, igiting plasma
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Desorption Behavior of Deuterium from Plasma Structure Materials:
SS316LN and CuCrZr
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Kim*1
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Abstract:
Fusion energy is considered as the ideal future energy source which can provide a sustainable solution to global
energy problems without producing harmful toxins and long-lived radioactive wastes. SS316LN, CuCrZr alloy
are good candidate fusion materials in terms of cost and physical property which can barricade hydrogen and
its isotopes from permeation. To evaluate the permeation and desorption properties of hydrogen isotopes,
deuterium was loaded into SS316LN, CuCrZr samples having different thickness from 1 to 5 mm at various
temperatures from 120 to 350 oC, and dynamics of deuterium desorption were investigated. To desorb
deuterium, deuterium loaded samples were heated to 800 oC in a quartz tube which was initially evacuated to
10-7 Torr by using a turbo-molecular pump (TMP). Desorption of deuterium was confirmed by monitoring
the deuterium signal from the data of Residual Gas Analyzer (RGA), and the total amount of deuterium was
estimated by integrating the deuterium peak after carefully calibrated the pumping speed of the TMP. All
deuterium was desorbed by heating to 800 oC under continuous pumping. The initial desorption temperatures
for SS316LN and CuCrZr were 500 oC and 800 oC, respectively with a ramping rate of 3.4 oC/s. For the
samples deuterated at the same temperature, the thicker samples exhibited higher desorption rates, while the
samples in the same thickness deuterated at higher temperature exhibited higher desorption rates. The total
amounts of loaded deuterium were for SS316LN samples were in the range of 12~16 weight ppm, while for
CuCrZr samples were less than 3.5 weight ppm. The detailed dynamics of deuterium in loading and desorption
will be presented.
Keywords:
SS316LN, CuCrZr, Deuterium desorption
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물 플라즈마 젯을 이용한 라디칼 미스트 발생장치 개발 및 살균효과
허진영1, 2, 마숙활1, 3, 김강일1, 최은하2, 홍용철*1, 4
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Abstract:
중국의 산업화로 인해 발생되는 대기오염 및 미세먼지의 유입으로
인한 아토피 피부염, 알레르기성 비염, 다양한 호흡기 질환의 발생의
빈도가 높아지고 있는 추세이다. 또한, 근래에 들어 가습에 사용되는
소독제의 부작용으로 인한 피해사례가 급증하고 있다. 따라서, 공기
중 병원균(Airborne pathogens)을 친환경적으로 제거하며 안전한
가습효과가 요구되고 있는 추세이다. 본 연구에서 제안하는 시스템
은 물을 이용하여 플라즈마 젯를 발생시켜 활성 라디칼이 함유 된 미
스트를 발생시키는 시스템이다. 기존 플라즈마를 이용한 공기 정화
장치는 gas discharge 사용하여 플라즈마를 발생시키므로 오존 및
NOx 등 인체에 유해한 물질들이 발생되는 문제점이 있다. 하지만,
본 연구에서는 물을 사용하여 플라즈마를 발생시키므로 활성 라디칼
들이 포함된 물을 미스트 형태로 분사하여 인체에 무해하며, 대기 중
병원균 살균 및 안전한 가습효과가 가능한 장점이 있다. 액체 플라즈마 젯 분사장치는 진동수가 60 Hz인 전원 공
급 장치, 모세관 전극(Capillary Electrode) 그리고 플라즈마 노즐로 이루어져 있으며 주입되는 물의 유량은 80
cc/min으로 일정하게 주입되어 플라즈마를 발생시킨다. 장치의 특성을 분석하기 위하여, 오실로스코프로를 이용
하여 전압 및 전류의 파형을 측정하였고 적정법을 이용하여 생성되는 활성 라디칼들의 농도를 측정하였다. 또한
살균 능력을 평가하기 위하여 병원균 중 대표적으로 대장균을 배양하여 살균 실험을 수행하였으며, 결과적으로
99% 이상의 대장균이 사멸하는 것을 확인하였다. 본 연구는 2016년도 농림수산식품기술기획평가원 농생명산업
기술개발사업(115087-02-HD030)의 지원을 받아 수행된 연구이다.
Keywords:
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홀 추력기 플라즈마의 자기장 구조에 따른 추력 및 빔 특성 연구
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Abstract:
이온빔 소스는 산업 공정 및 우주임무 수행 등에 활용되며, 특히 홀 방식 플라즈마 엔진은 인공위성의 궤도유지 및
자세제어 등의 우주선의 심우주 활용에 있어 필수적인 핵심 우주부품이다. 홀 추력기 연구개발의 가장 중요한 성능
중 하나는 장시간 운전성 확보 및 방전효율의 향상이다. 최근 고리형 홀 추력기에서 방전영역 내부의 플라즈마와 유
전체 벽 간의 충돌을 줄임으로써 전극손상 및 전자온도 손실을 감소시키기 위한 연구가 활발히 진행되고 있으며, 특
히 전자석 코일을 활용해 방전채널 벽면과 평행한 방향의 자기장을 형성하여 플라즈마와 유전체 벽 간의 상호작용
을 감소시키는 자기차폐(magnetic shielding) 연구들이 소개되고 있다. 본 연구에서는 자기차폐 개념이 적용된 고리
형 홀추력기의 방전 및 추력 발생 특성을 연구하였다. 자기장 구조 제어를 통해 유전체 벽과 플라즈마 간 상호작용
을 감소시킨 결과, 500 V 수준의 방전전압에서도 유전체 벽에서의 이차전자 발생에 의한 방전전류의 급격한 증가
없이 안정적인 방전이 가능하였으며, 이러한 방전 형태는 기존의 자기차폐 개념이 적용되지 않은 일반 고리형 홀 추
력기에서 구현하기 어려운 방전 상태이다. 추력기의 자기장 구조 최적화 조건에서 제논가스 방전을 통해 얻은 최대
추력은 22±1 mN, 비추력 2200±70 s, 양극효율 51±2 %로 매우 우수한 성능을 보여 주었다.
Keywords:
홀 추력기, 자기차폐, 추력, 이차전자
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대기압 플라즈마의 화학적 분석 및 바이오필름 제거 효과
박주영, 박상후, 김기중, 최원호*
한국과학기술원 물리학과
*

wchoe@kaist.ac.kr

Abstract:
미생물이 스스로 생성한 고분자 물질에 싸이며 군집체를 형성한 바이오필름은 고체 표면에 부착되며 우리 생활 속
에 다양한 형태로 발견할 수 있다. 바이오필름은 미생물에 적합하지 않은 외부 환경으로부터 미생물 스스로 보호하
는 기능을 하며, 형성된 바이오필름은 오랜 기간 동안 생존하여 살균제나 항생제로부터 저항성을 가져 살균과정에
서 제거되지 않고 2차오염을 야기할 수 있어 식품 가공 기계 및 수도관, 의료기기 등에 형성되었을 경우 식품 오염,
상처 감염 등의 원인이 된다. 이 때문에 위생과 바이오필름의 상관관계를 인지하고 이를 제어하기 위한 연구가 여러
방법으로 진행되고 있다. 본 연구에서는 격자형식의 유전장벽방전(DBD) 형식의 플라즈마 소스를 개발하여 대기압
플라즈마에 의한 바이오필름의 효과적인 제어 가능성을 확인하고, 제어 방식의 관계를 파악하였다. 플라즈마 처리
대상의 화학적 분석을 위하여 유기물질 등을 사용해 플라즈마 처리수 내 화학물질 분석 시스템을 구축하여 이를 기
반으로 플라즈마로 생성된 HNO2, NO2-, H2O2 등의 화학종이 가지는 바이오필름 제어 관계를 살펴보았으며, 화
학적 방법인 제어효과와 비교하여 플라즈마의 바이오필름 제어 특성에 대해 살펴보았다. 본 발표에서 플라즈마의
바이오필름 제어효과에 대한 분석에 대해 더 자세한 결과가 발표될 예정이다. 이 논문은 2016년도 정부 출연 재원
으로 국가핵융합연구소 주요사업 중 ‘미래선도 플라즈마-농식품 선도기술(Plasma Farming)개발’ 관련 사업에서
지원을 받아 수행된 연구임
Keywords:
대기압 플라즈마, 활성종, 바이오필름
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헬륨 대기압 유전체 격벽 방전기 내의 음극 강하 영역 전기장 분포 해석
(Analysis of Electric Field Distribution in Cathode Fall Region of
Helium Atmospheric Pressure Dielectric Barrier Discharge)
배병준, 김곤호*
서울대학교 에너지시스템공학부
*

ghkim@snu.ac.kr

Abstract:
대기압 유전체 격벽 방전기는 오존 발생기로부터 라디칼 발생기 등 다양한 응용 플라즈마 장치로서 주목을 받고 있
다. 대부분의 플라즈마 반응은 플라즈마 내 전자에 의해 이루어지므로 전자에 관한 정보, 즉 전자 밀도, 온도의 정보
를 아는 것이 중요하다. 따라서 대기압 유전체 격벽 방전에서의 플라즈마 특성, 특히 음극 강하 영역에서의 전기장
분포를 통해 플라즈마 특성을 해석하였다. 음극 강하 영역은 음극 부근의 큰 전압 강하가 있는 높은 전기장 영역이
며 음극 표면에서 최대값을 갖고 음극 강하 영역에 걸쳐 선형적으로 감소하는 전기장 분포를 가진다. 본 연구에서는
실험적으로 얻은 전기장 분포 데이터로부터 대기압에서의 헬륨 중성 입자와의 충돌을 고려한 전기장 내 전자의 운
동 방정식을 통해 음극 강하 영역에서의 전자 거동을 살펴 보았다. 플라즈마 내 전자의 움직임은 전류로 나타나므로
유전체 격벽 시스템의 회로 모델을 통해 측정한 인가 전압 및 전류 신호로부터 유전체 표면 전하 밀도를 계산하였고
이를 통해 음극 강하 영역의 전자 밀도 분포를 추정하였다. 플라즈마 방전은 전극 간 간격 4mm에 대기압 헬륨
(N50, 99.999%) 가스를 사용하였으며 주파수는 20kHz, 인가 전압은 실효값 3.0~4.5kV 영역에 대해 수행되었다.
전기장 분포는 헬륨의 두 스펙트럼 667.8 nm(He I 21P-31D), 728.1 nm(He I 21P-31S)의 선 방출 세기 비교를 통
해 얻었다. 방전은 가장 밝은 빛을 내는 부분인 음극 강하 영역 경계에서 주로 이온화가 일어나는 α 모드 글로우 방
전이다. α 모드 글로우 방전에서 벌크 플라즈마 영역은 빛을 약하게 방출하므로 방출 빛 세기 비교법을 통한 전기
장 진단이 불가능하였다. 음극 표면의 전기장 세기는 인가 전압이 3.0kV에서 4.5kV로 증가함에 따라 21kV/cm에
서 39kV/cm로 약 1.8배 증가하며 전자 밀도는 음극 강하 영역에 걸쳐 약 109~1011cm-3영역에서 1.6배의 감소하는
경향을 보이는데 이는 방전이 인가 전압 대비 방전 전류 값의 큰 변화가 없는 비정상 글로우 방전이므로 인가 전압
이 증가함에 따른 전자 속도 증가는 전류의 공간 연속성에 따라 전자 밀도가 감소로 이어지기 때문이다. 이와 같이
인가 전압 증가는 음극 강하 영역에서의 전기장을 강하게 만들어 전자 및 이온을 큰 속도로 가속시키고 가속된 이온
에 의해 플라즈마 응용 대상이 되는 표면으로 큰 에너지가 전달되도록 만드는데 이는 플라즈마 처리된 작물 종자의
생장 결과를 통해 알 수 있으며 인가 전압이 증가함에 따라 유묘 생장 길이가 최대 35% 감소하는 결과를 보았다. ※
이 연구는 2015년도 정부 출연 재원으로 국가핵융합연구소 주요사업 중 ‘미래선도 플라즈마-농식품 선도기술
(Plasma Farming)개발‘ 관련 사업과 BK21 Plus 과제(21A20130012821)에서 지원을 받아 수행되었다.
Keywords:
유전체격벽방전, 음극강하영역, 전기장, 농작물플라즈마

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-pl.042

홀 플라즈마 추력기용 할로우 캐소드의 설계 연구
김준범1, 김호락1, 이승훈1, 2, 임유봉1, 최원호*1
1

한국과학기술원 물리학과, 2경상남도 창원시 성산구 창원대로 797 재료연구소
*

wchoe@kaist.ac.kr

Abstract:
홀 플라즈마 추력기는 추력 발생을 위해 수백 eV급으로 가속된 양이온을 방출하며, 이때 양이온 방출에 따라 발사
체가 전기적으로 음성이 되기 때문에, 방출된 양이온과 같은 전하량의 전자를 방출해 전기적 평형을 유지해야 한다.
전자 방출 장치로는 할로우 캐소드가 널리 사용되는데 그 원리는 필라멘트 가열에 의해 발생한 열전자를 음극 및 양
극 간 전기장을 이용해 외부로 방출하는 것이다. 본 연구실에서는 소형 또는 마이크로 홀 플라즈마 추력기에 활용을
위한 할로우 캐소드의 개발을 목표로 방전 거동 분석을 통한 할로우 캐소드 기술의 자립화를 시도하고 있다. 본 연
구에서는 할로우 캐소드의 개발에 선행하여, 필라멘트의 가열에 의한 캐소드 내부 온도 분포를 계산하였다. 캐소드
의 방전이 시작되기 위해서는 내부의 온도가 일정 이상 올라가 열전자가 방출되어야 하는데, 외부 조건에 따른 적정
온도값을 찾기 위해 가해준 전류와 전압에 따른 온도 변화를 시뮬레이션을 통해 알아보았다. 본 발표에서는 시뮬레
이션의 결과에 대해 논할 예정이며, 향후 연구에 이를 반영해 할로우 캐소드를 설계하려 한다.
Keywords:
플라즈마, 홀 추력기, 캐소드
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915/2450 MHz 대역 고출력 워터로드 설계 및 rf 실험 결과
김해진*1, 선상원1, 위현호1, 박수연1, 김재남2
1

