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In tokamak fusion reactor, divertor plays an important role in removing waste material from the plasma. Since heat is
focused on the divertor surfaces, high heat flux removal is a core challenge for nuclear fusion engineering. Therefore,
enhancement of CHF(critical heat flux) for divertor cooling channel which determines safety margin of the system is
essential. Many types of divertor cooling channel have been reported in previous studies such as circular, swirl, microporous
coated tube, and hypervapotron. Hypervapotron is one of the promising coolant channel which shows high CHF. It is
reported that efficient bubble removal from heating surface of hypervapotron leads to CHF enhancement. In this study, airwater and steam-water experiment was carried out in various flow rates. Two-phase flow behavior was visualized in
transparent hypervapotron channel to clarify the bubble removal mechanism. Finally, surface structures such as fin shape,
angle, and side slot were optimized based on the bubble behavior on the surface.
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Magnetic fields in a vacuum chamber which contains plasma affect the motion of ions, resulting in a different deposition
pattern from that without magnetic field. In order to clarify the deposition and erosion characteristics as well as the
properties of deposited layers of plasma facing components in KSTAR, we investigated deposition and erosion of
amorphous hydrocarbon (a-C:H) films in both the TOKAMAK at KSTAR and electron cyclotron resonance (ECR) chamber.
We have installed coupons in both toroidal (i.e., parallel to magnetic field) and poloidal (i.e., perpendicular to magnetic
field) configuration to find the magnetic field dependence of the deposition and erosion phenomena. We used a cavity
structure with/without a standard a-C:H film on a Si substrate inside the coupon. Si substrates were positioned at the
bottom and at the top of the coupons. The optical constants and thickness profiles were characterized using spectroscopic
ellipsometry. Raman spectroscopy and transmission electron microscopy were used to investigate the chemical bonds,
morphology, and metallic impurity contents in the films. Using the depth profiles of a-C:H films, we estimated the a-C:H
impurity flux along both toroidal (ions, ~1015 atom/cm2s) and poloidal (charge exchange neutrals, between 2×1014 to
6×1014 atom/cm2s) directions in KSTAR. Estimating the erosion from the standard a-C:H films, we determined the erosion
(chemical sputtering) yield of incident D0 particles on the standard a-C:H films as 10-2-10-3 in the ECR chamber.
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ITER와 DEMO 핵융합로에서 가장 극한 환경에 직면하는 디버터의 플라즈마 대면소재 후보로 텅스텐이 선정되어 있고, 텅스텐 순물질의
장단점이 보고되어 있다. 현재 순물질의 장점을 극대화하고 단점을 보완할 수 있는 다양한 방법이 연구되고 있으며, 합금화 등 여러 가능
성들이 보고되고 있다. 대면소재 특성을 파악하기 위해서 융합로 환경 구현이 필요한데, 그 중에서도 중성자 조사 환경이 가장 어려운 부
분으로, 핵융합로에서 발생되는 고에너지 중성자 환경의 모사가 제한적으로 이루어지고 있다. 이를 보완하고 또 실험의 방향을 제시하기
위해 전산모사를 이용한 조사손상 연구 또한 활발히 진행되고 있다.
이 발표에서는 분자동역학을 이용한 조사 손상 전산 모사 결과를 보고한다. 먼저, 중성자 조사를 primary knock-on atom(PKA)으로 대
체할 때, 조건에 따른 결과의 변화를 살펴보고, PKA 에너지와 시스템의 크기가 결과에 미치는 영향에 대해 알아본다. 다음으로, 환경 설
정에 따른 분자동역학 결과의 신뢰성을 알아보며, 마지막으로 여러 조건에 따른 변화를 정리하여 전산모사 설정에서 오는 제약을 줄이는
방법에 대해 논의한다.
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We have successfully generated plasmas and magnetic X-point configurations in MAXIMUS, a magnetic X-point simulator
system. MAXIMUS is a cylindrical (60cm diameter by 2m long) vacuum chamber with the base pressure of approximately
Torr where DC plasmas by heating thoriated tungsten filaments can be generated. Magnetic X-points are
created via axially flowing two parallel currents through MAXIMUS. By changing these current levels we change the
strength of magnetic fields; while the positions of the currents determine locations of the X-point. We observe that the
spatial structures of the floating potential, the cold electron temperature, the hot electron temperature and the ratio of the
hot electron density to the cold electron density are highly correlated with those of magnetic fields. We also present
preliminary results on measurement of neutral density based on collisional-radiative model and its correlation with plasmas.
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New simulation method which couples a conventional tokamak plasma analysis and a radiation transport analysis is
developed. This simulation can incorporate both plasma physics and engineering constraints on a tokamak fusion system
self-consistently. Using this simulation, we found not only plasma performance and system parameters, but also the
optimal radial build of the tokamak fusion system with the plasma physics and engineering constraints moderately
extrapolated from the constraints adopted in the design of International Thermonuclear Experimental Reactor (ITER). In a
low-aspect-ratio configuration, the minimum major radius to produce a given fusion power was determined by the
shielding requirements and the magnetic field at the toroidal field (TF) coil. With a confinement enhancement factor H =
1.3, Q > 10 was possible for fusion power greater than 1,000 MW with an aspect ratio of A = 1.5; however, Q > 10 was
possible for fusion power greater than 2,000 MW with an aspect ratio of A = 2.0. In a normal aspect ratio configuration,
configuration with only an outboard breeding blanket does not satisfy requirement on tritium self-sufficiency. The optimum
system size to produce a given fusion power is determined by the requirements on the shielding, tritium breeding and the
magnetic field at the toroidal field (TF) coil. With a confinement enhancement factor H = 1.3, Q > 30 was possible for
fusion power greater than 2,000 MW with an aspect ratio of A = 3.0; however, Q > 30 was impossible with an aspect ratio
of A = 4.0. The tritium breeding capability of a low-aspect-ratio tokamak exhibited better performance since the number of
fusion neutrons that contributed to tritium breeding were larger than the case with a larger aspect ratio tokamak.
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핵융합로 내부에 설치된 divertor는 핵융합 반응의 부산물인 helium ash와 plasma-wall interaction에 의해 생성된 불
순물들을 플라즈마 운전 중 실시간으로 제거하기 위한 장치로 강한 자기장이 divertor plate를 통과하도록 설계 되어있
다. ITER의 경우 정상상태에서 10-20 MW/m2의 열속과 1024 /m2의 입자속이 divertor plate로 들어올 것으로 예상된
다. 효과적으로 열속 처리기술 및 재료기술 개발이 이뤄지기 위해서는 이에 상응하는 고열속, 고입자속 부하장치가 필
요하다. 이러한 목적을 달성하기 위해 우리는 magnetoplasmadynamic (MPD) thruster 개념을 이용하여 고열속/고입
자속 부하장치를 개발하고 있다. MPD thruster는 copper anode와 tungsten cathode로 구성되어 있는데, 이들 사이
에 전위차를 걸어주어 고전류 플라즈마를 만들고 thruster 외부에 자석을 두어 축방향 자기장을 걸어주어 플라즈마에 G
× 힘을 작용시켜 고열속/고입자속 플라즈마를 만든다. MPD thruster는 저압에서 방전이 가능하여 수소기체를 사용
해 플라즈마를 방전할 수 있는 장점이 있다. 우리는 현재 가장 효율이 좋은 것으로 알려진 독일 SX3 thruster를 벤치마
크 하여 플라즈마 소스 설계 및 제작을 완료하였고 지난 6월 성공적으로 first plasma를 방전하였다. 이후 플라즈마 입
자속 진단을 위해 현재 KSTAR central divertor 영역에 설치된 Langmuir probe array와 동일한 진단계를 설치하였고열
속 진단을 위해 calorimeter가 설계 중에 있다. Ar 중성종의 collisional-radiative (CR) model을 이용하여 플라즈마방
출광 스펙트럼 분석을 통해 전자온도와 전자밀도를 측정하였고 플라즈마 전류가 1 A일 때 방전 채널 부근에서는 약
1012 cm-3, 플라즈마 plume 부분에서는 약 1011 cm-3 의 밀도를 얻었다. 향후 플라즈마 전류는 500 A까지 올릴
계획이다.
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A high-power proton linac is designed as a spallation neutron source for the accelerator-driven system (ADS), which can
transmute the long-lived radioactive nuclear wastes. The accelerator with proton beams of a few MW power is able to
produce neutrons from heavy element targets by spallation. The accelerator is mainly composed of H- ion source, RFQ, DTL,
low and medium energy beam transportation systems, and SRF linac. The 325 MHz RFQ and DTL will accelerate a few keV
proton beam from the H- ion source to 10 MeV. The SRF linac is segmented into low energy section with two types of 325
MHz Single Spoke Resonator (SSR) cavities as well as high energy one with two types of 650 MHz 5-cell elliptical cavities.
The proton beam will be accelerated to 200 MeV in the low energy SRF linac, then up to 1 GeV in the high energy SRF
linac. The lattice design and optimization of beam dynamics are conducted in each segment of the linac. Moreover, SRF
cavity parameters and transition energy between sections are also optimized to minimize construction cost. This study
presents the status of the conceptual design of this high power linac for the ADS system.
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Various modalities in clinical treatment of cancer have been conducted and studied all over the world. Among them, a
radiation therapy has a great advantage of fewer side-effects by killing tumor cells selectively. For treatment of brain, head
and neck cancer, a neutron capture therapy (NCT) has been suggested and applied as a noninvasive therapeutic modality.
Basically NCT is a targeted therapy in which cancer cells accumulate neutron absorbers such as boron or gadolinium and
subsequently bombarded with neutrons. In order to serve the ~10^9 n/cm^2/sec epithermal neutron for cancer treatment
in the accelerator based neutron capture therapy (AB-NCT), various options for accelerator were needed on the accelerator
facility. Korea Institute of Radiological Medical and Sciences (KIRAMS) has designed the cyclotron system as an AB-NCT and
studied the feasibility of various neutron absorbers. In this talk, we are going to show the current status and future plan for
the NCT project in the KIRAMS.
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Neutron capture therapy (NCT) is a promising treatment technology that can selectively kill cancer cells at the cellular level
and is actively studied worldwide. In order to meet medical treatment goals for future medical purposes, it must be legally
licensed, which requires licensing of the facility to confirm the stability of the accelerator for neutron capture. As a result, it
is necessary to evaluate the gamma emittance and the shielding for the radiation environment safety analysis. Therefore, it
is possible to secure the neutron capture base technology so as to be safe in the radiation environment exposure condition
and to use the neutron so that it can be utilized.
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Biological model plays a crucial role in a clinical neutron capture therapy (NCT) with the aim to achieve the corresponding
outcomes to the standard photon radiotherapy. In this study, photon effective isodose of KIRAMS MC 50 cyclotron is
investigated for neutron capture therapy by using Geant4 simulation toolkit. 35 MeV proton beam energy is chosen to
simulate the bombardment of proton beam into beryllium target with (p,n) charge-exchange reaction. The generated
secondary particles are transported into water phantom in a given MC 50 gantry room. The lineal energy of neutron beam
is calculated as a function of the water phantom depth and the relative biological effectiveness (RBE) is estimated for
human salivary grand (HSG) cells. Finally, the photon effective isodose in water phantom is calculated.
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We present the development of the Level-1 pixel trigger algorithm (PiXTRK) based on the latest CMS simulation framework
for the Phase-2 Upgrade at High Luminosity LHC (HL-LHC). The CMS detector will undergo high radiation with 140 to 200
pile-up events of proton-proton collisions at HL-LHC. Therefore a new level-1 trigger system will be essential to keep the
high selection capability for overall physics performance at HL-LHC. The PiXTRK algorithm to match pixel track with level-1
electromagnetic (EM) object using the latest CMS phase-2 upgrade simulation framework is studied. In the simulation
framework, the High Granularity calorimeter (HGCAL) is implemented in the endcap region of the EM Calorimeter. In this
talk, we discuss the updated PiXTRK algorithm using the new pixel tracker geometry and the EM calorimeter simulations
including HGCAL.
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Thanks to its high rate capability, thinness, and radiation hardness, the three stations of detectors based on gas electron
multiplier (GEM) technology will be installed in the CMS endcap. The Korea CMS group (KCMS) will contribute to the
upgrade project by supplying the large size GEM foils. Due to the shortage of the large size GEM foil supply, the Korean
contribution is extremely important for the CMS upgrade project. The Korean GEM is produced by Mecaro with the
double-mask technique. Mecaro is world only one facility which can produce the large size GEM foil with the double-mask
technique. The plan of the CMS upgrade and the Korean contribution will be presented. The GEM foil production at
Mecaro is also presented.
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In the CMS experiment, a pair of collimated electrons can be produced from the
further decay of a highly boosted exotic particle. Such collimated electrons can be
merged into a single electron by the clustering algorithm. The development of merged
electron identification using multivariate technique is presented. The standard isolation
requirement used in the CMS experiment may reject merged electrons in the signal. The
treatment of the isolation requirement for merged electrons to improve signal efficiency
is presented.
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2CDB13D
Installation of improved Resistive Plate Chambers (iRPC) in the forward region (1.8 < |η| < 2.5) are planned as one of the
CMS Phase-II upgrades. New electronics with precise timing measurement is also planned to be equipped for the entire
system. We suggest improved trigger algorithms for the Heavy Stable Charged Particles based on the time of flight
technique using the RPC. We show that combination of iRPC and other systems such as GEM and CSC is effective to
remove random coincidence of pileup events.
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During the next long shutdown of the LHC in 2019, the CMS collaboration will add new GEM detector stations in the
endcaps to improve the tracking of muons in the high pseudo-rapidity region. The detectors have been designed to provide
both fast muon trigger information in this high radiation region, and provide full granularity information for offline studies.
We present the status of the GEM detector as well as studies of the expected performance after long shutdown 2.
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Since luminosity upgrade of large hadron collider is scheduled, the upgrade of the compact muon solenoid (CMS) detector
is also planned. As a part of the upgrade, detectors based on gas electron multiplier (GEM) technology will be installed in
the CMS endcap. The Korean contribution is planned to the CMS upgrade by supplying the large size GEM foils. As the foils
are produced by new manufacturer, Mecaro, the intensive quality validation on the foils is ongoing. Several GEM detectors
with GEM foils produced by Mecaro have been assembled and properties of those detectors have been measured.
According to the measurements, the Mecaro foils are good as CERN foils. The results of the validation are presented.
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In upcoming upgrade CMS muon system, GEM (Gaseous Electron Multiplier) chamber and iRPC (improved Resistive Plate
Chamber) will be installed in CMS endcap area for enhancement of forward region in HL-LHC plan. These detectors will
provide higher time resolution for background and pileup rejection.
Due to the forward location of the GEM detectors, the background radiation dose is expected to be very high, especially in the
HL-LHC collisions. We simulate the expected backgrounds to estimate the effects of ageing.
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Muons with high transverse momentum (high-pT) appear in many new physics signatures beyond the standard model at
the LHC. It is crucial to understand the characteristics and performance of high-pT muons, in particular for high mass
resonance searches such as Z′ and W′, since they could decay into final states containing TeV scale muons.
Previously, most studies on muon performance focused on electroweak scale. However in 2016 and 2017 the CMS
detector collected 78 /fb of proton proton collisions at center-of-mass energy √s=13 TeV. These data contain a large
number of sufficiently high-pT muons allowing us to better understand their performance.
General high-pT muon reconstruction and identification (ID) will be covered in this talk. Moreover, improvements to the
high-pT muon ID, especially related to hits and stations in the CMS muon system, and their performance will be presented.
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본 강연에서는 기하광학과 물리광학으로 분류되는 고전광학을 이용해서 다양한 응용분야에 적용한 발표자의 이전 연구결과들을 소개하
고자 한다. 먼저 자동차에는 차량의 지붕을 지지하는 필러 (pillar)가 있으며 이는 차체의 강성을 결정하기 때문에 특히 사고가 났을 때 차
체를 지탱해주는 기둥 역할을 해서 차량운전자를 보호해준다. 차체 전방으로부터 A필러, B필러, C필러 등으로 구분되며 가장 전면에서
지지대 역할을 하는 A필러는 운전자의 시야를 가리기 때문에 전체 교통사고의 40% 정도를 유발한다고 알려져 있다. 렌즈, 거울, 프리즘
등과 같은 기본적인 광학 소자들을 사용하여 클로킹 (cloaking) 소자를 개발하고 이를 필러에 적용하여 시스루 (see-through) A필러를
구현하면 운전자의 시야를 크게 확보할 수 있으며 이로써 사고율을 현격하게 낮출 수 있는 연구에 관한 내용을 간략하게 소개하고자 한
다. 두 번째로는 직사광과 산란광을 동시에 전기에너지로 변환시킬 수 있는 새로운 하이브리드 형태의 집광형 태양전지 모듈에 관한 연구
내용을 소개하고자 한다. 기존의 집광형 태양전지에서는 광학렌즈를 사용해서 고효율 다중접합 태양전지 소자에 빛을 집광 시켜서 전기
에너지를 생산하는데, 광학렌즈의 좁은 수광각 특성으로 인해서 산란되는 빛들은 다중접합 태양전지 소자에 효율적으로 집광 시킬 수가
없다. 값싼 실리콘 태양전지를 기존의 집광형 태양전지 모듈에 집적화 하거나 다중접합 태양전지 소자를 투명한 기판에 트랜스퍼 프린팅
하고 실리콘 태양전지를 바로 밑에 배치함으로써 맑은 날에도 20% (흐린 날에는 100%) 이상의 버려지는 산란광을 전기에너지로 효율
적으로 변환시켜서 맑은 날에는 평균 2%, 흐린 날에는 10%의 추가적인 출력향상을 얻을 수 있었다. 집광형 태양전지의 변환효율을 더
욱 증대 시키기 위해서 태양광 집광장치에 초광대역 고효율 반사방지막 코팅을 적용하여 태양전지 효율을 10% 이상 개선시켰다. 이러한
연구 결과물들은 향후 세계 최고 효율의 태양광 모듈을 개발하거나 태양전지를 포함한 다양한 광학, 광전자소자의 효율을 크게 높임으로
써 소자의 성능을 획기적으로 개선할 수 있는 원천기술로의 활용이 기대된다. 세 번째로는 디스플레이, 이미지 센서, 칼라 프린팅 등 다양
한 분야에 빛을 흡수하는 화학 안료 기반의 유기물질 색필터가 많이 쓰이는데, 이를 대체할 수 있는 나노구조물 기반의 고효율 구조식필
터 개발에 관한 연구결과들을 발표하고자 한다. 광결정구조, 초극박막 반도체 기반의 나노공진기 등을 이용한 입사각과 입사 편광에 무관
한 광학 특성을 갖으면서 고효율의 채도와 선명도를 자랑하는 반사색 및 투과색필터를 소개하고자 한다. 마지막으로 기존의 검은색이 아
닌 컬러를 구현하면서 반투명한 태양전지에 관해 발표하고자 한다. 얇은 금속전극과 유전체로 구성된 광학 공진기나 플라즈모닉스 기반
의 나노구조물을 실리콘 및 페로브스카이트 태양전지와 집적화하여 투과성을 가짐과 동시에 다양한 컬러 구현이 가능하도록 설계하였다.
공진기 내부로 입사된 빛은 특정 파장대역에서 강한 공진현상을 일으켜 공진 파장과 일치하는 색을 띠고 공진기에서 반사된 다른 파장영
역의 빛은 다시 태양전지에 흡수되므로 얇은 광활성층 사용에 따른 효율 손실을 최소화할 수 있었다. 이는 모바일 소자 등에 쓰이는 반사
형 디스플레이에 바로 응용이 가능하며 자가발전이 가능하기 때문에 현재 디스플레이의 에너지 소모를 크게 줄일 수 있으며, 다른 구조의
태양전지와 다양한 나노구조물 등과의 집적화도 쉽게 가능하기 때문에 이렇게 개발한 반투명 컬러 태양전지는 건물 외벽, 창문 등에 설치
하여 다양한 디자인 효과를 줄 수 있어서 태양전지의 활용도를 크게 높여 줄 것으로 기대된다.
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2CDB13D
Non-radiative recombination (NRR) in materials is an excited-state phenomenon, which manifests itself in various processes
important to device applications such as suppressed luminescence, reduced carrier lifetime and density, creation of defects,
and enhanced ion diffusion. Due to the lack of adequate methods to treat the dynamic process of the excited state,
however, the microscopic origin of NRR still remains controversial. In this work, using the recently developed program
based on time-dependent density functional theory, we investigate the atomistic mechanism of the defect-induced NRR
processes. Although NRR can occur simply from carrier trapping at a defect level, the process rate is severely slow. Instead,
dynamic structure transition associated with the carrier trapping can significantly enhance the NRR rate, and such a defect
is the main source of efficiency loss in device applications.
This was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) (NRF2018R1D1A1B07044564) and KBSI grant D38614.
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Structured metals have a very large scattering cross-section that is induced
by localized surface plasmons, thereby resulting in a decrease of
transmittance accompanied by a thick haze. The degradation of visibility
caused by the haze remains a more challenging problem for metal
nanostructures, which impedes their practical use in display applications.
Here, we report engineering strategies for backward scattering suppression,
which trigger broadband, polarization- and angle-independent near-unity
transmittance from a network of submicron Ag wires. We prepare
electrospun Ag wires with 300−1800 nm in diameter and perform a facile surface oxidation process to form Ag/Ag2O
core/shell structures. The absorptive Ag2O shell, together with the coating of a dielectric cover, leads to the cancellation of
electric multipole moments in Ag wires, thereby dramatically suppressing plasmon-mediated scattering over the full visible
spectrum and rendering Ag wires to be invisible. Simultaneously with the effect of invisibility, the transmittance of
Ag/Ag2O wires recorded a transmittance of ~99%, relative to a bare glass substrate, despite the formation of an
absorptive Ag2O shell. We believe that the scattering engineering technique developed herein represent a substantial
contribution to the realization of a new class of transparent electrodes by resolving the visibility problems of metal wire
networks such as limited transmittance and poor clarity
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Single molecule localization microscopy (SMLM) such as PALM, STORM, and SOFI leveraged the spatial resolution of
fluorescent optical microscopy to the level of electron or X-ray imaging, opening alternative avenue to understand the
nanometer-scale structural inhomogeneity of the emerging nano- and biomaterials. SMLM shatters the diffraction limit by
exploiting intrinsic blinking of the fluorescent probes (organic dyes, quantum dots, etc) to separate the previously
unresolvable objects in temporal dimension. However, successful SMLM imaging without artifacts requires sophisticated
sample staining strategies, which require moderate label density and long-life time dark states.
Here, we propose a modified SMLM protocol that not only preserves the super-resolving power of SMLM but also
greatly relax the stringent requirement of using blinking fluorescent probes. To this end, we externally induce spatially
localized blinking by illuminating the conventional fluorescent probes with dynamic random speckle patterns of tiny grain
size. The resulting low resolution blinking video turns into a single super-resolution image via spatio-temporal higher-order
cumulant analysis well established in the balanced SOFI protocol. In contrast to PALM/STORM, this unique SMLM modality
is largely independent of the details of blinking and thus is ideal to embrace the engineered fluorescence fluctuation
induced by external speckle pattern illumination. In addition, SOFI tolerates high labeling density, the condition which
PALM/STORM suffer severe artifacts owing to false localization. In this talk, we demonstrate the power of our versatile
super-resolution imaging scheme with both simulated and experimental resolution targets such as sparsely distributed
fluorescent beads and subwavelength-scale nanopatterns. Our SMLM approach is easy to implement and is free of artifacts
under realistic fluorescence imaging conditions, thus adding an accessible toolkit to the library of modern super-resolution
optical imaging modalities.
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Optical Whispering-Gallery-Mode resonators have attracted much interest due to their potential from ultra-high-Q factor.
This Ultra-high-Q factor can enhance interaction between photons and optically active material and we can expect
interesting phenomena which need strong interaction. Here, we introduce recent effort to integrate optically active
nanomaterial with ultra-high-Q toroid resonator. With nanodiamond, we fabricate toroid optical resonator embedding NV
color center. By scanning photoluminescence emission, we confirm nanodiamond is embedded inside toroid structure.
Measurement of quality factor also shows that realized toroid resonator still have high-quality factor above 10^7.
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In this talk, we propose theoretical approaches to enhance and direct emission from atomically thin emitters with an
integration of photonic dispersion-engineered structures. Two dimensional photonic crystal structures can provide
extremely high density of states for particular wave vectors at discrete frequency. With tailored photonic crystal structures,
radiation from quantum emitters has highly directional. Metamaterial waveplates, composed of one-dimensional
subwavelength metal/dielectric structures, lead to polarization-selective vertical emission. A submicron metal wire can also
dramatically control the radiation distribution of quantum emitters when they are in the close vicinity of the metal wire. We
believe that these theoretical insights will contribute to obtain the directional beaming from quantum emitters, which is a
key for efficient solid-state lightings and single-photon emitters.
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2CDB13D
The SLOWRI facility, a universal slow RI beam facility is developed at the BigRIPS in RIKEN. We already succeeded in
precision laser spectroscopy for laser-cooled radioactive beryllium isotopes including a neutron-halo nucleus using a
prototype gas catcher which was developed at RIPS in RIKEN an rf ion guide technique. We also succeeded in nuclear mass
measurements with a multi-reflection time-of-flight mass spectrograph at the GARIS-II facility in RIKEN. At the SLOWRI
facility, two types of gas cells, meaning, rf-ion-guide type and laser-ionization type, are under development. The SLOWRI
facility is expected to extend the playground for precision spectroscopy of unstable nuclei including precision nuclear
masses, nuclear moments, and decay studies. We plan a series of online collinear laser spectroscopy experiments, especially
for the elements which are difficult to produce at ISOL-type facilities. In this talk, the development status of the SLOWRI
facility and our plan for laser spectroscopic experiments are presented.
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Laser resonance ionization (RIS) uses the spectroscopic fingerprint of an element for element selective and ultra-sensitive
ionization and detection. This can be used in astro-physics and geolology for the determination of isotope anomalies, and
the migration of isotopes in the environment, for example ground water investigations, the structure of oil and gas fields,
or in nuclear non-proliferation and test ban treaty verification. In my particular application, laser resonance ionization is
used for the efficient ionization and delivery of rare, short lived radioactive isotopes to users of TRIUMF’s radioactive isotope
research facility. Ultra-sensitivity and selectivity translate into high yields of radioactive isotopes to users and high purity
beams of isotopes that are difficult to produce. At the same time these isotopes are studied not only by nuclear decay and
nuclear reactions, but also by laser spectroscopy. I will give a brief overview of the different laser spectroscopy facilities
currently in operation at TRIUMF and my own study of optical isotope shifts, nuclear moments and nuclear charge radii
through in-source laser spectroscopy.
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Atomic physics technique plays an important role for the determination of masses, charge radii, and nuclear moments, and
which has been utilized to measure the properties of radioactive isotopes. The accurate measurement combined with
theoretical atomic structure calculation provides insight of nuclear structures, interactions, and finding magic numbers
which results in progress of the nuclear shell model. We have reviewed recent high resolution spectroscopic techniques and
theoretical atomic structure calculations adopted to radioactive beams, in particular, relevant to present and future
researches in RAON facilities. Isotopes such as 132Sn from UCx target, 8Li from SiC target for collinear laser oscopy and
optical pumping, Al isotopes for resonance ionization laser ion source commissioning have been interested in the rare
isotope science project with RAON and present status and future plans on the atomic physics researches for the isotopic
systems have been presented.
This work has been supported by Korean Ministry of Science and ICT (NRF-2018M7A1A1072274).
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Filopodia, i.e., the finger-shaped membrane protrusions, play an important role in cell migration, neurite outgrowth and
wound healing [1]. A single-molecule study based on optical fluorescence imaging method reveals that when two cells in
proximity are connected via an actin-based bridge called the intercellular nanotube two filopodia approaching each other
tend to form a helix structure. To understand this helical formation process of the filopodia, we model a filopodium as a
bundle of wormlike chains whose net persistence length is consistent with the value measured by our optical tweezers
experiment. Using the Langevin dynamics simulation of the model, we quantitatively investigate the conformation, stability,
and dynamics of the interwound filopodia in comparison with experiment. Moreover, using simulation and theoretical
calculation, we find that filopodia require about 300kBT of binding energy to form a helix with a pitch of about 200 nm per
turn. Our study suggests that the formation and structure of the filopodia helix depend on the size of the Ncadherin/catenin cluster.
[1] Filopodia: molecular architecture and cellular functions, Pieta K. Mattila & Pekka Lappalainen, Nat. Rev. Mol. Cell Biol.
9, 446–454 (2008)
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The remarkable advance of the machine learning is a pattern recognition after trained by abundant data set.
In this study, we pave the way to diagnosis of early stage of type II diabetes mellitus by means of the biophysical model of
glucose homeostasis.
The biophysical model described blood glucose levels as a results of non-wasteful summation of hormones in which
hormone secretion governed by the glucose level through closed loop.
Here, extended version of the model to describing insulin resistance has been used for generating data set.
By adopting various method in machine learning filed including technique of encoding time series to image, we shed light
on the possible way of diagnosing type II diabetes based on machine learning
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Mechanical properties of short double-stranded DNA (dsDNA) governs DNA related biological phenomena at the
nanoscale. However, dsDNA characterization in the submicron regime using magnetic tweezers (MT) was limited due to
various difficulties. We developed a simple method that eliminates errors due to magnetic anisotropy and thus enables
precise force-extension measurements with MT. Applying the method, we found that dsDNA persistence length is largely
dependent on contour length and GC content.
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Topological band theory has attracted much attention since several types of topological metals and semimetals have been
explored. These robustness of nodal band structures are symmetry-protected, whose topological features have deepened
and widened the understandings of condensed matter physics. Meanwhile, as artificial quantum systems superconducting
circuits possess high controllability, supplying a powerful approach to investigate topological properties of condensed
matter systems. We realize Hamiltonians with topological symmetry by mapping momentum space to parameter space in a
superconducting quantum circuit. By measuring energy spectrum of the system, we observe the gapless band structure of
topological semimetals, shown as Dirac points or Weyl points in momentum space. The phase transition from topological
semimetal to topological insulator can be realized by continuously tuning the parameter in Hamiltonian. Our work open a
platform to simulate the relation between the symmetry and topological stability in condensed matter systems.
[References]
1. Xinsheng Tan, Yuxin Zhao, Qiang Liu, Guangming Xue, Haifeng Yu, Z. D. Wang, Yang Yu, Npj Quantum Materials 2, 60
(2017).
2. Xinsheng Tan, Dan-Wei Zhang, Qiang Liu, Guangming Xue, Hai-Feng Yu, Yan-Qing Zhu, Hui Yan, Shi-Liang Zhu, Yang
Yu, Phys. Rev. Lett. 120, 130503 (2018).
3. Xinsheng Tan, Mengmeng Li, Danyu Li, Kunzhe Dai, Haifeng Yu, Yang Yu, Appl. Phys. Lett. 112, 172601 (2018).
4. Xinsheng Tan, Yuxin Zhao, Qiang Liu, Guangming Xue, Haifeng Yu, Zidan Wang, Yang Yu, arXiv:1802.08371.
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The superconducting artificial atom (qubit) oscillator system is an ideal
physical system for studying very strong light-matter interactions (Fig. 1,2).
The flux qubit-oscillator circuit is well described by the so-called generalized
quantum Rabi-model Hamiltonian shown in Eq. (1). The first, second and
third terms respectively represents the energy of the qubit, the energy of the
harmonic oscillator (single mode electromagnetic field), and the interaction
energy. If the coupling strength g becomes as large as the atomic and cavity
frequencies (Δ and ω, respectively), the energy eigenstates including the
ground state are predicted to be highly entangled [1]. We have
experimentally achieved this deep strong coupling using a superconductingflux-qubit LC-oscillator system [2]. By carefully designing a superconducting
persistent-current qubit interacting with an LC harmonic oscillator that has a
large zero-point fluctuation current and incorporating with a large shared
Josephson inductance, we have realized circuits with g/ω ranging from 0.72
to 1.34 and g/Δ >> 1. From the transmission spectroscopy, we have
observed unconventional transition spectra which can be interpreted using
predicted energy levels which are well described by Schrödinger-cat like
entangled states between persistent-current states of the qubit and
displaced Fock states of the oscillator [2]. By using two-tone spectroscopy,
the energies of the six lowest levels of each circuit are determined. We find
huge Lamb shifts that exceed 90% of the bare qubit frequencies and
inversions of the qubits’ ground and excited states when there are a finite
number of photons in the oscillator [3]. We have also observed collective
coupling between an engineered 4300 ensemble of macroscopic artificial
atoms and a superconducting resonator [4], and considered the condition
for observing superradiance phase transition in the presence of parameter
fluctuations [5].
[1] S. Ashhab and Franco Nori, Qubit-oscillator systems in the ultrastrongcoupling regime and their potential for preparing nonclassical states, Phys. Rev. A81, 042311 (2010).
[2] F. Yoshihara, T. Fuse, S. Ashhab, K. Kakuyanagi, S. Saito, and &5=21, Superconducting qubit oscillator circuit beyond
the ultrastrong-coupling regime, Nature Physics 13, 44 (2017).
[3] F. Yoshihara, T. Fuse, Z. Ao, S. Ashhab, K. Kakuyanagi, S. Saito, T. Aoki, K. Koshino, &5=2a, Inversion of qubit energy
levels in qubit-oscillator circuits in the deep-strong-coupling regime, Physical Review Letters 120, 183601 (2018)ㅤ
[4] K. Kakuyanagi, Y. Matsuzaki, C. Deprez, H. Toida, &5=21, H. Yamaguchi, W. J. Munro, S. Saito, Observation of
collective coupling between an engineered ensemble of macroscopic artificial atoms and a superconducting resonator,
Phys. Rev. Lett. 117, 210503 (2016)
[5] S. Ashhab and &5=21, Superradiant phase transition in the presence of parameter fluctuations, Phys. Rev. A 95,
053833 (2017)
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In this work, we present carbon nanotube (CNT) single and double quantum dots coupled to a GHz superconducting
impedance matching circuit using a CNT stamping technique. The device shows a tunable bipolar double dot behavior,
reaching the few-electron/hole regime. The resonance response reflected by the matching circuit is a sensitive probe of the
charge state of the device, allowing a determination of the absolute charge number. The resonance response at the
interdot charge transitions enables quantitative parameter extraction. In addition, the impedance matching circuit allows
excellent shot noise measurement performance in a carbon nanotube single quantum dot regime. The signal to noise ratio
at a device resistance of 100 kΩ is enhanced by a factor of 3.5 compared to a wide-band detection without impedance
matching.
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Quantum information science and technologies are growing rapidly in recently years with increasing efforts from both
academia and industry. To overcome the challenging problem of controlling the delicate quantum system, we will need to
further understand and harness the quantum properties of the materials, upon which the quantum technologies are built.
In this talk, we will discuss what the two-dimensional layer material platform can offer with its atomically engineerable
heterostructures. As an example, we will present how to detect single-photon using the superconductor-graphenesuperconductor junction. This is possible because the Dirac fermions are in extreme thermal isolation with minute specific
heat that can be exploited for ultra-sensitive bolometers and calorimeters.
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Nanomechanical resonators provide a versatile platform for high-sensitivity sensors. These tiny devices reached quantum
regime recently allowing actuations and measurements near zero-point motion as demonstrated by quantum back-action
evading measurements and quantum squeezing of mechanical motion in cavity electromechanical systems. In order to
exploit these quantum electromechanical devices for sensing applications, realiable ground state generation and quantum
noise manipulation are necessary. Toward this goal, we focus on improving the coupling strength between the cavity
microwave photons and the phonons in the nanomechanical resonator. In this talk, I describe our recent approaches
involving tunable Josephson inductance and type-II superconductor microwave resonators that could bring our cavity
electromechanical device into the ultra-strong coupling regime.
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Linearly deformable and highly conductive fibers with various functionalities are reported. Highly over twisted supercoil
structured fibers are fabricated by inserting a giant twist insertion into composite fibers which consisting of spandex core
and carbon nanotube sheath. The resulting supercoiled fibers show a highly ordered and compact structure and provide a
structural strain over 1000% in tensile direction with less than 5% increase in resistance. Moreover, supercapacitors with
high specific capacitances are demonstrated by incorporating pseudocapacitive-active materials on the supercoiled fibers.
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주변 환경으로 그대로 버려지는 저온 열에너지(ca. 150oC 이하)는 전체 폐열에너지의 43%로 보고되며, 에너지로 환산하면 약
4.5X1017 J에 해당하는 상당한 양이다. 일례로, 자동차 및 LED 조명의 경우, 정상 운용 시 각 70%, 85%의 에너지가 폐열로 방출되며,
발전소나 산업공정에서 발생한 저온의 열에너지는 증기 및 폐열의 형태로 대기 중으로 방출되거나 낮은 효율로 재활용 된다. 이러한 폐열
에너지의 효과적 활용을 위해 열전소자를 이용한 에너지 수확장치 연구가 주로 진행되었다. 하지만 재료 내부의 결정구조에 기반한 열전
특성은 기계적 변형에 민감한 성능을 보이며, 열전소재의 희귀성, 높은 제조단가 및 대면적화의 어려움 등이 상용화의 장벽으로 고려된
다. 특히 단위 온도차당 발생되는 전압을 의미하는 열전계수의 경우 수십~수백 μV/K의 값이 보고되며, 이는 저온 폐열에너지 활용에 있
어 가장 큰 걸림돌로 인식된다. 본 발표에서는 이온성 제백 효과에 기반한 나노탄소 열전지 기술을 소개하고자 한다. 높은 열전계수(~3
mV/K), 유연하고, 저가의 열-전기에너지 변환장치 개발 내용과 앞으로의 연구 방향에 대해 논하고자 한다.
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2CDB13D
Carbon nanotube (CNT) sheets have been discovered and have potential for various applications such as artificial muscles,
super-capacitors, biofuel-cells, and energy harvesters. In particular, artificial muscles, based on CNT yarn or coiled CNT yarn
made by twisting CNT sheets, are driven by electrochemical power and have a tensile and torsional mechanical actuation
involving contraction at low voltage (~1V). CNT yarn provided 590 rpm torsional speed and 103o/mm, and coiled CNT yarn
delivered 5.6% tensile stroke and 1.36 kJ/kg work capacity, which is 29 times that of natural muscle. Tensile and torsional
actuation are achieved by reversible volume changes driven by the influx and release of electrolyte ions during
electrochemical charge or discharge. Previous work requires the use of external power supply to drive actuation. We are
also studying artificial muscles driven by fuel by imitating actual muscles. Utilizing a similar CNT-based system, carbonnanotube-based yarn harvesters (called twistrons) were recently developed which electrochemically convert tensile or
torsional mechanical energy into electrical energy without requiring an external bias voltage. Stretching coiled yarns
generated 250 W/kg of peak electrical power when cycled up to 30 Hz, as well as up to 41.2 J/kg of electrical energy per
mechanical cycle, when normalized to harvester yarn weight. These energy harvesters were used in a variety of
applications, including harvesting wave energy from ocean currents, alongside thermally driven artificial muscles to convert
temperature fluctuations to electrical energy, and sewn into textiles for use as self-powered respiration sensors.
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2CDB13D
Highly permeable and selective membranes are desired for the wide deployment of membrane technology for sustainable
industrialization by process intensification. One strategy would be to cut the separation layer thickness commensurable
with a molecular interaction length scale. It has been, however, challenging to fabricate such thin films that are several tens
of nanometers in thickness, free of defect, inert to membrane swelling, and self-supporting with no assistance of a thick
porous support. Here, we propose a scaffolded interfacial polymerization method at the interface of liquid and vapor
monomers that forms around a graphitic scaffold of CNT buckypaper (BP) or porous graphene. Providing mechanical
robustness and affinity to the vapor monomer, BP allows to form a thin, smooth and freestanding film. The thickness of
this polymer-intertwined freestanding BP could be controlled from several tens of nanometers to micrometers, and the
polymer type can be changed from polyamide to polyimide via thermal annealing. The resultant composite nanofilm shows
as high gas selectivity as a corresponding neat polyimide material yet at much enhanced permeance of a separated gas
species. Interestingly, this composite also shows a basic salt rejection property higher than commercial thin-film-composite
polyamides while retaining great water permeance. While the BP-scaffolded nanofilm constructs a composite material, the
porous-graphene-scaffolded nanofilm takes a configuration of an ultrathin reinforced polymer layer. Scalable and swellingresistant properties of this scaffolded nanofilm can facilitate its deployment in practical applications for sustainability.
Acknowledgment: A part of this work was financially supported by the Korea Institute of Energy Technology Evaluation and
Planning (KETEP) and the Ministry of Trade, Industry, & Energy (MOTIE) of the Republic of Korea (No. 20168510011420).
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2CDB13D
Conferring intrinsic stretchability and self-healing ability on electronic materials is an ultimate strategy for skin-inspired
electronics, which become a key element of wearable electronic devices. This talk addresses a new concept of molecule
design and material processing to provide intrinsic stretchability and self-healing ability to polymer-based electronic
materials.
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2CDB13D
Organic electronic system is promising in various applications such as displays of mobile devices and organic light-emitting
diode in TV panels, and organic photovoltaic, and organic field effect transistor. However, there is still a need for
commercial innovation to improve the efficiency of organic electronic devices. Therefore, to improve efficiency, it is
important to reduce the charge loss at the interface of two media, between the metal and the organic semiconductor.
In this study, we attempted to improve the charge transfer from the electrodes of organic devices by using nanopatterns
for interface matching between metal and organic semiconductor. Nanopatterned electrode was periodically fabricated
using nanoimprint lithography technique. As the nano space size decreased, the charge behavior of organic film improved.
For understanding the enhanced current mechanism, numerical simulation was employed. We believe that this finding will
lead to a new way for interfacial design to lower the contact resistance between the organic semiconductor and the
electrode.
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One of the manners of conversion the electronic properties of PEDOT:PSS is mixing of the nonionic surfactant into
PEDOT:PSS. Triton X-100 (TX) is conjectured nanofibril structure of hydrophobic PEDOT in PEDOT:PSS as an prominent
nonionic surfactant material. Meanwhile, the electronic structure at the interface greatly influence charge extraction and
exciton quenching, and thus play a crucial role in the power conversion efficiency (PCE) of perovskite solar cells (PSCs). In
this study, we investigate the electronic structure of PEDOT:PSS with nonionic surfactant TX mixture by using the X-ray and
ultraviolet photoelectron spectroscopy, and X-ray absorption spectroscopy (XPS, UPS, and XAS) measurements, and
demonstrate the enhancement in PCE of methylammonium lead iodide (MAPbI3) PSCs by using the mixture of PEDOT:PSS
and TX surfactant for the first time in PSCs. After that, we revealed that the efficient charge extraction HTL condition
without the interfacial recombination on PSCs through the energy level diagram with the electrical and optical
measurements. By mixing of TX, which led to the prevention of interfacial recombination as the insulating tunneling layer
without energetic junction loss at the interface MAPbI3 with PEDOT:PSS. [This research was supported by the MOTIE

(Ministry of Trade, Industry & Energy (10079558)) and Development of materials and core-technology for future
display support program.]
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2CDB13D
유기 고분자 물질을 활성층으로 사용하는 유기 전계 효과 트랜지스터 (Organic Field-Effect Transistors, OFETs)는 1980년대 초반
Ebisawad와 Tsumura 등에 의해 처음 소개된 이래 지난 30여년간 OFET의 전하 이동도 값은 ~ 10-6 cm2/Vs에서 ~ 10 cm2/Vs으로 비
약적인 발전을 이루었다. 이러한 OFET 성능의 비약적 발전이 가능할 수 있었던 원동력에는 OFET의 주 재료인 유기물 반도체의 설계 및
합성 관련 기술의 많은 진전 등을 꼽을 수 있다. 특히, 최근의 전자 주개-받개 단위로 이루어진 고분자 공중합체 재료는 기존의 높은 성능
을 보인 Thiophehe계열의 반결정성 (semi-crystalline) 재료와는 달리 높은 비결정성에도 불구하고 10 cm2/Vs이상의 고 이동도를 보여
주고 있어 관련 연구자에게 많은 관심을 받고 있다.
본 발표에서는 이러한 전자 주개 – 받개 단위체로 이루어진 고분자 공중합체 중에서도 고성능을 가진 것으로 잘 알려진
Cyclopentadithiophene (CDT) 기반의 고분자들을 전계 효과 트랜지스터의 활성층으로 사용하여, 그 내부에서 일어나는 전하 이동 현
상에 대해서 살펴보았다. 또한, 각 CDT 고분자 박막 기반의 전계효과 트랜지스터를 통해 얻은 이동도 값의 변화 추세와 각 고분자들의 구
조 특이성과의 성관 관계를 규명하기 위해, CDT기반의 고분자 박막들을 자외선-가시광선 분광기와 라만 분광기 그리고 밀도함수이론에
근거한 시뮬레이션을 통해 분석하고 해석하였다. 그 결과, CDT 기반의 고분자 박막 내에서의 전하 이동은 분자간의 전하 이동보다 분자
내의 효율적 전하 이동에 크게 의존하는 것을 알 수 있었다. 이를 통해, 본 연구자들은 고이동도를 갖는 고성능의 전자 주개 – 받개 기반 고
분자 반도체 설계를 위해서는 효율적인 분자내 전하 이동이 이루어지도록 고분자 주쇄의 평면성과 강직성을 향상시키는데 중점을 두어야
하고, 또한 분자 내에서 전자 주개 단위체와 받개 단위체 사이의 분극도가 적절한 차이를 갖도록 설계해야 된다는 것을 확인 할 수 있었다.
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2CDB13D
In this work, we have synthesized a new material the Non conjugated polyelectrolytes (NPEs) which are based on PEI
backbone with various counterions such as, (Br, I, BIm4) possess ability to be used as an interfacial layer at cathode to
improve the power conversion efficiency (PCE) of organic solar cells (OSCs). This new series of NPEs with different
counterions of ionic functionalities capable of forming the electric dipole at NPE/metal electrode interface, as a
consequence tuning of energy level, which in turn adjust the work function of the cathode. Consequently, the desirable
tuning of work function can be achieved as a result PCE has been improved from 1.05% (without NPEs) to 6.77% (with
NPEs). This study provides a novel approach towards the investigation and influence of an interfacial dipole on the work
function of the cathode electrode and thereby organic solar cell (OSCs) parameters that influence its performance.
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환경에 대한 관심이 늘어남에 따라 최근 반도체 분야에서도 안전한 물질을 이용하여 소자를 제작하기 위한 연구들이 진행되었다. 이를 위
해서, 동물과 식물에서 추출할 수 있는 물질들에 대한 많은 연구가 이루어 지고 있는데 그 이유는 자연에서 얻은 물질이므로 친환경적, 지
속 가능한, 자연분해 가능한, 인체에 무해한 특성을 가지고 있기 때문이다. 그러한 물질 중에 하나로, 식물에서 추출하여 청바지 염료로
사용 중인 인디고(indigo) 물질이 광전자소자(optoelectronic)와 양극성소자(ambipolar device)로 활용될 수 있을 만큼 충분한 광학적,
전기적 특성을 가지고 있다고 알려져 있다. 그러나, 인디고에 대한 자세한 연구가 소자를 최적화 시킬 만큼 충분히 이루어지지 않았다. 이
러한 관점에서, 인디고의 전자구조에 대한 기본적인 이해가 반드시 필요하다.
본 연구에서, in situ를 통한 UPS(ultraviolet photoelectron spectroscopy) 측정법을 이용하여 인디고의 두께를 증가시키면서 전자구
조를 분석하였고 이후, 다양한 기판 위에 인디고를 증착한 후 그에 따른 인디고의 특성을 분석하였다. 이를 통해 계면 쌍극자와 밴드밴딩
을 포함한 계면의 전자구조 또한 결정되었다. 전하 수송 갭은 in situ를 통한 UPS와 IPES(inverse photoelectron spectroscopy) 방법으
로 측정되었다. 더불어, UPS와 IPES를 통해 측정된 광전자 스펙트럼과 밀도범함수 이론을 이용하여 계산된 확률밀도분포와 비교하였다.
뿐만 아니라 인디고의 피닝(pinning) 에너지 준위를 밝혀냈다. 전하주입장벽은 소자 내의 전하 주입에 아주 중요한 영향을 끼치는 요인으
로써, 우리가 밝혀낸 인디고의 피닝 에너지 준위에 대한 중요한 정보를 활용하여 유기반도체 소자의 전하주입장벽을 최소화 하고 이를 통
해 소자의 성능을 향상 시킬 수 있다.
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Organic field effect transistors (OFETs) have been widely studied due to their merits such as mechanical flexibility, solution
processability, and large-area fabrication. However, OFET devices still have to overcome their air-instability and contact
resistance issues for better performances. Especially, contact resistance is a critical factor to be solved, because it hinders
scaling of OFETs and increases the operation voltage. To improve the contact properties of OFETs, there have been several
methods reported, which include a work function control of the metal electrodes or interface treatment by self-assembled
monolayers (SAMs). However, because of the Schottky contact at the metal-semiconductor interfaces, a non-ideal transfer
curve feature often appears in a low drain voltage region.
Recently, there have been efforts for doping organic semiconductors to improve the carrier injection. Here, we utilize
2,3,5,6-tetrafluoro-7,7,8,8-Tetracyanoquinodimethane (F4-TCNQ) bulk-doping in poly 2,5-bis(3-hexadecylthiophen-2-yl)
thieno [3,2-b] thiophene (PBTTT) OFETs. It has been shown that the doping results in a high conductivity with favorable
charge transport properties [1]. In particular, we fabricated doped PBTTT as contact electrodes in PBTTT layer deposited on
a SiO2/Si substrate that was treated by octyltrichlorosilane (OTS) SAM. We demonstrate that the selective-doping of PBTTT
results in favorable FET characteristics such as an ohmic contact with the injection electrodes and an ON/OFF current ratio
over 105. Furthermore, through this improved charge injection properties, we could achieve the low-voltage operation
OFETs on high-k gate dielectric substrates. Our study suggests a possibility of designing scalable and low-power electronic
devices for integrated circuits by utilizing doping of conjugated polymers.
[1] K. Kang, S. Watanabe, K. Broch, A, Sepe, A. Brown, I. Nasrallah1, M. Nikolka, Z. Fei, M. Heeney, D. Matsumoto, K.
Marumoto, H. Tanaka, S. Kuroda and H. Sirringhaus, Nat. Mater. 15, 896 (2016)
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2CDB13D
As an analytically solvable model of social contagions, we study the generalized epidemic process on locally tree-like random
scale-free networks with the power-law degree distributions
. While previous studies have focused on the case
where two-or-more infected neighbors cooperate to accelerate the contagion, we extend the model so that -or-more infected
neighbors are required to initiate the cooperation. The interplay between the degree exponent
and the cooperation threshold
leads to two possible scenarios for discontinuous phase transitions of the infected cluster. In the first scenario, a
discontinuous transition occurs simultaneously with the ordinary bond percolation, producing a mixed-order transition. For
, such transitions occur for any value of
if the cooperation is strong enough. In contrast, for
, this scenario
becomes possible only when
, so that sufficiently many hubs can amplify the cooperative effects to trigger a global
cascade immediately at the percolation threshold. The regime crosses over to that of simple contagions through a tricritical
point, whose universal scaling exponents exhibit interesting non-monotonic dependence on the values of . In the second
scenario, a discontinuous transition occurs after the contagion has infected a finite fraction of the network beyond the
percolation threshold, yielding a double phase transition. This seems to be possible when the high threshold for cooperation (
) and the rarity of hubs (
) delay the onset of the cooperation-induced cascades. Our results, which are exact in
the thermodynamic limit, are also corroborated by extensive Monte Carlo simulations.
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When organisms interact through chemotaxis, their spontaneous aggregation can be described by a set of partial
differential equations of the Patlak-Keller-Segel type. If the organisms experience pressure in proportion to their own
number density, it is known that the system undergoes an abrupt yet continuous transition as the chemotactic strength K
exceeds a threshold Kc, above which the amplitude of aggregation A jumps to a finite value, i.e., A ~ (K-Kc)β with β=0. In
this work, we investigate the effect of nonlinear dependence of pressure on number density by applying a variational
method to the Lyapunov functional. We thereby argue that the abruptness can actually be removed by a higher-order
contribution of density to pressure, so that the system will undergo a continuous phase transition with β=1 in general.
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We study the von Neumann entropy of a model for two-species hard-core bosons in one dimension. In this model, the
same-species bosons have hard-core condition, while the different-species bosons are allowed to occupy the same site with
a local interaction U . At half-filling, by Jordan-Wigner transformation, the model is exactly mapped to a fermionic Hubbard
model. The phase transition from superfluid U = 0 to Mott insulaor U > 0 can be explained by simple one-band theory at
half-filling. We measure the von Neumann entanglement ntropy of the ground states for half-filled case and away from
half-filling to understand the quantum phase transition. To achieve this goal, we use a time-evolution-block decimation
method with infinite-size matrix product state and also use a density matrix renormalization group with matrix product
operators with large bond dimensions up to 300. We found the strong evidence that the local minimum point of the von
Neumann entanglement entropy is the quantum critical point for finite-bond-dimension matrix product states.
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One of the interesting observations in the supervised learning of the Ising model is that it can still predict the transition
point in a good accuracy even if the underlying lattice geometry is different from the one for which was trained initially. We
address the question why this is possible by analytically solving the minimally down-sized neural network models composed
of just a few neurons participating in the hidden layer. We consider the two-unit network with sigmoid neurons [1] and the
three-unit network with Heaviside neurons [2]. In both of the model networks, we find that the essential information
encoded in the network parameters is the scaling exponent of the criticality, not the precise location of the transition
points. This explains why the networks trained in one specific lattice geometry allow the same finite-size-scaling analysis to
locate the critical point when applied to any other lattices of the same Ising universality class.
[1] D. Kim and D.-H. Kim, arXiv:1804.02171, to appear in PRE.
[2] J. Carrasquilla and R. G. Melko, Nat. Phys. 13, 431 (2017).
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Controlling anchoring conditions of liquid crystals (LCs) at interfaces is essential for the study of their physical properties
and the development of LC-based applications such as displays and sensors. While various alignment techniques have been
developed in most thermotropic LCs, it is difficult to control the anchoring conditions of lyotropic chromonic liquid crystals
(LCLCs) despite active investigation of their fundamental properties. The anchoring schemes for thermotropic LCs usually
do not work for LCLCs, and the anchoring is often weak even if it works. Especially, only a few perpendicular alignment
layers via non-covalent interactions have been reported including some hydrophobic polymer films and graphene on solid
substrates. Notably, the perpendicular anchoring of LCLCs at liquid interfaces has not been reported meanwhile a variety of
surfactants induce the perpendicular anchoring of thermotropic LCs.
In this work, we report, for the first time, the perpendicular anchoring of LCLCs at liquid interfaces using a hydrophobic oil
without a surfactant. Specifically, we disperse aqueous nematic Sunset Yellow droplets into hydrophobic silicone oil and
have investigated the role of oil’s viscosity on the anchoring and the stability of the emulsion. We observe, as in the
thermotropic cases, a radial configuration with a point defect and an axial configuration with a ring disclination in the
LCLCs droplets. However, to our interest, the ring disclination seems to be twisted, which may result from the very small
twist elastic modulus of LCLCs. Additionally, we identify other unexpected types of topological defects and spontaneous
anchoring transition from homeotropic to planar anchoring, which imply the weak anchoring strength.
Authors acknowledge support from the Korean Government through NRF-2015R1A2A2A01007613 and IBS-R020-D1.
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Lyotropic chromonic liquid crystals (LCLCs) have been studied actively because of their unusual elastic properties and
biocompatible nature. Additionally, because LCLCs are water-based, there have been multiple studies on their interactions
with water-soluble molecules including salts, polymers, and chiral biomolecules, mostly focusing on LCLCs’ phase behaviors
and their chiral nematic phases. Here, we report an additive-induced change of wetting behavior in LCLCs. Specifically,
Sunset Yellow (SSY), one of the representative LCLCs, is doped with a neutral polymer, poly(ethylene glycol) (PEG), or PEGderived surfactants, and we observe the wetting behavior of confined SSY during phase transition. For neat SSY under
confinement, the nematic phase nucleates from the confining wall when the SSY enters the nematic-isotropic coexistence
phase from the isotropic phase by lowering the temperature. However, for PEG-doped SSY, the nematic phase nucleates in
bulk resulting in spherical droplets. We propose that PEG adsorption onto the confining surfaces plays a vital role in this
wetting transition. Finally, we discuss the possible effects of this additive-induced wetting transition on the formation of
metastable director configurations and the recently reported enhancement of homogeneous alignments in surfactantsdoped LCs.
Authors acknowledge support from the Korean Government through NRF-2018R1C1B6002811 and IBS-R020-D1.
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By revealing atomic trajectories, classical molecular dynamics (MD) simulations have greatly advanced fundamental
understanding on various physical and chemical processes at the atomistic level. In classical MD, the chemical bonds are
approximated by interatomic potentials that are parameterized by fitting key properties to experimental and first-principles
data. The functional form of interatomic potentials reflects the underlying bonding nature such as ionic, covalent, and
metallic characters. In many materials, however, the bonding nature is rather mixed, which makes it difficult to choose a
proper function type.
Recently, the machine-learning (ML) potential is gaining traction as a data-driven approach to generating interatomic
potentials. In contrast to traditional interatomic potentials with preset analytic functions, the ML potentials assume general
and flexible mathematical structures such as neural network or Gaussian process regression and their parameters are
optimized through machine learning on extensive first-principles data.
While NNP is getting popular, the weakness and strength of NNP are not fully understood at this moment, mainly because
of its ‘black-box’ nature. Here we show that NNP suffers from highly inhomogeneous feature- space sampling in the
training set. As a result, underrepresented atomic configurations, often critical for simulations, cause large errors even
though they are included in the training set. Using the Gaussian density function (GDF) that quantifies the sparsity of
training points, we propose a weighting scheme that can effectively rectify the sampling bias. Various examples confirm
that the GDF weighting significantly improves reliability and transferability of NNP compared to the conventional training
method, which is attributed to accurate mapping of atomic energies. By addressing a detrimental problem that is inherent
in every machine-learning potential, the present work will extend the application range of the machine-learning potential.
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As a size of scientific data for materials is bigger, more scientific effort comes into conducting “data-driven research” to
solve complicated problems in materials science. Machine learning (ML) algorithm becomes a key-ingredient to utilize a
“big material science database” systematically, to uncover hidden relationships among materials properties. In
computational materials science, the machine learning methods are mainly applied to both fields; materials property
predictions and atomic potential developments. In this paper, we present our case studies of machine learning applications
on both fields. First, we used machine learning to predict the heat of formations and bandgaps of double perovskite oxides
and halides. Our studies revealed that the gradient-boosted regression trees (GBRT) method gives more accurate
predictions on the band gaps, compared to a linear method and other previously tested non-linear methods. Furthermore,
it can provide interpretable analysis to figure out the importance of features, which can give a correspondence to the
domain knowledge or new insight. Second, we used machine learning (ML) to generate atomic potential energies and
forces during methane activation processes on catalytic Pt(111) surface. We proposed several atomic descriptors based on
interatomic information and importance analysis provided by the ML model. Our findings will be helpful in applying ML
potentials to long-time MD simulations.
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It is important to develop a new method of accelerating the materials design process for super-functional materials not only
a deeper understanding, but also the possibility to contribute to materials design for future technologies. Recently,
materials design using artificial intelligence have been receiving increasing attention and have achieved great
improvements in prediction reliability. The current research status will be reviewed with regard to applications of artificial
intelligence in materials structure-property relationship. By combining first-principles electronic structure calculations with
artificial intelligence tools, we hope to provide insight into the protocol that generates stable materials with optimal
performance, thereby enabling more efficient and target-oriented research on materials design in the near future. A
discussion of current trends including high-throughput and evolutionary calculations concludes this talk.
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Vanadium dioxide (VO2) has been extensively studied not only the fundamental interests owing to the debatable physical
origin of the insulator-metal-transition (IMT) but also potential applications such as, Mott field effect transistors, infrared
detectors, tunable optical switching and smart windows. Therefore, many researchers have attempted to gain
controllability the IMT characteristics by several knobs, such as epitaxial strain, oxygen vacancies and external doping even
though the physical origin of IMT is still unclear.
In this presentation, we show experimental results related to our effort to understand the origin of IMT characteristics by
varying oxygen vacancy and epitaxial strain. Using spectroscopic and structural analysis, we were able to correlate the
variation of oxygen vacancies/epitaxial strain and IMT characteristics.
This study was supported in part by NRF Korea (NRF-2015R1D1A1A01058672 and NRF-2018R1D1A1B07045663) and
Korea Basic Science Institute grant (C38529) to Sungkyun Park.
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The emergent discovery of two-dimensional electron gas (2DEG) at the LaAlO3/SrTiO3 (LAO/STO) heterostructure has
attracted considerable attention over the past decade. Recently, unlike strongly localized 2DEG in LAO/STO (001)
heterostructure, a wide n-type 2DEG distribution is reported at the LAO/STO (111) interface (K. Song et al., Nat.
Nanotechnol. 13, 198 (2018)). According to the polar catastrophe scenario, the LAO/STO (111) interface consisting of
[Ti]4+ and [LaO3]3- layers is expected to exhibit the highly localized p-type characteristics. Despite controversies, the origin
of n-type 2DEG at the LAO/STO (111) interface has not been clearly revealed yet. Here, we carry out first-principles density
functional theory calculations to reveal the origin of n-type 2DEG widely distributed in the LAO/STO (111) interface. We
find that the n-type 2DEG originates from extra electrons created by the oxygen vacancy in the [[LaO3]3- terminated LAO
(111) surface, and these excess oxygen vacancies significantly modulate the relative displacements between La and oxygen
atoms in LAO layers. The presence of oxygen vacancy and atomic displacement modulations in the vicinity of LAO (111)
surface are confirmed by annular dark-field scanning transmission electron microscope image at the atomic scale.
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In this talk I will provide an overview of the growing field of the two-dimensional electron gas (2DEG) in oxide heterostructures. The
discovery of the high mobility electron gas at the oxide-oxide interface by Ohtomo and Hwang has spurred subsequent investigations
which draw from the large body of work on polar oxide surfaces and thin films. I will briefly discuss the three main mechanisms of
electronic reconstruction, oxygen vacancy formation, and cation exchange in order to address the question, “How can the interface
between two insulators be conducting?”
The discovered revolutionary class of polar oxide heterostructures holds tremendous promise for exploiting the physical properties of
the novel 2DEG formed at the oxide/oxide interface. SrTiO3 is a widely used substrate for the growth of other functional oxide thin
films. The reactivity of the substrate with respect to the film during deposition, particularly with regard to redox reactions, has typically
been glossed over. We have recently demonstrated by depositing a variety of metals and measuring the in situ core level spectra of
both the metal and SrTiO3 that, depending on the oxide formation energy and work function of the metal, there will be an interfacial
layer of oxygen-deficient SrTiO3 at the interface with the top oxide film. A prime example of this phenomena is conductance at the
SrTiO3 interface with γ-alumina. This affects the interpretation of the well-known two-dimensional electron gas present at the interface
between SrTiO3 and various oxides. By way of example, I will focus on the integrated highly spin-split ferromagnetic semiconductor
EuO onto perovskite SrTiO3 (001). A careful deposition of Eu metal by molecular beam epitaxy resulted in EuO growth via oxygen
out-diffusion from SrTiO3. This in turn leaves behind a highly conductive interfacial layer through generation of oxygen vacancies.
Below the Curie temperature of 70 K of EuO, this spin-polarized two-dimensional t2g electron gas at the EuO/SrTiO3 interface
displays very large positive linear magnetoresistance (MR). Soft x-ray angle-resolved photoemission spectroscopy (SX-ARPES)
reveals the t2g nature of the carriers. First principles calculations strongly suggest that Zeeman splitting, caused by proximity
magnetism and oxygen vacancies in SrTiO3, is responsible for the MR. This system offers an as-yet-unexplored route to pursue
proximity-induced effects in the oxide two-dimensional t2g electron gas.
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Ferroelectric materials have remained one of the major focal points of condensed matter physics and materials science for
over half a century. Especially, in recent years, ferroelectric oxide thin films has attracted considerable attention due to
potential applications, such as ferroelectric random access memories, ferroelectric field effect transistors, and ferroelectric
tunnel junctions. In this talk, I will present my recent research results on advanced scanning probe microscopy (SPM)
studies in ferroelectric oxide thin films. Over the three decades, SPM has emerged as one of the most powerful tools to
investigate physical properties of various materials at the nanoscale. It allows us to measure not only surface morphology
but also current, forces, mechanical displacement, and so on. First, I will talk about piezoresponse force microscopy and
other recently-developed SPM study results, including ferroelectricity in ultrathin BaTiO3 films grown on silicon [1]. Then, I
will present the study on the selective control of multiple ferroelectric switching pathways using a trailing flexoelectric field
[2].
References
[1] &  M  ,1>7, A. N. Morozovska, R. Kumar, E. A. Eliseev, Y. Cao, L. Mazet, N. Balke, S. Jesse, R. K. Vasudevan, C.
Dubourdieu, S. V. Kalinin, N1DEB5#8IC93C 13, 812 (2017)
[2] S. M. Park, B. Wang, S. Das, S. C. Chae, J.-S. Chung, J.-G. Yoon, L.-Q. Chen, &  M  ,1>7, T. W. Noh*, N1DEB5
N1>?D538>?<?7I 13, 366 (2018)
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Performance of the fusion plasma is a key factor in determining the efficiency of the fusion reactor, and it is important to
maintain the high performance plasma with both the high plasma beta and the high bootstrap current ratio. The ultimate
goal of this research is to develop a high performance operation scenario suitable for a fusion reactor. To achieve this goal,
we conduct the experiments simulating the alpha heating environment of the burning plasmas using the high power neutral
beam (NB) injection in the VEST device in Seoul National University. Experiments for the formation of the high density target
plasma have been conducted to increase the coupling efficiency of the neutral beam injection. To study the characteristics of
NB coupled plasmas, we measure the current density profile and the plasma beta using an equilibrium reconstruction code
and analyze the MHD-activity. Also, various diagnostic systems have been developed for the measurement of the high
performance plasma. Plasma density measurements using a multi-channel interferometry has been studied. The high speed
Thomson scattering system for the measurement of the electron density and temperature, and the charge exchange
spectroscopy system with a high time resolution for the measurement of ion rotation and temperature, have been
developed and the basic experiments have been conducted. We also have installed the lower hybrid and the electron
cyclotron wave launching system, and the basic experiments for investigation of the wave heating and current drive for the
high performance operation mode is conducted. We are now conducting the NB coupling experiments and upgrading the
diagnostic systems for the achievement of a high performance operation mode.
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pplication of advanced microwave imaging systems that have unprecedented high resolutions in time and space has
produced surmountable of new physics during last ten year’s operation on KSTAR. They are semi 2/3-D electron cyclotron
emission imaging (ECEI) for electron temperature fluctuations and microwave imaging reflectometer (MIR) for electron
density fluctuations on KSTAR. New physics from KSTAR which not available from conventional diagnostics systems are in
wide ranges; validation of instability physics from sawtooth near the q~1 in the core, 2/1 (Neo-classical) Tearing modes
near the q~2 surface (TM or NTM) and dynamics of edge localized modes (ELMs) at the edge of the tokamak plasmas.
Turbulence measurement has advanced in semi 2-D and spectral analysis address the nature of Trapped Electron modes
(TEM) and Ion Temperature Gradient (ITG) modes. New discoveries which can significantly enhance understanding of the
fundamentals of Magneto Hydro Dynamics (MHD) and turbulence based transport will be addressed.
*This work was supported by the NRF of Korea under contract numbers NRF-2015M1A7A02002627 and NRF2014M1A7A1A03029865 and the Ministry of Science and ICT under the KSTAR Project.
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핵융합로 진단장치에 필요한 전자부품 개발은 대부분 기존의 우주용 반도체 회로설계를 기반으로 진행되고 있다. 그러나 핵융합로의 경
우 가혹한 환경에 노출되기 때문에 새로운 내방사선 집적회로 설계 방법론의 개발이 필요하다. 본 연구에서는 핵융합로 방사선 모델링,
신물질을 이용한 내방사선 소자의 연구, 소자 모델링과 디지털 및 아날로그 집적회로 설계 및 검증을 포함한 RHBD (radiation
hardening by design)과 RHBP (radiation hardening by process) 기법을 동시에 적용한다. 이와 관련된 세부 연구 진행사항을 발표
한다.
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1재료연구소

2CDB13D
핵융합 발전에 사용되는 구조용 철강 소재는 고온 및 고압, 중성자 조사, 수소 및 헬륨 조사 등의극한의 환경에서 장시간 사용된
다. 이에 고강도, 고인성, 내조사성, 저방사성 등의 다양한 특성이요구된다. 전세계적으로 개발 중인 핵융합용 저방사 철강소재는
(8~9)Cr - (1~2)W과 미량의 Ta을 함유하며, 대표적인 저방사 철강소재로 유럽의 Europer97, 일본의 F82H가 있다. 본 연구에서
는 기존의 저방사강 대비 기계적 특성이 우수한, 고유 성분계의 저방사강 개발 가능성을 확인하고자 하였다. 우선, 미세한 MX
석출물을 형성하는 Ti 추가가 저방사강의 미세조직과 기계적 특성에 미치는 영향을 살펴 보았다. 기존 Ta만 함유하는 Europer97
에 Ta와 Ti를 다양하게 변화시킨 Ta+Ti 복합첨가 저방사강의 미세조직과 기계적 특성을 Europer97과 비교하였다. 열처리는1000
도에서 30분 노말라이징(normalizaing)을 진행한 후, 700도와 760도에서 90분 템퍼링(tempering)을 진행하였다. Ta+Ti 복합첨가
저방사강의 전체적인 미세조직은 Europer97과 큰차이를 나타내지 않았으며, 결정립(grain)/팩킷(packet)/래스(lath) 경계의 상대
적으로 조대한 M23C6 탄화물과 래스 내부에 미세한 MX 석출물이 존재하는 템퍼드 마르텐사이트(tempered martensite)로 확인
되었다. 다만, MX 석출물의 경우, Europer97에서는 Ta계 TaC 석출물, Ta+Ti복합첨가강에서는 (Ta,Ti)C 석출물이 주로 관찰되었
다. Ta+Ti 복합첨가된 시험편에서는 균열의 시작점으로 작용하는 M23C6 탄화물의 크기가 전반적으로 작게 관찰되었다. 이는
Ta+Ti 복합첨가로 인해 MX가 우선적으로 생성됨으로써 M23C6 탄화물의 크기가 Ta만 첨가된 Eurofer97에 비해 작게 생성되는
것으로 판단되었다. 이로 인해 Ta+Ti 복합첨가 저방사강의 기계적 특성, 특히충격인성이 대폭 향상되었다. Ta+Ti 복합첨가 저방
사강의 크리프(creep) 특성 또한 기존Eurofer97 대비 크게 향상되었다. 이온 조사 실험을 통해 Ta+Ti 복합첨가 저방사강의 조사
저항성도 기존 Eurofer97 대비 동등 수준 이상임을 확인하였다.
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2CDB13D
A fusion relevant neutron source is a more than three decades long pending step for the successful development of nuclear
fusion energy. Currently, the IFMIF (International Fusion Materials Irradiation Facility) project is being considered to bridge
this gap, and its prototype which is named LIPAc (Linear IFMIF Prototype Accelerator) is under development in Rokkasho,
Japan. The IFMIF accelerator will become the most powerful Linac in the world. Hence, a lot of physics and engineering
issues need to be addressed for the stable operation of this facility. In this study, we investigated beam physics aspects of
the IFMF, including the start-to-end simulations, analyses of emittance growth and halo formation in periodic solenoidal
fields, and design study of beam loss and halo monitoring system. While the LIPAc is basically the EU-Japan program, for
the realization of the IFMIF, a much broader international collaboration should be pursued eventually. This will bring new
challenges and opportunities for Korean fusion and accelerator communities.
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2CDB13D
Advanced fusion reactor concept with high beta high bootstrap current fraction and non-inductive LHFW current drive
scheme has been studied in VEST. For this goal, 20kV-30A 600kW NBI system and 10 kW LHFW RF system were developed
and installed in VEST. Operation optimization of NBI source in VEST environment is progressing for 600 kW injection and
currently 50 kW power is achieved. Due to the low plasmas density and resultant shine-through, the heating and current
drive effect are not observed. About upto 3 kW LHFW power is injected to VEST ohmic plasmas. Density and temperature
are increased and about 1 kA current is driven by collisional heating effect. Considerable power coupling is difficult due to
very narrow coupling density window at present VEST toroidal magnetic field of 0.1 T. To increase coupling of NBI and RF
power to VEST plasmas, toroidal magnetic field will be increased to 0.2T in this year. NBI power can be coupled to VEST
plasmas without shine-through at higher density with higher magnetic field and contribute to high beta and high
bootstrap current operation of VEST. LHFW injection power can be increased upto 10 kW in expanded density window by
higher magnetic field as well. The status of the H&CD system and experimental results will be presented in the workshop.
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2CDB13D
We study the origin of the confinement enhancement in hybrid scenarios on KSTAR [1]. The hybrid scenario in KSTAR is
defined to exhibit higher fusion performance over standard H-modes, H89 > 1.9, βN > 2.2 sustained more than 5*τE at q95
< 6.5 without or with mild sawtooth. The discharges are analysed which show a slow transition from conventional Hmodes to hybrid modes after the third neutral beam injection was applied. The reason for the confinement enhancement is
studied in terms of the 0-D power balance, 1-D kinetic profile dynamics, dominant turbulence mode characteristics, and
edge pedestal at four different time points during the transition phase. The turbulence property is investigated by the fluid
transport modelling with TGLF as well as linear gyrokinetic simulations using GKW. The impact of fast particles, Shafranov
shift, ExB shearing rate, parallel velocity gradient mode, and electromagnetic effect is dealt with for core confinement
enhancement via profile stiffness mitigation. The pedestal structure is also evaluated in terms of ideal MHD stability where
the poloidal beta and Shafranov shift, and the diamagnetic flow effect are addressed. We found that the pedestal
enhancement is the main reason for the confinement improvement in support of partial core confinement enhancement in
KSTAR hybrid scenarios. We will show that the Shafranov shift contributes to both the core and the pedestal enhancement
most dominantly though various effects above mentioned are involved simultaneously.
[1] Yong-Su Na et al. IAEA TM SSO, Nara, Japan (2015)
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2CDB13D
더스티 플라즈마란 플라즈마에 작은 고체 물질이 함유된 것으로 우주 분자구름,원시행성디스크, 행성의 고리, 혜성의꼬리, 지구
중간권 구름, 공정플라즈마, 핵융합 경계 플라즈마 등에서 찾아볼 수 있다. 이러한 플라즈마에서 현재 널리사용되고 있는 대부
분의 이론과 모델들은 더스트 입자의 모양을 구형이라고 가정하고 있다. 따라서 이를 확인하기 위해 우리는 얼음 더스티 플라즈
마 실험장치를 제작하였고 우주 환경과 유사한 환경(저압 및 H/He 플라즈마 환경)에서비구형 더스트 입자를 생성되는 것을 확
인하였다[1,2]. 이 논문에서는 우리 실험장치에서 생성된 비구형 더스트 입자들의 동역학적 특성에 대해 연구하였다. 먼저 플라
즈마에서 생성된 비구형 입자들은 더스트 cloud edge line(force equilibrium line)에 수직한 방향으로 align 된다. 이는 force
equilibrium line에 수직한 방향으로 작용하는 힘(우리의경우 thermophoretic force)이 restoring torque를 작용하여
alignment가 유지되는 것으로 판단된다. 그리고 비구형입자들은 align 방향을 중심축으로 하여 회전운동을 한다. 이는 입자들
이 가지는 intrinsic dipole moment와 주변 전기장의 상호작용에 의한 것으로 생각된다. 또한 더스트 입자에
nonconservativeion drag force가 작용하여 더스트 입자들이 vortex 운동을 하는 것이 관찰되는데 흥미로운 것은 비구형 입
자들이 vortex 운동을 하는 동안 alignment가 깨지지 않고 또한 rotation 운동도 계속 유지된다.
[1] K.-B. Chai and P. M. Bellan, Geophys. Res. Lett. 40, 6258 (2013).
[2] K.-B. Chai and P. M. Bellan, Astrophys. J. 802, 112 (2015).
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2CDB13D
Study of the Drell-Yan differential cross sections in the dilepton channel is presented. The analysis is based on the full 2016
dataset, corresponding to an integrated luminosity of 36 fb-1 of proton-proton collision data collected by the CMS
detector. The cross sections are studied as a function of dilepton invariant mass and rapidity. The results are corrected by
taking into account difference of data and simulation. Background estimation using data-driven method and corrections
due to detector effects are discussed.

5IG?B4C

Drell-Yan, differential cross section, 2016 dataset, 13TeV, CMS detector

-71-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B3.02*

CDE4I?69>9D91<CD1D5B1491D9?>?>D85B5<< ,1>5F5>DC1DD85!H

양운기*1, 최준호*1, 김준호1, 서현산1, ALMOND John1, 이상은1
1서울대학교 물리학과
ukyang@snu.ac.kr, junho.choi@cern.ch

2CDB13D
We present a study of initial state radiations (ISR) in Drell-Yan events from pp collision at LHC with sqrt(s)=13TeV, 2.3 fb-1
CMS data. ISR from hadron collisions plays an important role in jet physics, which has an impact on precision
measurements and searches for new physics. We develop a systematic way to study the ISR effect using Drell-Yan events.
The truncated mean of the dilepton transverse momentum distribution is found to have a logarithmic slope as a function of
dilepton invariant mass square. This logarithmic slope can be used to control ISR effect in the SM processes and new
physics processes.
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2CDB13D
We introduce new strategy to improve the searches of the signal initiated by specific combination of parton at the LHC,
such as gluon-gluon-initiated(ggI), quark-quark-initiated(qqI) or vector-boson fusion(VBF) processes. By ggI or qqI process,
we mean the scattering process starting from a pair of gluons or quarks which can be associated with initial-state radiation
jets(ISR jets) emitted from various incident parton at hadron collider. The ggI processes include gluon-gluon fusion(ggF)
into colour singlet state, for example, Higgs production, which are the important windows of proving the sector of
electroweak symmetry breaking. Similarly qqI and VBF processes are also important window of collider physics. qqI
processes include processes like Drell-Yan resonance, which is important for both precision measurements and background
subtraction and VBF processes includes second dominant Higgs production mechanism and some SUSY processes
depending on model.
Focusing on the flavours of associated to each ISR jets, we show that the ISR jets in the ggI processes have distinctive
feature depending on the initial-state combination, ggI, qqI or VBF. Provided that featrues, we classification initial states
and discriminated each processes from the others by using deep neural networks. As a promising example, we
demonstrated this new technique on single Higgs production processes in dimuon channel. Higgs to dimuon process is an
elusice because of huge irreducible background brom Drell-Yan process, and currently it show weaker significance
compared to the expected value. Finally, we provide an enhanced aspect on the Higgs signal measurements, and discuss
on the universality of this technique for process tagging in various channels.
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2CDB13D
We present a measurement of the initial state gluon radiation (ISR) in proton-antiproton collisions at √s = 1.96 TeV. This
measurement uses Drell-Yan (Z/γ* → ee,μμ) events in the CDF data sample, corresponding to an integrated luminosity of
9.4 fb-1. We find that the mean value of the transverse momentum distribution of the dilepton system is a good observable
to measure the effect of the ISR. This observable has a good logarithmic dependence on the mass square of the dileptons,
which is parameterized as a linear function of -7.61+2.15log(M2). The measurement of this observable provides a good
way to estimate the effect of the ISR at very high mass region, and it can be used to control the size of the ISR effect in
other physics processes.