국가핵융합연구소, 2케이알에프
*

haejin@nfri.re.kr

Abstract:
고출력 워터로드는 고출력의 RF 및 마이크로파 발생 장치에서 많이 사용되는 부품이며 전송선로의 종단에 위치하
여 전송된 출력을 흡수하거나 종단에서 반사되어 되돌아오는 rf 파워를 흡수하는데 사용한다. 본 논문에서는 낮은
유전체 손실을 갖는 cone 형태의 quartz를 직각 도파관의 수직으로 위치하여 고출력의 rf를 흡수할 수 있는
915/2450 MHz 대역의 고출력 워터로드를 설계, 제작, 측정하였다. 3차원 전자기파 해석툴인 HFSS를 이용하여
915/2450 MHz 대역의 고출력 워터로드를 설계하였으며, 각각 Quartz의 두께가 6mm이고 기본적인 동작모드의
전송을 위해서 WR 975/WR340 직각 도파관을 이용하여 제작하였다. 915/2450 MHz 워터로드의 핸들링 파워는
각각 10kW/30kW 이다. 본 연구에서는 고출력 워터로드의 냉각 효율을 높이기 위해 ANSYS CFX 시뮬레이션을
통해 열 해석과 냉각수 입/출구의 위치에 따른 유속의 최적화를 분석하였다. 또한 제작된 두 개의 고출력 워터로드
의 반사계수 특성을 벡터분석기를 이용하여 측정하였다. 915MHz/2450 MHz 워터로드의 측정된 결과가 시뮬레이
션 결과와 비슷함을 확인하였다. 감사의 글 본 연구는 산업통상자원부와 한국산업기술진흥원의 "R&D재발견프로
젝트"의 지원을 받아 수행된 연구결과임 (N0001534, 2015)
Keywords:
고출력 워터로드, 유전체 손실, 열 해석, 반사계수
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Atmospheric pressure plasma source design and polymer synthesis
YU In-Keun*, EOM Sangheum, YOON Sungyoung
Plasma Technology Research Center, National Fusion Research Institute
*

ikyu@nfri.re.kr

Abstract:
We have designed atmospheric AC plasma apparatus suitable for the synthesis of polymers by analyzing the
data obtained from a number of experiments. It showed the specifications and schematic diagram of the
atmospheric pressure AC plasma device in Table 1 and Figure 1. By using this apparatus to synthesize a methyl
methacrylate (C5H8O2) polymer. The synthesized polymer was analyzed by Fourier transform infrared
spectroscopy (FTIR), Atomic Force Microscope (AFM), such as X-ray diffraction (XRD). FTIR analysis of the
results confirmed the peak, such as O-C, C-H, C=O. And each binding energy of XRD observations C1s and
O1s was consistent with the results presented in reference [1]. As a result of observing a sample with AFM, it
was possible to confirm the polymeric coating layer. We measured the temperature dependence in order to
observe a correlation between the temperature and the polymer coating. Temperature was measured in the
region of from room temperature to near the melting temperature of poly methyl methacrylate (PMMA).
Table 1. Characteristics of the plasma generator Dimensions 250x380x400 mm3 (WDM) Input Power Single220V, 50-60Hz Type AC Plasma, 30-40kHz Plasma Power 100-150 W, variable Using Gases Air, N2, Ar,
He... Inlet Gas Min. 10L, Max. 20L
Fig. 1. Schematic diagram of the experimental apparatus
[1] Beamson G. and Briggs D., “The XPS of Polymers Database”Surface Spectra Ltd(2000).
Keywords:
AtmosphericPlasma, Polymer, Synthesis, PMMA
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고출력 청색 레이저 다이오드를 이용한 비정질 실리콘의 결정화 연구
최영환, 류근환, 류한열*
인하대학교 물리학과
*

hanryu@inha.ac.kr

Abstract:
비정질 실리콘을 어닐링하여 다결정 실리콘으로 변환시키는 기술은 디스플레이와 반도체에 있어서 매우 중요한 공
정이다. 기존에는 레이저를 이용한 비정질 실리콘 결정화에 주로 엑시머 레이저를 이용하였는데, 레이저가 고가이
고 불안정하며 우수한 결정질 실리콘을 얻기 위한 공정 조건이 까다롭다는 문제점이 있었다. 본 연구에서는 고출력
청색 반도체 레이저 다이오드를 이용하여 비정질 실리콘의 결정화를 시도한 연구결과를 보고한다. 최근 수 W급의
청색 레이저 다이오드가 출시되고 있는데, 이는 비정질 실리콘의 레이저 어닐링에 충분한 출력이다. 또한 레이저 다
이오드는 가격이 저렴하고 설치가 간편하며 출력이 안정적인 장점도 갖고 있다. 본 연구에서는 청색 레이저 다이오
드를 이용한 비정질 실리콘의 어닐링을 위한 장비를 구축하고, 비정질 실리콘에 1.5 W 출력의 450-nm 청색 레이
저 다이오드를 조사하여 결정화를 시도하였다. 광학 현미경과 전자 현미경 측정을 통하여 grain이 형성된 것을 관찰
할 수 있어서 청색 레이저를 이용한 비정질 실리콘의 결정화 공정 적용 가능성을 확인하였다.
Keywords:
청색 레이저, 비정질 실리콘, 결정화, 어닐링
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태양전지용 실리콘 웨이퍼의 결정성, 두께 및 강도 특성 평가
최민혁1, 2, 정인영1, 전현구1, 2, 김종안1, 홍성구1, 김창수*1
1

한국표준과학연구원, 2충남대학교
*

kimcs@kriss.re.kr

Abstract:
태양전지용 단결정 실리콘 웨이퍼는 실리콘 잉곳이 절단(slicing)공정을 통해 웨이퍼의 형태를 갖는다. 이때 절단과
정에 의해 웨이퍼(wafer) 표면에 손상(damage)이 가해지게 되고, 웨이퍼의 절단공정의 특징에 따라 saw mark 및
표면 상태가 다르게 나타난다. 시각적으로 나타나는 서로 다른 절단 공정의 특성이 결정성, 두께 및 강도에 주는 영
향을 확인 하였다. 본 실험에서는 서로 다른 공정을 거친 태양전지용 실리콘 웨이퍼 시료 두 가지를 준비하여 각 특
성 평가를 진행하였다. 웨이퍼의 결정성을 평가할 수 있는 고분해능 XRD(X-ray Diffractometry)를 이용한 로킹
커브(rocking curve)의 측정과 잔류응력 분석을 위한 격자상수 정밀 측정을 시행하였다. 그리고 광학식 두께 측정기
를 이용하여 두께를 분석 하였으며, 피에조 구동기와 로드셀을 이용하여 굽힘 시험 시스템을 구축하여 굽힘 강도 시
험을 진행하였다. 같은 시편에서 비교분석을 진행하기 위해, 첫 번째로 두께 측정을 시행하였으며 결정성 분석, 격
자상수 측정, 굽힘 강도 시험 순으로 진행하였다. 결과적으로 결정성 및 잔류응력의 경우 시편에 관계없이 오차범위
내에서 일정한 값을 지닌다. 그리고 파단하중의 경우 두껍게 가공된 시료에서 더 크게 나타났으며, 파단 강도로 나
타낸 경우 오차범위 내에서 일정한 값을 확인하였다. 마지막으로 두께의 경우 시료의 sawing 방향으로 두꺼워지는
경향이 나타났으며, 두께 편차의 경우 각 웨이퍼에서는 비슷하게 나타났으나 두 가지 공정 중에 두껍게 가공된 웨이
퍼 공정에서 두께 편차가 작은 것을 확인 하였다.
Keywords:
실리콘 웨이퍼, X-선회절, 두께, 강도
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Effect of Annealing Temperature on Deposition of GaAs on
Nanotextured Si Surface by E-beam Evaporation
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Department of Mechanical Engineering , Chonbuk National University
*

kimk@chonbuk.ac.kr

Abstract:
We have investigated characterization of deposited n-type GaAs
on nanotextured Si samples wafers at various annealing
temperatures by FESEM and Raman. In the experiment, 180 μm
thick p-type Si single crystalline wafers were used. N-GaAs (Sidoped) was deposited on the nanotextured Si at 2.8 kV and 20
mA for 20 minutes by e-beam evaporator. Each sample was
annealed at 150, 250,350, 450 and 550 ºC as shown in Fig. (a-f). The structural properties were
characterized by FESEM, XRD and Raman measurements. It was found from the FESEM that GaAs thin
film at room temperature changed to nanoparticles with increasing annealing temperature. The thickness of
GaAs was found to be around 200 nm. Moreover, arsenic oxides were found in the as-deposited sample. The
structural properties have been investigated by FE-SEM and Raman measurements. The TO and LO modes
of GaAs are found at 265 cm-1and 286 cm-1 as shown in Fig.(g) .The result and discussions will be presented
in more details.
Keywords:
Nanotexturing, Arsenic oxide, GaAs, E-beam Evaporator
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Circular photon drag effect in bulk GaAs probed by terahertz emission
spectroscopy
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Abstract:
Controlling of spin current or spin-polarized charge current in semiconductors is a key step for development
and application of spintronic devices. In particular, GaAs has been attracting a great attention due to the spin
Hall effect as observed by several techniques, such as magneto-optics, electrical measurements, and so on. In
this presentation, we report the photocurrent-driven terahertz (THz) emission from the GaAs bulk crystal.
Whereas the amplitude and phase of emitted THz waves exhibit strong dependences on the sample azimuth,
polarization states and incidence angle of input laser pulses, we observed notable light-helicity-dependent
phase changes of THz waves. Considering that the emitted THz wave is directly connected to the transient
photocurrent, we attribute this behavior to the transfer of both the linear and the angular momenta of photon
to photo-excited carriers, namely circular photon drag effect.
Keywords:
GaAs, photon drag effect, circular photon drag effect, terahertz
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Temperature-dependent carrier dynamics in lightly-doped InAs
investigated by terahertz time-domain spectroscopy
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Abstract:
We investigated the carrier dynamics of lightly doped n-type InAs crystal using terahertz time-domain
spectroscopy which employs a recently developed reflection-type sample platform. We obtained optical
constants in a THz spectral region reliably by varying temperature from 10 K to 420 K, and could monitor the
temperature-dependent variations of free carrier responses. Based on the simple and extended Drude model
analyses, we estimated the free carrier density and scattering rate, and found their good agreements with the
corresponding results obtained from the DC transport measurements. In particular, we found the strong
temperature-dependent change of the scattering rate, and will discuss the contributions of individual scattering
sources of charged impurity, acoustic and/or optical phonons, and charge carriers, to the charge transport at
different temperature ranges.
Keywords:
Terahertz, InAs, scattering, Drude
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AlGaN/InGaN 초격자 양자장벽 두께 비율에 따른 양자우물 내 압전
전기장 변화 연구
황지원1, 오의영1, 박병권1, 김문덕*1, 김송강2
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Abstract:
Ⅲ-Nitride 기반 소자에서 발생되는 압전 전기장은 소자 특성에 큰 영향을 미친다. 압전 전기장은 방출파의 적색편
이를 일으키고, 빛이 나오기 위한 전자와 양공의 파동함수 겹침 확률을 낮게 하여 Ⅲ-nitride 광소자의 내부양자효
율을 감소시킨다. 따라서 GaN 광소자의 효율을 증가시키기 위해서는 내부 압전 전기장의 감소가 중요하다. 압전
전기장 감소를 위해 다양한 연구가(m-, r-plane non-polar GaN 성장, InGaN/InGaN QWs, InGaN/AlInGaN
QWs 등) 진행되고 있다. 본 연구에서는 내부 압전 전기장을 감소시키는 다양한 방법 중, 직접적인 성장이 어려운
AlInGaN 4 종 화합물을 대체할 구조로써 AlGaN/InGaN 초격자 양자장벽을 이용하였으며, 초격자 구조의 두께 비
율에 따른 양자우물 내 압전 전기장 변화를 photoluminescence (PL)와 photocurrent (PC)를 이용하여 연구하였다.
초격자 양자장벽 구조에서 Al의 조성비는 6.5 %와 In의 조성비는 13 % 로 고정시키고, AlGaN에 대한 InGaN 두
께 비율은 0.68 ~ 0.75로 변화시킨 시료를 이용하여 분석하였다. PC 측정으로부터 AlGaN에 대한 InGaN의 비율
이 0.75에서 0.68로 감소함에 따라 양자우물 내 압전 전기장이 감소하는 것을 확인하였고, PL 측정으로부터 방출에
너지의 청색편이 현상을 관측하였다. 이러한 결과를 통하여 AlGaN/InGaN 초격자 양자장벽 구조가 직접적으로 성
장하기 어려운 AlInGaN 4종 화합물의 역할을 할 수 있음을 확인하였다.
Keywords:
III-Nitride, 초격자, 압전 전기장, Photoluminescence, Photocurrent

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-se.007*

Fe 도핑에 따른 GaN 박막 내 누설전류 연구
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Abstract:
AlGaN/GaN HEMT는 포화 전류와 열 전도율이 높고 이동도가 빠르기 때문에 차세대 고전력, 초극단파 시스템의
핵심소자로 연구되고 있다. 특히 낮은 임피던스와 높은 동작 속도 및 breakdown 전압은 고효율 전력 전환에서 핵
심적인 요소이다. 하지만, 일반적으로 GaN 버퍼층 성장 시 발생되는 결함 및 의도하지 않은 불순물
(unintensionally doped; UID) 에 의해 전도성 버퍼층이 형성 된다. 전도성 버퍼층은 수직 누설전류 증가와
2-dimension electron gas 밀도 감소 원인이 되므로 철과 탄소 등을 도핑하여 고저항 GaN 완충층 형성에 관한 연
구를 하고 있다. 철 도핑은 HEMT소자에서 낮은 누설전류 및 고저항 GaN 완충층 성장을 위해 널리 사용됨에도 불
구하고 철에 의한 완충층의 결함 분석 연구는 아직 부족한 상태이다. 따라서 본 실험은 철 도핑에 따른 GaN 박막
내 전기적 특성 변화를 전류-전압 측정과 thermally stimulated current (TSC) 법을 이용하여 분석하였다. 전류-전
압 측정시 UID-GaN은 -43 V에서 breakdown이 발생 하였지만, 철을 도핑한 GaN의 경우 100 V 까지
breakdown이 일어나지 않았고, 이 때의 누설 전류는 임을 확인하였다. TSC 측정시 UID GaN에서 관측된 결함준
위는 철 도핑된 GaN에서는 관측되지 않았다. 이러한 결과를 통하여 철이 도핑되었을 때 GaN 박막 내 결함과 누설
전류와의 관계를 분석하였다.
Keywords:
III-V semiconductors, Doping, Electric measurements, Activation energies
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Tin oxide 촉매를 이용해 성장된 CdS 나노선의 결정구조 및 광학적 특
성분석
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Abstract:
금(gold) 나노입자는 기상-액상-고상(vapor-liquid-solid) 메커니즘에 의한 나노선 성장에서 널리 사용되는 촉매
이다. 그러나 금은 나노선에 깊은 준위를 형성하므로 이를 대체할 새로운 촉매가 널리 탐색되고 있다. 하나의 가능
성으로 저온의 융점을 가진 주석(Sn)이 나노선 성장에 있어 촉매의 역할을 한다는 연구가 수행된 바가 있다. 이
에 직경 10-20 nm의 Tin oxide 콜로이드 입자를 SiO2 기판 위에 코팅 후 물리기상전달법으로 CdS 나노선이 성장
되었다. 전계방출주사전자현미경(FESEM), 투과전자현미경(TEM), X선 회절(XRD)을 이용해 결정학적 구조와 성
장원리를 분석하였고, micro-PL을 이용해 광학적 특성을 분석한다. II-VI 화합물 반도체 물질에서 나타나는
Zincblende와 Wurtzite 구조의 polytypism 현상을 분석한다. This research was supported by the Basic Science
Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science, and Technology (2015R1D1A3A01015615).
Keywords:
나노선, CdS, Polytypism, VLS, VSS, nanowire, Sn, SnO2, Tin oxide, II-VI compound semiconductor
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Bismuth를 촉매로 한 ZnTe 나노선의 광학적 특성 연구
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Abstract:
금(gold) 나노입자는 기상-액상-고상 (vapor-liquid-solid) 기구에 의한 나노선 성장에서 널리 사용되는 촉매이다.
그러나 금은 나노선에 깊은 준위를 형성하므로 이를 대체할 새로운 촉매가 널리 탐색되고 있다. 하나의 가능성으로
저온의 융점을 가진 Bi를 촉매로 사용하였고, 물리기상전달법으로 ZnTe 나노선을 성장하였다. 직접천이형 반도체
물질인 ZnTe는 녹색 발광을 하므로 광학소자로 많이 이용된다. 성장 과정 중에 산소가 유입되어 만들어진 중간 밴
드갭이 형성되어 더 낮은 에너지로도 전자를 여기시킬 수 있기 때문에 고효율 태양전지로의 응용가능성이 보고된
바 있다. 본 연구에서는 투과전자현미경(TEM)을 이용해 산소에 의해 도핑된 ZnTe 나노선의 결정구조를 파악하
고, micro-PL 장치를 이용해 단일 ZnTe 나노선의 성장방향과 레이저 파워에 따른 PL 파장의 천이현상을 mapping
통해 분석하였다. This research was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(2015R1D1A3A01015615).
Keywords:
나노선, nanowire, ZnTe, Bi, Bismuth, PL, micro-PL, VLS

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-se.010

Electrical properties of n-ZnO/p-Si heterojunction photovoltaic
devices with AlOx barrier layer
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Abstract:
ZnO semiconductor material has been widely utilized in semiconductor device technology because of its
electrical and optical properties. This is a promising as solar cell material, owing to its low cost, n-type
conductivity and wide direct band gap. In this work, the n-ZnO/p-Si heterojunction diodes with AlOx thin
barrier layer were fabricated by pulsed laser deposition system and thermal evaporator. AlOx film was obtained
by post annealing of Al film in oxygen atmosphere at various annealing temperatures. ZnO layer was grown at
250oC on AlOx/p-Si by using pulsed laser deposition. Vacuum chamber was evacuated to a base pressure of
approximately 2x10-6 Torr. A pulsed (10 Hz) Nd:YAG laser operating at a wavelength of 266 nm was used to
produce a plasma plume from an ablated a ZnO target, whose density of laser energy was 10 J/cm2. Thickness
of ZnO thin films was about 200nm. Optical property was characterized by photoluminescence and
crystallinity of ZnO was analyzed by X-ray diffraction. For fabrication n-ZnO/p-Si heterojunction diodes
with oxidized Al buffer layer, indium metal and Al grid patterns were deposited on back and front side of the
solar cells by using thermal evaporator, respectively. Finally, current-voltage characteristics of the ZnO/Si
diodes with AlOx barrier layer were studied by using Keithly 2600. Under Air Mass 1.5 Global solar simulator
with an irradiation intensity of 100mW/cm2, the photovoltaic properties were analyzed.
Keywords:
ZnO, photovoltaic, pulsed laser deposition
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증착 온도에 따른 AZO 박막의 특성 분석
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Abstract:
유리 기판(Corning 7059 glass) 위에 ZnO(99.99%) 타겟과 Al(99.99%) 타겟을 co-sputtering 방법을 사용하여
AZO(aluminum zinc oxide) 박막을 증착하였다. ZnO 타겟의 RF 전력과 Al 타겟의 DC 전력은 이전 실험에서 찾
아낸 최적 조건에 맞추어 일정하게 유지하고 유리 기판의 온도를 상온에서 500oC까지 변화시켜가며 AZO 박막을
증착하였다. 증착한 AZO 박막의 특성을 분석하기 위해서 XRD, SEM, 4 point probe, spectrophotometer를 이용
하였다. AZO 박막의 XRD 결과는 측정한 모든 박막이 c-축 배향성을 가진 (002)면으로 성장하였고, 증착 온도가
증가함에 따라 450℃까지는 피크의 크기가 증가하였으나 500℃에서는 감소하는 것을 관찰할 수 있었다. 면저항도
증착 온도에 따라 급격히 감소하여 450℃에서 최소값을 나타내며 그 이후로는 증가함을 확인할 수 있었다. 유리 기
판에 대비하여 측정한 AZO 박막의 광투과율은 가시광 영역에서 평균적으로 80~90%로 나타났다.
Keywords:
co-sputtering,AZO thin film,substrate temperature
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Ⅱ-Ⅵ족 화합물 반도체인 CdMnTe 단결정의 다양한 특성
엄영호*, 신현도, 안희진, 이동찬
울산대학교 물리학과
*
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Abstract:
본 연구는 3단 전기로를 사용하여 수직 bridgeman 법으로 우수한 품질의 CdMnTe 화합물 반도체 단결정을 성장
시키고, 그 특성과 Mn 조성비에 따른 품질을 비교분석해본다. CdMnTe는 2-6 족 화합물 반도체로써, 감마선 검
출기 센서로서 잘 알려진 CdZnTe 화합물 반도체의 단점을 보완한 대체물질로 몇 가지 이점을 가진다. CdZnTe와
CdMnTe는 Zinc-blende structure를 가지고 있고 비저항이 높아 누설 전류를 감소시킬 수 있으며, 상온에서도 충
분한 band gap energy를 가진다는 점은 두 물질이 동일하다. 하지만 CdZnTe는 Zn의 무른 성질 때문에 내구성이
좋지않은 단점이 있다. 이에 반해 CdMnTe는 Mn 자체 강도가 우수하여 반영구적으로 사용가능하다는 점과 편석
계수에서 CdMnTe가 더 유리하여 결정성 또한 더 우수하다. 이러한 이점으로 본 연구에서는 Mn의 조성비에 따른
CdMnTe를 성장시키고 그 특성을 분석하고자 한다. Mn의 조성비는 Cd1-xMnxTe (x = 0, 0.05, 0.1, 0.15, 0.2)의
조성비로 결정을 성장시키고, 각 조성비에서 성장된 CdMnTe의 특성을 비교하여, 가장 우수한 품질의 조성비를 찾
는다. 특성 분석으로 X-ray diffraction 측정으로 결정의 구조와 결정성을 알아보고, I-V 특성 그래프로 비저항을
알아본다. 또한 온도에 따른 Photoluminescence 측정으로 band gap energy와 불순물 농도, 결정 상태 등의 물질의
energy state를 알아본다.
Keywords:
CdTe, CdMnTe, Single crystal
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Photocatalytic activities of oriented ZnO nanostructures by chemical
bath deposition
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*
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Abstract:
ZnO has been recognized as one of the promising materials in
many technological fields of electronics and optoelectronics. The
key characteristics of ZnO and their suitability for use in
distributed device active layers and discrete devices are heavily
dependent on nanostructure morphology, and hence they require
parameters tuning for optimal performance. In this work, we
report a chemical bath deposition approach for the preparation of large arrays of oriented ZnO
nanostructures by chemical bath deposition method, and for the precipitated ZnO nanorods by the passive
occupation of the surface chemistry of the crystals (see figure). Photoluminescence studies showed various
visible emission characteristics originate from recombination of conduction band trapped electrons and deep
trap state holes, which have relatively pronounced oxygen vacancy and oxygen interstitial contributions. In
addition, the precipitated ZnO nanorods exhibited the excellent performance in the adsorption and
photocatalytic decomposition of organic dyes, giving photodegrading 95% of Rhodamine B. Moreover,
oxygen defects function as trap sites possess strong adsorption ability towards organic dyes and shows high
performance in photocatalytic degradation of the dye molecules.
Keywords:
ZnO, Nanostructures, Chemical bath deposition, Photocatalytic activities
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Manganese-oxide 이온이 흡착된 그래핀의 상온 강자성 반도체 특성
박창수1, 손윤2, 김은규*1
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Abstract:
그래핀은 우수한 물리적 특성으로 인해 여러 분야의 연구에 유망한 원자 두께의 물질이다. 특히 상온의 우수한 자기
적 특성이 예견된 바 있어 소자에 응용하게 되면 뛰어난 전기적 특성과 함께 스핀소자를 구현할 수 있다. 그러나 밴
드갭이 없는 준금속이어서 전기적인 소자에 적용하기에는 문제가 있다. 따라서 그래핀의 밴드갭을 생성 및 조절하
는 것은 여전히 중요하다. 본 연구에서는 전기화학법을 이용하여 그래핀의 표면에 망간산화물을 흡착시켜 반도체
특성과 강자성 특성을 동시에 구현하였다. 사용된 그래핀은 라만측정 결과 단일층 그래핀으로 확인되었다. 망간산
화물 이온의 조성과 전자구조의 변화를 조사하기 위하여 XPS를 측정하였고 탄소 원자의 결합에너지에서 낮은 에너
지대로의 이동이 있음을 확인하였고 망간원자의 존재를 확인하였다. 도핑을 통한 전기적 특성변화를 온도변화에 따
른 비저항을 측정하여 알아보았다. 본 시료에서는 온도에 따른 저항의 거동으로 계산한 결과 0.23 eV의 밴드갭이
나타났다. 또한 FET 소자를 제작하여 I-Vg 특성을 조사한 결과 p-type 반도체 특성을 보였고 SQUID를 측정한 결
과 상온에서 강자성 특성을 확인하였다.
Keywords:
그래핀, 망간산화물, 강자성, 전기화학법
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Lead Sulfide 나노선의 광특성 및 광검출기 제작
김중동1, Dong Yu 2, Yiming Yang 2, 김상혁 3, 최원준 3, 박재관 3, 임주희 3, 오은순*1
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Abstract:
IV-VI족 반도체 물질은 밴드갭이 작아서 infrared detector, solar cell, 그리고 발광소자 등 의 응용에 큰 잠재력을
가진다. IV-VI 반도체 물질 중 Lead Sulfide (PbS)는 실온에서 bandgap이 0.43 eV이며 Bohr radius가 20 nm 정도
이다. Chemical Vapor Deposition (CVD) 방법으로 성장시킨 PbS 나노선은 실온에서 660 cm2/Vs의 높은 이동도
를 가지는 것으로 보고되었다. PbS 단일소자에 대한 연구가 많이 보고되고 있지만 단일소자는 e-beam
Lithography를 이용하므로 시간과 비용이 많이 소모된다. 본 연구에서는 CVD 방법으로 성장한 나노선의
Photoluminescence을 10 ~ 300 K 온도영역에서 Fourier transformed infrared (FTIR) 방식으로 측정하였다.
Photo Lithography 방법으로 interdigit 형태의 Ti 전극을 증착한 후 CVD 방법으로 성장시킨 PbS 나노선이 bridge
을 형성하여 광검출기로 작동하는 것을 확인하였다.
Keywords:
Lead Sulfide, nanowire, PbS, Photoluminescence, Photodetector, 광검출기
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Graphene-silver nanowire decorated structure as highly stable and
transparent conductive electrode for light emitting diodes
MIN Kyung Hyun1, 2, SEO Tae Hoon1, LEE Seula1, CHANDRAMOHAN S.2, PARK Ah hyun2, LEE Gun
Hee2, YEO Dong Kyu1, 2, KIM Hee su2, KIM Myung Jong1, SUH Eun-Kyung*2
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Abstract:
We demonstrate a highly reliable transparent conductive
electrode (TCE) that integrates silver nanowires (AgNWs) and
high-quality graphene as a protecting layer. Graphene with
minimized defects and large graphene domain was successfully
achieved by decoupling nucleation step from growth through a
facile two-step growth approach. Ultraviolet light emitting diodes (UV-LEDs) were fabricated using AgNWs
or hybrid electrodes where AgNWs were combined with two-step grown graphene (A-2GE) or conventional
one-step grown graphene (A-1GE). Then, the device performance and reliability of the UV-LEDs with three
different electrodes were compared. The light output power as a function of injection current for the UVLED with the three different TCEs examined in this work after one month is illustrated in Fig. 1. The light
output power of the LED with AgNWs is poor, and its light output power is not observed when the injection
current exceeds 40 mA because the device failed by larger voltage drop caused by AgNWs agglomeration and
junction breakdown under high power operation. When operated at high injection current levels, the devices
inevitably generate extreme amounts of heat, obstructing the reliability and performance of the device.
According to Fig. 1, the UV-LEDs with A-1GE and A-2GE show stable operation even after one month up
to an injection current of 100 mA investigated in our measurements, with bright light emission over the entire
emission area as evidenced from the EL image at 20 mA. This result strongly implies that both devices with
graphene have thermal stability during long-time operation. One can notice that the difference in light
output power between the devices with A-1GE and A-2GE progressively increases as the current elevates,
indicating that the A-2GE as a TCE possesses great thermal as well as long-term stability and reliability of
the device better than those of A-1GE.
Keywords:
Graphene, Silver nanowire, Light emitting diodes
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The study on optical properties of CNT sheet for the polarizing flim
application.
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*
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Abstract:
This study was conducted for polarization film application of the CNT sheet made of a multi-wall carbon
nanotubes (MWCNT) are arranged in one direction based on the phenomenon that is absorbed in the
conductive surface by the electric field of the incident light when the light in the light conductor. The CNT
sheet was extracted by van der waals forces on the MWCNT forest that is grown by thermal CVD. We
observed that each CNT has 10~15nm diameter and well aligned in one direction. Using the two CNT sheet
transferred over the Glass, we measured the light absorption and transmittance from ultraviolet to the visible
ray area(250nm~850nm) according to the orientation angle. We observed different polarization properties
depending on the number of layer of the CNT and the CNT sheet arrangement direction. In this presentation,
We will share the light absorbing and transmittance properties according to angle and the thickness of the
CNT sheet, and will discuss about applicability of the polarizing film by the CNT sheet.
Keywords:
CNT sheet, Polarizer
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Optical phonons in GaN/AlN nanostructures
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Abstract:
GaN/AlN 이종 나노와이어 구조에 대한 라만 산란 연구 결과를 보고한다. GaN 나노와이어로부터 얻어진 라만 산
란 스펙트럼으로부터 A1(TO), E2(high), A1(LO) phonon 등을 포함하여 여러 가지 optical phonon에 대한 정보를
얻었다. 특이하게도 A1(LO) phonon 아래쪽에 surface optical phonon으로 생각되는 넓은 선폭을 지니는 산란 반
응을 관측하였는데 이에 대한 자세한 실험을 통해 이 산란 반응은 surface optical phonon이 아닌 것으로 판명되었
다. GaN 나노와이어를 AlN로 둘러싼 코어-쉘 나노와이어를 성장한 결과 A1(LO) phonon 에너지 값이 GaN 나노
와이어에서의 값과 비교했을 때 약 7 cm-1 정도로 현격하게 증가함을 알 수 있었는데 이는 AlN 쉘의 형성에 따라
GaN 코어 나노와이어에 compressive stress가 가해짐을 나타낸다. GaN/AlN 코어-쉘 나노와이어 측면으로부터
AlN 나노와이어가 성장하게 되면 GaN 코어에서의 compressive stress가 풀리게 되면서 GaN A1(LO) phonon 에
너지 값이 다시 줄어들게 된다. 또한 이 경우 AlN 나노와이어와 연관된 A1(TO), E2(high) phonon 반응을 관측하였
다. 이 논문은 2014년도 정부(교육부)의 재원으로 한국연구재단의 지원을 받아 수행된 기초연구사업임 (과제번호:
2014R1A1A2057173). KIST 연구는 기관고유과제의 지원을 받아 수행되었음 (과제번호: 2E26140).
Keywords:
Raman scattering, GaN/AlN nanostructure, Optical phonon
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Temperature-dependent Raman spectroscopy of single-crystal
antimony telluride nanowires
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Abstract:
Single-crystal antimony telluride nanowires were synthesized by using a vapor-liquid-solid method in a
Chemical Vapor Deposition (CVD) furnace. Nanowires with different compositions of Sb7Te3 and Sb2Te3
were grown using two specific proportional amounts of antimony(III) telluride (Sb2Te3) powder and Tellurium
(Te) power. The composition of the nanowire was confirmed by Energy-Dispersive X-ray Spectroscopy
(EDX). The crystalline structures of nanowires were also examined by high resolution transmission electron
microscopy (HRTEM). In this work, we studied temperature-dependent Raman peak shifts of both in-plane
(E2g) and out-of-plane (A12g) phonon modes for single-crystal antimony telluride nanowires within a
temperature range of 300 – 450K. Successfully, we could obtain the temperature-dependent frequency
change in Raman peaks: i.e., increasing the temperature, the Raman peaks are shifted to red region and the
shape of peaks are broadened. The frequency changes of these phonon modes are linearly dependent on
temperature changes, which can be explained by the first-order thermal expansion coefficient of a quasiharmonic approximation. The observed phenomena in the temperature-dependent Raman data can be
applied to thermal properties in antimony telluride nanostructures.
Keywords:
Nanowire, Antimony Telluride, VLS growth, Raman spectroscopy, temperature-dependent Raman
spectroscopy
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An ARPES invsetigaion of band evolution for MoS2 with the hydrogen
treatment.
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Abstract:
차세대 반도체로 그래핀은 꿈의 소자로 많은 주목을 받아왔다. 그래핀은 매우 높은 mobility와 다양한 성질을 가지
고 있지만 band gap이 없고 작은 spin orbit coupling 때문에 MoS2 등의 layerd semiconductor가 그 대체 물질로
많은 연구가 진행되고 있다. 최근 여기에 900K 근처에서 수소처리를 통해 전자구조가 변화하는 것을 측정한 논문
들이 발표되고 있는데, 이번 연구를 통해 이와같은 수소처리를 350K의 낮은 온도에서 MoS2에 처리하여 전자구조
의 변화를 확인하였다. 데이터를 통해 K-point의 경우 큰 변화가 보이지 않았지만 Gamma-point에서 multilayer
의 MoS2 전자구조를 가지는 것을 측정하였다. 이 결과로 저온에서의 수소처리를 통해 벌크 MoS2가 8개의 층의
MoS2로 바뀌는 것을 확인하였다.
Keywords:
ARPES, transition metal dichalcogenide, MoS2, hydrogen treatment
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그래핀/실리콘 양자점 터널 다이오드에서 빛에 의한 음의 미분 저항 특
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Abstract:
공명 터널 다이오드(Resonant-Tunneling Diode)에서 큰 관심을 받고 있는 터널링 현상 중에 하나는 음의 미분 저
항(Negative Differential Resistance, NDR) 특성이다. NDR은 주파수 체배기, 발진기, 논리 스위치, 메모리 등과
같은 다양한 반도체소자에 활용된다. 그래핀에서 NDR은 실험적으로나 이론적으로 보고되고 있으나 아직까지도
명확한 원리들을 밝혀내어 실용소자에 적용하기 위해서는 더 많은 연구가 필요하다. 특히 GaAs 기반 이종접합구조
들에서 빛에 의한 NDR (light-induced NDR, LNDR)의 연구결과가 보고된 바가 있으나 그래핀 기반 구조들에서
는 관찰된 바가 없었다. 지난 20년동안 실리콘의 본질적인 결점을 극복하기 위하여 실리콘 양자점들에 대한 연구가
집중적으로 진행되어오고 있다. 최근에 본 연구팀에서는 그래핀의 독특한 물성들을 이용하여 그래핀/다층 실리콘
양자점 이종접합구조로부터 고효율의 광검출 특성을 소개한 바 있다. 본 연구에서는 처음으로 그래핀/다층 실리콘
양자점 터널 다이오드에서 발견한 LNDR 현상을 발표하고자 한다. LNDR은 실리콘 양자점의 크기뿐만 아니라 측
정온도에도 강하게 의존하며, 광전류 수명(lifetime)의 변화와도 밀접한 관련이 있다. 상온에서 빛의 세기가 증가함
에 따라서 광전류-전압 곡선은 2 개이상의 봉우리와 골을 가진다. LNDR은 그래핀/실리콘 양자점 구조에서 형성
된 미니밴드들을 가로지르는 전하 운반자의 공명 터널링과 포논에 의한 터널링에 의하여 결정되는데 이론적인 배경
을 기반으로 실험적인 결과들을 논의하고자 한다.
Keywords:
그래핀, 실리콘 양자점, 공명 터널 다이오드, 음의 미분저항,
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선택적인 DNA-DNA hybridization의 검출이 가능한 그래핀/실리콘
나노선 바이오 센서의 제작 및 특성
김종민, 김정길, 김주환, 이하승, 김성, 최석호*
경희대 응용물리학과
*