5IG?B4C

CDF, Tevatron, Standard Model, QCD

-74-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B3.05*

5D49C3B9=9>1D9?>G9D8%NN1>4NN

박인규1, 양승진1, 이상훈*1, 이윤재1, WATSON Ian James1
1서울시립대학교 물리학과
jason.lee@cern.ch

2CDB13D
H9785B3?<<945B5>5B7I=1;5C=?B5AE1B;C1>47<E?>C ID9C9=@?BD1>DD?3?>697EB5G8938:5D9C6B?=AE1B;?B7<E?> '85B5
1B55>?B=?EC41D131>2575>5B1D54C?455@<51B>9>79C56653D9F51>49DG9<<2585<@6E<6?B69>49>725DD5B:5DCE2CDBE3DEB5
5DC1B53?>C9CD?6F1B9?EC9>6?B=1D9?>CE381C31<?B9=5D5B1>4DB13;9>741D1 '?1@@<ID85C59>6?B=1D9?>G5EC5%53EBB5>D
N5EB1< N5DG?B;%NN 1>4 ?>F?<ED9?> N5EB1< N5DG?B;NN G8938 1B5 =5D8?4C ?6 455@ <51B>9>7  *5 G9<< CDE4I 6?B
49665B5>35C25DG55>AE1B;1>47<E?>:5DCG89<549C3B9=9>1D9>7AE1B;:5DC1>47<E?>:5DC

5IG?B4C

quark jet, gluon jet, deep learning

-75-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B3.06*

&51B386?B851FI>5EDB9>?C1>4-G9D8D8549<5@D?>@<EC:5DC
381>>5<G9D8M&1D '5)
오성빈*1, 김재성1, 전시현1, ALMOND John1, 양운기*1
1서울대학교 물리학과
ukyang@snu.ac.kr, sungbin.oh@cern.ch

2CDB13D
We present a status of search for heavy majorana neutrinos (N) and an additional neutral gauge boson (Z') based on the
left-right symmetric
(LRS) extension of the Standard Model (SM).
Not only for the opened question about source and mechanism for masses of neutrinos established by discoveries of
neutrino oscillations, the see-saw mechanism and LRS extension of the SM can also provide answers for matter/anti-matter
asymmetry and left handedness of the universe.
The analysis is targeting to search for pair production of N via Z' while each N decays into a lepton and two jets.
For the cases when m(Z') >> m(N), decay products from boosted N merge. Handling this kind of boosted signature is the
most important part of the analysis to have good searching sensitivity over all phase space on m(N) VS m(Z') plane.
The search is being performed using data taken by the CMS during 2016 and 2017 from proton-proton collision of LHC at
13 TeV of center of mass energy which is corresponding to 35.9 /fb and 41.3 /fb of data each.

5IG?B4C

Neutrino, Particle physics, CMS, LHC
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1서울시립대학교 물리학과
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2CDB13D
While there are well-established methods for finding jets produced from b-quark decays, such techniques are not
established for the s-quark. This is because the light quarks (d, u, and s) and gluons have similar properties and are nearly
indistinguishable, while the b-quark, producing hadrons which are heavier and longer lived, can be identified. In our decays
of interest, however, we expect to only need to identify s-quarks while rejecting b-quarks. This is because the top may only
decay to b, s, or d and the d decay is an order of magnitude less likely than the s quark. Previous work has focused on
measurements involving b-quarks and therefore looking for light-quark rejection. In this work, however, we will study bquark rejection in favor of s-quark.

5IG?B4C

LHC, CMS, top decay, s-jet, s-tagging, Vts
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1한양대학교 물리학과, 2경희대학교 물리학과
jiwon.park@cern.ch

2CDB13D
In this presentation, the results of searching for Higgs-mediated flavor-changing neutral current of top decay modes are
presented. In 2017, Large Hadron Collider (LHC) has accumulated proton-proton collision data corresponding to an
integrated luminosity of 41.3 fb-1 at a center-of-mass energy of 13 TeV with the CMS detector. Using this dataset, the
search is performed with the events of the final state of one lepton, 4 jets and two b jets. Several machine learning
methods are used to improve discrimination power between signal and background.

5IG?B4C

top quark, Higgs boson, flavor changing neutral current, deep learning
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1서울대학교

2CDB13D
A search for a charged Higgs boson (H+) decaying to W and pseudoscalar Higgs (A) bosons is performed using the data of
proton-proton collision at 13 TeV recorded by the CMS detector at CERN LHC in 2016, which corresponds to an integrated
luminosity of 35.9 /fb. In the search H+ are assumed to be produced from decays of top quarks, and the case with A
decaying to two muons is investigated. The signal is searched using the events with trileptons consisting of two opposite
charge muons and an additional electron or muon, and at least two jets where at least one of the jets are originating from
a b quark. The H+ with masses of 100–160 GeV, and the A with masses of 15–75 GeV are investigated.

5IG?B4C

CMS, 2HDM, Charged Higgs boson, Pseudoscalar Higgs boson, Top
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1한국원자력연구원 초고속방사선연구실, 2과학기술연합대학원대학교
yujung@kaeri.re.kr

2CDB13D
본 연구실에서는 극초단 레이저 펄스에 의해 야기되는 시료의 초고속 구조변화를 전자 펄스의 물질파 회절 분석을 통해 관찰하는 초고속
전자회절 장치를 개발하였다. 이 때, 초고속 전자 회절 장치의 펌프 레이저 펄스폭과 프로브 전자 펄스폭, 그리고 시료에 도달하는 두 펄스
의 시간 흔들림으로 결정되는 시간 분해능이 장치의 핵심 성능이기 때문에 이들을 정밀하게 측정할 수 있는 기술이 필요하다. 레이저 펄
스의 경우, 펄스폭을 측정하는 기술은 이미 개발되어 널리 사용되고 있으나, 하전 입자들로 이루어진 전자 펄스는 공간 전하 효과에 의해
측정에 많은 제약을 받는다. 이에 본 발표에서는 다양한 형태의 금속 미세구조와 테라헤르츠로 진동하는 전기장의 상호작용을 이용하여
극초단 전자 펄스의 폭과 시료에서 펌프레이저와의 시간 흔들림을 정밀하게 측정하는 기술에 대해 소개한다.

5IG?B4C

Ultrashort electron diagnostics, Ultrafast electron diffraction, Terahertz streaking
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김병훈1, 2, 허재욱1, 김동언*1, 2
물리학과, 2막스플랑크 포스텍 연구소 아토초 연구센터
kimd@postech.ac.kr

2CDB13D
The phase of a focused laser beam shifts as the laser beam passes through the beam waist. Since the attosecond
streaking experiment using isolated attosecond pulse can extract the phase of driving laser electric field directly, the
phase shift of a laser beam is measured by the attosecond streaking method as target position changed. In these
measurements, the Gouy phase shift of a laser beam is measured to be 1.25~1.5 times bigger than that of a Gaussian
beam. However, in order to interpret the total phase shift in the measurement, the effect of wavefront curvature
difference between XUV and NIR should be taken into account as well as the Gouy phase shift.

5IG?B4C

attosecond pulse, ultrafast optics
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성재희*1, 2, 윤진우1, 2, 이황운1, 이성구1, 2, 남창희1, 3
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2CDB13D
처프 펄스 증폭 (chirped-puse amplification) 기술 덕분에 높은 첨두 출력을 가지는 고출력 레이저 개발 분야의 발전이 가속화되었고,
최근에는 TW(1012W) 수준에서 PW(1015W) 수준에 이르는 초고출력 레이저가 전 세계적으로 개발되어 High field science나 레이저
기반 입자 가속 연구에 활발하게 사용되고 있다. 기초과학연구원의 초강력 레이저과학 연구단에서는 처프 펄스 증폭 기술을 Ti:sapphire
레이저에 적용하여 높은 반복률과 함께 높은 첨두 출력을 가지는 0.1 Hz, 4 PW Ti:sapphire 레이저 및 5 Hz, 150 TW Ti:sapphire 레이
저를 개발하여 운영 중에 있으며, 최근에는 1 kHz, 1 TW Ti:sapphire 레이저를 개발 중에 있다. 이러한 고출력 레이저를 다양한 레이저
플라즈마 연구에 효율적으로 활용하기 위해서는 선행 펄스에 의한 플라즈마 왜곡 효과를 억제하는데 필요한 높은 시간 대조비와 함께 고
강도 레이저 세기를 얻을 필요가 있다. 이를 위해 연구단에서는 고출력 레이저의 시/공간 품질을 최적화하여 10-12 수준의 시간 대조비
및 1022 W/cm2 이상의 레이저 세기를 달성하였다. 이러한 초강력 레이저는 레이저 기반 양성자 및 전자 가속 연구와 강력장 양자전기역
학 효과에 의한 감마선 발생 연구 등에 활용하고 있다.
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펨토초 레이저, 고출력 레이저
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2CDB13D
When metallic nano-structures are exposed to laser field, the spatial confinement of the laser field occurs near nanostructures, resulting in field enhancement. An electron can be ionized by the enhanced laser field from the metallic nanostructure through tunneling ionization. In this work, the amount of ionization from the metallic nanostructures by a fewcycle laser pulse is measured for various conditions of laser polarizations, laser chirp conditions, and nano-structure sizes.
The experimental results are analyzed in comparison with simulation results. The nonlinearity of the ionization from the
nano-structure is determined.
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surface plasmon, femtosecond laser, resonance, non-linear optics, ultrafast optics

-83-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B4.05

대구경광섬유레^저의비선형현상및모드분석연구
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2CDB13D
광섬유 레이저는 방열, 빔품질, 크기, 무게 등의 장점으로 인해 산업, 국방, 항공우주 를 비롯한 다양한 분야에서 큰 관심을 받고 있다. 특
히 단일모드 연속발진 광섬유레이저는 최근에 SBS (stimulated Brillouin scattering), SRS (stimulated Raman scattering), TMI
(transverse modal instability) 등의 비선형 현상을 극복하며 실리카 광섬유에서 구현할 수 있는 이론적인 출력 한계에 근접한 연구결과
들이 소개되고 있다. 더욱 큰 출력은 빔결합을 통하여 구현할 수 있는데, 이를 위해서는 좁은 선폭, 단일모드의 편광유지 광섬유 레이저가
필요하다. 광섬유 내 비선형현상들은 출력증가에 장애물로 작용하는데, 몇 가지 사례를 중심으로 이에 대한 이해와 극복방안들에 대해 살
펴보고자 한다. 또한 사용되는 대구경 광섬유로부터 발진되는 빔특성을 깊이있게 이해하고 나아가 능동적으로 제어하기 위해, 머신러닝
알고리즘을 활용한 구성 횡모드들의 비율 및 위상을 높은 정밀도로 분석할 수 있는 기법에 대해 살펴보고자 한다. 이러한 시도들은 인공
지능 기법과 융합된 레이저 연구로 이어질 수 있다.
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fiber laser, nonlinear optics, modal decomposition
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2CDB13D
Spatially continuous tunable optical notch and band-pass filter systems that cover the visible (VIS) and nearinfrared (NIR)
spectral ranges from 〜460 nm to 〜1;000 nm are realized by combining left- and right-handed circular cholesteric liquid
crystal (CLC) wedge cells with continuous pitch gradient. The notch filter system is polarization independent in all of the
spectral ranges. The band-pass filter system, when the left- and right-handed CLCs are arranged in a row, is polarization
independent, while when they are arranged at right angles, they are polarization dependent; furthermore, the full-width at
half-maximum of the band-pass filter can be changed reversibly from the original bandwidth of 36 nm to 16 nm.
Depending on the CLC materials, this strategy could be applied to the UV, VIS, and IR spectral ranges. Due to the high
performance in the broad spectral range, costeffective facile fabrication process, simple mechanical control, and small size,
it is expected that our optical tunable filter strategies could become one of the key parts of laser-based Raman
spectroscopy, fluorescence, life science devices, optical communication systems, astronomical telescopes, and so forth.

5IG?B4C

Continuous tunable optical filter, Band pass filter, Notch filter
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2CDB13D
Lasers have been extensively used in the rare isotope beam production as well as the development of various application
systems based on the laser spectroscopic techniques in RI facilities world-wide. In the framework of the Rare Isotope
Science Project (RISP) at Institute for Basic Science in Korea, laser technology and high-precision measurement techniques
based on atomic physics might play a crucial role for the successful construction and operation of a world-class heavy-ion
accelerator, RAON. In this talk, an overview of laser applications at RISP including the developments of laser ion sources
and collinear laser spectroscopy system will be presented.
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RAON, RISP, laser ion source, collinear laser spectroscopy
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We have developed an atom spin gyroscope based on the nuclear magnetic resonance of spin-polarized xenon atoms by
spin-exchnage collisions with optically pumped rubidium atoms. By using dual species xenon atoms with different
gyromagentic ratios such as 129Xe and 131Xe, the rotation and the magnitude of the magnetic field can be seperated from
the measured Larmor frequecies. The extracted magnitude of the magnetic field is used to stabilize the bias magnetic field
below a standard deviation of 10 pT. Our system achieved an angular random walk(ARW) of 0.98 deg/hr1/2 and a bias
instability of 5.46 deg/hr, which are limited by the signal to noise ratio of the 131Xe induced magnetic field. Applying an
enriched cell filled with 131Xe and 129Xe atomic gases at specific partial pressures will overcome the limitations.

5IG?B4C

Atom spin gyroscope, NMR gyroscope, Spin exchange optical pumping
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현재 성능이 매우 우수한 수소메이저나 원자 분수시계 등은 부피가 매우 클 뿐만 아니라 전력 소모가 많아서 이동이 매우 어려우며 안정
적인 실험실 환경에서만 사용할 수 있다. 기술이 발전함에 따라 여러 분야에서 성능이 우수하면서 이동이 가능한 소형 원자시계에 대한
수요가 증가하고 있다. 본 연구에서는 원자시계의 소형화를 위해 새로운 마이크로파 공진기 구조를 제안 한다. 루비듐 원자는 이 공진기
내에서 포획 및 냉각된 후 마이크로파와 상호작용 하므로 원자분수시계에 비해 물리부의 부피를 획기적으로 줄일 수 있을 것으로 기대된
다. 본 발표에서는 소형원자시계의 공진기 구조 설계와 특성분석, 공진기 내에서의 원자 포획 및 냉각에 대하여 발표할 예정이다.

5IG?B4C

Atomic Clock, Rubidium, Microwave cavity, Magneto Optical Trap
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암은 인류에 가장 위협이 되는 질병 중 하나이다. 암을 극복하고 치유하고자 하는 것은 오랜 인류의 희망이며 이를 위해 의학, 생물학 분야
에서 많은 노력이 이뤄지고 있다. 다른 질병과 마찬가지로, 약제로 암을 치유하려는 많은 노력이 있어 왔고 상당한 성과를 거두기도 하였
다. 약 반 세기 전부터 시스플라틴으로 대표되는 백금계 항암제가 개발되어 고체성 종양을 90% 이상 치유하는 놀라운 성과를 거두고 있
다. 효과도 탁월하고, 그 발견도 우연에 의한 것이라 시스플라틴은 '항암제의 페니실린'이라고 불린다. 시스플라틴의 알려진 항암 원리는,
이온화 후 DNA에 결합하고, 손상을 일으켜서 DNA 대사과정을 교란하는 것이라고 하는데, 세포 내 높은 이온 환경에서 그 효과에 의문
이 있어 작용 원리에 대한 타당한 설명이 요구되고 있다. DNA의 세포 상 존재 방식이 크로마틴 형태임에 착안하여, 본 연구에서는 전기영
동과 자성트위저 기술을 활용하여 크로마틴에 작용하는 시스플라틴의 작용을 연구하였다. 이를 통해 시스플라틴이 세포의 이온적 환경
하에서도 뉴클레오좀을 강하게 비가역적으로 고정함으로써 크로마틴의 대사과정을 현저히 교란할 것임을 밝혀내었다. 이는 크로마틴에
대한 상호작용이 시스플라틴 항암 작용의 중심 원리임을 시사한다. 이로부터, 그 동안 분자 수준의 항암 원리 규명에서 간과되었던 크로
마틴 구조 및 후성유전적 상태의 중요성을 알 수 있었다. 또한 단분자 생물리 방법론이 의학적 주제의 원리 규명에 필요한 정량적이고 직
접적인 정보를 제공할 수 있으며 이를 통해 해결책을 제안할 수 있을 것으로 생각된다.
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In our brain, there are about 100 billion neuronal cells, making over 100 trillion connections with other nerves, sending and
receiving electric impulses. Memories are formed –or forgotten—when these connections are reinforced, or degraded, over
time. We wish to understand how this happens.
Two of the most important receptors in these connections are called AMPA and NMDA receptors. They are turned on
when glutamate, a small amino acid, is released from one nerve, diffuses across a tiny synaptic cleft (just 20-40 nm across),
and causes these two receptors to be turned on. Repetition of these events tend to make the connections stronger by
increasing the amount of AMPA receptors, which is a memory forming; forgetting is when the AMPA receptors go away.
We therefore wish to understand their dynamics and the underlying mechanism that creates or deletes memories.
I have accurately imaged the dynamics of these receptors using super-resolution optical (fluorescent) microscopy with 1020 nm accuracy, a factor of 10x better than conventional optical microscopy, and single molecular tracking with 50 msec
resolution. We have used small quantum dots (sQDs) to make the AMPA (and NMDA) receptors light up. sQDs are
approximately 10 nm in diameter, compared to previous ones that are ~20 nm in diameter. With these sQDs, we find that
AMPA (and NMDA) receptors are quite stable within the synaptic domain, lasting at least 15 minutes, diffusing in a
confined area, and spend hardly anytime outside of it. This is in direct contrast to previous claims where researchers used
large quantum dots and found the receptors were highly diffusive. This mistaken impression has misled the field. We can
now begin to understand the process of memory formation using super-resolution and small quantum dots.
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Micrometer-sized aqueous droplets exhibit unusual chemical and biochemical properties including reaction acceleration,
altered thermodynamics, and autonomous redox reactions. In addition, some fluorescent molecules show the
heterogeneous distribution in microdroplets. Here, we examined the effect of salt ions in the distribution of charged
molecules inside microdroplets surrounded by hydrophobic hydrocarbon. We found that Colombic interaction between the
fluorescence dyes and the droplet interface plays a role in the heterogeneous molecular distribution inside the droplet. And
the addition of salt ions at the physiologically relevant concentrations (100 mM NaCl or KCl) in microdroplets induced the
negatively charged fluorescence dyes to be localized in the periphery of microdroplets, which was not observed in bulk
water. Additionally, salt ions also induced re-localization of highly negatively charged DNA molecules toward the periphery
of microdroplets. Our result presents that salt ions, in addition to their canonical roles in chemical and biochemical
reactions, critically controls localization of charged molecules in confined aqueous environments, suggesting salt ions in the
biological cells with the confined environment by membranes may play an important role in the local distribution of
biomolecules in the cell.
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Despite the central role of Nuclear Pore Complexes (NPCs) as gatekeepers of
RNA and protein transport between the cytoplasm and nucleoplasm, their
large size and dynamic nature have impeded a full structural and functional
elucidation. Here, we have determined a subnanometer precision structure
for the entire 552-protein yeast NPC by satisfying diverse data including
stoichiometry, a cryo-electron tomography map, chemical cross-links, and
small angle X-ray scattering. The structure reveals the NPC's functional
elements in unprecedented detail. The NPC is built of sturdy diagonal
columns to which are attached connector cables, imbuing both strength
and flexibility, while tying together all other elements of the NPC, including
membrane-interacting regions and RNA processing platforms. Inwardlydirected anchors create a high density of transport factor-docking Phe-Gly
repeats in the central channel, organized in distinct functional units. Taken
together, this integrative structure allows us to rationalize the architecture,
transport mechanism, and evolutionary origins of the NPC.
In addition, most viruses use the NPC in order to get their genome into the
nucleus. Viral capsids that are larger than the nuclear pore disassemble
before or during passing through the NPC, thus allowing genome nuclear
entry. Additional studies are required for better understanding these
processes.
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Two-dimensional van der Waals (2D vdWs) materials are a class of new materials that can provide important resources for
future electronics and materials sciences due to their unique physical properties. Molybdenum disulfide (MoS2) is one of
the most promising n-type TMD semiconductors. Several research groups reported on MoS2 nanosheet based transistors
that exhibit satisfactory carrier mobility values with high on/off current ratios. On the other hand, a newly discovered 2D
vdWs material, called black phosphorous (BP), has generated considerable scientific and technological interest in the
research community. 2D BP also has considerable potential for electronic and optoelectronic applications. This is evidenced
by recent research on FETs, diodes, and photodetectors involving few-layered BP flakes.
In the first part of this presentation, we introduce a high performance MoS2 and BP nanosheet based nonvolatile memory
transistors with a poly(vinylidenefluoride-trifluoroethylene) (P(VDF-TrFE)) ferroelectric top gate insulator. The MoS2
ferroelectric field-effect transistor (FeFET) shows a highest linear electron mobility value of 175 cm2/Vs with a high on/off
current ratio more than 107, and a very clear memory window over 15 V. Our BP ferroelectric FETs (FeFETs) also exhibit a
clear memory window of 15 V and a highest linear mobility value of 1159 cm2V-1s-1 with a 103 on/off current ratio at
room temperature in ambient air. In addition to FeFETs, we also a fabricated charge injection nonvolatile memory
transistor, where few-layer BPs act as the active channel and charge trapping layers, and Al2O3 films grown by atomic layer
deposition act as the tunneling and blocking layers. Because of the ambipolar properties of BP nanosheets, both electrons
and holes are involved in the charge trapping process, resulting in bilateral threshold voltage shifts with a large memory
window of 22 V and maintained a program/erase ratio over 103 for more than 1000 s. In the second part, we report on 2D
based optoelectronic device applications. A high performance MoS2 phototransistor exhibits a photoresponse in the 400–
700 nm range with the maximum responsivity of over 104 A/W. As a more sophisticated optoelectronic application than a
simple unit device, it is implemented in a photo-inverter (NOT logic gate) connected to an external resistor, which clearly
shows photo-induced static and dynamic characteristics. Furthermore, we demonstrate a prototype visible imager using the
MoS2 photo-inverter as imaging pixels as an excellent example of advanced developments in an optoelectronic system
based on the 2D semiconductors. Finally, we introduce 1D ZnO nanowire (n-type)-2D WSe2 nanosheets (p-type)
heterojunction diodes for photo detection and imaging processes.
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Empirical Moore’s observation has helped to predict future technical roads to sustain a silicon driven industry. However, the
further device scaling almost reaches to a fundamental and physical limitation, consequently, it urgently requires new
channel materials and/or advanced device platform. As a potential candidate for high opto- and soft-electronics, various
families of two-dimensional (2D) layered materials have been recently suggested, for example, graphene, transition metal
dichalcogenide monolayers (TMdCs), and black phosphorous (BP). Their thin nature inherently provides a great opportunity
to overcome undesired short channel effects with almost free of depletion regime similar to fully-depleted silicon-oninsulator. Nevertheless, each material has their own critical issue to meet a general industrial requirement; zero bandgap
(graphene), moderate mobility (TMdCs), and stability (BP). To overcome the limitation of material properties, various new
device concepts has been introduced, but previous approaches do not satisfy all the requirements so far. In this
presentation, we propose a Coulomb drag transistor (CDtr) via graphene/MoS2 heterostructure as a new device platform
with a high Hall carrier mobility and switching performance at room temperature. The sign-reversal of longitudinal
potential drop in MoS2 layer, resulting from the counterflow current in Coulomb drag configuration, demonstrates a strong
Coulomb drag effect in CDtr. Gr-like cyclotron mass (~0.03 me) via MoS2 in CDtr further manifests the origin of Coulomb
drag.
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Monolayer (1L) transition metal dichalcogenides (TMDCs) are promising materials for nanoscale
optoelectronic devices because of their direct band gap and wide absorption range (ultraviolet to infrared).
However, 1L-TMDCs cannot be easily utilized for practical optoelectronic device applications (e.g.,
photodetectors, solar cells, and light-emitting diodes) because of their extremely low optical quantum yields
(QYs). In this investigation, a high-gain 1L-MoS2 photodetector was successfully realized, based on the
surface plasmon (SP) of the Ag nanowire (NW) network. Through systematic optical characterization of the
hybrid structure consisting of a 1L-MoS2 and the Ag NW network, it was determined that a strong SP and
strain relaxation effect influenced a greatly enhanced optical QY. The photoluminescence (PL) emission was
drastically increased by a factor of 560, and the main peak was shifted to the neutral exciton of 1L-MoS2.
Consequently, the overall photocurrent of the hybrid 1L-MoS2 photodetector was observed to be 250 times
better than that of the pristine 1L-MoS2 photodetector. In addition, the photoresponsivity and photodetectivity
of the hybrid photodetector were effectively improved by a factor of ∼1000. This study provides a new
approach for realizing highly efficient optoelectronic devices based on TMDCs.
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As new emerging two-dimensional (2D) layered materials and atomically-thin light emitter, transition-metal
dichalcogenides (TMD) semiconductors have strong potential to alternate the conventional light emitting materials such as
quantum dots and quantum wells. The TMDs have advantages for optoelectronic device applications in terms of the bandgap tuning by controlling atomic layers as well as the on-chip integration. Manipulating exciton emission modes via
controlling light-emitter interaction is the key for engineering newly rising optoelectronics in 2D semiconductors. Plasmonto-exciton interconversions between excitons of TMDs and propagating surface plasmon polariton (SPP) of metallic
waveguides allows for emerging plasmo-excitonics beyond the optical diffraction limit. Here, we report excitonic amplifiers,
transistors and multiplexers, and logic gates using reconfigurable plasmon-exciton interconversion in Ag nanowires
overlapping on several combinations of TMD heterostructures.
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The human cognitive ability consumes several tens of times less power than
the latest supercomputer, but the recognition speed and accuracy are much
higher. Recently, IBM has developed visual cognitive system "TrueNorth" by
integrating a 256 million SRAM synaptors. It successfully recognized multiobject using very low power of 72 mW, which is 176,000 times less than
that of an optimized simulator based on von Neumann architecture.
However, SRAM synapstor require a large number of transistors (42
transistors for 7bits of SRAMs) to represent a single synapse in a brain cell.
In order to solve this problem, researches using an analog memory device
“memristor”, such as RRAM (Resistive Random-Access Memory) and PRAM
(Phase-change Random-Access Memory), are being actively carried out. A
memristor is an electronic device that consists of two terminals and an
electrical channel, the resistance of which can be tuned in an analogue
manner along the numbers of applied pulsed voltages. As a result, the
device has a memorized resistance and could represent a single synapse by single memristor.. However, very low reliability
of these memristors is the bottleneck for practical applications.
On the other hand, flash memory, which is a memory using a floating gate charge and discharge, has excellent advantages
such as data storage of more than 10 years and over 1,000,000 charge/discharge cycles. In particular, the reliability of the
circuit is close to 100%, resulting in flash memory to be a major storage device for modern smart phones and computers.
However, three-terminal (source, drain, and gate) operation of the flash memory limits the emulation to a synapse device
operating as two electrodes of source and drain. Recently, we have fabricated a "tunneling memristor" or "TRAM
(tunneling random access memory)" which is a flash memory that can operate with two electrodes of source and drain1,2.
TRAM showed high reliability and 1000 times higher on/off state than conventional RRAM and PRAM. This has laid the
foundation for innovative technology that will change the global artificial intelligence technology roadmap by opening up
the possibility of adopting the memristor of reliable flash memory.
1. Quoc. A.V. et al. Nature Communications 7, 12725 (2016).
2. Quoc. A.V. et al. Adv. Mater. 29 1703363 (2017).
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Ferroelectric thin films based on HfO2 have been widely investigated due to their stable ferroelectricity below 10 nm in
thickness and their high stability against the heat treatment including hydrogen gas. Ferroelectric phase is a metastable
phase, so that the stabilization of this phase is a key to get the stable ferroelectric phase. In my presentation, I tried to
mention the following topics.
1. Fundamental ferroelectric properties of these materials using epitaxially grown films.
Large spontaneous polarization above 40 mC/cm2 and high Curie temperature above 400 oC were ascertained for Y2O3doped HfO2 using epitaxial films with different orientations.
2. Temperature and thickness stabilities of ferroelectric phase.
Temperature and thickness stabilities were found to be strongly depend on the composition of the films.
References:
1. T. Shimizu, K. Katayama, T. Kiguchi, A. Akama, T. J. Konno, and H. Funakubo, “Growth of epitaxial orthorhombic YO1.5substituted HfO2 thin film”, Appl. Phys. Lett., , 032910-1-5 (2015).
2. T. Shimizu, K. Katayama, T. Kiguchi, A. Akama, T. J. Konno, O. Sakata and H. Funakubo, “The demonstration of
significant ferroelectricity in epitaxial Y-doped HfO2 film”, Sci. Rep., , 32931-1-8 (2016).
3. T. Mimura, T. Shimizu, H. Uchida, O. Sakata, and H. Funakubo, “Thickness-dependent crystal structure and electric
properties of epitaxial ferroelectric Y2O3-HfO2 films”, Appl. Phys. Let., in press.
4. T. Shimizu, K. Katayama, and H. Funakubo, “Stability of orthorhombic phase in (111)-oriented YO1.5-substituted HfO2
films”, J. Ceram. Soc. Jpn., , 269-275 (2018).
5. T. Shimizu, K. Katayama, and H. Funakubo, “Epitaxial growth of YO1.5 doped HfO2 films on (100) YSZ substrates with
various concentrations”, Ferroelectrics,  , 105–110 (2017).
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Owing to the recent advances in the oxide growth technology, ferroelectricity has been stabilized even in a few
nm-thick films, which makes it possible to realize the ultrathin oxides-based ferroelectric tunneling junction (FTJ)
useful for the next generation ultimate switchable diode with high density, great scalability and low power
consumption. Among various ferroelectric oxides, HfO2 is the most promising candidate for future ferroelectric
switchable devices since it has the great advantage of complementary metal-oxide-semiconductor (CMOS) process
compatibility. But despite this advantage, the HfO2 based-FTJ is hard to be utilized as actual devices because of its
extremely low tunneling current originated from relatively high tunneling barrier. Here, combining first-principles
density functional theory calculations with numerical tunneling current simulations, we explored the influence of
interfacial oxygen vacancy and effective mass reduction on the tunneling current in the TiN /HfO2/metal devices.
We find that the tunneling current in defective HfO 2 can be enhanced by over three orders of magnitude
compared to plain HfO2 thin film by creating oxygen vacancy at the TiN /HfO2 interface. Moreover, the effective
mass reduction can dramatically increase the tunneling current, which is more significant than the control of
tunnel barrier height. We expect our results provide essential guidelines to develop optimal HfO2 based-FTJ device.
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We first highlight how electrons and optic phonons are coupled strongly in 2-D materials like graphene, NbN and MoS2.
Using symmetry principles along with first-principles quantum mechanical calculations, we establish the existence of
ferroelectricity in 1T form of MoS2, and show how it geometrically originates from a strong electron-phonon coupling at a
metal-semiconductor transition [1]. Our ideas apply equally well to other d2 metal chalcogenides [2], and open up the
possibility of dipolectronic devices based on 2-dimensional ferroelectric semiconductors. Competition between
hybridization and iconicity places chalcogenides at the boundary between different structural instabilities and
dimensionality [3]. Motivated by this, we demonstrate that 2-D NbN [4] exhibits strongly coupled electronic and phonondriven ferroelectric orders [4], which can have a number of applications in high frequency devices. Finally, we demonstrate
how engineering ferroelectric instability in SnTe with substitutional alloying leads to suppression of lattice thermal
conductivity and high thermoelectric performance.
Work done in collaboration with Raagya Arora, Anjali Singh, Anuja Chanana, Sharmila N Shirodkar and experimental group
of K Biswas.
References
1. Sharmila N Shirodkar and Umesh V Waghmare, Phys Rev Lett 112, 157601 (2014).
2. Anjali Singh, Sharmila N Shirodkar and Umesh V Waghmare, 2D Materials 2 (3), 035013 (2015).
3. B J Kooi and B Noheda, Science 353, 221 (2016); K Chang et al, Science 353, 274 (2016).
4. S Anand, K Mohan and UV Waghmare, Nano Letters 16, 126 (2016). Anuja Chanana and U V Waghmare, A Preprint
(2018).
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Since the introduction of low dimensional materials, a great deal of research has been carried out, but there are still many
difficulties in expanding the physical and electrical properties of nano-materials to macroscopic size. However, recently
reported CNT sheet spinning technology has attracted much attention as a way to present a possibility of applying a largesized uniform CNT sheet to various electronic devices. Well-aligned CNT sheet maintains excellent mechanical, electrical,
physical, and optical properties despite its large area, which is highly likely to be used as a material for an innovative
electronic device platform that can be flexible and stretchable. In this talk, we will introduce wire-grid-type CNT sheet
polarizer having flexibility, thermal stability, high polarization efficiency, and high transmittance developed without
complex and difficult manufacturing processes. It exhibits excellent polarization characteristics such as uniform polarization
efficiency in the visible light region and maintains its polarization characteristics without physical deformation even at the
high temperature. In addition, we will share the development status of liquid crystal alignment layers and sensors based on
CNT sheet applicable to flexible substrates.
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Carbon nanotube fibers (CNTFs) are considered to be next generation of high-performance composites due to their high
mechanical properties, electrical conductivity, and low density [1]. However, a limitation in enhancing mechanical
properties of CNTFs exists and a few parameters including CNT length, alignment, densification, and cross-linking should
be considered and optimized [2]. One promising approach to enhance mechanical properties may be the polymerinfiltration [3,4] and the introduction of cross-linking bonds between adjacent carbon shells [5,6].
Herein, I will present an effective method to make high-strength CNTFs. After cross-linking reactions of CNTFs, the
mechanical properties of resulting CNTFs were significantly enhanced due to the interconnection of adjacent CNTs in the
CNTFs. These results clearly confirm that the cross-linking reaction is an effective method of developing mechanically strong
CNTFs.
%565B5>35C
[1] B.-C. Ku et al., Fabrication and applications of carbon nanotube fibers, Carbon Lett.  , 13, 191-204.
[2] C.R. Park et al., How can we make carbon nanotube yarn stronger? Comp. Sci Technol.  , in press.
[3] B.-C. Ku et al., Mechanical and electrical properties of thermochemically cross-linked polymer carbon nanotube fibers,
Composites Part A,  , 91, 222-228.
[4] B.-C. Ku et al., Photoacoustic effect on the electrical and mechanical properties of polymer-infiltrated carbon nanotube
fiber/graphene oxide composites, Comp. Sci Technol.  , 153, 136-144.
[5] B.-C. Ku et al. High-modulus and strength carbon nanotube fibers using molecular cross-linking, Carbon  , 118,
413-421.
[6] B.-C. Ku et al. Mechanical properties enhanced by solid-state coupling reaction for molecular covalent bridges of carbon
nanotube fibers, Mater. Lett.  , 211, 243-246.

5IG?B4C

Carbon nanotube fibers (CNTFs), polymer-infiltration, high-strength CNTFs

-103-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B9.03

12B931D9?>?67B1@85>5695<456653DDB1>C9CD?B1>49DCEC1751C1
>?> 9>F1C9F5C5>C?B6B?=9DCAE1>D9J545<53DB931<DB1>C@?BD
박정민1, 서동석*1
에너지과학과
energy.suh@skku.edu

1성균관대학교

2CDB13D
Since the discovery of graphene, many novel phenomena including conductance minimum at the charge neutrality point
and quantum Hall effect have been intensively investigated using this atomically-thin two-dimensional conductor. In the
form of field-effect transistor, such properties of graphene can be easily observable due to the high controllability of carrier
density by electrical gating effect. However, the operation characteristics of this graphene device are quite sensitive to its
environmental condition such as a supporting insulator. Therefore, many researchers have tried to use the suspended
structure to eliminate the effect from substrates.
In our approach, on the contrary, we try to use this sensitive electrical transport feature of graphene field-effect transistor
as a tool studying dielectrics. From the movement of charge neutrality point and the universal nature of quantum Hall
transport, the deviation of graphene’s electrical transport behavior on a standard SiO2/Si substrate or on a hexagonal BN
flake contains many information of the contacting substrate where the graphene field-effect transistor is fabricated.
In this presentation, the technical methods for the fabrication of the dual-gate graphene field-effect transistor is to be
introduced firstly. The multilayer graphene device was prepared using the concept of self-aligned contact, where a
graphene layer was sandwiched by two flakes of hexagonal boron nitride. From this device, the basic control of graphene’s
carrier density by a dual gate operation could be examined. After the development of experimental method making
graphene field-effect transistor, we applied this to study the synergetic effect of SrTiO3 gated graphene field-effect
transistor, where epitaxial thin film of SrTiO3 enables the voltage scaling of graphene device from its huge dielectric
constant. We further extended this study to monitor the oxygen vacancy dynamics in SrTiO3 thin-film from the
conductance hysteresis behavior of graphene field-effect transistor.
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A stretchable heater is getting intention recently for wearable devices like a personal heating system with heat preservation
and thermotherapy functions. Naturally, moderate flexibility and temperature range with low input voltage features have
been focused mostly. However, here we will discuss practical problems which could be encountered when using a heater in
an extreme environmental condition and these have not been mentioned from previous work much. Firstly, highly
stretchable but resistance invariant conductor including a pre-strained elastomer and highly aligned carbon nanotube sheet,
will be introduced. Because the unstable electrical performance is one of the main problems for heater not to work properly
in a highly stretched state. Secondly, advantages of our plane type heater will be explained. Not like a single wire joule
heating structure, the plane type heater can supply uniform heat along the entire surface of it regardless of stretching state.
And this feature could prevent localized overheat, especially when there is a failure of the conductor due to mechanical
strain. Lastly, electrical contact problem and a demonstration of extreme environment application will be shown briefly. So,
this talk will be helpful for people who have an interest in the stretchable conductor and related trivial issues by the simple
demonstration.
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For sustainable advancements in electronics technology, the field of neuromorphic electronics; i.e., electronics that imitate
the principle behind biological synapses with a high degree of parallelism has recently emerged as a promising candidate
for novel computing technologies [1-4]. The first step toward realizing a massively parallel neuromorphic system is to
develop an artificial synapse capable of emulating diverse synaptic functionality, such as short- and long-term plasticity,
with ultralow power consumption and robust controllability. Especially, the organic-based artificial synapse has recently
attracted because of its potential of flexibility, and the tunable capability of synaptic plasticity, and the biocompatibility that
can serve as highly attractive alternatives to conventional inorganic-based synapse in specific neuromorphic applications
such as on-body or low-power/low-cost intelligent chip. As a first part, I will present the general introduction of
neuromorphic hardware technology in terms of novel functional materials and device architectures toward the
implementation of fully neuromorphic computers that have extensively explored in recent years. As a second part, I will
briefly introduce our recent approaches on the organic-based artificial synapses such as the three-terminal ferroelectric
organic synapse in a free-standing form and the two-terminal light-tunable organolead halide perovskite (OHP)-based
photonic synapse that can apply as the flexible or wearable intelligent device and the learning-efficient neuromorphic
systems, respectively.
[1] W. Huh†, S. Jang† et al., Adv. Mater., 1801447 (
[2] S. Choi et al., under review ( )
[3] S.G. Ham et al., under review ( )

) †Equally contribute.
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The stated goal of conventional neuromorphic engineering is to overcome the limitation of von Neumann computing
architecture, by means of new electronics that mimics the extremely energy-efficient and ultra-parallel functioning of
biological neurons. While the initial vision proposed in the 1990’s remains highly relevant, the past 2-3 years have
witnessed the emergence of unconventional, physical neuromorphic systems based on nanomaterials and novel
semiconductor devices. In this presentation, the design and demonstration of two complementary types of organic
neuromorphic electronics is illustrated, namely synaptic transistors and diodes. At the heart of these platforms is functiondriven materials interface manipulation, which proved particularly efficient in transforming regular device structures into
smart biomimetic electronics. Incorporating an air-stable and high-mobility semiconductor DNTT as a transport medium,
the transistors were realized through use of an ultra-thin floating gate, while the diode counterparts were created from a
polarizable solid-state electrolyte. Both platforms were built on plastic articulating the low-temperature processability, and
therefore, they are expected to significantly raise the applicability of flexible electronics to next-generation neuromorphic
architecture.
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Molecular-scale electronic devices that utilize molecules as electronic devices components have been studied for use in
rectifiers, transistors, switches, and memories. Among these, a molecular switch is a promising building block due to its
potential as a memory device. Switching molecule may exhibit different behavior depending on which material is used on
the electrode. Therefore, it is important to understand the interactions between electrodes and molecules in order to
facilitate molecular junctions that show the desired performance.
In this study, we fabricated and characterized diarylethene (DAE) photoswitching molecular junctions with multilayer
graphene (MLG) top electrodes. We found clearly distinguishable electrical properties in the molecular junctions between
the open (off) and closed (on) state of DAE whose current levels were separated by two orders of magnitude. And, we
found that the DAE molecular junction exhibited a unidirectional switching behavior from the open to closed state in real
time measurements. We attribute this phenomenon to the strong interaction between DAE in the closed state and the
MLG electrode, which quenches the switching from the closed to open state. To validate this interpretation, we fitted the
experimental current-voltage curves with the Landauer formula. The calculated coupling strength value of Au-DAE-MLG
junction in the closed state was significantly higher than that of the Au-DAE-MLG junction in the open state and those of
the Au-DAE-reduced graphene oxide (rGO) junction in both open and closed states, which provides a reasonable
explanation of the origin of the unidirectional switching in molecular junctions with the MLG top electrode in contrast with
bidirectional switching behavior for the Au-DAE-rGO junction.
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Biological nervous systems are powerful to solve complex real-world
problems such as visual information processing, speech recognition, and
body motion control based on their compactness, fault tolerance, and highpower efficiency [1, 2]. Thus, neuromorphic electronics which emulate the
biological nervous systems at the hardware-level have attracted lots of
attention. Here, we demonstrated an artificial mechanosensory nerve based
on flexible organic electronics [3]. In the artificial nerve system, artificial
mechanoreceptors (pressure sensors) are connected to an artificial nerve (a
ring oscillator) that converts external pressure sensing information into
biomimetic voltage pulses. The electrical signals from multiple artificial
nerves are then integrated into postsynaptic current by a synaptic transistor. To actuate insect’s leg muscles, the synaptic
transistor are subsequently used to interface with biological motor nerves in a detached insect leg. This is a hybrid reflex arc
system consisting of artificial sensory nerves and biological motor nerves. In addition, the biomimetic nerve system is
promising to detect the movement of an object and to distinguish braille characters. Our artificial mechanosensory nerve
can be used for human-like soft robots and prosthetics which help people with neurological disabilities.(Fig.1. Biological
and artificial nerve systems.)
[1] S. Furber, J. Neural Eng. 13, 051001 (2016).
[2] N. Qiao et al., Front. Neurosci. 9, 141 (2015).
[3] Y. Kim et al., Science 360, 998 (2018).
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“Soft matter physics” is an interdisciplinary field that includes the study of polymers and biomaterials. Generally, it deals
with condensed matters in which thermal fluctuations are important. Focused on polymer self-consistent field theory
(PSCFT), the brief history and the formalism of PSCFT will be introduced and discussed. The method is adapted and applied
to various physical systems such as supramolecular polymer melts, dendronized polymers, and lipid-water mixtures.
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The self-assembly in block copolymer film is one of core principles to many of advanced nanotechnologies. Thus
understanding the underlying physics and controlling the self-assembly, augmented by theoretical and numerical modeling
is important. However, complicated interactions, high sensitivity on various system parameters, wide range of length and
time scales related with self-assembled structures make finding theoretical modeling very challenging. Moreover, in many
systems, kinetics, and not only thermodynamics, plays a key role for the ability of a polymeric material to self-assemble into
a desired state. In this talk, I present my efforts on developing efficient simulation approaches based on fields based model
to explore the self-assembly of complex polymeric fluids under confinement and to describe the evolution of microstructure
and the transformation between various microphases in block copolymer thin films.
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For the development of polymer based nanoscience, self-consistent field theory (SCFT) has made crucial contributions. It
was originally developed by Edwards in the 1960s, and with the recent advance of computer hardware and numerical
scheme, real space method and pseudospectral method are introduced and widely used nowadays. In this talk, I will
present a few SCFT based researches about block copolymers, polymer brushes, nanoparticle-polymer mixtures and
nanostructured thin films. For the study of formation and evolution of polymeric nanostructures, theoretical tools beyond
the mean field theory are necessary, and I will also explain my efforts on this subject.
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We present a machine-learning (ML) approach to a long-standing issue in quantum many-body physics, namely, analytic
continuation. This notorious ill-conditioned problem of obtaining spectral function from Matsubara Green's function has
been a focus of new method developments for past decades. Therefore, many crafty approaches exist; such as maximum
entropy method [1,2], stochastic method [3], Pade’s approximation [4]. These approaches require a deep understanding of
the details of the problem. We call this detail as ‘domain-knowledge’; such as physical/mathematical approximations and
assumptions. Here we show that the ML-based kernel can be realized without ‘domain-knowledge’, using modern ML
techniques [5], e.g. convolutional neural network (CNN) and Adam optimizers [6]. Furthermore, the ML-based kernel is
more robust to noise from Green’s function. We will also examine the possibility of extending the ML-based analytic
continuation to the matrix-valued continuation problem, which recently been tackled by maximum quantum entropy
method (MQEM) [7]. Our results illustrate that the ML approach can be a new direction to solved ill-posed physical
problem.

[1] Jarrell, M. & Gubernatis, J. E. Bayesian inference and the analytic continuation of imaginary-time quantum Monte Carlo
data. Physics Reports 9 133–195 (1996).
[2] Bergeron, D. & Tremblay, A.-M. S. Algorithms for optimized maximum entropy and diagnostic tool for analytic
continuation. Phys. Rev. E 9, 023303 (2016).
[3] Sandvik, A. W. Stochastic method for analytic continuation of quantum Monte Carlo data. Phys. Rev. B , 10287
(1998).
[4] Vidberg, H. J. & Serene, J. W. Solving the Eliashberg equations by means of N-point Padé approximants. J. Low Temp.
Phys. 9, 179 (1977).
[5] H. Yoon, J.-H. Sim, and M. J. Han, ArXiv1806.03841 Cond-Mat (2018).
[6] D. P. Kingma and J. Ba, ArXiv1412.6980 Cs (2014).
[7] Sim, J.-H. & Han, M. J. Maximum Quantum Entropy Method. ArXiv1804.01683 Cond-Mat (2018).
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Crystal structure prediction can play an important role to enrich material database which is essential to guarantee reliability
and capability of predictive models in data-driven Materials science, or Materials Informatics. In particular, for twodimensional (2D) materials, of which potential energy surface is much more complicated than three-dimensional (3D)
materials, an efficient crystal structure prediction method can save lots of efforts to find novel materials. In this talk, I will
discuss a crystal structure prediction method for 2D materials (SANDWICH*), and some of the predicted 2D crystals (T3X)
composed of group IV (T=C, Si, Ge, Sn) and VI (X=O, S, Se, Te) elements. The predicted T3X compounds, or tetragen
chalcogenide (TXene), show varying electronic properties ranging from indirect/direct band gap semiconductor to
quantum spin Hall insulator with a sizable band gap.
* Search by Ab initio Novel Design via Wyckoff positions Iteration in Conformational Hypersurface
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The ultimate goal of materials and drug discovery is to create molecules with desired properties. This is obviously a difficult
task because the molecular space is very large and discrete with a wide variety of molecules. For example, there are only
108 molecules synthesized, but 1060 molecules are estimated to be existing. Computer-aided molecular design is attracting
attention as a promising solution for efficient materials and drug discovery. A fast calculation method allows us to find
molecules with target properties through high-throughput virtual screening over known databases.
As an alternative strategy, we propose to use a molecular generative model based on machine learning for de novo
molecular design. It is specialized in controlling multiple molecular properties simultaneously, embedding them in namely
the latent space. As a proof of concept, we will show that it can be used to generate a number of molecules as drugs with
specific properties. We also apply it to design new molecules with promising binding energy for a specific target protein
and use them as potential drug candidates that are not in the database.

5IG?B4C

deep learning, generative model, molecular graphs, drug discovery

-115-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B12.04

M5D8?4C6?B1CD"@D9=9J1D9?>?6<53DB?=17>5D93M5D1CEB6135
5C97>C
신종화*1, 김명준1, 전수완1, BAUCOUR Arthur1
1한국과학기술원 신소재공학과
qubit@kaist.ac.kr

2CDB13D
An electromagnetic metasurface is a planar array of sub-wavelength motifs. By designing the shape and size of the motifs
as well as their spatial arrangement, one can obtain extraordinary properties that can be used to control waves in
unconventional ways. However, the vast degrees of freedom in designing the metasurfaces mean that a brute-force search
of the optimum metasurface for a specific application is practically impossible. Often, various optimization algorithms are
utilized to find a good design with reasonably good performance. Genetic algorithm, particle swarm algorithm, and ant
colony algorithm are among popular choices. Even using these algorithms, some problems may require several days to
several years for the optimization to converge as each candidate structure, especially if it is a large three-dimensional
system, can take several hours or even longer to evaluate its performance using first-principle calculations. Hence, a
different approach is required. Here, we explore possible ways to reduce the optimization time drastically by modifying the
existing algorithms and introducing neural networks to assist the design process. Examples of metasurface design problems
and the performance of the new methods in comparison to previous methods are presented.
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ZrTe5 has attracted considerable attention because of variable controversial issues for its topological state such as weak
topological insulator (WTI), strong topological insulator (STI), and Dirac semimetal (DSM) [1–3]. Theoretical works have
suggested that even small volume change can lead to topological phase transition between WTI and STI [4], and
experimental results have reported [1][2]. Experimentally, a giant peak in its electrical resistivity is observed either around
150 K or below 10 K. However, the origin of such anomalous resistivity peak has been still puzzling. In this work, we
demonstrate that the position of resistivity anomaly in temperature is controllable by carrier doping or chemical pressure.
Here, we use an isovalent Ti atom substituting for Zr, and we find the shift of resistivity peak to lower temperatures.
Detailed transport properties together with the Shubnikov-de Haas oscillations are accurately analyzed using the two-band
model. The results suggest that the resistivity anomaly is considerable as a good indication of the Fermi level position,
which can be tuned by chemical substitution and growth condition.
References
[1] R. Wu et al. Phys. Rev. X  1–8 (2016).
[2] G. Manzoni et al. Phys. Rev. Lett.  (2016).
[3] Q. Li et al. Nat. Phys.  550–554 (2016).
[4] Z. Fan et al. Sci. Rep.  45667 (2017).
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Weyl semimetals have attracted great attention in the condensed-matter physics for several years, because of the
fundamental interest of Weyl fermions with its chirality based on unusual electrical properties [1]. In the presence of broken
inversion symmetry or time-reversal symmetry, Weyl semimetal phases could arise, and various types of Weyl materials have
been reported in TaAs, Na3Bi, and GdPtBi [2-4]. However, for gapped semiconductors such as Bi2Te3 and Bi2Se3, it is
improbable to achieve Weyl semimetal phase, because the band gap is large with an order of 102 meV so that it cannot be
closed due to the Zeeman splitting only by applying external magnetic field. In this study, we suggest a new approach to
evolve the Weyl states in spin-orbit coupled semiconductors by introducing magnetic dopants (Gd), which act as an
effective magnetic field to reduce the band gap in GdxBi2-xTe3-ySey. We observe the negative longitudinal
magnetoresistance originating from the chiral anomaly, which is guaranteed by the nontrivial topological nature of Weyl
semimetals. Also, we systemically investigate the optimal condition to emerge Weyl states as varying the Gd and Se
contents, x and y. These results suggest not only a new platform for studying Weyl fermions but also a possible universal
approach to achieve Weyl semimetal phase in the magnetically doped semiconductors.
[1] Nielsen, H. B. & Ninomiya, M. The Adler-Bell-Jackiw anomaly and Weyl fermions in a crystal. Phys. Lett. B   389-396
(1983).
[2] Yang, L. X. et al. Weyl semimetal phase in the non-centrosymmetric compound TaAs. Nat. Phys.  728-732 (2015).
[3] Liu, Z. K. et al. Discovery of a three-dimensional topological Dirac semimetal, Na3Bi. Science  864-867 (2014).
[4] Hirschberger, M. et al. The chiral anomaly and thermopower of Weyl fermions in the half-Heusler GdPtBi. Nat. Mater.
 1161-1166 (2016).
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Topological antiferromagnetic spintronics is an emerging field these days due to the advantages such as no stray field
effect and high speed dynamics. However, the coexistence of antiferromagnetic order and topological surface state has
scarcely observed in bismuth chalcogenide topological insulators. We report the effect of europium substitution on the
physical properties of Bi2Se3 single crystals from the magnetic and transport measurements. Long-range antiferromagnetic
order is observed below TN = 5.5 K, where spins are aligned lying in the surface plane. In an analysis of Landau-level fan
diagram from Shubnikov-de Haas oscillations data, the nonzero Berry phase is interestingly obtained, indicating the
nontrivial topology after antiferromagnetic order is induced. Furthermore, the results of Lifshitz-Kosevich show the increase
in the effective mass and the reduction of the lifetime of electrons. Our results expand our insights into the magnetic
topological insulators in addition to proposing a candidate for the field of the topological antiferromagnetic spintronics.
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Li2RuO3 has a layered honeycomb structure like α-Li2IrO3, but it has the unique lattice symmetry (P21/m) among Li2TMO3
systems. It is also known to be non-magnetic down to very low temperatures. Instead, it has a transition to a valence bond
crystal (VBC) phase at a fairly high temperature of ~540 K [1]. At the transition, the otherwise uniform honeycomb lattice
of Ru gets distorted and forms a herring-bone structure. This transition was interpreted to arise from dimerized Ru 4d band
through strong lattice effects, involving off-centering of Li atoms at the center of the Ru honeycomb lattice [2].
Despite several studies on the origin of the VBC transition [1-5], however much of the detailed mechanism still remains
unresolved. In order to get better understanding of the high-temperature transition, we studied the anisotropy of physical
properties such as resistivity and magnetic susceptibility using single crystal Li2RuO3. According to our results, there are
clear anisotropy in both measured properties. Using various both experimental and theoretical considerations, we conclude
that our results can only be understood to be due to the spin-orbit coupling. We will present the orbital patterns that can
be consistent with our results.
References:
[1] Y. Miura et al, J. Phys. Soc. Jpn. , 033705 (2007)
[2] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. , 017205 (2009)
[3] S. A. J. Kimber et al, Phys. Rev. B 9, 081408(R) (2014)
[4] S. V. Streltsov and D. I. Khomskii, Phys. Rev. B 9, 161112(R) (2014)
[5] Junghwan Park, et al., Scientific Reports , 25238 (2016)
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3D topological insulators (TIs) have attracted much attention because of conducting surface states with insulating bulk
bands [1]. While the time-reversal symmetry strongly protects their surface states, the symmetry can be broken by magnetic
perturbation such as magnetic impurities [2]. Ferromagnetism in TIs can leads to the quantum anomalous Hall effect by
opening gap at the Dirac point [3]. However, there has been no experimental report on the coexistence of
antiferromagnetic order with topological surface states. In this work, we prepare high-quality single crystals of SmxBi2-xTe3
(x = 0.004, 0.010, 0.025). The magnetic data reveal the antiferromagnetic phase transition occurs at TN = 3.4 K for x =
0.025. The transport measurements show dominant conduction of surface states, which is verified by two-band Hall signal
and large linear magnetoresistance. Especially, Shubnikov-de Haas (SdH) oscillations are observed in x = 0.025 with the
antiferromagnetic phase. From the SdH oscillations, we extract the p Berry phase indicating the linear energy dispersion of
topological surface states. Our experimental results suggest the coexistence of antiferromagnetic phase and surface states
of TIs in Sm-substituted Bi2Te3 system. References: [1] M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. , 3045 (2010) [2]
Wray, L. A. et al. Nat. Phsy. , 32 (2010) [3] C.-Z. Chang et al., Science  , 167 (2013)
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After a decade of intense research on topological phenomena in electronic systems, novel properties of bosonic topological
systems are intriguing much attention recently. Especially in a magnetically ordered system where time-reversal symmetry is
broken, we may naturally expect band structure with nonzero Chern number. For example, topological magnon band is
theoretically proposed in various two dimensional systems such as Kagome, honeycomb, star lattice, etc, and in some cases
experimentally observed. It has been noticed that spin scalar chirality defined in a triangle plays an important role in some
of these systems. However, even though the spin chirality can also be naturally defined in each triangle in a triangular
lattice antiferromagnet with an external magnetic field, the study of topological band structure in such system is extremely
rare. We show that trimerization distortion in such system can induce nontrivial topology in magnon band and finite
thermal Hall effect, and propose YMnO3 and LuMnO3 to be candidate materials for such phenomena.
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The energy demand used for the refrigeration and air conditioning is rapidly increased around the world. Over the decades,
the vapor-compression technology of air-conditioning and refrigeration have been dominant with gas refrigerants, which
could cause the global warming and ozone depletion. Therefore, a magnetic refrigeration system has been considered as a
practical alternative to the vapor-compression system in terms of eco-friendly point of view. Based on the magnetocaloric
effect (MCE), it could be possible to operate the magnetic cooling or magnetic heating system corresponding to a variation
of the applied magnetic field. MCE could be characterized as causing the magnetic entropy change (ΔSM) in an isothermal
process or the adiabatic temperature change (ΔTad) in an adiabatic process. We synthesized the ternary intermetallic
compounds RFe2Ge2 (R =Gd, Tb) with the body-centered tetragonal ThCr2Si2-type structure and measured the magnetic
field-dependent and temperature-dependent magnetization in the range of 0-5 T and 2 K- 300 K using the
superconducting quantum interference device magnetometer (SQUID). The magnetic entropy change (ΔSM) is calculated
from the isothermal field-dependent magnetization data. Also, the relative cooling power (RCP) is calculated from the
magnetic entropy change data to evaluate the performance of magnetic cooling.
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Recently, the coupled systems of the degree of freedom among spin, lattice, charge and orbital have been suggested as a
breakthrough to improve conventional magnetocaloric effect (CMCE) for magnetic refrigeration application. A theoretical
investigation predicted that the influence of quadrupolar interaction gives rise to the existence of anomalous MCE. It could
be observed that the positive magnetic entropy change increase with increase external magnetic field at TQ and disappear
above the critical field. We have investigated the MCE of rare earth tetraboride, RB4 (R = Dy, Ho). RB4 compounds show a
complex magnetic phase transition on an applied field or temperature due to the degrees of freedom coupled with the
quadrupolar ordering of 4f electrons. The large inverse MCE (IMCE) is induced by the non-collinear/collinear
antiferromagnetic transition with monoclinic distortion, due to the quadrupolar-strain coupling between the quadrupolar
moment and the lattice that works cooperatively with the magnetic order through the strong spin-orbit coupling. The
exotic IMCE exhibits +19.6 J/kgK, +19.0 J/kgK +22.7 J/kgK at an applied magnetic field change of 5 T, 4 T, 2.5 T for DyB4,
Dy0.5Ho0.5B4, HoB4, respectively. The exotic IMCE is enhanced under the critical field and decrease due to the
disappearance of quadrupolar ordering above the critical field. These results offer new insight into the mechanism of exotic
giant MCEs and magnetic cooling applications.

5IG?B4C

giant magnetiocaloric effect, quadrupolar ordering, magnetism

-124-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

B14.09

81B13D5B9J1D9?>?61'1&5C9>7<53BICD1<G9D8566= 7B?E>4
CD1D5=17>5D93=?<53E<1B
WON Choongjae*1, 2, JI Sung-Dae1, PARK Jae-Hoon1, CHEONG Sang-Wook3, 4
1Max Planck POSTECH/Korea Research Initiative, Pohang University of Science and Technology,
2Laboratory of Pohang Emergent Materials, Pohang Accelerator Laboratory,, 3Department of Physics and
Astronomy, Rutgers University, 4Rutgers Center for Emergent Materials, Rutgers University
cjwon@mpk.or.kr

2CDB13D
The geometrical spin frustration in the tetramer of lacunar spinel is a good subject for exploring the quantum spin liquid. In
tantalum lacunar spinel, GaTa4Se8, there are molecular Jeff=3/2 ground state and curious non-magnetic state with JahnTeller distortion. Recently, we successfully grown the high quality of GaTa4Se8 single crystal, and studied by magnetic
susceptibility, heat capacity, and dielectric const. measurement. Temperature dependence of those characterization shows
the difference between structure transition with jahn-teller distortion, and we provide some indication about the magnetic
state of GaTa4Se8, between magnetic frustration and spin-singlet state.
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Single crystalline metal oxide nanowires are interesting nanostructures due
to their abundant resources and robustness in air and water. In addition,
metal oxides exhibit many fascinating physical properties, including high-Tc
superconductors, ferromagnetism, ferroelectrics, memristive properties,
photocatalytic properties, transparent conductors and others, which are not
attainable to conventional semiconducting materials (group IV and III-V).
However, fabricating single crystalline metal oxide nanowires has been
based on a rule of thumb, there has been no general principle to design
metal oxide nanowires. The feasibility of functional oxide nanowires, whose
physical properties are hardly attainable to other materials, has been also
strongly limited. Here I demonstrate i) a fundamental design concept for
creating single crystalline oxide nanowires via vapor-liquid-solid (VLS)
pathway, and ii) a development to measure the physical properties of a
single nanowire, including electrical and thermal transport properties. By comparing experimental VLS nanowire growth to
MD simulations. we found that the difference between LS interface and VS interface on the critical nucleation size
essentially allows us to perform VLS nanowire growth. This knowledge can be expanded to discover novel metal oxide
nanowires via VLS mechanisms. In addition, we have shown the impact of crystal growth interface on the electrical
properties of metal oxide nanowires. I believe that the presented approaches by utilizing meal oxide nanowires offers an
important platform for investigating not only nanoscale physical properties of transition metal oxides but also exploring
novel nanodevices with other materials, which had not been possible to be integrated onto Si and/or plastic substrate.
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Recent advance of various ultrashort pulses has enabled real time investigation of dynamical properties of materials in a
femtosecond time scale. The pumping with ultrashort pulses launces coherent lattice vibrations within the pump-excited
volume. Once the lattice couples strongly with other degrees of freedom such as spin, orbital and charge, it carves clear
signatures in the coherent oscillations of phonon. In this talk, we will present peculiar examples of coherent oscillations in
complex oxides such as Ca2RuO4 and Sr2RhO4.
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Prochlore iridates (R2Ir2O7, R: rare-earth elements) are predicted to possess a variety of topological and non-topological
phases such as a Weyl semi-metallic phase, owing to competing energy scales of electron correlation and spin-orbit
interaction. One of the important ingredients to determine such electronic phases is magnetic ordering called all-in-all-out
(AIAO), where all the four spins on a tetrahedral Ir sublattice point either inward or outward.
Here we study magnetotransport properties of pyrochlore iridate thin films and heterostructures. We successfully
fabricated R2Ir2O7 thin films on Y-stabilized ZrO2 substrates by pulsed laser deposition [1]. We find that magnetoresistance
shows unusual linear term when the films are cooled under magnetic field. This unique feature is a consequence of
selective stabilization of one of the two AIAO domains [2] as also confirmed by scanning SQUID microscopy [3].
Pyrochlore iridate heterostructures are also fabricated, which are composed of two layers with different rare-earth
elements. Magnetotransport show that, in addition to contribution from each layer, additional contribution is present at
the interface when the AIAO domain type is different between the two layers [4]. Our result on pyrochlore iridate thin films
and heterstructures will open ways to access unique quantum phases residing in this compound.
[1] T. C. Fujita et al., Scientific Reports , 9711 (2015).
[2] T. C. Fujita et al., Phys. Rev. Mater. , 011402(R) (2018).
[3] Y. Kozuka et al., Phys. Rev. B 9, 224417 (2017).
[4] T. C. Fujita et al., Phys. Rev. B 9, 064419 (2016).
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Vanadium ions can have multiple oxidation states, e.g., V2+(3d3), V3+(3d2), V4+(3d1), and V5+(3d0); combinations of
these oxidation states result in very rich phases. Among them, vanadium Wadsley phases are a homologous series
characterized by the generic formula, VmO2m+1, with V4+ and V5+. Members include VO2 (m = ∞), V6O13 (m = 6), V3O7
(m = 3), and V2O5 (m = 2) with oxidation states of V4+, V4.33+, V4.66+, and V5+, respectively. Wadsley phases have
attracted much attention, given that the intrinsic tunnel-like framework of these phases enables fast ion diffusion, for
example, in ion battery electrodes.
Difficulty in preparing thin films of Wadsley pure phases has limited the development of potential applications, mainly due
to the thermodynamic closeness and instability of multi-valent vanadium oxides. Phase mixtures tend to degrade device
performance and hinder understanding of the mechanisms of essential properties.
In this presentation, we will discuss how to grow epitaxial films of VO2(B), V6O13, and V2O5 pure phases. Thereafter, we
will examine the electrical and optical properties of these epitaxial films, propose electronic structures, and present
performance test results of our investigation of these films for potential lithium-ion battery use. Specifically, in our
investigation, pulsed laser epitaxy with precise control of the oxygen partial pressure (20−100 mTorr) was used to
selectively stabilize pure phases of VO2(B), V6O13, and V2O5 on (111)-oriented Y-stabilized ZrO2. With fractional variation
of V4+/5+, Wadsley phases showed a wide spectrum of electrical ground states: insulating VO2(B) and V2O5, with metallic
V6O13 transitioning into an insulator below 150 K. VO2(B) and V6O13 showed a strong Drude feature at low photon
energy in room-temperature extinction coefficient spectra; however, V2O5 exhibited an indirect bandgap of 2.6 eV. Using
epitaxial VO2(B) films, we approached the theoretical limit for lithium ion capacity (323 mAh/g), with persistent charging–
discharging cyclability.
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The hard X-ray free-electron laser at the Pohang Accelerator Laboratory (PAL-XFEL) has achieved un-precedented
performances of XFEL. The use of electron-beam-based alignment incorporating undulator radiation spectrum analysis has
allowed reliable operation of PAL-XFEL with unprecedented stability in terms of orbit, energy, and timing. A timing jitter of
smaller than 15 fs for the FEL photon beam, a transverse position jitter of smaller than 10% of the photon beam size, and
a variation of FEL intensity of smaller than 5% are consistently achieved due to the use of a state-of-the-art design of the
electron linear accelerator and electron-beam-based alignment. The low timing jitter of the electron beam makes it possible
to observe Bi(111) phonon dynamics without the need for timing-jitter correction, indicating that PAL-XFEL will be an
extremely useful tool for hard X-ray time-resolved experiments. In order to make a full use of this high performance of FEL,
we propose a new hard X-ray undulator line to generate a hard x-ray FEL with pulse duration down to one-hundred attosecond. It will enable us to open a new atto-science as well as to increase the user beam time because two hard X-ray
undulator lines are available to users.
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Laser-induced plasma has been drawing much attention as an emerging source because it has prominent advantages such
as strong pulse energy, ultra-broad bandwidth and stability. To make use of this promising THz source, development of
proper detection methods is crucial. One of the most widespread THz detection methods is the time-domain
spectroscopy(TDS) based on the electro-optic effect of nonlinear crystals such as ZnTe. In TDS, the THz wave is
characterized by the interaction between femtosecond(fs) laser pulses and THz pulses in a nonlinear crystal, and this usually
requires multiple shots of fs laser pulse. While its usefulness has been demonstrated and proved well by many research
groups, it is also clear that it may not be an appropriate option for investigating a time-varying dynamic system, in which a
fast detection is desired. Such limitation can be circumvented with the implementation of so-called ‘single-shot’ THz
detection method. The experimental results show possibility of replacing the TDS method by the single-shot method.
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We propose a scheme to generate a high density relativistic proton jet by
the interaction of an intense Laguerre-Gaussian laser pulse with a ultrathin
solid density electron-proton plasma target and demonstrate its feasibility by
using three-dimensional particle-in-cell simulations. For a circularly polarized
Laguerre-Gaussian laser pulse, the target can be compressed to form a high
density plasma column, confined along the laser axis by the spatial
ponderomotive force of the laser pulse (Figure 1). The protons in the target
are accelerated through the radiation pressure acceleration mechanism, and
a portion of high energy protons forms a high density relativistic proton jet
propagating along with the laser pulse. It is shown that when the laser pulse
has zero total angular momentum, i.e. the case of anti-parallel spin and orbital angular momenta, the high density proton
jet is well maintained.
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리소그래피 기술은 반도체 제조공정의 핵심으로 큰 파워의 빛을 필요로 해왔으며 ERL-based EUV FEL은 이런 흐름에 따라 10 kW 이상
의 빛을 만들 수 있는 차세대 EUV소스로 각광받고 있다. 이번 연구에서는 10kW 이상의 power를 내는 EUV-FEL 디자인 결과를 발표한
다. 디자인에는 40 pC빔의 발생과 15 MeV 로 가속하는 injection 파트와, 선형가속기로 합류하기 위하여 특별히 디자인된 Merger 부
분을 포함한다. 600 MeV로 선형가속기에서 가속을 시킨 후에 180도 Isochronous bending을 통해 undulator에 입사시킨다. 그전에
전류를 올리기 위해서 Chicane type Magnet compressor를 지나게하여 500 A 의 높은 전류를 가지는 전자 빔을 만든다. 시뮬레이션
결과로 EUV-FEL을 통해 약 16 kW의 파워를 달성하는데 성공했고, energy가 recovery됐음을 확인했으며, 전자 빔이 빔의 loss 없이 잘
transport됐음을 확인할 수 있었다. 이러한 디자인을 통해 높은 power의 빛을 제공함으로서 향후 반도체 산업을 더욱 발전시키는데 획
기적인 기여를 할 것으로 기대된다.
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2CDB13D
Pohang Accelerator Laboratory X-ray Free Electron Laser (PAL-XFEL) is designed to generate extremely intense and ultrashort pulsed X-rays, and is being operated. The photon diagnostic in PAL-XFEL is an indispensable device to check the
XFEL’s status such as flux and position. Transmissive detectors such as gas monitoring detector (GMD) and thin foil
quadrant beam position monitor (QBPM) are installed, and being operated at the hard X-ray beamline of PAL-XFEL. These
detectors are calibrated by using calorimeter that was developed by National institute of Advanced Industrial Science and
Technology (AIST) in Japan. In here, we report the calibration results including measured pulse energy and higher
harmonics at various photon energy.
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Large number of clusters with long lifetime are produced by continual compression of the argon gas into a high pressure
chamber. The argon clusters sustain over an hour surrounded by argon supercritical fluid (200 bar, room temperature). The
typical size of the clusters is about a few hundreds of nanometers estimated from the diffraction patterns in the laser
scattering image. The number density of the clusters is about 100 clusters/mm3 right after the pressure of the chamber
reaches 200 bar. The destruction rate of the clusters increases by raising the temperature which leads to another
equilibrium state. Jet-like plasma discharges are produced in the supercritical fluid by ns laser pulse and sustain much
longer than the pulse duration. The roles of clusters and molecular argons on the breakdown and energy transport are
discussed.