sukho@khu.ac.kr

Abstract:
최근에 반도체 나노구조에 기반을 둔 바이오 센서들이 RNA, DNA, 바이러스 등의 바이오 물질들을 검출하기 위해
서 사용되고 있다. 이전 연구들에서는, 단일 실리콘 나노선을 기본으로 한 바이오센서들이 보고된 바 있는데 높은
잡음 신호들 때문에 성능에 한계가 있었다. 본 연구에서는 그래핀/실리콘 나노선 수직 접합 바이오 센서를 제작하
여 특정한 DNA의 선택적 검출 결과를 보고한다. 바이오 센싱 특성을 분석하기 위해 먼저 Probe 용 DNA인 single
stranded (ss) oligonucleotide 용액을 그래핀/실리콘 나노선 위에 떨어뜨려 흡착시켰다. 그 다음에, 바이오 센서의
전류가 외부 바이어스에서 측정되는 동안 다양한 농도를 가지는 Target 용 DNA, ss oligonucleotide 용액을 Probe
용 DNA가 흡착되어 있는 그래핀/실리콘 나노선 바이오 센서 위에 떨어뜨려 결합시켰다. Probe 용 ssoligonucleotide는 Target 용 ss- oligonucleotide와 선택적으로 결합할 수 있는데 이것은 서로 상호보완적인
‘nucleotide’ 배열을 가지기 때문이다. 이러한 과정 동안에, p 형 실리콘 웨이퍼에서 제작된 실리콘 나노선은
Target-DNA로부터 전자를 잃게 되어 실리콘 나노선 안에 정공의 개수가 늘어나 전류가 증가하게 된다. 바이오 센
서의 전류는 Target 용 ss-oligonucleotide의 몰분율이 늘어남에 따라서 최대 120 %까지 증가하게 된다. 이러한 센
싱효율은 기존의 실리콘 나노선 기반의 센서와 비교할 때 월등히 높은 성능이다. 또한 선택적인 센싱이 매우 우수하
다는 사실은 ‘nucleotide’ 배열이 다른 dummy DNA를 사용해서 증명하였다. 본 연구에서는 전류-전압 특성뿐만
아니라 광루미네센스 분석에 의해서도 비슷한 수준의 바이오 센싱 효과를 입증하였다. 이와 같은 그래핀/실리콘 나
노선 바이오 센서의 개발은 간단하고 효율적인 DNA 진단이 가능한 실용적인 바이오 센서 소자들의 발전에 기여하
게 될 것이다.
Keywords:
그래핀, 실리콘 나노선, 수직접합 다이오드, DNA, 바이오 센서
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As 이온이 주입된 Cu 기판에 화학기상증착법으로 직접 성장하여 도핑
한 그래핀의 구조적 및 전기적 특성 연구
장찬욱1, 이대훈1, 김정현1, 강수석1, 서상우1, 김성1, 최석호*1, R. G. Elliman2
1
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*
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Abstract:
이온 주입법을 이용한 그래핀의 도핑 방법은 많은 연구가 이루어졌지만 탄소 원자 한 층으로 이루어진 그래핀의 아
주 얇은 두께로 인하여 해결해야 할 문제점들이 많다. 아주 얇은 두께를 가진 그래핀에 이온 주입하기 위해서는 아
주 낮은 이온 주입 에너지가 요구되었지만, 낮은 에너지로 이온주입을 하더라도 그래핀에 형성되는 결함은 피할 수
가 없었다. 본 실험에서는 촉매인 Cu 기판에 먼저 이온주입법을 이용하여 130 keV 의 에너지로 As 이온을 1x1011,
1x1012, 1x1013, 1x1014, 및 1x1015의 주입량으로 각각 이온주입시킨 후 화학기상증착 방법을 이용하여 직접 성장
하여 도핑된 그래핀을 제작하였다. 그래핀 전계 효과 트랜지스터를 제작하기 위해 길이가 0.1 mm, 폭이 0.2 mm로
패턴된 마스크를 이용하여 그래핀 위에 스퍼터를 이용하여 소스 및 드레인 전극으로 5 nm Cr/30 nm Au를 증착하
였다. 이렇게 만들어진 도핑된 그래핀 시료들의 구조적 및 전기적 특성을 X-선 형광분석기, 이차 이온 질량분석기,
투과 전자 현미경, 라만 분광법, 자외선-가시광선 분광법, 면저항, 및 전류-전압 측정에 의하여 분석하였다. 본 발
표에서는 위의 실험 결과들을 토대로 직접 성장한 As 이온이 도핑된 그래핀의 구조적 및 전기적 특성을 기존의 방
법과 비교하여 논의하고자 한다.
Keywords:
그래핀, 이온주입, 도핑, As,
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Optical and electrical Properties of Amorphous and Crystalline ZnSnO
Alloys and Zn2SnO4 Thin Films: Annealing effect on subgap states
KO KunHee, SO HyeonSeob, JUNG DaeHo, HWANG SangBin, PARK JunWoo, LEE HoSun*
Department of Applied Physics, Kyung Hee University, Yong-In, Korea
*
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Abstract:
We investigated the optical and electrical properties of amorphous and crystalline zinc tin oxide (ZTO) thin
films grown on SiO2/Si substrates with varying compositions via a co-sputtering deposition method at room
temperature. The co-sputtering targets consist of SnO2 and ZnO. By varying the relative power ratio of the
two targets, we controlled the Sn and Zn composition of the resulting ZTO thin films. Using a 600 °C
annealing process, the as-grown amorphous ZTO films were transformed into crystalline ZTO films. We
determined the dielectric functions, absorption coefficients, and optical gap energies of ZTO thin films with
varying compositions. Using Hall effect measurements, we measured the carrier concentrations and electron
mobilities with varying compositions. Subgap states at 1.6 eV (A) and 2.8 eV(B) of amorphous ZnSnO alloys
and Zn2SnO4 films were found in the imaginary part of the dielectric function spectra. The subgap state
intensities were reduced via a nitrogen gas annealing. A mixture of N2 and O2 gas was also tested; however, no
variation in subgap state intensities was found. Annealing results with a mixture of N2 and H2 gas will be
discussed.
Keywords:
ZTO. Zn2SnO4.Subgap States.
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Study of Metal-insulator Transitions of low-temperature-grown VO2
thin films on TiO2-buffered SiO2/Si substrates using RF magnetron
sputtering deposition
정대호, 소현섭, 고건희, 이호선*
경희대학교 물리학과
*
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Abstract:
Vanadium dioxide (VO2) has been studied most intensively owing to its near-room-temperature phase
transition as well as its high phase stability. VO2 thin films with ~100 nm in thickness were grown on
TiO2-buffered SiO2/Si substrates under identical conditions by RF magnetron sputtering deposition using a
VO2 target. The sputtering pressure was set at 6 mTorr with 10 sccm flow of Ar gas. VO2 thin films on
TiO2-buffered SiO2/Si substrates were grown at 250℃. After sputtering deposition, all samples were annealed
with 1 sccm of O2 flow for 1hr. The structural and morphological properties of all samples were studied by
X-ray diffraction (XRD), scanning electron microscopy (SEM), and Raman spectroscopy. We measured the
sheet resistance as a function of temperature. We discussed the stress dependence of the thermal hysteresis of
the sheet resistivity of the VO2 thin films which were grown on TiO2-buffered SiO2/Si substrates. Low
temperature growth of VO2 on flexible plastic substrates will be presented and discussed for flexible smart
window applications.
Keywords:
Vanadium dioxide (VO2) , TiO2-buffer layer, RF magnetron sputtering , X-ray diffraction (XRD), Raman
spectroscopy, low-temperature-grown
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Thin film transistors with zinc tin oxide channel layer deposited by ultra
high vacuum RF magnetron sputtering
HONG Seunghwan, OH Gyujin, KIM Eun Kyu*
Department of Physics Hanyang University
*
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Abstract:
Oxide semiconductors have been a subject of significant recent interest, as candidate materials for the
advanced thin-film transistor (TFT). Large amounts of research have been studied on aluminum-doped zinc
oxide, gallium-doped zinc oxide, and indium-doped zinc oxide films. In previous study, a tin-doped zinc
oxide (ZTO) film deposited on sapphire substrates by ultra high vacuum (UHV) radio frequency (RF)
magnetron sputtering system showed a transmittance more than 85% in the visible light region and optical
band gap ranging from 3.72 eV to 3.79 eV. In this work, we tried to fabricate a high mobility and transparent
TFTs with ZTO channel layer. ZTO thin films were deposited at room temperature on SiO2 (90-nmthickness)/Si and sapphire substrates, respectively, by using UHV RF magnetron co-sputtering method.
Deposition of ZTO thin films was done at a base pressure of 5.33x10-8 Pa and a working pressure of
2.66x10-1 Pa. The power of zinc oxide (ZnO) target was fixed at 70 W and tin oxide (SnO2) target power was
varied from 15 W to 55 W. After the deposition, ZTO thin films were annealed at 300 °C, 450 °C and 600
°C, respectively. Optical properties of ZTO thin films were observed by ultraviolet and visible
spectrophotometer and their electrical properties were analyzed by Hall measurement and current-voltage
measurement.
Keywords:
oxide TFT, zinc tin oxide, ZTO
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Investigation of the characteristics of AlGaN/GaN heterostructure
implanted by nitrogen ions
KIM Dong-Seok*1, KANG Jong Hyun1, KIM Kye-Ryung1, LEE Jung-Hee2
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Abstract:
AlGaN/GaN heterostructure-based devices (HFETs : heterostructure field-effect transistors) are attractive for
high frequency and high temperature applications due to its superior properties, such as wide band-gap
energy, high electron saturation velocity, and high 2-dimensional electron gas (2DEG). Mesa etching method
is usually used to fabricate planar HFETs for the isolation between devices. However, this method is based on
plasma etching, which can cause the increase of leakage current of device due to plasma etching damage. The
device isolation based on ion implantation is reported as an alternative method to prevent the increase of
leakage current. Therefor, in this paper, the electrical and crystalline properties of AlGaN/GaN heterostructure
implanted by nitrogen ions are investigated to apply the device isolation by nitrogen implantation in the
fabrication of HFETs. AlGaN/GaN heterostructure implanted by nitrogen ions has high resistance as 1010 Ω,
which is enough for device isolation. This high resistance is expected to the crystalline damage of AlGaN
and/or GaN layer caused by ion implantation, confirmed by XRD. We will fabricate HFETs using nitrogen
implantation and confirm the characteristics of devices in future work.
Keywords:
GaN, nitrogen, implantation
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P-type Ba1-xNaxSnO3 thin film system
SHIN Sangwon, KWON Hyukwoo, CHAR Kookrin*
Institue of Applied Physics, Department of Physics and Astronomy, Seoul National University
*
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Abstract:
P-type doping in many oxide materials has been a difficult task because of oxygen vacancies which act like
n-type dopants and negate hole carriers. Our group reported that BaSnO3 (BSO) has high oxygen-stability
even at high temperatures (~750 C), thus BSO has a potential to be doped in p-type as well as n-type. We
chose Na as an A-site dopant of BSO among possible candidates. Ba1-xNaxSnO3 (BNSO) films were
epitaxially grown by the pulsed laser deposition technique. From the X-ray diffraction, we confirmed that
BNSO films are of a single phase and the lattice constant of BNSO depends on the Na doping rate.
Transmission electron microscopy images verified that the Na impurity atoms replaced Ba atoms properly.
Atomic force microscopy and scanning electron microscopy images of BNSO films show that there is no Na
segregation on the surface. Due to the high resistance at the room temperature, we measured the transport
properties of the BNSO film system at higher temperatures. In a 5 kG magnetic field, Hall resistance
measurement revealed that the films have the p-type carriers. The hole concentration increased from 1015/cm3
to 1017/cm3 as the temperature increased from 300 C to 400 C, while the hole mobility decreased from 80
cm2/V·s to 20 cm2/V·s.
Keywords:
oxide semiconductor, BaSnO3, p-type
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반응성 DC 마그네트론 스퍼터로 제작된 주석 산화물 박막의 특성에 관
한 연구
이하훈, 김영모, 문효식, 차국린*
서울대학교 물리천문학부
*

kchar@phya.snu.ac.kr

Abstract:
DC 마그네트론 스퍼터링 방법을 사용하여 주석 산화물 박막을 제작하였다. 주석 타겟을 이용해 주석 산화물 박막
을 제작하기 위하여 아르곤과 산소가 혼합된 환경에서 반응성 스퍼터링을 진행하였다. 다양한 산화물 박막을 얻기
위해 일정한 압력에서 아르곤과 산소의 조성비를 바꾸어 가면서 제작하였고 또 일정한 아르곤과 산소의 조성비에서
총 압력을 바꾸어 가면서 제작하였다. 이 박막에 van der pauw 방법을 이용한 홀 측정을 진행하여 스퍼터링 환경이
박막의 이동도, 운반자 농도, 비저항 등 전기적 특성에 미치는 영향을 연구하였다. 또한 XRD를 통하여 주석 산화
물의 결정구조와 전기적 특성의 상관 관계를 보고할 예정이다.
Keywords:
마그네트론 스퍼터링, 반응성 스퍼터링, 주석 산화물 박막, 산화물 반도체
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DNA-base small molecules as charge injection layer and channel
passivation in organic heptazole field effect transistors
LIM June Yeong, KIM Jin Sung, YU Sanghyuck, IM Seongil*
Department of Physics Yonsei University
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Abstract:
We adopted DNA-base small molecules of guanine, cytosine, thymine, and adenine for charge injection layer
between Au electrodes and organic semiconductor, heptazole (C26H16N2). The heptazole-channel organic
field effect transistors (OFETs) with DNA-base small molecule charge injection layer showed higher hole
mobility (maximum 0.12 cm2/Vs) than that of pristine device (0.09 cm2/Vs). We characterized the contact
resistance of each device by transfer length method (TLM) and found that the guanine layer among all DNAbase materials performs best as hole injection layer leading to the lowest contact resistance. Since the guanine
layer is also known to be a proper channel passivation layer coupled with thin conformal Al2O3 layer
protecting the channel from bias stress and ambient molecules, we could realize ultra-stable OFETs utilizing
guanine/Au contact and guanine/Al2O3 bilayer on organic channel.
Keywords:
heptazole, DNA-base, organic field effect transistor, charge injection,contact resistance
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Dependence of resistive switching behaviors on nitrogen content and
structure of the Pt/Ta2O5-x/Ta(N) matrix
KIM Tae yoon1, LEE Ah Rahm2, BAEK Gwang Ho2, HONG Jin Pyo*1, 2, 3
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Abstract:
Oxides-based resistive switching memory induced by oxygen ions migration becomes one of promising options
for the applications of future nonvolatile memories. We report the bipolar resistive switching features of Pt
(top) / Ta2O5-x / TaNx (bottom) memory cells, in which a Pt / Ta2O5-x / Ta cell was fabricated for
comparison. The Pt / Ta2O5-x / TaNx frames reveal better bipolar switching (BPS) features, such as better
on/off current ratio and improved low resistive state value. Different amounts of nitrogen flow during
sputtering led to the presence of different phases in the TaNx electrode. We observed the clear phase changes
from metallic bcc Ta, a mixture of bcc Ta(N) and fcc TaN, and a mixture of TaN with N-rich phases when
the N2 partial pressure increased from 0 to 20 %. Variation of the nitrogen content in the sputtering gas
resulted in changes in the on/off ratio, conduction mechanism and current behavior in reset operation.
Keywords:
ReRAM, semiconductor, memory, BRS, nitride
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Magnetoconductance of Various Quantum Ring Structures
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Abstract:
Similarity and diversity of various quantum ring structures are
investigated by classifying energy dispersions of three different
structures: an electrostatic quantum ring, a magnetic quantum
ring, and a hybrid-magnetic-electric quantum ring. The wave
functions and the eigenenergies of a single electron in the
quantum ring structures are calculated by solving Schrödinger
equation
without
an
electron-electron
interaction.
Magnetoconductance is studied by calculating a two terminal
conductance taking into account the backscattering via the
resonance through the states of quantum rings at center of a
quasi-one dimensional conductor. It is found that the energy
spectra for various quantum ring structures are sensitive to the
additional electrostatic potentials as well as to the effects of a
nonuniform magnetic field. There are characteristic similarity and
diversity in the energy dispersions and single-channel
magnetoconductance.
Keywords:
Single particle states, Electronic transport, Hybrid Quantum Structure, Magnetoconductance
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Stability enhancement of thin TaOx buffer layer-assisted InGaZnO:Ta
thin film transistors
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Abstract:
We address a TaOx buffer layer approach for advancing electrical feature of IGZO TFTs, in which the
thickness of TaOx is varied. The utilization of suitable TaOx buffer layer manipulates robust channel bonding
structures of the channel/gate insulator interface, resulting in a highly improved TFT performance. The
enhanced field effect mobility and stability observed for TaOx buffer layer-assisted TFT devices are described
based on the thickness variation and diffusion nature of the TaOx layer. Structural and electrical analyses
suggest the possible mechanisms responsible for chemical properties and origin of trap states explored in this
work. We anticipate that these findings will spur progress toward the realization of next-generation electronic
devices.
Keywords:
TaOx, IGZO, TFTs, ZnO TFTs
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Electrical properties of MOS structure with large area MoS2 grown by
chemical vapor deposition
PARK SungJae, QIU Dongri, LEE SeungKyo, SONG DaYe, KIM EunKyu*
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Abstract:
Molybdenum disulfide (MoS2) is a promising candidate for 2D nanoelectronic devices, complementing
graphene, receiving increasing attention due to their potential for robust range of application. To obtain fewlayered MoS2 nanosheet, several methods have been reported, which include mechanical exfoliation and liquid
exfoliation. However, the materials extracted from such methods remain a challenge to obtain a large scale of
MoS2 thin film. In this study, we have demonstrated a simple technique to fabricate large area growth of MoS2
thin film by employing chemical vapor deposition method. The CVD-MoS2 film were grown directly on
1.5x1.5 cm2 SiO2/Si-substrates through one-step deposition, and then the CVD-MoS2 was analyzed by
Raman spectroscopy, X-ray photoelectron spectroscopy for confirming crystallinity. Atomic force microscopy
was used to conduct thickness of CVD-MoS2. Charge trapping and de-trapping effect have characterized in
AlOx/CVD-MoS2/SiO2/Si structure by using capacitance-voltage measurement system. A large memory
window from this structure was appeared from charge trapping in MoS2 layer.
Keywords:
2D meterials. MoS2, charge trapping, Chemical vapor deposition,
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Investigation of the light soaking behaviors in two-step sputter and
selenization Cu(In,Ga)(Se,S)2 solar cells with different sulfur ratios
YANG JungYup1, NAM Junggyu2, LEE Dongho2, HONG JinPyo*3
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Abstract:
Cu(In,Ga)(S,Se)2 (CIGSSe) solar cells with different S/(S+Se) (SSSe) ratios were fabricated using a sequential
two-step sputtering and selenization/sulfurization process. The origins of the light soaking behavior in the
CIGSSe absorber layer were studied based on the light soaking time (or dark storage time) dependence of the
open circuit voltage (Voc) and built in potential (Vbi) as well as the temperature dependence of the currentvoltage curve. In CIGSSe devices with a SSSe ratio > 0.35, Voc and Vbi increase with increasing light soaking
time and decrease with increasing dark storage time. In contrast, the Voc and Vbi of the CIGSSe devices with a
SSSe ratio of approximately 0.25 showed slightly different behavior, an increase with increasing light soaking
time but little change with increasing dark storage time. The reasons for the different behavior in the CIGSSe
devices with different SSSe ratios were attributed mainly to changes in the interface state by the SSSe ratio at
the CIGSSe/buffer interface. The results suggest that the control of the SSSe ratio in the CIGSSe absorber
fabricated by the proposed two-step process is an important key to determining the light soaking
characteristics of the solar cell devices.
Keywords:
Cu(In,Ga)(Se,S)2 solar cells, Light soaking effect, Interface state, Built in potential, two-step selenization and
sulfurization process
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Detection of breast cancer cells by InGaZnO thin film transistor
integrated with metal dot arrays
KWON Sejun1, KANG Taesung2, HONG JinPyo*1, 2
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Abstract:
We address the performance of In-Ga-Zn-O (IGZO) thin film transistors (TFTs) integrated with metal dot
arrays for detecting suitable breast cancer cells. Enhanced sensing performance and stable electrical response of
TFTs were achieved through the use of evaporated metal dot on the IGZO back-channel surface, which
changed the electrical performance of IGZO TFTs. The sensing mechanism of the IGZO TFT-based breast
cancer cell biosensor is likely linked with electron injection and electrostatic interactions. The schottkey barrier
can be lowered by carrier injection arising from breast cancer cell, leading to a significant improvement of
electron mobility. Furthermore, breast cancer cell with metal dot structures on IGZO channel generates a
current flow when a gate bias is applied.
Keywords:
Biosensor, Thin Film Transistor, IGZO
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Influence of oxygen concentration variation on tantalum oxide-based
resistive switching behaviors
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Abstract:
Resistive switching phenomenon in metal oxides is significant for achieving the next-generation non-volatile
memory. Tantalum oxide-based resistive switching memory has been intensively studied and succeeded in
outstanding specifications for several device requirements. However, the effect of oxygen concentrations in a
TaOx thin film has not been yet studied clearly for resistive switching criteria. In this letter we present
TaOx-based resistive switching memories with various oxygen concentrations prepared by RF magnetron
sputtering with various powers. The influence of sputtering power was examined on structural and
stoichiometric properties of TaOx thin films. With increasing sputtering power, the O/Ta ratio decreases from
2.725 to 2.4, while structural properties are unchanged. Devices with O/Ta ratio of 2.6 and 2.55 only show
resistive switching after forming, while hard breakdown and non-forming process were observed at 2.725 and
2.4 respectively. These distinct I-V characteristics provide the key information on resistive switching
phenomenon frequently used for future non-volatile memory applications.
Keywords:
ReRAM, Tantalum Oxide, resistive switching, filament
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다채널 실리콘광증배관 소자용 신호처리장치의 개발, 제작 및 성능
이 직*, 김민빈, 이혜영, 전진아, 박일흥
성균관대학교 물리학과
*
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Abstract:
다채널 실리콘광증배관(SiPM) 소자에 적용할 수 있는 신호처리 장치 모듈을 개발하고 그들을 사용하여 1024채널
신호처리 장치를 제작하였다. 이 신호처리 장치는 아날로그 부, 디지털 부, 데이터획득 부로 구성된다. 아날로그 부
는 64-채널 아날로그 ASIC칩을 기반으로 설계 제작되었으며, 아날로그 부의 주 역할은 입력 전하신호를 아날로그
전류 또는 전압신호로 변환하여 64:1로 multiplex된 신호로 출력하는 것이다. 디지털 부의 주 역할은 아날로그
ASIC칩에서64:1로 multiplex되어 출력되는 아날로그 신호를 디지털 신호로 변환하는 것이며, 데이터획득 부의 주
역할은 아날로그 ASIC 칩을 포함한 주요 장치의 동작 조건 설정과 디지털 부로부터의 신호를 총괄 통합하여 외부
장치로 출력하는 것이다. 본 발표에서는 다채널 SiPM 센서용 신호처리 장치의 설계 제작에 대해 설명하고, 전하입
력을 사용한 신호처리 장치의 calibration 결과 및 SiPM으로부터의 광 신호에 대한 신호처리 장치의 출력 측정 결
과를 제시한다.
Keywords:
실리콘광증배관SiPM신호처리 장치
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Temperature dependent current transport mechanism in InP based
Schottky diodes
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Abstract:
Indium phosphide (InP) has been a promising material in the field of electronic devices such as laser diodes,
photo-detectors, solar cells, high electron mobility transistors (HEMTs), high speed metal–insulator
–semiconductor field effect transistors (MISFETs) due to its direct band gap, good temperature stability, high
frequency response and high electron saturation velocity. However, the main obstacle for developing InP
devices has been limited by low Schottky barrier height, poor stability and large reverse leakage current.
Therefore, there has been strong attention in developing thermally stable rectifying contacts to InP with high
barrier height and low leakage current. The dominant process that determines the electron transport in
Schottky junction when a bias voltage is applied to the junction can be understood by considering various
transport models. The analysis of temperature dependent current–voltage (I–V) characteristics can be used to
investigate the physical mechanisms associated with the current transport in the material and will be useful in
diagnosing the Schottky diodes. In this work, oxygen plasma was considered as a surface treatment method
and the effect of oxygen plasma treatment on the electrical properties of metal/n-InP contacts was
investigated. Based on the analysis, the dominant current transport for each temperature was obtained. Based
on these results, further investigation which provides some hints how to optimize the technological process for
Schottky diodes will be discussed later
Keywords:
Indium phosphide, Schottky barrier height, Current transport
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The Effect of Impurities on the Thermoelectric Properties of GaTe
Single Crystals
VU Hoa Thi, PHAM Tuan Anh, NGUYEN Thanh Huong Thi, CHO Sunglae*
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Abstract:
GaTe is a wide bandgap layered chalcogenide semiconductor which has a great potential uses of optoelectronic
devices, radiation detectors, and solar cells, etc. GaTe has monoclinic layered structure with the C2/m spacegroup, which has high dissymmetry between intra- and inter bond strengths. This can give rise to a strong
scattering of the charge carriers by optical phonon polarized perpendicular to the layers, so thermal
conductivity of GaTe is lower than another chalcogenide compounds. ZT is a strongly internally contradictory
transport property, which requires a combination of a large thermoelectric power, low thermal conductivity,
and low electrical resistivity. According to the study of S. Pal and D.N. Bose, thermoelectric power (TEP) of
GaTe single crystal was 873 mV/K in the layer and 1233 mV/K in the perpendicular direction at 300 K. This is
much higher than other chalcogenide semiconductors. Based on the structure and physical properties of GaTe,
we expect a significant increase in the electrical conductivity but small decrease in TEP when the impurities
were added into GaTe single crystal.
Keywords:
GaTe, single crystals, thermoelectric, layered semiconductors, chalcogenide
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Thermoelectric transport properties of In2Se3 single crystal
NGUYEN Thi Huong1, NGUYEN Van Quang1, DUONG Anh Tuan1, CHO Sunglae*1, SONG Jae Yong2,
PARK Hyun-Min2
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Abstract:
In recent years, the discovery and development of green energy source are one of the top concerns in science.
The enormous efforts have been devoted to search for thermoelectric materials. Enhancement of thermoelectric
figure of merit (ZT = (S2σ/κ)T) is currently research goal of scientists. In2Se3 is one of semiconductors with
layered structure, which is good for thermoelectric applications. In this study, we report on the transport and
thermoelectric properties of In2Se3 single crystal. The layered crystal structure of In2Se3 was determined by
XRD and FE-SEM measurements. Optical properties were obtained by Raman scattering and ellipsometry.
Ellipsometry measurement illustrated the indirect band gap of In2Se3, about 1.31 eV. Transport properties have
been studied in the temperature range from 20 to 400 K along axis which is parallel to the layers direction.
Interestingly, Seebeck coefficient was n-type and increased with temperature and the electrical conductivity
increased with temperature. Therefore, power factor increased up to 0.05 µWcm-1K-2 at 400 K. In this talk, we
will discuss more on transport properties.
Keywords:
thermoelectric properties, single crystal
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New crystal structure and thermoelectric properties at low temperature
range of n and p-type AgBiTe2
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Abstract:
This work provides the first experimental fabrication of layered single crystal AgBiTe2 prepared by temperature
gradient technique with hexagonal structure which was only predicted in theory and marked as unknown
structure in JCPDS (version 2003). Thermoelectric properties of n-type and p-type AgBiTe2 were studied in
the temperature range from 20 to 400 K. The temperature dependence resistivity showed the metallic like.
Interestingly, resistivity decreased while Seebeck coefficient increased with temperature decrease that induce a
very high power factor at low temperature up to 62 µW/cmK2 at 20 K. Thermal conductivity of AgBiTe2 and
it’s thermoelectric performance will be discussed. The results make AgBiTe2 becomes promising thermoelectric
material for low temperature applications.
Keywords:
single crystla, n-type, p-type, thermoeletric
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Growth and transport properties of SnS and SnSe1-xSx (0< x <1)
single crystals
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Abstract:
SnS and SnSe1-xSx (0 < x < 1) were fabricated using the temperature gradient solidification method. The
crystal structure was investigated by SEM and XRD. They indicated that fabricated SnS and SnSe1-xSx (0 <x
< 1) have layered structure with lattice constant changes gradually following Vegard’s law. Transport
properties were synthesized by physical properties measurement system (PPMS). We observed that the
electrical resistivity decreases with increasing of Se content and for x = 0.2, SnSe0.8S0.2, electrical resistivity
and Seebeck coefficient are 0.52
cm and 639.36 V/K at 270 K, respectively, which result in power factor
of 0.78 W/K-2cm-1.
Keywords:
Tin (II) sulfide, SnSe1-xSx, layer structure, thermoelectric
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Thermoelectric properties of n-type SnSe2 single crystals
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Abstract:
Thermoelectric as a field has been attracting increasing attention in recent years. Thermoelectric are perhaps
the simplest technology for direct thermal to electric energy conversion. The conversion efficiency of a
thermoelectric material is related to the dimensionless figure of merit ZT = S2σT/κ, where T is the
temperature, S is the Seebeck coefficient or thermoelectric power, σ is the electrical conductivity, and κ is the
thermal conductivity. High ZT is a counter-indicated property of matter. The tin diselenide (SnSe2) layered
crystals are potential candidates for thermoelectric applications because of their high Seebeck coefficient and
electrical conductivity. In this work, bulk SnSe2 single crystals have been grown by gradient temperature
method. The confirmation of single crystallinity and composition determination of the grown crystals have
been made by using EPMA Quantitative Analysis and X-ray diffraction techniques, respectively. The layered
structure was observed via FE-SEM images. Thermoelectric response including electrical conductivity σ,
Seebeck coefficients has been investigated in temperature range of 20-400K by using transport properties
measurement system. The power factor (S2σ) value show obvious doping-level dependences. Specific results
will be discussed.
Keywords:
tin diselenide, single crystal growth, thermoelectric
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Volatile/Non-volatile properties of memory in neural networks can be
toggled by spike-timing-dependent-plasticity rules
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Abstract:
Memory in the brain is thought to be encoded in the form of neuronal connectivity, and synaptic plasticity of a
neural circuit is considered core mechanism of memory formation [1]. However, theoretical models so far
could not explain how synaptic connections explicitly generate short term or long term memory; one decays
fast and easily replaced by a new input or the other non-volatile and maintained with new inputs appended.
Here we suggest a novel model of memory that explains the development of short term and long term memory
with two different spike-timing-dependent-plasticity (STDP) or learning rules; Asymmetric STDP (AS) [2]
In our computer simulations, we constructed a feed-forward neural network
and symmetric STDP (SS).
where temporal spike patterns are introduced to train the network with two different STDP. Then we tested
memory performance of the system for two issues: Is memory sustainable and appendable? From our
simulation result, we found that memory induced by AS showed short-term memory property while memory
induced by SS showed more long-term like property. Memory pattern in AS network continuously decayed as
a function of time, while memory in SS network did not show any noticeable decay. In addition, AS network
thoroughly replaced an old memory with a new memory, while SS network maintained the old memory when
trained with a new memory.
We suggest that our model can implement both the volatile/non-volatile
characteristics of memory with two different spike timing dependent learning rules. Our results imply the
various memory properties may originate from a small difference in the plasticity of neural connectivity.
References
1. Bliss TV,
Collingridge GL: A synaptic model of memory: long-term potentiation in the hippocampus. Nature 1993, 361
(6407): 31-39. 2. Gütig R, Aharonov R, Rotter S, Sompolinsky H: Learning input correlations through
nonlinear temporally asymmetric Hebbian plasticity. J Neurosci 2003, 23(9):3697-3714.
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Topography of Functional Maps in Visual Cortex is destined by
Feedforward Convergence Connectome
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Abstract:
In the visual cortex, various functional maps have been observed which represent the relationship
between visual information and corresponding neuronal responses. As one of the most studied maps,
orientation preference map represents the spatial distribution of preferred orientation of each neuron across the
visual cortical space. Interestingly, different structures of orientation map have been observed across species. In
higher mammals such as monkeys and cats, preferred orientation of each neuron appears continuous and
periodic across cortical space. On the other hand, in rodents, it appears completely discontinuous, forming
structures called salt-and-pepper map [1]. However, the factor that induces different structures of orientation
map in each species remains unclear.
In a previous study, it was suggested that a moiré
interference between ON and OFF retinal ganglion cell (RGC) mosaics can develop both the smooth and the
salt-and-pepper type orientation map, with the variation of spatial periodicity of interference pattern [2].
However, our analysis suggests that the spatial periodicity estimated from rat RGC mosaics data is not small
enough to generate salt-and-pepper structure [3]. As an alternative, here we suggest that a specific condition
in feedforward convergence between retina and visual cortex might be a critical factor to generate the spatial
organization of orientation map in rodents.
In our simulation study where orientation map is
developed by cortical neurons which receive visual information from connected RGCs, we modulated two
parameters of feedforward convergence: 1) convergence range of visual cortical cell; 2) ratio to sample RGCs
within the range. For quantitative analysis of orientation map structure, we compared the difference of
preferred orientation between nearby neurons, and examined the convergence condition than can develop saltand-pepper map. In a salt-and-pepper map, since preferred orientation of each neuron seems randomly
scattered across visual cortical space, local difference of preferred orientation follows a quasi-uniform
distribution. As a result, we observed that salt-and-pepper map was developed in low sampling ratio within a
long convergence range, while a smooth map was developed when convergence range was short and sampling
ratio was high.
Our result shows that salt-and-pepper map is developed in sparse wiring model
within long convergence range, while smooth map is developed in complete wiring model within short
convergence range. We suggest that the feedforward convergence between retina and visual cortex might be the
critical factor to characterize the orientation map structure. References 1. Ohki, K., Chung, S., Ch’ng, Y. H.,
Kara, P. & Reid, R. C. Functional imaging with cellular resolution reveals precise micro-architecture in visual
cortex. Nature 433, 597-603 (2005). 2. Paik, S.-B. & Ringach, D. L. Retinal origin of orientation maps in
visual cortex. Nat. Neurosci. 14, 919-925 (2011). 3. Anishchenko, A. et al. Receptive field mosaics of retinal
ganglion cells are established without visual experience. J. Neurophysiol. 103, 1856-1864 (2010).
Keywords:
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2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-st.003*