5IG?B4C

argon clusters, supercritical fluid, high pressure plasma

-135-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

C2.01

6653DC?6D85?E<?=21>4D85C@9> ?B29D9>D5B13D9?>9>1
456?B=54=51>695<4?>D85B5C94E1<@19B9>73?BB5<1D9?>C6?BN=>E3<59
하은자*1, 천명기1
물리학과
eunhasky@hotmail.com
1숭실대학교

2CDB13D
We performed systematic calculations regarding the effects by Coulomb and/or
spin-orbit (SO) interaction on like- and unlike-pairing correlations in sd-, pf-, and
sdgh- shell N = Z nuclei. The former two interactions are comprised in a deformed
mean- field potential and the latter pairing correlations are treated by the residual
interactions in the mean field. This analysis have been done by two different pairing
matrix elements (PMEs) for the residual interaction : constant and state-dependent
Brueckner G-matrix. The constant PME may give rise to valuable information on the
pairing correlations under the Wigner spin-isospin SU(4) symmetry in the absence
of the Coulomb and the SO interaction. The state-dependent Brueckner G-PME
takes into account shell structure effects on the residual interaction and enables us
to do realistic description of the N = Z nuclei ground states. In this work, through
the analysis of the Coulomb and SO interaction effect on the pairing correlations, we
discussed in detail how and what if the isoscalar condensation and/or the coexistence
of the isoscalar and isovector components in the unlike-pairing are found in these
N = Z nuclei.
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Ground-state energies and nuclear masses are calculated by the Strutinsky’s method which consists of single-particle
energies from the mean-field by a deformed Woods-Saxon, and a corrected potential by the Strutinsky approach. These are
important basic properties in the nuclear structure enough to be scrutinized by using the Strutinsky’s method. This
approach is simplistic and phenomenological way, but its microscopic calculation can be systematically expanded to whole
nuclear properties.
In this context, the Strutinsky's method has important reason why we should employ this method to our calculation. It
means that our microscopic calculation, which contains pairing effects in mean-field potential by BCS (Bardeen-CooperSchrieffer) theory and energy level spectra in light nucleus, can reproduce fundamental nuclear property (nuclear groundstate energy, mass and binding energy).
In this talk, we had adapted our microscopic theoretical calculation (deformed Woods-Saxon) into the Strutinsky’s method
for specific light nuclei (24Mg, 28Si and 32S). And also, we took into account the pairing correlation effects (n-n, p-p, n-p
pairing) and deformation into the Strutinsky's method. In this presentation, we will discuss results by our macromicroscopic theoretical calculation for the sd-nuclei.
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2CDB13D
We present theoretical studies of the S=-2 hyperon resonance Ξ(1690), which is produced with the K- beam off the proton
target. By reproducing the presently available experimental data, including the Dalitz crosssection and invariant mass of the
hyperon resonance, we determine relevant parameters to estimate the possible strength of the cross section and various
observables for K- p → K+ Ξ-(1690) for the future experiments.
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2CDB13D
Assuming nucleons are classical particles and interacting among them with Nijmegen potential
and CD-Bonn potential, we solve the equations of motion of the nucleon system consisting of
N_p protons and N_n neotrons and find possible stable states(nuclei). We also study the size of
the system and its internal structures.
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We study the quark spin contents of light and heavy baryons by analyzing the semileptonic weak decays of octet baryons in
a mean field approach, based on the algebraic structure of a chiral soliton model. Taking into account the contributions of
SU(3) flavor symmetry breaking, the integrated polarized light-quark densities of light and heavy baryons are calcualted.
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We present recent results for theoretical studies on the experimental signals for the two-pole structure of Λ(1405) in γ(*)
p → K* π Σ. The nontrivial interferences and photon polarization dependences of the amplitudes with the two-pole
contributions, we observe obviously signals of the exotic structure of Λ(1405).
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We perform a constituent quark model analysis for the mass of the doubly heavy tetraquark states TQQ after we fix the
and hadrons involving heavy quarks relevant to the stability of
parameters to fit the masses of the newly observed
these states.
We find that our full calculations give in general less binding compared to simplified quark model calculations that treat
quark dynamics inside the tetraquark the same as that inside a baryon.
We also compare our new results with previous works using less constrained parameters. We find that the tetraquark state
) and Tbb (
) are bound by 120.56 MeV and 7.3 MeV respectively.
Tbb (
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for the LEPS2 Collaboration
We report recent beam commissioning results of the LEPS2 solenoid spectrometer at SPring-8. The LEPS2 spectrometer is
primarily designed for high-statistics experimental confirmation or exclusion of the Θ+ with a large angular acceptance,
and also for unveiling the hadronic structures of the Λ(1405) and other exotic baryon systems. A large time-projection
chamber (TPC) provides almost 4π angular acceptance and 1% momentum resolution. For the LEPS2 experiments, we have
developed a new, network-distributed data acquisition system based on the DAQ middleware. During the beam
commissioning and the first physics run, Compton-backscattered photon beam was incident on a CH2 target in the energy
region from 1.4 GeV to 2.4 GeV. We will report on preliminary results of beam commissioning of the LEPS2 spectrometer
system with a special emphasis on the new DAQ system.
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2CDB13D
We discuss the UV completion of higher dimensional quantum field theories in the framework of the string field theory in
the proper-time gauge. Defining the open string field theory on multiple D-branes, we evaluate the four-string-scattering
amplitudes. In the zero-slope limit, the scattering amplitudes reduce to those of the quantum field theory. But ultraviolet
behaviors the open string field theory are drastically different from their counterparts of the quantum field theory. We
examine the UV behaviors of the four-string-scattering amplitudes carefully to determine whether the unitarity bound may
be satisfied.
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2CDB13D
We study the spectral function of fermions in a holographic set up with bulk Dirac mass in the regime m > 1/2 which is
beyond the conformal unitarity bound and found that spectral function shows the k-gap in the dispersion relation. We
interpret this k-gap as the signature of instability. Since the position of k-gap in momentum space is proportional to the
charge density, we suggest that the instability is toward the density wave state.
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Using spectral function from holographic model, we classify gap generation in strongly correlated material.
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2CDB13D
The linear-T resistivity is one of the characteristic and universal properties of strange metals. There have been many
progresses in understanding it from holographic perspective (gauge/gravity duality). In most holographic models, the
linear-T resistivity is explained by the property of the infrared geometry and valid at low temperature limit. On the other
hand, experimentally, the linear-T resistivity is observed in a large range of temperatures, up to room temperature. By using
holographic models related to the Gubser-Rocha model, we investigate how much the linear-T resistivity is robust at higher
temperature above the superconducting phase transition temperature. We find that strong momentum relaxation plays an
important role to have a robust linear-T resistivity up to high temperature.
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Using the spectral function in holographic model, we study Dirac and Weyl semi-metal in strongly correlated material two
and three dimension.
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We holographically investigate the renormalization group flow in a two-dimensional conformal field theory deformed by a
relevant operator. If the relevant operator allows another fixed point, the UV conformal field theory smoothly flows to a
new IR conformal field theory. From the holographic point of view, such a renormalization group flow can be realized as a
dual geometry interpolating two different AdS boundaries. On this interpolating geometry, we investigate how the cfunction of the entanglement entropy behaves along the RG flow analytically and numerically, which reproduces the
expected central charges of UV and IR. We also show that the c-function monotonically decreases from UV to IR without
any phase transition.
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We construct a large class of N = 3 Janus ABJM models with mass deformation, where the mass depends on a spatial (or
lightcone) coordinate. We also show that the resulting Janus model can be identified with an effective action of M2-branes
in the presence of a background self-dual 4-form field strength varying along one spatial (or lightcone) coordinate.
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준위상정합(QPM)은 3차 조화파 발생, 매개하향변환 등과 같이 효율적인 광주파수 변환을 위해 2차 비선형 매질, 특히 강유전성 결정에
널리 사용되고 있다. 이 발표에서는 비선형성이 큰 유기물 박막과 위상 보상 박막을 교차로 적층하여, 등방성 박막 매질에서는 최초로
χ(3) QPM 3차 조화파 발생(THG) 실험 결과를 보고하고자 한다.
비선형 유기 박막에서 생성된 3차 조화파와 기본파 사이의 위상차를 교차 코팅한 선형 투명 박막으로 보상하였다. 그 결과 비선형 유기
물 박막의 층 수에 따라 THG 세기가 2차 함수로 증가하는 것을 확인할 수 있었다. 또한, 증폭된 200 fs Ti:Sapphire 레이저 펄스로는 기
록적으로 0.15%의 효율을 측정할 수 있었다.
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본 연구에서는 중심파장이 1064 nm인 연속 발진형 (continuous wave; cw) DPSS 레이저로 MgO:PPLN 결정을 펌핑하고 공진기를 설
치하여 중적외선 대역에서 파장 튜닝이 가능한 광 매개변환 발진기(optical parametric oscillator; OPO)를 제작한 결과에 대해서 보고
하고자 한다. OPO 공진기는 발진 문턱값을 낮추기 위하여 pump 및 signal 파장에 공진하도록 제작이 되었고 MgO:PPLN 결정의 주기
를 24 μm부터 28 μm 까지 변화시켜 idler의 파장이 2.5 μm부터 5.3 μm까지의 가변 되도록 제작되었다. 우리는 cw OPO의 제작과정을
소개하고 파장 가변 스펙트럼, 파장 안정도, 출력 안정도 그리고 발진 문턱값 및 출력 특성 등을 측정한 결과를 발표할 예정이다.
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It is indicated from the first-principles calculation that, before falling into the dielectric breakdown, charge transports
induced by the strong-intensity few-cycle optical waveform on the subfemtosecond time domain can be precisely
controlled according to the band distortion engineered by the strain along the [0001] direction of wurzite-AlN. It is further
discovered from a model of electron-hole interaction that the subfemtosecond charge driving with the band engineering
could be substantially strengthened by the excitonic correlation and dynamics. With the findings, we reveal the band
engineering to be a new route to the ultrafast charge control of semiconductors and indeed suggest an unexplored
prototype of the solid-state petahertz (10^15Hz) device.
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We report our progress in the development of superconducting nanowire single photon detectors (SNSPDs). Single photon
detector is the key component in quantum communication and quantum optics. Among various single photon detectors,
SNSPDs show superior performance in detection efficiency, timing jitter, dark count, and count rate. We fabricate our
devices with ultrathin niobium nitride (NbN) or amorphous molybdenum silicide (α-MoxSi1-x) films. 100 nm wide nanowire
meander patterns are made on top of a distributed Bragg reflector (DBR). The detector is fiber-coupled and is operated
below 2.5 K down to 0.8 K in a closed-cycle GM refrigerator. We use self-alignment scheme for the fiber-coupling in order
to avoid possible drift due to the thermal contraction at low temperature. We present our measurement result of detection
efficiency, dark count rate and reset time. We then discuss our further direction to increase the detector performance.
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On-chip integration of identical photon sources is crucial for quantum integrated photonic technologies such as quantum
communications and computing. Silicon photonics is an attractive platform for large-scale quantum integrated circuit due
to mature CMOS technology and high third optical nonlinearity in silicon. In other words, thousands of photon pair sources
can be integrated on a chip. Here, we investigate photon pair generation by spontaneous four-wave mixing in silicon
waveguides, which is a key building block for the realization of large-scale quantum integrated circuits. We further propose
an idea to generate photon pairs using monolithic III-V lasers on silicon waveguides.
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We employ the operational quasiprobability (OQ) [1,2] to examine joint measurability [3] of two generalized
measurements. We prove that the OQ is positive if and only if the two measurements are jointly measurable. As a corollary,
we also find that the joint measurement is always written in terms of the four measurements: void measurement, the two
generalized measurement, and a bivariate measurement. By using these results, we suggest the negativity of OQ as an
indicator for non-joint measurability, and the specific measurement setups to obtain the joint measurement.
[1] Junghee Ryu, James Lim, Sunghyuk Hong, and Jinhyoung Lee, Phys. Rev. A
, 052123 (2013).
[2] Jeongwoo Jae, Junghee Ryu, and Jinhyoung Lee, Phys. Rev. A , 042121 (2017).
[3] P. Busch, Phys. Rev. D , 2253-2261 (1986).
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Fisher information represents how well we can detect small changes in a parameter. Here we propose that Fisher
information can be an indicator of quantum phenomena, such the Hong-Ou-Mandel effect and a two-particle
entanglement detection. The Fisher information means the classical Fisher information which is determined by a specific
measurement setup, whereas the quantum Fisher information is an intrinsic quantity for a quantum state.
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Inferring a quantum state from the measured data is a fundamentally and practically important task in quantum
informatics. For a continuous variable (CV) quantum state, it can be achieved by measuring marginal distributions along
many axes in phase space or sampling many points in phase space. If the obtained data is informationally complete, it
determines a quantum state correctly. However, we get incomplete information due to the limitations in experiments.
Nonclassical states are useful resources for quantum information. Every nonclassical state can be activated to entanglement
by a passive optical element, i.e., a beam-splitter. It is thereby necessary to devise experimentally feasible nonclassicality
tests. In this presentation, we introduce two methods to manifest nonclassicality by obtaining a small amount of data
about the Wigner function of an input state, i.e., a single marginal distribution [1] and few points in phase space [2, 3].
Also, we further extend our methods to detect genuine quantum non-Gaussianity.
[1] J. Park, Y. Lu, J. Lee, Y. Shen, K. Zhang, S. Zhang, M. S. Zubairy, K. Kim, and H. Nha, "Revealing nonclassicality beyond
Gaussian states via a single marginal distribution", Proc. Natl. Acad. Sci. 114, 891-896 (2017).
[2] J. Park, J. Zhang, J. Lee, S.-W. Ji, M. Um, D. Lv, K. Kim, and H. Nha, “Testing Nonclassicality and Non-Gaussianity in
Phase Space”. Phys. Rev. Lett. 114, 190402 (2015).
[3] J. Park and H. Nha, “Demonstrating nonclassicality and non-Gaussianity of single-mode fields: Bell-type tests using
generalized phase-space distributions”, Phys. Rev. A 92, 062134 (2015).
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The role of entanglement in a decision making (DM) is studied in the framework of quantum game. For the study, we
consider an illustrative example of a game, where a player (i.e., decision maker) makes a guess (decision) at (on) a bit
number possessed by the other player—in this sense the game is named “secret-bit guessing game.” Here, the decision is
assumed to be made by a quantum machinery process of DM algorithm, equipped with, e.g., the player’s brain. As a main
result, it turns out that the entanglement can make an extreme sensitivity to the available information; the player can have
the extreme tendency to make the decision, namely with a certainty, even with very little information. Such a trait, which
could improve or worsen the success of the player, can be quantified by the entangling-power of the quantum machinery
process.
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By considering an incomplete query of oracle, we present a trade-off relation of the oracle's reliability with the reusability of
quantum input data in quantum machine learning. The trade-off relation manifests the fundamental upper bound on the
reusability. This limited reusability requires the higher rate of accessing quantum random access memory (QRAM) so as to
initialize the quantum input data when a query fails. However, remarkably it turns out that in principle the learner can
receive a correct answer even from the unreliable oracle without wasting any additional access to the QRAM. It is possible
by repeatedly cycling the quantum state of input data to attain the fundamental upper bound on the reusability. This
implies that the incomplete-query model has the same complexity of QRAM access as the complete-query model in
quantum machine learning.
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The RNA-guided CRISPR-associated nuclease Cas9 cleaves target DNA using recognition by base-complementarity to the
RNA sequence. Originating from a prokaryotic immune system, the CRISPR-Cas9 nuclease has been extensively applied to
genome editing, but the detailed regulatory mechanism for its target-specific nuclease activity remains still unclear. In this
work, we show that a non-catalytic domain of Cas9, REC2, functions for enhanced off-target discrimination. Using singlemolecule FRET assays, we investigate structural dynamics of the non-target strand (NTS) of DNA interacting with Cas9,
which reveals two distinct conformations of the NTS with repetitive transitions. Combined with REC2-mutational analysis,
we identify that the REC2 domain regulates the NTS transition for cleavage reaction with the help of positively-charged
surface residues, by electrostatically inducing a cleavage-incompetent conformation particularly for off-target DNAs. This
result unravels structural and dynamical aspects of the NTS regulation for cleavage and thus provides a mechanistic insight
into the target-specific activation of the CRISPR-Cas9 nuclease.
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Tracking the native folding pathways of integral membrane proteins is one of the key steps to understanding biogenesis
and function of these complicated proteins. Single-molecule force spectroscopy has made important contributions to
elucidating folding mechanisms of cell signaling proteins, mechanosensitive proteins and even alpha-helical membrane
proteins that include rhodopsins of GPCR class A, NahA of antiporter A family and GlpG of Rhomboid family. However,
due to a paucity of the proper experimental techniques, these previous single-molecule studies on alpha-helical membrane
proteins have almost exclusively focused on the unfolding pathways and their intermediate states. Given the hyperdimensionality of the folding energy landscape, these unfolding pathways observed under high mechanical tension could
be distinctly different from the folding pathways under low pN or even zero mechanical tension. Thus, direct observation of
the complete folding pathway of an integral membrane protein remains as a major challenge in this field. Its observation
will likely answer many important questions, including whether the unfolding and refolding pathways of the integral
membrane proteins coincide with one another (thus being represented in a one-dimensional energy landscape) and what
detailed structural intermediates are along the folding pathways. Here, we investigated folding pathway of GlpG and β2AR
(β2-Adrenergic receptors of GPCR class A) with six- and seven- transmembrane domains, respectively.
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Mechanical deformation of lipid membranes plays an important role in various cellular tasks. While preceding researches
have sufficiently studied macroscopic mechanical response of the membrane, such canonical investigation has been limited
to study mechanics of a confined membrane compartment in living cells. To this end, by using magnetic tweezers, we
performed point-like pulling experiments for membrane compartments in a cultured living cell layer. From this experiment,
we first found that the membrane compartment is stretched by holding a global mechanical stability with loading cycles in
a physiologically relevant time scale. Furthermore, we directly observed a singular point associated with two-state transition
by means of force vs. extension curve. Altering structure of the cortical actin network of the cell via pharmacological
treatments, failure of the global stability and disappearance of the two-state mechanism suggest that the membraneskeleton interaction is a central factor for both membrane partitioning and its unconventional mechanical response. Finally,
we expect that the presented research provides mechanistic insight for a role of lipid bilayers in many important cellular
processes such as mechanotransduction and mechanosensation.
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Factor Rho is the transcription termination factor with RNA helicase activity. This factor widely regulates gene expression,
which is vital to Gram-negative bacteria. Rho-dependent transcription termination takes a large part of RNA transcription
of termination, which means were it not for this factor, most of bacteria could not live. Absence of functional or structural
homolog in eukaryote add this factor to potential of good candidate for antibiotics. There are many studies on this factor,
since it’s important biological role and promising application in drug industry. However, understanding the mechanism of
Rho-dependent transcription termination is still notoriously impenetrable, as the sequence information related to this
mechanism is yet to be understood and the more kinetics information is needed to be accumulated.
We designed in vitro transcription termination assay based on single molecule FRET method to give an explanation of Rhodependent transcription termination. By measuring the fluorescence change of single molecule, like PIFE(Protein Induced
Fluorescence Enhancement) during the termination process, we observed Rho-dependent transcription termination both in
real-time and in single-molecule resolution for the first time. The results from our in vitro transcription termination assay
operated well and reproduced the result of existing experiment in bulk scale. Our spatially and temporally high resolution
assay discriminates two different pathways, Cy3-dissociation only termination and PIFE-coupled Cy3-dissociation
termination. We thought that whether RNAP(RNA polymerase) remained in DNA after RNA release decides the fate of
termination pathway, as interaction between remaining RNAP cause PIFE signal. Besides, we found that the ratio of two
different termination pathways depends on (1) Rho concentration, (2) presence of free-Rho in transcription, (3) Mg++
concentration, which is our first finding. We observed the stable RNAP-bound factor Rho and transcription termination
caused RNAP-bound factor Rho, which is still controversy in its existence. Our present interest is to observed factor Rho
only bound to rut(Rho utilizing) site, so our further study is focus on the transcription termination when native factor Rho
cannot bind to the RNA polymerase.
Our ultimate goal is to establish the model for RNAP-bound factor Rho’s role. This model will contribute to understanding
of Rho-dependent transcription termination. We are eagerly looking forward to our work’s shedding light’s on mechanism
of factor dependent transcription termination in prokaryote.
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2CDB13D
A memory is represented by the simultaneous activation of an ensemble of neurons referred to as ‘engram.’ The storage of
long-term memory is mediated by the enduring changes in the engram cells and their connections, which requires activitydependent transcription and local protein synthesis. However, the spatio-temporal regulation of gene expression during
memory encoding, storage, and retrieval processes in the live brain are poorly understood. To investigate the dynamics of
transcription in the hippocampus of a live animal, we implemented real-time imaging of mRNA in the mouse brain using
two-photon microscopy. We used our transgenic mice in which the endogenous Arc mRNAs are fluorescently labeled by
the PP7 system. We performed glass-covered cranial window surgery to make optical access, which enabled us to find
transcription sites in the hippocampus of a live mouse. Then we conducted contextual fear conditioning experiments to
investigate the transcriptional dynamics of Arc mRNA in the hippocampus during fear memory formation and retrieval. This
study will contribute to understanding the dynamics of gene expression in the engram cells and their roles in learning and
memory in vivo.
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2CDB13D
The exocyst is an octameric protein complex that mediates the tethering of vesicles to the target membrane during
exocytosis. We studied how the full yeast exocyst complex assists membrane fusion using bulk and single fluorescence
methods. Our results show that the exocyst is capable of interacting with both T‐ and V‐SNAREs, ultimately regulating
vesicle fusion.
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2CDB13D
We've established full length HER2 homo,hetero dimer kinase assay in single molecule scale which succesfully
phosphorylate it's tyrosine tail along with recruiting downstream signaling proteins correlate to pY level. but, we've
observed full length GRB2 are rarely or not recruited by HER2 homodimer relative to it's corresponding pY sites. We
suspected it's pY dependent pathway was dependent on another component such as SHC1. SHC1 is well-known p-tyrosine
dependent scaffolding protein which, provides additional platform for the Grb2. By simply applying another component
SHC1 into kinase assay, robust Increase of interaction between grb2 with HER2 observed. Also, we’ve also introduced
another component Src into the assay after pulled down HER2 forms complexes with SHC1. likewise, by using Sequential
snap-washing or loading with Kinase inhibitor that can specifically block only one component we've analyzed mechanism
of signaling complex formations on the HER2 dimer.
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2CDB13D
Nucleation or seeding of organometal halide perovskite has been investigated for the high density, large crystalline and low
defect films. Here, we introduce the mechanism of self-assembly crystallization of MAPbBr3 films by direct injection of
homogeneous seeds during film formation. The films show a pyramidal morphology having a (111) plane that produced by
the molecular exchange of the dimethyl sulfoxide (DMSO). The pyramidal perovskite films have improved PL intensity, red
shifted peak position and faster carrier lifetime than films produced by the seedless anti-solvent. Based on systematic
studies, we confirmed that the MAPbBr3 film with (111) plane has a direct band structure.
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2CDB13D
In this study, we report device characteristics and optoelectronic properties of tin-based halide perovskite solar cells, which
is a good candidate for replacing harmful lead-based perovskites. By optimizing the ratio of FA and MA cation, the
performance of (NH2CHNH2)1-x(CH3NH3)xSnI3 (FA1-xMAxSnI3) planar photovoltaic devices reaches to 7% and also shows
improvement of the chemical stability. The large open circuit voltage originates from the improved perovskite morphology
so that the recombination process in the devices is prohibited. The cation mixing approach proves the chemical stability at
the surface to prevent the penetration of water into the thin film perovskites

5IG?B4C

perovskite solar cell, lead-free, stability

-169-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

C7.03*

"@D?5<53DB931<@B?@5BD95C?6381<3?75>945 CDBE3DEB54@?<I3BICD1<<9>5
D89>69<=C?>6<5H92<5@?<I=5BCE2CDB1D5C2IC31>>9>7@B?25
=93B?C3?@I1>4=93B? %1=1>=1@@9>7
1Department

김주란1, 김기환2, 곽지혜2, 윤재호2, 조윌렴*1
of Physics, and New and Renewable Energy Research Center, Ewha Womans University,
2Photovoltaic Laboratory, Korea Institute of Energy Research (KIER)
wmjo@ewha.ac.kr

2CDB13D
Chalcogenide Cu(In,Ga)Se2 (CIGS) thin films have been gaining interests due to their appropriate optical and electrical
properties. Expanding their usages, CIGS thin-film solar cells are employing flexible, but Na-free substrates. So far, the
benign effects of Na on CIGS thin films have been reported by many researches. Up to date, CIGS solar cells deposited with
NaF layers on polymer substrates have already achieved power conversion efficiency (PCE) of 22.9%, the open-circuit
voltage (VOC), which is related to local electrostatic force, needs to be improved. Herein, the research is executed to
understating the structural and optoelectrical properties of CIGS thin films. We employed photo-assisted atomic force
microscopy (AFM) to stimulate the CIGS thin films with different light illumination, having various photon energy values
and penetration depths. Depending on the different substrate temperatures during the growth, the PCE of the solar cell
devices were 0, 6, 12, and 17%. Micro-Raman spectroscopy maps displayed exact phase location inside of the thin films as
well as the surface. Interestingly, the grain boundaries (GBs) on the surfaces display unique electrostatic fields, making
upward surface potential barrier via Kelvin probe force microscopy (KPFM). The photo-assisted KPFM under three different
light conditions (640, 532, and 405 nm) with different penetration depths, resulting in current maps excited from the
inside area of the thin films.
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최근, 화석 연료의 급격한 감소, 환경 오염의 증가 및 도시화의 가속화라는 관점에서 재생 가능하고 지속 가능한 에너지 저장 시스템을 개
발하기 위해 상당한 연구가 진행되어 왔다. 그 중에서도 친환경 및 지속 가능한 에너지 저장 시스템의 새로운 부류인 슈퍼커패시터는 고
출력 밀도, 빠른 충전-방전 능력, 긴 사이클링 안정성, 안전한 동작 등 여러 가지 잠재적인 특징 때문에 특별한 관심을 불러 일으켰다. 배터
리와 비교하여 슈퍼커패시터의 낮은 에너지 밀도는 다양한 응용 분야에서의 광범위한 사용을 제한하는 주된 제약 사항 중 하나이다. 이
문제를 해결하기 위해 슈퍼커패시터의 에너지 밀도를 향상시키는 다양한 형태의 MnO2, Ni(OH)2, NiCo 적층 이중 수산화물, CuO 등과
같은 다양한 전이 금속 수산화물/산화물을 연구해 왔다. 게다가, 코어-쉘 구조를 설계하는 것은 코어 및 쉘 물질 모두의 시너지 특성을 이
용함으로써 에너지 저장 성능을 향상시키는 효율적인 방법 중 하나이다. 따라서 본 발표에서는 2 단계 공정으로 Cu2O를 중심으로
Ni(OH)2를 외피로하여 코어-셸형 복합 재료를 나타낸다. 먼저, Cu2O custard apple-like 구조는 습식 화학 방법을 사용하여 신속하게
준비되었다. 다음, Ni(OH)2 나노층은 수열합성 기술을 사용하여 Cu2O custard apple-like 구조위에 증착되었다. 여러 산화 상태, 우수
한 산화 환원 화학 및 준비된 물질의 우수한 전기 화학 전도성을 활용하여 코어-쉘형 Ni(OH)2나노층@Cu2O custard apple-like 구조 복
합재는 향상된 에너지 저장 특성을 입증했다. 따라서, 유익한 형태의 형태로 코어-쉘 구조를 설계하는 것은 고 에너지 밀도 슈퍼커패시터
의 제조를 위한 양극 물질로서 효율적으로 제공될 수 있다.
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2CDB13D
Recently methyl-ammonium lead trihalide perovskite CH3NH3PbX3 (X= I, Cl, Br) has been attracted huge attention as being
a promising candidate for high efficient solar cell absorber materials. To understand the physical properties of
CH3NH3PbX3, we studied CH3NH3PbBr3 single crystals from 80 K to room temperature by photoluminescence (PL) and
Raman scattering spectroscopy. PL spectra of a CH3NH3PbBr3 single crystal clearly showed distinctive PL emission lines in
each of orthorhombic, tetragonal and cubic phases of CH3NH3PbBr3. By measuring temperature dependent Raman
scattering responses, we could associate different classes of vibration mode with respect to each frequency: The internal
vibrational modes of CH3NH3+ (MA) cation are observed above 300 cm-1 and only some of those modes showed
characteristic changes that reflected phase transition occurring at about 140 K which is consistent with abruptly changed in
PL spectra. Abnormal frequency shift, changes in intensity and in FWHM of certain vibrational modes of MA cation might
provide the mechanism of structural phase transition in CH3NH3PbBr3.
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Motion tracking device such as aerospace and robotics has been studied intensively for the reduction of a large power loss
observed from the existing sensors due to expansion-dependent resistance variation. Therefore, a triboelectric sensor (TES)
has come into the spotlight due to its high sensitivity, low cost and self-powered system. Here, we address an improved
sensitivity of interdigital-electrode-based triboelectric sensor (IE-TES) for human motion tracking application, where the
BaTiO3 dielectric and hydroxy-terminated polydimethylsiloxane (PDMS) materials were adopted. Volume ratio of BaTiO3
varied in the range of 1 to 25 percent with attaining the enhanced triboelectric charge density of hydroxy-terminated
PDMS and flexible interdigital-electrodes.
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2CDB13D
Recent wearable electronic devices have attracted significant attention on Tribo-Electric Nano Generators (TENGs) which
can harvest various mechanical energies from diverse human body motions. Up to now, much effort on wearable-TENGs
has been mainly attempted to coat Polydimethylsiloxane (PDMS) or silicone rubber materials on the conventionally
available metal textiles because they have superior elasticity and flexibility, compared than those of traditional polymers.
However, the PDMS materials have disadvantages of introducing non-recyclability, weak adhesion, non-uniformity on
metal yarns. Here, we address output performance of one-dimensional conductive yarn-based TENGs uniformly prepared
by thermoplastic elastomer (TPE) material by means of a home-made extrusion machine. The TPE materials have suitable
high flexibility, elasticity, friction resistance, good adhesion, low-cost and rapid curing time, when compared to those of
conventional PDMS, thereby facilitating the possible mass production in yarn-based industries.
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현재, 인구는 끊임없이 증가하고 기존의 에너지 원은 급격히 감소하고 있다. 이러한 문제를 해결하기 위해 압전, 마찰전기 및 초전도 나노
발전기와 같은 더 나은 에너지 수확 시스템에 대한 연구가 증가하고 있다. 압전 재료는 생활 환경에서 광범위하게 사용할 수 있는 진동 및
기계 에너지 원으로부터 전기 에너지를 수확하는데 널리 사용된다. 본 발표에서는 고상반응법을 통해 합성된 xCaO 도핑된 Ba(1x)Ti0.8Zr0.2O3 물질을 준비 하였다. X 선 회절 패턴, 전계방출주사 전자 현미경 및 푸리에 변환 적외선 분광기를 통해 상 순도, 표면 형
태 및 functional groups의 존재 여부를 조사 하였다. xCaO로 도핑된 Ba(1-x)Ti0.8Zr0.2O3는 압전 나노 발전기의 성능을 향상 시키
는데 유익한 BaTiO3 에 비해 높은 압전 상수 및 유전 상수를 나타냈다. 복합 소재를 제조하는데 사용되는 폴리 디메틸 실록산 (PDMS)
및 폴리 비닐 리덴 플루오 라이드 (PVDF) 폴리머에 매립된 압전 재료는 복합 재료의 표면 전하 밀도 및 유전율을 높이기 위해 사용된다.
xCaO-Ba(1-x)Ti0.8Zr0.2O3 임베디드 PDMS 및 PVDF 복합 필름은 피에조 및 마찰 전기 재료로 사용되었으며 더 나은 출력 성능을 보
였다. 이 결과는 xCaO-Ba(1-x)Ti0.8Zr0.2O3 복합 재료가 기계 에너지를 전기 에너지로 효율적으로 변환하는 데 사용됨을 나타낸다.
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2CDB13D
Commercial 1T1C/2T2C ferroelectric random access memories extract the information stored in bipolar ferroelectric
domains via a destructive read-out process based on charge integration, which requires a minimum lateral memory cell size
of 250 nm. Conductive domain walls in an insulating ferroelectric matrix offer the potential to read out currents for mass
data storage. However, the wall currents are generally on the order of pA-nA in ferroelectric thin films, which are
insufficient to enable high-speed sense amplifiers to read the stored information. Additionally, long-time persistent domain
walls could accumulate the opposite mobile charge that decays the wall current.
We proposed an in-plane read strategy in avoidance of these problems, where the tiny domain information can be read out
through the temporary generation of a high wall current under application of an in-plane read field between two top
electrodes on the film surface. Partially switched domains inverted by the read field within the electrode gap spontaneously
retract to eliminate the walls when the read voltage is removed, reducing the accumulation of mobile defects at the walls
and potentially improving the device stability. The readout wall current can be increased over 300 nA through the careful
selection of current flowing paths along the charged 71°, 109° and 180° domains walls in BiFeO3 thin films. More
attractively, the readout wall current is inversely proportional to the cubic of the gap distance (space-charge limited
current). Finally, three-terminal memory devices were formed by etching the films on (001) SrTiO3 substrates into a mesalike structure, where the spontaneously retraction of switched domains after read termination enables massive crossbar
connection of next sub 10-nm integration of multi-domains in reducing crosstalk currents from neighbouring cells. This
new concept device is far less prone to the scaling issue raised for conventional charge-based ferroelectric memory and
reliability issue for extended defect-based resistive memory.

5IG?B4C

wall current; charged wall; ferroelectric memory; crossbar architecture

-176-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

C8.02

(<DB161CD3?<<53D9F5?HI75> F131>3I6<?G9>1 4?@5495"

1한국과학기술원

임지수1, 2, 양찬호*1, 2
물리학과, 2한국과학기술원 격자결함 제어연구단
chyang@kaist.ac.kr

2CDB13D
The ultrafast motion of oxygen vacancies in solids is a key ingredient in various future applications such as oxide
electrolytes. Visualization and quantification can offer unforeseen opportunities to probe collective defect dynamics in
crystalline solids, but little research has been conducted on oxygen vacancy electromigration using the approach. Here, we
visualize the electric-field-induced creation and propagation of oxygen-vacancy-rich and -poor competing phases and their
interface based on optical contrast in Ca-substituted BiFeO3 that spontaneously contains mobile, high-density oxygen
vacancies [1]. We quantitatively determine the drift velocity of the collective migration to be of the order of 100 μm s-1 with
an activation barrier of 0.79 eV indicating a significantly large ionic mobility 2 × 10-6 cm2 s-1 V-1 at a remarkably low
temperature of 390 ˚C. In addition, the visualization enables a direct observation of fluidic behavior such as enhancement
of conduction at the channel edges which results in a U-shaped viscous propagation of the phase boundary and turbulence
under backward electric field, all of which provide new insights into collective defect motion.
[1] Ji Soo Lim et al., NPG Asia Materials (accepted).
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Renaissance established the scientific method, a system by which both
observation and reason are employed in order to test the proposed
mechanisms for planetary motion. Descartes promoted science by first
questioning everything and then building up a theory based on sound
observational evidence. Materials science is no exception in the sense that
visualization of order parameters or materials properties provides the solid
ground on which materials theory and design can flourish. Here I will present our current research thrusts to visualize
polarization, electrical charges and ionic transport to understand the emerging phenomena on materials surfaces as well as
interfaces and how they help design future memory and energy storage devices [1-3]. Last but not least, I will discuss the
vision of materials imaging initiative.
%565B5>35C
[1] S. Hong et al., Proc. Natl. Acad. Sci. USA
, 6566 – 6569 (2014)
[2] M. Owczarek et al., Nat. Comm. , 13108 (2016)
[3] Y. Cho and S. Hong, MRS Bulletin 43, 365 - 370 (2018)
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Properties of new functional materials strongly depend on the composition and atomic structure down to the level of single
atoms, and thus characterization at the atomic scale has been a key technology in the long range ordered crystals. Since the
analytical resolution in an electron microscopy is determined by spherical aberration and chromatic aberration, a lot of
works have been done to minimize aberrations to allow studies not only atomic structure but also elemental composition
and chemical bonding. Although the electron optics started to be investigated in the 1930s and the electron optical
aberration was brought up from the beginning, more than 70 years has elapsed before the electron optical aberration
successfully was corrected and therefore the dream of a single atomic analysis came true. Nowadays, there is no doubt that
aberration-corrected electron microscopy becomes one of powerful tools to realize the atomic scale analysis. For example,
aberration-corrected scanning transmission electron microscopy (STEM) even visualize the atomic polarization in a
ferroelectric as well as the complicating relaxor ferroelectric oxides. This presentation will introduce the methodology to
remove aberrations in aberration-corrected electron microscopy technique and then briefly show the diverse examples of a
new level of insight into various functional materials such as VO2, CaCu3Ti4O12, LiFePO4, (K0.5Na0.5)NbO3, SrTiO3, and so
on.
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Intriguing characteristics of 2D materials including MoS2 and other materials is attracting attention. Because 2D material is
sensitive to its environment due to the nature of atomic scale material itself, controlling environments such as substrate,
contact with electrode, and surface or junction with other materials is important for studying and application of it. By
making contact of 2D material with diverse materials, we can improve the properties of device or figure out the effects of
environments such as roughness of substrate or surface charge distribution. In previous study, epitaxial SrTiO3 (STO) thin
film which is high-k dielectric material is used to improve the performance of graphene FET device. We are interested in
transition metal phosphide (TMPS) which is one of the emerging materials and a new class of 2D vdW materials. TMPS has
a various physical properties depending on its transition metal such as magnetism and ferroelectricity. Therefore, TMPS can
be considered as promising candidates to study synergistic effects when integrated with other 2D materials. Because TMPS
is layered material, we can get flat and clean surface which is required for improving the properties of 2D heterostructures.
In this research, we used TMPS such as CrPS4 and MnPS3 as top gate insulator in MoS2FET devices on SiO2/Si substrates.
We fabricated the FET devices using e-beam lithography and evaporating system and performed AFM and Raman
spectroscopy measurements to confirm the properties and conditions of MoS2 and TMPS. We measured the I-V
characteristics to check electrical properties of the MoS2 FET devices with and without junction of various TMPS materials.
In addition, we can get some important physical parameters of TMPS itself from dual gating measurements. In our
experiment, SiO2/Si substrate is used for back gating and Cr/Au (10 nm/ 90 nm) metal is used as gate, source, and drain
electrodes. Furthermore, we can study the effect of polarization or dielectric constant of TMPS on MoS2 FET device by
precisely controlling temperature or external field. This study will help us to check properties of 2D materials, effects of its
environments and possibility for its potential applications.
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Rhenium diselenides (ReSe2) is one of the transition metal dichalcogenides (TMDCs) material which attract much
attention due to its two-dimensional semiconductor properties. In contrast to other common TMDCs materials such as
MoS2 or WSe2, ReSe2 has anisotropic structure with lower symmetry which gives anisotropic optical properties and
electrical properties. Especially, rhenium atoms form diamond shaped rhenium chains and it is known that electrical
properties are enhenced along the direction of the rhenium chain [1, 2]. Furthermore, rotating on in-plane axis is not
identical symmetry because ReSe2 has only inversion symmetry in monolayer and few-layer. Therefore, two vertical
orientation of ReSe2 can be distinguished [3].
We performed polarization dependent Raman spectrsocopy with several excitation energies. The Raman intensity of each
Raman mode depends on the incident polarization angle. We distinguished two vertical orientations of monolayer ReSe2 by
comparing the relative angle difference between two modes at ~ 125 cm-1 and at ~ 160 cm-1 and confirmed the structure
with HR-STEM mesurements. In addition, we observed correlation of polarized Raman behavior with the direction of
rhenium chain by comparing with HR-STEM images. The maximum intensity angle of the mode at ~ 160 cm-1 matched
with the rhenium chain direction in few-layer ReSe2 while there is an angle difference of 10 degrees in the case of
monolayer ReSe2.

[1] Etienne Lorchat et al., ACS nano , 2752 (2016).
[2] Enze Zhang, ACS Nano , 8067 (2016).
[3] Lewis Hart et al., Nano Letters , 1381 (2016).
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MoS2 is a well known two-dimensional (2D) semiconductor. When two layers of MoS2 are stacked to form a bilayer, it can
have two kinds of stacking orders, which are called 2H and 3R. Such different stacking orders affect the interlayer
interaction, which in turn influence the physical properties. We carried out Raman measurements to study the interlayer
interaction of MoS2 depending on the stacking order using three excitation energies (1.96, 2.41, 2.81 eV). We identified
the stacking order of MoS2 by analyzing the Raman spectra in the low-frequency region (100 cm-1) [1]. For the excitation
energy of 1.96 eV, which is resonant with the exciton states [2], we observed Davydov splitting of the A1g mode. As the
stacking order changes, the Davydov splitting shows different peak positions and ratio. Because the low-frequency Raman
spectra and the Davydov splitting come from interlayer interaction, we can estimate the force constants of 2H-MoS2 with
the linear chain model [3]. For three-layer MoS2, we analyzed the force constants depending on the stacking order and
found out that the interlayer interaction of 3R type is stronger than the 2H type by about 15%.

References
[1] J.-U. Lee et al., ACS NANO , 1948 (2016)
[2] J.-U. Lee et al., Nanoscale, , 3229 (2015)
[3] K. Kim et al., ACS NANO , 8113 (2016)
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Phosphorene, a single layer of black phosphorus (BP), is an elemental two-dimensional material with unique properties,
such as tunable band-gap and high charge carrier mobility, and potential applications in semiconductor technology. To fully
understand physical properties, the atomic-scale structure investigation of black phosphorus is of importance. Here, we
report atomic-scale imaging of layer-number-dependent BP performed by aberration-corrected transmission electron
microscopy. Atomic resolution images of phosphorene (from one-layer to three-layer thickness) are compared with TEM
imaging simulation, confirming the layer-number-dependent phase contrast. In addition, we investigate the effect of
graphene encapsulation. Various configurations, such as BP, Graphene/BP, and Graphene/BP/Graphene are compared
under the e-beam irradiation. We find that graphene encapsulation strongly suppresses the beam-induced damages on BP,
enabling the reliable atomic-scale imaging of BP.

- This work was mainly supported by the Basic Science Research Program through the National Research Foundation of
Korea (NRF - 2017R1A5A1014862).
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A visible sensing field effect transistor (FET) with a channel length of 100 nm for individual (6,5) single-walled carbon
nanotubes (SWCNTs) is fabricated via a selective sorting method using 9,9-dioctyfluorenyl-2,7-diylebipyridine (PFO-BPy)
polymer. The FET of the (6,5) SWCNTs shows p-type behavior with hundreds of on-off ratios. In addition, the photocurrent
of the FET of the (6,5) SWCNTs in the visible range increases (maximum 200 times at 620 nm) with higher gate voltage.
E22 transition and PFO-BPy transition are observed in the FET of the (6,5) SWCNTs without application of a gate voltage.
Interestingly, exciton-phonon coupled E22 transition due to gate-doping (p-type), which has been reported in
photoluminescence and absorption studies, is expected to occur in the photocurrent of the FET at negatively higher gate
voltage. In addition, the exciton-phonon coupled E22 transition is prominently observable when carrier concentration by
gate doping becomes approximately two-hundred sixty times (260 ± 43) larger than carrier concentration without
application of a gate voltage. This demonstration would be useful for the development of SWCNT-based visible sensors
with gate control in the SWCNT devices.
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We introduce a simple method to visualize the crystal orientations of various hexagonal 2D crystals. AgCN (silver cyanide)
microwires can be assembled on various 2D crystals using a simple solution growth process. We find that the axis of
microwires are aligned along the zigzag lattice directions of 2D crystals, regardless of their surface elements or lattice
parameters. These microwires are observable by optical microscopes and can serve as a marker for crystal’s orientation.
Moreover, the microwires are removable by solution process and we confirm the pristine surface quality of 2D crystals by
AFM, XPS, and Raman spectroscopy after removing the wires. Using the predetermined crystal orientations, the vertical 2D
heterostructures with controlled rotational registry can be realized.
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In semiconductor-ferroelectric system, interaction between free charges and bound charges is a critical factor to control
electrical transport characteristics because coupling between two different charges can produce polarization-dependent
interfacial coupling effect. Accumulation or depletion can be enhanced by controlling directions of ferroelectric
polarization. From this point of view, we exploited two-dimensional van der Waals (vdW) layered materials as a
semiconductor. We used MoS2 and WSe2 layers for semiconducting layers and (111)-oriented PbTiO3 thin films were used
as a ferroelectric material. We used conductive-atomic force microscopy to study electrical properties of the
heterostructure. By coupling these two materials, resistive switching behavior is obtained. In particular, ferroelectric
polarization dependent electrical properties were obtained indicating the polarization-dependent interfacial coupling
effects. To find interrelationship between vdW layers and PTO thin films, we also used transmission electron microscopy
and Raman scattering spectroscopy. From these results, we also find possibility for application of photovoltaics.
Ferroelectric polarization behaves as an external field and it gives enhancement of photogenerated electron-hole pairs.
Therefore, we can suggest a new platform of semiconductor-ferroelectric system as a photovoltaic device by controlling
resistance states with ferroelectric polarizations.
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Nanometer-sized gap structures in noble metals show stronger enhanced light-matter interaction in visible light and near
infra-red wavelength region due to extremely concentrated subwavelength area of electromagnetic energy. It can be
applicable to Raman detection sensor and also a good candidate as an efficient light source. Surface enhanced Raman
scattering (SERS) is a sensitive and label-free molecule detection scheme, but the quantitative evaluation of measured
results has been difficult due to non-uniformity in the enhancement and low reproducibility. In this work, we have
fabricated gold-based SERS sensor with superior reproducibility and excellent stability. Raman spectrum was measured and
found that the signal was very strong, with count per second as much as 580 at 10µW excitation with uniform sensitivity of
less than 10% variation over the entire substrate. So, the nanogap between Au NPs and metal film provides excellent
structure for molecular detection sensor.
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Despite the rapid progress of organic field-effect transistors (OFETs), theoretical understanding of their operation principles
is still lacking. While the problem is fundamentally associated with necessary multidisciplinary considerations and
hierarchical features, it is believed that such understanding is essential for the technology to realize its full potential. In this
context, a timely need arises for predictive OFET models that allow for purposeful engineering and cost-effective design. In
the absence of intentional doping, an organic channel is regarded as a dielectric-like transport medium for externally
injected carriers, and this specificity has been shown to drive the major characteristics of the devices including contact
resistance and field-enhancement of mobility. In this presentation, a combined experimental and theoretical investigation
on behavioral OFET non-idealities is presented, which recently emerged as a source of serious parameter ambiguities (e.g.
mobility overestimation) in state-of-the-art devices. To address complex parameteric interplays, we employed scanning
Kelvin probe microscopy as a direct probe to decouple transport and injection contributions under current-carrying
conditions, and designed OFETs with three different structures with a varying degree of non-idealitites. The separation and
quantification of channel and contact voltages provided deep insights into the role of film morphology and metal/organic
interfaces, and therefore, these results will pave the way for the dedicated OFET models with high reliability and broad
applicability.
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Due to the natural biocompatibility and biodegradability, silk protein is one of the facile platforms for transparent and
flexible bioelectronics. However, integrating an arbitrarily patterned transparent electrode on silk substrate is still a
challenging issue. In this study, we introduce a novel approach for the direct patterning of Ni and Cu electrode on silk
through reductive sintering of NiO and CuO nanoparticle ink by laser direct writing (LDW) process at ambient temperature.
This LDW is a low temperature process to achieve a highly transparent and conductive metal electrodes on silk substrates
alternative to conventional vacuum and lithography-based techniques. This resultant electrode formation reveals an
advanced way of cost-effective fabrication method on biopolymer substrates. The study suggests that the fabrication of
transparent and patterned electrodes on silk substrates can be effectively used for biological applications.
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Characteristics of organic epsilon-near-zero (ENZ) materials in the visible spectrum range are investigated for the case of
curcuminoid-borondifluoride thin films. In particular, the spectral region which exhibits ENZ properties can be tuned
through molecular engineering.
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본 연구에서는 집적형 광 아이솔레이터의 구현에 필수적인 자기광학 물질 중 하나인 Bi:YIG 박막을 반도체 공정에 적용이 용이한 박막 형
태의 금속 유기 증착(Metal Organic Deposition; MOD) 방식으로 제작하여 여러 가지 열처리 조건에 따른 자기광학계수(Verdet
constant)의 변화를 측정한 결과를 소개한다. Bi:YIG 박막은 유리 기판 위에 비스무트(Bi), 이트륨(Y) 그리고 철(Fe)의 카르복시산염
(carboxylate) 혼합물을 회전 코팅함으로서 제작하였으며, 컴퓨터로 제어되는 전기로의 여러 가지 가열 조건 하에서 결정화하였다. 제작
된 Bi:YIG 박막의 결정성, 표면 및 두께의 분석에는 엑스선 회절(XRD), 주사전자현미경(SEM) 및 원자현미경(AFM)을 이용하였으며, 다
결정 물질에서 나타나는 엑스선 회절 양상 및 표면 형태를 확인하였다. 제작된 Bi:YIG 박막의 자기광학 상수는 약한 교류 자기장(BRMS
100 gauss)이 가해진 상태에서 편광 빔 분파기(Polarization Beam Splitter), 자동 평형 감지기(Auto-balanced detector) 및 록-인
증폭기(Lock-in amplifier)를 이용하여 1550-nm 파장대 광원의 편광 변화를 감산법(subtraction method)으로 정밀하게 측정하였다.
측정된 Bi:YIG 박막의 1550-nm 파장대 자기광학 계수는 결정화 과정의 가열 시간 및 온도에 따라 상이하였으며, 1 시간의 가열 과정을
통해 결정화된 조건에서 최대
의 값으로 얻어졌다.
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We performed optical modulation spectroscopy studies on organic photovoltaic devices. The PTB7:PCBM samples were
carefully prepared to investigate the relationships between the photovoltaic properties and contents of additive. As wellknown, additives have been known to play an important role for improving the photovoltaic performance of organic solar
cells. However, the reasons why additives improve the performance have not been clearly known yet. DC modulated signals
of the samples without additive indicated that both the first (–α’) and the second derivative (α”) components of the
absorption appeared. The signal, however, seems to have more pronounced than that of the second derivative (α”)
component of the absorption with the increase of the amount of additives. Unlike the results reported elsewhere, we
found that the Frenkel and Mott-Wannier excitons may coexist in the samples with no additive, whereas the Mott-Wannier
excitons become dominant in the samples with large amount of additive. The dominant Mott-Wannier excitons led to
dramatic improvement of efficiency of the photovoltaic device. Therefore, we conclude that the increased delocalized
excitons lead to a significant additive-induced improvement of the photovoltaic-device performance.
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유-무기 복합(organic-inorganic hybrid) 페로브스카이트(perovskite) 태양전지는 23.3%에 이르는 높은 에너지 변환 효
율과 높은 전하-운반자 이동도(charge-carrier mobility)로 주목 받아왔다. 또한 페로브스카이트 박막은 큰 흡수 계수
(absorption coefficient), 70% 이상의 높은 양자 수득률(quantum efficiency)을 보일 뿐만 아니라 구성하는 할로겐 물
질의 종류 및 조성비에 따라 밴드갭(bandgap)을 쉽게 조정할 수 있어 발광다이오드, 레이저 등의 광학소자로의 응용
을 시도한 연구들도 보고되고 있다. 본 연구에서는 혼합 페로브스카이트 CH3NH3Pb(I1-xBrx)3 (0≤ x ≤1) 박막을 할로겐
물질인 요오드와 브롬의 비율을 달리하며 용액공정으로 제작해 보고, 제작된 결정화된 박막들의 특성을 X선 산란, 주
사전자현미경 이미지, 흡수 및 발광 스펙트럼 측정을 통해 분석하였다. 높은 여기 에너지(excitation energy)에서 좁은
선폭(spectral width)의 엑시톤 발광(excitonic emission) 특성을 확인할 수 있었고, 시분해 발광(time-resolved
photoluminescence) 측정에서도 수명(lifetime)이 급격하게 감소하는 것을 확인할 수 있었다.

5IG?B4C

Perovskite, Excitonic emission, Tunable bandgaps

-193-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

C11.01

&DBE3DEB1<DB1>C9D9?>9>C?391<>5DG?B;C'85B?<5?68?=?@89<I
MURASE Yohsuke2, 조항현*1, 3, 4, TOROK Janos5, 6, KERTESZ Janos5, 6, KASKI Kimmo4, 7
1RIKEN Center for Computational Science, 2아시아 태평양 이론물리센터 -, 3포항공과대학교, 4Aalto
University, 5Budapest University of Technology and Economics, 6Central European University, 7The Alan
Turing Institute
h2jo23@gmail.com

2CDB13D
We introduce a model for the formation of social networks, which takes
into account homophily, global and local attachment as well as
reinforcement due to social interactions between people. We generalize the
weighted social network model such that the nodes or individuals
have F features and each feature can have q different values. The tendency
for tie formation between two individuals due to the overlap in their
features represents homophily. We find a phase transition as a function
of F or q, resulting in a phase diagram. For fixed q as a function of F the
system shows two phases separated by Fc. For F < Fc large, homogeneous,
well separated communities can be identified within which the features
almost perfectly match (segregated phase). As F becomes larger than Fc, the
nodes start to belong to several communities and within a community the
features match only partially (overlapping phase). Several quantities reflect
this transition, including the average degree, clustering coefficient, feature
overlap, and the number of communities per node. We also make an
attempt to interpret these results in terms of observations on social behavior
of humans.
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The exclaves cluster is a model for generalizing the enclaves cluster to the network dimension.
In particular, from the percolation transition point of view, the exclaves clusters not only accelerate the percolation
transition in the infinite dimensional lattice, but also induce the complete percolation transition point p*. However, we
have recognized that exclaves and enclaves clusters have different rule in 2D Euclidean space. In case of NExP the critical
point is also pulled, and then a discontinuous phase transition appears. We confirmed that the properties of cluster number
distribution are different. In addition, we applied NExP model to the road network to identify the impact of the exclaves
cluster on actual social phenomena. Road networks are the most accessible to us and play a very important role in society.
So we applied NExP model to the road network data of 10 cities around the world. Furthermore, we applied NExP model
to random 2D planar graphs constructed by Delaunay triangulation(DT), with uniform link removal to road network
modeling and it is confirmed that DT and road network display same qualitative results as 2D Euclidean space.
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Extracting essential subparts of complicated interacting systems represented
by networks is a crucial task to understand the systems from diverse points
of view. We introduce the concept of mutual importance in weighted
networks, representing the reciprocal relation of connected nodes in terms
of their importance to each other. By applying the information-entropybased threshold for important neighbors of each node, we discover the
originally hidden directed relations between the nodes. With a generalized
version of celebrated Shannon entropy called Rényi entropy characterized by
its adjustable parameter, we systematically investigate the underlying
directed mutual importance structure of weighted networks.
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The Github is the most popular community and code repository of developers and programmers with 28M users from
2008. In the Github, there are 85M repositories including famous open source projects;bootstrap, tensorflow, d3.js, atom,
and scikit-learn; and their all code with public access. In this study, we study about the Github data for understanding and
prediction of success of repositories in the Github. We focus on repositories of organizations and their commit and push
events which are the most low level of activity. A repository network can be constructed from a committer-repository
bipartite network with a projection. We also consider some network properties and activities like burstiness of a repository.
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Stock exchanges should keep the market stable in order to prevent a violent price fluctuation. The resilience and
market impact of trading are the results of trader's behavior in the exchange and the bundle of trading is related to the
market stability. First, we are interested in what conditions make a large price change and we divide the market order into
three types such as type A, B, and Zero. Type A is related to the market order that makes the seemingly large price change
and type B is related to the most aggressive order. The order book data of the London Stock Exchange is used that contains
all information of the limit order, market order, and cancellation. We analyze how the market recovers observing the
relaxation dynamics of the bid-ask price, spread. We adopt an immediate impact and a reversion and a permanent impact
to quantify the market resilience. Our result shows the market impact of type B is larger than that of type A and Zero.
Second, we analyze the relation between the bundle of trading and the market volatility. In order to analyze the bundle of
trading, we use the inter-trading interval of each type. Our result shows that the market volatility is highly correlated to the
burstiness and memory of the inter-trading interval of a certain type of market order.
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In living organisms, the metabolic reactions with the cells which generate necessary products from their substrates are
essential in order to sustain their lives. The reactions are indirectly connected with each other through sharing the same
products or the same substrates, so if one reaction malfunctions, the failure may spread into a part of or the whole of the
system. In this work, we try to estimate how lethal a reaction is via network structure only across species. We compute the
size of the cascading failures after the operation of one reaction ceases as an indicator of the reaction’s lethality. Analyzing
the metabolic data of 5470 bacteria, we explore what factor correlates with the lethality.
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A question in evolutionary biology is why the number of males is approximately equal to that of females in many species.
The haploid model is one of the simplest ways to explain it based on the following assumptions: (1) Males and females
mate at random. (2) An allele acts on the father to determine the progeny sex ratio. (3) The offspring inherits the allele
from either side of the parents with equal probability. Under invasion-fixation dynamics with a vanishingly small mutation
rate μ→0, the model results in the 1:1 sex ratio. In this study, however, we show that the dynamics actually has a diverging
time scale and that the sex ratio generally deviates from 1:1 for a finite mutation rate. The reason is that the system
behaves differently to female-biasing and male-biasing mutants before returning to the even sex ratio. We calculate the
deviation from 1:1 for μ≪1 by considering renormalization effects due to random mutation. This finding shows how the
sex ratio is affected by mutation in a systematic way, whereby the effective mutation rate can be estimated from an
observed sex ratio.
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Twisted states of sinusoidally coupled identical oscillators have been
observed on a finite ring. In these states, phase of each oscillator is
constantly shifted from that of its preceding neighbor. We extend to finitesized -dimensional hypercubic lattices for
(square lattice) and
(cubic lattice) by using periodic boundary conditions. In these
lattices, the oscillators belonging to each line (
) or each plane (
) are spontaneously phase synchronized depending on initial
conditions. These states can be reduced into the twisted state if we regard
each subset of phase synchronized oscillators as one single oscillator. We
generalize these phenomena by using non-identical oscillators.
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Since Berezinskii, Kosterlitz, and Thouless (BKT) discovered an infinite-order topological phase transition in early 1970s, this
type of phase transitions were observed in diverse phenomena ranging from the superfluid-normal phase transition in
thermal systems to percolation transitions of growing networks in network systems. Even though the BKT transitions in
those systems exhibit some similar properties, their origins and some features are different. In this talk, we discuss on the
similarity and difference of the BKT transitions in those systems and show that the BKT transition in growing nework under
global suppression effect reduces the difference.
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Topological materials and unconventional iron-based superconductors are both significant areas of study but, to date,
relatively little overlap has been identified between these two fields. However, the combination of topological bands and
superconductivity promises the manifestation of exotic superconducting states including Majorana fermions, the central
component of topological quantum computation. Here, using laser-based, spin-resolved and angle-resolved photoemission
spectroscopy and density functional theory calculations, we have identified both topological insulator and Dirac semimetal
states near the Fermi energy in different iron-based superconducting compounds. Carrier doping can tune these
topologically non-trivial bands to the Fermi energy, potentially allowing access to several different superconducting
topological states in the same material. These results reveal the generic coexistence of superconductivity and multiple
topological states in iron-based superconductors, indicating that this broad class of materials is a promising platform for
high-temperature topological superconductivity.
REFERENCES:
[1] P. Zhang, Z. Wang, X. Wu, K. Yaji,1 Y. Ishida, Y.Kohama, G. Dai, Y. Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, K.
Kindo, X. Wang, C. Jin, J. Hu, R. Thomale, K. Sumida, S. Wu, K. Miyamoto, T. Okuda, H. Ding, G.D. Gu, T. Tamegai, T.
Kawakami, M. Sato, S. Shin, Nature Physics (2018), in press.
[2] P. Zhang, K. Yaji1, T. Hashimoto, Y. Ota, T. Kondo, K. Okazaki, Z. Wang, J. Wen, G. D. Gu, H. Ding, S. Shin, Science
9, 6381(2018).
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%565B5>35Q. Liu et al., arXiv:1807.01278 (2018)
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1Yukawa

SATO Masatoshi*1
Institute for Theoretical Physics, Kyoto University
msato@yukawa.kyoto-u.ac.jp

2CDB13D
Because of strong spin-orbit interaction, topological materials (topological insulators, Weyl semimetals and Dirac
semimetals) may exhibit interesting spin and orbit textures in their Fermi surfaces once the carrier is doped in these
materials. Such non-trivial textures make it possible for topological materials to host unconventional Cooper pairs with
simple density-density pairing interaction. In this talk, I will discuss resultant topological superconductivity in these
topological materials.
[1] M. Sato, and Y. Ando, Reports on Progress in Physics 80, 076501 (2017)
[2] B. Lu, K. Yada, M. Sato, Y. Tanaka, Phys. Rev. Lett. 114, 096804 (2014)
[3] S. Kobayashi and M. Sato. Phys. Rev. Lett. 115, 187001 (2015)
[4] T. Hashimoto, S. Kobayashi, Y. Tanaka, M. Sato, Phys. Rev. B94, 014510 (2016).
[5] M. Oudah et al, Nature Communication 7, 13617 (2016)
[6] T. Kawakami et al, arXiv:1802.09962
[7] P. Zhang et al, to appear in Nature Physics
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정석범*1
물리학과
sbchung0@uos.ac.kr

1서울시립대학교

2CDB13D
A major aim in study of topological superconductors (TSC) is detecting Majorana fermions, which are potentially useful
for quantum computation. In recent years, various experimental groups, of which the Delft group and the Princeton group
are best publicized, have made progress in detecting Majorana fermions in 1D. I will discuss detecting Majorana fermions
in different types of TSC, particularly the chiral Majorana fermions in 2D TSC and the Majorana fermion doublet in timereversal invariant TSC; both theoretical proposals [1], [2] and experimental progresses [3] will be reviewed.
[1] &, J Maciejko, X-L Qi, and S-C Zhang, PRB  100512 (2011)
[2] &, J Horowitz, X-L Qi, PRB  214514 (2013)
[3] Q L He, X Kou, S-C Zhang etc Science  294 (2017)
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정용욱*1
물리교육
zimusa92@naver.com
1경상대학교

2CDB13D
렌즈는 빛의 굴절을 활용한 중요한 기하광학 도구로 다양한 광학기구에 활용된다. 렌즈는 초등학교에서 처음 도입된 후, 중고등학교 수준
에서도 반복해서 다루어지는 중요한 교수학습 소재이기도 하다. 초등학교 수준에서는 렌즈와 관련된 비교적 다양한 활동들이 교과서에
소개된다. 그런데 중학교 이후에는 주로 렌즈를 통한 상의 형성 위주로 렌즈와 관련된 내용이 다루어진다. 본 연구에서는 광원과 필터(광
원과 렌즈 사이에 놓는)를 바꾸어 줌으로써 렌즈에서 상이 형성되는 원리를 탐색할 뿐 아니라, 상의 변형, 색채 합성 등 다양한 방식으로
확장될 수 있는 새로운 렌즈 관련 활동과 실험을 소개하고자 한다. 제시된 활동들은 주로 렌즈를 통한 상의 형성에만 초점을 맞추는 기존
의 렌즈관련 활동과 실험들을 보충하여 풍부한 시각경험과 현상을 학생들에게 제공할 수 있으며, 가설연역적 탐구활동으로의 구조화
도 용이하다는 장점을 갖는다.
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1동서대학교,

메카트로닉스융합공학부,

이승우*1, 김영민2, 손영대3
사범대학/물리교육과, 3동서대학교, 메카트로닉스융합공학부
seungwoo@dongseo.ac.kr

2부산대학교,

2CDB13D
부산지역에서는 교육청과 지역대학이 연계하여 매년 여름과 겨울 고교생을 대상으로
하는 다양한 교육 프로그램을 운영하고 있다. 고교생들의 교과와 진로 탐색에 도움이
되도록 대학에서 프로그램을 제작하여 교육청에 제시하고 교육청에서는 취지에 적합
한 프로그램을 선정하여 각 학교에 신청 목록을 발송하여 학생들을 모집하게 된다.
본 연구는 요즘 지속적으로 고교생들로 부터 외면 받고 있는 물리교과의 흥미와 관심
을 유도하고자 시도해 보았던 고교생 서머스쿨에서 물리교육 프로그램 개발에 관한
것이다. 일차적으로 교육청으로부터 물리교육에 관한 프로그램으로 선발되어져야 하
고 또한 학교에서 학생들이 프로그램의 내용을 읽어보고 수강하고자 지원을 하여야
서머스쿨로서 개강이 가능하므로 학생들의 눈높이에서 관심을 유도하고 교과와 진로
에 도움이 되기 위한 프로그램을 제작하여야 했다. 프로그램은 고교생들이 학교에서
배우는 물리 1을 기본으로 하여 행성역학과 상대론, 유체역학과 전자기분야에서 실
험과 시뮬레이션이 가능한 부분을 발췌하였고, 총 8차시(24시간) 동안 적절한 과제
탐구와 관련 내용의 독서가 이루어질 수 있도록 시간을 배분하였다. 또한 전문가 초
청 특강과 최신 첨단 기술에서 물리분야의 적용과 비전을 제시해 주고자 코딩을 프로
그램에 적용하여 학생들의 물리에 대한 이해와 흥미를 높이고자 하였다. 최종적으로 강의를 끝까지 완수한 20명 학생들의 설문을 통해
학생의 물리교과에 대한 생각과 요구를 이해할 수 있었으며 이를 바탕으로 지속적인 프로그램 개발과 학생들에게 다가가는 물리수업을
통해 학생들이 물리교과에 대한 자신감을 가지고 진로에 도움이 되도록 하고자 한다.
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이수아*1, 이민재*2, 황다원*3, 홍대길*4, 이윤정*5, 박준일*6, 정은식*7, 석창원*8, 조승희*9, 황진성*10, 윤기욱
*11, 박지연*12, 최원석*13
1ScienArt 연구소, 2서울대학교 , 3포항공대 , 4국립대구과학관, 5KERIS, 6경북과학교육영재원, 7대구과학영재고, 8
상인고, 9경원고, 10함창고, 11불로중, 12고창중, 13신상중
sciencekey@hanmail.net, imnetizen@naver.com, david9300@naver.com, haert@dnsm.or.kr, smaiiyj@
hanmail.net, pjunill@ hanmail.net, envi-aha@ hanmail.net, won1960@ empal.com, physicsjo@naver.com,
blackmirr @naver.com, yku6438 @ hanmail. net, gooddry @ nate.com, nettrek@naver.com
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인공지능과 빅데이터를 기반으로 한 4차 산업혁명 시대에서 인간은 그 존엄성과 가치에 위협을 받고 있다고 할 수 있다. 최근 우리나라는
통합적 교육과정을 제시하며 학생이 행복한 과학교육을 추구하고 있다(교육부, 2017). 과학교육의 강화는 국제적인 경쟁력을 향상시킬
수 있으며(김진승, 2018) 문화예술은 학생들의 창의적이고 폭넓은 사고를 활성화한다고 할 수 있다(이수아・박윤배, 2018). 특히, 우리
문화를 지키고자 했던 수집가 간송과 동서양 문화를 융합시킨 예술가 백남준은 한국의 정신문화를 기반으로 한다는 측면에서 비슷하다
(간송 미술관 ・ 백남준아트센터, 2016). 따라서 과학교육도 정신적 가치를 중요시하는 과학문화적 대중화를 시도할 필요가 있다. ‘디카
시’란 디지털 사진기(digital camera)를 이용하여 자연이나 사물에서 시적 형상을 직접 찍고 묘사하는 새로운 방식의 시(詩)를 말한다(정
훈교, 2018). 과학과 예술의 결합은 학생들의 과학에 대한 태도를 긍정적으로 변화시킨다고 볼 수 있다(Cohen, & Galili, 2001:
William et al., 2012: 이수아 & 박윤배, 2015). 그러나 교육 현장의 변화는 업무의 효율성과 시간의 유한성을 고려하지 않을 수 없다(이
수아 외, 2018). 따라서 본 연구는 입시교육을 벗어나 행복한 미래를 추구할 수 있는 효율적인 과학교육 체계를 추구하기 위하여 모형을
개발한 후 대구시 소재 중학교 2학년 상위권 학생들을 대상으로 아래와 같이 수업을 실시하며 학생들의 각 단계별 문제해결과정(PSP:
problem solving process)에 대해 살펴보았다. 이 모형에서 평가란 정답이나 결과물에 대한 것이 아니라 학생들의 PSP을 지속적으로 살
펴보는 것을 의미한다.
• 1단계 : 의미있는 일상적 상황에 대한 사진 찍기
• 2단계 : 사진을 문학적으로 생각하고 본인의 색깔로 표현하기(예술적 PSP)
• 3단계 : 사진을 과학적으로 생각하기(과학적 PSP)
• 4단계 : 사진을 다양한 영역을 도입하여 생각하고 토론하기(통합적 PSP)
• 5단계 : 창의적 산물에 대한 전시
다시 말하면, 학생들은 일상을 직접 사진으로 찍고 시로 묘사한 후 그 장면을 다양한 영역을 도입하여 분석하고 토론하였다. 예를 들어,
‘비내리는 바다’와 같은 일상적 상황은 물리(등가속도 운동: 자유낙하, 등속 운동, 종단속도), 화학(표면장력, 공유결합, 정수작용), 생물
(물고기의 특징), 지학(구름, 비, 안개), 환경(산성비) 등과 같은 다양한 개념들이 내재되어 있다. 지도 교사는 과학뿐만 아니라 다양한 영
역(예술, 인문학, 첨단기술, 친환경 기술)의 개념들을 가르치고 토론하며 학생들의 PSP를 살펴보았다. 심화개념은 일상적 상황을 정확히
설명하고 과학적 세계를 보는 시야를 넓히기 위해 도입되었다. 학생들은 적극적이고 즐겁게 수업에 임하였으며 논리적이고 창의적이며
다양한 시각으로 각자의 의견을 제시하였다.
본 연구는 감성을 활성화하여 일상적 상황을 아름답고 통합적으로 분석하게 함으로써 학생들의 창의적 사고를 발현시키고 대대로 계승될
수 있는 아름다운 과학문화의 형성에 기여하고자 한다.
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사범대학 물리교육과
jwpark94@jnu.ac.kr, qhflekfak@hanmail.net
1전남대학교

2CDB13D
이 논문은 여러 유명 물리학자들이 행한 사고실험을 분석해서 얻은 사고실험 흐름도(Park et al., 2001)에 따라 사고실험 유형에 해당한
느 개발된 학습지를 고등학교 학생들에게 적용하고 관찰된 사고실험 과정을 비구조화된 면담을 실시하여 학생의 사고 과정의 특징을 추
출하고 유형화하고자 하였다. 그 결과 기존 배경지식에 따라 자신의 생각을 바꾸거나 기존의 법칙에 의존하는 등 사고실험의 의도와 같
거나 다른 다양한 사고과정들 뿐만 아니라 사고실험을 수행하는 과정에서 학생들이 느끼는 어려운 점 등을 알 수 있었다.
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1충북대학교

2CDB13D
최근 마이크로프로세서 기반의 아두이노 등 소형 보드를 이용한 피지컬 컴퓨팅의 활용이 광범위하게 확대되고 있다. 이러한 피지컬 컴퓨
팅은 가격도 싸면서 활용을 위한 소프트웨어의 지원 등이 활성화되어 있어서 학생들이 쉽게 접근할 수 있고, 4차 산업 혁명이 강조되는 현
대의 사회적 변화에 따른 물리 교육의 변화에 대한 요구와도 잘 일치한다. 따라서 이를 활용하여 물리 교육과 접목시킬 수 있는 새로운 방
향이 요구된다. 본 연구에서는 이러한 요구를 반영하여 최근 널리 사용되고 있는 아두이노를 이용한 물리교육적 활용 방법을 제안하고,
특히 그 예시로서 장애물 회피형 로봇 알고리듬을 소개하여 이를 바탕으로 물리교육에 활용하기 위한 방법을 제시한다.
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고등학교 물리II 양자역학 단원은 흑체복사로 시작된다. 흑체복사의 파장별 빛의 세기 그래프는 광학조도계로 측정할 수 있다. 광학조도계
는 일선 학교에서 구입하기에 고가여서 수업에서 사용하기 어렵다. 본 연구에서는 아두이노를 이용하여 학생이 만들 수 있는 수준으로 저
가형 광학조도계 실험 장치를 제작하였다. 측정 가능 파장은 350nm부터 750nm 정도이고 분해능은 10nm 수준으로 태양의 흑체복사
를 측정하기에 적합했다. 아두이노로 측정한 값은 고등학교 수준의 수학과 엑셀을 활용하여 파장별 빛의 세기 그래프로 바꿀 수 있어 현
장에서 양자역학 교육에 충분히 활용할 수 있을 것으로 기대된다. 결과값은 상업용 광학조도계로 측정한 결과와 DSLR 카메라로 찍은 사
진을 저자가 랩뷰로 분석한 결과와 10% 정도 수준의 오차로 일치함을 확인하였다.
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In recent years, there has been a rapid increase in cases of mandatory programming language education at domestic and
abroad. The programming language education of elementary and secondary schools in Korea was decided to be
mandatory in the curriculum revised at 2015, which have been implemented this year. Hence the research demands to
apply computational thinking in science education are raised, but research related to integrate programming language for
developing teaching material is still insufficient.
We investigated the perception of secondary school science teachers for applying programming language to develop
physics teaching material. For this purpose we used Python, an open source programming language, which is the most
popular programming language in science field, and Jupyter Notebook, an open-source web application to create and
share documents that contain live code, equations, visualizations and narrative text. We developed some sample materials
and used it in a one day workshop for secondary school science teachers in Korea. This workshop emphasized the
integration between programming language and teaching material through instructions and activities using Python and
Jupyter Notebook. Then semistructured interviews were conducted to analyze the perception of secondary school science
teachers about integrating programming language in development of teaching material using Python and Jupyter
Notebook. As a result, secondary school science teachers thought that developing teaching materials using Python and
Jupyter Notebook could play a positive role that motivating learners or learn by themselves through interaction. But it won’t
be always useful in understanding concept or phenomenon when teaching physics.
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It is not an easy task for inexperienced persons to understand the atomics structure of a crystalline solid-state system.
Three-dimensional visualization of the atomic structure can help one improve this situation. There are many excellent
visualization tools for the atomic structure. For example, a program called VESTA (Visualization for Electronics and
Structural Analysis) can display the three-dimensional structure data conveniently. However, in such tools, the threedimensional objects are projected onto the two-dimensional computer screen. The depth information is inevitably lost by
the projection. The user should perform the frequent rotational operation to fully understand its three-dimensional
structure. In this work, a virtual reality visualization tool for atomic structures is presented. It is expected that the depth
information directly provided by the virtual reality environment can help the user realize the three-dimensional structure
intuitively. In the virtual reality environment, the user can move inside the nanometer scale world. The scaling ratio
between the virtual reality and the real world can be determined by the user. The POSCAR format file which contains
information about the atomic positions is loaded from the computer storage. By using the position vector of each atom, a
spherical object is spawned in the virtual reality environment. Once spawned in the virtual reality environment, each atom
can be selected and moved by the user. The modified structure can be saved in a separate POSCAR format file. The
modified structure can be used in the density-functional theory calculation. The code has been developed under the unified
development environment provided by the Unreal Engine 4, which is widely used to develop the virtual reality games.
Although most of the code has been developed by using the Blueprints Visual Scripting system, the critical part related to
load and save the POSCAR format file is developed by using the C++ language. Various application examples including the
Si/SiO2 interface structure and the Si nanowire are presented. Some ideas about the further development are also
discussed.
* This research was supported by the Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education (NRF-2018R1D1A1B07048277). It was also supported by GIST Research
Institute (GRI) grant funded by the GIST in 2018.
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대학 일반물리학 교재는 대학에 진학한 이공계 학생들 대부분이 필수적으로 학습하게 되는 교재로서 학생들에게 물리학에 대해 전반적으
로 조명해주면서 추후 심화된 전공 물리학 내용의 학습에도 큰 영향을 주는 교재이다. 또한 물리교육의 맥락에서는, 많은 예비 물리교사
들이 임용시험을 준비하면서 일반물리학 교재를 중점적으로 살피는 경우가 많으며, 초중등 물리교육과정에서는 대학의 일반물리학 내용
에 영향을 받는 경우도 많다. 이러한 중요성에도 불구하고 대학 물리학 교재, 특히 일반물리학 교재에 대한 교육적 논의들이 이루어진 연
구들은 찾아보기 힘든 실정이다. 게다가 국내외적으로 많이 알려진 대학 일반물리학 교재 41권에 대한 광범위한 분석을 수행한 선행 연
구(Rodríguez & Niaz, 2004)는 대부분의 대학 일반물리학 교재들이 그동안 물리교육이 비판적으로 지양해왔던 ‘수사학적 결론
(rhetoric of conclusion)’의 방식으로 저술되어 있다고 지적하였다. 본 연구는 이에 대안적인 일반물리학 교재로서 Leon Cooper의 일
반물리학 교재에 주목하고, 이 교재의 특징을 면밀하게 질적 분석함으로써 추후 일반물리학 교재의 혁신을 위한 물리교육적 함의를 찾고
자 하였다. 본 발표에서는 이와 같은 본 연구의 결과와 그 의의 등을 논의할 것이다.
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이 연구에서는 독자 간 상호작용을 강조한 지식공유 시스템인 온라인 주석시스템을 이용하여 과학교과서를 독해하였을 때 학생들의 지식
공유 양상이 어떠한지와 온라인 주석시스템을 이용한 지식공유에 대해 학생들이 어떻게 인식하는지를 알아보았다. 중학교 2학년 241명
의 학생을 대상으로 온라인 주석시스템에 탑재된 과학 교과서를 독해하도록 하였고, 이들이 작성한 주석을 분석하였다. 분석결과, 학생들
은 지식공유를 함으로써 독해의 어려움을 극복하였고, 온라인 주석시스템을 이용한 지식공유에 대하여 호의적인 양상을 보였다. 이러한
지식공유를 통한 상호작용적 독해를 새로운 과학교과서 독해 전략으로 제안하고자 한다.
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The exchange interaction underlies magnetism and thus is responsible for major phenomena in magnetic materials. The
exchange coupling combined with spin-orbit coupling comes in two flavours: symmetric and antisymmetric. The symmetric
term is the conventional Heisenberg exchange, while the antisymmetric exchange coupling called Dzyaloshinskii-Moriya
interaction has recently attracted particular interest owing to its major role in rendering topologically non-trivial spin
textures, giving rise to many intriguing phenomena in perpendicularly magnetized multilayers. Beyond the atomic exchange
coupling within a single ferromagnetic layer, a symmetric interlayer exchange coupling also leads to ferro- or
antiferromagnetic magnetization alignment between individual ferromagnetic thin films. The studies on the interlayer
exchange coupling, however, have so far focused only on its symmetric flavour, although from symmetry considerations
the interlayer exchange coupling combined with spin-orbit coupling also can lead to the emergence of its antisymmetric
component. However, this has so far not been experimentally demonstrated. In this talk, I present the missing flavour of
the antisymmetric interlayer exchange coupling in perpendicularly magnetized synthetic antiferromagnets with parallel and
antiparallel couplings.