Shared mechanism of Perceptual decision making and Bistable
perception
CHOI Woochul1, 2, PAIK Se-Bum*1, 2
1

Department of Bio and Brain Engineering, KAIST, 2Program of Brain and Cognitive Engineering, KAIST
*

sbpaik@kaist.ac.kr

Abstract:
Our brain makes decisions based on the information observed from the outside world. Information we observe,
however, is often incomplete or ambiguous, and we inevitably have to make decisions based on incomplete
information. Particularly, when we see an ambiguous stimulus such as Necker cube, our perception often
switches between two interpretations. This is known as bistable perception and is considered important to
understanding human sensory perceptual mechanism. In this study, we hypothesize that neural mechanisms of
the perceptual decision making under noisy condition and the bistable perception share a similar procedure
and can be described by a simple double-well energy model. To confirm our hypothesis, we designed a
psychophysics experiment using the “racetrack” visual stimulus [1] that consists of random dots in an annulus
space. In this experiment, by varying the coherence parameter, c, the condition can be either a bistable illusory
motion (c=0) or a real motion with different levels of noise (c>0). We have examined the relationship between
the phase duration, τ – time duration of each perceptual state – under illusory motion condition (c=0) and
the behavior under coherent motion conditions (c>0). Our result shows that the response time of the coherent
motion detection task (c>0) is highly correlated with the phase duration of the bistable illusory motion (c=0)
(N=19, R=0.61, p<0.01, Pearson’s correlation coefficient). To explain observed behavior under two different
conditions, we designed a simple double-well energy model [2]. In the model, the two energy well represents
each perceptual status and energy state fluctuates with the process of destabilization and restabilization. The
energy status changes from one energy well to another energy well represents a decision. This simple model can
successfully replicate both the phase duration of bistable perception and the behavior of the coherent motion
detection task. Our result suggests that bistable perception and perceptual decision making process may share a
common or similar neural mechanism. References 1. Jain S: Performance characterization of Watson
Ahumada motion detector using random dot rotary motion stimuli. PLoS One 2009, 4. 2. Kornmeier J, Bach
M: Ambiguous figures - what happens in the brain when perception changes but not the stimulus. Front Hum
Neurosci 2012, 6(March):51.
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Abstract:
In two-dimensional neural imaging data of the brain area, neurons exhibit various types of spatio-temporal
activity patterns. Analysis of these activity patterns is crucial since it may reflect dynamic features of
information processing in the brain [1] [2]. However, development of an analysis tool for spatio-temporal
neural activity patterns has been considered difficult because of the highly complicated nature of underlying
circuits and the nonlinearity of neural activities. Here we suggest a novel method of categorizing activity
patterns in neural imaging data that readily extract activity features in two aspects: spatial geometry and
temporal propagation. We show that our method efficiently classifies complex spatio-temporal activity
patterns in brain. First, we defined appearance index as two-dimensional profile of instantaneous neural
activity, by measuring the topography of supra-threshold area of brain activity with a shifting threshold. The
index contains the information of size, peak amplitude and geometric contours of measured activities. With
this index, we could easily estimate similarity or correlation of the activities of different appearance - size,
amplitude, and amplitude contour. Next, we defined propagation index as a profile of temporal displacement
of activity on each direction against time and angle axis. We measured displacement of activity using a
normalized cross-correlation to extract information of the pattern trajectory and speed. The propagation index
shows dominant trajectory, speed change as well as how an activity disperses to every direction so that we can
intuitively compare activities: whether activity is moving in straight or curved trajectories, or whether the
activity propagation is accelerating or not. Our results show that classification of overall dynamics of brain
activity can be readily performed with our novel method as well as a simplified description of complicated
patterns, which may be applicable to the analysis of wide range of brain imaging data. Reference [1]
Panagiotaropoulos, Theofanis I., Vishal Kapoor, and Nikos K. Logothetis. "Subjective visual perception: from
local processing to emergent phenomena of brain activity." Philosophical Transactions of the Royal Society of
London B: Biological Sciences 369.1641 (2014): 20130534. [2] Hill, M. R., and Susan A. Greenfield.
"Characterization of early cortical population response to thalamocortical input in vitro." Frontiers in
neuroscience7 (2012): 273-273.
Keywords:
brainactivity, spatio-temporal pattern, classification index
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Repulsive interaction between two lattice mosaics can develop
consistent spatial organization of functional maps in brain
JANG Jaeson1, PAIK Se-Bum*1, 2
1

Department of Bio and Brain Engineering, KAIST, 2Program of Brain and Cognitive Engineering, KAIST
*

sbpaik@kaist.ac.kr

Abstract:
Among the functional maps observed in the brain, orientation map in visual cortex has been extensively
studied as an early stage of information processing in visual system. However, the developmental mechanism of
the quasi-periodic structure in orientation map has been controversial. As a bio-physical model, it was
suggested that a moiré interference pattern between hexagonal mosaic structures of ON and OFF retinal
ganglion cells (RGCs) can develop a quasi-periodic map of orientation preference [1]. However, the spatial
frequency of this periodicity can vary with different angle alignment between the two mosaics, while the
periodicity in observed animal data is consistent in a species [2]. In theory, consistent map periodicity can be
achieved only when the alignment between ON and OFF RGCs is restricted to small angles, but it is not clear
how this condition is achieved in developmental process. Here, we suggest that a local repulsive interaction
between cells is enough to restrict the angle alignment between two mosaics which leads to a consistent map
organization. While only homotypic interaction (ON-ON or OFF-OFF) has been assumed in previous
models [3], we assumed that not only homotypic interaction, but also heterotypic interaction (ON-OFF) is a
critical factor to restrict the angle alignment between ON and OFF mosaics. Specifically, to simulate the
developmental process of cell mosaic, we assumed a local repulsive interaction between nearby cells that
induces a gradual shift of each cell. We first confirmed that this interaction can develop a hexagonal lattice
pattern in a monotypic mosaic. For a heterotypic interaction during the development, we designed a process
such that the interaction between two mosaics gradually increases as they get closer to each other. As a result,
we confirmed that the angle alignment between ON and OFF mosaics was restricted to small angles, which is
required to generate a consistent periodicity in orientation map. Next, to examine if the predicted heterotypic
interaction can be observed in animal data, we found that the structure of observed RGC mosaics data
Our results suggest that a heterotypic
suggests that repulsive energy between ON and OFF mosaics exists.
local interaction in cell mosaics can develop a restricted alignment between two mosaic structures, and this
may provide a complementary explanation of how the regular and periodic structure of functional maps in the
brain can be developed without lacking consistency. References 1. Paik S-B, Ringach DL: Retinal origin of
orientation maps in visual cortex. Nat Neurosci 2011, 14:919–925. 2. Obermayer K, Blasdel GG: Geometry
of orientation and ocular dominance columns in monkey striate cortex. J Neurosci 1993, 13:4114–4129. 3.
Eglen SJ, Diggle PJ, Troy JB: Homotypic constraints dominate positioning of on- and off-center beta retinal
ganglion cells. Vis Neurosci 2005, 22:859–871.
Keywords:
Orientation map; Retinal Ganglion Cell; Moiréinterference; Pairwise Interaction Point Process
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Noise-induced hearing enhancement
이우석, 안강헌*
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Abstract:
우리는 배경잡음이 언어인식에 미치는 영향을 알아보기 위해 다양한 크기의 잡음을 섞어준 음절과 잡음이 없는 음
절의 정답률을 분석하였다. 약 50명의 사람에게 한국어 음절의 정답률을 측정하였으며, 특정 음절이 잡음이 있는
상황에서 정답률이 증가하는 현상을 발견하였다. 테스트하는 음절들의 순서를 임상시험 참가자 별로 달리한 두 번
째 실험에서도 같은 음절, 같은 잡음 강도에서 정답률 증가 현상이 발견되었다. 위 현상을 신경망 이론을 통하여 이
해하려는 과정을 소개한다.
Keywords:
음성인식, 신경망이론
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Role of Liquid for Traveling Wave in Cochlea
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Abstract:
달팽이관 기저막에서는 소리신호의 주파수에 따라 떨리는 위치가 다른 진행파가 생성된다. 이러한 특성은 인간 청
각의 주파수 구별능력을 향상시켜준다. 만약 같은 조건에서 액체가 없으면 진행파가 존재하지 않는다. 본 연구에서
는 액체가 진행파 생성에 어떤 역할을 하는지 연구하기 위하여 달팽이관 액체가 없는 대신 기저막에 다른 조건을 가
해줬을 때 진행파가 나타나는지 전사모사를 통해 관찰하였다.
Keywords:
기저막, 진행파, 액체
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췌장 속 랑게르한스섬의 복잡계 모델 연구
송태근1, Danh-Tai Hoang1, 박동호1, Jin Xu1, 2, 조정효*1
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Abstract:
생명 현상에서 나타나는 항상성이란 에너지를 소모하는 체내세포들 사이의 상호작용을 통하여 동적인 평형 상태를
유지하는 것을 말한다. 생명 현상에서 다양한 항상성이 발현되는데, 상기 포스터에서는 구체적으로 췌장 내분비계
에서 담당하는 혈당 항상성의 메커니즘이 갖는 동역학적 특성을 복잡계를 기반으로 한 모델을 통해 분석하였다. 분
석에 사용된 복잡계 모델은 구라모토 모델을 기반으로 하여 랑게르한스섬을 이루고 있는 세 종류의 세포들 사이에
상호작용을 묘사하였다. 특히, 각 세포들 사이의 동역학적 위상변화와 진폭에 초점을 맞추어 분석하였다.
Keywords:
항상성, 랑게르한스섬, 구라모토 모델
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Insight into the gating mechanism of nicotinic acetylcholine receptor
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Abstract:
The pentameric nicotinic acetylcholine receptor (nAChR) is essential for neurotransmission. The binding of
acetylcholine to the binding site in the extracellular domain (ECD) triggers the cation channel in
transmembrane domain (TMD) open. Although there are diverse studies about the nAChR, the relationship
between subunits and propagation from ECD to TMD, leading to the gating is still ambiguous. In this work,
we performed molecular dynamics simulations of the systems relating to wild type a4b2 nAChR (APOW,
ACHW) and mutant type a4b2 nAChR (APOM, ACHM). The mutant systems were prepared by replacing
two residues of a4 subunit by corresponding a6 residues (I41A and D42N) . In fact, the a4b2 receptor
function was reduced when these mutations were applied through electrophysiological experiments. The result
showed that there was the open conformation of the receptor which corresponds to the symmetric
arrangement from ECD to TMD through the coupling region, combined with the tilting inward of TM1 helices
and outward of TM3 helices to the channel center. Subsequently, the TM2 helices tilted outward to the
channel center, made the pore wider. In contrast, the opposite conformation was observed in closed channel
systems. Furthermore, we indicated that the mutation was caused the disorder in the ECD arrangement in
ACHM systems, and made the coupling region not to be symmetrically arranged any more. So that the channel
still stayed in the closed conformation.
Keywords:
nicotinic acetylcholine receptor, gating mechanism
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Interactions between chitosan and different lipid bilayers in various pH
conditions studied by molecular dynamics simulations
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Abstract:
Chitosan, the deacetylated derivative of chitin, is a cationic biopolymer with a number of application in
medicine. There are some researches about the relationship between chitosan and antibacterial activity.
However, the molecular interactions have not been detailed yet. In this study, we performed molecular
dynamics simulations to study interactions between chitosan and bacterial membranes. We carried out 4
simulation systems of chitosan in environments with 3 different pH values (pH<6, pH = 6, and pH >6) and 2
lipid bilayers that mimic the bacterial cell membranes and mammalian cell membranes. They are 1-palmitoyl2-oleoyl-sn-glycero-3-phosphoethanolamine
(POPE)/1-palmitoyl-2-oleoyl-sn-glycero-3phosphoglycerol (POPG) (ratio = 3:1) lipid and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine(POPC)
lipids. Three systems with POPE/POPG and 1 system with POPC in pH>6. A very large scale of simulations
were accumulated for each system. The interactions between chitosan and lipid bilayer were observed. And we
also carried out free-energy calculations using umbrella sampling simulations. Decreasing the value of pH, the
interaction between chitosan and lipid bilayer was stronger. The details of the interactions will be helpful in the
future studies of chitosan.
Keywords:
Chitosan
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Application of predicted relative solvent accessibility to the development
of surface area (SA) energy function
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Abstract:
Solvent accessible surface area (SASA) of a protein is one of the most important structural features. The
information of SASA is often used as an analysis tool for describing protein-water interactions or calculating
the transfer free energy of proteins [1,2]. Furthermore, an accurate prediction of surface area of a protein can
give useful insights for successful protein structure prediction or function prediction. Previously, we have
presented a method to predict the solvent accessibility of proteins, SANN, which is based on a nearest neighbor
method applied to the sequence profile [3]. The overall performance of SANN was shown to be excellent
compared to currently available methods (FKNN, SABLE, PROF, ACCpro, NETASA). In order to use the
results of SANN as an energy term, ESA, we combined it with the TINKER molecular modeling package. Seven
benchmark sets are used to measure the performance of ESA. The new energy term provides significant results
in terms of its correlation with the structural quality measured by TM-score in most targets tested. [1] Fornili
A, Autore F, Chakroun N, Martinez P, Fraternali F. Protein-water interactions in MD simulations:
POPS/POPSCOMP solvent accessibility analysis, salvation forces and hydration sites. Methods Mol. Biol. 819,
375-392 [2] Wang, J., Wang, W., Huo, S., Lee, M., and Kollman, P. (2001) Solvation model based on
weighted solvent accessible surface area. J. Phys. Chem. B. 105, 5055-5067 [3] Joo K, Lee J, Lee J. (2012)
SANN: solvent accessibility prediction of proteins by nearest neighbor method. Proteins 80(7): 1791-1797
Keywords:
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Conformational change of LAO-binding protein by molecular
dynamic simulation
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Abstract:
Protein conformational transitions are often very important in biological systems. In this study we applied
molecular dynamic simulation on Lysine, Arginine, Ornithine (LAO) binding protein, and we want to have a
better understanding of the complex transition process between an open and a closed form. Of LAO binding
protein has two domain and it is one of the bacterial periplasmic transport systems while its topological
structure is different from other amino acid-binding proteins. We started from both the open (PDB ID: 2LAO)
and closed (PDB ID: 1LAF) form. RMSD trajectories have been generated and numerous transition in both
simulations have been observed. Our method can provide rich information to fully exam complex processes of
protein conformational transition.
Keywords:
ModellingLAO : Lysine, Arginine, Ornithine
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Template based protein structure prediction by dynamic fragment
assembly:revisited
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Abstract:
The template based modeling (TBM) is a powerful method for protein structure prediction when appropriate
templates can be identified. However, this method highly depends on the quality and quantity of available
templates. In many cases, parts of a target sequence are covered by good-quality templates, while many parts
are not covered. For non-covered parts by templates, one can try to find local fragments to fill up the gap
missing in the whole protein alignment. Dynamic fragment assemble (DFA) is one way to incorporate generate
fragments into the modeling of uncovered parts of a target sequence. In the previous work of our laboratory,
we use the correlation coefficient between target and template profiles to select fragments for DFA. In this
work, we use a new scoring function that includes additional sequence and structural features for the fragment
search. These features include the consistency between predicted and actual values of secondary structure
(from PSI-PRED), solvent accessibility (from SANN), and phi and psi torsion angles (from TASVR). The
scoring function is a weighted sum of the above mentioned consistency, and it is shown to provide better
template fragments than using the profile correlation. For the parameter optimization, we used the global
optimization of conformational space annesling (CSA). Comparison and benchmarking between the new
method and the old method is provided.
Keywords:
protein structure prediction, template based modeling, dynamic fragment assembly
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Minimal size of network for supervised deep learning
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Abstract:
Neural Network는 input, hidden, output layer에 다양한 수의 neuron들로 이루어져있다. Supervised deep
learning에서 neuron들은 가중치를 가지고 연결되어 있으며 이 가중치를 조절하여 올바른 output이 나오도록 학습
시킨다. 오류가 없는 완벽한 학습을 위한 최소한의 네트웍 크기를 아는 것은 매우 유용하나 아직까지 수학적으로 알
려진바 없다. 이 연구에서는 최소한의 네트웍 크기를 파악하기 위해 다양한 크기의 네트웍으로 동일한 문제를 학습
시켰고, 네트웍의 크기와 문제의 복잡성 사이 특정한 관계를 찾았다.
Keywords:
Neural network, deep learning
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Structure of Tonks-Takahashi fluids with core-softened interaction
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Abstract:
The study of Tonks-Takahashi fluids, which are one-dimensional hard rods with nearest neighbor
Takahashi-type interaction in the presence of a uniform gravitational field was made by means of the
canonical ensemble. The explicit closed forms for the canonical particle density and higher order molecular
distribution functions were determined. The expression of canonical local pressure as well as the forces exerted
on the fluid by the bottom and top walls was obtained. The molecular distribution functions and local pressure
in the grand canonical ensemble were also reported.
Keywords:
Tonks-Takahashi fluids, canonical ensemble, molecular distribution function
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Abstract:
We study the network metrics in a time series of the S&P500, SSEC, Nikkei225, and KOSPI altering by the
visibility algorithm. Data source is extracted the daily prices of all stocks that are exchanged on five financial
stock markets during a period 1996–2010. These degree distributions adopting the visibility algorithm are
proportional to a power law rather than the Poisson distribution. We mainly simulate and analyze several
network metrics from the nodes and its links in financial networks. We are not able to find the universal and
irregular properties of statistical quantities in financial networks, but it may be inferred that these topological
properties improve by implementing the statistical method and technique from registered data of financial
networks.
Keywords:
Visibility graph, S&P500, SSEC, Nikkei225, and KOSPI, Small-worldness, Global efficiency, Modularity,
Assortative coefficient
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Monte-Carlo Simulation of Acid Diffusivity Effect on Line Edge
Roughness in Resist Pattern
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Abstract:
Extreme-ultraviolet lithography is one of the next generation
lithography technologies for the accomplishment of 16 nm
patterning in semiconductor industry. One of the most significant
problems for the mass production is reducing the line edge
roughness (LER) on chemically amplified resist (CAR) pattern.
However, it is hard to control the LER because many factors
affecting LER are related each other such as aerial image quality,
post exposure bake process environment and acid diffusion
phenomenon. Many researchers have been studied the LER of CAR pattern using Monte-Carlo (MC)
simulation of random walk, which is usually described by the resulting Gaussian distribution, ignoring the
interactions between acidic molecules and with medium. The acidic diffusion process through resist medium
should be investigated considering the interaction among the molecules. In this reason, we study a MC model
which describes the generation and diffusion of interacting acidic molecules. Figure1 shows the initial resist
pattern that consists of tert-Butyloxycarbonyl(t-boc) surrounded by monomer, photo acid generator(PAG),
quencher and normal monomers. Through the extensive MC simulation, we investigate the effects of acid
diffusivity on LER and how interaction types change the LER quantitatively.
Keywords:
EUV lithography,Monte-Carlo simulation,Chemically amplified resist, Acid diffusion, Line edge roughness,
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단어 사이의 네트워크로 살펴본 역대 대통령 연설문 분석
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Abstract:
한 국가의 원수인 대통령의 연설은 언제나 주목을 받는다. 본 연구에서는 한국의 역대 대통령 연설문을 통계적으로
분석함으로써, 각 대통령의 주요 정책들과 사건들을 파악해 보고자 한다. 기계학습(machine learning)을 이용하여
연설문 내에서 단어들의 등장 패턴을 조사하고, 상위 50개 단어들 간의 상관관계를 살펴본다. 나아가 최근 사회과학
분야에서 사용되고 있는 워드임베딩(word embedding)을 이용하여, 각 단어들의 n차원 벡터(vector)값을 구한다.
이를 통해, 대통령 별로 사용한 단어들 사이의 네트워크를 시각화하였다. 이 연설문 네트워크를 시각적으로 분석함
으로써, 우리는 역대 대통령들이 각각의 재임기간 동안 전달하고자 했던 정책들과 국내외의 정세에 대한 대통령들
의 견해를 실제 기록된 데이터와 직관적으로 비교 분석해 보고자 한다.
Keywords:
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Abstract:
Synchronization is crucial to ensure the effective management of the jobs assigned to complex networked
systems. Therefore, understanding the relation between dynamic fluctuations and the connection topology of
the considered substrates is important. Here we investigate the fluctuation of work loads assigned to the nodes
by following the Family model in the largest-connected components of heterogeneous networks with varying
their link density and degree exponents. The dimensionality acts differently on the weakly and strongly
heterogeneous networks: In weakly heterogeneous substrates, it is found that the load fluctuation becomes
finite when the link density passes a certain threshold, around which the spectral dimension exceeds the value
2. However, in strongly heterogeneous substrates, the load fluctuation is found to diverge with the substrate
size even though the spectral dimension of the substrate exceeds 2. We find that this divergence is originated
from large local fluctuations at hubs and their neighbors, consequently inducing the diverging fluctuations at
small-degree nodes.
Keywords:
complex network, surface growth
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Abstract:
Mobility is one of the realistic and effective mechanisms to explain the origin of cooperation in iterated
prisoners’ dilemma game and another one is the reputation as a typical example of indirect reciprocity.
Considering both the mechanisms, we introduce a reputation-based-strategy in which players respond
cooperatively (C) or defeatedly (D) depending on each opponent’s reputation and then, after the game playing,
each player moves toward where more cooperators exist adoptively according to the game results. We analyze
the structural properties of the player-interaction (PI) networks, which represent the three different relations,
C-C, C-D, and D-D, between players within the interaction range. When one turns off the adoptive motion,
the resulting PI network is simply similar to the spatial road network, but more various network structures are
observed when the adoptive motion is applied. In this study, we investigate the effect of the adoptive mobility
to the cooperative level of the system and the dynamic evolution of the PI network developing the community
structure.
Keywords:
network, prisoners' dilemma, game theory, reputation, mobility, evolution

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-st.021*

The influence of heterogeneous threshold in opinion dynamics
LEE Eun*
Department of Energy Science Sungkyunkwan University
*

leeeun309@gmail.com

Abstract:
In this study, we investigate the influence of correlation between the number of neighbors and
individual threshold on opinion dynamics. Based on scale-free network, as the representative network model
of society, we change a level of correlation from negative(–1) to positive(+1): ‘negative’(‘positive) is for the
case that small(large) degree node has high threshold. The minimum of a threshold is 0.5 since people change
their opinion when there are people more than a half of their neighbor. Initially, opinion is composed with 0
and 1, and 60% of people in the network has opinion 1. On this assumption, we conduct the opinion dynamics
while changing the correlation with degree and threshold. This result suggests that the correlation between
network structure and threshold of an acceptance can be important for opinion formation. We will also try to
analyze the effect of the network. It could be a simple model with heterogeneous threshold of individual. which
is related with personal attributes like wealth, income, and social capital.
Keywords:
opinion dynamics, threshold, correlation, heterogeneity, network

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-st.022*

Uncovering urban street structure from driving routes in urban area.
LEE Minjin*
Department of EnergyScience Sungkyunkwan University
*

minjin.lee.9@gmail.com

Abstract:
Urban road network is a complex structure reflecting many of urban characteristics such as population and
industry density distribution and geography in urban area. Previous studies found universal network properties
of road networks across many different urban areas. Despite of the universal network characteristics, street
networks are strongly related to geography and density distribution of where they are located. To understand
urban street structure deeper, we analyzed how street network are being used by people, using fastest driving
routes suggested by Openstreetmap and Google Maps. We measure two metrics, detour factor and inness level,
of 100 global cities driving routes. The metrics show efficiency of travel and shape of travel pattern on the
street networks respectively. Empirical data results reveal that travel behaviors are not geographically
homogenous but show different pattern by the distance from city center and relative locations based on city
center. Several street network models are discussed to uncover the key property of street network to generate
the heterogenous travel patterns.
Keywords:
urban street network, human mobility
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Popularity and preference of memes for trends in social media
박석종*, 육순형, 김엽
경희대학교 물리학과
*
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Abstract:
우리는 사회적 그물망으로 표현되는 social media에서 meme의 전파 특성을 연구하였다. 본 연구에서는 실제
meme의 동역학적 특성을 보다 잘 모사하기 위해 각 meme이 각각의 fitness를 가지고 있고, 이 fitness는 시간에 따
라 감소하는 모형을 연구하였다. 전산 simulation을 통하여 meme의 popularity 분포의 특성을 연구 하였고 이 결과
로 실제 사회적 그물망들에서 발견된 meme popularity의 거동과 비교 분석 하였다.
Keywords:
Social network, Meme
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Distribution of Power Difference in Power-Grid System
LEE Mi Jin*, KIM Beom Jun*
Department of Physics, Sungkyunkwan University, Suwon 16419, Korea
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Abstract:
The emergence of synchronization in complex networks like the power-grid system has been an interesting
issue. Especially, it has been stressed that the robust synchronization is essential for the power grid to function
stably. However, notwithstanding the robust synchronization, there could exist consumers who suffer from
insufficient power supplies. In our model, each consumer is assigned a constant power demand, and the actual
power provided by the grid is computed. We define the power difference as the discrepancy between the two,
and investigate the distribution of power differences of consumers. Furthermore, we try to suggest how the
power insufficiency can be resolved by adjusting the network structure.
Keywords:
Complex network, Power grid, Synchronization
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도서관 이용자들의 연결 네트워크 분석
이재우*, 이태호, 정남, 레안쾅, 맹성은
인하대하교 물리학과
*

jaewlee@inha.ac.kr

Abstract:
2004년부터 2015년까지 모대학 도서관의 도서대출 자료를 통해서 도서와 이용자의 특징과 관계를 분석하였다. 사
람들의 도서관 이용량이 시간에 따라 어떻게 변하는지 확인하기 위해 연도별, 월별 이용 횟수를 구하였고, 이용자들
의 도서 이용 패턴에 대한 특징을 확인하기 위해 대여횟수 분포, 누적 대여기간 분포, 대여 간격 분포 등을 구하였
다. 또한 도서대출 패턴에 대한 특징을 확인하기 위해 위와 같은 분포를 도서를 기준으로 구하였다. 또한 각 분포에
서 나타나는 꼬리 부분에 해당되는 사람이나 도서가 무엇인지 확인하였다. 도서를 연체한 사람들에 대한 연체 성향
을 보기 위해 연체된 도서의 분야를 분류하여 연체일 분포를 구하고, 연체한 학생들의 소속 학과를 분류하여 연체일
분포를 구하여 그 특징을 살펴보았다.
Keywords:
복잡계 네트워크, 도선관 대출자료, 분포함수, 멱법칙
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Long-range prisoner's dilemma game on lattice populations
JEONG Hyeong-Chai*
Department of Physics, Sejong University
*
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Abstract:
Emergence of cooperative phenomena has been a fundamental puzzle in the studies on evolution. One key
element for the cooperation is the assortment between cooperators. A representative example is a spatial
assortment which can be arose when interaction is local in space. Here, we investigate the criterion on the
locality considering death-birth process on lattice population with long-range prisoner dilemma game whose
strength decays algebraically with distance between two players. Reproduction competitions are restricted
between nearest neighbors but their fitness is given by the weighted sum of payoffs from all members in the
population. When the weight decreases as
with the distance , we find that there is a critical value
of
the decay exponent below which spatial assortment is not good enough for the evolution of cooperation. For
the one and two dimensional square lattice, we show that
is 1 and 2 respectively. We also provide an
argument that the critical exponent should be the spatial dimensionality of the population structure in
general.
Keywords:
Evolutionary game theory, prisoner's dilemma game, cooperation
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Triangular-Lattice Ising Antiferromagnet with Free Boundary
Conditions
KIM Seung-Yeon*
Korea National University of Transportation
*