5IG?B4C

Dzyaloshinskii-Moriya intera, antisymmetric exchange coupling, synthetic antiferromagnet

-217-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

C14.02

'8B55 9=5>C9?>1<"2C5BF1D9?>?6M17>5D93?=19>&DBE3DEB5
(C9>7&31>>9>7H1B4+ B1IM93B?D?=?7B1@8I
SUZUKI Motohiro*1, KIM Kab-Jin2, 3, KIM Sanghoon2, 4, YOSHIKAWA Hiroki5, TONO Takayuki2,
YAMADA Kihiro T.2, TANIGUCHI Takuya2, MIZUNO Hayato2, ODA Kento2, ISHIBASHI Mio2, HIRATA
Yuushou2, LI Tian2, TSUKAMOTO Arata5, CHIBA Daichi6, ONO Teruo2, 7
1Japan Synchrotron Radiation Research Institute (JASRI), Japan, 2Institute for Chemical Research, Kyoto
University, Japan, 3Department of Physics, Korea Advanced Institute of Science and Technology,
4Department of Physics, University of Ulsan, 5College of Science and Technology, Nihon University, Japan,
6Department of Applied Physics, The University of Tokyo, Japan, 7Center for Spintronics Research
Network (CSRN), Graduate School of Engineering Science, Osaka University, Japan
m-suzuki@spring8.or.jp

2CDB13D
Magnetic domain structures are connected with the fundamental magnetic properties of materials. Since the first
confirmation of domain structure by Bitter, observation of the magnetic domain structure has been an important technique
to understand the magnetic characteristics of systems. Researchers have developed a variety of domain observation
techniques, such as magneto-optical Kerr effect microscopy and magnetic force microscopy. However, most of the
conventional techniques are limited observation of two-dimensional magnetic domain structures. Only a few studies of
three-dimensional (3D) domain observations have been reported so far [1–4], including the successful 3D observation of
vector domains of GdCo2 alloys via X-ray ptychography imaging by Donnelly et al. [4]
In this study, we present a new X-ray tomographic technique that allows direct observation the internal magnetic domain
structure in a micrometer-sized ferromagnetic sample [5]. The technique is based on a scanning hard X-ray nanoprobe
using X-ray magnetic circular dichroism (XMCD). We demonstrate the 3D distribution of a single component of the
magnetic vector in a GdFeCo microdisc, which has been reconstructed with a spatial resolution of 360 nm. This technique
is applicable to practical magnetic materials including permanent magnets with sintered microstructures. 3D visualization
of the magnetic domain formation process under external magnetic fields will be feasible.
This work was partly supported by JSPS KAKENHI Grant Numbers 15H05702 and 17H02823 and National Research
Foundation of Korea grant funded by the Korea Government (MSIP) (No. 2017R1C1B2009686).
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[1] I. Manke et al., Nat. Commun. , 125 (2010).
[2] T. Tanigaki et al., Nano Lett. , 1309 (2015).
[3] R. Streubel et al., Nat. Commun. , 7612 (2015).
[4] C. Donnelly et al., Nature , 328 (2017).
[5] M. Suzuki et al., Appl. Phys. Express , 036601 (2018).
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Spin-orbit torque (SOT) induced by in-plane charge current has been of great interest because of its potential application in
low-power and high-speed spintronic devices as well as remarkable scientific findings. Although most of works have
focused on the heavy-metal (HM) / ferromagnet (FM) interface at which the generation and transmission of spin-current
and the enhancement of magnetic damping occur, several recent works have suggested that the interfacial conditions of
FM / capping-layer (CL) can also affect the characteristics of spin-torques, through the modification of the interfacial
reflection and/or scattering of spin-current. Moreover, our previous work has demonstrated that the oxide capping-layer
may influence on the dynamical dissipation parameters as well. However, it is still lack of experimental works that have
studied the effect of capping-layer on SOTs and magnetic damping. Here we investigate the effect of capping layer (CL) on
SOT-efficiencies and magnetic damping (α) in various multilayers, consisting of heavy-metal (Pt) / ferromagnet (Co or Py) /
CL (MgO/Ta, TaN or HfOx), by employing spin-torque ferromagnetic resonance (ST-FMR) measurements. Our experimental
results indicate that both damping-like and field-like SOT efficiencies are weakly dependent on the CL. However, the
magnetic damping for Co is considerably influenced by the CL while the damping of Py is almost independent from the CL.
We hope our results provide better understanding for the interfacial contributions on the SOTs and magnetic damping.
References
[1] D. J. Lee, J. H. Kim, H. G. Park, K.-J. Lee, B.-K. Ju, H. C. Koo, B.-C. Min, and O. J. Lee, "Spin-Orbit Torque and Magnetic
Damping in Tailored Ferromagnetic Bilayers", Phys. Rev. Applied 10, 024029 (2018).
[2] J. H. Kim, D. J. Lee, K.-J. Lee, B.-K. Ju, H. C. Koo, B.-C. Min, and O. J. Lee, "Spin-orbit torques associated with
ferrimagnetic order in Pt/GdFeCo/MgO layers", Sci. Rep. 8, 6017 (2018).
[3] D. J. Lee and O. J. Lee et al., manuscript, (2018)
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Since the discovery of in-plane current induced spin-orbit torques (SOTs) in heavy metal/ferromagnetic metal bi-layer
systems in early 2010’s, the quest for better SOT characterization approaches and measurement techniques has never
stopped. One of the reasons why SOT-related research has been growing such rapidly is perhaps due to the simplicity of
characterization technique and device layout. Using one of the most popular approaches, harmonic voltage measurement,
which was proposed by Pi et. al. in 2010 [1] and later refined by Kim et. al. in 2013 [2], researchers are allowed to quantify
both damping-like and field-like SOTs through an elegant AC signal detection scheme using simple device with Hall-bar
geometry. The capability of characterizing SOT efficiency and even observing SOT switching in micron-sized Hall-bar devices
has made SOT research more and more popular during the past few years.
However, it is also now clear that the observed SOT switching and SOT-induced dynamics are mostly related to domain
nucleation and chiral domain wall propagation in the magnetic heterostructure-of-interest [3], especially in the micronsized samples with the magnetization not being single domain. This chiral domain wall-related feature actually provides us
alternatives for SOT characterization based on domain wall propagation and domain expansion in patterned magnetic
heterostructures, such as spin Hall torque magnetometry by Emori et. al. in 2014 [4] and hysteresis loop shift measurement
by Pai et. al. in 2016 [5]. In this presentation, I will show that the concept of SOT characterization in patterned, micronsized samples can be employed to un-patterned samples as well. The possibility of performing SOT characterization using
as-prepared films without further fabrication processes will eventually increase the overall SOT research throughput for
many researchers in the field of spin-orbitronics [6].
%565B5>35C
[1] U. H. Pi, K. W. Kim, J. Y. Bae, S. C. Lee, Y. J. Cho, K. S. Kim, and S. Seo, Appl. Phys. Lett. 9, 162507 (2010).
[2] J. Kim, J. Sinha, M. Hayashi, M. Yamanouchi, S. Fukami, T. Suzuki, S. Mitani, and H. Ohno, Nat. Mater. , 240 (2013).
[3] O. J. Lee, L. Q. Liu, C. F. Pai, Y. Li, H. W. Tseng, P. G. Gowtham, J. P. Park, D. C. Ralph, and R. A. Buhrman, Phys. Rev. B
9, 024418 (2014).
[4] S. Emori, E. Martinez, K. J. Lee, H. W. Lee, U. Bauer, S. M. Ahn, P. Agrawal, D. C. Bono, and G. S. D. Beach, Phys. Rev.
B 9 , 184427 (2014).
[5] C. F. Pai, M. Mann, A. J. Tan, and G. S. D. Beach, Phys. Rev. B 9, 144409 (2016).
[6] T. Y. Tsai, T. Y. Chen, C. T. Wu, H. I. Chan, and C. F. Pai, Sci. Rep. , 5613 (2018).
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Spin-transfer torque has surpassed current-induced magnetic fields as the preferred technology for switching
magnetization directions in nanoscale magnets. However, spin-transfer switching exhibits Joule heating that remains too
large to ignore. Thus, a novel method offering magnetization control without electric current is highly desirable. Voltagecontrolled magnetic anisotropy (VCMA) in ferromagnetic metals [1,2] has shown that magnetization can be controlled in
fast periods (down to 0.1 ns) by electric fields. Because the VCMA mechanism can be purely electronic, this is an ultimate
technology for the operation of spintronics devices, such as nonvolatile random access memory, where high-speed
operation with high writing endurance is indispensable.
In this talk, we will show a microscopic origin of the VCMA. Firstly, VCMA in 3d-transition metals can be explained by
electric-field-induced change of orbital magnetic moment. We show it in terms of X-ray magnetic circular dichroism
(XMCD) spectroscopy of Co-absorption edge on Fe-Co-MgO multilayer [3]. Secondly, VCMA in 5d-transition metals can be
explained by both electric-field-induced changes of orbital magnetic moment and magnetic dipole Tz term. We show it in
terms of XMCD spectroscopy of Pt-absorption edge on Fe-Pt-MgO multilayer [4]. These electric-field-induced changes of
magnetic moments are strongly correlated to interfacial spin-orbit interaction.
This work is a collaboration work with Y. Suzuki, K. Matsuda, T. Tsukahara, T. Kawabe, J. Suwardy, K. Nawaoka, M. Goto,
and E. Tamura of Osaka University, M. Suzuki, Y. Kotani, K. Toyoki, and T. Nakamura of JASRI, T. Nozaki, and S. Yuasa of
AIST, M. Tsujikawa, and M. Shirai of Tohoku University, T. Ohkubo, and K. Hono of NIMS. This work received support from
JSPS KAKENHI and the ImPACT Program.
[1] M. Weisheit et al., Science  , 349 (2007).
[2] T. Maruyama et al., Nat. Nanotechnol. , 158 (2009).
[3] T. Kawabe et al., Phys. Rev. B 9, 220412(R) (2017).
[4] S. Miwa et al., Nat. Commun. , 15848 (2017)
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Bi2Te3 is the most important thermoelectric material for room temperature application. Here, we investigated the optimal
carrier concentration of Bi2Te3 for thermoelectric application using first-principles density-functional theory (DFT)
calculations. Theree thermoelectric properties, Seebeck coefficient, electric conductivity, and thermal conductivity, were
calculated as a function of temperature (') and carrier concentration. The electronic transport parts were computed within
Boltzmann transport theory and relaxation time approximation combined with DFT band structure. The electron relaxation
time was estimated by comparing the theoretical and experimental values. The thermal transport part by phonon was also
computed within Boltzmann transport calculations. The 3-rd order force constants were computed to construct the
anharmonic phonon Hamiltonian. Then the phonon thermal conductivity was calculated with three phonon processes.
While the material figure of merit zT considered as a good metric for efficiency, the predicted efficiency by zT is only exact
for constant material property case. For the exact efficiency prediction, we numerically solved the efficiency of
thermoelectric conversion (η) using the calculated '-dependent material properties. The '-distribution of thermoelectric leg
composed of Bi2Te3 was computed by solving the thermoelectric differential equation and the efficiency was obtained with
exact power and exact heat flux at hot side. Finally, we found the optimal carrier concentration by maximizing the
thermoelectric conversion efficiency.
In last, we discussed the doping strategy to achieve the optimal carrier concentration in Bi2Te3.
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Instability of the perovskite nanocrystals (NCs) has been problematic due to uncontrollable physicochemical properties
resulting from shape transformation and phase transition. Recently, colloidal CsPbBr3 NCs synthesized with the additional
metal halides for atomic passivation have a cubic phase and show the enhanced structural stability, effectively suppressing
NC aggregations[1]. To understand underlying mechanisms of the metal halide effect, here, we report atomic models for
CsPbBr3 NC surfaces with anionic (acetate, Ac) and cationic (methylammonium, MA) organic ligands based on firstprinciples calculations. From the thermodynamic comparison, the anionic ligand passivation with Cs-acetate complexes can
stabilize the PbBr2(100) surfaces, but still have the NCs capable of aggregations. On the other hand, cationic ligand
passivation with MA-Br complexes can greatly stabilize the (100) surface when ZnBr2 presents due to differently favored
chemical reactions. These two different passivation schemes are consistent with the experimental characterizations by XPS
& NMR analysis, and then account for the recent observations of the improved structural stability of the perovskite NCs.
[1] J. Y. Woo et al. Chem. Mater. 29, 7088 (

)
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Using the density functional theory and non-equilibrium Green’s function method, we investigated the bias dependent
transport property of point defective hydrogen passivated tilted phosphorene nanoribbons. Here, we calculated the I-V
curve by changing the defect position. Here, three different defect sites were considered; edge, central defect, and midpoint defect between edge and central region. It was found that the I-V characteristic was substantially sensitive to the
defect position because the onset bias voltage and the increment in the current with bias were different from each other.
Besides, unlike the conventional belief, we obtained that the magnitude of the current due to the point defect was four to
five times enhanced compared with that in the defect-free pristine nanoribbon structure. We found that the simple analysis
based on the Fermi level shifting at finite bias was not enough to explain the I-V curve. Instead, we realized that it was
necessary to consider both bias dependent transmission coefficient and density of states in the scattering region to explain
the I-V curve.
Acknowledgements
This research was supported by the Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science, ICT and Future Planning (2016R1A2B4006406) and by the Supercomputing
Center/Korea Institute of Science and Technology Information with supercomputing resources including technical support
(KSC-2018-C3-0003).
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Despite the conspicuous advances in organic light-emitting devices (OLEDs) and even their successful implementation in
commercial displays, various degradation problems, as a main hurdle to lifetime, still remain as the most important issues.
Because degradation occurs mostly in working conditions, the underlying mechanism is thought be linked to excited state
of the carriers. While several theoretical and experimental studies have focused on the mechanisms of OLED degradation,
the microscopic role of the excited carrier remains elusive. In this work, using occupation-constrained density functional
theory calculations, we study how chemical degradation is driven by the excited carrier in OLED host materials. We show
that the C-N bond is a weak link of the OLED molecules both in the electronic ground and excited states, and breaking of
them is main cause for chemical degradations. While the excited carrier generally weakens the bonding, the effect can be
mitigated by the non-local interaction with the other bonding and anti-bonding states. We suggest that the presence of
such a non-local interaction can contribute to an enhancement of the chemical stability in the excited state.
This was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) (NRF2018R1D1A1B07044564) and KBSI grant D38614.
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Thermoelectric device is a promising next-generation energy solution owing
to its capability to transform waste heat into useful electric energy, which
can be realized in materials with high electric conductivities and low thermal
conductivities. A recently synthesized silicon allotrope of Si24 features highly
anisotropic crystal structure with nanometer-sized regular pores. Here,
based on first-principles study without any empirical parameter we show
that the slightly doped Si24 can provide an order-of-magnitude enhanced
thermoelectric figure of merit at room temperature, compared with the cubic diamond phase of silicon. We ascribe the
enhancement to the intrinsic nanostructure formed by the nanopore array, which effectively hinders heat conduction while
electric conductivity is maintained. This can be a viable option to enhance the thermoelectric figure of merit without further
forming an extrinsic nanostructure. In addition, we propose a practical strategy to further diminish the thermal conductivity
without affecting electric conductivity by confining rattling guest atoms in the pores.
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The notion of Berry curvature has widened our understanding of condensed matters, particularly for anomalous transport
behaviors and various optoelectronic phenomena. Recent studies show that the spontaneous photocurrent can be induced
in non-centrosymmetric materials by applying circularly polarized light, known as the circular photogalvanic effect, which
can be attributed to the non-vanishing Berry curvature of their electronic structure. In this study, we investigate the nonequilibrium carrier dynamics in ferroelectric monolayer SnTe using real-time time dependent density functional theory. The
calculated electrical responses of monolayer SnTe to circularly and linearly polarized lights reveals that the unique Berry
curvature structure caused by the ferroelectricity is the primary factor for the photo-induced current. We also discuss how
the photocurrent varies depending on the type and direction of the polarized lights. Our results provide the very firstprinciples understanding of the optical responses based on purely quantum mechanical electronic structures, which can
pave the way in search for a better material or innovative design of device structures.
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Lennard-Jones potential, commonly known as 6-12 potential, is composed of the Pauli repulsion term and the van der
Waals (vdW) attraction term. Because first-principles calculation codes do not fully express the attraction term, they need
an artificial vdW approximation for evaluating accurate adsorption energies. The vdW-added codes are known to describe
the adsorption energies between atoms and atoms and between molecules and molecules relatively well. But as in the vdW
approximations for the interaction between a surface and molecule interaction as in 2D materials growth system cause
unwanted errors due to various reasons. We study relative validity of the vdW approximation for the interaction between
the Pt(111) surface and the hexagonal molecules (benzene, borazine and borazine cluster) used in 2D material growth.We
investigate the energetics and structures using local density approximation (LDA) and generalized gradient approximation
functional (PBE) including vdW approximations (D2 [1], D3 [2], dDsC [3], TS [4]). As a result, in the LDA case, large errors
occur in describing adsorption structures and energies. In case of the normal PBE, the adsorption energy clearly varies for
each type of vdW interaction, but the atomic structures and molecular orbitals are similar for all vdW approximations. In
this study, we present our analysis for the different behaviors of the vdW approximations.

[1] S. Grimme., J. Comp. Chem. , 1787 (2006).
[2] S. Grimme., J. Chem. Phys. , 154104 (2010).
[3] S. N. Steinmann., J. Chem. Phys. , 044117 (2011).
[4] A. Tkatchenko., Phys. Rev. Lett. , 073005 (2009).
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Many important adsorption and catalyst processes involve interaction between gas molecules and solid substrate at either
room temperature or elevated temperature. Prominent examples are hydrogen storage, nitrogen fixation, oxygen reduction
reaction and carbon sequestration. First-principles calculations based on density functional theory (DFT) provide powerful
insights into the gas-surface interaction and serve as guideline for material optimizations. However, DFT calculations suffer
from the ‘temperature gap’ as its predicting power is restricted at 0K. As temperature increases, entropic contribution
becomes more and more important, potentially overcoming enthalpy gain from adsorption. Thus, free energy is the
thermodynamics quantity with upmost interest at finite temperature. Direct evaluation of absolute free energy is grossly
inefficient because it is very sensitive to volume of phase space that system can access during a canonical ensemble
simulation. Large error is associated with insufficient sampling especially if certain regions of the phase space are separated
by a barrier, i.e. an ergodic bottleneck. Moreover, typical time scale of adsorption and catalytic processes can range from
nanosecond to microsecond, rendering brute-force ab-initio molecular dynamics (AIMD) impractical even with state-of-theart computer. Here, we circumvent the aforementioned issues of AIMD by generating a biased statistical ensemble obtained
from geometric constrained AIMD. By choosing a suitable constrain along reaction coordinate, sufficient sampling of region
which otherwise would have a low Boltzmann weight is ensured. In this talk, we demonstrate the feasibility of this approach
in the adsorption dynamics of H2, N2 and O2 gases on g-FeN4. At 0K, H2 favors physisorption while both N2 and O2 favor
chemisorption due to strong orbital coupling. However at room temperature, the binding strength of N2 is not strong
enough to overcome the opposing entropic force. Thus, only O2 is shown to have favorable binding with g-FeN4 at room
temperate. This directly correlates with the ability of porphyrin moiety to transport O2 in biological system. The results here
pave way for further optimization of g-FeN4 as promising materials for gas storage and catalysis.
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Owing to the recent advances in the oxide growth technology, ferroelectricity has been stabilized even in a few nm-thick
films, which makes it possible to realize the ultrathin oxides-based ferroelectric tunneling junction (FTJ) useful for the next
generation ultimate switchable diode with high density, great scalability and low power consumption. Among various
ferroelectric oxides, HfO2 is the most promising candidate for future ferroelectric switchable devices since it has the great
advantage of complementary metal-oxide-semiconductor (CMOS) process compatibility. But despite this advantage, the
HfO2 based-FTJ is hard to utilize as an actual device because of its extremely low tunneling current originated from
relatively high tunneling barrier. Here, combining first-principles density functional theory calculations with numerical
tunneling current simulations, we find that the lowering of the effective mass in HfO2 based-FTJ can remarkably increase
the tunneling current, which is more significant than the lowering of the tunneling barrier. We thus expect that our results
provide an essential guideline to design optimal HfO2 based-FTJ device.
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2018년 4월에 과기정통부에서 발표한 4차 산업혁명 관련 보도자료에 따르면, 4차 산업혁명경쟁은 곧 소재경쟁이며, 소재경쟁에서 살아
남는 국가가 4차 산업혁명을 주도할 것이라고 합니다. 과기정통부는 2017년 현재 과학기술 선진국에 비하여 3-5년 정도 뒤져있는 국내
미래 융복합 소재 분야를 집중 육성함으로써 2032-2037년에는 선진국에 비하여 1년 정도 비교 우위를 가지도록 하여 4차 산업혁명시대
에 적절하게 대비할 계획이라고 보도한 바 있습니다. 이는 곧 4차 산업혁명경쟁은 융복합 소재개발경쟁이며, 방사광가속기 주요 응용분
야가 소재분야(60%)임을 고려할 경우, 차세대 방사광가속기는 4차 산업혁명시대를 맞이하여 꼭 필요한 국가적 시설임을 알 수 있습니
다. 본 논문은 4차 산업혁명시대 경쟁에서 살아남기 위한 주요 과학기술 선진국들이 앞다투어 구축하고 있는 4세대 원형방사광가속기란
어떤 것이며, 이에 대한 국내 구축의 필요성에 대하여 기술하였습니다.
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Synchrotron radiations are featured with highly brilliant coherent photon beams with pulsed nature in the wide energy
range. 3rd generation synchrotrons have been providing the scientific community with unprecedented research
opportunities addressing the detailed atomic structures and electronic structures of a vast variety of materials. Recently,
most of biggest synchrotrons are about to be upgraded to have new generation lattice structure of MBA, which is able to
increase the brightness by 100 to 1000 times over the current values with highly enhanced coherence and they will provide
dramatically enhanced spatial and temporal resolutions for all classes of experiments. Also, they will allow the experiments
even under in-situ or in-operand environments. In this talk, I would like to present what kinds of researches will be more
prospective with the benefit of the enhanced characteristics of ultimate storage ring.
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Hybrid 7BA type USR(ultimate storage ring) is being designed in PAL(Pohang Accelerator Laboratory). Linear dynamics of
this ring was accomplished, however the optimzation of nonlinear dynamcis is being carried out. In the contrast to the
other hybrid type USR, super bends are placed in the center of every cell for synchrotron radiation in this ring. We will show
the lattice and beam dynamics of our design in this oral presentation. Also, our another design, i.e. SLS-II type, will be
presented.
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최근 MAX-IV의 성공적인 운전으로 Ultimate Storage Ring 시대가 도래하였고, 한국에서도 그 관심이 높아지고 있다. USR에서는 기존
의 One cell 에 두 개 (DBA) 또는 3개 (TBA)의 Bending magnet을 사용하는 것에서 벗어나 많은 수의 Bending magnet을 사용함으로
natural emittance를 100배 이상 줄인다. 당연히 도전적인 빔물리 이슈들이 생겨나는데 본 발표에서는 USR에서의 대표적 빔물리 이슈
들을 (Minimum emittance 달성, Nonlinear optimization, etc.) 소개하고 극복하는 방법등을 소개하고자 한다.
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We present new on-axis injection scheme using two deflecting cavities. On-axis injection is a desirable candidate for
ultimate storage ring whose dynamic aperture is extremely small. Although some kinds of on-axis injection schemes have
been proposed, those schemes are challenging when bunch spacing of storage ring is as short as nanoseconds. In our
scheme, two deflecting cavities having sufficiently high frequency are paired to situate injected bunches on-axis and to
cancel out net tilting received by the cavities on stored bunches. Numerical simulation is implemented with the new
injection scheme and theoretical analysis to the result is given.
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2CDB13D
A low emittance storage ring with a hybrid-7BA lattice is being studied at Pohang Accelerator Laboratory. The vacuum
chambers for this lattice should have small aperture to fit in small-bore magnets without losing the ability to maintain the
ultra-high vacuum and to dissipate high heat load of synchrotron radiation. Chromium copper alloy is considered as the
material for the main beam pipe because it has good mechanical and thermal properties. The beam pipe will have an antechamber for the distributed heat dissipation and the distributed vacuum pumping. We present preliminary design study for
the storage ring vacuum system.
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The oscillations of nuclei simulated by the QMD are measured and by studying the response to the cooling and the
compression, the possibility of measuring the incompressibility of nuclei will be discussed.
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2CDB13D
Classical novae emit gamma-rays at 0.511 MeV which are produced in the decay of 18F. The abundance of 18F is
determined largely by the 18F(p,α)15O reaction and the reaction is affected by resonance properties near the proton
threshold in 19Ne. However, several resonance parameters near the proton threshold are not identified yet in 19Ne. Hence,
we performed an alpha elastic scattering experiment with a radioactive 15O beam for investigating resonance parameters
near the proton threshold using the thick target method in inverse kinematics at CNS RI Beam separator (CRIB) of the
Center for Nuclear Study. The excitation function of 19Ne was obtained for Ex=6.40 - 7.85 MeV and the parameters of the
resonance states in 19Ne were assigned using the R-matrix program, SAMMY8. The alpha elastic scattering experiment
using a 15N beam was also conducted for energy calibration of the 15O+a scattering experiment. The excitation function
of 19F, which is a mirror nucleus of 19Ne, was obtained for Ex=6.60 – 7.60 MeV and the resonance parameters obtained
from this experiment were compared with the previous experiments.
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2CDB13D
We discuss the role of two-neutron transfer processes in the fusion reaction of the 9 Li +70 Zn, 208 Pb systems. To this end,
we assume that two neutron are directly transferred to a sigle effective channel in target added two neutron, 72 Zn and 210
Pb, and solve the coupled-channels equations with the two channels. A Woods-Saxon type potential with the global
Akyuz-Winther parameters are employed for all participant channels in order to reducing free parameters. We first analyze
the fusion of 9 Li + 208 Pb system by taking into account the coupling to the 7 Li + 210 Pb channel with the assumption. By
adjusting the coupling strength and the effective Q-value, we successfully reproduce the experimental fusion cross sections
for this system. In similar manner, We then analyze fusion reaction of another system including 9 Li , 9 Li + 70 Zn, using the
coupling to the 7 Li + 72 Zn channel and get a good agreement with experimental data by fitting analysis. Our calculation
indicates that the two-neutron transfer process plays a crucial role in the fusion reactions including neutron-rich nucleus 9
Li at energies around the Coulomb barrier.
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2CDB13D
Numerous attempts were made in the past to describe the fission process since fission was discovered, but our
understanding about fission is still far from being complete. Recently, many theoretical approaches are developed
which describe the fission process qualitatively but they are yet to be further improved for the applications in
nuclear technology. We aim to develop semi-empirical fission model to describe the fission product yields with
relative good accuracy.
In this study, it is assumed that fission product yields are proportional to the level density of the microcanonical
ensemble of the compound nucleus at the fission barrier. The fission height, the energy of compound nucleus
required for the deformation is modeled as a sum of symmetric and asymmetric part. Our model parameters are
fitted using thermal (0.0253 eV) and fast (500 keV) neutron induced fission yield data in ENDF/B-VII.1.
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2CDB13D
The roles of strange axial form factor and axial mass for both neutral-current and charged-current
reactions are investigated from various target nuclei in the quasi-elastic neutrino-nucleus scattering
within a relativistic single particle model. The calculation is performed for various target nuclei
like 12C, 40Ca, 56Fe, and 208Pb at the incident neutrino (antineutrino) energies 1.0 GeV and 2.0
GeV. Then we discuss the dependence of differential cross section on the role of axial mass and
strange axial form factor with different target nuclei for both neutral-current and charged-current
reactions.
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2CDB13D
수송이론을 통한 중이온 충돌 수치모사는 실험에서 측정될 것으로 보이는 다양한 물리량과 이론을 연결하는데 필수적이다. DJBUU는 기
존 \sigma - \omega - \rho RMF를 통해서 RAON에서 실험할 것으로 예측되는 핵종을 이용하여 다양한 핵 반응의 결과들을 연구해
왔다. Parity double model (PDM)은 핵자의 손지기 (chiral) 파트너 N(1520)을 도입하여 양자색역학의 손지기 자발붕괴를 유효이론에
서 구현한다. 손지기 대칭성이 복원 될 경우 핵자와 파트너의 질량이 손지기 불변 질량 (m0) 값에 수렴하게 된다. m0를 자유 변수로 고려
하여 부분 손지기 대칭성 복원(partial chiral symmetry restoration), 핵자의 유효질량(effective mass), 핵 물질의 압축성
(compressibility) 및 결합에너지 (binding energy) 등의 고밀도 핵 물질의 다양한 특성을 이해 할 수 있다. 본 발표에서는 PDM을 이용
한 m0값에 따라 중이온 충돌에서 일어나는 다양한 변화를 수치모사하고 그 결과를 발표하고자 한다.
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2CDB13D
The SE1-factor of radiative α-capture on 12C is studied in effective field theory. We discuss a modification of the counting
rules for the radiative capture amplitudes and find two unfixed parameters remained in the amplitudes. Those two
parameters are fitted to the experimental SE1 data, and an SE1 factor is obtained at the Gamow-peak energy as SE1 = 86
4 keV b. We find that our result is in good agreement with previous estimates reported recently. We also discuss the
uncertainty of the estimate in the present approach.
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2CDB13D
The saturation properties can be the binding energy, symmetry energy, slope parameter, and incompressibility at the
saturation density. The binding energy and symmetry energy have a small uncertainty at saturation density. In the slope
parameter and incompressibility case, there is ambiguity. This ambiguity can be reduced by considering the

astronomical observation data. The astronomical observation data can be the two-solar-mass neutron star and
tidal deformability. To do this, we used the relativistic-mean-field model to calculate neutron star properties. By
adjusting the coupling constants of non-linear potential, we found the range of the slope parameter and
incompressibility that satisfies the observation data for the neutron star.
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2CDB13D
일반적인 핵 천체물리학에서는 우주의 원소 비율을 추정할 때, 천체 핵합성 환경의
열평형을 가정한다. 이러한 가정은 평균 핵 반응률을 계산하는 과정에서 맥스웰
(Maxwell) 분포 함수의 사용을 가능하게 한다. 그러나 플라즈마로 구성된 천체
환경에서 입자들이 열평형 상태를 이루며 맥스웰 분포를 따를 것인지에 대해서는 아
직 정확히 알려져 있지 않다. 입자들 간의 충돌 효과가 분포 함수의 형태를 변형시킬
수 있기 때문이다. 만약 충돌 효과로 인해 입자들의 분포 함수가 맥스웰 분포와 달라
질 경우, 입자들의 변형된 분포 함수는 핵 반응률을 변화시키며 우주 원소의 비율에
는 물론 우주의 진화 과정에도 영향을 미치게 된다. 이번 발표에서는 이러한 천체 핵
합성 과정에서 입자들의 분포 함수의 변화 가능성을 논의하고, 쌀리스(Tsallis) 모
형을 이용해 변형한 분포 함수의 효과를 초기 우주 핵합성과 항성 진화 모델에 적용한
결과를 보일 것이다.
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2CDB13D
COSINE-100 is a direct detection dark matter search using low-background NaI(Tl) scintillation detectors to perform a
model-independent test of DAMA/LIBRA’s claim of dark matter discovery. Located 700 meters underground at the
Yangyang Underground Laboratory, COSINE-100 consists of 106 kg of low-background NaI(Tl) detectors submerged
within a 2000 liter liquid scintillator veto. We began to take WIMP search data in September of 2016, giving us an
exposure of more than two years at present. In this talk, I will discuss the status of COSINE-100, including the design of the
detector, its installation, and current performance. I will also discuss ongoing physics analyses with COSINE-100.
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2CDB13D
The COSINE-100 experiment searches for dark-matter interactions using an array of scintillating NaI(Tl) crystals that serve
both as a WIMP-interaction target and detector, and operate in the low-background environment of the Yangyang
underground laboratory. The main goal of the experiment is to check the annual modulation signal observed by
DAMA/LIBRA in an NaI(Tl) crystal array. The modulation analysis requires an extended period of data. In the meantime, we
have performed a spectral fit for a WIMP signal that exploits our precise understanding of the background. About 60 days
of initial data are used to extract the WIMP signals interpreted from DAMA/LIBRA-phase1 modulation spectrum in the
context of the standard galactic halo model. In this presentation, we report the analysis methods and provide results and
discussion.
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2CDB13D
Measurements of the neutron flux in the environment of dark-matter search experiments are important because neutroninduced nuclear-recoil signals can mimic those expected for dark matter interactions. To understand the
environmental neutron flux of the COSINE-100 experiment systematically, we developed a neutron monitoring system
based on a liquid scintillator detector for fast neutrons and a 3He gas detector for thermal neutrons. Here, construction of
the fast neutron detector, including pulse shape discrimination and background contamination, will be described, and flux
measurements for fast and thermal neutrons in the vicinity of the COSINE-100 detector will be presented.
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2CDB13D
Bosonic superweakly interacting massive particles called super-WIMPs (A') have been proposed as dark matter candidates
that would deposit almost all of their rest mass energy in a detector. Several experiments, including XMASS-I, XENON100,
and MAJORANA, have searched for super-WIMPs with masses below 100 keV using the photoelectric-absorption process,
A' atom → atom e-. In this talk, we present results from a search for signals for super-WIMPs with masses as high as 1 MeV
in the COSINE-100 experiment, which is a dark matter search experiment that uses NaI(Tl) crystal detectors at the
Yangyang underground laboratory. The search looked for signals for A’e- → γe-, which is expected to be more dominant
than the photoelectric-absorption process for A’ masses above 100 keV.
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2CDB13D
The COSINE-100 experiment searches for dark matter interactions using an array of scintillating NaI(Tl) crystals in the lowradioactivity environment of the Yangyang underground laboratory. Although our main goal is to test the modulation
signal observed by DAMA/LIBRA in an NaI(Tl) crystal array, we also examine the data for signatures of other rare
interactions, including axio-electric interactions from the Sun and inelastic boosted dark matter interactions from the
Galactic Center. Results from searches for these exotic signals, based on or precise understanding of the background
contributions to the energy spectra measured with a recoil-energy threshold of 2 keV and a 3.5 counts/day/kg/keV
background rate in the 2 to 6 keV region of interest, will be presented.
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2CDB13D
The presence of dark matter had profound consequences on the evolution of the Universe. The Standard Model does not
accommodate a suitable dark matter candidate. Therefore, the existence of dark matter is a crucial phenomenological
evidence for physics Beyond the Standard Model. The pressing goal of current and future dark matter experiments is to
answer the question of whether dark matter interacts with normal matter other than gravity; i.e. if dark matter is
detectable. Among the plethora of dark matter candidate particles, the Weakly Interacting Massive Particles (WIMPs) and
the Axions are the most outstanding contender. In this talk, we will discuss about the dark matter axion search projects at
the Center for Axions and Precision Physics Research at CAPP/IBS in KAIST, especially focused on the CAPP18T axion dark
matter search experiment which utilizes a 18T High Temperature Superconducting solenoid magnet, resonant cavity,
dilution refrigerator, linear amplifier system, and DAQ.
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The LZ (LUX-ZEPLIN) experiment, featuring a liquid xenon target with 7 tonnes of active mass, is aimed at achieving
unprecedented sensitivity to WIMPs. The detector cryostat vessel will be surrounded from all sides by an outer detector
(OD) which will veto gamma and neutron backgrounds. The OD will contain 17 tonnes of liquid scintillator, specifically
gadolinium-loaded linear alkylbenzene (LAB), which will be viewed by 120 eight-inch R5912-10 photomultiplier tubes
(PMTs) mounted on a support structure within an outer water tank. To ensure LZ performance targets are met, we
measured functional characteristics of all 130 OD-PMTs (including 10 spares). These characteristics include dark rate, gain
curves, afterpulsing probabilities, etc. PMT performance results will be presented.
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KIMS is an experiment aimed at directly detecting Weakly Interacting Massive Particle (WIMP) via weak interactions with
the nuclei in low-background NaI(Tl) crystals. After understanding the backgrounds in recently developed NaI(Tl) crystals,
the COSINE100 experiment, a collaboration between the KIMS and DM-ICE groups, has been collecting WIMP-search data
with NaI(Tl) crystals at the Yangyang underground laboratory. Since the scintillation characteristics of nuclear recoils from
WIMP interactions and those of electron recoils that are produced by many background processes are different, it is
possible to distinguish between the two types of events by means of pulse shape discrimination (PSD) methods. We
characterized the pulse shapes produced in a NaI(Tl) test crystal by neutron-induced nuclear recoils using mono-energetic
neutrons from a deuteron-based generator and gamma ray-induced electron recoils using gammas from a radioactive
source. Nuclear recoils from surface alpha-emitters that could be misidentified as candidates for WIMP-induced events
were also investigated. In this presentation, results from a dark matter search by using the direct extraction of nuclear-recoil
events via a PSD analysis of KIMS data, plans for the application of PSD to COSINE-100 data will be reported.
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Radioactivity measurements using alpha counting make use of $^{210}$Po alpha decay to deduce the amount of its
progenitors in a sample. Alpha particles emitted from decays of $^{210}$Po near the surface of a sample ionize the argon
gas within an electric field in the detection chamber. We have counted a collection of materials used in the
underground rare-decay experiments such as the COSINE dark matter search and the AMoRE neutrinoless double beta
decay search.Recent measurements include a solder material, lapping films, silicon reflectors, and copper pieces.
Those results and discussion on how we incorporate this information will be provided in this presentation.
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2CDB13D
We have studied potential sources of high-energy gamma rays that may create backgrounds for rare-event search
experiments. In particular, using ThO2 powder we have studied 208Tl gamma transitions with energies higher than 3
MeV. These transitions have higher energies than most natural gamma backgrounds, potentially able to mimic signals of
interest in rare event searches in energy regions where very few background signal rates are presently expected. 208Tl
gamma intensities for transitions over 3 MeV are listed in the National Nuclear Data Center database only as limits with
sensitivities that are potentially inadequate for future low-background experiments. We can improve the limits by using the
CC1 100% HPGe detector at the Yangyang Underground Lab (Y2L) to search for these gamma emissions from a ~2kg
sample of ThO2 powder.
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The recent discovery of high-energy astrophysical neutrinos through the
IceCube Neutrino Telescope has opened up a new window to the Universe
and allows us to observe the Cosmos in fundamentally new ways. IceCube is
the worlds largest neutrino detector that utilizes a cubic kilometer of ultrapure Antarctic ice at the geographic South Pole as detector medium. Recent
results including the discovery of neutrinos from TXS flaring blazar will be
reviewed. A particular focus will be given to the particle physics performed
with IceCube including atmospheric neutrino oscillaton parameter
measurements, dark matter searches, and limits on Lorentz violation. The
IceCube Upgrade will be discussed and plans to measure the unitarity of the
PMNS matrix.
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메타물질은 입사하는 전자기파와 상호 작용할 수 있는 금속구조로 이루어져 있으며, 특정 주파수에서 공명 현상이 나타난다. 메타물질의
공명주파수는 갭구조의 유효 유전상수 변화에 매우 민감하므로, 유전체 센서로 활용이 가능하다. 특히, THz 영역에서 작동하는 메타센서
의 경우, 갭의 크기가 미생물에 상응하기 때문에 미생물을 고감도로 감지할 수 있는 바이오센서로 응용될 수 있다. 또한, 메타센서를 사용
하면, 다량의 검체를 활용하지 않고도 미생물의 유전상수를 정밀히 측정할 수 있다. 다양한 미생물 종에 대한 측정 결과, 유전상수 값에 따
른 미생물의 분류가 가능함이 밝혀졌다. 즉, 박테리아(bacteria)의 유전상수가 곰팡이(mold)보다 항상 크며, 특히, 효모(yeast)의 경우엔
물보다도 높은 유전상수값을 나타내었다. 이와 같은 유전상수를 통한 분류법은 미생물의 셀 구조 및 구성성분에 대한 연구를 통해 성공적
으로 검증되었으며, 표지자를 필요로 하지 않는 새로운 분류법 및 검출법 개발에 크게 기여할 것이다.
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2CDB13D
Conventional imaging scheme, relying on a ballistic wave, is severely compromised when applied to a multiply scattering
medium. To mitigate the effect, a typical approach has been to distinguish and reject a multiply scattered wave in a time
domain using a time-gating or coherence-gating method. Here, we present a new gating scheme based on the acoustooptic effect that rejects the multiply scattering wave in a ‘space’ domain, more specifically, at the object plane. This method
improves the ratio of the ballistic wave to the multiply scattered wave more than ~100 times and enables imaging ‘inside’
an acoustic focus with an optical resolution through a scattering medium of L/μs ~ 25 (μs is the scattering coefficient and L
is the thickness of a scattering medium). We further discuss the noise suppression fidelity of our method in comparison
with the conventional time-gating (or coherence-gating) method.
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Light waves propagating in biological tissues undergo wavefront distortion called as aberrations because of spatial
heterogeneity of anatomical structure and cellular distribution, etc. We propose label-free adaptive optical coherence
imaging technique free from hardware feedback for aberration correction. Experimental setup is based on wide-field and
time-gated interferometric microscopy. Wide-field configuration enables us to collect whole optical modes, thereby
offering optimal correction of high-order optical aberration. Requirement of hardware feedback is eliminated by arithmetic
adaptive optical correction of post processing. Owing to improved data acquisition speed, the proposed method is readily
applicable for biomedical applications. As a prospective application, we performed label-free neuroimaging of a living
zebrafish and visualized tomographic details of neural network.
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Polymerization triggered by plasmonic near-field has been intensively studied for various applications including
nanolithography, near-field mapping, and selective functionalization. However, the studies have been limited from the
near-infrared to the ultraviolet regime, where photon energy is analogous to the activation energy. Here, we demonstrate a
polymer crosslinking phenomena using various nanoantenna structures and intense terahertz pulses. We show that
terahertz field enhancement and photoemission are the important factors for the polymerization. Our work extends nanophotochemistry into the field of terahertz optics.
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2CDB13D
본 연구에서는 IPS mode LCD Panel을 기반으로 하여 진폭이나 위상을 독립적으로 조절할 수 있는 광학적구조를 설계하였다. 동역학적
위상을 유지시키면서 편광만을 변화시키는 구조를 이용하여 진폭 공간광변조기를, 편광 변화가 Poincare Sphere 면상에서 닫힌 루프를
이루어 발생하는 기하학적 위상을 획득하는 구조를 이용하여 위상 공간광변조기를 고안하였다. Jones Matrix와 Poincare Sphere을 이
용하여 위상 특성(기하학적 위상+동역학적 위상)을 분석하고, TechWiz를 이용한 시뮬레이션을 통해 구조의 구현 가능성을 분석하였다.
또한 이미 상용화된 IPS mode LCD Panel을 이용하여 이를 실험적으로 확인하였다.

5IG?B4C

Dynamic Phase, Geometric Phase, IPS, LCD, SLM

-261-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

D5.01*

I>1=932<?3;1459=@<5=5>D1D9?>D?%I425B71D?=@19BC

조한래1, 안재욱*1
물리학과
jwahn@kaist.ac.kr

1한국과학기술원
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We propose and experimentally demonstrate a new way of Rydberg blockade implementation. The highly excited state
atoms which called by Rydberg atoms is one of the candidate for quantum computation and quantum simulator. The
major advantage of Rydberg atom for quantum information process is easy to generating entanglement state through
Rydberg blockade [1]. Large dipole-dipole interaction of two Rydberg atoms prohibits existence of two Rydberg atoms in
small radius (Rydberg blockade). In this presentation, we suggest and demonstrate dynamic control of Rydberg blockade
via pulses sequence. The main result shows that the designed two pulses sequence generate entangled state like Rydberg
blockade from ground state, even though the distance between two atoms is larger than blockade radius. Hence we can
choose both cases, two individual atoms (single pulse case) or entangled atoms(sequential pulses). The preliminary
experimental result is performed with deterministic single atom tweezer trap array [2]. This result comes from interference
between quantum states [3]. Free evolution between two pulses induces phase which comes from dipole-dipole
interaction. Using dipole-dipole interaction phase, we can make destructive interference for two Rydberg excitation states
(anti-blockade state) during constructive interference for entangled state.
[1] E. Urban et. al. "Observation of Rydberg blockade between two atoms," Nat. Phys. 5, 110 (2009)
[2] H. Kim et. al. "In situ single-atom array synthesis using dynamic holographic optical tweezers," Nat. Commun. 7, 13317
(2016)
[3] H. Jo, Y. Song, and J. Ahn, "Leakage suppression by ultrafast pulse shaping," arXiv:1801.04060 (2018)
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We have implemented Ramsey interferometry of hyperfine ground states of atomic rubidium, using sub-picosecond laser
pulses. Atomic hyperfine clock states can have very long coherence time, so they are utilized as a qubit for quantum
information processing as well as a frequency standard with Ramsey spectroscopy. Despite their energy separation of few
GHz, ultrafast pulses can perform quantum operations for atomic clock states in femtosecond and picosecond time scale
(THz bandwidth), through ancillary states beyond the qubit Hilbert space [1]. In this experimental study, we have
implemented holonomic gates with two successive linearly polarized chirped pulses, to achieve qubit operations robust
against environment and parameter fluctuation because they use only geometric phase, not the Hamiltonian-dependent
dynamic phase. We have conducted the Ramsey interferometry with two sets of two successive chirped pulses with variable
time delay for total five single 87Rb atoms arranged in our optical tweezer traps made by spatial light modulator [2].
Simultaneous measurement of the transition between clock states of each single atoms has shown the power robustness of
the rotation angle as compared to the results with added dynamic phase by quarter wave plates. The Ramsey
interferometry with variable delay has also confirmed the power robustness of the rotation axis and, furthermore, the
possibility of universal single qubit control by the ultrafast holonomic gates.
[1] Y. Song et al., "Subpicosecond X rotations of atomic clock states," Phys. Rev. A 92, 052322 (2018).
[2] H. Kim et al., "In situ single-atom array synthesis using dynamic holographic optical tweezers," Nat. Commun. 7, 13317
(2016).

5IG?B4C

coherent control, quantum gates, ultrafast pulses, single atom traps

-263-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

D5.03

M1>9@E<1D9?>?6!978D&D?B175F91?EB *1F5M9H9>79>'85B=1<
D?=93%E2949E=)1@?B5<<
정택1, 조영탁2, 문한섭*1
물리학과, 2광주대학교 IT자동차학과
hsmoon@pusan.ac.kr

1부산대학교

2CDB13D
빛-원자의 상호작용으로 원자 결맞음을 이용한 빛을 조작하는 연구는 고전적인 빛의 조작 뿐 아니라 광자를 이용한 양자 통신에서 이 광
자의 중첩상태의 정보를 깨지 않고 광자를 저장하고 복원하는 양자 메모리로써 중요한 연구이다. 또한 원자 매질에서 빛과 사-광파 조화
라는 비선형 광학 현상으로 주파수 변조나 비고전적 광자쌍 생성과 같은 흥미로운 주제로 연구가 활발히 진행되고 있다. 본 연구에서는
열적 운동을 가지는 루비듐 기체 셀에서 공명전이선의 사-광파 조화 현상으로 빛을 생성하고, 이 빛과 원자의 전자기 유도 투과 현상에 의
한 느린 빛 및 광 저장 실험을 수행하였다. 그리고 이 빛의 조작을 원자 결맞음을 이용하여 분석 및 논의해보고자 한다.
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원자 분수시계에서 극저온으로 냉각된 원자는 광압에 의해 수직방향으로 발사되어 상승과 하강할 때 모두 공진기를 지나가며 공진기 내
부의 마이크로파와 두 번의 상호작용을 한다. 이와 같은 Ramsey 상호작용을 이용해 원자의 바닥준위 간의 clock transition 주파수 정보
를 얻어낼 수 있다. 공진기 내부의 마이크로파는 위치에 따라 세기와 위상의 차이가 있다. 원자가 공진기 내부를 두 번 통과할 때 그 경로
가 일치하지 않는 경우 마이크로파의 위상의 차이로 인해 주파수 이동이 발생하고 이를 distributed cavity phase (DCP) 오차라고 한다.
원자구름이 가지는 속도성분에 의해 DCP 오차를 제거하는 것은 불가능 하지만 원자 궤적의 최적화는 DCP 오차를 최대한 줄여주고 되돌
아 오는 원자의 개수도 증가시켜 단기안정도의 향상에 기여한다. 본 발표에서는 원자의 개수와 Rabi 신호를 분석하여 원자의 궤적을 최적
화하기 위한 방법을 제시하고 계산결과와 측정결과를 비교할 예정이다.
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2CDB13D
An atom can be excited in a strong laser field through the process known as frustrated tunneling ionization (FTI). We show
that the excitation of the atom through FTI leads to the generation of a coherent extreme ultraviolet (EUV) which has not
previously been reported. The EUV emission generated through FTI shows strong dependences on the ellipticity and the
carrier-envelope-phase of the laser pulse. In addition, we show that the propagation direction of the EUV emission can be
coherently controlled by employing the attosecond lighthouse technique. The coherent control of the FTI emission promises
the utilization of the FTI emission as a coherent light source and offers new opportunity in ultrafast spectroscopy.
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We demonstrate a robust, carrier-envelope phase (CEP)-stable, potassium titanyl arsenate (KTA)-based optical parametric
amplifier (OPA) delivering 6-cycle (79 fs), 3.8-micron pulses at a 100-kHz repetition rate with an average power of 4.5 W.
The pivotal achievement is stable generation of supercontinuum (SC) seed pulses in a YAG crystal with a rather long pulse
of 1.4 ps; to the best of our knowledge, this is the longest duration for SC generation (SCG). This technology offers a
robust and simplified OPA architecture with characteristics of passively-stabilized CEP, simplified dispersion management
with bulk materials, wavelength tunability of the output pulses from 1.3-4.5 micron, and the future power scaling up
to kW-class based on Yb:YAG thin disk amplifiers. The total output power of 17 W (signal plus idler) is achieved and the
capability of this high photon
flux aspect is successively demonstrated by its application to high harmonic generation (HHG) in ZnSe crystals, with which
faint yet novel signals above their bandgap are clearly observed.
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Lithium-7 atom can display a strong ferromagnetic spin-spin interaction, providing a new opportunity to explore universal
behavior in non-equilibrium quantum phenomena. However, because of its poor scattering properties for evaporation
cooling, making a Bose-Einstein condensate (BEC) with Li7atom is more challenging than the other alkali atoms. In this talk,
we introduce our experimental schemes to generate Li7-BEC.
We obtained 2x105 number of pure condensate with 12.5 s of evaporation cooling after loading 109 atoms in the
Magneto-Optical-Trap. The essential ingredients for achieving BEC is grey molasses cooling[1] before loading the atoms in
a quadrupole magnetic trap and tilted-trap evaporation technique[2] in a crossed optical dipole trap. We cool the gas
down to 67uK using the molasses cooling before transferring them into the quadrupole trap, providing a much more
favorable condition for RF-evaporation cooling magnetic trap. In a crossed trap evaporation, we apply linear field gradient
along the vertical direction, removing high-energetic particles without losing its tight confinement.

[1] A. T. Grier, I. Ferrier-Barbut, B. S. Rem, M. Delehaye, L. Khaykovich, F. Chevy, and C. Salomon, Phys. Rev. A 87, 1
(2013).
[2] C. L. Hung, X. Zhang, N. Gemelke, and C. Chin, Phys. Rev. A 78 011604 (2008).
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We report the experimental realization of a synthetic three-leg Hall tube with ultracold fermionic atoms in an onedimensional optical lattice. The legs of the synthetic tube are constituted by three hyperfine spin states of the atoms, and
the cyclic inter-leg links are generated by two-photon Raman transitions between the spin states, resulting in a uniform
gauge flux ϕ penetrating through each side plaquette of the tube. Using quench dynamics, we investigate the band
structure of the Hall tube system for a commensurate flux ϕ=2π/3. The momentum-resolving analysis of the quench
dynamics reveals a critical point of band gap closing as one of the inter-leg coupling strengths is varied, which is consistent
with a topological phase transition predicted for the Hall tube system.
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We experimentally demonstrate order-reversal transition in a discrete time-translational symmetry broken cold atomic
system by the application of a pulsed bias-field opposite to the existing order. The reversal transition depends on the
strength hp and the duration Δt of the applied pulse, Consequently, we obtain a hp-Δt phase boundary with a divergent
relaxation time due to the critical slowing down behavior. Interestingly, the dependence of the dynamic phase boundary
and relaxation time on the noise-induced switching rate implies that the system is out of equilibrium, but not in a magnetic
spin system in thermal equilibrium.
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2CDB13D
The cell is compartmentalized with numerous organelles that facilitate spatio-temporal regulation of biological reactions.
Cellular organelles are not limited to canonical membrane-bound structures such as nucleus and mitochondria but include
membrane-less assemblies – for example, nucleoli, nuclear speckles and Cajal bodies in nucleus and cytoplasmic
stress/germ granules. Emerging evidence suggests that membrane-less structures enriched with specific sets of
biomolecules represent a condensed liquid phase surrounded by coexisting nucleo/cytoplasm, which form through liquidliquid phase separation. In this talk, I will discuss a series of efforts aiming to develop novel tools based on optogenetics
that allow the navigation through intracellular phase space. Using these tools, a relation between different material states
(liquid vs solid) has been examined and physical parameters shaping localized phase separation are probed. A recent
version of the optogenetic approach combines genomic targeting with phase separating modules, revealing the potential
role of phase separation on genome structuring.
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Intercellular nanotube (INT) is a unique tubular (diameter ~200 nm) structure between distant cells (~ tens of μm) for
biomolecular transport and signaling. In the previous study, we revealed that this novel structure evolves from filopodia
contact, actin-driven membrane protrusions from cells, through an intermediate configuration of the filopodia complex
(filopodial bridge, FB). Intriguingly, super-resolution imaging discovered that FBs are helically twisted with ~ 1 μm long
pitches by the torque on which myosin-V motor protein exerts. In this study, we investigated the role of the FB twisting in
its structure using single biomolecule imaging – force spectroscopy system with an extended depth of field1. In a pulling
experiment of the FBs and INTs with optical tweezers, FBs were measured to be stiffer than INT. However, FBs had a highly
heterogeneous stiffness in a broad range in contrast to INTs. Our model of twisted FBs with a different number of turns
explains this heterogeneity accurately. Twisting enhances the stability of the structure up to the critical number of turns
that was equally observed in the simulation and in previous super-resolution imaging. We expect that the accumulation of
the torsional energy on FBs over the critical level can lead the transition from FBs to INTs by releasing one filopodium
weakly attached to the other cell body.
1.