sykimm@ut.ac.kr

Abstract:
We have obtained the exact integer values for the density of states for the Ising model on an equilateral
triangular lattice with free boundary conditions up to L=24 spins on a side. Phase transitions and critical
phenomena can be understood based on the concept of partition function zeros. Nowadays, partition function
zeros are popularly used as one of the most effective methods to determine the critical points and exponents.
Given the exact density of states, the exact partition function zeros in the complex temperature plane of the
triangular-lattice Ising model can be evaluated. Using the density of states and the partition function zeros, the
properties of the triangular-lattice Ising antiferromagnet with free boundary conditions are investigated. Also,
the scaling behavior of the ground-state entropy and the form of the correlation length at T = 0 are studied for
the triangular-lattice Ising antiferromagnet with free boundary conditions.
Keywords:
Ising Antiferromagnet, Triangular Lattice
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Modification Factor of Wang-Landau Monte Carlo Method
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Abstract:
Wang-Landau Monte Carlo sampling is an efficient method in obtaining the density of states g(E) (as a
function of energy E). In Wang-Landau method, the most important concept is the modification factor f to
calculate g(E) efficiently. When the final modification factor f_final is larger than one, g(E) is obtained quickly
with low accuracy. If f_final is quite close to one, g(E) is obtained slowly with high accuracy. Because both
simulation time and sampling accuracy are important, an appropriate choice of f_final value is the key to the
success of Wang-Landau method. The effect of the modification factor of Wang-Landau Monte Carlo
method is systematically studied. The density of states g_i(E) of the Ising model on a 20x20 square lattice with
periodic boundary conditions is obtained using Wang-Landau method for thirty different values (i = 1 ~ 30)
of modification factor. The sampling results are evaluated by using the traditional maximum entropy and a
more sensitive indicator, the first partition function zero.
Keywords:
Monte Carlo Simulation, Wang-Landau Sampling
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Revisiting transfer-matrix calculations in the two-dimensional BlumeCapel model
JUNG Moonjung, KIM Dong-Hee*
Department of Physics and Photon Science, Gwangju Institute of Science and Technology
*
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Abstract:
We study the phase transitions in the two-dimensional Blume-Capel model by using the transfer matrix
method. The sparse-matrix decomposition technique and modernized Krylov subspace method allows us to
access up to 18x18 lattices, providing clear advantages in finite-size-scaling analysis over those performed
with small lattices in the previous transfer-matrix-based works [1,2]. By revisiting the phase diagram in the
area of high crystal anisotropy, we provide the first-order transition line in improved accuracy and
numerically confirm the Ising tricritical exponents through finite-size-scaling tests on correlation and
persistence lengths. [1] P. D. Beal, Phys. Rev. B 33, 1717 (1986). [2] J. C. Xavier, F. C. Alcaraz, D. Pena
Lara, and J. A. Plascak, Phys. Rev. B 57, 11575 (1998).
Keywords:
Phase transitions, Multicritical Phenomena, Transfer Matrix, Blume-Capel Model
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Measurement of Transition Temperature of Polymers on a Square
Lattice via Geometric Analysis
LEE Jae Hwan1, LEE Julian1, KIM Seung-Yeon*2
1

School of Systems Biomedical Science, Soongsil University, 2School of Liberal Arts and Sciences, Korea
National University of Transportation
*
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Abstract:
We study the collapse transition of polymers on a square lattice by measuring the radius of gyration and the
end-to-end distance which are obtained by enumerating the number of possible conformations for each
energy value. Maximum values of derivatives of the mean square values of both quantities enable us to
estimate the transition temperature with the conjectured exact value of the geometric exponent. Because the
universal ratio of both quantities tends towards constant at the transition temperature, the exactness of our
data allows us to obtain the transition temperature accurately in spite of relatively short polymer lengths. The
values of transition temperature obtained by geometric quantities are larger than those by thermodynamic
quantities such as the specific heat, the partition function zeros, etc.
Keywords:
lattice polymer; radius of gyration; end-to-end distance; universal ratio
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Percolation of the generalized 2-strategy spatial evolutionary game
theories
CHOI Woosik*, YOOK Soon-Hyung, KIM Yup
Department of Physics Kyung Hee University
*
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Abstract:
We study the generalized 2-strategy spatial evolutionary game theories including prisoner’s dilemma game,
snowdrift game, stag-hunt game, and harmony game with deterministic update rule on random regular
graphs. To understand the effects of spatial structures, percolation properties and cluster formation of the
cooperator cluster and the defector cluster are analyzed. From strategy-decision table and numerical analysis,
we find different regimes which has different transition properties depending on tuneable parameters T
(temptation payoff) and S (sucker’s payoff). We also show that various transition behaviors occur and the
number of regimes increases as coordination number increases.
Keywords:
Game theory, Spatial evolutionary game theory, percolation, transition
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Axelrod model on random network with rewiring and imitation
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*
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Abstract:
본 연구에서 우리는 network의 구조가 사회계에서 여론 형성 및 분극화 현상에 대한 연구를 수행하였다. 이를 위해
random network위에서 정의된 Axelrod 모형을 고려하였다. 보다 실제 사회계를 잘 묘사하기 위해 이 모형에서 우
리는 임의의 확률 p로 network상의 하나의 임의의 link가 rewire 되고 동시에 rewire된 agent의 임의의 feature 하
나를 모방하거나 1-p의 확률로 Axelrod model의 update rule을 따르는 모형을 고려하였다. 그리고 전산 시뮬레이
션을 통하여 p에 따라 상전이 현상이 일어남을 확인 하였고, 이 상전이 현상의 특성을 연구하였다.
Keywords:
Axelrod model, phase transition, network
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Passive Tracer Dynamics on Growing 1D Interfaces with a Columnar
Defect
SOH Hyungjoon1, HA Meesoon*2, JEONG Hawoong1
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Abstract:
In order to quantify the threshold of faceting transition on
growing (1+1)-dimensional (1D) interfaces with a columnar
defect, we present two different types of passive tracer whose
dynamics is strongly correlated with interface dynamics. Based on
the dynamic exponent obtained from the diffusion of passive
tracer [1], we argue the relevance of a columnar defect in growing 1D interfaces and associate it to the
queuing transition in the totally asymmetric simple exclusion process (TASEP) with a slow bond [2].
Moreover, we investigate the slow bond effect on fluctuation statistics of rescaled heights by means of
skewness and the kurtosis values. In particular, we focus on the relation of the Tracy-Widom statistics [3]
and the Kardar-Parisi-Zhang (KPZ) universality class in 1D interface growth [4], and numerically confirm
that the KPZ universal scaling still remains even in the presence of a columnar defect as long as the defect
strength is small enough. Finally, finite-size effects are discussed on our numerical data. [1] B. Drossel and
M. Kardar, Phys. Rev. B 66, 195414 (2002). [2] M. Ha, J. Timonen, and M. den Nijs, Phys. Rev. E 68,
056122 (2003); H. Soh, Y. Baek, M. Ha, and H. Jeong (in preparation). [3] C. A. Tracy, H.
Widom, Commun. Math. Phys. 159, 151-174 (1994). [4] M. Prahofer, H. Spohn, Phys. Rev. Lett., 84:48824885 (2000);P. L. Ferrari and H. Spohn. J. Phys. A, 38(33):L557-L561, (2005).
Keywords:
TASEP, Slow bond, Dynamic phase transition

2016년 봄 학술논문발표회 및 제92회 정기총회
2016.04.20 - 2016.04.22

P2-te.001

과학에 대한 정의적 영역과 사이코그래픽스의 관계
박종호*
진주교육대학교 과학교육과
*

parkkdp@cue.ac.kr

Abstract:
현재 과학교육에서 정의적 영역의 평가인 과학에 대한 태도와 과학적 태도는 학생들의 수준 진단과 이해 측면에서
중요한 요소로 자리잡고 있다. 그리고 이를 보다 폭넓게 이해하기 위한 다양한 연구도 이루고지고 있다. 이러한 다
양한 연구의 측면에서 사이코그래픽스 접근을 통해 과학적 태도와의 관계를 알아보는 것은 과학 학습자를 이해하는
데 폭넓을 넓혀주는 연구로서 가치가 있다고 판단된다. 사이코그래픽스 접근은 전통적 과학교육에서 실시했던 학습
자의 성별, 성적, 등등과 같은 데모그래픽스적 접근과 과학에 대한 태도와 과학적 태도의 정의적 영역의 측정 범위
를 보다 넓혀주는 심리학적 접근을 통시에 진행함으로써 학습자를 진단하는데 더 큰 영역을 제공할 것으로 생각된
다. 따라서 본 연구에서는 과학적 태도와 사이코그래픽스의 상관관계를 알아보고 사이코그래픽스적 접근법의 교육
적 활용을 논의하고자 한다.
Keywords:
과학교육, 사이코그래픽스, 과학적 태도
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2009 개정 과학교과서의 창의성 요소에 대한 교사와 학생들의 인식 조
사 연구
차상현, 류광수*
한국교원대 물리교육
*

ksryu@knue.ac.kr

Abstract:
오늘 날 우리는 많은 양의 지식과 정보들을 접하는 지식 정보화 사회에서 살고 있다. 이런 사회는 빠른 시간 안에
많은 양의 지식을 습득하고 이를 통하여 새로운 지식을 재창출하는 미래형 창의/융합 인재를 요구 하고 있다. 과학
교과서에서도 이러한 요구에 발맞추어 교과서 내에 창의성 요소를 더욱더 강조하고 있는 실정이다[1]. 그래서 현재
중/고등학교 교과서들을 대상으로 창의성 요소 분석에 대한 여러 연구가 진행되어 왔으나[2], 여전히 중학교 과학
교과서의 창의성 요소 분석에 대한 이해는 부족한 실정이다. 본 연구에서는 2009 개정 중학교 과학교과서를 대상
으로 과학교사와 학생들의 창의성 요소 인식 조사를 수행하였다. 구체적으로는 창의성의 4대 요소인 유창성, 융통
성, 독창성, 정교성에 대하여 교사와 학생들의 과학교과서에 대한 인식에 대한 설문조사를 실시하였다. 본 연구를
위해서 중학교 교사 45명, 학생 723 명을 대상으로 설문 조사를 실시 하였다. 정량적 통계 해석을 위하여 다음과 같
은 지표들에 점수를 부과하여 데이터를 분석하였다. 그 결과 교사와 학생들간의 교과서에 대한 인식 유형은 크게 차
이가 없었으나, 세부적으로는 교사가 학생과는 달리 과학교과서 내에 창의성에 대한 요소가 어느 정도 많이 포함되
어 있다고 생각하고 있었다. 공통적으로는 교과서 구성 요소 중 탐구 활동과 자유 탐구에서 창의성 요소가 많이 포
함되어야 한다고 생각하고 있었다.
Keywords:
창의성, 과학교과서,창의성 요소
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Equation for Calculating Mass at Power Point in Lever
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Abstract:
The generalized equation for calculating mass at power point in
lever had been induced as a function of the physical variables of
lever and experimental handling variables. The physical variables
of lever are length, thickness, mass and center of mass of lever
and the experimental handling variables are distances between
load and power arms, load point, fulcrum and power points,
weight mass and slanting degree. In the case of the load point,
fulcrum, power points and center of mass situated same position
in x axis, the mass at power point is depended on the ratio of
load arm to power arm, lever mass, and weight mass. Under fulcrum point located at center of mass, the
mass at power point is relied on the ratio of load arm to power arm weight mass, which has been used for
theoretical calculation in primary school science. In this paper, the force magnitudes and directions for
slanting levers, the drawing figure for calculating mass at power point, the arm vector at load point, center of
mass and power point, the masses at power points versus angles, the vertical arm length at load point, center
of mass, and power point, and the relative errors for physical variables of lever, and the relative errors for
handling variables had been studied.
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Abstract:
Developing science and technology provides a lot of high-tech display products in real life. This study presents
1) to understand the principle of science from high-tech display products, 2) to provide outcome of STEAM
pilot class in a middle school, and 3) to analyze its results using a survey study. Particularly, this study
contributes to understanding and developing an educational programs of high-tech display products through
supporting from science, technologies and career experiences. Moreover, It is urgently necessary for vitalizing
industries-schools-research institutes alliance to develop the proper educational programs.
Keywords:
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Abstract:
본 연구에서는 국내외에서 가장 널리 쓰이는 검사도구 중 하나인 힘개념검사(Force Concept Inventory)를 활용하
여 과학영재 고등학생들의 역학 기초개념 이해정도를 파악하는 조사를 수행하였다. 조사 결과, 과학영재 고등학생
들의 역학 기초개념 이해 정도는 매우 우수하였으며, 몇몇 문항에서 상대적으로 다소 취약한 면도 드러났지만 전형
적인 오개념의 특성을 나타내는 FCI 문항은 하나도 없었다. 또한 본 연구 대상과 같이 사전검사 점수가 높은 과학영
재들에 대한 분석에서 그 동안 수업 전후의 개념변화를 정량적으로 분석하는 지수로 널리 사용해온 Hake(1998)가
제안한 개념변화획득지수(Hake gain)의 문제점과 한계가 분명하게 드러났다. 그리고 FCI 검사 결과와 학기 성적과
의 상관관계계수가 0.5 ~ 0.7 정도로 힘개념 이해가 역학 수업에서 매우 중요한 요소임을 보였다. 이와 같이 물리
기초개념 검사에 대한 정량적 분석을 적용한 본 연구 결과는 학생의 물리 선개념 진단, 수업 후 학생의 물리 기초개
념 이해 평가, 수업 전후 학생의 개념변화 분석 등에 활용될 뿐만 아니라, 효과적인 물리수업의 설계나 수업개선활
동 등에도 유용한 정보로 활용될 것으로 기대된다.
Keywords:
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Abstract:
음파는 사람의 의사소통뿐만 아니라 일상생활에서 다양하게 나타나고, 사람이 들을 수 있기 때문에 파동의 간섭, 맥
놀이, 정상파 등에 대한 특성을 학생들에게 이해시키기 위해 물리 교육분야에서 많이 활용되어 왔다. 그러나 음파도
귀로 들을 수 있을 뿐 시각적으로 볼 수 없기 때문에 음파의 파장과 위상에 대한 개념을 교육하기에는 여전히 어려
움이 있다. 이러한 개념을 쉽게 제시하기 위해 음파의 파장과 위상을 직접적으로 측정할 수 있는 장치가 있다면 교
육효과를 크게 높일 수 있을 것이다. 이러한 필요성에 따라 본 연구에서는 콘덴서 마이크를 이용하여 음파 위상 측
정장치를 개발하고, 실제 음파에 대한 파장과 위상을 측정하였다. 음파 위상 측정장치는 콘덴서 마이크 앞에 음원과
동일한 진동수의 AC 전압이 인가된 도체판을 설치함으로써 제작되었다. 그리고 음원으로써 사용된 스피커에서 방
출되는 소리의 세기를 스피커와 콘덴서마이크 사이의 거리의 함수로서 측정하였다. 이를 통해 거리에 따라 콘덴서
마이크로 측정된 소리의 세기가 극대와 극소를 반복하는 주기적 형태를 보였으며, 측정 신호의 파장은 이론으로 구
한 음원의 파장과 동일하였다. 결국 음파 위상 측정장치를 통해 음원에서 방출되는 음파의 파장과 위상을 측정할 수
있었다.
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