Chang, M., Oh, J., Kim, Y., Hohng, S. & Lee, J.-B. Extended depth of field for single biomolecule optical imagingforce spectroscopy. Optics express , 32189-32197 (2017).
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SNARE는 neurotransmitter release, membrane trafficking 등 membrane fusion 과정에서 에너지를 제공해주는 중요한 단백질로
NSF에 의해 recycling되며 반복적인 기능을 수행하게 됩니다. 이 과정은 SNAP이라 불리는 attachment protein에 의해 매개되며
SNARE에 우선적으로 2개의 SNAP이 붙고 그 뒤에 homohexamer인 NSF가 이 SNAP-SNARE complex에 붙어 20S complex라 불리
는 큰 구조를 이룬 후 NSF에 붙어있던 ATP의 가수분해를 통해 SNARE complex를 개별 단백질로 풀게 됩니다. 2개의 SNAP과 6개의
NSF가 비대칭적으로 결합을 하고 있는 complex를 연구하기 위해서는 동일한 subunit을 개별적으로 control 할 수 있는 system이 필요
합니다. 이번 발표에서는 single molecule imaging technic을 이용해 개별 단백질을 control한 system을 소개하고 2개의 SNAP, 6개
의 NSF 속에 존재하는 molecular mechanism에 대해 소개하고자 합니다.
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Lewy body dementia (LBD) and Parkinson’s disease (PD) are neurodegenerative diseases characterized by cellular inclusions
called Lewy bodies, mainly made of α-Synuclein (α-Syn) in the brain. α-Syn physiologically promotes SNARE-complex
formation at the synapse, but pathologically misfolds into neurotoxic oligomers which have totally opposite effects of
monomers. Although α-Syn monomers and oligomers co-exist in neurons during LBD and PD pathogenesis, it is unclear
whether they compete or interact with each other. Here, we show that α-Syn monomers and oligomers synergistically
inhibit SNARE-mediated lipid mixing when the former bind both membrane lipids and synaptobrevin-2 using in vitro bulk
lipid mixing assay. Interestingly, blocking the interaction of α-Syn monomers with either anionic lipid or synaptobrevin-2
rescues the inhibitory effect of α-Syn oligomers. Thus, our results suggest an unprecedented idea to relieve neurotoxicity of
oligomers, important for developing potential therapeutic strategies of LBD and PD.
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Local protein synthesis has a critical role in axonal guidance and regeneration. Yet it is not clearly understood how
abundantly mRNA molecules are present in axons and how the mRNA localization is regulated in axons. To address these
questions, we investigated mRNA motion in live axons using a transgenic mouse that expresses fluorescently labeled
endogenous β-actin mRNA. By culturing hippocampal neurons in a microfluidic device that allows separation of axons from
dendrites, we performed single particle tracking of β-actin mRNA selectively in axons. We found that β-actin mRNAs
frequently localize at the neck of filopodia which can grow as an axon collateral branches and at varicosities where
synapses typically occur. Since both filopodia and varicosities are known as actin-rich areas, we investigated the dynamics
of actin filaments and β-actin mRNAs simultaneously by using high-speed dual-color imaging. We found that axonal
mRNAs colocalize with actin filaments and show sub-diffusive motion within the actin-rich regions. Although axonal
mRNAs need to travel a long distance, we observed that most of the axonal mRNAs show much less directed motion than
dendritic mRNAs. The novel findings on the dynamics of β-actin mRNA will shed important light on the biophysical
mechanisms of mRNA transport and localization in axons.
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It is important to achieve the high conductive transparent conducting oxide, for which it is important to understand the
mechanism for doping limit in the transparent conducting oxide.
Through the first-principles calculations, the interaction between dopants and compensating defects plays an important
role for the doping limit. It is shown that the formation energy of the compensating defect is decreased proportionally to
the concentration of dopants through the interaction between those dopants and the compensating effects, leading to the
doping limit and the negative doping efficiency. The change of the formation energies of the compensating defects by
those interactions is shown to be significant, as the concentration of dopant is higher than 1021 cm-3. The doping behavior
of the transparent conducting oxide Sn-doped In2O3 is understood through the examination of the interaction.
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The integrated circuit technology that has so far developed according to Moore's Law has experienced difficulties in
expanding further because of limitations in processes and devices. Recent research on vertical stacked logic circuits using
thin film transistors (TFTs) has attracted attention because the resulting stack covers a small area and yet remains thin.
Among them, amorphous oxide semiconductors (AOSs) have leading technique thin film logic circuit field due to their
excellent electrical characteristics. Thus, the three-dimensional (3D) multi-layer stack structure is one road to the next
generation of integrated circuits. Among its variations, amorphous oxide semiconductor TFTs (AOS TFTs) are attracting
attention as they avoid some problems arising with conventional amorphous silicon (a-Si). Such AOS-based TFTs have an
advantage that a logic circuit can be manufactured simply by adjusting the composition ratio, thickness, and oxygen partial
pressure of the active channel layer. In this study, logic circuits were fabricated, with different Vth values adopted simply by
using different AOS-TFT characteristics. It was also confirmed that more complicated n-type-based NAND and NOR thin
film circuits, implemented, functioned as conventional logic circuits. This simple fabrication method of thin film logic
circuits opens the possibility of implementing next generation stacked semiconductor integrated circuit technology.
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The instability of amorphous indium-gallium-zinc oxide thin film transistors (a-IGZO TFTs) under the constant positive gate
bias stress is investigated focusing the native point defects in the channel oxide film. During the bias stress, a positive
threshold voltage shift occurs in transfer curve with a hump. From the simulation of a long range migration of zinc
interstitial ions and the measurement of the diode characteristics after the constant positive bias stress, the origin of the
hump can be explained by the migration of the positively charged mobile zinc interstitial ions during the stress. We also
studied the gate insulator effect on the amount of point defects. From the oxygen exchange kinetics, the oxygen atoms
can diffuse from gate insulator to IGZO whose tendency is dependent on the gate insulator material. In the experiment,
more oxygen atoms seem to diffuse from Al2O3 to IGZO than from Si3N4 gate insulator, which is confirmed by scanning
electron microscope (SEM), the energy-dispersive X-ray spectroscopy (EDS) analysis and auger electron spectroscopy (AES)
depth profiling. More oxygen interstitials with less zinc interstitials are observed at IGZO interface with Al2O3 with the
suppressed threshold voltage shift. Considering that the migration of zinc interstitial under the gate bias affects the
electrical performance of IGZO TFTs, this result shows that the stability of ZnO-based TFTs can be optimized by the gate
insulator engineering.
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Indium-gallium-zinc-oxide (IGZO) thin-film transistors (TFTs) have been rapidly penetrating as an emerging backplane
technology for the next generation high pixel density, large-size liquid crystal displays and organic light-emitting diodes
panels because of their intriguing properties such as their high field-effect mobility, low subthreshold gate swing, good
uniformity, low temperature processing capability, and transparency to visible light. Sputtering is a standard method used
to prepare α-IGZO films for AM flat-panel displays, which allows the low temperature deposition and reliable reproducibility
of an α-IGZO film with a cation composition close to the target IGZO material. However, the cation composition of the αIGZO film, which offers the facile controllability for gradual or quantum-well band engineering, cannot be tailored by
conventional single-target sputtering. Atomic layer deposition (ALD) deposition is based on a self-limiting growth
mechanism, which consists of repetitive feeding of a self-saturating precursor and reactant pulses on the substrate in one
cycle. Thus, ALD enables an accurate control of thickness, conformal deposition and provides versatility with regard to the
composition of the resulting thin film. Owing to these attractive features, the various oxide semiconductors such as ZnO,
InZnO (IZO) and IGZO have been examined using the ALD process for high performance oxide TFTs. In this paper, we
present the preparation of semiconducting α-IGZO film using the classical ALD process. The In2O3, Ga2O3 and ZnO films
were deposited by using metal-organic precursors containing indium, gallium and zinc, respectively. Ozone (O3) was used
as an oxidant instead of water (H2O) because the low reactivity between H2O and In/Ga-bearing precursors can be
significantly enhanced by introduction of reactive O3 oxidant. The fabricated α-IGZO TFTs exhibited a high field-effect
mobility (μFE) of 21.4 cm2/Vs, threshold voltage (VTH) of 2.41 V, subthreshold swing (SS) of 0.30 V/decade, and ION/OFF
ratio of > 1 × 108.
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지난 2004년 일본 동경공업대학교 Hosono 교수 연구팀에서 IGZO를 활용한 박막트랜지스터 (thin-film transistor, TFT)를 제작, 보고
한 이래, 현재까지 IGZO를 포함한 n형 산화물 반도체를 능동층으로 이용하는 TFT의 개발 및 활용이 디스플레이 분야를 중심으로 활발하
게 진행되고 있다. 그러나, p형 산화물 반도체를 능동층으로 활용하는 TFT의 전기적 특성은 아직 n형 산화물 TFT대비 열위에 놓여있으
며, 이는 현재 산화물 TFT의 활용범위가 디스플레이 구동 소자 등으로 제한되고 있는 주요한 원인으로 지적되고 있다. n형 트랜지스터와
p형 트랜지스터를 동시에 활용하는 CMOS 로직 회로는 n형 트랜지스터 로직 회로 대비 전력소모가 낮고, 동작속도가 빠르며, 회로설계
및 구동이 용이한 장점을 가지고 있다. 따라서, 우수한 전기적 특성을 가지는 p형 산화물 TFT의 개발은 산화물 TFT의 활용 범위를 현재 대
비 획기적으로 확대시킬 수 있을 것으로 기대되고 있으며, 이에 따라 다양한 소재에 기반한 관련 연구가 국내외에서 활발하게 진행 중에
있다.
p형 산화물 TFT에 대한 연구는 2000년대 후반경에 시작되어, 현재까지 약 10여년간에 걸쳐 국내외 다양한 연구그룹에 의해 진행되어 오
고 있다. 일반적으로 p형 산화물 반도체의 경우, n형 산화물 반도체 대비 carrier (정공)의 생성이 어렵고, 에너지 밴드가 정공의 이동을
어렵게 하는 구조를 가지고 있어, 이를 활용한 고성능 TFT의 구현에 높은 기술적 장벽이 존재하는 것으로 알려져 있다. 그러나, 최근 보고
되고 있는 연구 결과들에 의하면 이론적 계산을 활용한 신소재 설계, 공정 조건 및 소자 구조의 최적화 등을 통해 상당한 폭의 소자 성능
향상이 가능함이 확인되고 있어, 향 후 관련 분야 연구의 전망을 밝히고 있다. 현재까지 보고된 p형 산화물 TFT에 관한 연구에서는
Cu2O, SnO, NiO 및 불순물을 도핑한 ZnO 등이 주요한 능동층 소재로 활용된 바 있다. 본 발표에서는 현재까지 보고된 p형 산화물 TFT
에 관한 주요 연구 결과들과 본 연구실에서 진행되어온 SnO에 기반한 p형 산화물 TFT에 관한 연구들을 TFT의 전기적인 특성 및 공정상
의 특이점 등을 중심으로 소개하고자 한다.
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2CDB13D
Polar distortion and antiferrodistortion are primary lattice deformation and often compete at transition metal perovskite
oxides of d0 electronic configuration. When d orbitals become partially occupied by electron doping and electrons are
available, the electron mediates cooperative coupling of the polar distortion and antiferrodistortion at surface. This
coupling causes enhanced electron correlation at surface, resulting in charge density oscillation in alternating layers or
charge density wave at the surface, accompanied by charge localization. The cooperative coupling penetrates inside by a
few unit cell thickness, causing the correlated metal to be an insulating state below the critical thickness. We used La
doped SrTiO3 (LSTO), where La are substituted into Sr by 25% and LSTO is a correlated metal but far from the critical onset
of Mott transition. This intrinsic nature of the electron-lattice coupling and the charge oscillation at surface will induce the
generic metal-insulator transition as the size of the correlated oxides is reduced below a certain critical value in nano-scale
regime.
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2CDB13D
Flexoelectricity refers to the electromechanical coupling between electrical polarization and strain-gradient, which can
appear in principle in any dielectric material [1]. This effect is usually very tiny, so it can be neglected in most macroscopic
oxides. However, this effect is inversely proportional to the length scale, thereby promising novel functionality in nanoworlds.
In 2011, we discovered that the flexoelectricity can play very important roles in oxide thin films [2]. We showed that the
strain gradients, which are generated during strain relaxation process in film growth, can 6 or 7 orders of magnitude larger
than typical values reported for bulk oxides. We demonstrated that such large strain gradient can be used to tune domain
configuration and hysteric behaviors of ferroelectric epitaxial films. Since then, lots of works have followed to control many
other physical properties of epitaxial oxide films, including polarization rotation, anisotropic photocurrents in morphotropic
phase boundaries, flexo-photovoltaic effect and defect formations.
Recently, we used trailing flexoelectric field created by moving the mechanically loaded scanning probe microscopy (SPM)
tip [3]. We demonstrate that the symmetry broken flexoelectricity is a powerful way for selectively controlling multiple
domain switching pathways in multiaxial ferroelectrics, which has been known to be quite difficult to be realized by a
conventional electrical approach [4]. Phase field simulations revealed the asymmetric trailing in-plane flexoelectric field is
essential for such nanoscale domain engineering. Our new finding opens a new perspective on properties of many
ferroelectric oxides. In this talk, I will also introduce the recent important research developments and give general
perspectives on future research direction.
[1] S. M. Kogan, Sov. Phys. Solid State , 2069 (1964).
[2] D. Lee et al, Phys. Rev. Lett. , 057602 (2011).
[3] S. Das et al, Nat. Commun. , 615 (2017).
[4] S. M. Park et al, Nat. Nanotech. , 366 (2018).
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Flexoelectricity, which is the linear response of polarization to a strain gradient, can have a significant effect on the
functional properties of dielectric nanostructures. Flexoelectricity can exists in all insulator crystals due to strain gradient
breaking inversion symmetry, unlike piezoelectricity, which arises only in noncentrosymmetric materials. Here we developed
a general and unified first-principles theory of the piezoelectric and flexoelectric tensors to reveal the microscopic origin of
the flexoelectricity. We demonstrated a supercell method for calculating the flexoelectric coefficients using atomic
simulation methods, including lattice and electronic contributions. A phenomenological model was developed to
investigate the flexoelectric effect on the ultrathin dielectric films and nanorods. It was found that the flexoelectricity can
increase the critical thickness of ferroelectric films and induce stiffness softening of the materials, which could be used to
measure the flexoelectric coefficient at nanoscale. This method avoids measuring the electric polarization or current at
nanoscale with dynamical loading, which can be beneficial to the flexoelectric measurement at nanoscale and design of
flexoelectric nanodevices.
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The ferroelectricity in fluorite-structure oxides such as hafnia and zirconia has attracted increasing interest since 2011 [1,2].
Compared to conventional ferroelectrics, they have various advantages such as Si-based complementary metal oxide
semiconductor-compatibility, matured deposition techniques, a low dielectric constant and the resulting decreased
depolarization field, and stronger resistance to hydrogen annealing. With the matured atomic layer deposition techniques
as well as sub-10 nm thickness, fluorite-structure ferroelectrics can be adopted as ferroelectric capacitive layers of 1
transistor-1 capacitor type ferroelectric random access memories (FeRAMs). With CMOS- and Si-compatibility, fluoritestructure ferroelectrics can be utilized as gate oxide layers of ferroelectric field-effect-transistors (FeFETs) with retention
property sufficient for nonvolatile memory applications. However, the wake-up effect, imprint, and insufficient endurance
are remaining reliability issues. Therefore, in this presentation we will review two major aspects: the advantages of fluoritestructure ferroelectrics for memory applications are reviewed from a material’s point of view, and the critical issues of
wake-up effect and insufficient endurance are examined, and potential solutions are subsequently discussed [3].
[1] T. S. Boescke et al., Appl. Phys. Lett. 99, 102903 (2011).
[2] M. H. Park et al., Adv. Mater. , 1811-1831 (2015).
[3] M. H. Park et al., MRS Commun. Accepted.
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2CDB13D
Anion substitution to complex oxides is of great interest for synthesizing new multi-functional materials artificially and for
realizing unusual physical phenomena which do not exist in nature. In particular, a sulfur S element has attracted plenty of
attention due to the isovalent nature of an oxygen ion (O2-) and the larger ionic radius than an oxygen O atom. However,
the sulfurization effect on the associated physical properties has been rarely studied due to the challenging synthesis of
oxysulfides and a difficulty in manipulating the doping level. In this work, a facile method for sulfurization to a perovskite
oxide Pb(Zr,Ti)O3 (PZT) film is developed and then, implemented to examine changes in the physical properties of sulfurdoped Pb(Zr,Ti)O3-xSx films with the controlled sulfur-doping content (x). Detailed information of the sulfurization
technique and the sulfurization effect on the physical properties of ferroelectric PZT films will be presented in conjunction
with the potential usage of our synthetic technique in aspect of novel material design.
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Electrical field (e-field) enhancement in gold nanohelices (AuNHs) with approximately 130 nm of helical diameter (80 nm
of wire-diameter) and various helical pitch (80 - 170 nm) is investigated with finite-difference-time-domain (FDTD)
simulation. Dimension of the AuNHs is empirically determined from electron-microscopic images of AuNHs synthesized by
surfactant-assisted seed-mediated growth. On the contrary of Au nano-cylinder with 80-nm diameter, e-field is effectively
enhanced in the AuNHs by longitudinally incident electromagmenic wave (approximately 600 nm of l) to the AuNHs’ axis.
In particular, dipole distribution of the AuNHs is distinguished by transverse and longitudinal incidence; the more volume
and uniform hot-spots exist in the AuNHs with the longitudinal incidence. Maximum surface-enhanced Raman scattering
(SERS) enhancement factor of 106 is obtained in AuNHs of 100-nm pitch. SERS enhancement values obtained from the
simulations are comparably analyzed and discussed with experimentally measured SERS enhancement of 4mercaptobenzoic acid (4-MBA) loaded on the AuNHs. In the result, the AuNHs can be considered as good SERS templates
with tuning ability of the resonance due to their unique structural characteristic (helical gap).
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The heterostructures of molybdenum disulfide (MoS2) with carbon nanomaterials such as graphene and carbon nanotubes
(CNTs) were successfully realized by growing MoS2 directly on carbon nanomaterials with 2-step chemical vapor deposition
(CVD). On the first CVD step, either highly aligned CNTs (HA-CNTs) or graphene was first synthesized. On the second CVD
step, MoS2 flakes were directly grown on previously grown carbon nanomaterials forming heterostructures.
In case of HA-CNTs, MoS2 were found to grow preferentially along CNTs, which makes the heterostructures visible under
an optical microscope. Post growth characterizations such as atomic force microscopy and Raman measurement confirmed
the formation of heterostructures with mostly few-layer crystalline MoS2 flakes along HA-CNTs with low defect densities. In
the same way, vertical Graphene/MoS2 heterostructures were also formed by the deposition of triangular MoS2 nanoflakes
on the graphene surface. We also investigated the electrical and optoelectronic properties of the device based on the
heterostructures. In the case of CNT/MoS2 heterostructures, unipolar or ambipolar transfer characteristic is observed,
depending on the growth configurations of MoS2 on individual HA-SWCNTs. We also investigated photoresponses of the
heterostructure devices upon visible-light illumination, which shows signatures of charge transfers between MoS2 and
carbon nanomaterials.
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2CDB13D
We have successfully fabricated flexible and high-performance planar microsupercapacitors (MSCs) exploring crosslinked
polyaniline (PANI) as portable energy storage devices by using a facile and rapid laser printing and thermal cross-linking
technologies. A very high areal capacitance of 58.5 mF cm-2 was obtained when the PANI MSCs was heated in argon.
Further, 79.8% of the initial capacitance was retained after 1,000 cycles, indicating the excellent cyclic stability of the
devices. This innovative approach provides a new strategy for the facile and scalable fabrication of flexible and highperformance planar energy storage devices.
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Extensive effort has been put into producing superhydrophobic surfaces exploiting innovative surface engineering and
nanotechnology. Whether the surface is either hydrophobic or hydrophilic, depending on the variation of surface energies
which lead to different contact angles is closely related with the structural characteristics of the surface. Recently,
lithographic techniques that exploit water-repellent surfaces have been preferred to control the geometrical features of the
surface. However, several limitations such as procedural complexity and difficulty in controlling the geometrical features of
pattern pause a great challenge in obtaining desirable surface properties. In this work, by implementing
electrohydrodynamic lithography implemented with pulsed ultrahigh voltage (HV-EHL), we demonstrate facile and rapid
fabrication method of superhydrophobic surfaces as well as controlling the wetting properties of the patterned surface by
HV-EHL. In order to achieve this, we modified the conventional EHL method, limited by an extremely small air gap (< 500
nm) between the top electrode and the top surface of the polymer. The time varying high voltage pulse (> 800 V) was
applied to allow the air gap (> 3 μm). This superhydrophobic surface secures the existence of the conical structure reduces
the contact area of the water droplet on flexible substrates. Furthermore, wettability of flexible substrate can be changed
with several experimental parameters including reaction time and filling ratio. Controllable wetting states can be facilely
achieved by exploiting this advanced EHL.
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Van der Waals two-dimensional (2D) materials have shown various electronic, magnetic, and optical characteristics
depending on their growth methods and conditions. Direct growth and mechanical exfoliation techniques result in
different physical and chemical properties even in the same species of 2D materials. Among those characteristics, surface
structural properties are crucial for the application of 2D materials as the surface structures readily affect their atomic
arrangements and/or interaction with substrates due to their atomic-scale thicknesses. In this study, we report on the
anisotropic friction domains various 2D materials not only grown by chemical vapor deposition (CVD) under various growth
conditions, but also by mechanical exfoliation process by friction force microscopy (FFM) measurement. The 180°
periodicity of each domain and the 60° shift between adjacent domains indicate the presence of linearly aligned structures
along the armchair direction of MoS2, which is determined by the optical second harmonic generation method. The
anisotropic friction domains of CVD-grown MoS2 flakes may be attributed to linearly aligned ripples caused by an
inhomogeneous strain field distribution, which is due, in turn, to randomly formed nucleation sites on the substrate. The
universality of anisotropic frictional behaviors of 2D materials including graphene, hBN, and WS2 with stacking honeycomb
lattices, which differ from ReSe2 with a distorted triclinic 1T’ structure, supports our assumption based on linearly aligned
ripples along the crystallographic axes, which result from an inhomogeneous strain field.
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Fabrication of diffraction gratings is demonstrated with top-down and bottom-up approaches based on scanning probe
lithography (SPL). In case of top-down approaches, diffraction gratings consisted of silicon nanostructure are fabricated
through one-dimensional (1-D) dip-pen lithography (DPN). Nano-scaled dot arrays of alkanethiol self-assembled
monolayers (SAMs) are printed on an Au film coated silicon substrate in a square lattice with the lattice distance (700 nm,
1000 nm, and 1200 nm). Subsequently, Au wet etching and reactive ion etching of the 1-D DPN printed sample are in
process, silicon nano-circular pillars of hundreds-nanometer-length are generated. The manufactured silicon diffraction
gratings perform micro-spectrometer through red, green, and blue (RGB) color diffraction with 45° incidence of white
light. As a bottom-up approach, arrays of zirconia nanoparticles (NPs) with average diameter of visible wavelength (Φ ≈
560 nm) on an Au substrate are generated. Micro-arrays of hydrophilic alkanethiol SAMs are obtained by polymer pen
lithography (PPL). After passivation of hydrophobic alkanethiol SAMs of the PPL printed sample, self-assembly of the
zirconia NPs is carried out. In the result, Fraunhofer diffraction with isotropic aperture is observed in the zirconia NPs
diffraction grating fabricated through bottom-up approach.
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We present nanoelectromechanical dynamics of porous graphene resonators in the drum structure. Resonance behavior of
graphene drums with various periodic hole-patterns has been studied by using COMSOL Multiphysics. Finite element
modeling simulation results suggest that the resonance frequency of the graphene drum gradually increases and then
drops as the number of pores of the graphene increases from 0 to 100. In addition, the porous graphene resonator devices
are realized by transferring a porous graphene membrane on to Si/SiO2 substrate with a hole. We experiment with a
variety of other periodic patterns according to geometry of holes changed. The mechanical resonance frequencies and
quality factors of graphene resonators were investigated by varying number of pores.
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Four-dimensional (4D) printing combines smart materials with 3D printing and can thus realize a complex geometry of
smart materials with fine details. Therefore, it is a very interesting route for various stimuli-responsive structures with highly
enhanced functionalities. However, 4D printing studies have thus far been limited to relatively simple demonstrations. No
active or reconfigurable photonic structures with remarkable spectral responses have been reported. In this study, we
demonstrate 4D printing of shape memory polymers to realize stimuli-responsive, Fano-resonant lattice structures. The
optimized lattice structure can exhibit sharp Fano resonances in the microwave region. Deformed lattices can be
transformed to the original, ordered lattice upon heating, resulting in a drastic change in the spectrum. 4D-printed
reconfigurable structures represent a new route for microwave photonic structures. This stimuli-responsive action occurs as
a result of material properties and thus does not require an electric power supply. It can therefore be used in very creative
applications, such as long-distance environmental monitoring via microwave detection.
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탄소 나노튜브의 불순물을 제거하는 과정에서 발견된 탄소 나노입자(carbon nanodots; CDs)는 물에 잘 분산되며, 화학적으로 안정하
고, 우수한 생체 적합성을 갖고 있다. 또한 높은 양자 수득률과 낮은 광 퇴색성과 같은 우수한 발광 특성으로 많은 관심을 받고 있다. 본 연
구에서는 구연산(ctric acid)과 시스테인(cysteine)을 이용해 마이크로웨이브 오븐(microwave oven) 합성법으로 아미노기(amino
group)로 표면 개질된 탄소 나노입자를 합성하였다. 합성된 CDs를 글루코스(glucose) 박막에 첨가하여 탄소 나노입자 표면과 글루코스
분자 간의 상호작용에 의해 발광 효율 상승을 얻을 수 있었다. 또한, 주기적인 나노구조를 가진 Indium-Tin-Oxide(ITO) 투명전극을 도입
하여, 특정 파장의 발광을 선택적으로 증가 시킬 수 있었다. 이러한 나노구조 CDs/글루코스 박막은 생체 친화적 특성, 우수한 발광 특성,
쉽고 저비용의 제작방법과 같은 특성으로 인해 의료용 레이저, 발광 다이오드 등의 광학적인 헬스 케어 모듈(health care module)로서
응용이 가능 할 것으로 기대된다.
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Dielectric permittivity of an optical material is composed of real part (Re{ ɛ }) and imaginary part (Im{ ɛ }). Epsilon-near-zero
(ENZ) material refers to an optical material where the Re{ ɛ } that goes to zero in a spectral range of optical wavelength. In
such an ENZ material, two different optical anisotropies exist, transverse positive and transverse negative. These two
different anisotropies are distinct in giving rise to linear optical properties such as reflection, transmission, absorptance and
attenuated total reflection (ATR).
In literature, most of ENZ materials are made of metal or semi-conductors, and five different molecules are known to form
organic ENZ films. Such organic molecules with ENZ response open the door to flexible, cost efficient and environment
friendly materials. Within the molecules reported, polymethine dyes represent the majority of the examples. In our study,
new polymethine dyes, namely squaraine (Sq), and possessing different side groups are reported and the differences in the
optical properties are assessed.
To date, all molecular films (including squaraine). used in the literature are known to be isotropic. In the present case,
Grazing Incident Wide Angle X-Ray Scattering (GIWAXS) data showed that the squaraine neat film we used in our
experiment was anisotropic having some organizations. To date, such organization represents the first encounter example
of anisotropic ENZ organic material. With GIWAXS in hands, the ellipsometry data could be fitted using uniaxial
parameters. Through those ellipsometry data, we were able to conclude that those films are transverse positive (i.e. with
Re{ ɛ } being close to zero along the extraordinary axis). Those ellipsometry data were checked using Finite Difference Time
Domain (FDTD) simulation by calculating reflection, transmission, absorptance and ATR and comparing to the experimental
data. The ATR data obtained experimentally and by simulation are consistent with the spectroscopic ellipsometry
measurement.
We have shown that squaraine dyes form anisotropic ENZ flim. The fact that ENZ is transverse positive is evidenced by
using experimental techniques such as GIWAXS, spectroscopic ellipsometry, reflection, transmission, absorptance and ATR.
Those data were compared to FDTD calculation and found to be consistent with the transverse positive ENZ.
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질화갈륨(Gallium Nitride: GaN)을 활용한 발광소자(light emitting diode: LED) 연구는 수십 년 동안 진행되어 왔다. 최근 LED 연구는
새로운 2차원 반도체 물질을 활용하거나 또는 기존 GaN LED 구조를 변형하여 특성을 향상시키는 것에 초점이 맞춰져 있다. 나노기술이
발전할수록 LED 크기도 점차 소형화되고 있다. 광특성은 소자 크기에 따라 그 차이가 많이 달라질 수 있어 구조와 크기를 최적화하는 작
업은 소자 개발에 필수적이다. LED 광특성 중 빼놓을 수 없는 중요한 요소로는 광방출 효율이 있다. 대부분의 LED는 광방출 과정 중 내부
손실이 많다. 우리는 수치 시뮬레이션 FDTD로 GaN 크기에 따라 가장 좋은 광방출 효율을 계산하여 예측하였다. 대체적으로 크기가 작아
지면 발광량은 줄어들지만 방출 효율은 조금씩 상승했다. 한편 지나치게 작아지면 내구성에 문제가 생길 수 있고 발광량도 낮아져 적정크
기를 설계하려면 타협이 필요하다. 우리는 이 발표에서 이론적 시뮬레이션을 기반으로 내부 손실을 최소화하면서 푸른빛의 파장대가온전
히 방출되는 최적 크기의 GaN 소자 설계를 제안한다.
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본 연구는 majority carrier에 의해 동작하는 기존의 대면적 GIS(Graphene-Insulator-Silicon) 기반 광 전류 증폭 소자에서, 응답속도
향상에 초점을 맞추었다. 응답 속도는 공핍 영역에서의 drift 시간, 공핍 영역 밖에서 캐리어의 diffusion 시간 그리고 공핍 영역의 커패시
턴스에 의해서 결정되는데, 본 연구에서는 형성되는 실리콘의 공핍층보다 얇은 실리콘 두께(1.5, 2, 3μm)에서 광 반응도(photoresponsivity)와 응답 속도의 상관관계를 알아보았다. 계면 특성은 I-V 특성, C-V 특성, 라만 스펙트럼을 통해서 분석하였고, 광 반응속도
는 오실로스코프를 통해서 확인하였다. 본 연구 결과를 통해 GIS 기반 광 전류 증폭 소자에서 광 반응도와 응답 속도의 상관관계를 이해
하고 사용 목적에 따라 소자의 계면 특성을 조절할 수 있는 새로운 방법을 제시할 예정이다.
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전자에 대한 위상 부도체 (topological insulator)의 발견으로부터 영향 받아 탄생한 위상 광자학 (topological photonics)은 빛이 구조
적 무질서 등에 의해 후방 산란되지 않는 가장자리 상태 (edge state)의 존재를 가능하게 함으로써 응용적으로나 학술적으로 중요한 가
치를 가지고 있다. 광소자의 구조적 불완전성은 광소자들이 점차 소형화 될수록 반도체 미세공정의 한계로 인해 필연적으로 나타날 수 밖
에 없다. 이런 경우 위상학적 가장자리 상태를 활용하면 더 향상된 소자를 구현할 수 있을 것으로 기대되고 있으나, 지금까지 실험적으로
보여진 가장자리 상태는 여전히 수십 마이크론 크기 정도에 머물러 있다. 본 연구에서는 1차원의 SSH (Su-Schrieffer-Heeger) 모델에
기반한 광자결정 (photonic crystal) 공진기 배열을 설계 및 제작하였고, 해당 구조에서 가장자리 상태가 존재함을 이론적으로 그리고 실
험적으로 증명하였다. 아울러 광이득물질을 사용함으로써 해당 구조로부터 실제 레이저 발진을 확인하였고, 근접장 측정을 통해서 레이
저 발진이 일어난 특정 고유 모드는 가장자리 상태임을 직접 관찰하였다. 해당 가장자리 상태가 공정상의 구조적 불완전성에 크게 영향
받지 않음도 확인하였다.
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Cellular senescence, a permanent cell-cycle arrest, is a common yet intriguing phenomenon, in which its beneficial
significance for biological organisms has only begun to be explored. Among others, senescent cells are able to transform
tissue structures around them. Tumor cells, whose hallmark is their ability to proliferate indefinitely, are not free from the
phenomenon. Here, we report a remarkable observation where senescent cells in a dense mono-layer of breast cancer
colony act as aggregating centers for non-senescent cells in their vicinity. Consequently, the senescent cells actively form
localized 3D cell-clusters in a confluent 2D tumor layer. The biophysical mechanism underpinning the surprising
phenomenon primarily involves mitotic cell-rounding, dynamic and differential cell attachments, and cellular chemotaxis. By
incorporating these few biophysical factors, we were able to recapitulate the experimental observation via a cellular Potts
Model.
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We are concerned about burst synchronization (BS), related to neural information processes in health and disease, in the
Barab si-Albert scale-free network (SFN) composed of inhibitory bursting Hindmarsh-Rose neurons. This inhibitory
neuronal population has adaptive dynamic synaptic strengths governed by the inhibitory spike-timing-dependent plasticity
(iSTDP). In previous works without considering iSTDP, BS was found to appear in a range of noise intensities for fixed
synaptic inhibition strengths. In contrast, in our present work, we take into consideration iSTDP and investigate its effect on
BS by varying the noise intensity. Our new main result is to find occurrence of a Matthew effect in inhibitory synaptic
plasticity: good BS gets better via LTD, while bad BS get worse via LTP. This kind of Matthew effect in inhibitory synaptic
plasticity is in contrast to that in excitatory synaptic plasticity where good (bad) synchronization gets better (worse) via LTP
(LTD). We note that, due to inhibition, the roles of LTD and LTP in inhibitory synaptic plasticity are reversed in comparison
with those in excitatory synaptic plasticity. Moreover, emergences of LTD and LTP of synaptic inhibition strengths are
intensively investigated via a microscopic method based on the distributions of time delays between the pre- and the postsynaptic burst onset times. Finally, in the presence of iSTDP we investigate the effects of network architecture on BS by
and the asymmetry parameter
in the SFN.
varying the symmetric attachment degree
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인간의 청각에서 주목할만한 특징 중 하나는, 음성수신중에 신경극파가 매우 정확한 시간에 일어난다는 것이다. 이를 설명하기 위해, 우
리는 유모세모막의 전위에 의해 소포 방출이 촉발되는 모델을 제시한다. 소포 구멍을 열기 위한 높은 소포 내 전위는 이온들의 전류로 인
해 서서히 감소한다. 칼슘 농도와 열 잡음은 이온의 전도도와 관련된 소포 구멍의 역학적 움직임에 영향을 준다. 갑작스런 신경전달물질
의 방출은 특정 임계점에서 자발적으로 일어난다. 이때 직접적인 전기 자극이 가해지면 신경전달물질의 방출이 매우 정확한 시간에 일어
난다는 것이 본 제안의 골자이다. 전기적인 민감도와 소포 방출 시기는 임계점에 도달할수록 더욱더 정확 해지는 것을 전산 모사로 보였
다.
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Recent advances in single macromolecule experiments have sparked interest in the ensemble dependence of forceextension relations (Gibbs versus Helmholtz). The thermodynamic limit may not be attainable for such small systems, that
leads to inequivalence of the fixed-force and the fixed-extension ensemble. We consider an ideal Gaussian chain described
by the Edwards Hamiltonian with one end tethered to a rigid planar substrate. We analytically calculate the force-extension
relation in the two ensembles and we show their inequivalence which is caused by the confinement of the polymer to half
space. The inequivalence is quite remarkable for strong compressional forces. We also perform Monte-Carlo simulations of
a tethered wormlike chain with contour length 20 times its persistence length which corresponds to experiments
measuring the conformations of DNA tethered to a wall. The simulations confirm the ensemble inequivalence and
qualitatively agree with our analytical predictions for the Gaussian model. Our analysis shows that spatial confinement due
to tethering causes ensemble inequivalence, irrespective of the polymer model.
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We reformulate stochastic thermodynamics in terms of noise realizations for Langevin systems in contact with multiple
reservoirs and investigated the structure of the second laws of thermodynamics. We derive a hierarchy of fluctuation
theorems when one degree of freedom of the system is affected by multiple reservoirs simultaneously, that is, when noise
mixing occurs. These theorems and the associated second laws of thermodynamics put stricter bounds on the
thermodynamics of Langevin systems. We apply our results to a stochastic machine in noise-mixing environments and
demonstrate that our new bounds play a crucial role in determining the potential function and performance of the
machine.
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We investigate thermodynamic bounds for the efficiency of a quantum heat engine. The engine is modeled with a bosonic
quantum system whose dynamics is governed by the Lindblad master equation. It is well known that the density matrix of
the system can be represented with the quasi probability distributions known as the -representation, -representation,
and the Wigner function. These distributions satisfy their own Fokker-Planck equations. By applying classical stochastic
thermodynamics, we find three thermodynamics bounds for the efficiency of quantum heat engines. The result shows that
the -representation leads to the tightest thermodynamic bound whose value is smaller than the Carnot efficiency.
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We investigate the typicality of the out-of-time-order commutator (OTOC) in the many-body localized (MBL) disordered
systems by considering the estimate with a random pure state across individual disorder realizations. In the MBL phase of
the disordered Heisenberg XXZ chain, we numerically observe a broken typicality of a general random pure state: one may
need a particular type of random states to reproduce the probability distribution of the OTOC evaluated at a given time
within the infinite-temperature thermal ensemble. This is in contrast to the observations in the ergodic phase where all
examined random state preparations lead to the same distribution. On the other hand, despite the quantitative deviations
in the MBL phase, the different state preparations exhibit a similar OTOC growth pattern which may characterize the MBL
phase in realistic disordered systems. A power-law-type growth appears after a disorder-configuration dependent onset
time, which for some disorder realizations is very close to the $t^2$-form of the OTOC growth derived in the effective
Hamiltonian of a fully MBL system. We observe the same features also in the MBL phase of the disordered mixed-field Ising
chain.
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We report on the direct measurement of the mutual information as a function of error size for a cyclic Brownian
information engine. Each engine cycle consists of the measurement of the particle position, feedback control, resetting of
the particle position and relaxation. The measurement involves a Gaussian noise of controlled width. The performance of
the information engine depends on the cycle period τ and the variance of the noise N2. The mutual information decreases
with decrease in τ and increase in N2 thereby reduces the amount of work extraction. For N2 > 0, the efficiency of
information-to-work conversion increases when the system is allowed to relax fully at the end of each cycle. The maximum
efficiency is obtained at the finite value of N2. The generalized Jarzynski equality was found to be valid only when the initial
state of the system is in thermal equilibrium.
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A variety of condensed matter systems can be used to engineer topological superconductivity and MZMs. To date, evidence
for MZMs has come from experiments that have detected their zero-energy excitation signature in various spectroscopic
measurements when the parameters of the system make it most likely to be in a topological superconducting phase.
However, the question as to whether a MZM could be distinguished from a finely tuned or accidental trivial zero-energy
edge state in these experiments has been unresolved. Using spin-polarized spectroscopic measurement studied on chains
of iron (Fe) atoms self-assembled on superconducting lead (Pb), we found a distinctive spin signature of MZMs that
exceeds the spin-polarization of the normal-state background of iron chain [1]. This feature, captured by a model
calculations, is a direct consequence of the nonlocality of the Hilbert space of MZMs emerging from a topological band
structure. This study establishes spin-polarization measurement as a diagnostic tool to distinguish topological MZMs from
trivial in-gap states of a superconductor.
[1] S. Jeon, Y. Xie, J. Li, Z. Wang, B. Bernevig, A. Yazdani, "Distinguishing a Majorana zero mode using spin-resolved
measurements", Science , 772 (2017)
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Ferromagnetic chains grown on top of conventional superconductors (or, Yu-Shiba-Rusinov (YSR) chains) pose an
interesting and promising platform for Majorana zero modes, which in turn is crucial in realizing feasible topological
quantum computation. This talk will first introduce the concepts of topological superconductors and Majorana zero modes,
and briefly how they can be used in fault-tolerant quantum computing. Then I will review the recent experimental and
theoretical progresses in the study of Majorana zero modes in the magnetic atom chain platform, as well as the challenges
to be overcome in its further development.
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Realizing Majorana bound states (MBS) in condensed matter systems is a key challenge on the way towards future
topological quantum computing. As a promising platform, one-dimensional (1D) magnetic chains on conventional s-wave
superconductors were theoretically predicted to host MBS at the ends of the chains. Experimentally, self-assembled
ferromagnetic chains have previously been prepared on Pb substrates with limited control over the atomic-scale structure,
the length, and the chemical composition of the chains [1-5].
Here, we demonstrate a new approach to design topologically non-trivial superconducting 1D magnetic chains on a
conventional s-wave superconductor using single-atom manipulation techniques based on a low-temperature scanning
tunneling microscope. Our artificially constructed atomic Fe chains on a Re single-crystal substrate exhibit non-collinear
magnetic states and a remarkable enhancement of the zero-energy local density of states (LDOS) strongly localized at the
ends of the chains. Furthermore, the enhanced zero-energy LDOS at the chain ends is shown to emerge and become
stabilized with increasing chain length. Tight-binding model calculations based on parameters obtained from ab initio
calculations corroborate that the system resides in the topological phase [6]. Our work opens new pathways to design MBS
in complex magnetic structures required to realize the theoretically proposed braiding of MBS with non-Abelian exchange
statistics as a basis for fault-tolerant topological quantum computing.
References
[1] S. Nadj-Perge et al., Science , 602 (2014).
[2] M. Ruby et al., Phys. Rev. Lett. , 197204 (2015).
[3] R. Pawlak et al., NPJ Quantum Information , 16035 (2016).
[4] B. E. Feldman et al., Nature Phys. , 286 (2017).
[5] S. Jeon et al., Science , 772 (2017).
[6] H. Kim et al., Science Advances , 5251 (2018).
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When Majorana fermions adiabatically exchange their positions, the quantum state consisted of Majorana fermions can
transform into another state. This non-Abelian statistics is a key to topological quantum computing where one operates
qubits in a nonlocal way immune to local decoherence. However, demonstration of the non-Abelian statistics has required
dynamical controls of complicated devices that are challenging in realistic situations.
We propose a single Josephson junction in which non-Abelian statistics is detected by fractional AC Josephson effect. The
junction is formed by two finite-size s-wave superconductors on a topological insulator under a magnetic field. At certain
field strengths, a train of three localized Majorana fermions appears along the junction, while an extended chiral Majorana
fermion encircles the train and the superconductors. A DC voltage bias across the junction causes the train to move and
exchange positions of Majorana fermions in each time period. This results in the non-Abelian state evolution; the initial
qubit state transforms into another state. The evolution gives rise to a 2nπ fractional AC Josephson effect with an arbitrary
integer n≧2 tunable by the DC voltage.
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예비교사들은 교과내용학과 교과교육학 및 일반 교육학을 배운 후에 특별한 훈련이 없이 학교 현장에 바로 교육실습을 나가고 있다. 보다
양질의 교육 실습을 위하여 대학의 정규교육과정에서 이론으로 학습한 것들을 실천해볼 수 기회를 갖도록 할 필요가 있다. 본 연구에서는
학습조력자 프로그램을 정규교육과정으로 개발하여 운영한 결과와, 이 프로그램에 대한 사범대 물리교육과와 자연과학대 물리학과 교수
자들의 인식을 살펴보고자 한다. 물리학을 전공하는 예비교사들을 대상으로 교수내용지식을 배우고 배운 것을 바로 적용할 수 있도록 타
전공 학생들을 위하여 개설된 교과 내용학 수업에 학습조력자로 참여하여 학습을 도울 수 있는 기회를 제공하였다. 학습 조력자용 과목은
교과교육이론, 수업계획, 수업 참여를 통한 실행, 수업후 반성 4단계로 구성되어 있다. 매주 새로운 교과교육 관련 항목에 대해 4단계 과
정을 거치면서 훈련되도록 하였으며 타전공 학생들을 실제로 돕는 학습 조력 단계는 실행 단계이다. 학습 조력자 과목에 참여한 학생들은
실천적 지식이 조력 활동 전에 비하여 유의한 수준으로 향상되었다. 학습 조력 과정에 작성한 반성적 저널을 분석한 결과, 학습 조력자들
은 교수 이론 학습을 통해 획득한 지식을 실제 조력 상황에서 적용하고자 하였고, 이를 향후 교사가 되었을 때 어떻게 적용할지에 대하여
고민하고 계획을 세웠다. 또한 학습자에 대한 인식뿐 아니라 학습조력자로서의 자신에 대한 인식이 변화하였고, 조력 활동의 경험에 기반
하여 미래 교사로서의 가치관과 신념을 갖게 되었다. 이에 따라 학습조력자 활동에 기반한 실천적 교과교육과정을 통해 학습 조력자의 실
천적 지식이 함양되었음을 확인할 수 있었다. 이 프로그램은 예비교사들의 실천적 교육내용지식의 함양은 물론 일반적으로 대형 강좌로
운영되는 일반물리학 수업에서 학습 격차가 큰 상황을 극복할 수 있는 대안이 될 수 있을 것이다. 이 프로그램에 대한 물리학과 교수님들
은 매우 긍정적으로 생각하였으며 기회가 되면 일반물리학 수업에 활용하고 싶다는 의사를 가지고 있었다. 사범대학에서 물리교육을 강
의하시는 교수님들 또한 이 프로그램을 긍정적으로 생각하였지만 LA들의 자질 등의 면에서 몇 가지 우려를 표하였다.
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물리식은 물리 개념지식을 수학적으로 모델링하여 기호들의 관계로 간단하게 나타낸 것이다. 물리식이 갖는 풍부한 의미에 대한 교수학
습은 학습자의 물리학 개념 이해를 심화시킬 수 있다. 이러한 기대에서 본 논고에서는 물리식의 의미를 관련개념사이의 의미관계와 물리
식의 기능과 위상에 따라 유형화하는 여러 논의들을 정리하여 소개하였다. 물리식은 포함된 개념들의 의미관계에 따라 상호작용 관계식
(계의 속성과 상호작용에 관한 수학적 표현으로 계 사이의 상호작용 관계만 서술), 상태 관계식(계의 속성들에 관한 수학적 표현으로 계의
속성 변화만 기술), 인과 관계식(계의 속성과 상호작용에 관한 수학적 표현으로 계와 환경과의 상호작용(원인)에 의한 계의 속성들의 변화
(결과) 설명)으로 구분된다. 이러한 구분에는 계(system), 속성(property), 상호작용(interaction)과 같은 존재론적 범주에 대한 고려가
바탕이 된다. 또한, 물리식은 기능과 개념적 위상에 따라 경험법칙(empirical law), 정의(definition), 원리(principle)로 구분된다. 이러
한 의미유형의 구분은 물리식의 심층적인 교수학습을 위한 토대를 제공할 수 있을 것이다.
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이 연구의 목적은 특수 상대성이론(특수상대론) 교육에서 가장 중요한 것은 무엇인지를 아인슈타인의 관점에서 고찰하고, 현재까지 국내
에서 진행되어 온 특수상대론 교육 연구를 반성적으로 분석한 후, 향후 이 분야 연구의 방향과 비전을 제시하려는 것이다. 이를 위해 본 연
구에서는 아인슈타인의 저서 중 일반 독자를 대상으로 집필한 The Evolution of Physics를 다음과 같은 세 가지 질문을 중심으로 분석하
였다. 세 가지 질문은 ‘왜 특수상대론을 가르쳐야 하는가?’, ‘특수상대론의 무슨 내용 지식을 가르쳐야 하는가?’, ‘특수상대론을 어떻게 가
르쳐야 하는가?’이다. 이와 같은 세 가지 질문을 중심으로 특수상대론 교육에 관한 세 가지 평가 기준을 1) 본질적 가치, 2) 통합적 지식,
3) 해석학적/대화적 접근으로 설정하였다. 이 기준을 바탕으로 지난 50년간 국내 학술지를 통해 발표된 특수상대론 교육 연구 논문들을
분석하였다. 연구 결과, 많은 연구들이 특수상대론 교육에 관한 아인슈타인의 관점과는 교육의 목적, 내용, 방법 면에서 매우 다른 것으로
나타났다. 또한, 이러한 연구들은 각 연구자의 의도와는 관계없이, 다른 연구나 교육실천에서 도구적인 목적, 파편화된 내용 지식, 부분적
이고 기능적인 접근 등으로 오도할 가능성이 있다는 점을 지적하였다. 마지막으로, 아인슈타인의 관점으로부터 특수상대론 교육뿐만 아
니라 일반적으로 물리교육 전체에 새로운 시각을 제공해줄 수 있는 Einsteinian Physics Education을 제안하였다.
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본 연구는 문헌 연구를 통해 물리학이 가지는 미적 가치에 대해 탐색하고, 이와 관련된 주요 쟁점에 대해 논의함으로써 물리 교육에 대한
시사점을 제시하고자 한다. 이에 물리학의 미적 가치를 다룬 Clarivate Analytics의 SCI, SSCI, A&HCI에 등재된 88개의 논문을 대상으로
물리학의 본유적 가치와 외재적 가치를 중심으로 범주화해 탐색하였다. 그 결과, 단순성, 대칭성, 조화 등 수학적 형식에 초점을 둔 내적
가치들이 언급됨을 알 수 있었고, 우아함과 경탄, 오묘함 등이 앞선 내재적 가치를 통해 느껴지는 외적 가치로 제시됨을 알 수 있었다. 존
재론적, 인식론적 관점에서 보면 현대 물리학은 비결정론적 관점으로 인해 고전 역학에서 바라보는 단순성과는 다른 관점을 견지하며, 미
적 판단이 내적 가치와 내적 가치와 동시에 연결되어 있음을 알 수 있다. 이러한 태도는 취미론과 미적 태도론을 모두 포함하며, 이론 선택
역시 미적 평가와 판단의 관점으로 해석할 수 있다. 이에 이러한 미적 가치와 특성을 토대로 본 연구에서는 물리학의 미적 가치가 어떻게
물리 학습에 기여할 수 있는지 제시하였다.
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We show theoretically that orbital texture can generate both intrinsic spin Hall effect (SHE) and intrinsic orbital Hall effect
(OHE) in centrosymmetric systems. This mechanism is stable against orbital quenching and applicable to a wide class of
multi-orbital systems. OHE occurs even without the spin-orbit coupling (SOC). Its main role is to convert OHE into SHE. The
conversion efficiency varies with the SOC strength in a nonmonotonic way. The resulting spin and orbital Hall conductivities
can be large. This work suggests a path for an ongoing search for stronger SHE. It also calls for experimental efforts to
probe orbital degrees of freedom in OHE and SHE. Possible ways for experimental detection are briefly discussed.
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2CDB13D
The electric field-induced modifications to the magnetocrystalline anisotropy
(MCA), magnetic exchange stiffness constant and anomalous/spin Hall
conductivities of transition metal (TM) on MgO-based systems are
systematically investigated by means of first principles calculations. All
calculations have been performed by using the generalized gradient
approximation. The exchange stiffness constants have been obtained by
fitting the calculated frozen magnon energy, in which the spin spiral
structures have been described using a generalized Bloch theorem. We find
that there are different energy orbital contributions to the exchange
stiffness preferring ferromagnetic or antiferromagnetic alignments, and that
the application of positive field tends to increase the exchange stiffness [1].
Next, we consider the in-plane anomalous and spin Hall conductivities on
the basis of a linear response theory by utilizing the Kubo-formula. We
observe that the electric field-induced modification of the Hall conductivities
is closely related to the change in the band structures of the atoms at the
interface with the MgO substrate, and that the application of positive
electric field associated to the accumulation of negative charges at the TM
side generally decreases (increases) the anomalous (spin) Hall conductivities
[2]. Next, we also extend our study to investigate the electric field-induced MCA modification at Fe/MgO interface with
insertions of the pure elements of 3d, 4d, and 5d transition metals. Significant electric field-driven MCA modification is
found for the heavy metal insertions [3]. Mechanisms of the electric field effects will be further presented.
%565B5>35C96>535CC1BI
[1] A.-M. Pradipto et al., Phys. Rev. B 9, 014425 (2017).
[2] A.-M. Pradipto et al., Phys. Rev. B 9, 024401 (2018).
[3] K. Nakamura et al., J. Magn. Magn. Mater. 429, 214 (2017).
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2CDB13D
Quantum materials have recently exhibited many unique spin-dependent properties, which could be promising material
candidates for spintronics. On the other hand, pure spin current, flow of spin angular momentum without the company of
any charge current, can be a useful probe for interesting quantum materials/states.
In this talk, I will present our recent experimental results on using pure spin current as a probe for topological insulators,
spin superfluid ground states, and the interface at ferromagnetic-superconductor heterostructures. I will first talk about the
pure spin current in SmB6 and resonant magnon absorption in (BixSb1-x)2Te3, which are consistent with the spinmomentum locked properties of the topological surface states [1,2]. Then I will discuss the pure spin current transport in
canted antiferromagnet Cr2O3, suggesting the existence of spin superfluid ground state at low temperatures [3]. The last
part of my talk will talk about the spin dynamics in an s-wave superconductor in the heterostructures of
ferromagnet/superconductor [4], from which the superconducting gap properties at the interface could be inferred.
%565B5>35C
[1] Q. Song, et al, Nature Communications. 7:13485 (2016).
[2] C. Tang#, Q. Song#, et al, Science Advances, 4, eaas8660 (2017).
[3] W. Yuan, et al, Science Advances, 4, eeat1098 (2018).
[4] Y. Yao, et al, Physical Review B 97, 224414 (2018).
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2CDB13D
The correlation between spin and charge in electronic transports has been energetically studied in a scheme of spintronics
research. Recently, the coupling between heat current, spin current and charge current is also attracting much attention,
and this newly established filed is called “spin caloritronics”. The recent discovery of the spin Seebeck effect has explosively
expanded this field, and many thermomagnetic effects related to spin current have been investigated. On the other hand,
the Nernst effect is a common thermomagnetic effect, which has been known for a long time. When a temperature
gradient is applied on a material with spontaneous magnetization, an electric field is induced in the perpendicular direction
to both the temperature gradient and the magnetization, which is called the anomalous Nernst effect (ANE). We have
reported ANE measurements of an L10-ordered epitaxial FePt thin film, which is a well-known material with a large spinorbit interaction, for studying thermomagnetic effects in ordered alloys[1,2]. We also investigated the material dependence
of ANE in several perpendicularly magnetized ordered-alloy thin films with regard to the spin-orbit interaction[3]. Obtaining
materials with a large ANE is indispensable to realize a practical application of ANE-based energy conversion. From this
point of view, this talk describes our study on the correlation between the spin-orbit interaction and the ANE in various
materials including multilayers. The enhancement effect of ANE with spin-wave spin currents in nanostructures is discussed
with theoretical viewpoints[4]. Moreover, a novel material with the strong anisotropy in ANE[5] and spin caloritronic
devices with nanostructures for ANE-based energy conversion application will be shown[6].
%565B5>35C
[1] M. Mizuguchi, S. Ohata, K. Hasegawa, K. Uchida, E. Saitoh, and K. Takanashi, Appl. Phys. Express , 093002 (2012).
[2] Y. Sakuraba, K. Hasegawa, M. Mizuguchi, T. Kubota, S. Mizukami, T. Miyazaki, and K. Takanashi, Appl. Phys. Express ,
033003 (2013).
[3] K. Hasegawa, M. Mizuguchi, Y. Sakuraba, T. Kamada, T. Kojima, T. Kubota, S. Mizukami, T. Miyazaki, and K. Takanashi,
Appl. Phys. Lett. , 252405 (2015).
[4] M. Mizuguchi et al., arXiv:1804.03751.
[5] S. Isoganmi, K. Takanashi, and M. Mizuguchi, Appl. Phys. Express , 073005 (2017).
[6] M. Mizuguchi, Jpn. J. Appl. Phys. (invited review) , 0902A6 (2018).
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2CDB13D
Exploration for magnetism in Pd has a long history to realize
ferromagnetism by tuning lattice constant or reducing dimensions. In this
work, magnetism of Pd (111) nanofilms with thickness of 1-21 monolayer
(ML) are studied by employing first-principles calculation. Unlike the
paramagnetism in bulk, Pd (111) exhibits magnetic moment for particular
thicknesses, 1, 4-5, 9-10, 14-15, and 19-20 ML. This is similar to Pd (001),
where the emergence of ferromagnetism is attributed to quantum well
states rather than to surface termination. [1] We also observe that the
surface energy oscillates with respect to the film thickness, where estimated periodicity is 4.77 ML. Interestingly, this
periodicity well coincides with the thickness when ferromagnetism appears. The result indicates a strong linkage between
the existence of ferromagnetism and quantum size effect in thin Pd film, which will be discussed in detail.
[1] S. C. Hong et al., Phys. Rev. B, , 172402, 2007.
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We investigate a symmetry- and strain-induced modulation of spin-orbit coupling (SOC) in graphene/graphane
superlattices with zigzag-type interface (ZGSLs) based on density functional theory. Our first-principles calculations
demonstrate that the magnitude of SOC critically depends on the structural symmetry. ZGSLs with odd numbers of
graphene and graphane zigzag chains exhibit strong SOC (>100meV), whereas those composed of even numbers of chains
display weak SOC (~1meV). It is shown that the presence of the two-fold proper rotation and reflection symmetries of the
latter ZGSL group substantially suppresses the strength of the SOC over two-orders of magnitude compared to the former.
The effect of external strain on the SOC strength is also examined. When ZGSLs are strained along the zigzag direction, the
SOC is found to become stronger due to the charge accumulation in the interfacial C-C bonds. On the other hand, the
strain along the armchair direction reduces the bond charge at the interface, which results in a weaker SOC. These findings
show a possibility of modulating SOC strength through both of structural symmetry and tensile strain in other twodimensional materials.
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Recently, manganese oxides are intensively studied as a candidate for the next-generation catalyst of oxygen evolution
reaction (OER). In general, manganese oxides are paramagnetic Mott insulators in the operating condition, but the effects
of magnetic disorders on their thermochemistry have not been investigated yet. Here, we examine the effects of
paramagnetism on the thermochemistry of MnO(100) surface using magnetic sampling method plus U (MSM+U)[1]. Spin
space average (SSA)[2] force is introduced to find the equilibrium structure of paramagnetic surface. We reveal that
paramagnetism generally enhances the interaction strength of various intermediate ligands appearing in the OER process
at the surface, compared to their interaction at the antiferromagnetic surface. Such an interaction enhancement, which
varies ligand by ligand, causes a significant deviation in the overpotential estimates of the overall reaction. The results of
our MSM+U calculation-based investigation on the OER process on the paramagnetic MnO(100) surface are compared to
the experimental data obtained from the bulk MnO catalyst. Finally, we discuss the origin of the high overpotential of
MnO(100) surface, and suggest a certain way to improve its catalytic activity.
[1] B. Alling et al., Phys. Rev. B 82, 184430 (2010)
[2] F. Kormann et al., Phys. Rev. B 85, 125104 (2012)
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2CDB13D
In the strongly correlated electron systems, it is crucial to provide an appropriate theoretical formalism that can handle
many-body effects in a material-specific context. One of the successful approaches is the dynamical mean-field theory
(DMFT) combined with the DFT [1]. We implemented DFT+DMFT based on OpenMX, a pseudo-atomic orbital basis DFT
code [2]. The implementation is characterized as follows: i) the wide energy window on which the hybridization function is
defined, including ligand orbitals, e.g., oxygen p orbitals. ii) projection method that defines correlated subspace based on
the natural atomic orbitals (NAOs) [3]. With this NAOs-based projector, d-p hybridization can be reasonably described. We
also discuss the newly developed methods for analytic continuation problem, the so-called maximum quantum entropy
method (MQEM) [4]. We show that the results are stable for numerical parameter changes, applying our methods to the
typical transition metal oxide systems.
%565B5>35C
[1] A. Georges et al., Rev. Mod. Phys. , 13 (1996); G. Kotliar et al., Rev. Mod. Phys. , 865 (2006).
[2] http://www.openmx.org.
[3] A. E. Reed, R. B. Weinstock, and F. Weinhold, J. Chem. Phys , 735 (1985).
[4] J.-H. Sim and M. J. Han, arXiv:1804.01683 (submitted).
[5] M. Jarrell and J. E. Gubernatis, Physics Reports 9, 133 (1996).
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2CDB13D
Due to the superb direct band gap of 1.9 eV in the monolayer region, molybdenum disulfide (MoS2) has been emerging as
an excellent candidate for the channel material of future electronic device. However, due to the high contact resistance at
the metal-MoS2 interface, the fabrication of high-performance device is still limited. Recently, MoS2 phase change from 2H
to 1T at the interface between MoS2 and metal has been demonstrated to reduce the contact resistance at the top contact
geometry. However, the electrical properties for the metal|1T MoS2|2H MoS2 and metal|2H MoS2 have not been elucidated
in detail. Here, based on density functional theory (DFT) and DFT based matrix Green’s function calculations, we
systematically study the interfacial electrical properties at the metal|1T MoS2|2H MoS2 and metal|2H MoS2 with different
metal electrodes (In, Pd, Au). We find that improving charge injection at the metal|1T MoS2 interface leads to reducing
contact resistance, and the contact resistance of metal|1T MoS2|2H MoS2 is less affected by metal species than metal|2H
MoS2.
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2CDB13D
Recent discovery of truly two-dimensional van der Waals (vdW) magnetic materials (e.g. CrI3 and CrGeTe3) has accelerated
various experimental and theoretical investigations due to their exotic magnetic properties closely related to vdW gap. In
density functional calculations, vdW density functional (vdW-DF) method [Dion, et al., PRL 92, 246401] has been regarded
as one of the most efficient and reliable ways to predict structural and electronic properties of spin-unpolarized layered
materials. However, in spin-polarized systems, the “spin-dependent” non-local correlation functional should be used to
correctly describe vdW interactions [Thonhauser, et al., PRL 115, 136402]. Here, the structural, electronic and magnetic
properties of 2D vdW magnetic materials are studied by using spin-dependent vdW density functional (svdW-DF) method.
In our calculations, the treatment of the long-range interlayer interactions with svdW-DF improves the accuracy of crystal
structure predictions.
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Nitrogen fixation is essential for all of life and many industrial processes. Since the discovery of the Haber–Bosch process
of ammonia synthesis in the early 1900’s, many efforts have been made to find new catalysts for nitrogen fixation.
Recently, metal-free nitrogen fixation using main-group elements such as boron has attracted much attention as a
potential replacement of the energy-intensive Haber–Bosch process. Here, using first-principles calculations, we show that
the boron-zigzag (B-ZZ) edges of hexagonal boron nitride (h-BN) can act as a metal-free catalyst for nitrogen fixation and
ammonia synthesis. We identified the complete catalytic cycle of ammonia synthesis at the hydrogenated B-ZZ edges, in
which the simultaneous N2 binding and hydrogenation play an important role. We also found that the orbital-character
conversion between B(sp2) and B(sp3) is essential for further hydrogenation of the N2-binding edge, leading to NH3
formation. These results suggest that the hydrogenated B-ZZ edges can be a useful earth-abundant catalyst for nitrogen
fixation and other reactions with B, N, and H.
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In general, the coexistence of electric polarity and conducting characteristics is mutually exclusive because a finite band gap
is critical to maintain the permanent electric dipole moment existing in the polar materials. Here, using the density
functional theory calculation, we find the polar conducting feature can be developed in semiconducting monolayer 2HMoTe2 by generating corrugation. In particular, the out-of-plane polarization is observed even though crystallographically
there exists only in-plane polarization. We expect our results contribute to finding optimal layered materials with giant outof-plane polarization.
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The resonant excitation of magnetohydrodynamic (MHD) waves plays an important role for the confinement and transport
of energetic ions in magnetically confined fusion plasmas. This presentation reports recent advances that were made in
simulating these wave-particle interactions numerically using a hybrid model, where the bulk plasma dynamics are
governed by MHD equations and the fast ion dynamics by gyrokinetic equations. The MHD-PIC code MEGA used in this
work also includes realistic beam ion sources and beam-bulk collisions, so that it is valid over a wide range of time scales:
from Alfvenic oscillations (microsecond scale) to collisional slow-down (several 100 ms). In order to be able to simulate the
long-time evolution of the fast ion distribution on presently available supercomputers, the so-called multi-phase method is
employed, where 4-9 ms intervals of classical Monte-Carlo simulations (without MHD) are interlaced with 1 ms intervals of
hybrid simulations (with MHD) [1]. Although it was originally intended to improve the accuracy of numerical predictions in
cases where the system settles in a relatively steady state (where sources and sinks are in balance) and study aspects such
as profiles resiliency [2], it turns out that the multi-phase method even allows us to reproduce multiple cycles of so-called
abrupt large-amplitude events (ALE), as seen in JT-60U tokamak experiments with negative-ion-based neutral beam
injection (N-NBI). The ability to simulate such relaxation phenomena allows us to investigate the underlying physical
processes, with the goal of unravelling the trigger mechanism. The latest insights on this front are discussed [3].
REFERENCES:
[1] Y. Todo at al, Nucl. Fusion 54 (2014) 104012; Nucl. Fusion 55 (2015) 073020.
[2] Y. Todo at al, Nucl. Fusion 56 (2016) 112008.
[3] A. Bierwage et al, Nature Communications 9 (2018) 3282.
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2CDB13D
As diagnostic systems become sophisticated more and more for fusion-grade hot plasmas, inferring plasma parameters
including their uncertainties based on the measured raw data also becomes so. In addition, efforts to improve
computational power in numerical simulations of plasmas have successfully provided us many interesting results and a way
to directly compare experimental data and numerically simulated data. We discuss Bayesian based data analysis scheme to
infer plasma parameters consistent with the measured data and argue that the likelihood function in Bayesian probability
can be used as synthetic data for numerically obtained data. We also show necessary conditions to keep the coherent
random synthetic fluctuation data stationary and homogeneous such that statistical analyses on them do not alter their
true statistical characteristics.
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Two-dimensional numerical model has been developed to predict streamer
dynamics with radical generation at 600 K and 10 atm in nano-second
pulsed dielectric barrier discharge in lean methane-air mixture for plasma
assisted ignition. The developed model includes plasma kinetics with photo
ionization and electron energy loading. The effect of dielectric on the energy
input to the plasma is discussed during nano-second pulsed discharge. In a
nano-second pulsed DBD, the inverse potential gradient appears in the
discharge space due to accumulated charge on the dielectric surface during
descending applied voltage. The electrical energy is loaded to the discharge
in two stages, which corresponds to the plasma channel formation and incoming ion flux to the dielectric surface. Gas
heating by a streamer occurs non-uniformly in the discharge channel. Both gas temperature and vibrational temperature of
nitrogen molecule are locally higher around the constriction of streamer channel and bare cathode. By coupling discharge
simulation with methane/air combustion simulation, it has been shown that gas temperature increases through enhanced
low-temperature oxidation triggered by plasma produced radicals and also through vibrational-translational energy
transfer. The pronounced effect of a nano-second pulsed DBD on the improvement ignition delay time was clearly shown.
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2CDB13D
High-pressure plasmas with large Coulomb coupling constant are an interesting state of matter where transport
phenomena occur among multiple species (electrons, ions, neutrals, and cluster ions) with a wide range of space and time
scales. The transport phenomena in high-pressure plasmas can be utilized to make an efficient source of chemically reactive
species. Generation of high-pressure plasma requires understanding of the energy transport process from external power
source to electrons as well as internal transport energy processes among different species. In particular, confinement of
electrons and energy back-transport to electrons from excited heavy species are critical for sustainment of the plasma state.
Motivated by experimental findings of higher densities excited species in microwave driven plasmas, recent particle-incell/Monte Carlo simulations on micro-sized (0.1—1 mm) high-pressure gas discharge between planar electrodes driven by
microwave (~1 GHz) showed that the electron confinement is substantially enhanced above a critical frequency,
maintaining the electron transport in the diffusion-dominant regime. Better confinement results in higher electron heating
rate and thereby higher population of energetic electrons ( > 4 eV) with overall Maxwellian distribution. This work led to
the extension of the Paschen’s law to include the frequency as another key parameter in the gas breakdown process. In
addition, time-resolved measurements showed that reactive species generation is further enhanced in plasmas driven by
pulsed microwave. Global simulations taking into account the plasma volume change during the pulse operation have been
developed, revealing the role of heavy species (in particular, dimer ions) as energy storage and the enhancement of power
coupling efficiency via better impedance matching. These results provide general rule of thumb design principles for the
optimization of high pressure plasma sources.
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2CDB13D
The ideal gas with a specific gas constant with a negative absolute temperature (NAT) has been considered as an
alternative candidate for the dark energy (Saha et al 18). We investigate this model and possible explanation in real system.
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2CDB13D
We consider the inflationary model driven by canonical scalar field which is coupled to the Gauss-Bonnet term. When the
Noether symmetry is imposed to the theory, we investigate the viable scalar field potential and the nonminimal coupling
fucntion to the Gauss-Bonnet terms. We check wheter these choices of the scalar field potential and the nonminimal
coupling provide the constant-roll inflation.
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2CDB13D
We analyze the evolution of clusters, filaments, and voids in large-scale cosmic structure formation
simulations. In our first investigation we have traced the complete evolution of the baryons in the gas phase and
star formation history within each structure in our simulated cosmic volumes. We also apply our multi-scale
structure finding algorithm to identify cosmological structures.
Finally we apply new simulations of the flux power spectrum of the Ly-alpha Forest to investigate the effects
of time-dependent dark energy on structure formation.
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2CDB13D
The spatially conformally flat approximation (CFA) is a viable method to deduce initial conditions for the subsequent
evolution of binary neutron stars employing the full Einstein equations.
Here we review the status of the original formulation of the CFA for the general relativistic hydrodynamic initial conditions
of binary neutron stars. We illustrate the stability of the conformally flat condition on the hydrodynamics by numerically
evolving ~ 100 quasi-circular orbits.
We also describe the use of this approximation for orbiting neutron stars in the quasi-circular orbit approximation to
demonstrate the equation of state dependence of these initial conditions and how they might affect the emergent
gravitational wave frequency as the stars approach the innermost stable circular orbit.
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2CDB13D
We describe a new solution for static, spherically symmetric equilibrium configurations in f(R) extended theories of gravity.
We calculate a generic solution for the general equations for stellar structure in any form of f(R). We also present a stability
analysis for neutron stars for the special case of f(R) = R + a R^2 numerically.
We find the solution for the maximum mas for a given equation of state becomes a non-monotonic function of a and the
curvature is radically different both inside the star and above the surface than that inferred from previously approximated
solutions in f(R) gravity.
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2CDB13D
Since the early 1990s, there have been reports on the repeatability of large-scale structures in the Universe. For example,
Bahcall (1991) reported a ~130 Mpc periodicity of galaxy number density from a pencil-beam survey, and Einasto et al.
(2016) recently reported 120~130 Mpc-radius shell-like structures around six superclusters. However, because the above
studies use a somewhat limited number of large-scale structure samples, it is necessary to check whether such repeatability
exists in a large number of large-scale structure samples in the cosmological simulations. In this talk, by using the (3.15
Gpc/h)3-volume Horizon Run 4 simulation, we study the repeatability of superclusters, large filaments, and large sheets.
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2CDB13D
I discuss the quantum creation of Euclidean wormholes in several models. Such a Euclidean solution will be analytically
continued to the Lorentzian signatures and can be interpreted by a traversable wormhole. These solutions can be obtained
by several models, e.g., (1) the Jordan frame of a scalar-tensor theory, (2) Eddington-inspired Born-Infeld theory, and (3)
Gauss-Bonnet-dilaton gravity, while (2) and (3) are rather physical and suitable candidates.
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2CDB13D
We present interesting aspects of a modified theory of gravity called Horava-Lifshitz (HL) gravity that can be constrained by
the phenomenological and observational prospects in terms of neutron star (NS) structure and equation-of-state models.
The deformation in HL gravity from general relativity (GR) can change typical features of the NS structure. In this Letter, we
investigate the NS structure in HL gravity by solving Tolman-Oppenheimer-Volkoff equation describing the static
equilibrium state between gravity and the isotropic matter. We show that the stable NS with a given mass has larger radius
than that in GR and an even heavier NS than the heaviest in GR may remains stable without collapsing into a black hole.
We also discuss the results comparing to the observational facts of NS associated with what we have learned from
GW170817.
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2CDB13D
Radial accelerations α in galaxy dynamics are now observed over an extended range in redshift that includes model
calculations on galactic distributions of cold dark matter (CDM) in ΛCDM. In a compilation of data of
the Spitzer Photometry and Accurate Rotation Curves (SPARC) catalogue, the recent sample of Genzel et al.(2017) and the
McMaster Unbiased Galaxy Simulations 2, we report on effective self-similarity in the variable ζ = aN /adS , given by the
Newtonian acceleration aN based on baryonic matter content over the de Sitter scale of acceleration adS = cH, where c is
the velocity of light and H is the Hubble parameter. SPARC, MUG2 and theory satisfy a /α ≃ 2.1 ζ 1 asymptotically at small
accelerations (ζ << 1). At ζ = 1, however, aN /α ≃ 0.78 in MUGS2 galaxies falls short by 6σ of aN /α ≃ 1 in SPARC galaxies
in transition to Newtonian gravity (ζ >> 1), that eluded previous studies. This gap poses a novel challenge to CDM in ΛCDM
against the apparent C0 galaxy dynamics observed in SPARC. We attribute the latter to reduced inertia below the de Sitter
scale of acceleration (ζ < 1), based on a causality constraint imposed by the cosmological horizon H. (van Putten, 2018,
MNRAS Lett., to appear)
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2CDB13D
We consider the production of right-handed (RH) sneutrino dark matter in a model of Dirac neutrino where neutrino
Yukawa coupling constants are very small. Dark matter RH sneutrinos are produced by scatterings and decays of thermal
particles in the early Universe without reaching thermal equilibrium due to the small Yukawa couplings. We show that not
only decays of thermal particles but also the thermal scatterings can be a dominant source as well as non-thermal
production in a scenario with light sneutrinos and charged sleptons while other supersymmetric particles are heavy. We
also discuss the cosmological implications of this scenario.
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2CDB13D
We show that an axino-like particle (ALPino) decaying into an axion-like particle (ALP) and gravitino with a lifetime around
the age of the Universe solves small-scale problems in the cold dark matter paradigm. The ALPino mass is sub-PeV and just
slightly (∆m/m 〜 10^−4) larger than the gravitino mass and thus the dark matter density does not alter after the ALPino
decays. On the other hand, the resultant gravitino obtains a kick velocity of 〜 30km/s, which is sufficiently large to impact
the dark matter distribution in small-size halos. Constraints from probes of high-redshift matter distribution, such as
Lyman-α forest measurements, are relieved when compared to the conventional warm dark matter since only a tiny fraction
(〜 10%) of dark matter experience the decay at that time. The decaying ALPino dark matter is thus promoted to a viable
solution to small-scale problems. The ALPino relic abundance is determined predominantly by the decay of the lightest
ordinary supersymmetric particle. The monochromatic ALP background emitted from the ALPino decay may be converted
to 〜 50 GeV gamma-ray background under the Galactic magnetic field. The morphology of the gamma-ray background
shows a distinctive feature of the model when compared to the usual decaying dark matter which directly produces a pair
of photons
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2CDB13D
We propose a new solution for the hierarchy problem based on discrete symmetries but without colored top partner and
discuss new dark matter candidates in this case.
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2CDB13D
An axion can make the electroweak phase transition strongly first-order as required for electroweak baryogenesis even if it
is weakly coupled to the Higgs sector. This is essentially because the axion periodicity helps to avoid an instability of the
potential regardless of the value of the axion decay constant. Furthermore, the axion can serve as a CP phase relevant to
electroweak baryogenesis if one introduces an effective axion coupling to the top quark Yukawa operator. Then, for an
axion decay constant between about TeV and order 10 TeV, the observed baryon asymmetry can be explained while
avoiding current experimental constraints. It will be possible to probe the axion window for baryogenesis in future lepton
colliders and beam-dump experiments.
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2CDB13D
We propose a model for dark matter and dark radiation, based on a strongly-coupled dark SU(5) gauge theory with
fundamental and decuplet dark-quarks. The model supports light dark-baryons, which are electrically neutral but have
electromagnetic form factors, and also light dark-axions as hot dark matter. The dark baryons become hot dark matter or
cold dark matter, depending on the scale of the dark-color confinement, Λ. If we identify the decuplet dark-quark bound
state as the electroweak singlet Peccei-Quinn field, the dark-axion becomes the QCD axion of the DFSZ model.
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2CDB13D
We discuss a new scenario of inflation, dubbed as ‘Assisted Hilltop Inflation’. In the scenario, a quite flat potential for the
last slow-roll inflation is achieved by a renormalization-group running of the inflaton mass-square not along inflaton
direction but along an assisting flat direction. Also, the initial condition of inflation can be naturally set up by a simply hot
enough universe.
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2CDB13D
We propose a new dynamical relaxation mechanism of the little hierarchy problem, based on a singlet extension of the
minimal supersymmetric standard model (MSSM). In this scenario, the small soft mass parameter of an MSSM singlet is
responsible for the electroweak symmetry breaking and the non-zero Higgs vacuum expectation value, whereas the effect
of the large soft mass parameter of the Higgs boson, mhu2 is dynamically compensated by a flat direction of the MSSM
singlets. The small singlet's soft mass and the Z boson mass can be protected, even if the stop mass is heavier than 10 or 20
TeV, since the gravity-mediated supersymmetry breaking effects and the relevant Yukawa couplings are relatively small. A
"focus point" of the singlet's soft mass parameter can emerge around the stop mass scale, and so various fine-tuning
measures can reduce well below 100. Due to the relatively large gauge-mediated effects, the MSSM superpartners are
much heavier than the experimental bounds, and the unwanted flavor changing processes are adequately suppressed. A
dark matter particle with a sub-GeV mass is predicted.
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2CDB13D
We consider the leptoquark-portal model for scalar dark matter.
We take the singlet and triplet scalar leptoquarks motivated by the anomalies in semi-leptonic B-meson decay.
Introducing leptoquark couplings to scalar dark matter, we find that the DM annihilations into a pair of leptoquarks open a
wide parameter space, being compatible with XENON1T bound, and show that there is an interesting interplay between
LHC leptoquark searches and distinct signatures from cascade annihilations of dark matter.
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2CDB13D
In this talk, we discuss how LIGO and future GW detectors may be able to probe various dark matter candidates in the
Universe. The key property underlying these abilities is the waveform chirping. We introduce a new lensing observable
called the "GW Fringe". We also advocate a crucial role of the mid-frequency band (0.01-10 Hz) for further dark matter
detections.
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스텔스 기술은 동체에서 발생하거나 산란되는 신호를 줄여서 상대가 탐지할 수 없도록 만들기 때문에 군사분야에서 생존성을 높여주는
중요한 기술이다. 일반적으로 전자기파 스텔스 기술에선, “레이더 흡수성 소재”를 이용하여 외부에서 입사된 마이크로파가 동체 표면에서
반사되는 면적을 줄임으로써 레이더에 의해 탐지가 되지 않도록 하는 연구가 진행되었다. 그러한 반면, 적외선 무기 탐지 체계에는 표면
에서 산란되는 근적외선 신호의 탐지 뿐만 아니라 동체에서 발생하는 복사열을 동시에 탐지 가능하므로, “적외선 흡수성 소재”는 복사열
을 역으로 증가시켜 탐지가능하게 할 수 있다는 인식이 있어왔으며 일반적으로 적용 되지 않았다. 따라서 적외선 스텔스에서는 외부에서
입사하는 적외선 신호의 저감 뿐만 아니라 동체에서 상시 발생하는 복사열의 신호 저감도 고려하여야 하며, 단순한 흡수성 소제가 아닌
다양한 탐지 상황이 동시에 대응 가능한 선택적 흡수체를 필요로 한다.
최근 Landy에 의해 제시된 메타물질 흡수체는 플라자모닉 현상을 이용하여 100%에 가까운 에너지 흡수율과 흡수 대역 및 폭의 선택이
가능한 이상적인 성능을 보여준다. 따라서 선택적 흡수체로서 태양열전지와 같은 다양한 에너지 수확시스템에 응용되어 왔으며, 이러한
특성은 다양한 적외선 탐지 상황 조건에 적합하게 흡수 대역 및 대역폭을 조절하여야 하는 적외선 스텔스 기술에도 응용 가능성을 보여준
다. 동체에서 발생하는 복사열의 방사를 탐지 가능한 영역인 3~5μm와 8~14μm에서 최소하하며, 동체이 입사하는 근적외선 레이저를 좁
은 대역으로 흡수하여 산란광을 억제하는 동시에, 동체에서 발생하는 열을 탐지가 불가능한 대기흡수영역에서 방사 시킨다면 적외선 스
텔스 기술에 효율적으로 적용 가능할 것이다.
본 연구에서는 적외선 스텔스 기술에 적용 가능한 금속-유전체-금속 구조의 이중 대역 메타 물질 완전 흡수체를 제안한다. 입사되는 근적
외선파장의 레이저의 흡수를 위해 좁은 흡수 대역폭을 가지며, 동시에 동체에서 발생하는 복사열을 탐지가 가능한 영역에서는 0.1의 방
사율로 최소화하며, 탐지가 불가능한 대기 흡수 영역에서는 넓은 대역폭으로 방출시키는 플라즈모닉 메타물질로 동체의 표면을 제작한다
면, 생존성을 효과적으로 높일 수 있을 것이다. 따라서 나노 구조에서 표면 플라즈몬 폴라리톤(SPP)과 자기 폴라리톤(MP)의 공진이 발생
하는 구조를 제시했으며, 레이저 흡수 영역 대역폭을 최소화하여 복사열에 의한 피탐지성을 저감 시켰다. 또한 유한 차분 시간 영역
(FDTD) 시뮬레이션을 통하여, 제안된 메타물질 흡수체의 기능성을 분석하였다.

5IG?B4C

Infrared stealth technology, Metamaterial absorber, Surface plasmon polariton (SPP), Magnetic polariton (MP),
Atmospheric attenuation,
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최영수*1, 고해석1, 이부환1
3기술연구본부 1부
youngs26@add.re.kr

1국방과학연구소

2CDB13D
국방분야 기술혁신은 군사전략과 작전수행 효과성을 획기적으로 향상시키는 효과적 기술변화를 의미한다. 4차 산혁명을 군방분야에 응
용할 경우, 유･무인 무기체계 간 협업을 통해 전력을 획기적으로 향상시켜 나갈 수 있을 뿐 아니라 재래식 또는 첨단 전력에 요소기술로
융･복합됨으로써 그 혁신성을 기대할 수 있다.
향후, 지상, 해상, 공중, 우주, 사이버 영역에서 주변 적대세력의 위협에 효율적으로 대응하기 위하여 선행적 상황인식과 감시정찰 능력
강화가 요구된다. 따라서, 새로운 전장환경과 신기술 무기체계에 대응할 수 있는 전자광학기술의 국방 활용과 선진국 개발동향을 살펴보
고자 한다.
본 논문에서는 마이크로 포토닉(Microwave Photonics) 기술을 이용한 재밍과 해킹에 강한 고속, 광대역 RF 통신 및 레이더 시스템, 개
인 휴대용 대공유도무기 방어용 지향성 적외선 방해기술 및 대용량 무선 레이저통신 관련 대기외란 완화기술과 에너지 전송기술 등 국방
분야의 미래 전자광학센서 기술을 개략적으로 소개하고자 한다.

5IG?B4C

전자광학, 감시정찰, 마이크로 포토닉, 지향성 적외선 방해, 무선 레이저통신
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미래국방광W술배경및전망

이준호*1
광공학과
jhlsat@kongju.ac.kr

1공주대학교

2CDB13D
물리적, 디지털, 생물학적 세계의 기술 융합으로 표현되는 제4차 산업혁명이 이미 진행되고 있으며, 이러한 4차 산학혁명에 대비하기 위
해서는 급진적 경제/사회/기술 변화를 발생시키는 파괴 기술의 예측이 우선되어야 한다. 국방 분야에 있어서도, 이러한 급진적 기술 변화
에 대비하기 위하여, 미래 사회 및 전장의 예측과 이를 바탕으로 한 미래 국방 기술을 선정하고, 이에 대한 전략적 연구 개발 계획을 수립
하여야 한다. 특히, 다수의 국가에서 선정한 미래 국방 기술의 약 40% 정도를 차지할 정도의 핵심 기술(Enabling technology)인 광기
술(Optics & photonics technology)의 전략적 평가 및 계획 수립이 요구된다. 본 발표에서는 먼저 이러한 변화의 배경을 먼저 들여다보
고, 이후 미래 국방 광기술 및 이의 활용에 대한 분석/전망을 제시한다.

5IG?B4C

Defense, optical technology, future, electro-optics
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이윤우*1, 양호순1
우주광학센터
ywlee@kriss.re.kr

1한국표준과학연구원

2CDB13D
우주는 지구인의 영원한 탐구대상이며 좁은 국토를 벗어날 수 있는 열린 공간이지만 전략적인 목적으로 소수 강대국이 관련 기술을 독
점하고 있다. 우리나라는 국가우주개발계획에 의하여 다양한 우주탑재체를 개발함으로써 우주산업 선진국을 추격하고 있다. 우주나 지구
를 관측하는 위성카메라는 최첨단 전자광학기술의 집약체이므로 선진국이 기술이전을 매우 엄격하게 제한하고 있다. 본 연구에서는 최근
국내외에서 개발 중인 고해상도 위성카메라의 특징을 살펴보고, 국내에서 개발중인 대구경 위성카메라의 광학계 설계, 제작, 조립, 시험
등 모든 과정을 자세히 소개한다.

5IG?B4C

Space Optics, Satellite Camera, Aspheric Mirror, Optomechanical Design
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단일광자양자측정W술

박희수*1
양자기술연구소
hspark@kriss.re.kr

1한국표준과학연구원

2CDB13D
빛을 광자 단위로 발생시키고 측정하는 단일광자광원과 단일광자검출기의 발전에 따라 양자광학기술은 실용화 단계에 이르고 있다. 복제
불가원리와 불확정성원리라는 물리법칙은 단일광자를 정보전달자로 사용하는 양자정보기술이 근본적인 보안성을 갖도록 한다. 또한 광
자 사이의 양자얽힘을 실현하는 것은 고전한계를 넘는 정밀광측정의 가능성으로 연결된다. 본 발표는 미래 국방 광기술 관점에서의 단일
광자 양자측정 기술에 대하여 소개한다.

5IG?B4C

양자광학, 양자정보, 양자측정, 단일광자
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SAKO Hiroyuki for the J-PARC-HI Collaboration*1
1Japan Atomic Energy Agency
Hiroyuki.sako@j-parc.jp

2CDB13D
We are planning for a future heavy-ion project at J-PARC (J-PARC-HI), where we aim to study extremely dense matter
created in heavy-ion collisions at 1-19 AGeV/c. We will search for phase structures such as the first order phase boundary
and its critical end point in the QCD phase diagram. We also aim at studying the properties of dense matter, in particular,
the equation of state (EOS), which is related to neutron stars and neutron star mergers.
In this talk, we will show the heavy-ion acceleration scheme at J-PARC, where we expect to produce the world's highest
rate heavy-ion beams of 1011 with the ion species from p to U. Using the high-rate beams, we will measure various
observables in extremely high statistics, and search for rare probes, such as event-by-event fluctuations, dileptons, and
multi-strangeness systems. We will show the design of heavy-ion spectrometers to measure hadrons, dileptons, and
hypernuclei, and evaluate key performance of the spectrometers based on simulations.

5IG?B4C

J-PARC, phase transition, QCD critical point, neutron star
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KITAZAWA Masakiyo*1
1Osaka University
kitazawa@phys.sci.osaka-u.ac.jp

2CDB13D
The analysis of high baryon-density region in the QCD phase diagram is one of the most important subjects in relativistic
heavy-ion collisions. The beam-energy scan program is ongoing at RHIC aiming at the study of QCD phase structure, and
future experimental facilities, such as FAIR, NICA, and J-PARC-HI, will also contribute this study. In this talk, I shall give
reviews on the QCD phase diagram and recent experimental and theoretical progress in exploring dense medium using
relativistic heavy-ion collisions.

5IG?B4C

Key words: QCD critical point, J-PARC heavy ion program
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1University

ESUMI ShinIchi*1
of Tsukuba, Institute of Physics, Tomonaga Center for the History of the Universe
esumi.shinichi.gn@u.tsukuba.ac.jp

2CDB13D
High-temperature and high-density state of matter such asQuark Gluon Plasma (QGP), which is supposed to exist in early
universe orinside the neutron stars, has been extensively studied in the laboratory atRHIC and LHC experiments. Two major
discoveries from RHIC experiments are thelarge elliptic flow via collective flow of partons and the significant high
pTsuppression via energy-loss of energetic partons inside QGP. In the next fewyears, the Beam Energy Scan program phase
2 (BES2) will be pursued in order tosearch for a critical point and 1st order phase transition expectedin high-density area of
the quantum chromo dynamics (QCD) phase diagram ofquark-nuclear matter. The results from RHIC experiments are
presented andfuture plans in BES2 program are discussed.

5IG?B4C

Quark Gluon Plasma, collective flow, jet quenching, correlation,fluctuation, beam energy scan, critical point
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PACHMAYER Yvonne*1
1Physikalisches Institut der Universitaet HeidelbergIm Neuenheimer Feld 226, 69120 Heidelberg, Germany
Yvonne.Chiara.Pachmayer@cern.ch

2CDB13D
Abstract: In the LHC heavy-ion program, Pb ions are accelerated to unprecedented energies, producing the Quark-Gluon
Plasma (QGP) at the highest temperatures and energy densities ever studied in the laboratory. This allows the properties of
the QGP to be investigated in great detail with high precision. Thus the LHC has opened a new era in heavy-ion physics.
A selection of the most relevant results of heavy-ion physics at the LHC will be presented, spanning observables from the
soft sector (bulk particle production and correlations) to hard probes (charm and beauty hadrons, and jets).

5IG?B4C

LHC, heavy-ion, Quark-Gluon Plasma, soft and hard probes
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김채운*1
물리학과
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1울산과학기술원

2CDB13D
Proteins must fluctuate to perform cellular functions, such as enzymatic catalysis, protein-protein interactions, and
interactions with DNA and RNA. The time scale of protein dynamics is typically ranging from ps to ms, therefore requiring
various techniques to cover different time regimes. In this presentation, I will introduce the latest X-ray techniques to
extract protein dynamical information. Those will include monochromatic X-ray crystallography, time-resolved Laue X-ray
Crystallography, small angle X-ray scattering, and femto-second pump-probe micro-crystallography using X-ray free
electron lasers (XFELs).

5IG?B4C

Protein Dynamics, Time-resolved X-ray Study
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1한양대학교

김덕수*1
기계공학과/ Voronoi Diagram 연구단
dskim@hanyang.ac.kr

2CDB13D
The geometry of arrangement of spherical particles underpins the structural understanding in many fields. In biology, the
structure of biomolecules determines their function. In chemistry, physics, and materials science, the properties of inorganic
molecules result from the geometrical arrangement of their atoms. However, a general framework of
mathematical/computational theory for the geometry of atomic arrangement does not exist. Here we present ``Molecular
Geometry (MG)'' as such a theoretical framework, ``MG Operating System (MGOS)'' which consists of callable functions
based on the Voronoi diagram of spherical atoms that implements the MG theory, and MGOS applications solving several
critical applications involving geometry problems in molecule. MG facilitates simpler modeling of molecular structure
problem in geometry-centric principle and the MGOS functions can be conveniently embedded in application programs for
the efficient and accurate solution of geometric queries involving atomic arrangements. MG, accompanied by MGOS, will
allow researchers to focus more on their primary research issues by freeing them from the time-consuming and error-prone
tasks of developing and implementing highly sophisticated and complex geometry algorithms for molecular structure
studies. The impact of math libraries of general purpose high-level programming languages to science and engineering is
an appropriate metaphor of that of MGOS, which is currently, freely available at Voronoi Diagram Research Center, to the
worlds consisting of spherical entities including atomic arrangements.

5IG?B4C

Molecular structure, Voronoi diagram, Computational geometry, Algorithm
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1성균관대학교
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Two-dimensional infrared (2D IR) spectroscopy, introduced two decades ago, has been developed rapidly and been widely
used to investigate the structure and fast dynamics of small molecules to large biomolecules such as proteins. As an
example, a 2D IR study of the pH-dependent structure and hydrogen-bond dynamics of the M2 proton channel embedded
in the supported lipid bilayers is presented here. The M2 is one of the smallest proton-selective channels found in nature
and is the ideal system for studying the use of water when selectively transporting protons across the membrane. To better
understand the mechanism of membrane protein function, it is essential to investigate the interaction with the
environment. Among many interactions, the hydrogen-bonding interaction between membrane proteins and water
molecules is crucial to understanding the role of water molecules in the membrane protein pores for the transport of
substrates across membrane bilayers. The M2 proton channel exhibits a higher content of water molecules in the channel
cavity at lower pH (5.5) than at higher pH (7.5), which was confirmed by the water hydrogen-bond exchange between the
protein and water. Changes in the backbone structure accompanied by the pH change were also observed by polarizationdependent 2D IR experiments.

5IG?B4C

two-dimensional infrared spectroscopy, M2 proton channel, transmembrane protein, water hydrogen-bond dynamics
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금속은 집적된 전기 회로에서의 연결 전선, 전극 등으로 활용되어 산업과 학술적 양면에 없어서는 안될 중요한 물질이다. 특히 금속 박막
은 최근 그래핀의 기판으로 주목을 받고 있으며 표면플라즈모닉나 메타머티리얼을 연구하는 분야에서도 매우 중요한 핵심 연구 소재로
사용이 되고 있다. 그러나 목적에 따라 많은 금속 중에서 매우 제한된 재료만 사용되고 있고, 실질적으로 특정 재료를 다양하게 활용하는
데는 한계가 있다. 예를 들면 표면플르즈모닉스와 메타머티리얼 연구 분야에서는 산화와 부식 때문에 구리는 잘 사용을 하지 않고 높은
가격에도 불구하고 금이나 은을 주로 사용하고 있으며 이러한 재료들도 그래인 바운다리 문제 때문에 나노 스케일의 크기를 제조하는데
있어서는 한계에 부딪히게 된다.
본 연구에서는 저가의 일반 스퍼터 시스템을 사용하여 이종(hetero) 기판위에 상장함에도 불구하고 metamorphic epitaxy를 응용함으
로써 금속 박막을 단결정으로 성장하며 성장된 단결정이 결함이 없고, 웨이퍼 스케일의 대면적 크기를 갖도록 하는 박막 결정 성장법을
개발하였다. 이러한 metamorphic epitaxy는 구리나 은 박막에 적용되며 앞으로 니켈(Ni), 알루미늄(Al), 철(Fe) 등의 금속으로 확장이
가능하다. 이렇게 성장된 구copper 박막의 중요한 특성 중 하나는 산화가 되지 않는다는 것이다. 표면의 2-3nm의 자연 산화막은 매우
높은 결정성을 갖고 있어서 더 이상의 산화가 진행되는 것을 막을 뿐 아니라 역으로 산화층을 엄격히 조절하는 것도 가능하다. 전기, 광학
적, 화학적 특성은 원래의 금속과 사뭇 다른 특성을 보여 새로운 물질에 가깝고 금 (Au) 박막을 대체할 수 있는 극한 미래소재에 해당한
다. 금속의 표면을 초평탄면(Ultra flat)으로 만들고 원자레벨에서의 결함을 줄이는 일은 나노사이언스에서의 매우 폭넓은 확장을 암시한
다.
또하나의 다른 주제로서 구리 표면 색의 비밀과 금속을 의도적으로 산화하여 생긴 산화물 (Cu2O 등)에 대한 광학적 특성에 대해서도 소
개한다. 구리의 표면은 붉은 색을 띄는 것이 일반적이다. 그러나 본연구에서 구리가 빨주노초파남보를 포함한 수십가지의 총천연색을 띌
수 있음을 보일 것이다. 뿐 만 아니라 화합물이 아닌 구리 만으로 black copper를 구현할 수 있다.
본 포커스 세션은 단결정 금속 박막을 활용한 metallic nanostructure의 구현을 비롯한 다양한 연구를 소개한다. STM과 STEM 등을
활용한 금속 박막의 atomic scale에서의 구조 해석 결과를 소개하고, 단결정 금속 박막을 이용한 atomic scale에서의 e-beam
lithography와 focused ion-beam (FIB) milling, surface plasmonics 등과 산화구리에서의 광학적 특성, excitonic behavior 등의 연
구 결과를 소개할 것이다.
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Acquiring an accurate atomistic understanding of the interactions between
the molecular gas phase and a surface plays an important and fundamental
role in elucidating atomic-scale mechanisms in many important surface
processes such as heterogeneous catalysis and corrosion. In an oxygen-rich
atmosphere, pristine metal surfaces are directly exposed to an oxidative
environment and the oxides will start to form. For this oxidation process, the
initial adsorption of oxygen on metal surfaces often gives rise to stable
chemisorbed overlayers before proceeding to the formation of thin oxidic
structures on the surface. These embryonic oxidic overlayers (commonly termed as “surface oxides”) may possess distinct
structural and electronic properties to their corresponding bulk metals and bulk oxides. If such nanometer or even subnanometer surface oxide films could be thermodynamically stable under technologically relevant conditions, new and novel
functionalities could then be exploited.
Using the O/Cu and O/Cu/Au systems as examples, the key steps of metal/alloy oxidation are investigated using firstprinciples density-functional theory coupled with atomistic thermodynamics and statistical mechanics, and the surface
population/phase diagrams for physically accessible (p,T)-space from ultra-high vacuum to technically relevant pressures
and temperatures are constructed. This provides a first-principles approach to bridge the so-called pressure gap, giving
some insight into gas phase environment dependent properties of the oxygen-metal system.
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The nano-catalyst system composed of thin copper oxide layers on different metal supports (e.g. gold and zinc) is gaining a
lot of attention due to its exceptional performance in photochemical and oxidation reactions [1]. The atomic configuration
of the metal support is known to assist in the tuning of the overall electronic structure of the nano-catalyst system which, in
turn, determines its catalytic properties. However, before turning our attention to the explicit physical structure of these
metallic supports, we find that a systematic and thorough characterization of all supported Cu surface oxides is currently
lacking and far from complete. Here, we survey and study the various possible ultrathin oxidized structures of Cu using
first-principles density-functional theory (DFT) calculations. Namely, we report the DFT-derived surface core-level shifts
(CLS) and simulated scanning tunneling microscopy (STM) images (where the orbitals of the STM tip are explicitly
considered) [2, 3] for O/Cu(111), O/Cu(100), “29”, “44” and other reconstructed surface structures, and provide an
atomistic picture to explain and interpret the structural ambiguities in recent CLS and STM experiments [4].
References
[1] J. C. Bauer, G. M. Veith, L. F. Allard, et al., ACS Catal. , 2537 (2012)
[2] L. Köhler and G. Kresse, Phys. Rev. B  , 165405 (2004)
[3] G. Mándi and K. Palotás, Phys. Rev. B 9 , 165406 (2015)
[4] A. J. Therrien, R. Zhang, F. R. Lucci, et al., J. Phys. Chem. C  , 10879 (2016)
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High quality copper (I) oxides or cuprous oxides (Cu2O) are prepare on the surface of single crystal Cu(111) thin films.
Semiconducting oxides usually exhibit n-type behavior due to intrinsic O vacancies dominantly generated during growth.
For device applications, finding good p-type oxides has been an important subject. Cu2O has been intensively studied due
to its p-type characteristic with direct band gap of ~ 2.1 eV. Although some theoretical studies reported about the origin of
p-type nature in Cu2O, it is not confirmed experimentally up to now. In addition, precise structural model has to be
clarified. In this study, we investigate the atomic structure of Cu2O(111) (1x1) surface using home-built low temperature
scanning tunneling microscope (STM). Intrinsic defects are also observed in Cu2O(111) surfaces. These defects are
identified by direct comparison to density functional theory (DFT) STM simulations. Then, our STM/STS analyses on the
defects explain about the origin of p-type nature in Cu2O.
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Color of a metal is determined by its characteristics of charge carriers such as plasma frequency and mobility. Since these
properties are intrinsic originating from the fundamental electronic band structure near the Fermi level, the color of a metal
is persistent and can be used to identify the kind, i.e., gold is yellow, silver is white, and copper is reddish-orange. On the
other hand, natural oxidation of a metallic surface such as copper or iron occurs spontaneously, but is difficult to control. In
general, oxidation preferentially occurs through the grain boundary in the metal, resulting in highly non-uniform surface.
As the oxidation develops a macroscopic oxidation layer emerges, in which for the case of iron is called rust. In this talk, we
use a novel single crystal Cu thin film to achieve a homogeneous, controllable oxidation layer, which realizes a wide
spectrum of different colors. In particular, highly uniform Cu2O and CuO layer can be formed on top of the single crystal
Cu thin film. This oxide layer is optically distinctive from the Cu layer, resulting in multiple reflection at the Cu2O/Cu
interface and Cu2O surface. The reflectance determined by the Fresnel equation can be fine-tuned by the thickness and
optical functions of the oxide thin film, covering different areas in the visible range wavelength. The experimental
observation and simulation of the optical reflectance leads to the material realization of full color based on copper.
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MoS2 has attracted great attention for hydro-desulfurization and hydrogen evolution reaction catalysis. The edges of MoS2
have been known to play the central role in the catalytic activity. The edges are manifested in nanoclusters, and their
detailed atomic and electronic structures have been intensively studied. Direct chemical vapor deposition growth of MoS2
in typical S-rich condition yields as precursors S-saturated Mo-edge MoS2 triangular nanoclusters. It has been known that
the MoS2 nanoclusters have particularly abundant sizes, which are so-called the magic clusters. In this study, we investigate
the atomic and electronic structures of the S-saturated Mo-edge triangular MoS2 nanoclusters through density-functional
theory calculations to find the origin of the magic clusters. It is shown that the edge S2 dimers in the S2-Mo-edge MoS2
triangular nanoclusters prefer to undergo x5 lateral spacing modulation. It is a consequence of the Peierls instability of the
edge S2-pxpxπ* (S2-Πx) electrons interacting with the Mo-dxy sub-edge electrons. The x5 modulation affects the edge
energies of the finite-size nanoclusters, and the especially stable sizes are found to be N=5n-2 and 5n, where N is the
number of S2 dimers at each edge and n is a positive integer. The S2-Mo-edge becomes S2-Πx semiconducting and subedge Mo-dxy metallic for large N. The obtained stable sizes and the edge modulation structures are found to be in good
agreement with the scanning tunneling microscopy experiments.
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The recent advent of semiconducting transition metal dichalcogenides (TMDCs) with exceptional optical properties,
combined with the ability to build artificial van der Waals (vdW) heterostructures, enables the realization of unique
atomically scaled semiconductor heterojunctions for applications in optoelectronic and energy devices as well as
fundamental studies at an ultimate thickness limit. In this talk, I will first discuss the optoelectronic characterization of
vertically-stacked p-n heterojunctions (WSe2-MoS2) and monolithically-fabricated oxide/semiconductor heterojunctions
(WO3-WSe2), which exhibited the distinctive photoconversion process from conventional bulk counterparts. In addition,
utilizing efficient and fast charge transfer at the vdW interface, atomically thin type-II heterojunctions can be employed as a
catalyst to enhance the charge transfer at the solid/liquid interface in a photoelectrochemical (PEC) cell. As the second
subject of the talk, I will present the spatially resolved characterization of PEC performances of the MoS2-WS2
heterojunction catalyst for hydrogen evolution reaction. Lastly, I will briefly discuss the wafer-scale growth of monolayer
TMDCs and their epitaxial heterojunction bilayers using metal-organic chemical vapor deposition.
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Over the last three decades, nanoscale materials have been extensively investigated for both academic research and
practical industrial applications. Nanomaterials are broadly classified by the number of nanoscale dimensions of the
material systems (in practice, indicated by the number of macroscopic dimensions): 0D (fullerenes and nanoparticles) [1],
1D (nantobubes and nanowires) [2], and 2D (graphene, h-BN, TMDs) [3,4] nanomaterials. In this talk, I will discuss about
the modeling research on 2D materials, with emphasis on transition metal dichalcogenides (TMDs). 2D compound
semiconductors (TMDs; MX2 with M = transition metal, X = chalcogen) are the recent focus of diverse research activities as
a promising 2D device materials. TMDs are covalently bonded 2D layers stacked together with weakly interacting van der
Waals gaps, and there have been diverse TMD samples prepared by exfoliation, CVD and MBE growth for material study
and device applications. In spite of such increasing research activities, their material properties and how to control them
within device structures are not fully understood yet, and topics of ongoing research. To explore possible materials
properties and to facilitate the experimental device material development efforts, we have applied predictive first principles
modeling method to examine TMD materials properties. We have performed predictive density functional theory (DFT)
studies of TMD material properties including band alignments in heterostrucures, TMD-metal contacts, TMD-oxide
interface, and TMD defect and dopant properties.[5,6,7,8,9,10] Furthermore, to guide the experiment efforts to grow high
quality TMD samples, we have investigate the kinetics of precursor reactions and the nucleation and growth of TMD
samples using DFT and kinetic Monte Carlo simulations.[11,12] In this talk, we will discuss the calculated the atomic and
electronic structure information of TMDs and their heterostructures, controlled growth of TMD samples, and their
implications for nanoscale device applications in the context of close collaboration with experimental research groups.
[13,14]
This work was supported by Creative Materials Discovery Program of KNRF (2015M3D1A1068062). This work was also
supported in part by ASCENT, one of six centers in JUMP, a Semiconductor Research Corporation (SRC) program sponsored
by DARPA.
[1] Science 337, 832 (2012); [2] Science 287, 622 (2000); [3] Nature Mat. 9, 840 (2010); [4] Nature Mat. 11, 203 (2012);
[5] Nano Lett. 14, 1714 (2014); [6] Appl. Phys. Lett. 103, 053513 (2013); [7] Sci. Rep. 6, 29184 (2016); [8] Science 350,
1065 (2015); [9] Nano Lett. 16, 2090 (2016); [10] 2D Mater. 4, 015026 (2017); [11] 2D Mater. 3, 025029 (2016); [12]
Sci. Rep. 7, 2977 (2017); [13] Nature Nanotech. 13, 337 (2018); [14] Nat. Mater. (in press).
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Because of outstanding optoelectronic properties of colloidal quantum dot
(QD) semiconductors, many researchers have developed various kinds of
optical devices using QD materials for the applications to next-generation
display standard. Although display-related devices with Cd-based QDs have
shown excellent properties until a recent date, the eco-friendly QD materials
also have attracted many attentions due to the environmental regulation.
And, because there are many problems about the stability of conventional
QD-LEDs with organic charge transport layers, a stable charge transport
layers have to be used. Here, we propose the organic/inorganic hybrid QDLEDs with various QDs as light emitting layer and inorganic layers as charge
transport layer such as ZrO2 and TiO2 nano-particles. The QD-LED with
bottom emission structure which was fabricated at low temperature
showed the luminescence of > 20,000 cd/m2 and the current efficiency of >
15 cd/A. Also, to realize the transparent QD-LED display for new
applications, the two-step sputtering process of top transparent conductive
oxide electrode was used and we could fabricate transparent QD-LED device
with the transmittance of more than 74 % for whole device area.
(Fig. 1. Transparent QD-LED devices by using InP QDs)
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Unique optical properties of colloidal quantum dots (QDs) (e.g., broadband absorption but narrow emission, high quantum
yield, and band gap tunability) have led to widespread research from fundamental study and manipulation of carrier
dynamics in confined space to novel QD-based light emitting applications such as full-color displays, lightings, or
luminescent solar concentrators. Although most cases share same fundamental principle on the light generation from
electronic states of QDs, diversity in pumping schemes (i.e., optical versus electrical) and nanoscopic configuration of QDs
(i.e., packing density and their surroundings) opens numerous nonradiative pathways reducing the efficiency of light
generation. Focused on the electroluminescence devices that directly excites QDs from electricity, here, we discuss about
the atomic-scale design of core/shell QDs for a high performance optoelectronic device. As well as the traditional
nonradiative decay pathways, the formation of charged QDs by imbalanced charge injection initiates ultrafast, nonradiative
Auger recombination of excitons. Close correlation of charged exciton quantum yield resulting from structural design of
QDs with device performance suggests that the reduction of device efficiency can be mitigated by precise tuning of
core/shell heterostructures.
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We investigate the operational instability of quantum dot (QD) based light-emitting diodes (QLEDs). Spectroscopic analysis
on the QD emissive layer within devices in chorus with the optoelectronic and electrical characteristics of devices disclose
that the device efficiency of QLED under operation is indeed deteriorated by two main mechanisms. The first is the
luminance efficiency drop of the QD emissive layer in the running devices owing to the accumulation of excess electrons in
QDs, which escalates the possibility of non-radiative Auger recombination processes in QDs. The other is the electron
leakage toward hole transport layers (HTLs) that accompanies irreversible physical damage to the HTL by creating nonradiative recombination centers. These processes are distinguishable in terms of the timescale and the reversibility, but both
stem from a single origin, the discrepancy between electron versus hole injection rates into QDs. Based on experimental
and calculation results, we propose mechanistic models for the operation of the-state-of-the-art QLEDs in individual
quantum dot levels and their degradation during operation and offer rational guidelines that promise the realization of
high performance QLEDs with proven operational stability.
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Colloidal quantum dots (QD) have attracted significant attention for photovoltaic cells owing to enabling solution
processing with tunable band gaps via size control. Power conversion efficiencies of QD solar cells, which focused mainly
on lead chalcogenide systems until recently, have increased rapidly, exceeding over 12 %. Here, a recent progress on lead
chalcogenides based colloidal quantum dot photovoltaics will be briefly reviewed focusing on the surface chemistry of
ultra-small nanocrystals for efficient device applications. Further, attempts in replacing Pb chalcogenides to Pb-free
materials will be introduced. Specifically, we introduce indium arsenide colloidal quantum dot films for photovoltaic
devices, fabricated by two-step surface modification. Native ligands and unwanted oxide on the surface are peeled off
followed by passivating with incoming atomic or short ligands. The near-infrared-absorbing n-type indium arsenide
colloidal quantum dot films can be tuned in energy level positions up to 0.4 eV depending on the surface chemistry,
consequently, boost collection efficiency when used in various emerging solar cells. As an example, we demonstrate p-n
junction between n-type indium arsenide and p-type lead sulfide colloidal quantum dot layers, which leads to a favorable
electronic band alignment and charge extraction from both colloidal quantum dot layers. This study provides richer
materials to explore for high-efficiency emerging photovoltaics and will broaden research interest for various optoelectronic
applications using the n-type covalent nanocrystal arrays.
References
[1] Choi, H; Ko, J.; Kim, Y. H; Jeong, S. J. Am. Chem. Soc. (2013) 135 5278
[2] Woo. J; Ko, J.; Song, J. H; Kim, K; Choi, H; Kim, Y. H; Lee, D. C; Jeong, S. J. Am. Chem. Soc. (2014) 136 8883
[3] Song, J. H; Choi, H.; Hien P. T; Jeong, S. Nat. Comm. (2018) accepted for publication
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BaBiO3 (BBO) has been well known as the parent compound of high-temperature superconductors Ba1-xKxBiO3 and
BaPb1-xBiO3 (BPBO) with maxima TC = 30 K and 11 K, respectively. Since its high-temperature superconductivity draw a
lots of interests, detailed studies on the electronic structures of BBO and its doped compounds has been progressed.
Unfortunately, some early approaches have been not successful because experimental and theoretical results deviated lot
due to correlations that cannot be precisely elaborated by calculations. After applications of advanced exchange-correlation
functionals in density functional theory (DFT) to BBO, calculation results for BBO and its doped compounds could
successfully reproduce semiconducting nature, TC, and so on. Even so, comparison between experimental studies and
theoretical studies based on DFT is still desirable to study interesting ground states and superconductivity.
Electronic structures of optimally-doped BPBO thin films with x = 0.25 were studied by in-situ ARPES. We obtained
momentum-resolved electronic structure, and obtained band mass which is 3 times smaller than that predicted by local
density approximation. To trace back the origin of the band mass reduction, we compared the obtained experimental
electronic structures and theoretical calculations with various exchange-correlation functionals. We suggested that the
unusual band mass reduction could be from nonlocal correlation by momentum-dependent self-energy which enhance
electron-phonon coupling in doped BBO so unusual high Tc could be reproduced.
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In recent years, there has been an increasing interest in strong correlation effect from the Hund’s coupling. It is now well
established that the Hund’s coupling is responsible for strongly correlated multi-band metal far from the Mott insulating
phase. Due to the Janus-faced character of the Hund’s coupling, the strong correlation can arise even with relatively small
Coulomb interaction in non-single-occupied and non-half-filled multi-band system such as iron pnictides/chalcogenides
and ruthenates. These materials are classified into Hund’s metal and has been studied intensively by both experimental and
theoretical approach. However, it has not been discussed how the Hund’s coupling can be realized in the vicinity of Mott
transition in half-filled case. Here we provide the first insight of the role of Hund’s coupling near the metal-insulator
transition (MIT) in NiS2-xSex system, which shows the bandwidth controlled MIT, using angle-resolved photoemission
electron spectroscopy (APRES) and density functional theory combined with dynamical mean field theory (DFT+DMFT). The
kinks originated from the Hund’s coupling become clear and moves toward to lower energy scale as the system becomes
close to the Mott insulating state. Also the first-order like MIT is observed at quite small effective mass. These results
indicate how the traditional Brinkman-Rice picture can be modified in the multi-band system in the presence of the Hund’s
coupling.
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A first-principles computation scheme to calculate ‘branching ratio’ in x-ray absorption spectroscopy has been applied to
various 5d, 4d, and 3d transition-metal elements and compounds. This new method is based on an atomic theory which
assumes the atomic core hole interacts barely with valence electrons [1, 2]. While it provides an efficient way to calculate
the experimentally measurable quantity without generating spectrum itself, its reliability and applicability should be
carefully examined especially for the light transition metal systems. Here we select 30 different materials and compare the
calculation results with experimental data. It is found that our scheme well describes 5d and 4d transition metal systems
whereas, for 3d materials, the difference between the calculation and experiment is observed. The difference for 3d
transition metal system is attributed to the neglect of core-valence interaction. We expect that our results shed light on the
applicability of the method.

[1] J.-H. Sim, H. Yoon, S. H. Park, and M. J. Han, Physical Review B 94, 115149 (2016)
[2] B. T. Thole and G. van der Laan, Physical Review A 38, 1943 (1988)
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The spin-orbit entangled pseudo-spin state, Jeff=1/2 has driven intriguing phenomena such as high-Tc superconductivity,
quantum spin liquid, and topological semimetal. This studies have been conducted on 4d or 5d compounds but 3d systems
haven't been focused on. The Jeff=1/2 states in 3d systems including cuprates haven't been considered to emerge in
condensed matter physics. One reason is the spin-orbit coupling constant of 3d is smaller than that of Ru (4d) or Ir (5d)
ions and the other is that many 3d systems have distorted-crystal structures which lead quenched orbital angular
momentum. However, we suggest CuAl2O4 is a candidate material to induce Jeff=1/2 states. Cubic symmetry of the crystal
structure verified by single crystal XRD and optical conductivity supports Jeff=1/2 nature. Moreover, X-ray absorption
spectroscopy also shows this nature following the electric dipole selection rule.

References
R. Nirmala, et al., J. Phys.: Condens. Matter, 29, 13 (2017)
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As further extended resonant X-ray scattering study, Resonant Inelastic X-ray Scattering (RIXS) experiment were performed
at 3A beamline. RIXS reveals excitations such as phonon, magnon, interband transition, and etc. In order to achieve 300
meV energy resolution of RIXS, spectrometer setup consisting of spherically diced analyzer crystal, Mythen 1D strip detector
and Si (333) double crystal monochromator were used. The energy resolution was determined by geometry factors
including diced crystal size and 1D strip channel size. As a result, Hubbard interband excitation of 0.6eV were successfully
measured from 1-hour scans. Furthermore, we obtained momentum dependence of energy loss spectrum which is
consistent with major features of APS result, with lower intensity and worse energy resolution in spite of lower brilliance of
PLS-II compared to APS. Current energy resolution (300meV) is sufficient to analyze chemical variation in catalytic reaction
for powder samples.

5IG?B4C

Resonant Inelastic X-ray scattering, RIXS, Resonant X-ray scattering

-377-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

E11.06*

?>DB?<?65<53DB931<DB1>C@?BD1>4=17>5D9C=?6&B%E"E<DB1 D89>
69<=CF91CEB6135D5B=9>1D9?>5>79>55B9>7
LEE Han Gyeol1, 2, WANG Lingfei1, 2, KIM Jeong Rae1, 2, 노태원*1, 2
1Center for Correlated Electron Systems (CCES), Institute for Basic Science (IBS), 2 Department of Physics
and Astronomy, Seoul National University (SNU)
twnoh@snu.ac.kr

2CDB13D
In ultra-thin limit, the surface can strongly affect the electronic properties of ABO3 perovskite oxide films [1]. Specifically,
the termination layer (i.e. AO and BO2) is correlated with the translation/inversion symmetry breaking. The change of
surface termination triggers considerate electronic or structure reconstructions. Therefore, the surface termination
engineering enables effective control of various novel surface/interface phenomena, including interfacial 2-dimensional
electron gas, self-polarization, Schottky barrier, and metal-to-insulator transition.
Perovskite-structured SrRuO3 (SRO) is a famous itinerate ferromagnet, which has been extensively investigated for
decades [2]. In the SRO epitaxial films, the strongly correlated lattice, spin, charge, and orbital degrees of freedom make it
an ideal candidate to investigate surface termination dependent physical properties. However, the as-grown SRO thin film
always exhibit SrO-terminated surface due to the high volatility of RuO2 at the growth temperature. Here, we propose
novel ex-situ method to selectively remove the SrO termination layer and realize stable RuO2-terminated SRO surface [3].
The surface termination engineering can effectively control the electrical transport and magnetism of ultrathin SRO films.
[1] D. P. Kumah et al., Phys. Rev. Applied , 054004 (2014).
[2] G. Koster et al., Rev. Mod. Phys. , 253 (2012).
[3] G. Rijnders et al., Appl. Phys. Lett. , 505 (2004).

5IG?B4C

SrRuO3, Termination control, Extraordinary Hall effect

-378-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

E11.07*

9B53D5F945>35?6?B29D1< C5<53D9F53?>69>5=5>D56653D?6%E4
?B29D1<C9>&B%E"E<DB1D89>69<=
강순민1, 박제근*1
물리학과
jgpark10@snu.ac.kr

1서울대학교

2CDB13D
The electronic structure of SrRuO3 thin film with thickness from 50 to 1 unit
cell (u.c.) is investigated via the resonant inelastic x-ray scattering (RIXS)
technique at the O K-edge to unravel the intriguing interplay of orbital and
charge degrees of freedom. We found that orbital-selective quantum
confinement effect (QCE) induces the splitting of Ru 4d orbitals. At the
same time, we observed a clear suppression of the electron-hole continuum
across the metal-to-insulator transition (MIT) occurring between 5 and 4
u.c. samples. From these two clear observations we conclude that QCE gives
rise to a Mott insulating phase in ultrathin SrRuO3 films. Our interpretation
of the RIXS spectra is supported by configuration interaction calculations of
RuO6.
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Predicting the phase diagram of VO2, including the various structural allotopes, from first principles is a grand challenge of
materials physics. The coexistence of Peierls and Mott physics suggests that a theory which can capture strong electronic
correlations will be necessary to compute the total energies. Here we perform a detailed analysis of the structural
energetics, and the electronic structure, of rutile and M1 VO2 using density functional theory (DFT) and DFT+U
calculations. We demonstrate that there are qualitative failures in the structural energetics in both methods. In order to
understand the nature of the failure, we build a minimal model of the structural energetics using the Peierls-Hubbard
model and exactly solve it using DMRG (Density Matrix Renormalization Group); demonstrating that the on-site U has a
minimal effect on the structural energetics for physical parameters. These results explain the partial success of the
unorthodoxed non-spin-polarized (NSP) DFT+U results, and guide the creation of empirical corrections to the DFT
functional. Our modified DFT functional, single-particle density functional, is then used to predict the temperature-strain
phase diagram for the rutile and M1 phases.
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Adjusting the metal insulator transition (MIT) behavior of Vanadium Dioxide (VO2) films through strain is effective for
practical applications. However, the mechanism for strain modulated MIT in VO2 is still under debate. The MIT mechanism
can be studied through various order parameters, among which strain is used. Two kinds of strain, namely, interfacial and
external strain can be applied to engineer the characteristics of the MIT. Here, we have carried out research with external
strain. We used high quality VO2 thin films on flexible glass substrates by RF sputtering system which showed a resistivity
change of over 3 orders of magnitude across the MIT. In order to study the external strain effect, we have measured the
behavior of the MIT temperature (TMIT) while exerting tensile or compressive external strain to the thin films. In addition,
we have observed an anomalous behavior of the TMIT as a function of the external strain and propose an anisotropic strain
effect which has never been reported in the previous studies in VO2 thin films. These findings will provide a new pathway
of active tuning of the MIT transition in VO2 thin films through external strain engineering.
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Recently, significant progress has been made toward full control of the quantum states of spins and charges in a variety of
semiconductors and solid-state nanostructures for applications in quantum information processing, quantum optics, and
quantum sensing. Such platforms include the NV center in diamond, dopants in silicon, single-photon emitters in 2dimensional crystals, and solid-state quantum dots. Being in the solid-state, the listed platforms also have a significant
potential for scalability. In the first part of the talk, we will outline the principles underlying the listed quantum defect
systems in terms of its manipulation and operation schemes. In the second part of the talk, we will highlight some of our
own research efforts devoted to the point-defect-based qubits in heterogeneous semiconductors. First, we will discuss the
Janus aspects of nuclear spin baths: the bad being the source of decoherence for electron spin qubits and the good being
useful resources for quantum memory applications. We will show that it is possible to reconcile these conflicting aspects of
nuclear spin baths by developing spin qubits either in heterogeneous crystals or low-dimensional crystals. Second, we will
discuss computational defect designs to search for promising defect candidates in a variety of heterogeneous
semiconductors toward scalable and coherent hybrid quantum systems.
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Understanding the dynamics of macroscopic quantum systems with strong interaction is a challenging topic. In recent
years, several studies have reported using an ensemble of interacting nitrogen vacancy center spins to study such dynamics;
from the observation of critical thermalization in a three dimensional ensemble to Discrete Time Crystal state subject to a
periodic drive in a disordered spin ensemble. However, unlike cold atom systems, where a Feshbach resonance is used as a
tool to control the interaction between atoms, solid state atomic defect system faces intrinsic challenge of controlling the
interactions, since defect atoms are spatially fixed inside the host lattice. In this talk, we present a novel scheme to
effectively control the dipolar coupling between strongly coupled spins through manipulation of dressed states through
microwaves and test this with two strongly coupled NV spins. Inducing dressing terms into the system Hamiltonian via spin
Rabi driving, we could turn on/off or tune the effective dipolar coupling between two spins. Through Ramsey spectroscopy,
we observed the change of coupling dynamics under the presence of different dressing terms in our control Hamiltonian.

5IG?B4C

Quantum information, Solid-state spin qubit

-383-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

E12.03

&D1B;DE>9>7?6C9>7<5@8?D?>5=9DD5BC9>85H17?>1<2?B?>>9DB945

이지은*1
물리학과
jieuntb@gmail.com

1아주대학교

2CDB13D
Single photon emitters are fundamental resources of quantum optics and quantum information technologies. Many solidstate emitters have been studied over the years for scalable integration of single photon emitters on-chip. Recently, the
emergence of single photon emission in atomic defects in hexagonal Boron Nitride (h-BN) at room temperature has
triggered great interests in 2D-material-based single photon sources. For full exploitation of 2D single photon emitters for
quantum technologies, however, the ability to control each atomic defect individually is critical. In this talk, we show the
electrical control of single photon emission in h-BN induced by an out-of-plane electric field. This has been possible by
fabricating a vertical heterostructure of h-BN containing atomic defects with graphene gates. A diverse spectral trail of
Stark shifts is measured, providing information on the defect’s dipole transitions. The effect also persists at room
temperature. We will also discuss a new ground state defect structure that can induce the observed linear Stark shifts
which is supported by theoretical calculations.
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Quantum dots provide a bright source of single photons with high purity and indistinguishability, bringing them into
integrated sources for quantum photonics. Integration of these quantum emitters with nanophotonic structures enables
efficient generation and manipulation of single photons. In particular, photonic crystal devices enable high Purcell effect,
high coupling efficiency, and strong nonlinearity. These abilities enable quantum dots to be useful for several applications
in quantum information processing such as quantum teleportation, quantum simulation, and quantum logic gate.
Nevertheless, to date, there exist only few results on multiple quantum dots on nanophotonic structures, while most
applications in quantum information processing require multiple, identical quantum emitters generating indistinguishable
single photons. A major problem is a spectral randomness in self-assembled quantum dots, and the fabrication errors cause
additional randomness in the optical modes of nanophotonic devices. Therefore, scalable quantum photonic devices
require a new method for integrating multiple quantum dots with photonic structures on a single chip. In this talk, we
present the integration of multiple quantum dots with individual photonic crystal cavities and waveguides and report
quantum interference from chip-integrated multiple quantum dots[1,2]. Also we demonstrate hybrid integration of
quantum emitters with Si photonic chip, enabling integrated quantum photonics[3]. These approaches pave the way for
large-scale quantum photonics with integrated quantum emitters

%565B5>35C
[1] J.-H. Kim et al., Two-photon interference from the far-field emission of chip-integrated cavity-coupled emitters, Nano
Letters, 16, 7061 (2016)
[2] J.-H. Kim et al., Super-radiant emission from quantum dots in a nanophotonic waveguide, Nano Letters 18, 4734
(2018)
[3] J.-H. Kim et al., Hybrid integration of solid-state quantum emitters on a silicon photonic chip, Nano Letters, 17, 7394
(2017)
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Quantum states of quasiparticles in solids are dictated by symmetry. Thus, a discovery of unconventional symmetry can
provide a new opportunity to reach a novel quantum state. Recently, Dirac and Weyl electrons have been observed in
crystals with discrete translational symmetry. Here we experimentally demonstrate Dirac electrons in a two-dimensional
quasicrystal without translational symmetry. A dodecagonal quasicrystal was realized by epitaxial growth of twisted bilayer
graphene rotated exactly 30 degree. The graphene quasicrystal was grown up to a millimeter scale on SiC(0001) surface
while maintaining the single rotation angle over an entire sample and was successfully isolated from a substrate,
demonstrating its structural and chemical stability under ambient conditions. Multiple Dirac cone replicated with the 12fold rotational symmetry were observed in angle resolved photoemission spectra, showing its unique electronic structures
with anomalous strong interlayer coupling with quasi-periodicity. Our study provides a new way to explore physical
properties of relativistic fermions with controllable quasicrystalline orders.
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Two-dimensional (2D) van der Waals semiconductors have a tunable carrier density that is widely useful for application in
devices. Carrier doping to 2D semiconductors can also be exploited to modulate many-body interactions and to explore a
novel composite particle. The Holstein polaron is a small composite particle of an electron that carries a cloud of selfinduced lattice deformation (or phonons), and it has been widely proposed to play a key role in carrier mobility and hightemperature superconductivity. In this talk, I will introduce our recent observation of Holstein polarons in surface-doped
MoS2, where a puzzling 2D superconducting dome with the critical temperature of 12 K was found recently [1,2]. By
means of angle-resolved photoemission spectroscopy, we found strong band renormalizations that are collectively
identified as a hitherto unobserved spectral function of Holstein polarons [3,4]. The strength of electron-phonon coupling
is found to gradually increase along the superconducting dome [3,4], and its potential relation to 2D superconductivity in
MoS2 will be discussed.
[1] J. T. Ye et al., Science 1193 (2012).
[2] D. Costanzo et al., Nature Nanotech. 339 (2016).
[3] M. Kang et al., Nano Lett. 1610 (2017).
[4] M. Kang et al., Nature Mater. 676 (2018).
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We present the electronic characterization of single-layer 1H-NbSe2 and 1H-TaSe2 grown by molecular beam epitaxy (MBE)
using a combined angle-resolved photoemission spectroscopy (ARPES), scanning tunneling microscopy/spectroscopy
(STM/STS), and density functional theory (DFT) calculations. We demonstrate that 3×3 CDW order persists despite distinct
changes in the low energy electronic structure highlighted by the reduction in the number of bands crossing the Fermi
energy (EF) and the corresponding modification of Fermi surface (FS) topology. Enhanced spin-orbit coupling and lattice
distortion in the single-layer limit play a crucial role in the formation of CDW order. Our findings provide a deeper
understanding of the nature of CDW order in the 2D limit.
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브릴루앙 산란법은 입사광과 시료 내 음향 포논 사이의 비탄성 상호작용으로 인해 변
조된 진동수를 검출함으로써 음향 포논의 진동수, 에너지, 음속도, 탄성계수 등을 구
할 수 있는 분광법이다. 광학포논을 검출하는 라만 분광법에 비해 브릴루앙 분광법은
상대적으로 저주파수 대역(수백 GHz 이하)에 존재하는 저에너지 장파장 여기자들을
조사할 수 있기에 그 동안 음향 포논, 마그논 등 다양한 여기자의 특성 파악에 활용되
어 왔다. 강유전체 및 릴랙서와 같은 극성 유전체의 경우 상유전상에서 발생하는 국
소적 대칭성 파괴로 인해 전조 극성 영역 혹은 극성 나노 영역 등이 발생하고 이들의
성장과 상호작용이 다양한 거시적 물성에 영향을 준다. 본 연구에서는 브릴루앙 분광
법을 이용해 대표적인 강유전체인 BaTiO3와 릴랙서의 탄성계수를 측정함으로써 이
들의 탄성계수의 온도의존성과 전조 현상의 상관성에 대해 조사하였다. Figure1
은 BaTiO3의 탄성계수의 온도의존성으로 상전이온도(Tc)에 대해 그런 것으로써 특
정 탄성계수의 무름 현상이 두드러진 것을 보여준다. 이를 통해 탄성계수의 온도의존
성과 전조 극성 영역이 나타내는 국소적 대칭성 파괴의 성격의 상관성에 대해 다루고
자 한다.
사사: 본 연구는 2016년도 한국연구재단 연구비 지원에 의한 결과의 일부임을 밝힙
니다 (NRF-2016R1A2B4012646).
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X-ray absorption spectroscopy (XAS) is a method to examine the chemical and structural properties of materials of interest
by measuring x-ray absorption coefficients with various incident X-ray energies. Particularly, XAS can reveal the
coordination of each atomic species, the variance of which might be closely related to an off-center distortion as in
ferroelectrics. Soft and hard XAS was applied to several dielectric-metal interfaces to scrutinize the local structural
evolution. In this talk, at first, principles of XAS in regard of structural studies of ultrathin films or interfaces will be
introduced, and then, some examples of the application on the dielectric-metal interfaces, including SnS2/TiN, ZnS/TiN, etc.
will be presented.
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Ferroelectric or polar states of condensed matter systems exhibit characteristic responses to the electromagnetic waves. For
example, displacive-type ferroelectrics have the so-called soft phonon mode which appears as an infrared-active phonon
mode in the terahertz spectral region. Also, inversion symmetry is broken in ferroelectric and polar materials, and hence a
strong second-order nonlinear optical process is expected. In this presentation, we present a few examples of linear and
nonlinear spectroscopic investigations of ferroelectric or polar materials. This includes a revisit to the soft-mode behavior in
BaTiO3, a domain characterization of the multiferroic BiFeO3, and an emergence of noncentrosymmetric phase in SrRuO3
thin film under a tensile strain.
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Lead-free ferroelectric thin films have attracted much interest in replacing current lead zirconate titanate (Pb(Zr,Ti)O3, PZT)based piezoelectric thin films in micro electro-mechanical (MEMS) devices due to the increasing awareness and legislation
concerning lead oxide toxicity. Among the leading lead-free perovskites, potassium sodium niobate (K0.5Na0.5NbO3, KNN)
which is a solid solution of ferroelectric KNbO3 (KN) and anti-ferroelectric NaNbO3 (NN) phases, has been one of the most
widely investigated materials over the last decade. We have concentrated on the fabrication of KNN-based thin films using
sol-gel and RF sputtering techniques and has obtained encouraging results. However, controlling the complex
stoichiometric compositions in KNN-based thin films is still challenging due to volatilization of alkaline elements and the
high leakage current density. In the current talk, the available synthetic approaches, chemical modification strategies, and
stabilizing agents used to try and overcome these challenges and improve the piezoelectric properties of KNN-based thin
films are presented. Herein, we systematically describe the recent advancements of the ferroelectric and piezoelectric
properties of KNN-based thin films and summarize the properties of KNN-based thin films fabricated by sol-gel and RF
magnetron sputtering.
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과학기술정보통신부는 최근 수립된 문재인 정부의 기초연구진흥 기본 방향인 “제4차 기초연구진흥종합계획(2018-2022)”을 연구자를
대상으로 설명하고, 2019년 이공분야 기초연구지원사업의 운영방안(안)과 관련하여 연구자의 의견을 수렴하고자 한다. 문재인 정부의
연구자주도 기초연구 예산 확대(‘22년까지 2배 확대) 정책에 따라, 과기정통부는 2019년 기초연구지원사업 예산 증대에 노력하고 있으
며, 아울러, 기초연구지원사업을 연구자 중심으로 개편한다. 주요 개편 방향으로는 연구 조기정착을 위한 신진연구자 지원 강화, 수월성
과 다양성을 고려한 연구 지원 확대, 연구단절 방지를 위한 안정성 연구 강화 등이다.
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An important paradigm shift of semiconductor manufacturing is a transition
from 2D to 3D architecture. 3D power scaling, arranging/orienting
transistors vertically rather than horizontally, achieves the density increase
with no decrease in transistor size required. Toshiba memory, for instance, is
carrying out mass production of 3D-NAND flash having 96 memory layers
stacked vertically. To fabricate such 3D architecture devices in industry,
many difficulties arise such as process fluctuations and introducing hard
etching materials. One possible solution to overcome such difficulties is the
application of big data analytics to semiconductor fabrication. We are
developing several approaches to extract useful information from process
big data [1, 2]. Here we show some examples of such developments.
CVD plasma often contains nanoparticles which often modify properties of
CVD films. We have investigated the effects of plasma fluctuation on the
growth of nanoparticles in capacitively-coupled rf discharges with amplitude
modulation (AM) [3, 4] We deduced spatial profiles of fluctuations from
100 Hz component envelope of laser light scattering (LLS) intensity from
nanoparticles and OES750nm, obtained in low pressure CVD plasma, as
shown in Fig. 1. Since nanoparticle diameter ranges from 2-10 nm which
are much smaller than the laser light wavelength of 532 nm, the scattering
light is in the Rayleigh scattering regime. Hence the LLS intensity is proportional to the density of nanoparticles and the
sixth power of their size. Because the growth rate of nanoparticles is 1 nm/s and their size change in a modulation period is
small enough to be discarded, the LLS intensity modulation at 100 Hz predominantly reflects nanoparticle density
modulation. Ar I 750 nm emission intensity gives the information of density of high energy electrons of kinetic energy
above 13.48 eV. Strong local fluctuations are formed in the regions of |r| = 25-35 mm in LLS, whereas weak and random
fluctuations are formed in OES750nm. The difference in Fig. 1 is mainly originated from mass difference between
nanoparticles and electrons. In other words, light electrons are transported quickly, whereas heavy nanoparticles tend to
reside in a local region. The results demonstrate the analysis method is useful for identifying possible origins of process
fluctuations.
This work was partly supported by JSPS KAKENHI Grant Number JP26246036.
[1] M. Shiratani, et. al., Mater. Sci. Forum 879 (2017) 1772.
[2] S. Toko, et al., Surf. Coat. Technol. 326B (2017) 388.
[3] K. Kamataki, et al., Applied Physics Express 4 (2011) 105001.
[4] K. Kamataki, et al., Journal of Instrumentation (JINST) 7 (2012) C04017.
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In order to understand the kinetic behaviors of plasmas for the control of electron energy distributions and ion transport in
many plasma reactors, a particle-in-cell (PIC) method is a good tool for the computer simulation of plasma systems because
it can handle nonlinear, transient, and magnetized plasmas with little errors. Recently, the heavy computational cost of a
PIC simulation was resolved by the parallelization using graphics processing units (GPUs). In this talk, the parallelized PIC
simulation techniques are presented for the simulation of 2D CCPs and magnetron sputtering systems. For the latter, we
report the deposition profiles and the incident angles of sputtered particles entering the substrate with the variation of the
depth of the target surface. For the CCPs, various kinetic effects are analyzed with the GPU-PIC code by investigating the
spatiotemporal variation of electron heating and the change of energy distribution functions of bulk electrons and the ions
reaching the substrate. Finally, a basic concept of big-data analysis for plasma simulations is introduced.
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Bulk and surface chemistry database (DB) are necessarily required to compute the plasma parameters inside the chamber.
Because DB is closely related with accuracy enhancement of simulations, researches are being actively conducted to obtain
high reliable DB. In this work, we developed various plasma DB sets for plasma simulators using Boltzmann analysis and
global model. Firstly, electron collision cross sections were evaluated by comparing the electron energy distribution
functions between the experimental results and numerical results by solving the Fokker-Planck equation. Then, rate
coefficients for heavy particle reactions were verified and optimized by comparing the measured charged particle and
radical density with the calculated results using the global model. Moreover, we studied DB compression in order to
improve computation speed.
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One of the major sources of perfluorocompounds (PFCs) in the recent
semiconductor industry can be the in situ dry plasma cleaning process
conducted after thin film deposition processes such as chemical vapor
deposition (CVD), atomic layer deposition (ALD), plasma enhanced chemical
vapor deposition (PECVD), and plasma enhanced atomic layer deposition
(PEALD). The release of PFCs can promote the greenhouse effect. To reduce
emissions of PFCs, a new plasma cleaning process has been developed to
efficiently dissociate fluorine-containing gases into effective cleaning
chemicals such as an atomic fluorine (F) by utilization of a remote plasma
source (RPS). The downstream plasma reactor consists of a plasma source,
where the inductive discharge occurs; a transport region (i.e., a transport
tube), which connects the source to the deposition chamber; the actual plasma enhanced chemical vapor deposition
chamber, where the fluorine radicals react with the surface residues to produce volatile byproducts, which are pumped out
through the outlet. From environmental point of view, this RPC process has clear benefits, however, several aspects still
have to be systematically analyzed.
In recent years, the smaller technology nodes currently used in the semiconductor industry make the achievement of
process uniformity over the wafer more crucial than ever for yield enhancement. For example, a film thickness variation
(not only in the within-wafer but also in the wafer-to-wafer) of less than 2 to 3% across a 300-mm wafer is required to
produce high-performance memory chips. As manufacturing lines usually need to invest in a large volume of high-cost
process equipment, unsatisfactory uniformity can thus lead to significant financial losses and a series of lost opportunities
(i.e., the so-called “Chicken Game”). The chamber cleaning process can affect the stability of the film properties and thus
productivities since surface conditions of the chamber can be affected by the cleaning process.
Our main concern of this work is to understand the complex phenomena, which are observed in the remote plasma
cleaning process for achieving both superior performance (uniformity) and environmental friendliness (efficiency). To
challenge these significant technical difficulties, we have developed detailed numerical models of the downstream cleaning
process. For the remote plasma source, the plasma-kinetic model has been developed to expect the atomic fluorine
production from the dissociation of NF3. In the transport tube, both of the heterogeneous and the homogeneous model
has been developed to analyze the consumption mechanism of atomic fluorine. To perform the optimization process of gas
consumption in the deposition chamber, the numerical modeling of complex chemical processes has been built up.
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The IceCube Neutrino Observatory studies a wide range of phenomena including neutrino astronomy, dark matter
searches, neutrino oscillations, and cosmic ray physics using a cubic kilometer of instrumented ice at the South Pole.
Recently, we reported evidence for the first identified source of the high energy astrophysical neutrinos (Blazar
TXS0506+056). This represents a major milestone towards understanding both the sources of high energy neutrinos and
cosmic rays. I will summarize IceCube's recent results and highlight implications of the identification of the high energy
neutrino source and how it fits into the broader context of the multi-messenger astroparticle physics field.
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Cosmic rays interacting with particles of the solar atmosphere are expected to produce energetic neutrinos, called solar
atmospheric neutrinos. The lower density of the solar atmosphere compared to the Earth's atmosphere makes secondary
particles from cosmic ray interactions decay rather than to reinteract to lose their energy. As a result, solar atmospheric
neutrinos are expected to be distinguishable in shape of their energy spectrum from those generated in the Earth
atmosphere. This flux might be observable in large volume neutrino telescopes such as IceCube. We have performed a
likelihood analysis with directional and energy information to distinguish signals from backgrounds. We present the solar
atmospheric neutrino analysis, including studies for systematics.
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The Cosmic Ray Energetic And Mass (CREAM) instrument on the International Space Station (ISS) is designed to investigate
the origin, acceleration and propagation of high energy cosmic rays up to 1000 TeV. The ISS-CREAM payload on a Space12 Dragon spacecraft was launched to the ISS on August 14, 2017 and all detectors are working very well now. The Top
Counting Detector (TCD) and Bottom Counting Detector (BCD) are parts of the detector suite for the ISS-CREAM
instrument. The goals of the TCD/BCD are to separate electrons from proton and to provide low energy trigger. The
TCD/BCD can separate electrons from protons using differences in shapes between electromagnetic and hadronic showers.
In this presentation, we will present the performance status of the TCD/BCD on the ISS.
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International Space Station - Cosmic Ray Energetic And Mass (ISS- CREAM)실험은 국제우주정거장에서 고에너지 우주선을 검출
하고 성분 연구 및 가속과정을 증명 하는데 의의를 두고 있으며, 2017년 8월 SpaceX 사의 Dragon에 과학 탑재체를 싣고 국제우주정거
장에 성공적으로 발사, 설치 및 운용 중이다. 본 연구실에서는 과학 탑재체의 중요한 검출기 중 하나인 Silicon Charge Detector (SCD)
를 독자적으로 개발하여 실험에 참여하고 있다. 본 발표에서는 우주에서의 전반적인 SCD operation 및 ISS-CREAM의 상황에 대해 보고
하고자 한다.
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The ISS-CREAM is a cosmic ray observation experiment performing a direct measurement on the ISS. It
aims to reveal the source, acceleration and propagation of cosmic rays by observing individual elemental
spectra at energies of TeV - PeV. The ISS-CREAM measures the cosmic ray charge from proton to iron
by Silicon Charge Detector (SCD) with a charge resolution of 0.1 – 0.3. It also measures the cosmic ray
energy by calorimeter (CAL). We present the calibration status and preliminary analysis results of the
ISS-CREAM SCD and CAL.
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The Telescope Array (TA) experiment is for an understanding of Ultra High Energy Cosmic Rays (UHECRs). They induce
extensive showers in the air, and the chemical compositions and the energy spectrums of the UHECRs are investigated by
the hybrid detections of Surface Detector (SD) array and Fluorescence Detectors (FD). The origin and mechanism
of UHECR are one of the century-old puzzles. In 2015, TA has reported an anisotropy in the arrival direction of UHECR, and
to prove this hotspot and search other candidates, the SDs of the TAx4 are building in not only Japan but also
Korea to enlarge the total detection area four times larger. We will present here the Korean activities for the TAx4 and the
performance of newly built SDs by Korea.

5IG?B4C

cosmic rays, ultra-high-energy cosmic rays

-403-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

F2.07

새Y운중력파검출을위한^론적계산II

1성균관대학교

김동훈*1, 박일흥1, 2
우주과학기술연구소, 2성균관대학교 물리학과
ki1313@yahoo.com

2CDB13D
현재 구상 중인 새로운 형태의 우주 실험 중력파 검출장치의 설계에 대비하여, 이 장치의 중력파 검출에 대한 response function 및
sensitivity curve와 아울러 중력파원에 따른 characteristic strain 등을 이론적으로 계산하여 보이고자 한다. 2018 봄 물리학회 발표에
이은 후속 연구에 관한 보고이다.
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새 교육과정의 성공적 이행을 위한 주요 요인의 하나는 교육과정에서 의도한 바를 어떻게 교사가 수행하는가이다. 우리나라에서는 교사
의 교육과정 수행의 결정적 지침으로 교과서가 중요한 역할을 해왔다. 따라서 새 교육과정의 의도가 얼마나 그리고 어떻게 교과서에 반영
되었는가에 대한 분석은 교육과정 성공 요인 분석의 중요한 부분이다. 본 발표에서는 물리교과서 집필 과정을 ‘교육과정을 번역하는 과
제’로 규정하고, 번역과정에 관련된 주요 변인과 저자의 딜레마를 논의하고자 한다. 번역과정의 주요 변인으로는 집필 내용의 범위에 대한
해석이었으며, 저자의 딜레마로는 기존 교과서와의 차별성, 학교 현장 상황의 다양성, 검정기준, 교사의 요구사항과의 타협의 필요성이었
다. 각각의 예시와 해결과정을 제시하고 교과서의 미래와 집필에 대한 제안점을 제시하고자 한다.
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새 교육과정에 따를 고등학교 물리학I, II 교과서는 교육과정의 성취기준이 요구하는 과학적 역량이 증진될 수 있는 활동을 하는데 도움이
되도록 집필했다. 현 고등학생은 1학년 때 통합과학과 과학탐구실험 과목을 필수로 배우면서 활동 중심 수업을 접하게 된다. 물리학 교과
서는 이러한 상황을 고려하여 통합과학 교과서와 비슷하게 구성하였으며, 물리학의 기본 개념을 사용하여 참신한 활동을 해보는 과정에
서 과학적 탐구역량이 좋아질 수 있도록 배려하였다. 물리학을 가르치는 교사가 역량증진형 수업을 구성하는 것과 역량을 평가하는 것에
익숙하지 않을 것이 예상되나 시간이 흐르면서 완화될 것이라 예상한다. 당분간은 교과서를 따라서 그대로 수업을 하면 학생들의 과학적
역량이 자동적으로 좋아지는 것으로 오해하는 경우가 많을 것이 우려된다. 고등학교 물리 교수학습의 개선 방향에 대해 함께 토론하는 일
은 그래서 중요하고 매우 필요한 일이다. 이번 발표에선 객관식 문제풀이 중심으로 열심히 공부한 학생들이 흔히 실수하는 서술형 문항의
사례를 일부 소개한다.
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2015 개정 교육과정에 따르면 물리학 1은 '역학과 에너지', '물질과 전자기장', '파동과 정보통신'의 단원으로 구성되어 초등학교 '과
학'에서 부터 고등학교 '통합과학'까지의 물리 영역에서 다룬 기초 개념을 바탕으로 자연 현상을 체계적으로 이해하기 위한 과목으로 설
계되었다(교육부, 2015) 이러한 교과목의 목적에 맞게 2016년 부터 '물리학 1'교과서 개발에 참여하는 과정에서 드러나는 문제점을 살
펴보고고자 한다. 저자는 2016년 3월 부터 약 12개월에 걸처 K출판사에서 발주한 '물리학 1' 교과서 개발에 참여(총 5명)하여 '역학과
에너지' 단원에서 '힘과 운동' 영역의 핵심개념 중 '시공간과 운동', '역학적 에너지'와 '열과 에너지' 영역의 핵심개념 중 '에너지 전환'과
관련된 내용을 개발하였다. 교과서의 개발과정에서 영향을 미치는 주체(stakeholder)는 '심사자(교육부, 창의재단)', '개발자(저자)', '편
집자(출판사)'로 나눌 수 있을 것이다. 이 세 주제들 사이의 역학관계에서 교과서의 개발이 어떻게 진행되었는지 살펴보고자 한다. 또한
개발자 입장에서 교육과정을 해석하여 교과서로 구현하는 과정에서 어떠한 어려움이 있었고, 이를 해결해나가는 과정을 살펴보고자 한
다. 이를 통해 앞으로의 물리학 교육과정과 교과서의 개발에 대한 새로운 방안을 모색해보고자 한다.
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The primary physics motivation of relativistic heavy ion collisions had been to discover the deconfined partonic phase. The
phase is expected to have existed in very early universe within 10 microseconds after the Big Bang. After some onsets
found at CERN-SPS in 1990's, its existence has been established at BNL-RHIC in 2000's. The physics emphasis in the field is
naturally shifting since then, and apparently getting broader. One particular direction is to investigate the unique
properties of the partonic phase at the purest conditions, utilizing the facility at the highest energy, i.e. CERN-LHC at this
time. The prospects and the road maps of heavy ion physics in the highest energy regime will be discussed in this
presentation.
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The ALICE Collaboration is preparing a major upgrade of the ALICE detector, planned for installation during the second
long LHC shutdown. The construction is expected to be completed by 2020 for data taking until 2029. A key element of
the ALICE upgrade is the construction of a new, ultra-light, high-resolution Inner Tracking System (ITS).
With respect to the current ITS, this upgrade is aiming at a better position resolution (5 micron), a lower material budget
(0.3% X0 for the three innermost layers) and a faster readout (up to 100 kHz in Pb-Pb collisions). This will be obtained by
seven concentric detector layers based on an advanced Monolithic Active Pixel Sensor (MAPS) chip, with a pixel pitch of
30x30um^2.
I will present the general layout and main components of the new ITS, a summary of the R&D activities, the current status
and outlook.
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The CMS Collaboration has a major detector upgrade plan during the long shutdown 3 (LS3) starting in 2019 to prepare
the high-luminosity runs. It includes the new tracking system, the muon system, the electromagnetic and hadronic
calorimeters, and the trigger system. This upgrade will significantly enhance the physics performance of the CMS detector
not only for proton-proton collisions, but also for heavy-ion collisions in high-luminosity environment. In this presentation
we, firstly, give an overview of the CMS upgrade plan during LS3. Then, we present the impact of the detector upgrade to
the various observables for heavy-ion physics to better understand the interaction of quarks and gluons in hot, dense
medium.
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We review the context, the motivations and the expected performances of a comprehensive and ambitious fixed-target
program using the multi-TeV proton and ion LHC beams. Different possible technical implementations ranging from an
internal wire target to a full dedicated beam line extracted with a bent crystal are discussed. The possibilities offered by the
use of the ALICE and LHCb detectors in the fixed-target mode are also addressed.
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The status of sPHENIX detector development and the physics programs are reported. The sPHENIX experiment will collect
high statistics proton-proton, proton-nucleus and nucleus-nucleus data at RHIC from the early 2020’s. This state-of-the-art
detector will provide precision vertexing, tracking and electromagnetic and hadronic calorimetry in the central
pseudorapidity region $|\eta| < 1.1$, with full azimuth coverage. The broad acceptance of data at full collision rate will
deliver unprecedented data sets for hard probe tomography measurements at RHIC. Such capabilities will allow the studies
of jet modification, upsilon suppression and open heavy flavor production to probe the microscopic nature of Quark Gluon
Plasma, and a broad range of cold QCD studies as well. In this talk, I will present a brief overview of the sPHENIX detector
design with emphasis on calorimetry. The prototypes of EMCal and HCal have been tested using the electron and pion
beams at the T-1044 test beam facility at FNAL. The performance of prototypes has also been simulated using GEANT4 and
extensively vetted against the test beam results.
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Contemporary human life relies heavily on mobile devices such as smart-phone, lap-top, or tablet PC which process
tremendous amount of information every day. In near future, rapid development of information technology (IT) would
eventually integrate the devices as a wearable and flexible form that will collect and process information ubiquitously.
Organic materials and amorphous films have long been studied for the foldable and wearable devices since the devices
must be fabricated on a flexible plastic film. However, single-crystalline inorganic semiconductors can provide many
advantages over organic materials for optoelectronic and electrical device applications, including high carrier mobility and
radiative recombination rates, as well as long-term stability and reliability. Nevertheless, problems associated with highquality inorganic film growth on flexible substrates represent one of the major obstacles to the use of inorganic
semiconductors in flexible and stretchable devices. Previous techniques such as epitaxial growth and lift-off circumvent this
problem by separation of the thin film from the growth substrates but difficulty in separating the film from a single-crystal
limits their use. Meanwhile, the layered structure of 2-dimentional (2-D) nanomaterials, which consist of weakly bonded
layers, makes it easy to transfer the film to foreign substrates. Accordingly, hybrid heterostructures composed of highquality inorganic thin films or nanostructures grown directly on graphene offer a novel material system for transferable
and/or flexible optoelectronics [1,2]. Here I will present controlled growths of ZnO and GaN nanostructures on 2D
nanomaterials using catalyst-free metal-organic vapor phase epitaxy and describe the methods to fabricate flexible LEDs
and transistors using the hybrid nanostructures.
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GaN는 높은 구조적, 화학적 안정성으로 인해 LED 등 광전소자 분야에 활용되고 있으며, 이 과정에서 우수한 전기적, 광학적 특성의 에피
성장, 높은 재현성의 대면적 공정기술과 정교한 평가분석 기술이 개발되어 왔다. 이러한 특성을 바탕으로 GaN 기반의 에너지 하베스팅
소자를 구현하는 것은 앞으로 이 분야에서의 중요한 연구주제가 될 것이다. 특히 GaN 나노막대는 큰 표면적과 우수한 성장특성 및 유연
성으로 인해 에너지 하베스팅의 주된 소재로 연구되고 있다. 태양광 수소생산은 GaN가 갖는 장점들-자발적 광전화학 물분해, 합금을 통
해 가시광 흡수, 전기화학 안정성-을 활용할 수 있어, GaN 기반 나노막대의 물분해 광전극으로의 응용가능성이 연구되고 있다. VLS 방법
을 이용하여 GaN, InGaN, GaN/InGaN 양자우물 나노막대를 성장하였고, 성장조건에 따른 구조적, 광학적 특성 변화와 더불어 물분해
수소생산의 특성의 최적화를 연구하였다. 압전발전기는 진동, 소음 등 버려지는 운동에너지를 전기에너지로 변환하는 소자이다. GaN의
압전특성을 바탕으로 한 나노발전기의 동작특성은 나노막대를 제작함으로써 크게 향상될 수 있다. 나노막대의 형상 및 성장방향에 따른
압전특성의 변화와 함께, 나노발전기의 성능 및 응용가능성을 향상시키기 위한 유연기판 및 투명소자 제작에 대하여 보고하고자 한다.
^논문은교육과학W술부의재원으Y한국연구재단의대학중점연구소`원[업으Y수행된연구임
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Strong exciton-photon coupling in microcavities have generated an intense research effort since quasi-particles called
exciton polaritons are produced and shows interesting phenomena such as polariton condensation, super-fluid, and
switching. Recently, nitride materials which has large exciton binding energy and oscillator strength has much attention
because strong coupling with large Rabi-splitting between photon and exciton could be realized at room temperature.
Large Rabi splitting provide robust strong coupling regime against various dephasing process (i.e. photon and exciton
dephasing). However, fabrication of high quality microcavity using nitride materials is challengeable due to the large
mismatch of the lattice constant and the thermal expansion coefficient between nitride based distributed Bragg mirrors.
Here, we observed strong coupling regime of exciton-photon in GaN/InGaN core-shell microwires which were grown by
metalorganic vapor phase epitaxy (MOCVD) on Si substrate [1]. It contains high quality non-polar (m-plane) multi-quantum
wells which remove quantum confined Stark effect. Owing to the hexagonal cross-section of microwire, whispering gallery
modes of photon are naturally formed and could be coupled with exciton in InGaN multi-quantum wells. Using angleresolved micro-photoluminescence measurement, exciton polariton dispersion curves were directly observed from coreshell microwire. In addition, by measuring position-dependent micro-photoluminescence, anti-crossing behavior between
whispering gallery modes and exciton in multi-quantum wells was investigated in core-shell microwire. It reveals large Rabisplitting energy due to the large spatial overlap between whispering gallery modes and exciton and high quality non-polar
InGaN multiple-quantum wells [2]. This structure provides robust polariton effect with a small footprint, thus it has a great
potential for a wide range of interesting applications.
REFERENCES:
[1] S. M. Ko, S. H. Gong, and Y. H. Cho, Nano Letters 14, 4937 (2014).
[2] S. H. Gong, S. M. Ko, M. H. Jang, and Y. H. Cho, Nano Letters 15, 4517 (2015).
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Wide bandgap semiconductor materials have been studied over the several decades owing to desirable material properties
for high efficiency semiconductor devices. Especially, nanoscale building blocks of III-nitrides inspire the improvement in
device performance. It normally provides several merits: suppression of the quantum-confined Stark effect, enhanced
indium incorporation, tuneable emission spectrum by adjusting the diameter and/or external bias and large emission area.
It has been employed several approaches to form the architecture of III-nitride nanorod array. In this talk, our works to form
III-nitride nanorods are presented including both bottom-up and top-down techniques. Selective-area growth was mainly
used on the various mother templates. Two growth tools, metal–organic chemical vapor deposition (MOCVD) and MBE
were utilized. Material properties of nanorod arrays were characterized by several analysis methods. Optical properties of
InGaN/GaN core–shell nanorods were also investigated for optoelectonic device applications in the near future.
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Quasi-one-dimensional (1D) semiconductor nanostructures is of great interest in recent years owing to their unique
capabilities in achieving desired chemical and physical properties as well as enabling great potential in electronic and
optoelectronic applications. In this talk, I will review some representative issues related to the morphological effect of 1D
nanostructures on formation of optical cavity in single nanostructures and the performance of II-VI semiconductor
nanostructure based photovoltaic devices.[1-3]
[1] S. H. Lee, T. Goto, H. Miyazaki, J. Chang, and T. Yao., Nano Lett. , 2038 (2010).
[2] S. H. Lee, G. E. Jellison, Jr, C. E. Duty, and J. Xu, Appl. Phys. Lett. 99, 153113 (2011).
[3] S. H. Lee, X. -G. Zhang, C. M. Parish, H. N. Lee, D. B. Smith, Y. He, and J. Xu, Adv. Mater. , 4381 (2011).
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Plasmonics, which explores the confinement of electromagnetic fields in subwavelength dimension at metallic-dielectric
surfaces has emerged as a new frontier of science and engineering. A variety of fundamental- and application-driven
research activities based on plasmonics spanning from attosecond nanoplasmonics, highly efficient light sources, futuregeneration photovoltaic devices, ultrasensitive biochemical sensors, as well as to integrated nanophotonic circuits have
been carried out at a breathtaking pace since the last decade and will continue to prosper toward a bright future. Silver
and gold, being the conventional plasmonic materials, have been widely used for applications in the range of visible and
near-infrared (NIR) frequencies because of their well-researched surface chemistry and relatively low optical losses. Among
the noble metals, aluminum has recently gained considerable interest due to its capability of supporting surface plasmon
resonance in the ultraviolet region. Compared to gold, silver and aluminum, copper has received much less attention in the
plasmonic community because of its poor oxidation resistance and high ohmic losses. Notorious film oxidation such as
Cu2O and CuO may already be formed throughout the film depth during the sputtering process in the case of
polycrystalline copper. Moreover, surrounding oxygen atoms can diffuse quickly along the grain boundaries, which can
cause higher oxygen incorporation into the films, thereby resulting in further degradation of the film quality. It has been
shown that a thin oxide layer of 2-3 nm on the copper surface is already sufficient to reduce the surface plasmon polariton
propagation length by ~50%. Different methods have been suggested and implemented to overcome copper oxidation
including encapsulation of copper nanoparticles in a transparent matrix, oxide removal with glacial acetic acid
electrodeposition of transition metal shells onto copper nanowire films and passivation layer on copper thin films. However,
some of these methods may introduce possibly undesirable optical property changes due to the existing materials added
onto the copper surfaces, which in turn result in a shift of plasmon resonance as well as a change of surface enhancement.
All polycrystalline metallic films inherently experience the critical issues of surface quality and thus atomically flat singlecrystalline metallic films and flakes have been proposed several years ago for achieving precisely patterned plasmonic
nanodevices. These reported high-definition plasmonic nanodevices are fabricated from single-crystalline gold, silver as well
as aluminum, and so far no studies have been done on single-crystalline patterned copper nanodevides. In the talk, we will
demonstrate the use of large-area single-crystalline copper thin films with high quality in combination with FIB milling to
achieve enhanced plasmonic devices.
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Recently metasurfaces that consist of only a monolayer of planar metallic structures, much smaller than the operational
wavelength, have shown great promise for achieving full control of the wavefront of light with little distortion and without
resorting to complex three-dimensional nanofabrication techniques. However, most of the lenses are mainly made of gold
that is not oxidized, which limits their commercialization. In this study, we propose a single crystal Cu based metalens
which makes possible to realize a high-performance metalens at a relatively low cost. Since the oxidation of the singlecrystal Cu is performed very uniformly depend on the oxidization environment, the thickness of Cu2O, that is, the thickness
of the dielectric can be effectively controlled. Thus, the metal/dielectric or metal/dielectric/metal structures can be easily
realized without complex fabrication processes.
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Recent advances in plasmonics have provided a promising route to overcoming the diffraction limit of optical devices by
utilizing surface plasmon polaritons (SPPs) generated at the metal/dielectric interface, which enables us to confine
electromagnetic energy within a sub-wavelength scale. It has taken one step towards realizing various future optical
devices, such as nano-scale high-speed optical emitters, detectors and modulators, single-molecule spectroscopy, superresolution optical imaging, and efficient single photon sources. In this presentation, highly available plasmonic devices
based on thin metal films will be presented.
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Cuprous oxide (Cu2O) is a p-type semiconductor with a direct forbidden band gap of ~2.17 eV and direct allowed band
gap of 2.62 eV at 4.2 K. Its crystal structure is a cubic structure with an inversion symmetry (space group, Oh4=pn3m).
Also, Cu2O has a high absorption coefficient as high as 105/cm, and is non-toxic and earth-abundant with low production
cost. Therefore Cu2O thin films are widely used in several device applications such as photovoltaics, photo catalysts, thin
film transistors, gas sensors, etc. To get right functionality of devices, it is necessary to control the crystal quality of Cu2O
since it influences most of properties like carrier density, mobility, and optical properties. Many researchers have been trying
several methods such as thermal oxidation of copper foil, electrodeposition, sputtering, chemical vapor deposition, pulsed
laser deposition and molecular beam epitaxy to produce high quality Cu2O films. However, in most of the studies, Cu2O
thin film was obtained with CuO phase or polycrystalline phase.
In our lab, epitaxial Cu2O(111) thin films were obtained via RF sputtering deposition of Cu(111) thin films followed by
rapid thermal processes at high temperatures ( 750~1000 ℃). The X-ray diffraction and electron back scattering diffraction
analyses show that the films are of pure Cu2O phase and well aligned in the [111] direction. Optical measurements at
room temperature show two clear absorption peaks at 2.57 and 2.69 eV which are corresponding to the blue and indigo
excitonic transition, respectively. Also, photoluminescence peaks due to yellow exciton recombination assisted with
phonons were observed at room temperature. There are no other peaks caused from copper vacancies or oxygen
vacancies. The results obtained from the thin film Cu2O are compared with naturally grown Cu2O crystal.
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A dipole-forbidden direct-gap semiconductor of cuprous oxide (Cu2O) has gained much attention for studying
fundamental exciton physics and excitonic Bose-Einstein condensation (BEC) owing to its unique crystal structure and
coupled electronic properties. As a bound state of an electron and a hole, an exciton can be optically created and makes
itself visible by radiative recombination. If excitons can be raised to sufficient densities, they may undergo BEC. But the
formation of short-lived dark biexcitons renders this quantum phase transition difficult to occur. Renewed interest came
with the observation of quadrupole exciton-polaritons in this classical semiconductor. Being a quantum superposition of
an exciton and a photon, this quasiparticle can be optically created via resonant excitation where the initial coherence with
a definite wavevector is primarily determined by the incident laser pulse. In this focus section, I will talk about 1) distinct
properties of excitonic matter in Cu2O in comparison with those in atomically thin monolayer transition metal
dichalcogenides, 2) half-matter/half-light characteristic of exciton-polaritons, and 3) feasibility of excitonic BEC.
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The role of dimensionality in high Tc superconductivity is an interesting issue: Many of the high Tc superconductor have
layered atomic structures, and yet the link between the high Tc superconductivity and the two-dimensional nature of the
crystal structure remains elusive. We fabricated atomically thin Bi2Sr2CaCu2O8+delta (Bi-2212) samples, and used
scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS) to investigate their electronic structure. In
this talk, I will discuss our recent results on the superconducting gap, pseudogap and charge order in Bi-2212 in the 2D
limit.
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In the past few years, significant efforts have been put towards research and development of two dimensional van
der Waals (2D vdWs) materials which are considered as hot materials for future electronics semiconductor devices.
Among 2D vdWs materials, single elemental black phosphorous (BP) is regarded as promising channel materials for
field-effect transistors (FET) with excellent device performances.
In this paper, I would like to introduce two types of non-volatile memory device applications. First thing is
ferroelectric memory device with a poly(vinylidenefluoride-trifluoroethylene) (P(VDF-TrFE)) ferroelectric top gateinsulator and second method is charge-injection memory (CIM) device application.
For the BP ferroelectric FETs (FeFETs), it shows a very clear memory window of 15 V and a high linear mobility value
of 1159 cm2/Vs with a 103 on/off ratio with a strong p-type behavior. Furthermore, we implement a memory circuit
of a CMOS inverter circuit combined with n-type MoS2 FeFET and it also displays a clear memory window of 15 V
and memory output voltage efficiency values of 95%. [1]
For the CIM application, our BP CIM devices show a clear memory window of 22 V and a linear mobility value of 13
cm2/Vs with a 103 program/erase ratio. Our BP CIM devices consist of two BP nanosheets as charge injection
(channel) and trapping layers with a similar thickness. The similar thickness means that these two BP layers would
have almost same energy band structure. From this reason, we can extract the energy band information of BP
nanosheets through the Fowler–Nordheim (FN) tunneling phenomenon. [2]
More and advanced details will be discussed in the meeting.
References
[1] Y. T. Lee, H. Kwon, J. S. Kim, H. H. Kim, Y. J. Lee, J. A. Lim, Y.-W. Song, Y. Yi, W. K. Choi, D. K. Hwang, and S.
Im,  , 9, 10394 (2015)
[2] Y. T. Lee , J. Lee , H. Ju , J. A. Lim , Y. Yi , W. K. Choi, D. K. Hwang, and S. Im,
 . 26, 5701
(2016)
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The valley degree of freedom in 2D transition metal dichalcogenides (TMD) recently emerged as a novel information carrier
in addition to spin and charge. The valley electronic states are shown to be easily accessible via circular polarization of
photoexcitation. In addition, the intrinsic valley lifetime is expected to be remarkably long due to the unique spin-valley
locking behavior. Here, we report efficient generation of ultralong lived and highly mobile valley polarization in TMD
heterostructures. Our ultrafast optical studies reveal promising potential of valley electronic states in TMD monolayers for
novel valleytronics and spintronics applications.
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Neural networks are connectionist systems for cognitive computing, which
are inspired by biological neural networks in mammalian brains.
Connectionist systems such as neural networks can learn cognitive tasks by
re-organizing connections adaptively according to input data. Connectionist
systems are composed of the nodes called neurons and the connections
between neurons called synapses. In a typical architecture of neural
networks, there are some input neurons that deliver input data to the
networks and output neurons that derive the cognitive information from the
input data, as shown in Figure 1(a). Between the input and output neurons, there are many intermediate neurons hidden
inside the networks, performing their cognitive computing by re-organizing numerous synaptic connections between the
input and output neurons.
Memristors have been studied intensively many years for possibility of mimicking biological synapses with memristive
behaviors, since the first experimental demonstration in 2008. The 3-dimensional connectivity in memristor crossbar seems
very similar to the real neuronal structure of brain’s neocortex. In addition, memristor crossbar can perform bitwise
operation in parallel, simultaneously for all the columns in the crossbar. This parallel bitwise operation is very useful in
mimicking the parallel computation of brain’s cognition.
The neural networks can be mimicked with memristor crossbar, where memristance can be used to represent the synaptic
connection in the network. Applying electrical signals to the memristor crossbar can change memristance continuously or
discretely, as the synaptic connections are changed according to sensory signals in biological neuronal systems. In the
crossbar, memristors can be built on the crossing points between vertical and horizontal lines. Each horizontal line can be
driven by different input. Each vertical line can act as neuron’s dendrite. The calculated column current is expressed with ,
where yj and xi are the jth output and ith input neurons, respectively, in Figure 1(b). wij is the memristor synaptic
connection between yj and xi. In the crossbar, the synaptic connection can be represented using memristor’s conductance
values of gij+ and gij-. f() represents the activation function such as tanh and sigmoid to consider nonlinear behavior of
neurons.
In this presentation, I explain our previous and present works for developing brain-mimicking memristor neural networks.
We developed various memristor crossbar architectures for realizing the neural networks such as analog neural network,
ternary neural network, binary neural network, etc. And, we studied how to process not only static patterns but also
temporal patterns with memristor crossbars. In addition, defect-aware learning is very important in the memristor neural
network, because real memristor crossbars are susceptible to memristor defects such as stuck-at-faults, LRS/HRS variations,
etc.
3;>?G<547=5>D-The work was financially supported by NRF-2015R1A5A7037615, KIST ORP, Industrial Strategic
Technology Development program of MOTIE/KEIT (10052653), ETRI grant (18ZB1800), and SAMSUNG ELECTRONICS
(SRFC-IT1701-07). The CAD tools were supported by IC Design Education Center (IDEC), Daejeon, Korea.
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Nanoscale resistance switches are two-terminal devices representing at least two programmable resistance states that are
retained once programmed. “Nanoscale” indicates the physical dimension of a conducting filament that works as a circuit
breaker/switch between the two electrodes. Among various classes of resistance switches, my talk mainly addresses valence
change memory (VCM) of transition metal oxides. The VCM effect is based on reversible phase transitions within the
insulating mother matrix, which are triggered by point defect dynamics including interfacial electrochemical reactions.
From this defect dynamic viewpoint, I first address the mechanism for the VCM effect as well as the electroforming process
(initialization process) that breaks the initial symmetry of a pristine switch. Feasible applications of such switches to deep
learning acceleration are the main focus of the second part of my talk. The examples include analog multiply-accumulate
(MAC) operation with minimum time complexity using a passive array of binary resistance switches. A new algorithm for ad
hoc binary resistance update (fully satisfying a locality constraint) is also introduced. This algorithm features greedy edgewise training of stochastic neural network with ternary weight values (-1, 0, 1).
In addition, I briefly introduce the recent efforts of my group on the analog and digital neuromorphic system engineering
from building blocks to system architecture. This includes a fully reconfigurable digital neuromorphic chip (named Neo2C
chip) that is in the pipeline for the moment.
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In this talk, issues in the material system concept, integration, and applications of memristor crossbar array (CBA) are
described. 1S1R (1 selector and 1 memristor) or self-rectifying 1R are laterally scalable and vertically stackable scheme that
can lead to the ultimate memristor density for either memory, neuromorphic computing or bio-system emulator
applications. In such a scheme, the memristor system needs to be truly electroforming-free and operated at low energy in
order to build the high-density and low-energy memristor array. As a promising solution of these requirements, in this talk,
two types of new concept material system are presented. One is a memristor with a preconditioned tunneling conductive
path which achieves the required performance characteristics, including electroforming-free, low current below 30 μA
(potentially <1 μA), and simultaneously low voltage ±0.7 V in switching operations. This memristor is further integrated
with two recently developed selectors to demonstrate the feasibility of 1S1R integration. The other is a bi-layered structure
cell that contains rectification functionality in itself, highly reproucible RS perforimance, and electroforming‐free
characteristics, which could be utilized for 3-dimensional vertical structure. In addition to the material system concept, the
promising applications including next-generation memory, analog computing and bio-system emulator, which were
demonstrated by such memristors, are also introduced.
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We investigated the temperature dependence of the photocurrents for PCBM/(FAPbI3)0.85(MAPbBr3)0.15/PTAA solar cell
structures.
The LESR spin density was thermally activated in a temperature range of 160 ~ 300 K but disappeared below ~160 K. This
effect was also reflected by thermally-activated photocurrents (RT to ~160 K), especially from the transient peak currents
obtained at a weak light intensity. The photocurrent showed ~10% decrease between RT and 160 K.
The comparison of LESR with the temperature dependence of transient or steady photocurrent measurements suggested
that the decrease of photocurrent at low temperature stems from the trapping of delocalized holes at the interface
between the perovskite and the hole transport layer.
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Liquid crystals (LCs) are prototypical materials for studying topological
defects and thus the study of static topological defects in the LC system has
been active. However, the dynamic topological defects in the LC system
have not been reported yet. Here we demonstrate the generation and
control of the dynamic topological defects, and the resulting interactions.
The dynamic topological defects in the LC system are generated by the
surface modulation due to the Marangoni instability and thermal effect. The
resulting defects have both static and dynamic characteristics and can be
controlled by light. Moreover, specific flows which cannot be observed in
the isotropic materials arise, which makes possible the control of the dispersed colloids in the LC system together with
interactions between the topological defects. This allows the development of new optofluidic systems and optical
controllable topological defect devices.
Figure 1: A circular thermocapillary flow has developed around the dynamic topological defects and the colloids are
circulating clockwise (yellow arrow direction). It shows the colloids (red dots) that were not initially caught by the flow
pulled in due to the interactions between the defects (disclination indicated by the white arrow) in a timely sequence.
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2CDB13D
We fabricated micro-cells surrounded by nanowalls which can be formed by a maskless wet-etching process on Si (001)
surfaces after Laser Induced Periodic Surface Structure (LIPSS) formation by ultrafast laser irradiation. The LIPSS process
could produce one-dimensional and periodic micron scale ripples on a Si surface, which could be developed into micro-cells
by a subsequent etching process. The solution etching conditions strongly affected both the micro-cell and nanowall
shapes such as the height and the thickness of nanowalls. The tetramethylammonium hydroxide solution was efficient to
create thin nanowalls and the resulting micro- cells with a well-flattened bottom while the KOH solution formed thick walls
and incomplete micro-cells. The bottoms of micro-cells surrounded by the nanowalls were considerably flat with a 3.10 nm
surface roughness. A pentacene layer was deposited on the micro-cells of a Si surface to evaluate the film properties by
grazing incidence wide angle x-ray scattering measurements. The pentacene film on the micro-cell Si surface showed a
strong film phase, which was comparable to the film phase grown on the atomically flat Si surface.
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The coherent x-ray scattering beamline of PLS-II is dedicated to coherent x-ray diffraction imaging (CDI) techniques such as
Plane-wave CDI and Bragg CDI. The beamline has been recently upgraded to enhance coherent flux of the x-ray beam and
to improve the sample environment. The coherent flux was increased more than 80-fold compared to the previous system
by employing KB mirror. In addition, the diffractometer was modified and a new CDI sample chamber was fabricated to
enable imaging of a biological sample as well as an inorganic sample. The fact that KB mirror focused microbeam is
available at the 9C beamline made it possible to support microbeam diffraction experiments. In this presentation, details of
beamline specifications and available techniques will be introduced and also recent results of the beamline will be briefly
summarized.
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2CDB13D
We present ultrafast thermal expansion of in NiO thin films using x-ray free electron laser pulses. The experiment was
carried out at PAL-XFEL in Korea using laser pump and x-ray probe technique. Unlike conventional XRD setup, XFEL pink
beam is used instead of monochromatic beam to fully resolve diffuse peaks of NiO thin film. XFEL pink beam pulse has
rather mono-like bandwidth (10eV) compares to that of synchrotron but has uncertainty (~60eV) in mean energy.
However, we managed to discern the energy of each pulse by using laterally distributed NiO diffuse peak as energy
milepost. By this approach, the uncertainty in energy of each pulse turns into 3D reciprocal space scanning similar to
conventional θ-rocking and gives comprehensive 3 dimensional peak dynamics under laser pump.
Under the irradiation of IR pump laser pulses, the thermal lattice expansion of misoriented crystal domains is observed with
a time scale of a few picoseconds by the fluctuation of the broad diffuse components of the NiO(111) peak. The lattice
reached its maximum expanded state at about 15 ps and returned to the cold state with the timescale over 170 ps which
was the maximum time delay employed in this experiment. These times remained same regardless to the pump laser
power. However, the magnitude of the lattice expansion of the specularly aligned domains was half of the that of
misaligned domains. The time scale of lattice expansion also depended sensitively on the film thickness. Moreover, we were
also able to observe additional faint diffuse peak below the Bragg peak, owing to high flux of pink beam. The Q difference
is about 0.1 to the Bragg peak and intensity is about 1/10 of main diffuse peak. The magnitude of fluctuation of this peak
was even greater than that of main diffuse peak but has same time scale of expansion and relaxation.
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2CDB13D
Resonant X-ray emission spectroscopy (XES) was carried out to study the metal-insulator transition (MIT) of vanadium
dioxide. The Vanadium K-beta emission spectra including kβ2,5 and kβ1,3 both in the metallic and insulating phase were
monitored with an x-ray energy resolution of about 1.6 eV at the 3rd generation Pohang Accelerator Laboratory using vonHamos geometry with a highly oriented pyrolytic graphite (HOPG). The energy of x-rays exciting the Vanadium K-shell
electrons was scanned through the Vanadium K-edge. In addition, The K-beta emission intensity was plotted according to
the excitation x-ray energy to obtain the X-ray absorption near edge structure (XANES) profile. In both the emission spectra
and XANES profile, the difference between the insulating and metallic phase was clearly observed. We also observed
distinct resonant behavior in the elastic/inelastic scattering intensity. The physical interpretation of the resonant behavior
will be discussed in relation with the energy band structure of the insulating and metallic phase of VO2.
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2CDB13D
We investigate the nonlinear charge and energy transfer of an adiabatically driven quantum dot which is tunnel-coupled to
the Majorana edge mode formed around two-dimensional chiral topological superconductor. We establish a Joule law
which explains the dissipation in the Majorana edge mode and find its connection to the charge relaxation resistance
obtained in the linear response regime. We compare the Joule law with those for normal lead and conventional s-wave
superconducting lead and discuss the anomalous component of the Joule law which is genuine to the Majorana physics.
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2CDB13D
Topological matters have drawn the focus of condensed matter physicists for the better part of past decade. Topological
superconductors have been of particular interest due to their potential to host the so-called Majorana fermions, an elusive
particle whose anti-particle is the particle itself. Most of the efforts have revolved around synthesizing a new breed of
topological superconductors by combining topological insulators, superconductors and magnetic materials. A more
naturally produced topological superfluid, 3He, on the other hand, has been considered to be more difficult to probe due
to its charge neutral nature. Nano/micromechanical systems provide a new path for studying topological superfluidity in
this charge neutral system and we have developed MEMS/NEMS devices for this purpose. In this talk, I will discuss how
NEMS/MEMS devices can be used in topological superfluid research and report our progress.
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2CDB13D
In recent years, there has been much interest in two-dimensional (2D) Dirac materials such as graphene and transition
metal dichalcogenides. In this talk, we discuss possible interaction induced broken symmetry states in 2D Dirac materials.
First, we analyze the ordered phases of Bernal stacked multilayer graphene in the presence of interaction induced band
gaps due to sublattice symmetry breaking potentials, and discuss an effective Hund’s rule for the ordering of the sublattice
pseudospin doublets in the presence of a perpendicular external electric field [1]. Next, we study the condensation of
polaritons, emergent bosons from the hybridizations of cavity photons and excitons, in transition metal dichalcogenides,
and demonstrate that symmetry breaking or topological phase transitions can occur due to the competition between the
electron-photon coupling and the electron-electron interaction [2].
[1] Chiho Yoon, Yunsu Jang, Jeil Jung*, and Hongki Min*, Broken sublattice symmetry states in Bernal stacked multilayer
graphene, 2D Mater. , 021025 (2017).
[2] Ki Hoon Lee, Changhee Lee, Hongki Min*, and Suk Bum Chung*, Phase transitions of the polariton condensate in 2D
Dirac materials, Phys. Rev. Lett.  , 157601 (2018).
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2CDB13D
Spin-orbit coupling (SOC) is one of the key elements that are responsible for
many interesting physical phenomena, including weak anti-localization
(WAL) effect, topological insulating states, and Majorana Fermions. It is also
highly relevant for spintronic applications, especially in realizing spin-active
electronic devices. Although graphene has been of central interests in all of
these aspects due to its outstanding properties (high mobility, large gateeffect, etc), the SOC is intrinsically too small, and therefore, finding the way
to enhance SOC and identify its origin and magnitude is highly desirable.
Here, we show that the interfacial interactions with transition metal
dichalcogenides (TMDs) provide the robust and reliable way to enhance
SOC in graphene, irrespective of microscopic details like the choice of
materials and the quality of device. On different TMDs (WS2, WSe2, and
MoS2), graphene mono-, bi-, and thicker layers have shown a clear WAL
effect at low temperatures [1,2] which represents the simplest and most general diagnostic of SOC. The data are consistent
with a very short spin-relaxation time, approximately 0.2 ps or less, indicating the presence of a strong SOC. We have also
found that graphene remains clean even when such a strong SOC is induced, which allows us to observe clear beating
patterns in Shubnikov-de Hass (SdH) oscillations (Fig. 1). It not only confirms the splitting of the bands due to SOC but also
estimates its strength to be in the order of 10 meV, which is more than 100 times larger than its intrinsic value. All these
findings—the band character of the induced SOC, its robustness and large magnitude—make the graphene-TMD van der
Waals heterostructure a promising platform to explore a variety of SOC-related phenomena in graphene with diverse
characteristics and to exploit them to realize new spintronic devices. We will further discuss the potential implications of
these results on other 2D materials beyond graphene.
[1] Zhe Wang, Dong-Keun Ki, Hua Chen, Helmuth Berger, A. H. MacDonald, Alberto Morpurgo, Nat. Commun. , 8339
(2015).
[2] Zhe Wang, Dong-Keun Ki, Jun Yong Khoo, Diego Mauro, Helmuth Berger, Leonid S. Levitov, Alberto F. Morpurgo,
Phys. Rev. X , 041020 (2016).
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Two-dimensional (2D) interfaces with diverse three-dimensional materials' contact have long been an issue familiar to
scientists and engineers. These days, together with 2D materials and emerging 1D edge contact, the 2D interfaces are
attracting renewed interests for various applications such as next-generation devices. In particular, polymorph engineering
in group 6 TMDs, such as MX2 with M=(Mo, W) and X=(S, Se, Te), has allowed an intriguing theme in the interface
science, a formation of homojunction in a single material.
In this talk, I will briefly review diverse researches on 2D TMDs beyond graphene and interesting features of the 2D
materials' interfaces including graphene/Si junctions [1]. Then, homojunctions between metallic (1T') and semiconducting
(2H) MoTe2, generated by two methods (laser irradiation and contacting to low work function material), will be discussed
[2]. The synthesis of high quality MoTe2 has been a key for these studies [3,4].
Moreover, I will discuss Lifshitz transition in layered semimetals to understand the basic properties of electronic phase
transition in group 6 semimetals.
[1] Heejun Yang et al., Science 336, 1140 (2012)
[2] Suyeon Cho et al., Science 349, 625 (2015)
[3] Dong Hoon Keum et al., Nature Physics 11, 482 (2015)
[4] Heejun Yang et al., Nature Physics 13, 931 (2017)
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2CDB13D
We studied the role of Pd intercalation in 2H-PdxTaSe2 (x = 0.03 and 0.06) single crystal by using low temperature
scanning tunneling microscopy/spectroscopy (STM/S) and density functional theory (DFT) calculations. STM/S study
revealed atomically resolved commensurate charge density wave (CCDW) and incommensurate CDW (ICDW) states of 2HPd0.03TaSe2 at 5.5 K and 78 K, respectively, and DFT calculations found energetically favorable Pd intercalation sites in the
3✕3 CCDW states. Interestingly, the combined investigation disclosed a negligible effect of the Pd atom in the phase-shift
boundary formation in ICDW states, which is associated with broken CCDW domains. However, intercalated Pd atoms in
2H-Pd0.06TaSe2 single crystal play a significant role. Atomically resolved STM topography images reveal a distinctive short
✕3 order superstructure near Pd atoms in the 2H-Pd0.06TaSe2 single crystal. Additionally, it presents a disorder induced
ICDW states even at 5.5 K. The auto-correlation analysis verified the highly suppressed CDW long-range order and presence
of the short-range order with respect to both temperature and the amount of Pd. We anticipate that this disorder-induced
ICDW evolution in the 2H-Pd0.06TaSe2 would be a new route to understand CDW mechanism of 2H-TaSe2.
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Interplay between the interlayer coupling and the rotational mismatch between two graphene layers results in flattening of
Dirac cones at certain special twist angles
, called magic-angles. Recently, correlated insulator behavior and
superconductivity are experimentally observed near the first magic angle
, demonstrating rich physics
induced by the presence of the flat bands. In this regard, more detailed characterizations for the magic-angle twisted
bilayer graphene (MA-TBG) are being done. In this talk, we investigate the electron-phonon interactions in MA-TBG at the
atomistic level. First, we determine equilibrium atomic positions by minimizing the total energy of the system, consisting of
the in-plane strain energy and the interlayer binding energy. Then, we calculate the electronic structure and phonon
spectrum using the tight-binding model and the force-constant model, respectively. The electron-phonon matrix elements
are then obtained from the modulation of hopping parameters due to atomic displacements of phonon modes. We
present the electron-phonon coupling strength in MA-TBG with
as a function of doping level, and discuss
implications for superconductivity in this system. This work was supported by NRF of Korea (Grant No. 2011-0018306) and
KISTI supercomputing center (Project No. KSC-2017-C3-0079). Y.W.C. acknowledges support from NRF of Korea (Global
Ph.D. Fellowship Program NRF-2017H1A2A1042152).
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2CDB13D
Periodic moiré patterns in the length scale of a few tens of nanometers can give rise to moiré mini Brillouin zones whose
zone corners are at energy ranges accessible by conventional field effects in gated transistor devices. Recent experiments
have shown resistance peaks as a function of carrier doping indicative of Mott-like phases in twisted bilayer graphene at
the first magic twist angle [1, 2] and in ABC trilayer graphene (TLG) nearly aligned with hexagonal boron nitride (BN) [3]
when the Fermi energy is brought near the superlattice flat bands (SFB). In this work we investigate the electronic structure
of the flat bands induced by moiré superlattices and electric fields in nearly aligned ABC trilayer graphene-boron nitride
interfaces where Coulomb effects can lead to correlated gapped phases [4]. Our calculations indicate that valley-spin
resolved isolated superlattice flat bands that carry a finite Chern number C = 3 proportional to layer number can appear
near charge neutrality for appropriate perpendicular electric fields and twist angles. When the degeneracy of the bands is
lifted by Coulomb interactions these topological bands can lead to anomalous quantum Hall phases that embody orbital
and spin magnetism. Narrow bandwidths of ~10 meV achievable for a continuous range of twist angles θ ≤ 0.6ㅇ with
moderate interlayer potential differences of ~50 meV make the TLG/BN systems a promising platform for the study of
electric-field tunable Coulomb interaction driven spontaneous Hall phases.
Acknowledgements:
Support from the Korean NRF is acknowledged for B.L.C. through NRF-2017R1D1A1B03035932.

References:
[1]. Y. Cao, V. Fatemi, A. Demir, S. Fang, S. L. Tomarken, J. Y. Luo, J. D. Sanchez-Yamagishi, K. Watanabe, T. Taniguchi, E.
Kaxiras, R. C. Ashoori, and P. Jarillo-Herrero, Nature, , 80-84 (2018).
[2] Y. Cao, V. Fatemi, S. Fang, K. Watanabe, T. Taniguchi, E. Kaxiras, and P. Jarillo-Herrero, Nature, , 43-50 (2018).
[3] G. Chen, L. Jiang, S. Wu, B. Lv, H. Li, K. Watanabe, T. Taniguchi, Z. Shi, Y. Zhang, F. Wang, arXiv:1803.01985 (2018).
[4] B.L. Chittari, G. Chen, Y. Zhang, F. Wang, J. Jung, arXiv:1806.00462 (2018)
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2CDB13D
The exploration of topological semimetals is of significant fundamental and practical importance in current condensedmatter physics. Specifically, the extension to two-dimensional (2D) topological materials is particularly attractive because of
their exotic phenomena not available in 3D materials. Here, based on first-principles density-functional theory calculations,
we investigate the possible realization of nodal lines or discrete crossing points in Cu2Ge and Fe2Ge monolayers. For
Cu2Ge, we find two Dirac nodal lines near the Fermi level in the absence of spin–orbit coupling (SOC). Contrasting with
Cu2Ge, Fe2Ge has large density of states at the Fermi level due to the presence of flat bands, thereby inducing a Stonertype instability to produce a ferromagnetic order. This emergence of ferromagnetism in Fe2Ge makes the 2D lattice
buckled, leading to a transformation from the nodal line to crossing points. With SOC, such crossing points are either gapopened or invariant depending on the orientation of magnetization perpendicular or parallel to the layer, respectively. Our
findings provide a way for tuning the topological states in 2D topological semimetals through the mirror reflection
symmetry and magnetization direction.
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2CDB13D
Transition-metal-dichalcogenide 1T-TaS2 is known to be a Mott insulating ground state coupled with a charge-densitywave (CDW) order, while superconductivity emerges under pressure. However, the microscopic mechanism of the
pressure-induced melting of the CDW-Mott phase has yet to be uncovered. By carrying out first-principles densityfunctional theory calculations for single-layer 1T-TaS2, we reveal that, as the lattice is compressed, the S 3p orbitals
surrounding the "David-star" (DS) cluster (composing the CDW phase with 13 Ta atoms) are dramatically shifted from
~-1.2 eV to the Fermi level, not only suppressing the CDW gap but also inducing an insulator-metal transition.
Subsequently, such delocalizing S p states hybridize with a spin-polarized flat-band Mott state originating from a
quasilocalized electron around the central Ta atom of the DS cluster, resulting in a metallic ferromagnetic state. This novel
state features the Fermi-surface instabilities with a flat Fermi pocket, which produces spin fluctuations to drive a spin-triplet
superconductivity. The present findings shed light on the melting of the CDW-Mott phase, the insulator-metal transition,
and superconductivity in 1T-TaS2, developed as a function of pressure.
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We have investigated pressure-induced structural phase transition of orthorhombic and monoclinic KNbO3 nanowires
using powder x-ray diffraction (XRD) and Raman spectroscopy. We observed that monoclinic KNbO3 nanowires
underwent phase transitions twice, monoclinic to tetragonal and tetragonal to cubic, near 2.2 GPa and 8.5 GPa respectively.
On the other hand, orthorhombic KNbO3 nanowires showed a phase transition once, orthorhombic to cubic, near 8.5 GPa.
Their exact structures are determined by Rietveld method and confirmed by Raman scattering. Also, P-V equations of state
for two kinds of KNbO3 nanowires are derived from XRD data. Moreover, the elastic properties of two wires in various
structural phases are calculated. To our knowledge, we first observed that two isomorphs, one is from monoclinic phase and
the other is from orthorhombic phase, have different isothermal bulk moduli even in the same crystal phase at high pressure.

* This work was supported by Agency for Defense Development (ADD).
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The modulation of oxygen stoichiometry in complex oxides is of great interest for modifying their crystallographic structure
and for achieving unusual physical phenomena. Especially, the effect of defects (e.g. oxygen vacancies) on dielectric
properties was observed in various ferroelectric materials, such as Bi4-xLaxTi3O12 [1], Pb(Mn1/3Sb2/3)O3–Pb(Zr,Ti)O3 [2]. In
this work, BaTi1-xNixO3-δ ceramics with different Ni contents were selected for studying how oxygen vacancy dynamics
affects the dielectric relaxation behaviors in the Ni-doped BaTiO3 ceramics. In order to create oxygen vacancies and modify
their concentrations in the BaTi1-xNixO3-d ceramics, Ni2+ cation was used as a B-site dopant for the oxygen-vacancy
formation. Detailed information of sample synthesis, characterization, and the oxygen vacancy effect on the dielectric
phase transition will be presented with a possible mechanism of the experimental observations.
[1] S. Bhardwaj et al., J Mater Sci: Mater Electron. , 4058 (2014).
[2] Z. Zhu et al., Smar. Mater. Struct. , 1249 (2006)
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Ferroelectric polarizations are related to electric dipoles due to atomic displacements in ferroelectric lattices. Recently,
atomic-scale ferroelectricity is achieved by controlling dipole distributions in ferroelectric-based system. To control dipolar
arrangements, we exploited artificial triangular lattice in tetragonal ferroelectrics by tilting crystallographic orientations in
PbTiO3 (PTO) thin films by obtaining (111) orientation of the thin film. We used pulsed laser deposition methods to
fabricate PTO thin films. In particular, relationship between crystallographic orientation and corresponding polarization
axes was intensively studied by using X-ray diffraction patterns and second harmonic generations. In addition, dipole
distribution in the thin films was obtained by using high-resolution transmission electron microscopy and dipole frustration
is obtained in the (111)-PTO thin film. To study domain relaxation, temporal changes of written domain states were
investigated by piezoresponse force microscopy with double-poling scheme. Interestingly, dipole frustration due to
triangular lattice symmetry behaves as a decisive role to control dipole-dipole interaction and it induces unusual relaxation
behaviors with rapid decaying of written domain states.
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Compared to metals and semiconductors, the dielectrics can allow the fastest and sharpest response to the electric field,
due to their large bandgap and bandwidth. Despite this advantage, however, the dielectrics have been considered to be
unsuitable for electric-field-based applications, due to the necessity of extremely large electric field and the associated
breakdown under such large electric field. Recently, a-few-cycles optical field has been used to demonstrate the electricfield-driven, giant conductivity change in dielectrics [1,2,3].
Here, we report a colossal conductivity change by generating strain gradients with an atomic force microscope on ultrathin
band insulators. We systematically polarize an ultrathin film of otherwise nonpolar SrTiO3, and simultaneously measure I-V
curve across it. The measured I-V characteristic shows a huge change depending on the magnitude of the applied force
and the behavior is reversible. In this talk, the details of the experimental results and the possible explanation on the
observed behavior will be discussed.
[1] A. Schiffrin et al., Nature, 9, 70 (2013)
[2] M. Schultze et al., Nature, 9, 75 (2013)
[3] H. Yamakawa et al., Nature Material, , 1100 (2017)
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The recent discovery of ferroelectricity in a HfO2 film has attracted not only as a conventional non-volatile memory
application but also as a neuromorphic analog device. Various memories such as resistive random access memory (RRAM),
ferroelectric random access memory (FeRAM), and phase change memory (PRAM) are proposed for the candidate of
neuromorphic application where multiple memory states are required for the analog device. Multiple intermediate states
composed with partial polarization switching in ferroelectric materials can enable the neuromorphic memory with the
simple architecture using ferroelectric field effect. Though ferroelectric HfO2 have CMOS compatibility and ferroelectricity
in the thickness range allowed in the state-of-the-art fabrication process, several obstacles for the practical uses of
ferroelectric HfO2 still exist prior to the industrial application. For example, the large coercive field of ferroelectric HfO2
hinders the integration of ferroelectric HfO2 for nonvolatile memory.
In this study, we present the stability of multi-level polarization states in terms of large activation energy and
unprecedented difference of total energy with small domain flip. We measured the ferroelectric switching dynamics and
hysteresis of HfO2 thin films with a variation of temperature. The temperature dependence of characteristic switching time
and hysteresis showed that ferroelectric HfO2 has large activation energy per unit volume while the critical ferroelectric
domain volume is relatively small compared to the conventional perovskite materials. Theoretical investigation
demonstrated that ferroelectric HfO2 has an intrinsic dead layer screening the effect of other domains. Due to small critical
size of ferroelectric domain nucleation in HfO2, the enhanced accuracy for the access of multiple states can be used for the
analogue ferroelectric HfO2 memory for the neuromorphic memory application.
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Oxides of tantalum (more commonly as TaO, TaO2, and Ta2O5) are key oxide materials for modern electronic devices, such
as dynamic random-access memory and field effect transistor. Of late, new forms of stable tantalum oxides have been
proposed as a two-dimensional nanosheet structure with a nonconventional stoichiometry of TaO3 via soft-chemical
delamination of RbTaO3. However, not much is known about this elusive nanosheet-structured TaO3, unlike other closelyrelated common trioxides of W and Mo. In this work, using first-principles density-functional theory calculations, we have
studied various TaO3 structures as inspired from previous theoretical and experimental studies, and discuss their properties
with respect to the more conventional oxide of tantalum, Ta2O5. We have calculated their thermodynamics and lattice
properties, and have found new stable layered β-TaO3 and its exfoliated monolayer phase β'). By further analyzing their
electronic structure, we have discussed the mixed iono-covalent bonding characteristics in the TaO3 phases, challenging
the conventional formal oxidation state model for metal oxides. Finally, we propose how these new TaO3 oxide materials
may be potentially useful in photodevice applications.
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Although optical second harmonic generation (SHG) technique is one of powerful tool to study symmetry
information of ferroelectrics, it becomes difficult to figure out a property of individual nano-domains due to the
diffraction limit of light employed for the measurements. In this research, we present that symmetry information of
individual domains can be successfully extracted when the domain arrangement is pre-determined. By using
electrical alignment process for the La 5% doped BiFeO3 (BLFO) thin film, we prepared four-types of strain-driven
morphotropic-phase boundary (MPB) structures composed of distorted rhombohedral and tetragonal phase. We
observed distinct azimuth angle dependences of SHG intensity for each MPB structure, and unambiguously
extracted second-order susceptibility tensor components of rhombohedral and tetragonal phases by fitting all the
azimuth-dependent results successfully.
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지난 2년 동안 제 27대 물리학회의 여성위원회에서 진행해온 여러 가지 활동들에 대한 성과를 살펴보고 앞으로 여성위원회가 나아가야
할 방향을 제시하고자 한다.
물리학회 여성위원회는 발족초기부터 15년 이상의 역사를 가진 매년 8월에 진행해온 여고생물리캠프를 비롯하여 찾아가는 여성 물리인
멘토링 사업, 그리고 봄 가을 학술학회에서의 특별세션을 매년 진행해 왔다. 그동안 수행해온 여성위원회의 활동들에 대해 검토해보며 4
차산업시대에 들어서면서 물리학계 여성들이 해야 할 역할을 정립하기 위해 여성위원회가 해야 할 일들을 함께 모색하고자 한다. 그리고
2017년 영국 버밍햄에서 열린 제 6차 세계여성물리인대회(ICWIP)에 참가하여 보고 온 다른 국가들의 여성위원회들이 교육과 연구에서
하고 있는 활동들을 살펴보고자 한다.
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우리나라는 2000년대 초 이공계 기피현상이 심화되어 인력수급문제를 해결하기 위한 방안의 하나로 여성과학기술 정책이 도입되었다.
이를 구체화하기 위해 정부에서는 2002년에 ‘여성과학기술인 육성 및 지원에 관한 법률’을 제정하고 2004년부터 매 5년마다 기본계획
을 수립・시행하였다.
시대가 바뀌면서 매 차시마다의 여성과학기술인 육성 ・ 지원 기본계획의 비전과 목표, 그리고 추진전략이 변화되어 왔고, 2018년 현재
2019년부터 적용할 4차 기본계획을 수립하고 있는 단계에 있다.
‘로봇이나 인공지능(AI)을 통해 실제와 가상이 통합돼 사물을 자동적, 지능적으로 제어할 수 있는 가상 물리 시스템의 구축’이 기대되는 4
차 산업혁명 시대에서 물리의 중요성은 어느 때보다 중요하지만, 여전히 자연과학 분야 중 가장 여성의 유입이 적은 물리 분야1)로의 우수
인재 양성을 위한 정책이 제대로 수립되어 시행되어 왔는지 점검하지 못한 것이 현실이다. 따라서 1차부터 3차까지 여성과학기술자 육
성・지원 기본계획을 되돌아보고 4차 기본계획 수립에 필요한 정책을 살펴보고자 한다.
--------------------------------------------------------------------1) 2017년 교육통계 재적생 기준으로 물리과학 분야 여학생 비율은 22.2%, 수학 분야 35.9%, 화학분야 48.8%로 상대적으로 여학생
비율이 낮은 수준임.
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중이온가속기건설구축사업단에서는 중이온가속기를 구축중에 있으며 핵심가속장치 중에 하나로서 입사기를 개발중에 있다. 입사기의 세
부장치는 희귀동위원소 활용연구에서 필요한 이온들을 생성하는 장치 및 생성된 이온빔을 주선형가속기인 초전도선형가속기까지 전달하
는 저에너지 가속장치이다. 입사기는 초전도 ECR 이온원, LEBT, RFQ, 및 MEBT로 구성된다. ECR 이온원은 양성자에서, 48 Ca, 136
Xe, 238 U까지 다양한 원소를 이온화하여 다양한 이온 상태를 생성한다. LEBT는 ECR 이온원에서 생성된 이온들을 빔 손실 없이 효과적
으로 RFQ로 수송하는 역할을 한다. RFQ는 이온을 빔 에너지 500 keV/u 까지 가속한다. MEBT는 RFQ를 통해 가속된 빔을 저에너지 가
속단에빔 손실 없이 수송하는 역할을 한다. 본 발표에서는 그간 사업단에서 수행해왔던 입사기장치 개발동향에 대해 발표할 계획이다.
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2CDB13D
As high brightness electron sources for x-ray free electron laser, femtosecond electron diffraction and other particle
accelereators, photoinjectors are widely utilized. A photoinjector consists of an photocathode, an RF gun cavity, focusing
magnets and a drive laser system. The unique characteristics and applications of a photoinjector are presented.
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2CDB13D
VIBA (Versatile Ion Beam Accelerator) is a compact linear accelerator facility using 28GHz ECR ion source at KBSI (Korea
Basic Science Institute). The main aim of this facility is the production of high current fast neutron for the radiography and
to support various researchers using low-energy ion beams. By adopting a RFQ as a first stage of ion beam acceleration, the
extracted beam from ECRIS will be accelerated to 500 keV/Li3+. We have developed a superconducting Electron Cyclotron
Resonance Ion Source (SC-ECRIS) using 28 GHz microwave source. After a first plasma ignition, various ion beams were
successfully extracted since Feb. 2015. RFQ has been completed and is currently being tested. In this year, ECR ion source
was overhauled to improve a performance of ion beam extraction. Currently, to stabilize the cooling efficiency of cryostat,
we added one cryocooler at the device. And, a stainless steel bore will be replaced with tantalum bore for shielding the
radiation to the cryostat. In this time, I will introduce the current status of VIBA, and development of ECR ion sources and
RFQ developed in Korea
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2CDB13D
A 100-MeV proton linac is under operation at Korea Multi-purpose Accelerator Complex (KOMAC). It consists of a 50-keV
proton injector, a 3-MeV Radio Frequency Quadruopole (RFQ), 100-MeV Drift-Tube Linac (DTL) and beam lines. A
microwave ion source is used to produce proton beam and a magnetic LEBT to match the beam into the RFQ. A 350-MHz
RFQ is used to bunch, focus and accelerate the beam to 3-MeV. Operation status of the ion source and RFQ of KOMAC will
be presented.
This work has been supported through KOMAC operation fund of KAERI by MSIT (Ministry of Science and ICT)
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Hydrogen (or deuterium) cold-cathode Penning ion source is widely used in the research and industrial fields due to its simple
structure, the simple power system and the easiness of operation. In this study, we focus on finding the optimum operating
condition in the stable discharge regime by controlling discharge current, operating pressure, magnetic field, and so on. To
characterize the plasma, we measured the plasma parameters such as plasma density and electron temperature with the triple probe
diagnostics. To characterize the ion beam, we measured the ion species fraction of the extracted hydrogen beam which includes
monatomic ions (proton) and molecular ions (H2+ and H3+) using a home-made time-of-flight mass analyzer. Finally, we found an
optimum Penning plasma operation regime satisfying both high monatomic fraction of over 70% and high plasma density to
produce high beam current, while keeping the plasma state stable.

5IG?B4C

Penning ion source, discharge regime, monatomic fraction, TOF mass analyer, plasma density, triple probe

-460-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

G1.06

5F5<?@=5>D?6%$1335<5B1D?B1D ?B51E>9F5BC9DI

방정배*1
가속기과학과
bahngjb@korea.ac.kr

1고려대학교
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The RFQ accelerator has bridged the device between an ion source and a conventional accelerator such as LINAC. RFQ can
accelerate ion beam as well as strong transverse focusing with high captured bunching at the same time. RFQ accelerator
has mainly two types of 4-vanes and 4-rods. We have studied 352 MHz of 4-vanes RFQ to accelerate proton beam with 60
mA of beam intensity. As well as, 32.8 MHz of 4-rod RFQ to accelerate H2+ beam with 6.5 mA of beam intensity. The 4vanes RFQ has been designed for the BNCT (Boron Neutron Capture Therapy) project at DAWONSYS. In order to drive
proton beam to target to generate neutron flux, RFQ accelerates proton beam from 50 keV to 3 MeV. Beam dynamics and
cavity design for RFQ are optimized for minimizing cost and increasing efficiency by obtaining short length and high
transmission rate. The 4-rods RFQ has been studied as a high captured buncher for H2+ ion beam from 7.5 keV/u to 35
keV/u with 6.5 mA of beam intensity. To inject ion beam into cyclotron directly, RFQ-DIP (Direct Injection Project) has been
studied. In order to achieve small transverse diameter at low operation frequency of 32.8 MHz, split-coaxial design has
been employed. As well as, beam dynamics study of 4-rods RFQ has been focused on minimization of energy spread and
longitudinal emittance. In this paper, we described design result of 4-rods RFQ and development of 4-vanes RFQ at Korea
university.
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2CDB13D
The main goals of the SHiP (Search for Hidden Particles) experiment are observation of hidden particles and high-statistics
study of tau neutrino events. Two different type RPC detectors will be used in the future SHiP experiment: the first one is
for RPC triggers to select the decayed muons and the second one is for precision time measurements of charge particles
which are expected from decays of hidden particles. In order to achieve the physics goals pursued in the SHiP, a test
experiment with a SHiP target replica has been carried out using CERN SPS 400 GeV/c proton beam at H4 area in July
2018. The main concern for the test experiment to obtain the precise knowledge of the muon flux and the associated
charm production cross section at the beam energy of the SHiP. The Korean SHiP collaboration has constructed gas gaps
and strip panels for the trigger RPCs used in the test experiment. In addition, we constructed a prototype RPC of a size of
100 x 130cm2 to study the fundamental detector performance, which was critically important to guarantee the success of
the test experiment using the H4 beam line at CERN. The current construction of the RPC modules is also as a pilot
production for the future SHiP experiment in synergy with the present RPC production for the CMS experiment. In the
presentation, we also report the design of the RPCs for the test experiment and cosmic-ray test results for the small
prototype RPC.
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2CDB13D
The SHiP (Search for Hidden Particles) is a new type of intensity-frontier
fixed target experiment designed to explore the unexplored parameter
space of superweak coupling down to 10-10 by searching for hidden
particles. The hidden particles are light long-lived exotic particles whose
mass ranges are from sub-GeV up to O(10) GeV/c2 such as HNL (Heavy
Neutral Lepton), dark photon and light dark matter particles etc. These
particles can be produced from decays of charm and beauty mesons using 400 GeV CERN SPS proton beam. And also the
unknown physical properties of tau neutrinos and anti-tau neutrinos will be studied in this experiment. The CERN SPSC
(SPS experiments Committee) has recently completed a review of the SHiP Technical and Physics Proposals, and it
recommended that the SHiP collaboration proceed towards preparing a CDR (Comprehensive Design Report), which will
provide input into the next update of the European Strategy for Particle Physics in 2019. In order to prepare the CDR, we
carried out a test experiment for measuring muon flux and charm cross section using 400 GeV SPS proton beam at H4 area
in August 2018. In this talk, the progress of the test experiment will be reported.
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2CDB13D
Belle II experiment is to explore New Physics on the Luminosity frontier. It has accumulated electron-positron beam collision
data at SuperKEKB Phase-2 operation from April to July 2018 in order to check out performance of entire Belle II detector
system with respect to hardware, firmware, software and data analysis tools. From early of 2019 it will start intensive
luminosity run at Phase-3 operation to take real data for various physics analyses in earnest. In this talk we report the
performance of Belle II electromagnetic calorimeter trigger system under Phase-2 operation.
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2CDB13D
KOTO experiment at J-PARC is searching for rare decay
, which is the most sensitive probe for the new
according to the standard model
physics beyond the standard model. Its branching ratio is estimated as
calculation, thus major concern of the experiment is how to remove background events clearly. Recently, KOTO presented
the new result showing no event at the single event sensitivity as
. One of the main background source in the
decay, should be rejected. We will set up upcoming detector for charged particles in this
analysis,
winter. Method and detector R&D to reject the background will be presented.
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2CDB13D
Charmless hadronic B meson decays constitute a powerful probe to search for New Physics beyond the Standard Model
and provide constraints of various CP violation parameters. The B0 --> eta eta decay does play an important role in
understanding B decay dynamics and improving the deviation boundary of sin2phi_1 measured in b --> s c c-bar and b --> s
q q-bar decays. In this talk we report a search for B0 --> eta eta decay with data sample corresponding to an integrated
luminosity of 693 fb-1 containing 752 x 106 BB-bar pairs collected at the Y(4S) resonance with Belle detector at the KEKB
asymmetric-energy e+e- collider. We obtain the first evidence for B0 --> eta eta decay, with a significance of 3.3 sigma, and
measure its branching fraction to be BF(B0 --> eta eta) = [5.9 +2.1/-1.8(stat) +/- 1.4(syst)] x 10-7.
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2CDB13D
The JSNS2 (J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source) experiment is to search sterile neutrino at
24m baseline with delta Δm2 near 1 eV2. JSNS2 use intense neutrino beam from muon decay-at-rest from the collision of 3
GeV proton to mercury target at J-PARC. The experiment search neutrino oscillation of anti electron-neutrino from anti
muon-neutrino, and anti electron-neutrino can be detected vis Inverse Beta Decay reaction inside of 17 tons of Gd loaded
liquid scintillator detector as a neutrino target. We aim to start data taking at the end of JFY 2018, therefore we are
making large effort for construction. In this talk, we will present the status of detector installation, slow monitoring,
preparation of liquid scintillator, Monte-Carlo studies of detector calibration, related schedules and prospect.
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We want to measure the

parameter of time dependent charge parity violation (TCPV) in the

decays using the 711 fb-1 data collected at Upsilon(4S) resonance from the Belle experiment at KEK
in Japan. This decay mode occurs via b → s quark transition highly suppressed in Standard Model (SM) so that it decays by
measurements of the Belle and BaBar experiment using
decays show
loop diagram. The
about 2σ difference. This is the main reason that we would like to make precise measurement on
with a full data
sample of B-mesons. We are about to open the data sample of Belle and present result of signal reconstruction,
background and CP fitting studied using Monte Carlo data.
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Recently, the DAMA/LIBRA collaboration released updated results (DAMA/LIBRA-phase2) from their search for the annual
modulation signal by Dark Matter (DM) scattering in their NaI(Tl) detectors with 1-keV energy threshold. However, the
DAMA/LIBRA-phase2 modulation signal is no longer explained by spin-independent DM-nucleon interactions in the
standard halo model, unlike previous DAMA/LIBRA-phase1 result. This suggests different type of interactions such as
isospin violating models or spin-dependent interactions. Here, we used recently updated NaI(Tl) quenching factors
measured by COSINE-100, COHERENT, and SABRE experiments to interpret DAMA/LIBRA signals with spin-independent
interactions. We found acceptable region of parameter spaces in the 30-70 GeV/c2 mass range.
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2CDB13D
The LHCb experiment has recently provided several new measurements to test the lepton flavor universality in the Standard
Model and confirmed some of the prevailing anomalies from the B-meson decays in BaBar and/or Belle experiments. We
discuss a model independent interpretation by using the effective operators. Then we consider concrete models for new
physics with Z' and Leptoquarks to explain the B-meson anomalies.
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We study the kinematics of long-lived particles which decay inside the detector using precision timing information. We
consider the event with two long-lived particles which decay to visible and invisible particles. We reconstruct 4-momentum
of long-lived particles as well as invisible particles by solving kinematic equations with and without the timing information.
Without using the timing information, the kinematic equation is only solved in very special case. But using the timing
information we can solve it in general cases. With this method, we can find out more information of long-lived particles at
the collider.
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2CDB13D
The charged Higgs mainly decays as H+ ⟶tb and H+ ⟶τν depending on the charged Higgs mass. It is known that the
branching ratios of loop-induced decay of H+ ⟶W+γ is order of 10-5 or less. We further study the loop-induced charged
Higgs decays with the additional loop contribution by vectorlike quarks(VLQ) or vectorlike leptons(VLL). We investigate the
constraints from the Higgs precision and electro-weak precision measurement, b⟶sγ and the direct search bounds for the
allowed model parameter space. We find that the Br(H+ ⟶W+γ) can reach at the order of 10-3 in the presence of VLQ
with exotic charges or VLL for low mass charged Higgs region. The decay of H+ ⟶W+Z gets longitudinal enhancement
and the branching ratio can be 10-2 for high mass charged Higgs region. We estimate cross sections for production and
decays of charged Higgs for H+ ⟶W+(γ,Z) channels at the LHC with the benchmark parameter values.
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2CDB13D
We present a new deep learning technique for building an optimal multi class classifier which can boost the search of
di-Higgs production, in events with two bottom quarks and two tau leptons.
All of the hadronic and leptonic tau decay modes are explored to investigate the enhancement of discovery potential
for (non-resonant) di-Higgs production, and the deep neural network classifier is efficiently supervised with features
from multi class topological augmentation of missing momentum degree of freedom, with respect to various
hypothetical signal and background processes involved.
We demonstrate how much the future expectation of di-Higgs discovery can be improved at the LHC, and discuss on
potential applications in search for various BSM processes.
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2CDB13D
We propose a novel kinematic method to expedite the discovery of the double Higgs (hh) production in the
dilepton+bbar+MET final state. We make full use of recently developed kinematic variables, as well as the variables Topness
for the dominant background (top quark pair production) and Higgsness for the signal. We obtain a significant increase in
sensitivity compared to the previous analyses which used sophisticated algorithms like boosted decision trees or neutral
networks. The method can be easily generalized to resonant hh production as well as other non-resonant channels.
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We believe that the fundamental question whether there exist three generations of the fermions in the standard model is
at least phenomenologically answered because a sequential fourth generation contributes too much to the gluon fusion
production of the Higgs boson. When extending the Higgs sector, however, the down-type fermion can have the opposite
Yukawa couplings to the Higgs boson and the new contributions to the Higgs-gluon-gluon vertex are canceled out. In the
Type-II two Higgs doublet model with the exact wrong sign limit, a sequential fourth generation is compatible with the
Higgs precision data. We extend the phenomenological study in the heavy Higgs sector through the comprehensive
analysis on the theoretical and experimental constraints. Because the exact wrong sign limit does not allow the decoupling
or the alignment, we find that the model is excluded at leading order.
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We report on progress in the lattice simulations of Sp(4) gauge theory with two Dirac fermions in the fundamental
representation. The theory can be considered as the underlying UV theory of composite Higgs model and strongly
interacting dark matter. We present the preliminary results of meson spectrum and discuss the lattice systematics. For all
the numerical simulations we use the standard Wilson lattice gauge and fermion actions.
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핵자와 Λ로 이루어진 Λ-하이퍼뉴클리어스는 핵에 대한 개념을 확장시키는 중요한 역할을 하고 있다. 특히 감마선 측정을 통해 밝혀진
Λ-하이퍼뉴클리어스의 에너지 레벨 구조는 ΛN 상호작용에서의 스핀효과에 대한 유일한 정보를 제공 한다.
지난 2015년 일본 J-PARC 하드론시설에서 4ΛHe과 19ΛF로부터 발생하는 감마선들을 측정하는 실험을 진행하였다. 4ΛHe의 경우 1+
-> 0+ 전이에서의 감마선 에너지를 1406 keV로 측정하였고 거울핵인 4ΛH과 비교했을 때 예상보다 큰 전하 대칭 깨짐이 발생함을 확인
하였다. 19ΛF는 처음으로 sd-shell 하이퍼뉴클리어스에서 발생하는 감마선을 측정한 것이다. 측정된 에너지 레벨 구조를 통해 기존의 s와 p-shell 하이퍼뉴클라이 데이터를 기반으로 하는 ΛN 상호작용 모델이 sd-shel l 하이퍼뉴클리어스에서도 잘 적용됨을 확인하였다.
이 두 결과는 각각 2015년과 2018년 Physical Review Letters에 출판 되었다. 이 발표에서는 실험 내용과 결과에 대한 자세한 토의와
함께 새로운 Λ-하이퍼뉴클리어스 감마선 측정 실험에 대한 소개가 있을 것이다.

5IG?B4C

Λ-Hypernucleus, J-PARC, gamma-ray spectroscopy

-477-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

G5.02

%535>DCDE4I?6D85B5<< ,1>@B?35CC9>@#23?<<9C9?>C1D '5)
G9D8D85M&45D53D?B
김현철*1, 문동호1, 유휘동2, 이경필2, 남경욱2
물리학과, 2서울대학교 물리천문학부
worldtoi@gmail.com

1전남대학교
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The Drell-Yan(DY) process is used as a tool for the study of the nuclear parton distribution functions.
CMS has shown the measurement of DY process in pp collisions with various energy scale.
In this presentation, we will introduce the study of DY process in pPb collisions at 8.16 TeV with the CMS detector,
showing the mass distribution of DY process in dimuon channel with various background estimations by emu and fake rate
methods.
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Yield and the transverse momentum spectrum of K* mesons measured by ALICE Collaboration at CERN has been fitted
from the blast-wave model with two freeze-outs with the concept of the partial chemical equilibrium.

5IG?B4C

K* meson, relativistic heavy-ion collisions, partial chemical equilibrium

-479-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

G5.04

H51FI21BI?> =5C?>B1D9?C9>B5<1D9F9CD93851FI9?>3?<<9C9?>C

1Kangwon

CHO Sungtae*1, OH Yongseok2, LEE Su Houng3
National University, 2Kyungpook National University, 3Yonsei University
sungtae.cho@kangwon.ac.kr

2CDB13D
We discuss the heavy baryon/meson ratios, Λc/D0 and Λb/B0 in heavy ion collisions. We calculate in the coalescence model
the transverse momentum distributions of heavy charm or bottom quark hadrons, and also those of their resonances to
include the contribution from decays of heavy hadron resonances. We find that the heavy baryon/meson ratios are larger
than those expected in the thermal model in the intermediate transverse momentum region at mid-rapidity. We compare
the heavy baryon/meson ratios to the light baryon/meson ratio, and show that the peaks of the heavy baryon/meson ratios
are flatter, and located at the higher transverse momenta, reflecting the dependence of the heavy baryon/meson ratio on
the heavy quark mass.
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In lattice QCD, the ratios of the various order of quark number susceptibilities are used to determine the freeze-out
parameters and to locate the phase boundary. The cumulants of the conserved quantum number fluctuations are directly
related to the respective quark number susceptibilities. Therefore, the measurements of various order cumulants of
conserved quantum number, such as net-proton can be used to determine the freeze-out parameters and to constrain the
lattice QCD predictions. In this presentation, we report the first measurements of cumulants of net-proton number
distributions up to the 4th order in Pb-Pb collisions with ALICE at the LHC. We also present the first measurement of
second order cumulant of net-lambda fluctuations. The measurements are also compared to RHIC measurements at lower
energies and lattice QCD calculations to obtain quantum number specific chemical freeze-out parameters.
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One of the experimental probes to hint at the initial condition of QGP flow of the heavy ion collisions, the azimuthal
anisotropy which is calculated by the two-particle correlation has been proposed and well established with some order of
the Fourier expansion coefficients, like the v2. The recent analyses of the small system data also show the significant value
of the v2 which cannot be explained purely by the backgrounds at the high multiplicity events. However, there have been
many issues to quantify the measured v2 at the small systems because of the non-flow component dominated. We,
therefore, propose a new subtraction method which is called "reference fit" method and discuss it compares to the present
template fit method.
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In high-energy heavy-ion collisions, a pseudo-rapidity independent structure called Ridge is discovered at two-particle
azimuthal angular correlation. This structure appeared at high-energy nucleus-nucleus collisions has been well explained by
elliptic and higher-order flows. Recently, the Ridge structure is also detected in small systems like as high-multiplicity
proton-proton collisions, which is not expected since a thermalized medium such as the quark-gluon plasma (QGP) is
produced in small systems. It means that other approaches to understanding such the phenomenon are required. And as
one of these, we use the kinematic interpretation between jets and medium partons to describe this Ridge phenomenon.
According to the kinematics of high-energy heavy-ion collisions, jet particles lose their energy as passing through the
medium partons. And during this energy-loss process, photons and gluons are emitted by the interaction between jet
particles and medium partons. In our study, we consider such jets’ energy-loss mechanism with photons/gluons radiation,
especially focusing on the (photon) Bremsstrahlung. The results for different medium partons distribution functions Maxwell-Boltzmann function, Juttner-Synge function, medium parton distribution function - are compared each other.
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2CDB13D
The properties of open strange meson K_1^pm in nuclear matter are estimated in the QCD sum rule approach.
We obtain a relation between the in-medium mass and width of K_1^- (K_1^+) in nuclear matter,
and show the upper limit of the mass shift is as large as -280 (+14) MeV. The spectral modification of the K_1
meson is possible to be probed by using kaon beams at J-PARC.
Such measurement together with that of K^* will shed light into how chiral symmetry is partially
restored in nuclear matter.
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양자색역학(Quantum ChromoDynamics, QCD)는 표준 모형을 기술하는 이론 중 하나로 우주를 이루는 기본 입자를 이해하기 위해서
는 QCD의 이해가 필요하다. 표준 모형을 이루는 기본 입자 중 하나인 Charm quark(c)는 약 1.3GeV/c2의 질량을 가지고 있다. 이 쿼크
는 현재까지 발견된 쿼크 중 비교적 큰 질량을 가지고 있다. 기본 입자 충돌에서 c를 포함한 중입자의 생성은 잘 알려져 있지 않다. c는
QCD 척도 변수(~200MeV)보다 큰 값의 질량을 가지고 있어 c로 이루어진 강입자는 횡단 운동량(transverse momentum)이 낮은 영역
에서도 섭동 이론으로 계산 가능하다. 따라서 c를 포함한 중입자는 중이온 충돌(heavy ion collision)에서 입자 생성 메커니즘을 이해하
는데 아주 중요한 역할을 한다. 또한, c를 포함한 중입자는 쿼크-글루온-플라즈마(quark-gluon plasma, QGP) 내에서 자유도에 대한 이
해를 제공한다. 그러므로 중이온 충돌에서 c를 포함한 중입자의 측정은 QGP의 특성을 이해하는데 아주 중요한 역할을 한다.
본 연구에서는 Ξc0가 전자를 포함해 붕괴하는 채널을 이용해 Ξc0의 생성량을 측정하고자 한다. 전자를 포함하는 붕괴 채널을 이용한 분
석은 붕괴 확률(branching ratio)가 크고, background가 적다는 장점이 있지만 중성미자를 포함하여 Ξ-의 질량분포의 꼭지점이 나타나
지 않고, 불확정성이 크다는 단점이 있다. 연구 방법은 다음과 같다.
Cut을 가해 전자와 Ξ-를 구별해 낸 뒤, 전자와 Ξ-을 결합하여 Right Sign pair과 Wrong Sign pair을 만든다. Right Sign은 Ξc0 붕괴에
서 생성되는 입자들의 쌍(e+Ξ-, e-Ξ+)을 말하고 Wrong Sign은 다른 쌍(e+Ξ-, e-Ξ+)을 말한다. 이후 Right Sign 에서 Wrong Sign을 빼
고 효율을 보정한다. 이를 통하여 실제 Ξc0의 붕괴에서 생성된 실제 쌍의 개수를 알 수 있다. 중성미자는 검출기에 검출되지 않으므로
pair subtraction 분포에서 Ξc0질량의 피크가 발견되지 않는다. 따라서 Unfolding을 통해 Ξc0의 횡단 운동량과 충돌 단면적을 구한다.
마지막으로systematic error를 계산한다. 본 발표에서는 현재까지의 연구 진행 상황을 설명하고자 한다.

5IG?B4C

QCD, cascade, heavt ion collision

-485-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

G7.01*

E &박막의온도와자W장에따른저항변화와두께에따른상전^온도
연구
조용철1, 김종민1, 조상은1, AHMED A. T. A.1, CHAVAN H.2, 서지우1, INAMDAR A. I.1, PAWAR S. M.1, 노삼
규1, 김형상2, 임현식*1
1동국대학교 반도체과학과, 2동국대학교 물리학과
hyunsik7@dongguk.edu

2CDB13D
황화 구리 (CuxS, 1 ≤ x ≤2)는 황과 구리의 구성 비율과 상에 따라 다양한 전기전도 특성과 광학적 특성을 나타내는 것으로 알려져 있다.
그 비율과 상은 성장 조건이나 온도에 따라 조절할 수 있는데 구리의 비율이 1.7 이상인 CuxS는 1.2에서 2 eV의 밴드갭을 가지는 반도체
로, 비율이 1인 CuS는 금속으로 알려져 있다. CuS는 주로 에너지 저장 소자나 광발전 소자, 열전 소자와 같은 상온 이상의 응용 분야에서
많이 연구되어 왔지만 저온에서, 특히 자기장이 존재하는 영역에서의 전기적 특성 보고는 드물다. 본 연구에서는 Cu1.8S 박막을 상온이
하의 온도 영역에서 자기장에 따른 저항변화와 박막의 두께 변화에 따른 표면/벌크 효과를 관찰하였다.
RF magnetron 스퍼터링을 이용해 c-plane (0001) Al2O3 기판 위에 CuxS 박막을 다양한 두께로 성장하고 H2S gas에 노출 시킨 뒤
200 ℃ 진공 분위기에서 열처리 하였다. XRD를 이용하여 Cu1.8S 박막을 얻었음을 확인하였다. 성장된 박막을 300 K 〜 7 K 사이의 온
도에서 – 0.9 〜 + 0.9 T의 자기장을 인가하며 van der paw 방법을 이용하여 비저항을 측정하였다. 박막의 두께에 상관없이 약 180 K에
서 특이점이 관찰되었으며 그 이하의 온도에서는 반도체 전도 특성에서 금속 전도 특성으로의 상전이가 두께에 따라 다른 온도에서 보여
지는 것을 관찰였다.
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Monolayer transition metal dichalcogenide (TMDC) have a large exciton binding energy, a few hundreds of meV, due to
strong confinement effect and dielectric screening. These large binding energy enables the observation of high order
excitonic states such as excitons, trions and excited excitons. To investigate the optical characteristics of excitons, various
studies have been reported on the pump power dependent photoluminescence experiments. However, the study on the
variance of the photoluminescence shape according to the excitation energy is still insufficient.
We perform Photoluminescence Excitation Spectroscopy (PLE) on WSe2 monolayer capped by h-BN at 80 K. Excited
exciton state of A and B exciton are clearly identified in PLE spectrum. Surprisingly, A (n=2) exciton resonant excitation
laser enhances the free exciton photoluminescence intensity compared of the PL emission from trion. It implies that the
probability of formation to free electrons is low in the case of excited exciton resonant excitation so that few charged
excitons exist. The ratio of integrated PL emission from the trion and A exciton (T/A) shows that B exciton resonant
excitation also increases A exciton emission as n = 2 excited exciton resonant excitation. It indicates that there is
independent relaxation channel to A exciton from B exciton. Pumping to C exciton resonance displays no noticeable
change of the ratio of integrated PL emission (T/A), which is in agreement with the fact that the origin of C excitons is
different from A and B.
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2CDB13D
We investigated the lateral black phosphorus p-n junction that enables a spatially controlled boron doping technique for
high performance photodetector application. The electronic structure of the plasma B-doped BP nanosheet was
investigated using X-ray photoelectron spectroscopy, transmission electron microscopy, and first-principles density
functional theory (DFT) calculations, as well as the electrical characteristics of a field-effect transistor (FET) based on p–n
heterostructures. The findings clearly showed that B incorporation was occurred through the plasma B doping process,
resulting in the donation of strongly electron dope on black phosphorus. Moreover, the ultraviolet photoelectron
spectroscopy and DFT characterization reveals significant surface charge transfer in the BP. In particular, the plasma Bdoped BP p-n junction devices showed an excellent photodetection (rise time: 1.3 ms and fall time: 8.4 ms) behaviour. This
work provided rapid and stable plasma n-type doping process for BP based optoelectronics devices.
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2CDB13D
그래핀/hBN 이차원 헤테로구조의 공간적인 발열 분포에 대한 in situ 라만 이미징 연구 결과를 보고한다. 상온에서 약 200 ℃까지 온도를
증가시키며 측정한 라만 산란 실험 결과 그래핀에서 관측된 G 모드의 에너지는 일관되지 않은 변화 양상을 보인 반면, hBN 층에서 관측
된 E2g 모드의 에너지는 선형적으로 감소하여 온도 변화와 밀접한 관계를 보였다. E2g 모드의 에너지 변화를 이용하여 인가전압에 따른
그래핀 채널 전체 영역 아래의 hBN 층의 온도 분포를 측정하였다. 인가전압이 －10 V일 때 hBN 층의 평균 온도는 약 48 ℃로 측정되었
다. 그래핀/hBN 헤테로구조에 공급된 전력과 열저항을 고려한 온도 계산 결과는 실험값과 일치하였다. 반면, 인가전압이 －15 V일 때 측
정된 hBN 온도는 92 ℃로 계산 결과보다 약 10 ℃ 높았다. 실험적으로 관측된 온도가 계산 값 보다 높은 이유는 인가전압이 매우 높을 때
그래핀 채널이 도핑의 영향을 받기 때문인 것으로 보인다. [이 연구는 2016년도 정부(교육부)의 재원으로 한국연구재단의 기초연구사업
의 지원을 받아 수행된 것임(과제번호: 2016R1D1A1B03935270)]
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2CDB13D
In the fabrication process of memory devices, a void-free tungsten (W) gate process with good conformability is very important
for improving the conductivity of the W gate, leading to enhancement of device performance. As the downscaling continues to
progress, void-free W deposition becomes more difficult due to the experimental limitations of conformal film deposition even
with atomic layer deposition (ALD) W processes. In our DFT calculated results, the overall reactions of the WF6 on the Bcovered TiN surfaces are energetically much more favorable than the one on the TiN surfaces, which means that the high
reactivity of WF6 with the B-covered TiN surface is attributed to the presence of B-covered surface made by B2H6 molecule. As a
result, an effect of the B2H6 flow serves as a catalyst to decompose WF6 molecule. Two additional reaction processes right after
WF6 bond dissociation, such as W substitution and BF3 desorption, were also explored to clearly understand the detailed
reactions that can occur by WF6 flow. These results imply that the understanding of the role of gas molecules used for W
deposition gives us insight into improving the W ALD process for future memory devices.
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2CDB13D
Anisotropic tin monochalcogenides such as SnS and SnSe are widely known for their properties useful in thermoelectric
devices and photovoltaic applications [1-2]. Polarized Raman studies of these materials were performed to reveal their
anisotropic properties [3-4]. As commonly understood, alloying can be an efficient strategy to tune and modulate the
physical properties of these layered chalcogenide materials. Alloys of different amount of Se and S atoms in SnSe(1-x)Sx
were synthesized and Raman spectroscopy was further performed. It should be noted that although the Raman studies on
SnS(2-x)Sex alloys have been done [5-6], to the best of our knowledge, no Raman investigation on SnSe(1-x)Sx
monochalcogenide alloys has been conducted. In our Raman study, we performed the low-frequency polarized Raman
spectroscopy to investigate the anisotropic behaviors of Raman modes of SnSe(1-x)Sx (x=0.2, 0.4, 0.5, 0.6, and 0.8) crystals
synthesized by using temperature gradient method. Five excitation energies (1.96 eV, 2.33 eV, 2.41 eV, 2.55 eV and 2.81
eV) were used in the measurements. The Raman spectra of the alloys were compared with those of SnS and SnSe crystals.
The results of the measurements show interesting anisotropic behaviors of several Ag and B3g modes that are observed in
the low- and high-frequency regions. In particular, these Raman modes exhibit different behaviors that depend on the
excitation energies used.
References
[1] L.-D. Zhao et al., Nature 508, p. 373 (2014).
[2] V. Robles, J. F. Trigo, C. Guilién, J. Herrero, Materials Chemistry and Physics 167, p. 165 (2015).
[3] J. Kim, J.-U. Lee, J. Lee, H. J. Park, Z. Lee, C. Lee, H. Cheong, Nanoscale 7, p. 18708 (2015).
[4] M. Li, Y. Wu, T. Li, Y. Chen, H. Ding, Y. Lin, N. Pan, X. Wang, RSC Adv. 7, p. 48759 (2017).
[5] X.-Z. Li, J. Xia, L. Wang, Y.-Y. Gu, H.-Q. Cheng, X.-M. Meng, Nanoscale 9, p. 14558 (2017).
[6] D. Walsh, S. Jandl, H. Y. Harbec, J. Phys. C: Solid St. Phys. 13, L125 (1980).
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2CDB13D
A copper sulfide material has increasingly become one of the most outstanding binary inorganic metal chalcogenides due
to its special properties including electrical conductivity and optical access in the visible range of the light spectrum and
potential application such as supercapacitor, solar cell and transistor. Here, we address a novel growth approach and
physical features of diverse CuxSy phases observed at room temperature (RT) and after suitable post thermal treatment.
Two types of copper sulfides including Cu7S4 and Cu9S5 were successfully synthesized by using a rf sputtering for Cu
growth and then followed by sulfurization. The observation of x-ray diffraction patterns shows the transition from asgrown Cu7S4 phase at RT to Cu9S5 after post annealing for 1 hr at 150 ℃. Structural, electrical and optical characteristics
are systematically analyzed by Atomic Force Microscope (AFM), scanning electronic microscopy (SEM), X-ray diffraction
(XRD), Hall effect measurements, and Rutherford back scattering (RBS) and UV-vis spectroscopy.
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2CDB13D
While 3D printing has seen widespread use in recent years, it has mainly been employed to produce static structures. Fourdimensional (4D) printing combines smart materials with 3D printing and can thus realize a complex geometry of smart
materials with fine details. In 4D printing, structures created by 3D printing can be transformed in shape to realize active,
responsive functions in response to external stimuli such as heat, moisture, pH, chemical species, and electric or magnetic
fields. Here, we present new ideas and concepts for 3D-printed multistable structures that allow precisely-controlled
reconfiguration. Multistable structures can simplify actuation and motion control without complicated control systems.
Therefore, by adopting multistable structures in 4D printing, we can enable precisely-controlled, large-magnitude, rapid
actuation. Particularly, we demonstrate a new type of thermal actuation using shape memory polymers. We employ two
different digital shape memory polymers to enable large-angle, thermal actuation in a controlled manner. In our design, by
adjusting the thickness of shape memory polymer beams, we can control a balance between the energy barrier height and
shape-memory force, and this enables controlled thermal actuation. Our work provides a new physical intuition on 3Dprintable, active structures, and this could be useful for various smart sensors and actuators responding to the
environmental stimuli.
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Electrohydrodynamic lithography (EHL), a novel lithographic technique using electrohydrodynamic instability, has drawn
attention due to its overwhelming versatility and scalability. Nonetheless, the conventional EHL has drawbacks for largearea fabrication since the precise control of the crucial factors for perfect patterning is prone to failure. Particularly, a small
air gap (< 500 nm) between the top electrode and the top surface of the thin film plays a critical role in EHL. However, its
precise control still pauses a great challenge due to stringent requirement in maintaining ultra-uniform conformality of the
air gap over a large area. Having this critical limitation in mind, we explored a time varying pulse of ultrahigh-voltage (> 0.6
kV) to allow a large air gap (> 1 μm) for facile pattern replication. This pulsed high-voltage EHL (HV-EHL) shorten
dramatically a pattern replication processing time and facilitate large-area pattern replication. Therefore, we expect that
HV-EHL can demonstrate the large-area replication of micro- /nanostructures regardless of the air gap constraint and will
open up a new avenue for effectively fabricating the tailor-made nanostructures viable for a wide range of fields.
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2CDB13D
Recently there have been tremendous interests about the optical nanopore for single molecule detection. Even though the
portable solid state nanopore device called MINion portable using electrical detection technique was was launched by
Oxford Nanopore Technology, large error rates was reported, furthermore, many biosensor devices are currently utilizing
optical detection technique for single molecule detection. We have fabricated optical nanopore with pyramidal structure,
and observed optical enhancement with more than tree fold increase. Ina ddition, the enhancement of optical signal can
be utilized as optical manipulation of the biomolecule and detection in situ.
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2CDB13D
Two-dimensional electron gas (2DEG) at oxide heterostructures has received intense attentions owing to their unique
physical/electrical properties. LaAlO3/SrTiO3 (LAO/STO) is a model system for 2DEG using oxide heterostructure. High
density electrons up to (1013~1014/cm2) were confined at the interface of oxides heterostructure which electron density is
100 times higher than that of the conventional semiconductor heterojunction. So far, single crystalline substrates were
necessary for the creation of 2DEG which impeded a practical use of oxide heterostructure. Here, we demonstrate a
creation and control of 2DEG using thin film oxide heterostructure using atomic layer deposition (ALD). Al2O3-based oxide
heterostructure will be introduced, and its application to transparent thin film transistors will be proposed which
outperforms conventional devices owing to a high density of electrons of ~1014/cm2. The on-current was as high as ~11
uA/um with large on/off current ratio of 107. Besides the transistor, the application of 2DEG for gas sensor will be
addressed in the presentation.
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2CDB13D
최근 멤리스터 소자는 4차 산업의 핵심인 인공지능과 밀접한 연관이 있어 세계적인 그룹들의 주목을 받고 있다. 그 중에서도 이온의 이동
을 이용하는 전도성 필라멘트 기반 저항변화메모리 소자는 낮은 구동전압, 고집적으로 멤리스터 소자로 응용 가능성이 많다. 그러나 현재
까지 대부분의 전도성 필라멘트 기반 저항변화메모리 소자는 양이온과 산소정공을 각각 이용하여 전도성 필라멘트 기반 저항변화 메모리
소자를 제작 및 연구하였다. 본 연구에서는 지금까지 주로 양이온과 산소정공 각각 따로 이용한 전도성 필라멘트가 아닌, 두가지 이온 (양
이온, 산소정공) 이 혼합되어 나타나는 전도성 필라멘트 기반의 저항변화메모리 소자를 연구하고 이를 통해 멤리스터 소자로 응용하기 위
한 주요 변수를 제시하고자 한다.
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2CDB13D
Wavelength-selective photodetectors responding only to deep-ultraviolet (DUV) wavelengths (λ = 200 – 300 nm) are
receiving considerable interests for diverse sensing applications, ranging from a detection of micron biological molecules to
tracking military missiles. Unfortunately, most DUV photodetectors have suffered from a slow response speed and low
sensitivity, hindering their practical use. Here, we report fast, high-responsivity, and general-substrate-compatible DUV
photodetectors based on ultrathin (3 – 50 nm) amorphous gallium oxide (GaOx) films grown by atomic layer deposition
(ALD) under 250 °C for the first time. The responsivity is maximized to ~45 A/W at λ = 253 nm, which dropped off longer
than λ ~ 300 nm (cut-off wavelength), indicating high DUV selectivity. The dark current is as low as 200 pA and the signalto-noise ratio is ~104, implying promising DUV detection performances. Our DUV photodetector outperforms conventional
DUV photodetectors. Furthermore, we demonstrate a flexible DUV photodetectors fabricated on polyimide substrates,
which provides an economically viable solution in the DUV sensing applications.
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2CDB13D
MoS2, a representative 2D atomically thin semiconductor, has a sizable band gap leading to intensive research efforts to
investigate its unique optical properties and realize a novel optoelectronic device based on MoS2. In addition, hybrid
heterostructures consisting of 2D and 3D materials can control the physical properties of 2D materials. Especially, 2D-3D
hybrid nanostructures exhibit beneficial optical properties due to the broadband omnidirectional antireflection effect and
strongly concentrated light near the surface of dielectric nanostructures. In this work, we prepared 2D MoS2 monolayers on
two kinds of 3D Si-based nanocone (NC) arrays: Si NC and SiO2 NC. FDTD calculations show that the absorption in the
MoS2 monolayer on SiO2 NC can be drastically increased compared with that on Si NC. Measured photoluminescence and
Raman spectra of the MoS2/ NC samples well agreed with the calculated optical absorption spectra. This work
demonstrates that the 2D MoS2 and 3D Si hybrid nanostructures can provide a useful means to realize high-performance
optoelectronic devices.
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최근, 슈퍼 커패시터는 미래의 휴대용 전자 응용 분야를 위한 고전력 및 고효율의 전기 화학적 에너지 저장 장치로 개발되었다. 여기서, 3
차원 flower-like Bi2MoO6 (BMO)/폴리피롤 (PPy) 나노 입자는 템플레이트로서 에틸렌 디아민 테트라 아세트산 (EDTA)을 통한 in-situ
산화중합방법에 의해 합성된다. BMO/PPy 혼성 복합체는 공간 그룹 Cmca (64)와 사방 정계 (orthorhombic) 상을 나타내었고, 3차원
flower-like 형태의 BMO 나노 입자의 형성 메카니즘은 EDTA의 첨가와 관련하여 설명되었다. 깨끗한 BMO 및 BMO/PPy 하이브리드
복합 전극의 전기 화학적 성질을 알칼리 전해액에서 연구 하였다. BMO/PPy 복합 전극의 전기 화학적 성질은 BMO 나노 입자와 비교하
여 향상되었다. 또한, BMO/PPy 하이브리드 복합 전극은 전극 재료의 양호한 사이클링 안정성을 나타내는 3 A g-1 전류 밀도에서 2000
사이클 후에 70.4%의 용량 보유율을 나타냈다.
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Semiconducting transition metal dichalcogenides (TMDs) are regarded as emergent materials for nanodevices and
optoelectronic applications. Low frequency (LF) noise is especially important for devices based on two-dimensional (2D)
materials such as graphene and TMDs, which have atomically thin thickness and high surface-to-volume ratio, hence, are
highly affected by interface trap sites. Here, we fabricate back-gate Rhenium disulfide (ReS2) field-effect transistors (FETs)
with different interfaces (SiO2 and h-BN). The low-frequency (LF) noise and transport properties of ReS2 are presented.
Despite the high work function of Au, the devices show n-type characteristics due to Fermi level pinning effect as in the
case of MoS2. The extracted field effect mobility is 12.3 and 18.6 cm2V-1s-1for SiO2 and h-BN devices, respectively. To
investigate current fluctuation at the interface with ReS2 and dielectric layers, LF noise spectra is analyzed using the
correlated mobility fluctuation (CMF) and carrier number fluctuation (CNF) model. Suppression of LF noise level is observed
on ReS2/h-BN device due to lower interface trap density of h-BN than SiO2 dielectric layer.
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In this work, we rolled up molybdenum disulfide (MoS2) monolayers and analyzed their properties. The MoS2 monolayers
were directly grown on SiO2 substrates by using a chemical vapor deposition method. When Isopropyl alcohol solution was
applied to the MoS2, edges were lifted and rolled up. Structure and spectroscopic properties of the rolled MoS2 were
examined by atomic force microscopy, Raman and photoluminescence spectroscopy. Transport properties of the rolled-up
MoS2 were also investigated down to liquid Helium temperature and discussed in this presentation.
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V2O5 NHs/RGO composites were synthesized by solution mixing from V(OH)2NH2 nanohollows (NHs) and reduced
graphene oxide (RGO). The XRD, Raman, and XPS measurements revealed that V2O5 NHs have an α-V2O5 phase with
orthorhombic structure and a large V4+ oxidation. The intensity of photoluminescence at peak around 650-700 nm in
V2O5 NHs/RGO structure strongly was reduced compared with pure V2O5 NHs while absorption of two structure is the
same. This is the evidence that a large number of charge-carries facile transfer from V2O5 to RGO. The wide absorption
range of V2O5 and the role of transport of RGO on the large surface area enhance the sunlight photocatalytic activity of
V2O5/RGO nanocomposite.
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Since nano-electro-mechanical system (NEMS) is a system that has both mechanical and electrical degrees of freedom and
can convert electrical energy to mechanical energy or vice versa, the NEMS has attracted enormous interest for its
application in sensors and actuators. Despite excellent device performance, such as high operating speed, low energy
consumption, and high sensitivity, the narrow operating bandwidth near the resonant frequency of NEMS devices often
limits their use to a variety of applications. In this study, we propose a wide frequency tunable device using a graphene
mechanical resonator. Array-type graphene resonators of various diameters are designed to cover a wide range of
frequencies and are fabricated using the micro-contact transfer method. Graphene can be elastically deformed without
breaking due to its very high mechanical strength. As a result, the resonant frequency of each graphene resonator can be
tuned over a wide range by the electrostatic force between the graphene and the bottom electrode, thereby covering a
wide range of frequencies continuously. Experimental results and simulation studies on the frequency tunable graphene
mechanical resonator will be discussed in detail.

5IG?B4C

Nano-electromechanical system, Graphene, Wide range frequency, Frequency tunable, Mechanical resonator

-504-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

G9.07*

>81>354#8?D?3?>F5BC9?>9>1>4 &DBE3DEB5>79>55B54
M?>?<9D893H5D5B?:E>3D9?>C
양승훈1, 이관형2, 이철호*1
1KU-KIST Graduate School of Converging Science and Technology, Korea University, 2Department of
Materials Science and Engineering, Yonsei University
chlee80@korea.ac.kr

2CDB13D
Transition metal dichalcogenides (TMDCs) with exceptional optical properties, combined with ability to build artificial
heterostructures, have enabled the realization of atomically thin heterojunctions for novel photoconversion devices. To
achieve the photon-to-charge conversion by exciton dissociation, the graphene/TMDCs/graphene structures and TMDC p-n
junctions with internal built-in potentials have been successfully utilized. For further enhancement of the performances of
these photoconversion devices, the interlayers between the active semiconductor and the electrode are inevitably needed
to promote the charge injection and extraction at the interface. Nevertheless, such functional interlayers have not been
studied yet in the 2D heterostructures due to the limited availability of 2D materials.
Here, we report on the monolithic fabrication and optoelectrical characterization of 2D photoconversion devices
composed of MoS2/WSe2/WOx/graphene heterostructures. In this device structure, the atomically thin WOx layer that acts
as a hole transport layer was monolithically formed by layer-by-layer oxidation of the WSe2. The WOx interlayer can lower
the Schottky barrier between WSe2 and the graphene electrode, enabling the effective charge injection and extraction at
the hole contact. Furthermore, we demonstrated the photovoltaic characteristics of the MoS2/WSe2/WOx heterojunction
are significantly enhanced by comparison with those of the MoS2/WSe2 heterojunction. In particular, the power conversion
efficiency is increased by about an order of magnitudes while the response time is maintained at 2~3ms even if WOx is
used as an interlayer.
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We have investigated the switching characteristics in graphene/semiconducting single-walled carbon nanotube (SWCNT)
junction device, so-called graphene/SWCNT barristor. We modulated the height of Schottky barrier, formed by the
difference of work function of graphene and electron affinity of SWCNT, by controlling the Fermi level of the graphene.
Current change from 10-13 to 10-8 A by modulating the Schottky barrier height with gate voltages. We achieved 105 onoff ratio and the subthreshold swing of 74 meV/dec.
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Heterostructures built from various two-dimensional (2D) layered materials, including semimetallic graphene,
semiconducting transition metal dichalcogenides, and insulating hexagonal boron nitride, are emerging material platforms
for low-power and high-performance electronic devices because of their high-quality heterointerfaces with atomic
precision as well as the exceptional properties from their atomically thin constituent materials. In addition, the competitive
ability to electrostatically control the energy barrier (or band alignment) at the van der Waals (vdW) interfaces allows us to
rationally design 2D functional heterostructures by band-structure engineering for a variety of gate-tunable electronic
devices. Particularly, a vertical triode with a gate-controlled Schottky barrier, so-called the ‘barristor’, has been proposed as
a new switching device with potential advantages in scaling and integrating highly-networked device functionality. Such
unique capabilities of 2D heterostructured devices can also offer unexplored opportunities for realizing an energy-efficient
artificial synapse with high controllability. Nevertheless, the artificial synapse based on 2D heterostructures has rarely been
demonstrated, as appropriate materials with robust memristive switching characteristics and an adequately integrated
device architecture are not available.
Here, we report a new class of artificial synaptic architecture, a three-terminal device consisting of a vertically integrated
monolithic tungsten oxide memristor and a variable-barrier tungsten selenide/graphene Schottky diode, termed as a
‘synaptic barristor’. The device can implement essential synaptic characteristics, such as short-term plasticity, long-term
plasticity, and paired-pulse facilitation. Owing to the electrostatically controlled barrier height in the ultrathin vdW
heterostructure, the device exhibits gate-controlled memristive switching characteristics with tunable programming
voltages of 0.2−0.5 V. Notably, by electrostatic tuning with a gate terminal, we can additionally regulate the degree and
tuning rate of the synaptic weight independent of the programming impulses from source and drain terminals. These
capabilities eventually enable the accelerated consolidation and conversion of synaptic plasticity, functionally analogous to
the synapse with an additional neuromodulator in biological neural networks. Our demonstration represents an important
step toward highly networked and energy-efficient neuromorphic circuits.
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Magnetometers based on scanning probe microscope can be effective tools to study magnetism and spin physics at
microscopic level due to the capabilities of high spatial resolution and high magnetic sensitivity. In this talk, We will
introduce novel scanning magnetometers based on diamond Nitrogen-Vacancy (NV) centers. NV center is an atomic scale
defects center in diamond crystal excellent quantum coherence properties, high magnetic sensitivity and robust stability
over wide range of temperature enabling precise magnetic sensing and imaging from room temperature to cryogenic
temperature.
We will discuss basic concepts of scanning magnetometer and show imaging examples of magnetic samples and devices
at room temperature including nanowires, skyrmion, and devices.
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In solar energy conversion, Cu2O materials have been interested due to nontoxicity, abundance, and bandgap (~2.0 eV)
with visible wavelength absorption. Film and patterned Cu2O structures are fabricated by oxidation of copper layer with 4
M NaOH solution. Multi film of Cu/Au/Ti (1000/50/10 nm) on glass substrate is heated by 80℃ for one hour and is cooled
back down in room condition for 3 days. The patterned Cu2O structures are prepared with similar procedure used in the
film fabrication except molding procedure by a micro contact stamp. Photocatalytic performance of the samples is
characterized by photoelectrochemical (PEC) analysis. X-ray diffraction (XRD), micro-Raman spectroscopy and diffusive
reflectance spectroscopy (DRS) spectra indicate Cu2O phase in the fabricated samples. The patterned Cu2O structure shows
lower reflectance and larger absorption than the film sample, which would be denoted as a superior photocatalytic
performance of the patterned Cu2O structure to the Cu2O film. Moreover, in PEC measurement, the patterned Cu2O
structure shows enhanced current density compared to the Cu2O film. The computational simulation is carried out by finite
difference time domain (FDTD) method and proves that the differences in grain size and the micro-scaled patterns cause
the enhancement of the light absorbance of the Cu2O materials and the PEC performance.
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Organic-inorganic halide perovskite is one of the most promising materials for diverse photovoltaic devices owing to its
superior properties. Fundamental understanding about material itself is important for solving unsettled material questions
and advancing the use in high performance optoelectronic applications. At that point, we investigated CH3NH3PbX3 (X=Cl,
Br, I) perovskite crystals. We verified local electronic properties and surface potential distributions of each perovskite halide
materials via conductive atomic force microscopy and Kelvin probe force microscopy, respectively. In addition, we confirm
structural systems and phase purity by using transmission electron microscopy and Raman scattering spectroscopy.
Synthetically, we obtained the electronic band structures which reveal the semiconducting nature of the materials by
consolidating the result values of the band gap energy and the work function.
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Over the last decades, the spin coating (SC) technique has been widely used to prepare thin films of various materials in
liquid phase on arbitrary substrates. The technique simply relies on centrifugal force to spread a coating solution radially
outwards over the substrate. This mechanism works fairly well for solutions with low surface tension to form thin films of
reasonable junctions on smooth substrates. Here, we present a modified SC technique, namely ultrasonic-assisted spincoating (UASC), to form thin films of coating solution having high surface tension on rough substrates with excellent
junctions. The UASC technique couples SC with an external ultrasonic wave generator to provide external perturbation to
locally break down big drops of the coating material into smaller droplets via Rayleigh instability. Due to their lower mass,
these tiny droplets gain low momenta and move slowly both in radial and azimuthal directions, giving them an enough
time to effectively permeate within pores, thereby yielding excellent junctions. Furthermore, we also investigate the effect
of junction improvement on conventional and inverted bulk heterojunction organic solar cells. Intriguingly, the organic
solar cells fabricated by the UASC method showed an improved efficiency compared to typical SC owing to efficient charge
transfer across the junction. These results clearly imply that UASC is a simple and powerful technique which can
significantly enhance the device performance by improving the junction. Moreover, we believe that UASC can be more
effective for the preparation of devices comprised of multilayers of different materials having complicated nanostructures.
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Van Waals Force로 layer 구조를 이루고 있는 TMD(Transition metal dichalcogenide) 물질들은 Semiconductor의 특징을 지님과
동시에 Transition metal에 따라 서로 다른 물성을 보여주기 때문에 여러 방면으로 다양한 연구가 진행되고 있다. 그 중 MoS2 물질은
electrical 특성과 Maganetic 특성에 대한 연구가 활발히 이루어지고 있는 물질로, phase에 따라 Semiconductor 또는 Metal 특성을
보여주기도 한다. 또한 상온에서는 diamagnetic 물질로 알려져 있지만 Doping effect나 Ion 주입, Hydrogenation, Proton
irradiation을 통해 magnetic적 특성이 변하는 등 기초 물성에 대한 연구가 소자응용연구와 함께 활발히 진행되고 있다.
본 연구에서는 AFM lithography를 통해 graphene 표면의 C-OH, C-O-C, C-O 결합을 조절하였던선행연구를 바탕으로 MoS2의 표면
을 국소적으로 Oxidation 또는 Hydrogenation을 하여 그에 따른 전기적 또는 자기적 변화에 대한 연구를 진행하였다. Raman 측정을
통해 lithography 환경에 따른 Phase transition를 확인, Magnetic force microscopy(MFM) 측정을 통해 lithography 조건에 따른
MoS2의 Magnetic 변화를 측정하였다. 또한 STXM 측정을 통해 Spin 변화를 측정, Magnetic 변화를 이끌어 낸 MoS2의 변화에 대해
확인하였다. 본 연구결과는 국소적인 Oxidation 또는 Hydrogenation 된 MoS2가 차세대 Magneto-electronic 소자 연구에 응용될 것
으로 기대된다.
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반지름 R 인 음향 루네버그 렌즈는 매질의 굴절률 값이 중심으로부터 떨어진 거리 r 에 따라 √[2-(r/R)2)]와 같이 변화하는 구형 렌즈로서
입사되는 음파를 렌즈의 대척 점 위에 집속시킬 수 있으며 수차가 없는 특징을 가지고 있다. 이와 같은 구형 렌즈인 경우에는 1차원 혹은
2차원 검지기-배열 (detector-array)을 사용하기 어려운 단점이 있다. 준 등형 사상 (Quasi-Conformal Map)을 이용하여 물리적인 특성
은 유지하면서도 음파의 집속점 영역을 구면에서 평면으로 변환하게 되면 이와 같은 문제를 해결할 수 있다. 본 연구에서는 준 등형 사상
을 이용하여 구형인 루네버그 렌즈를 반구형으로 형태 변환하였으며 이를 FCOC(Face-Centered-Orifice-Cubic) 단위 셀을 이용하여 설
계하였다. 설계된 반구형 음향 루네버그 렌즈의 특성을 수치 해석적으로 살펴보았다.
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Chemical transformation of low-dimensional (2D) materials is useful in further expanding 2D material to realize various
functional heterostructures applications such as, tunable metal-insulator transition, photodetectors and field effect
tunneling transistors. Recently, there have been few reports on the heterostrucure MoO3/MoS2 from chemical
transformation of MoS2. However, the difficult to obtain the high-quality MoO3/MoS2 remained because there are
unexpected sub-oxide defects (i.e. MoSxO1-x) during chemical transformation. Therefore, it is important to monitor the
change in physical and chemical properties during the chemical transformation, simultaneously.
In this presentation, we showed the experimental result of the in-situ work function and the chemical state of MoS2 under
chemical transformation using the ambient pressure X-ray photoelectron spectroscopy. The chemical transformation of
MoS2 was performed under annealing temperature (RT ~ 350 oC) in 1 mbar O2 gas + 1 mbar Ar gas. As a result, we found
that chemical state of MoS2 was unchanged. However, the work function increased owing to the decrease in carbon/H2O
contamination from RT to 200 oC. Further increased temperature, the MoS2 partially transformed into MoO3, resulting in
the increased work function. At 350 oC, MoS2 completely disappeared and MoO3 was formed. These results will provide a
way for precise control of chemical transformation of 2D materials by in situ monitoring the physical and chemical
properties.
This study was supported in part by NRF Korea [NRF-2015R1D1A1A01058672, NRF-2018R1D1A1B07045663) and Korea
Basic Science Institute grant (C38529) to Sungkyun Park.
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2CDB13D
Motivated from recent experimetal progresses in magic-angle twisted graphene bilayers, we consider the twisted TMD
bilayers and investigate the effect of electron-electron correlations. Based on the Fermi surface topology and perturbative
field-theoretic calculations, we will argue that the magic-angle twisted TMD bilayer is an ideal place to search for exotic
topological superconductivities.
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Using the spectral function in holographic models, we suggest mechanism of gap and pseudogap in strongly correlated
material from holography
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2CDB13D
We show that flat bands can be categorized into two distinct classes, that is, singular and nonsingular flat bands, by
exploiting the singular behavior of their Bloch wave functions in momentum space. In the case of a singular flat band, its
Bloch wave function possesses irremovable discontinuities generated by the band crossing with other bands. Once the
degeneracy at the band crossing point is lifted, the flat band become dispersive and can acquire a finite Chern number in
general. On the other hand, the Bloch wave function of a non-singular flat band has no singularity, and thus it can be
completely isolated from other bands while preserving the perfect flatness. All one dimensional flat bands belong to the
non-singular class. We show that a singular flat band displays a novel bulk-boundary correspondence such that the
presence of the robust boundary mode is guaranteed by the singularity of the Bloch wave function. Moreover, we develop
a general scheme to construct a flat band model Hamiltonian in which one can freely design its singular or non-singular
nature. Finally, we propose a general formula for the compact localized state spanning the flat band, which can be easily
implemented in numerics and offer a basis set useful in analyzing correlation effects in flat bands.
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2CDB13D
A common wisdom is that a two dimensional metallic state without spin-orbit interactions cannot exist against disorder if
electron correlations in the spin triplet channel are not taken into account. In this study we challenge this long standing
thought. We propose quantum criticality as a source of delocalization, where critical fluctuations give rise to decoherence
of electrons, suppressing weak localization corrections even without taking spin triplet interactions. Based on a fully
controllable regularization scheme, we perform the renormalization group analysis for Ising-nematic quantum criticality
and show the existence of a weak-disorder fixed point in the two-loop order. We discuss the fundamental mechanism for
this appearance, comparing our renormalization group analysis with the common wisdom.
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According to the modern theory of polarization, the electric polarization in solids is defined via Berry phase, which is
fundamentally different from the classical definition of polarization involving charge distribution. In certain classes of
crystalline topological insulators, the electric polarizations are known to take a quantized values where the underlying
crystalline symmetries protect the quantization. Recently, the theory of multipole moments in crystalline insulators was
developed where quadrupole moment and higher-order multipole moments can be defined quantum
mechanically. Although crytalline symmetries are useful they are not essential in understanding multiple moments, and so
far the theory is only applicable to non-interacting crystalline band insulators. In this talk, I will introduce a many-body order
parameter for quadrupole moment which provides a way to extend the quantum theory of multipole moments to the most
general setting.
I will also discuss the bulk-boundary correspondence for quadrupole moment, relating seemingly unrelated quantities from
the bulk and the boundary.
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2CDB13D
We studied the exciton condensation in the transition metal dichalcogenide 1T-TiSe2 to understand the mechanism of
charge density wave (CDW) phase by using Eliashberg-type CDW gap equation. The linearized CDW gap equation with
statically screened Coulomb interaction was solved to find transition temperature for realistic TiSe2 model which has one
hole band centered at Γ point and three electron bands located at M points in 2D periodic hexagonal lattice. Determined
transiton temperature agrees with measured Tc and the behavior of Tc as a functon of band gap and chemical potential is
consistent with the experiments for pressure and Cu intercalated system. For more understanding, we calculated density of
states and ARPES intensity by solving Eliashberg-type CDW gap eqaution. From the calculated results we discuss the
possibility of excitionic insulator phase as a origin of CDW phase in 1T-TiSe2 by comparing experiments.
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2CDB13D
For the quantum well in an optical microcavity, the interplay of the Coulomb interaction and the electron-photon (e-ph)
coupling can lead to the hybridizations of the exciton and the cavity photon known as polaritons, which can form the BoseEinstein condensate above a threshold density. Additional physics due to the nontrivial Berry phase comes into play when
the quantum well consists of the gapped two-dimensional Dirac material such as the transition metal dichalcogenide MoS2
or WSe2. Specifically, in forming the polariton, the e-ph coupling from the optical selection rule due to the Berry phase can
compete against the Coulomb electron-electron (e-e) interaction. We find that this competition gives rise to a rich phase
diagram for the polariton condensate involving both topological and symmetry breaking phase transitions, with the former
giving rise to the quantum anomalous Hall and the quantum spin Hall phases.
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2CDB13D
Under the assumption of two-fluid kinematics of a nonrelativistic Bose liquid in the presence of a local velocity
field
, local Galilei transformations are used to derive formulas for the spatial distribution of superfluidity. The
local formulation is shown to subsume several descriptions of superfluidity, from Landau’s free quasiparticle picture of
the normal fluid to the fully microscopic winding number formula for superfluid density. We derive the superfluid
distribution of generic pure states of one-dimensional bosonic systems by using the continuum analog of matrix
product states. After introducing a localized resource theory of quantum coherence, we will discuss limits to local
distillation of complete superfluidity from imperfect superfluid states.
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2CDB13D
Epitaxial strain offers an effective route to tune the physical parameters in transition metal oxides. So far, most studies
have focused on the effects of strain on the bandwidths and crystal field splitting, but recent experimental and theoretical
works have shown that also the effective Coulomb interaction changes upon structural modifications. This effect is
expected to be of paramount importance in current material engineering studies based on epitaxy-based material
synthesization. Here, we perform constrained random phase approximation calculations for prototypical oxides with a
different occupation of the d shell, LaTiO3 (d1), LaVO3 (d2), and LaCrO3 (d3), and systematically study the evolution of the
effective Coulomb interactions (Hubbard U and Hund’s J ) when applying epitaxial strain. Surprisingly, we find that the
response upon strain is strongly dependent on the material. For LaTiO3, the interaction parameters are determined by the
degree of localization of the orbitals, and grow with increasing tensile strain. In contrast, LaCrO3 shows the opposite trend:
the interaction parameters shrink upon tensile strain. This is caused by the enhanced screening due to the larger electron
filling. LaVO3 shows an intermediate behavior.
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The crystalline form of carbon in nature is two dimensional (graphene and graphite) or three dimensional
(diamond). Graphene and graphite have the sp2 bond network while diamond has the sp3 bond. On the other hand,
silicon favors the sp3 bond over the sp2 bond, which suggests that two dimensional Si is rare. However, graphitic Si
nanoribbons, which resemble a zigzag graphene chain, are found on clean and metal-adsorbed Si surfaces, such as alkalimetal/Si(111)3 1, Au/Si(335, 553, 557, 775), Si(5 5 12)2 1 and Au/Si(111)5 2. It has been recently suggested that the
spin polarization occurs at the edge of the graphitic Si nanoribbon an Au/Si(553) even though Si is a semiconductor
material. The partially-filled orbitals at the edge of the graphitic Si nanoribbon give rise to spin-polarization as in the
graphene zigzag edge. In this study, we employ virtual toy models to understand the variation of the electronic structures
at the edge of the graphitic Si nanoribbon on the surfaces by the first principle calculation. We discuss the origins of
surface bands based on the bond networks on the surfaces.
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First-principles density functional theory provides significant insights into an interplay between an applied strain and
the Berry curvature reconstruction in the uniaxially strained monolayer MoS2, which leads to the unbalanced Berry
curvatures centered at and N points and eventually the valley-polarized current under an external static electric field. This
finding of the valley Edelstein effect (VEE) is shown to explain very well a recent experimental observation of the valley
magnetoelectricity. In an opposite limit of VEE, the strain-induced homogeneous valley ferromagnetism, there is positioned
the valley Hall effect (VHE), the inhomogeneous separation of valley pseudospins at zero strain. Here we propose to tune
between VHE and VEE by controlling a strain strength ( < 0.3 %) or an external electric field and demonstrate to create the
valley magnetic domain (VMD) and move the domain. The VMD manipulation should be a key ingredient of potential
device applications of valleytronics, in parallel with spintronics.
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In recent years, optical electronic excitations and photocarrier dynamics in transition metal dichalcogenides (TMDCs) have
been actively investigated in view of understanding photophysics in atomically thin materials and their optical device
applications. According to recent studies on pristine TMDCs, acoustic phonons are involved in exciton generation and
electron cooling processes [1,2]. In practical situations, TMDC samples usually contain a certain amount of defects and
adsorbates, which act as ultrafast photocarrier trapping centers [3,4]. Meanwhile, although the exciton-phonon interaction
in pristine TMDC is relatively well studied, defect-related photocarrier trappings remain vague.
Here, we present our theoretical study of defect-induced photocarrier capture in MoSe2 by means of delta-self-consistentfield (∆SCF) density functional theory calculations [5,6]. Starting from the ground-state MoSe2 with various defects, we
explicitly minimize the geometry of its excited states at defects, thus explicitly treating the nonradiative decay through
multi-phonon emission processes. Comparing our computational results with pump-probe measurement data, we
conclude that the exciton trapping at a Se vacancy adsorbed by an oxygen molecule is a dominant photocarrier capture
mechanism.
[1] S. Shree, et al. Phys. Rev. B 9, 035302 (2018).
[2] C.M. Chow, et al. npj 2D Mater. Appl. , 33 (2017).
[3] K. Chen, et al. Adva. Mater. , 5293 (2016).
[4] H. Chuan, et al. ACS Appl. Mater. Interfaces , 1125-1131 (2018)
[5] A. Gail, et al. Phys. Rev. B  , 241204 (2009).
[6] A. Alkauskas, et al. J. Appl. Phys. 9, 18 (2016).
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We present an atomic level study of reversible cyclization processes in
suspended nanoconstricted regions of graphene that form linear carbon
chains (LCCs). Before the nanoconstricted region reaches a single linear
carbon chain (SLCC), we observe that a double linear carbon chain (DLCC)
structure often reverts back to a ribbon of sp2 hybridized oligoacene rings,
in a process akin to the Bergman rearrangement. When the length of the
DLCC system only consists of ~5 atoms in each LCC, full re-cyclization occurs
for all atoms present, but for longer DLCCs we find that only single sections
of the chain are modified in their bonding hybridization and no full ring
closure occurs along the entire DLCCs. This process is observed in real time
using aberration-corrected transmission electron microscopy and simulated
using density functional theory and tight binding molecular dynamics
calculations. These results show that DLCCs are highly sensitive to the
adsorption of local gas molecules or surface diffusion impurities and
undergo structural modifications.
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Dirac/Weyl fermions residing in solids are described by relativistic quantum
mechanics. The most simple and straightforward signature of Dirac/Weyl
fermion in transport property would be high mobility, as expected from
relativistic property and in some cases protection mechanism that prevents
backscattering. The high mobilities did have been reported in various
Dirac/Weyl materials such as Graphene, Cd3As2, NbP, and HgTe. However,
previous transport studies of bismuth (Bi)-based three-dimensional
topological insulators (TIs) such as Bi2Se3 and Bi2Te3 have presented
significantly lower mobility values. Such discrepancy raises the question
about the genuine mobility of Dirac fermions in TIs. Here we present using
terahertz time-domain spectroscopy (THz-TDS), we acquired the genuine
mobility of Dirac fermions in Bi2Te3. The mobility 33,000 cm2/(V ・ s)
acquired at room temperature is more than ten times greater than previous values from Hall measurements near room
temperature. We obtained directly from our measurement that the mean scattering time of Dirac fermions in Bi2Te3 is 4.8
picoseconds, which is comparable to the temporal duration of THz probe. In addition, we confirmed that the mean
scattering time falls into line with the quantum lifetime acquired from quantum oscillations considering the different
characteristics of each measurement. The resolution of discrepancy leads us to the genuine transport property of Dirac
fermions in Bi2Te3. Our methods could be applied for the other Dirac/Weyl materials, whose mean scattering time falls
within picoseconds timescale.
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We investigate the origin of structural transition of Au-induced atomic chains on a stepped Si(553) surface [1-3] by means
of atomic force microscopy (AFM) and scanning tunneling microscopy (STM). High-resolution topographic AFM images
evidence directly the new trimer-based structure of the Si step-edge chains in contrast to the well-known symmetric atomic
lattice of spin ordered model [4]. Moreover, spatial dependence of local density of states exhibits only two distinctive
electronic states: Si trimer state and Au-induced state, which supports the simple trimer-based structure. Systematic
comparison between AFM and STM images reveal that the complex periodicity changes [1-3] arise from electronic
contribution during the STM measurement. We demonstrate the controlled structural transition using STM tip to induce
the phase shift of the trimer structure.
[1] J. S. Shin, K.-D. Ryang, and H. W. Yeom, Phys. Rev. B , 073401 (2012).
[2] S. Polei et al., Phys. Rev. Lett.
, 156801 (2013).
[3] J. Aulbach et al., Phys. Rev. B 9, 081406(R) (2017).
[4] S. C. Erwin and F. Himpsel, Nat. Commun. , 58 (2010).
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Charge-density-wave (CDW) in transition-metal dichalcogenide (TMDC) 2H-NbSe2 is widely known for several decades [1],
while microscopic mechanism of CDW formation are not fully understood. Native defects have been known to have a selfdoping effects on the material, affect the surrounding electronic structure, and be also related to the CDW [2-3]. We
investigate the native defects in 2H-NbSe2 and classify three major atomic defects by means of scanning tunneling
microscope (STM). By density functional theory (DFT) calculations, the atomic structures of these major atomic defects are
analyzed and compared. In the STM measurement, specific CDW phase are selectively pinned around native defects
depending on their atomic structure above the CDW transition temperature. These results give the basis for the further
defect studies in 2H-NbSe2 and other 2D TMDC materials, and show microscopically relation between CDW and defects.
[1] D. E. Moncton .et al., Phys. Rev. B , 801 (1977)
[2] B. Hildebrand et al., Phys. Rev. Lett. , 197001 (2014).
[3] C. J. Arguello., Phys. Rev. B 9, 235115 (2014).
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Since the first discovery of strong luminescence from electrochemically etched porous silicon by Canham, nanostructuredsilicon have attracted much attention due to their importance for silicon-based photonic devices. As researches for silicon
nanostructure have been ongoing more than two decades, the interests about silicon nanostructure have moved from
electrochemically fabricated nanostructure and deposition methods to chemically fabricated silicon quantum dots.
The silicon quantum dot synthesized by chemical methods has several advantages; it can control the emission wavelength
in all visible range by surface functionalization. For examples, the quantum dot fabricated by RF sputtering methods can
change emission wavelength only limited range from 650nm to near infrared by size control originated from quantum
confinement effect. However, the luminescence of silicon quantum fabricated by chemical methods can be controlled
somewhat broadly by surface functionalization with various chemicals without size control.
In this work, we fabricated silicon quantum dots showing visible luminescence by chemical synthetic methods. The
properties of silicon quantum dots are characterized by spectroscopic analysis. And also, optical properties of quantum dots
are investigated by lifetime measurements. From these results, we will clarify the mechanism of luminescence in each
wavelength.
[Acknowledgement: NRF-2015R1D1A1A01060381, NRF-2018R1A6A1A06024977]
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2CDB13D
In the semiconductor nanocrystals, the surface energies are important since it determines nanocrystal properties such as
nanocrystal shape. However, the surface energies of the polar surface like (111) surface of the zinc-blende structure cannot
be calculated easily, since the conventional slab method for calculating surface energy is not valid. In this study, we
calculate the surface energies of (110) and (111) surfaces of various zinc-blende semiconductors by calculation based on
density functional theory. Zinc-blende (110) surface energies were calculated with symmetric slabs. Zinc-blende (111)
surface energies were calculated using pseudo-H passivation method. Our results show a correlation between surface
energy and electronegativity of its component elements. Additionally, we will also discuss the broken-bond model. This
correlation between the surface energy and the electronegativity may suggest the easy way of determining the surface
energy.

[Acknowledgement: NRF-2018R1A6A1A06024977, NRF-2015R1D1A1A01060381]
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Pushing magnetic anisotropy energy (MAE) up to an order of 1 meV per atom in bulk structures composed of only 3d
magnetic elements has been a long-term goal of the permanent magnet and spintronics studies. Herein, using ab initio
calculations we predict an unexpectedly large MAE of up to 1/2 meV/atom in B2-ordered FeCo, which is even comparable
with those for the known permanent magnetic materials with 5d and 4f orbitals. This giant MAE is associated with the
interstitial nitrogen induced large tetragonal distortion and the strong 3d-2p hybridization. Our findings demonstrate the
feasibility of significant enhancement in MAE through the interstitial doping with 2p-electron nonmetals, which could be
generalized to other pnictogen to halogen dopants.
This research was supported by Future Materials Discovery Program through the National Research Foundation of
Korea (NRF) funded by theMinistry of Science and ICT (2016M3D1A1027831).
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Voltage control of magnetic anisotropy (VCMA) has been a potential candidate in non-volatile magnetoelastic random
access memory (MeRAM). This enables overcome limitation of the high-power consumption– to keep writing voltage less
than 1 V and switching bit energy small than 1 fJ. Here, using first-principles calculations, FePt/MgO heterostructure is
studied for its VCMA coefficients and magneto-elasticity with and without external electric field. FePt/MgO exhibits huge
VCMA coefficients as large as 1.77 (-1.36) pJ/(V.m) for Fe- (Pt) interface, respectively. Furthermore, FePt/MgO display
strain induced magnetization reorientation. This intriguing phenomena is analyzed using free energy of magneto-elastic
and pure elastic contributions, where inclusion of second-order magneto-elastic term is necessary. The physics origin of the
magnetization reorientation is due to competition of perpendicular and in-plane interfacial terms, K2i and b11i. Moreover,
the role of dipole field due to screening at the interface is also investigated, where either charge accumulation or depletion
occurs depending on sign of the dipole electric field.
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Using the full potential (FLAPW) method, we explore the geometries, electronic structure and magnetocrystalline
anisotropy of different doping concentration of Dy in α″-Fe16N2. We also investigated the temperature dependence of the
magnetic properties of pure and Dy doped α″-Fe16N2. The site occupancy was found to be concentration dependent. A
perpendicular magnetocrystalline anisotropy was obtained both for pure and Dy doped systems and an enhancement was
observed with increasing doping concentration. The Dy doping distort the crystal lattice locally near the impurity site,
however the volume of the cell was not much affected. The local lattice distortion and the associated high spin orbit
coupling effect in Dy are mainly responsible for enhancing the magnetocrystalline anisotropy. The uniaxial anisotropy
constant of 1.27 MJ/m3 was obtained for higher doping concentration. Besides, the total magnetic moment of the doped
systems were also not much affected due to ferromagnetic coupling between Fe and Dy atoms, therefore the
magnetization was almost remain unchanged. The Curie temperature was found to decrease with Dy doping compared to
the pristine Fe16N2 due to local expansion of the crystal structure. At finite temperature the Dy substitution produced a
maximum enhancement of 50 % in coercive field compared to the pure Fe16N2. The estimated maximum energy product
at room temperature (RT) by taking in to account the magnetization and coercive field at RT was found to enhance with Dy
substitution. Particularly for higher Dy doped system we found an enhancement of almost 50 % in (BH)max at 300 K
compared to the pure Fe16N2.
3;>?G<547=5>DC
This research was supported by the Basic Science Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science, ICT and Future Planning (2016R1A2B4006406).
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We perform systematic investigation of alkali-metal based half-Heusler alloys XCrZ (X=Na, Li, K, and Rb; Z=As and Sb)
using first-principles calculational method of Vienna Ab-initio Simulation Package. Three structural phases of α, β and γ are
considered to reveal atomic structure effects on their half-metallic (HM) behavior. We focus more on β and γ phases
because they are not only energetically more stable but also compatible with HM zb-CrAs and HM zb-CrSb in crystal match.
Except the Li based half-Heusler, all compounds are HM at their optimized lattice constants. As a result of the modified
Slater-Pauling rules [1], the magnetic moments increase to 4 B, thanks to the one electron donation from the alkali
elements. The covalent bonding between p-d electrons of alkali metals based half-Heusler XCrZ induces wider gap width
compared to the d-d hybridization of transition metal based half-Heulser alloys. We will discuss also stain effect on HM of
the half-Heusler alloys
[1] L. Damewood, B. Busemeyer, M. Shaughnessy, C. Y. Fong, L. H. Yang, and C. Fesler, Phys. Rev. B 9 , 064409 (2015).
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친환경 에너지에 대한 관심이 증가하고 있는 가운데 고효율 영구자석에 대한 연구가 늘어나고 있다. 고효율 영구자석을 위해서는 큰 포화
자화가 요구되며, 보자력과 큐리온도가 충분히 높아야 한다. 강한 자기이방성이 높은 보자력의 필요 조건인 것은 잘 알려져 있다. 본 연구
에서는 포화자화가 크고 큐리온도도 높지만 상대적으로 보자력이 낮은FeCo합금 중에서도 포화자화가 가장 큰 Fe13Co3[1]의 영구자석
으로 활용 가능성을 탐색하기 위해 응력이 포화자화 및 자기이방성에 미치는 영향에 대해 제일원리계산을 수행하였다. 응력은 평형 상태
의 원자구조를 기점으로 ab 면으로 -3%(압축응력)와 +3%(인장응력)로 선택하였다. 평형 상태의 격자 상수는 a = 5.69 Å, c = 5.68 Å
이었다. Fe13Co3 에는 대칭성이 다른 4 종류 Fe와 3 종류의 Co가 있는데, Fe의 자기모멘트는 각각 2.493 µB, 2.314 µB, 2.322 µB,
2.295 µB으로 계산되었고 Co의 자기모멘트는 각각 1.722 µB, 1.719 µB, 1.702 µB이었다. 계산된 자기이방성 에너지는 +0.02
meV/cell로 예상대로 작았다. -3% 압축응력인 a= 5.52 Å에서 총에너지 계산 결과로c는 5.86 Å으로 c/a=1.06 이었으며, Fe의 자기모
멘트는 2.443 µB, 2.249 µB, 2.257 µB, 2.227 µB 계산되었으며 Co의 자기모멘트는 1.703µB, 1.702µB, 1.679µB으로 자기모멘트는
전체적으로 2.19 % 감소하였으나 자기이방성 에너지는 +0.66 meV/cell으로 계산되어 일축 자기이방성이 크게 증가함을 예측하였다.
반면 인장응력인 a= 5.86Å에서 총에너지 계산 결과로c는 5.56 Å으로 c/a=0.95 이었으며 Fe의 자기모멘트는 2.551 µB, 2. 373 µB,
2.422 µB, 2.373 µB, Co의 자기모멘트는 1.739 µB, 1.727 µB, 1.719 µB 으로 자기모멘트가 전체적으로 2.48 % 증가하였으나 자기
이방성에너지는 -0.45meV/cell으로 계산되어 ab 면이 자기 용이면이 됨을 알 수 있었다. 영구자석으로 활용되기 위해서는 c/a 비가 커
야 함을 예측하였다.
[1] Dangxin Wu, Qiming Zhang, J. Ping Liu, Dingwang Yuan, and Ruqian Wu, Appl. Phys. Lett. 9, 052503, (2008)
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2CDB13D
We study the magnetic properties of the zigzag-type antiferromagnetic ground state of α-RuCl3, a proximate material to
the Kitaev quantum spin liquid. By employing spin polarized density functional theory(DFT), which takes into account
Coulomb and Hund’s interaction together with spin-orbit coupling(SOC), we show that both Coulomb and Hund’s
interactions play important roles in the magnetic properties of the system, such as size and direction of the magnetic
moment and the g-factor anisotropy. We further discuss the magnetic exchange interactions of the system based on the
full ab initio band method and compare our results with previous approaches.
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We report the microscopic origin of inter-layer antiferromagnetism (AFM) in bi-layer CrI3. By employing density functional
plus U theory with ab initio-determined Coulomb interaction parameters, we show that the microscopic origin of AFM
state of bi-layer CrI3 originates from the I-p mediated magnetic interaction ranging over adjacent layers. This AFM coupling
is found to be closely coupled with the stacking order of CrI3 layers. We further quantitatively analyzed relevant exchange
channels and demonstrated that the inter-layer eg-t2g exchange interaction plays the key role. Our work not only sheds
new light on understanding van der Waals magnetic materials, but also lays solid theoretical framework to study related
systems.
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(Ga,Fe)2O3 has gotten great attention due to a possible candidate for permanent magnets and multiferroic. However, its
saturation magnetization value is quite low due to ferrimagnetism. In a recent first principles-based study predicts
Ga0.5Fe1.5O3 would have higher magnetic moment due to its selectivity in Ga position. In this study, Ga0.5Fe1.5O3 (GFO)
epitaxial films were fabricated on (001) YSZ substrates using RF magnetron sputtering. Then we studied the effects of
thermal annealing, which is closely linked to the contents of oxygen in GFO, on their structural, magnetic, electronic and
optical properties. X-ray diffraction and reflectometry were conducted to optimize the growth condition of the thin films.
We could confirm that epitaxial 010 GFO thin films are stabilized on (001) YSZ substrates. Additionally, we observed outof-plane direction lattice constant was changed by simple thermal annealing. Also, surfaces and magnetism were studied
by atomic force microscopy and superconducting quantum interference device. We observed magnetism was controlled by
oxygen vacancy content. We will discuss the possible in-situ control of oxygen vacancies in this presentation.
This work was supported by National Research Foundation of Korea (NRF-2018R1D1A1B07045462).
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We investigated the anisotropy of the magnetic and magnetocaloric properties of single-crystalline double perovskite
Tb2CoMnO6, which crystallizes in a monoclinic P21/n structure. Due to dissimilar magnetic anisotropy, the ferromagnetic
order of the Co2+ and Mn4+ moments emerges along the c-axis at TC = 100 K, and the larger Tb3+ moments align
perpendicular to the c-axis, below TTb = 15 K. The intricate temperature development of the metamagnetism along the caxis results in a large negative change in the magnetic entropy at low temperature. On the other hand, the larger but
almost reversible magnetization, perpendicular to the c-axis, results in a small and positive entropy change. This highly
anisotropic magnetocaloric effect (MCE) leads to a giant rotational MCE, estimated to be 20.8 J/kg・K. Our findings, based
on the magnetic anisotropy in Tb2CoMnO6, enrich fundamental and applied research on magnetic materials, considering
the distinct magnetic characteristics of double perovskites.
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We survey the thermodynamic stabilities and properties, electronic transports, and thermoelectric possibilities of twodimensional (2D) ZnPS3 and ZnPSe3, belonging to transition-metal phosphorus trichalcogenides, by employing the firstprinciples electronic structure calculation. Our first-principles calculation accompanying ab initio molecular dynamics and
phonon calculation predicts that a single-layer (1L-) ZnPSe3 would be thermodynamically stable and in addition electron
and hole mobilities of 1L-ZnPSe3 amount to ~440 and ~400 cm2 V−1s−1, respectively, which are comparable to 1L-MoS2.
More interestingly, the lattice thermal conductivity of 1L-ZnPSe3 is found to be lower than any other 2D material reported
for thermoelectric material, which could reach the lowest known, i.e., ~0.13 W m−1K−1 at room temperature. In contrast,
the thermoelectric figure of merit of the pristine 1L-ZnPSe3 falls into just ~0.8 in the optimal condition. Nevertheless, this is
a very promising indication for a thermoelectric application of 1L-ZnPSe3 because other elements to determine the
thermoelectric figure of merit could be possibly engineered through a manipulation of underlying electronic structures.
With this finding, 1L-ZnPSe3 would be added as a novel promising candidate to a list of 2D thermoelectric materials.
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Graphene have been attracting much interest with its unique properties and potential applications such as field-effect
transistor. Recently, Yang et al.[1] found graphene-based barrister, a device with tunable Schottky barrier. It is important to
modulation of Schottky barrier height (SBH) between graphene and substrates to improve device performance of graphene
in device application. It is well known that strong Fermi level pinning effect at metal-semiconductor can control SBH.
Herein, we study the graphene/ZnO contact models and investigate the effects of contact structures using ab initio
calculations. First, we consider several types of ZnO surface to find stability of graphene contact device structures. In order
to understand interaction between the graphene and ZnO surfaces, we investigate electronic structures for the surface type
and distance dependence of graphene/ZnO systems. Then, we find the different mechanisms through the comparison and
analysis between the electronic structures of top- and edge-contact models. On the basis of the theoretical results, we can
explain the experimental data and discuss the Fermi-level pinning effect for high device performance of the graphenebased structure.
[1] H. Yang, J. Heo, S. Park, H. J. Song, D. H. Seo, K.-E. Byun, P. Kim, I. Yoo, H.-J. Chung and K. Kim, Science, , 1140
(2012).
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The origin of the ferromagnetism in metal-free graphitic materials has been a long-standing puzzle. Contrary to the
previous notion that graphene’s ferromagnetism arises from “sp3-forming” defects or vacancies, it was recently
demonstrated that point defects in graphene, such as fluorine adatoms and vacancies, lead to notable paramagnetism but
no magnetic ordering down to 2 K [1]. It remains controversial whether collective magnetic order in graphene can emerge
from point defects at finite temperatures. Our first-principles study provides a new framework for understanding the
ferromagnetism in hydrogenated graphene, highlighting the key contribution of spin-polarized pseudospin as a “mediator”
of long-range magnetic interactions [2]. We found that the unique energy position of the H-induced defect state in
hydrogenated graphene enables strong pseudospin-mediated magnetic interactions, which can give rise to a robust
magnetic order at reasonably high temperatures. This work was supported by the DGIST R&D Program of the Ministry of
Science and ICT, Korea (Grant No.18-BT-02).
[1] R. R. Nair et al., Nat. Phys. , 199-202 (2012).
[2] H. Kim, J. Bang, and J. Kang. Sci. Rep. (2018).
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Over the last decade, two-dimensional (2D) van der Waals (vdW) materials have got much attention due to its exciting
physical properties and potential for future applications. In order to utilize 2D vdW materials as various future devices, it is
important not only to explore their fundamental physical properties, but also to discover new 2D vdW materials with
versatile physical properties. In this study, we propose layered IV-V compounds as novel 2D vdW materials based on firstprinciples calculation. Our predicted IV-V compounds are in the form of A2B2, where A and B are elements in group IV (C,
Si, Ge, Sn) and group V (N, P, As, Sb, Bi), respectively, forming the same crystal structure as that of layered III-VI
compounds, such as GaSe or InSe. Our investigation reveals that these newly proposed IV-V compounds may form two
distinct stable phases, the one with the mirror symmetry and the other with the inversion symmetry. To explore their
physical properties, we evaluate their phonon dispersion relations, electronic band structures, and transport properties. We
also investigate the phase transition between two phase by estimating the activation energy barriers during such phase
transitions. It is, furthermore, found that there exists the Rashba spin splitting coupled with spatially-separated spin density
distribution in some compounds consisting of heavy elements.
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The complex oxide interfaces have inspired the physics community in recent years due to their novel quantum phenomena.
In particular, the presence of n-type two-dimensional electron gas (2DEG) at the LaAlO3 (LAO)/SrTiO3 (STO) (001)
interface has attracted considerable attention. Unlike LAO/STO (001) interface, the LAO/STO (111) interface consisting of
[Ti]4+ and [LaO3]3- layers is expected to exhibit the p-type characteristics according to the polar catastrophe scenario.
However, a wide n-type 2DEG distribution is observed at the LAO/STO (111) interface. Here, in order to reveal the origin of
n-type 2DEG at the LAO/STO (111) interface, first-principles density functional calculations are performed. We find that the
n-type 2DEG originates from extra electrons created by the oxygen vacancy in the [LaO3]3- terminated LAO (111) surface,
and the extent of polar lattice distortions are strongly correlated with the amount of 2DEG.
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We have explored the superconductivity in charge density wave (CDW) system of Lu(Pt1-xPdx)2In cubic-Heusler compounds
based on the ab initio density functional theory. We have found that the substituting Pd for Pt in LuPt2In increases the
superconducting temperature Tc, which is consistent with experimental report. To investigate the pressure effect on
LuPd2In and LuPtPdIn, we have calculated electron phonon coupling and Tc. We have found that Tc increases up to about
3 K (2.0 K) with pressure in LuPd2In (LuPtPdIn).
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We present a study of the half-filled Holstein model with superconducting order parameter employing the dynamical
mean-field theory in combination with the numerical renormalization group. Here, we investigate the crossover from the
BCS to Bose-Einstein condensation (BEC) regimes as the onsite electron-phonon coupling g is varied for both adiabatic (t/
ωph >>1) and antiadiabatic (t/ωph <1) phonons, where t is the hopping amplitude and ωph is the phonon frequency. The
bipolaron instability associated with the soft phonon mode appears at the critical coupling gc1 separating metal and local
pair insulating states in the normal state. We show that the metal-insulator phase transition is changed to the crossover by
introducing the superconducting gap and the maximum superconducting Tc coincides with gc1. Further, we investigate
how the dynamical effects modify the conventional BCS-BEC crossover from the attractive Hubbard model. The pairing gap
ΔSC and the superfluid stiffness DS are calculated as a function of g, and they show qualitatively different behavior for
adiabatic and antiadiabatic phonons due to the retardation effect.
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High plasma confinement, which is directly related to the high fusion reaction rate and the economical fusion electricity
yield, can be achieved by optimizing the tokamak operation. For this reason, developing the optimal plasma operation
scenario is important. Recently in the VEST [1] device, a neutral beam injection (NBI) system was installed for the realization
of a high plasma beta and a high non-inductive current fraction. Before achieving the high performance plasmas in
experiment, the simulation study is done. The heat and particle transport is predicted with the tokamak plasma transport
code ASTRA [2] by employing the anomalous core transport model TGLF [3]. The edge plasma transport is determined by
the Bohm-gyroBohm model [4], which is a well-validated empirical L-mode transport model. The heating and current drive
by NBI is calculated by the Monte Carlo NBI code NUBEAM [4]. The bootstrap current and the other quantities related to
the neoclassical transport are calculated by the NCLASS [5] model. Because the thermal confinement time (~2 ms) is similar
to the plasma current flat-top duration in VEST (~few ms), the conventional stationary state assumption is inappropriate.
Therefore, predictions are done time-dependently for the whole discharge duration, including the current ramp-up and
ramp-down phase. The prediction results are compared with the diagnostic results and to validate the adopted models.
References:
[1] K.J. Chung et al, Plasma Sci. Technol. 15 244 (2013).
[2] G. Pereverzev and P.N. Yushmanov, “ASTRA automated system for transport analysis in a tokamak” Max-Planck-Institut
fuer Plasmaphysik, Garching, Germany (2002).
[3] G.M. Staebler et al, Phys. Plasmas 14, 055909 (2007)
[4] M. Erba et al., Plasma Phys. Control. Fusion 39, 261 (1997)
[5] A. Pankin et al., Comput. Phys. Commun. 159, 157 (2004).
[6] W.A. Houlberg et al., Phys. Plasmas 4, 3230 (1997).
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Tungsten (W) has been spotlighted as a promising plasma facing material for divertors and first walls in fusion reactors due
to its high melting point, good thermal conductivity, excellent sputtering resistance, and a low tritium inventory. However,
high-flux Helium (He) ion bombardments on W can lead to the serious irradiation damages, such as the formation of voids,
bubbles, or nano-fuzzes near the surface, which degrades the mechanical property significantly. Here, we investigate type
of damages caused by He-ion irradiation, and their effects on mechanical properties of W thin films, by performing a small
scale mechanical testing. The small scale mechanical test offers an opportunity to test mechanical properties of a large
number of samples at a low cost and time. The He-ion irradiation was carried out with 200 KeV He-ion at room
temperature (fluence
). For the small scale mechanical experiments, freestanding tungsten thin
films were fabricated with a simple MEMS process followed by magnetron sputtering. Irradiation damaged and
undamaged thin film samples were characterized using membrane deflection experiments and point deflection methods to
extract, stiffness, modulus, residual stress, etc. Change in mechanical properties upon irradiation are interpreted by
considering the structural damages of the samples.
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Using n = 1 RMP, the resonant error field threshold for mode locking has been investigated in KSTAR L-mode plasmas.
Once the resonant field hits a threshold, locked modes resulted in the change of the sawtooth activity, braking of the
plasma rotation and the reduction of energy confinement that could lead to plasma termination. A threshold scaling is
, in KSTAR ohmic plasmas. This could be related to the Linear Ohmic
found to be related to the line averaged density,
Confinement (LOC) to Saturated Ohmic Confinement (SOC) transition in KSTAR ohmic plasmas. The effect of plasma
rotation to resonant field threshold is also investigated in KSTAR. We found that RMP can increase rotation globally to a
favorable level, which could affect the resonant error field threshold, in the studied L-mode scenarios.

5IG?B4C

Tokamak, Plasma, Nuclear Fusion, 3D field, Mode locking, Plasma rotation

-552-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

H1.04*

&9=E<1D9?>CDE495C?6D85I'%B565B5>35?@5B1D9?>C35>1B9?C

나용수*1, 변철식1, 서재민1, 이찬영1
1서울대학교 원자핵공학과
ysna@snu.ac.kr

2CDB13D
ITER research plan proposes a success oriented schedule starting in hydrogen and helium, to be followed by a nuclear
operation phase with a rapid development towards Q~10 in deuterium and tritium. The main purpose of the nonactivation phase is commissioning of the system related to plasma control and safety including magnetic control, all
installed heating, fueling and diagnostic systems with plasma. And the main purpose of the activation phase is recommissioning of the systems and achieving the target performance of the operation scenario. In this study, the ITER
scenario modeling is conducted by the robust integrated simulation based on the ASTRA transport code to assess the
feasibility of the purposes in each operation phase. The transport is calculated by the TGLF transport model and the
pedestal parameters are calculated by the statistical model with EPED1 database for ITER. For the non-activation phase, the
commissioning of the access to the H-mode and to the performance range with the desirable MHD instability is assessed.
For the activation phase, the feasibility of the target performance is assessed. Also, the newest issues of the ITER operation
scenario modeling are addressed.
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Radiation-induced hardening of newly developed Ti/Ta-added reduced activation ferritic-martensitic (RAFM) steel is
evaluated by combining self-ion irradiation and cross-sectional micropillar compression tests. In this study, 500-nm
micropillars were fabricated on a cross-section polished surface using argon ion beam at locations of the ion-irradiated and
unirradiated layers. The compressed micropillars showed that the deformation mode and flow behavior were changed
because of ion irradiation. The radiation-induced increase in yield strength was evaluated by considering the specimen size
effects manifested in the micropillar compression tests. The evaluated radiation hardening of the Ti/Ta-added RAFM steel
at the dose of ~2 dpa was found to be comparable to that of the reference RAFM steel with a composition similar to
Eurofer97. The scaling effect manifested in small-scale mechanical testing will be also reviewed.
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A Thomson scattering (TS) system is developed on Versatile Experiment Spherical Torus (VEST) to provide the electron
temperature (Te) and density (ne) profiles of core plasmas. In the initial phase, the main objective of the system is to
measure Te and ne of the core plasma by obtaining reliable TS signals at least at a single position. It was quite challenging
to measure the TS signals even though ne of the target plasma is 5x1018 m-3, because the system utilizes a pulsed Nd:YAG
laser with the energy of 0.85 J which is relatively weak for TS measurements. Besides, it became more difficult to satisfy the
signal-to-noise ratio (SNR) > 1, since performances of the interference filters equipped in a polychromator are much less
than the designed values. Therefore, a laser injection system and a collecting optics were carefully developed to maximize
the overall optical efficiencies to overcome these issues. In addition, the performances of the polychromator including a
spectral response and a sensitivity are enhanced, by finding the best placement order of the filters and setting the optimum
bias voltage for photodiodes. Consequently, we successfully measured the time evolutions of Te and ne in various
conditions of shot-to-shot experiments. We will address the major upgrade of the TS system planned in two point of views:
SNR and time resolution. Firstly, the number of Thomson scattered photons more than two times is expected, since a new
customized laser with the energy of 2.0 J becomes available. In addition, if the optical components that are needed for the
previous laser system such as a Faraday isolator and a Faraday rotator are removed, the improved transmittance of the laser
injection system will further increase the signal level. At the same time, replacement of an optical fiber by a fiber bundle
consisting of three cores with the diameter of 1.5 mm and the numerical aperture of 0.39 is planned in order to collect
more photons. Secondly, the time resolution of the measurement will be enhanced up to 10 times, because one main pulse
of the new laser has 10 sub-pulses with the repetition rate of 1 kHz. Thus, upgraded system will measure the time
evolution of Te and ne during 10 ms whereas the previous system measured only one snapshot per a discharge. Finally, the
number of polychromator is planned to increase by one per year, since the final goal of the TS system is obtaining the
profiles of Te and ne.
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Mode coupling of Toroidal Alfvén Eigenmodes (TAEs) with high mode number and the related alpha channeling are
studied in ITER. For high-n TAEs, the mechanism of nonlinear saturation could shift from fast ion transport to mode
coupling due to the strong mode overlap [1]. The mode coupling by ion nonlinear Landau damping (NLLD), or equivalently
ion Compton scattering, can lead to an effective nonlinear saturation of high-n TAEs [2]. In this work, we investigate the
mode coupling by ion NLLD of TAEs in ITER conditions (n, T, q profiles) including the numerical calculation of the nonlinear
evolution of TAEs. This nonlinear mode coupling can drive the linearly stable modes below the TAE gap by transferring the
wave energy of the higher modes to the lower ones. It shows fishbone-like bursts as predator (linearly damped modes)prey (linearly unstable modes) model. We also calculate the saturated mode energy distribution in the frequency-space and
the saturated TAE amplitude for the given linear growth rate. Lastly, we analyze the additional ion heating of alpha
particles through the high-n TAEs, the so-called alpha channeling in ITER. The NLLD mode coupling transfers the remaining
energy proportional to the frequency difference between the interacting modes to the bulk ions, which can be a
mechanism of converting the alpha energy to the energy of fuel ions in burning plasmas [3]. We predict its impact on
fusion performance in ITER conditions.

References
W. W. Heidbrink, “Alpha particle physics in a tokamak burning plasma experiment”, Physics of Plasmas 9, 2113 (2002).
T. S. Hahm and L. Chen, “Nonlinear Saturation of Toroidal Alfvén Eigenmodes via Ion Compton Scattering”, Physical Review
Letters 74, 266 (1995).
T. S. Hahm “Ion Heating from Nonlinear Landau Damping of High Mode Number Toroidal Alfvén Eigenmodes”, Plasma
Science and Technology 17, 534 (2015).
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2CDB13D
Characterization of dielectric materials is essential in high frequency devices and their applications. Quasi-optical millimeterwave system provides a useful method for highly efficient measurement of the dielectric characterization [1]. Additionally,
this method can be extended to understanding properties of plasmas and semi-conductors. In nuclear fusion plasma, a
diagnosis of high density plasma is a critical issue for study of plasma instability. Based on the quasi-optical transmission
system, millimeter-wave can be utilized to measure a high-density plasma (1013cm-3~1014cm-3) with high SNR. Using
Drude model, we can find plasma characteristics such as plasma frequency and electron-neutron collision frequency. For
optimized environment of the experimental setup, we generated a high-density plasma in inductively coupled plasma (ICP)
chamber. Received millimeter-wave signal can be analyzed to estimate plasma density distribution by means of multi-layer
plasma modeling. The proposed scheme can be useful for a fast control of ECH beam in plasma switching system.
[1] Hong, Y.P., Salter, M.J., and Lee, D.J.: 'Broadband measurement of high permittivity at millimetre-wave frequencies',
Electronics Letters, 2016, 52, (9), p. 725-727
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2CDB13D
We investigate the role of nonaxisymmetric magnetic perturbation in zonal flow decay. Externally imposed 3-D resonant
magnetic perturbations (RMPs) can mitigate or suppress dangerous large edge localized modes (ELMs) in H-mode plasmas
[1-3]. However, experiments from various tokamaks [4-7] have reported increase of the H-mode transition power threshold
in the presence of RMPs. Motivated from this observation, we perform an analytic theoretical study of RMP effect on zonal
flow evolution in tokamak plasmas using gyrokinetic equations. Extending previous theoretical works on zonal flow
response in tokamaks [8,9] and helical devices [10], we calculate long time evolution of zonal flows in tokamak plasmas in
the presence of RMPs. We find out that tangential (to the tokamak magnetic field) component of the RMP field induces
secular magnetic drifts of zonal flow carrying particles in radial direction, and these secular drifts result in long-term
collisionless zonal flow decay toward zero. Zonal flows can play a key role in triggering H-mode transition by regulating
drift wave turbulence [11]. Therefore, our result indicates lower zonal flow level and thus higher H-mode transition power
threshold in the presence of stronger RMP field. Our result also indicates more significant increase of the power threshold
for higher-n (toroidal mode number) RMPs [12]. This n-dependence agrees with the trend recently observed in KSTAR [13].
References
[1] T.E. Evans et al., Phys. Rev. Lett. 9, 235003 (2004)
[2] Y. Liang et al., Phys. Rev. Lett. 9, 265004 (2007)
[3] Y.M. Jeon et al., Phys. Rev. Lett. 9, 035004 (2012)
[4] P. Gohil et al., Nucl. Fusion  , 103020 (2011)
[5] S.M. Kaye et al., Nucl. Fusion  , 113019 (2011)
[6] F. Ryter et al., Nucl. Fusion , 114014 (2012)
[7] W.-H. Ko et al., 26th IAEA Fusion Energy Conference (Kyoto) EX/P4-4 (2016)
[8] M.N. Rosenbluth and F.L. Hinton, Phys. Rev. Lett.  , 724 (1998)
[9] L. Wang and T.S. Hahm, Phys. Plasmas , 062309 (2009)
[10] H. Sugama and T.-H. Watanabe, Phys. Rev. Lett. 9, 115001 (2005)
[11] P.H. Diamond et al., Plasma Phys. Control. Fusion , R35 (2005)
[12] G.J. Choi and T.S. Hahm, Nucl. Fusion , 026001 (2018)
[13] W.-H. Ko et al., 59th APS-DPP Meeting (Milwaukee) UP11.000544 (2017)
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2CDB13D
Advanced Molybdenum-based Rare-process Experiment (AMoRE) is an international collaboration to search for
neutrinoless double beta decay (0nbb) of 100Mo using scintillating 100Mo-based crystals. Its commissioning phase,
the AMoRE-Pilot, has been running since 2015 using doubly enriched 40Ca100MoO4 crystal in Yangyang
underground laboratory (Y2L). Throughout the runs, background level and noise conditions has been improved.
We present results from the fifth run of the AMoRE-Pilot, which was carried out in 2017.
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2CDB13D
The Advanced Mo-based Rare Process Experiment (AMoRE) is a search for neutrinoless double beta decay of Mo-100 in
calcium molybdate (40Ca100MoO4) crystals by using cryogenic detectors. Commissioning run with five and six crystals of a
total mass ~1.5-1.9 kg has been operated at the YangYang underground laboratory since 2015. About six-month long
term measurement was performed last year and another long-term measurement has been ongoing from this March in a
configuration with reduced background level. In parallel, the fist phase of the AMoRE experiment are is in preparation. In
this presentation, current status and recent results in background reductions will be discussed.

5IG?B4C

Neutrinoless double beta decay

-560-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

H2.03

13;7B?E>4CDE4I?6M?% @9<?D45D53D?B

윤영수*1, SEO Kyungmin1, 2
지하실험연구단, 2Sejong University
ysy@ibs.re.kr

1기초과학연구원

2CDB13D
AMoRE (Advanced Mo-based Rare process Experiment) is an experiment searching for neutrinoless double beta decay of
Mo-100. A pilot experiment, AMoRE-Pilot, has been operating with six 40Ca100MoO4 (CMO) crystals of total mass ~1.9
kg, in a low-temperature cryostat at the Yangyang Underground Laboratory (Y2L), with a minimum overburden of 700
m. Ever since AMoRE-pilot started on August 2015, two major improvements in its configuration have taken place to
reduce the background level of the experiment. The first one is replacements of detector components with high
radioactivities. Secondly, polyethylene (PE) blocks were installed outside of the muon detectors together with borated
rubber sheets inside the muon counters and outside of the lead shield to reduce external neutron backgrounds.
We will present the studies of backgrounds of the detector before and after improvements.
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2CDB13D
Hyper-Kamiokande (Hyper-K) is a future long baseline neutrino experiment consisting of two identical water Cherenkov
detectors, one in Japan and the other in Korea (a.k.a. Korean Neutrino Observatory). Its scientific program is broad from
particle physics to astronomy.
Using J-PARC neutrino beam, Hyper-K will exclude CP conservation with more than 8 σ when the CP is maximally violated
in the leptonic sector. Korean detector will enhance sensitivity especially on the neutrino mass ordering determination and
non-standard neutrino interaction. Thanks to deeper candidate sites in Korea, sensitivities on the solar neutrino physics,
Supernova relic neutrino and dark matter searches are improved compared to the detector in Japan.
In this talk, current status of Hyper-K is presented.
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The RENO experiment has observed changes in the reactor antineutrino flux
and spectrum with respect to the reactor fuel evolution. This study utilizes
reactor antineutrinos detected in the near detector through inverse beta
deacy (IBD). The antineutrinos are produced for multiple fuel cycles by the
six reactors at Hanbit Nuclear Power Plant in Korea. A fuel-composition
dependent variation of reactor antineutrino flux is observed and compared
to the reactor model prediction. The deficit of observed reactor IBD events
relative to a prediction, so-called reactor antineutrino anomaly, can be
mostly explained by reevaluation of the 235U isotope yield. We also report
an interesting hint on correlation between the 5 MeV excess in the IBD
prompt spectrum and the 235U fission isotope fraction.
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2CDB13D
RENO has been taking data since August, 2011 and successfully measured the smallest neutrino mixing angle, ϴ13. The
measurement values are obtained from the observed reactor anti-neutrino events with neutron captures on gadolinium (nGd) in the target detector region. In addition, RENO has successfully measured the mixing angle as well, using an
independent sample with neutron captures on hydrogen (n-H). Because of a large accidental background in the n-H
sample, the analysis requires additional reduction of backgrounds. This independent measurement provides a valuable
systematic cross-check of the ϴ13 measurement using the n-Gd sample. In this talk, we will present the results from the
1500 days of n-H data sample.
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The RENO experiment has successfully measured θ13 using the disappearance of electron anti-neutrinos in three-flavor
neutrino oscillations. We search for sterile neutrinos in four-flavor oscillation model using roughly 2200 days of data
collected by the RENO experiment. We have not seen any positive signal and obtain an excluded region of the oscillation
parameters. We present an excluded contour plot with constrained and unconstrained sin2 (2θ13) value in sin2 (2θ14) –
Δm412 space.
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2CDB13D
The RENO experiment has measured the neutrino mixing angle θ13 and Δm2ee, using reactor antineutrinos from the
reactors at Hanbit Nuclear Power Plant since Aug. 2011. In 2016, RENO published results on sin2(2θ13) and Δm2ee using
the energy dependent oscillation of reactor antineutrinos in the 500days of data. RENO has accumulated roughly ~2000
days of data with reduced backgrounds and thus decreased systematic uncertainties. Due to the improved statistics and
systematic uncertainties we measured sin2(2θ13) and Δm2ee more precisely. In this talk we will present new results from
the ~2000 days data.
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2CDB13D
Currently there is a ~2σ tension between KamLAND reactor experiment and the combined Super KamiokANDE (SK) &
Sudbury Neutrino Observatory (SNO) measurements of the solar mass squared difference, Δm221. This tension needs to be
resolved. Furthermore the ratio of Δm221 to Δm231 is needed for the precision measurement of leptonic CP violation. We
demonstrate in this paper that Δm221 can be reasonably well constrained by the currently running short baseline reactor
anti-neutrino experiments, Daya Bay and RENO. Such measurements will be the only new information on this important
quantity until the medium baseline reactor experiment, JUNO, gives a very precise (<1%) measurem\
ent early in the next decade.
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2CDB13D
Neutrino Experiment for Oscillation at Short baseline (NEOS) is an experiment to search for sterile neutrino with reactor
electron anti-neutrinos at very short baseline. In the 1st phase of NEOS (2015-2016), we took data for about 8 months at
the tendon gallery of the 5th reactor in Hanbit Nuclear Power Plant (NPP) in Yeonggwang. No strong evidence of sterile
neutrino was observed with the phase-1 data, and therefore we proceed to take more data with phase-2 at the same site
from this September for the full burnup cycle. In this talk, we report status of phase-2.
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2CDB13D
The first phase of NEOS (NEOS-I) experiment was carried in the tendon gallery of the Hanbit reactor unit 5 and measured
energy spectrum of the electron anti-neutrinos from the reactor core at 24 m distance using about 6 months of data
(2015-2016). The NEOS-II experiment with the refurbished NEOS-I detector starts from this September at the same
location but with extended measurement period, i.e. a whole burnup cycle of about 18 months. In this talk we report initial
performance of the NEOS-II with the background data set received during the reactor-off period.
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2CDB13D
In 2016, Large Hadron Collider (LHC) has accumulated proton-proton collision dat corresponding to an integrated
luminosity of 35.9 fb-1 at center-of-mass energy of 13 TeV with the CMS detector. Several million top quark candidates are
produced in this data set. This large data set allows us to measure the differential cross setion of two additional b jets in
association with the top quark pari production. We present the differential cross section result using the events of one
lepton, 4 jets and three b jets final state.
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2CDB13D
We search for the standard model four top quark production (two top anti top pairs), using the events either two leptons
(e, mu) of the same charge or at least three leptons.
The events are produced in proton-proton collisions with center of mass energy of 13 TeV at the CERN LHC and recoded by
CMS detector.
In this analysis, we use Deep Neural Networks (DNN) method to maximize the sensitivity of the signal.
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2CDB13D
We measure the top quark polarization in the
pair production at the Fermilab Tevatron collider at
= 1.96 TeV. The
final state events containing two leptons, two jets and large transverse missing energy are analyzed using the full Run II
data corresponding to 9.1 fb-1. The top quark polarization are measured using angular distribution of leptons with respect
to quantization axes in the transverse and helicity bases and found to be negligible in both frames, as predicted by the
Standard Model.
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2CDB13D
In the measurement of top quark mass, jet energy uncertainty is one of the largest systematics. In many alternative
solutions, jets are not concerned when extracting the top quark mass, so it reduces the jet energy uncertainties. We suggest
the method using charmed mesons within b-quark jet and an isolated lepton. In this presentation, we use dilepton
channel and will concentrate on the J/ψ, D0 and D* reconstructed in the b jets using 2016 LHC 13 TeV data collected by the
CMS detector.
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2CDB13D
We test the T-odd correlations in tt events produced in pp collision at the LHC that are used to search for the new CP
violation source. We select events which have dilepton final states to idenfiy the production of tt and measure asymmetries
of physics observables. Based on the results, we search the top quark anomalous coupling at the production vertex at the
LHC experiment.
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2CDB13D
In the standard model, CKM matrix describes change of quark flavours through the weak interaction and the
matrix is required to be unitary. Previous studies of top-quark decays focus on the decay from top-quark to
b-quark and W-boson decay channel since the branching ratio of the top-quark to b-quark is about 1000
times larger than the top-quark to s-quark. So these studies measure the matrix element |Vtb|2 as the ratio
of top-quark decays to b-quark versus all quark, while indirect measurements can restrict |Vts|2. However,
in the BSM scenario, unitarity of the matrix may be broken and therefore we should directly measure |
Vts|2 to confirm the scenario. In our study, we propose to directly measure the matrix element |Vts|2 by
using the decay from top-quark to s-quark and W-boson and it is important to improve the performance to
discriminate s-quark from all other quarks. We present results of testing machine learning algorithms,
such as BDT, to improve the s-quark identification.
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2CDB13D
The Missing transverse momentum (MET) is the negative vectorial sum in the transverse momentum of all
visible particles. MET dominantly occur by particles that do not interact with the detector such as neutrino.
MET can be used to test invisible particles predicted by beyond the Standard Model, e.g. Dark Matter. The
results of studies of MET as measured by the CMS detector in LHC are presented. The study covers MET
Noise filter and MET corrections for data-MC agreement.
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2CDB13D
GBAR (Gravitational Behaviour of Antihydrogen at Rest) experiment aims to measure the free fall acceleration of antiHydrogen atom in the terrestrial gravitational field. As a milestone of this year, GBAR experiment plan to make antiHydrogen atom with 10keV kinetic energy by reaction of positronium (e+ e- bound state) and anti-proton beam (10keV).
To achieve this goal, we have prepared high intensity positron beam (3x10^8 e+/s) to make high density positronium and
10keV anti-proton beam by decelerating 100keV beam come from ELENA (p-bar decelerator) in CERN.

present the status and prospect of the GBAR experiment.
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2CDB13D
기초과학연구원(IBS)에서는 희귀동위원소빔 가속기인 RAON을 건설 중이며, RAON에서는 핵의 대칭에너지 측정을 위한 LAMPS 검출
기 시스템을 구축 중이다. LAMPS 실험그룹에서는 핵의 대칭에너지 연구에 중요한 입자인 중성자의 에너지를 정밀하게 측정하기 위한 검
출기를 제작하였다. LAMPS 중성자검출기는 4개의 스테이션으로 구성되어 있고, 각 스테이션은 2개의 층으로 이루어져 있다. 각 층은 크
기가 10x10x200 cm3인 BC408 섬광플라스틱 20개로 이루어져 있다. 또한 하나의 스테이션 내에서 한 층은 수직으로, 다른 층은 수평
으로 배열되어 2 x 2 m2 의 검출면에 입사하는 중성자의 위치 정보도 취득할 수 있도록 설계되었다. 그리고 첫번째 스테이션에는 하전 입
자를 선별해 낼 수 있도록 추가로 20개의 비토 검출기가 설치되었다. LAMPS 중성자 검출기 제작은 2018년 5월에 시작하였으며, 10월
에 제작이 완료되었다. 본 발표에서는 단위 중성자 검출기 160개, 그리고 하전입자비토 검출기 20개의 제작과정과 그 성능 측정결과에
대하여 발표한다.

5IG?B4C

RAON, 핵의 대칭에너지, LAMPS, 중성자검출기

-579-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

H5.02*

5F5<?@=5>D?6!5>7D8?=@5>C1D54#B?@?BD9?>1<?E>D5B
&ICD5=6?B&D1>41B49J1D9?>?6D855D1=9DD9>71C5?EC
%149?13D9F5IC?D?@5C1D %I&&
황상훈*1, 선용근1, 2, 이종만1, 이경범1, 김홍주2
방사선표준센터, 2경북대학교 물리학과
shhwang@post.j-parc.jp

1한국표준과학연구원

2CDB13D
원자력발전시 배출되는 베타입자를 방출하는 가스상의 방사성 동위원소 (37Ar, 39Ar, 85Kr, 127Xe, 131mXe, 133Xe, 3T)의 배출량은 모
니터링 시스템에 의해 관리되고 있다. 한국표준과학연구원에서 모니터링 시스템을 교정할 수 있는 인증표준물질을 위해 길이보상법을 이
용한 내부비례계수기를 일차 표준기로 개발 중에 있다. 내부비례계수기는 스테인리스 재질의 계수기3개(Long ; 150 mm, Middle ;
200 mm and Short ; 350 mm),가스 시스템,그리고 데이터수집장치 시스템으로 구성되어 있다. 적정 운용 고전압 값을 알기 위해 인가
전압에 따른 계수율을 측정하여 HV plateau를 확인하였다. 그 결과, 2 기압이상 1600 V ~ 1900 V 가 적정 인가전압 값이라는 것을 알
게 되었고 실험은 이 결과를 토대로 2 기압 1800 V에서 진행되었다. 55Fe X-ray와 pulser를 이용하여 채널에 대한 에너지값을 계산하였
고, 이를 통해 문지방 에너지 레벨을 구하였으며 그 결과는 다음과 같이Long은 0.140 keV, Middle은 0.136 keV, 그리고 short
은 0.120 keV이다. Geant4 Monte-Calro Simulation와 문지방 에너지 레벨 값을 이용하여 문지방 이하의 계수율에 대해 보정해주었
다. 또한 백그라운드 계수율, 불감시간, 가스 누출정도, 그리고 계수율의 안정성을 이용하여 측정한 85Kr 선원에 대한 계수율을 보정한 뒤
길이보상법을 이용하여 단위길이당 계수율을 계산하였다. 그 결과, 14.4 mL 양에 대해서는 0.596/s*mm, 불확도 1.593 % 이며, 29.5
mL 양에 대해서는 1.216 /s*mm, 불확도 1.535 % 이다. 이를 통해 현재 개발 중인 일차표준기의 정확성과 부피에 대한 계수율의 선형
성을 확인하였다. 현재는 장비 업그레이드 과정에 있으며 다른 형태의 길이보상법을 이용한 내부비례계수기를 추가 개발할 예정이다.
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2CDB13D
최근 라돈침대와 관련해서 라돈에 대한 방사능에 대한 국민의 관심이 커지고 있다. 이에 따라 다양한 라돈 검출기가 시중에 유통되고 있
으며 이런 라돈 검출기에 대한 국내 교정을 수행할 수 있는 기관은 한국표준과학연구원이 유일하다. 한국표준고학연구원은 저온입차각
방법을 이용한 라돈 일차 표준기를 보유중이다. 라돈 일차표준기를 이용하여 생산한 인증표준물질은 방사능이 90 kBq정도로 높아 낮은
방사능까지 교정을 위해서는 1 - 2 달 시간이 소요 된다. 향후 늘어나는 라돈의 교정수요에 대응하기 위해 이동형 라돈 표준기를 개발중
이다. 이동형 라돈표준기는 고민감 라돈검출기, 이동형 라돈선원으로 구성된다. 본 발표에서는 개발중인 고민감 라돈 검출기와 이동형 라
돈선원의 개발 진도에 대해서 이야기할 예정이다.

5IG?B4C

Rn-222

-581-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

H5.04

CDE4I?6!9M?"3BICD1<C6?BM?% IIG9D813BI?75>93@8?>?>
C39>D9<<1D9?>45D53D?B
김혜림1, 2, 김용함*1
, 2경북대학교 물리학과
yhk@ibs.re.kr

1기초과학연구원

2CDB13D
AMoRE (Advance Molybdenum based Rare process Experiment) is an experiment aiming at detecting neutrinoless double
beta decay of 100Mo. We studied phonon and scintillation properties of Li2MoO4 crystals for the AMoRE phase. A Li2MoO4
crystal is one of promising crystal candidates among molybdate crystals containing Mo element for a simultaneous
detection of heat and light signals at milli-Kelvin temperatures. The crystal has advantages of crystal growth and internal
background control. We tested Li2MoO4 crystals with a low-temperature detection system for high resolution phononscintillation measurement based on a metallic magnetic calorimeter (MMC) readout technology. We will present tests
results of the Li2MoO4 crystals as a target material and discuss a feasibility for the large-scale experiment, AMoRE-II, with
about 200 kg of molybdate crystals.
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2CDB13D
A new time projection chamber (HypTPC) has been developed for the various experiments at the J-PARC hadron hall. In
order to cope with a high rate secondary beam from the world highest intensity proton beam at J-PARC, the HypTPC has
adopted the triple-layered GEM as a signal amplification and the gating grid plane for the ion back-flow suppression. A
target is located in the drift volume which is defined by the large octagonal field cage structure so as to have a large
acceptance. The target holder is also surrounded by the same field strip for the uniform drift field. We cut the exposed
insulation part of the field cage around the beam-through region to avoid the charge build-up in the high rate beam
environment. We have studied the basic characteristics of the GEM such as the gain and the discharge rate with respect to
the applied GEM voltage using the beta-ray and the X-ray sources with the test chamber. The proton beam test at HIMAC
in Japan was also conducted to study the basic performance of the HypTPC including the drift velocity, the position
resolution, the vertex resolution, and so on. We also scanned the proton beam rate up to 106 cps to check the high rate
capability of the HypTPC system, in particular, the track deviation due to the distorted electric field caused by the large
fraction of the ion back-flow and the DAQ performance in the high trigger rate. In this talk, we will summarize the overall
performance of the HypTPC with an emphasis on the beam test results.
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2CDB13D
Low-LAMPS (Low energy Large Acceptance Multi-Purpose Spectrometer) detector will be used for the study to
understand the nuclear symmetry energy at sub-saturation densities. Low-LAMPS consists of the Si-CsI system and neutron
detector array. Si-CsI detector is designed for the particle identifications produced in the nuclear collisions. The precise
measurement of full deposit energy is key role for CsI unit in particular. In order to verify the suitability, the characteristic
energy spectrums of gammas were measured by using various radioisotopes such as 137Cs, 60Co, 22Na, 54Mn and 65Zn.
And we also measure their gamma detection efficiencies. In this presentation, we will report for these results.

5IG?B4C

RAON, LAMPS, nuclear symmetry energy, CsI detector, GEANT4 simulation

-584-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

H5.07

B?GD81>4381B13D5B9J1D9?>?6&9<F5B4?@54!93BICD1<

1경북대학교

PANDEY Indra Raj1, 김홍주*1, LEE Moo Hyun2
물리학과, 2Center for Underground Physics, Institute for Basic Science
hongjoo@knu.ac.kr

2CDB13D
Lithium fluoride is a promising candidate for radiation sensitive material and has been widely used in radiation dosimetry,
integrated optics and optoelectronics devices [1-3]. Since the introduction of the thermoluminescence (TL) technique, the
phosphor LiF has attracted much attention, and lithium fluoride (LTD-100) is widely used in dosimetry application. In this
work we report the growth of lithium fluoride crystal doped with 0.2 mol% of silver fluoride. A single crystal was grown by
using a conventional Czochralski technique. Luminescence properties of the crystal is studied from room temperature (300
K) to 10 K under various excitation sources. For the luminescence spectrum measurement, X-ray source, 254 nm UV light,
266 nm Laser and 280 nm LED are used as excitation sources. The decay time of the crystal was measured with 266 nm
excitation source and was ~30 µs 10 K. The TL measurement of the crystal is carried out from 10 K to 500 K. At low
temperature (10 -300 K), three clear peaks are observed with the dominant intensity peak at 135 K. Different kinematics
parameters like, frequency factor, order of kinematics and thermal activation energy are also calculated, which will be
discussed in the work.

References
[1] A.T. Davidson et al., J. Appl. Phys., vol. 86, pp. 1410–1414, 1999.
[2] R.M. Montereali et al., Appl. Phys. Lett., vol. 78, pp. 4082–4084, 2001
[3] V.V. Ter-Mikirtychev and T. Tsuboi, Prog. Quantum Electron., vol. 20, pp. 219–268, 1996
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Molybdenum-based inorganic compounds as cryogenic scintillators are very promising for the ongoing and future
experiments searching for the neutrinoless double beta (0υββ) decay in 100Mo. The scintillator requirements for this
application are ultra-low background, high light output, easy crystal growth and capability of purification of the raw
materials for crystal growth. PbMoO4 (PMO) is one of the possible candidate to be used as cryogenic scintillator for the
0υββ decay in 100Mo. In this study the PMO powder synthesis from ultra-low background Pb and MoO3 powders purchased
from Alfa aesar and MoO3 sublimed at Center for Underground Physics, Institute for Basic Science (IBS) South Korea (CUP)
and its crystal growth is studied at Kyungpook national university, South Korea (KNU). The two PMO samples obtained
from KNU grown crystals, two samples received from Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, Russia
(NIIC) and one sample from Technical Physics Division, Bhabha Atomic Research Centre, India (BARC) are comparatively
analyzed. These samples are characterized under the excitation of UV, α-, γ-, and β-rays over the temperature range of 10300 K. The crystal growth procedure of PMO by Czochralski technique and the comparative luminescence and scintillation
analysis of PMO samples will be discussed in this talk.
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Two-dimensional molybdenum disulfide (MoS2) is widely used in various optoelectronic applications due to its direct band
gap in a monolayer. Many studies have been proceeded to improve electrical conductivity and photo-induced electrical
properties of transition metal dichalcogenides (TMDCs). In this research, the n-type semiconductor characteristics of MoS2
FET is changed to semi-metallic properties by polyvinylpyrrolidone (PVP). Moreover, a high on/off current ratio with 10-5 in
a PVP attached homogeneous MoS2 junction was observed by excitation source in visible range. To investigate the reason
of this phenomenon, we systematically performed optical and electrical analysis. This study provides a new approach for
realizing highly efficient optoelectronic devices based on TMDCs.
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Recently, the band-to-band tunneling devices based on Transition Metal dichaconides(TMDs) van der Waals(vdW)
heterostructure attract a great attention due to its flexibility and various unique electronic properties. In the tunneling
diode with TMD, low peak-to-valley current ratio is a main issue which should be solved for high performance.
Here, we fabricated a tunnelling diode composed of high-electron mobility SnSe2 and narrow-band gap MoTe2 vdW
heterostructure. We doposited metal contact at the bottom of TMDCs for reduce the effect of Fermi level pinning. In our
structure, the peak-to-valley current ratio is about 5.7, which is the highest value in TMDs-based devices.
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Much research has been actively conducted to commercialize nonvolatile memory using phase change materials. However,
most of the researches deal with Ge2Sb2Te5, because Ge2Sb2Te5has high stability and reliable operation speed. Although
Sb2Te3has much faster speed than Ge2Sb2Te5, very poor thermal stability of Sb2Te3makes it hard to use in practical
devices. To overcome this obstacle, many dopants for Sb2Te3have been studied. e.g. N, O, Al, Si. However, most of the
dopants decrease other phase change characteristics, such as operation speed or cyclability, although the crystallization
temperature was increased. Recently, transition metal dopants, e.g. Ti and Sc, showed notable properties in both stability
and efficiency.
In this study, we choose Ag for doping into Sb2Te3to enhance phase change characteristics. The thermal stability becomes
improved, because dopant increases phase transition temperature. The Phase change memory device using Sb2Te3with Ag
doping also operates more efficiently. From the change in crystal structural and electronic band structure, we suggest that
these enhancements are induced by changes in local structure. That is, Ag substitutes Sb site in Sb2Te3structure, which is
expected to induce reliable distortion in atomic structure of Sb2Te3, not break the structure. These results indicate a
possibility of doped Sb2Te3as the most appropriate material for durable and efficient PRAM device.
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Phase change memories are based on sub-ns scale crystallization speed with few tens of nm scale electronic device cell,
which attract attentions for a next generation universal electronic memory. Roles of Ag, In, and Te in Ag4In4Sb75Te18(AIST)
as a superior group 2 phase change material have not been clarified yet, while role of Sb in AIST has been analyzed as an
avalanche for crystallization process. In-situ X-ray Photoemission Spectroscopy(XPS), Infrared-Spectroscopic Ellipsometry(IRSE) are combined with Molecular Dynamics Density Functional Theory(MD-DFT) to reveal roles of Ag, In, and Te and clarify
why AIST has superior phase change properties to SbTe or Sb. In in crystallization mechanism of AIST works as a dam
against avalanche of bonds-aligning of Sb, while Ag and Te act as a trigger of dam in AIST. Local environments of In in AIST
are classified into InSb-like and AgInTe2-like local structures. InSb-like local structure is the only tetrahedral local structure
among crystal structures which Sb can establish with Ag, In, and Te. These classifications suggest a Dam-Trigger model,
where In grasp and release Sb through switching from InSb-like to AgInTe2-like local structure. That is, Ag and Te trigger
dam to or not to allow avalanche in the crystallization process of AIST through the bond alignment of Sb. Dam-Trigger
model clarifies why AIST has superior phase-change properties to Sb such as cyclability, thermal stability of amorphous and
fast phase-change speed.
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Although carrier temperature in bulk semiconductors is associated with the
kinetic energy in the conduction and valence band, a new temperature is
necessary in size distributed quantum dot ensembles, where each quantum
dot has a different ground state level. This issue is very important to find the
optimum condition in semiconductor lasers. In this work, we studied the
equilibrium between lattice temperature and carrier temperature of size
distributed quantum ensembles by comparing amplified spontaneous
emission to spontaneous emission at various temperatures. A variable stripe
length method (VSLM) was performed in InAlAs quantum dots to obtain
gain spectrum from amplified spontaneous emission (ASE), where the edge
emission spectra were measured for various stripe lengths. spectrum which
is function of pumping stripe length through. The ratio of gain and
spontaneous emission gives a quantity PF (inversion factor) describing
electron occupancy in the conduction and valence bands. This is key factor to know parameters of population inversion and
carrier temperatures of optical gain measurements.[1] Extracting slope from logarithmic plot of 1- PF versus energy gives
carrier temperature which is described by Fermi-Dirac statistics.[2] When lattice temerature is 40K, Carrier temperature has
lowest vale because phonon interaction makes carriers not to transfer energy. As Lattice temperature increases above 40K,
carrier temperature also increases. This is due to quantum tunneling effect from huge lattice vibration.
%565B5>35C
[1] Blood, Peter, et al. "Characterization of semiconductor laser gain media by the segmented contact method." IEEE
Journal of Selected Topics in Quantum Electronics 9.5 (2003): 1275-1282.
[2] Hutchings, Matthew, et al. "Fermi-dirac and random carrier distributions in quantum dot lasers." Applied Physics
Letters 104.3 (2014): 031103.
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Amorphous oxide semiconductors such as In-Ga-Zn-O (IGZO)1 have been developed with the need for cost-effective
switching or driving transistors in the flat panel display or flexible electronics. The oxide thin-film transistors (TFT) exhibiting
moderate high field-effect mobility (> 10 cm2/Vs) are good alternatives to their amorphous silicon counterparts for the
fabrication of high performance TFTs. However, it is well-known that a high performance oxide TFT having a high field
effect mobility moves to a relatively large threshold voltage under light (negative) gate bias2. This means that there is a
trade-off between electrical performance and stability in oxide TFT, making it difficult to simultaneously achieve both.
Therefore, in this regard, there is a strong demand for development of a high-performance amorphous oxide
semiconductor which is immune to stability. From a microscopic standpoint, this requires very delicate control, where all
abnormal conditions, such as tail and non-stoichiometric electron states, must be ruled out while maintaining the
appropriate shallow donors.
In this work, we propose that a new amorphous oxide semiconductor based on ZnSnO3 and BaSnO3 is a good way to
overcome typical a-InGaZnO3 in terms of mobility and stability, because the Ba atom of high coercive BaSnO3 is expcted to
play a role on reducing the tail states and undercoordinated centers of amorphous (Zn,Ba)SnO3. First-principles calculations
have shown that our idea is valid through investigations of the structural, electrical, and chemical properties of In-free
(Zn,Ba)SnO3 semiconductors. On the other hand, amorphous (Zn,Ba)SnO3 TFTs were fabricated by RF co-sputtering using
ZnSnO3 and BaSnO3 targets, and their electrical characteristics and stability were measured. Experimental results have
shown that the transfer characteristics of a-(Zn,Ba)SnO3 TFTs with high mobility (> 20 cm2/Vs) are surprisingly stable, with
thresthold voltage shift ~ < 0.2 V for 3600 seconds under negative bias illumination stress (NBIS), verifying the theoretical
expectations.
References
[1] K. Nomura, H. Otha, A. Takagi, T. Kamiya, M. Hirano, H. Hosono, Nature 432 488-492 (2004).
[2] H.-S. Kim et al., Sci. Rep.  1459 (2013).
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The effect of heated HCl vapor on the c-GaN surface morphology was investigated at temperatures of
750 and 810oC. The morphology turned out to be strongly dependent on the polarity and threading
dislocations. For N-polar GaN domains, most of that domain was inert to HCl vapor except for the
regions containing threading dislocations. In contrast, Ga-polar GaN domains on the mask pattern,
which did not contain threading-dislocations, was extensively etched, and GaN nanoneedles were
formed at the temperature as low as 750oC. The formation of nanoneedles on a relatively flat
surface could be computationally simulated by using a level set method in such a way that the
formation mechanism of the intriguing surface morphology could be better understood.
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Precise doping-profile engineering in van der Waals (vdW) heterostructures is a key element to promote optimal device
performance in various electrical and optical applications with two-dimensional vdW materials. Here, we report tungsten
diselenide-(WSe2) based pure vertical diodes with atomically defined p-, i- and n-channel regions. Externally modulated pand n-doped layers are respectively formed on the bottom and the top facets of WSe2 single crystals by direct evaporations
of high and low work-function metals platinum and gadolinium. Since metal-induced doping are restricted to the first few
layers of WSe2, atomically sharp p-i-n heterojunctions are naturally formed in the homogenous WSe2 layers; therefore, the
un-doped WSe2 layers, in other words the width of the insulating region, can be readily determined by the thickness of the
flakes. As the number of layers increases, charge transport through the vertical WSe2 p-i-n heterojunctions is characterized
by a series of quantum tunneling events, namely direct tunneling, Fowler-Nordheim (FN), and Schottky emission (SE). With
optimally selected WSe2 thickness, where FN and SE tunneling events prevail, our vertical heterojunctions show superb
diode characteristics of an unprecedentedly high current density and low turn-on voltages while maintain good current
rectification. With a simple yet robust experimental platform, we demonstrate the ultimate size and performance of pure
vertical diodes and a promising 2D vdW-based electronic application for a high-frequency switch at low temperatures.
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Bipolar resistive switching behaviors of Pt/Nb-doped SrTiO3 (Nb:SrTiO3) junctions were studied. Pt/Nb:SrTiO3 junctions
have shown clear multi-level resistance states with good endurance up to 103 cycles. Interestingly, after drastic current
change during applying positive bias, clear negative differential resistance (NDR) phenomena are observed at negative bias
at low temperature. The NDR phenomena diminish as temperature increases and finally disappear at about 250 K. To find
the origin of such NDR, electrical and optical measurements have been conducted. Also, synaptic behaviors corresponding
with NDR were investigated.
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Transition-metal dichalcogenides (TMDs)를 포함한 이차원 물질은 두께 대비 넓은 표면적으로 인해 외부 환경이 물질의 특성 저하에
전적으로 개입하기 쉬우며, 특히 TMDs 물질의 MX2 구조에서 X의 공핍 영역에서 수분이나 공기중의 산소와 결합하여 원치 않은
electron 도핑을 유도한다.
이를 극복하기 위해 우리는 TMDs와 graphite의 hetero 구조결합을 통한 단순하면서도 효과적인 ‘Graphite Joule heater를 이용한 능
동 electrothermal local annealing (ELA) 시스템’을 제안한다. 이 연구에서 우리는 대표적인 TMDs 물질 중 하나인 단층 molybdenum
disulfide (MoS2) 채널 위에 graphite를 결합한 field-effect transistor (FET)를 제작하였다. 그리고 Graphite에 200mW의 전력을 인
가하여 110분동안 ELA를 진행한 결과, field-effect mobility가 약 3배 증가하고 flat-band voltage가 14 V 감소되어 제안된 ELA 과정
이 채널 표면에 p doping을 유발하는 oxygen 결합을 효과적으로 제어하였음을 확인하였다. 이는 동일한 MoS2 FET에 행해진 ‘전열기기
를 이용한 기존의 열처리(conventional thermal annealing, CTA)’에 대한 실험 결과와 비교하였을 때, ELA 방법이 전력과 시간적 효율
성을 증대시켜줄 뿐만 아니라 전기적 특성 향상에도 더욱 효과적임을 보여준다. 또한 4단자 전기적 측정 결과 채널과 도체 전극 사이의 접
촉 저항이 감소하여 ELA 과정에서 발생하는 열이 채널 표면 뿐만 아니라 MoS2 FET의 전 영역에 도달하였음을 알 수 있었고, 열 전달
simulation과 직접적인 온도현미경 측정을 통해 사실을 입증하였다.
우리는 제작된 graphite-MoS2 FET에 산소를 주입하고 ELA 과정을 반복하는 순환 실험과 그에 대한 저주파 잡음 분석을 통하여 ELA 과
정이 동일한 전기적 특성 향상을 반복적으로 유도할 수 있음을 확인하였고, 이는 이차원 물질의 재생 가능한 가스 센서로써 활용 가능성
을 제시한다.
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Diamond NV (nitrogen-vacancy) center is a solid-state spin-qubit possessing remarkable quantum properties such as long
coherence time (e.g. T2 > 1 ms at room temperature), optical initialization/readout, and high sensitivity of temperature,
magnetic field, electric field, and strain field. In this talk, we will present hybrid diamond quantum systems where diamond
mechanical oscillators are coupled to embedded NV centers via strain. We will demonstrate coherent control of NV’s spin
states via strain induced by driven motion of diamond cantilevers. We expect that this strain coupling can provide high
fidelity spin transition and long-range interaction between distant spin qubits. We will also show nanoscale thermometry
based on diamond NV centers.
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2CDB13D
Modulation of donor electron wavefunction via electric fields is vital to quantum computing architectures based on donor
spins in silicon. For practical and scalable applications, the donor-based qubits must retain sufficiently long coherence times
in any realistic experimental conditions. Here, we present pulsed electron spin resonance studies on the longitudinal (T1)
and transverse (T2) relaxation times of phosphorus donors in bulk silicon with various electric field strengths up to near
avalanche breakdown in high magnetic fields of about 1.2 T and low temperatures of about 8 K. We find that the
T1 relaxation time is significantly reduced under large electric fields due to electric current, and T2 is affected as the T1
process can dominate decoherence. Furthermore, we show that the magnetoresistance effect in silicon can be exploited as
a means to combat the reduction in the coherence times. While qubit coherence times must be much longer than quantum
gate times, electrically accelerated T1 can be found useful when the qubit state reset relies on the fast thermal
equilibration.
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2CDB13D
Development of renewable alternative energy resources is one of the most growing challenges to the sustainable progress
of human civilization. Convergence of energy conversion and storage devices to fabricate a self-powered integrated unit
for portable, flexible and wearable electronics is an emerging research field. Here, we demonstrated a gold coated
conductive PET based rectification-free integrated self-powered device. A polymer film containing PVDF-ZnO-RGO,
possessing high beta phase content, was synthesized by simple and cost effective wet chemical spin coating and dropcasting methods. As-fabricated device combined the energy conversion and storage processes efficiently and presented a
good self-charging performance on the basis of mechanical to electrochemical mechanism. We obtained maximum output
voltage, output current and output power about 43V, 1000nA and 9.8 μW.cm-2 under applied mechanical force of 10N,
respectively. The self-charging behavior of the device showed that it can charge 198mV within 100 seconds. We believe
that the presented work may be a new paradigm in the field of self-power technology.
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2CDB13D
There are increasing demands on highly sensitive magnetic field sensors both in fundamental
research and industrial fields. Diamond Nitrogen-Vacancy (NV) center is an atomic-scale quantum sensor that can meet the
demands as it provides high magnetic field sensitivity over wide bandwidth of detection frequency (e.g. sensitivity <
nT/Hz^1/2 and bandwidth DC ~ 1 GHz). Moreover it provides nanometer scale spatial resolution suitable for high
resolution imaging applications and miniaturized sensing devices.
In this talk, I will introduce basic working principles of detecting AC magnetic field with the diamond NV center and
compare sensitivity and detection bandwidth between several different sensing methods such as Hahn echo, CPMG and
XY8.
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2CDB13D
Charged particles exhibit the Hall effect in the presence of magnetic fields. Analogously, ferromagnetic skyrmions with
non-zero topological charges and finite fictitious magnetic fields exhibit the skyrmion Hall effect, which is detrimental for
applications. The skyrmion Hall effect has been theoretically predicted to vanish for antiferromagnetic skyrmions because
the fictitious magnetic field, proportional to net spin density, is zero. We experimentally confirm this prediction by
observing current-driven transverse elongation of pinned ferrimagnetic bubbles. Remarkably, the skyrmion Hall effect,
estimated with the angle between the current and bubble elongation directions, vanishes at the angular momentum
compensation temperature where the net spin density vanishes. This study establishes a direct connection between the
fictitious magnetic field and spin density, offering a pathway towards the realization of skyrmionic devices.
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Using the first principles calculations, we explored the magnetic properties and optical propertis of size dependent CrI3
nanotubes. We found that the Critical temperature of zigzag nanotube was increased with the diameter while the armchair
nanotube displayed the opposite behavior. Through the ab initio molecular dynamics, we propose that the zigzag
nanotube with a dimater of 5~6 nm may show a potential room temperatue ferromagnetism.
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2CDB13D
Human brain-inspired neuromorphic systems have garnered great interest to replace conventional computing issues based
on binary logic and Von Neumann architecture. Recent work has demonstrated the behavior of biological synapses with
the memristor characteristics In particular, magnetic devices utilizing spin orbit torque through magnetic manipulation by
in-plane current injection have become one candidate of alternatives to conventional memristor devices due to lower
power consumption and faster magnetization switching. Therefore, we report performance of nanoscale electronic
synapses which are based on SOT phenomena observed from the modified magnetic tunnel junction (MTJ) configuration.
The SOT-driven domain wall motion (DWM) was observed by means of the application of in-plane current pulse injection,
confirmed by the Magneto-Optic Kerr Effect (MOKE) analyses. A periodic repetition of writing and reading pulses clearly
indicated a variation in resistance, reflecting a typical synapses function.
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2CDB13D
Voltage control of magnetism has been a remarkable subject of spintronics
research for many years1,2. Among the few suggested methods, magnetoionic control of magnetism has demonstrated significant modulation of
magnetic anisotropy on the order of ~ 1 erg cm-2 3,4. However, prior work35

utilized voltage-induced oxygen migration, which inevitably suffered from

irreversible oxidation damage5 and high operation temperature required for
fast switching of ~100 ms4. Recently, hydrogen-based magnetic ion devices
have been proven to provide enhanced device capabilities such as high
reliability (> 2000 cycles) and fast switching (~ 100 ms) at room
temperature6. In these devices, solid electrochemical moisture partitioning
using ambient atmospheric humidity has been shown to provide a source of
mobile protons that can move through the gate oxide to reversibly switch
magnetic properties.
In this presentation, we show that the performance of hydrogen-based magnetoionic devices can be significantly improved
using an yttria-stabilized zirconia (YSZ) gate oxide, which is a well-known proton conductive oxide due to its relatively open
lattice space and the high concentration of oxygen vacancy sites. We utilized the ferromagnetic heterostructure of
Pd/Co/Pd/YSZ/Pt, where YSZ and Pt served as a proton-migrating layer and a water-splitting top electrode, respectively.
Figure 1 summarizes device structure and the experimentally measured device characteristics. When positive gating voltage
of +6 V is applied, protons generated from the top electrode migrate across YSZ and eventually are accumulated at Pd
layers, due to their significantly larger proton solubility compared to that of Co. Protons accumulated at Pd then modulates
spin-orbit coupling (SOC) at the Pd/Co & Co/Pd interfaces, eventually switching the magnetic anisotropy of the trilayer
from perpendicular magnetic anisotropy (PMA) to in-plane anisotropy, as shown in Fig. 1(b). When the opposite voltage
polarity is applied, V = -6 V, accumulated protons are pulled out of the structure, recovering PMA. We then performed the
cyclic voltage application between V = ±6 V at the voltage reversal frequency of f = 0.5 Hz, and measured the magnetic
states as a function of time. Surprisingly, as shown in Fig. 1(c), we achieved the fast switching speed (<1 ms) and the high
stability (> 103 cycles). In particular, the magnetic anisotropy switching speed is measured to be 103 times faster than the
state-of-the-art magneto-ionic devices reported to date. We believe that more material and interface engineering could
further reduce the switching speed, down to 10 ~ 100 times the nanoseconds, as will be discussed in this talk.

1. Matsukura, F. et al. Nat. Nanotechnol.  209–220 (2015).
2. Song, C. et al. Prog. Mater. Sci.  33–82 (2017).
3. Bauer, U. et al. Nat. Mater.  174–181 (2015).
4. Bi, C. et al. Phys. Rev. Lett.  267202 (2014).
5. Gilbert, D. A. et al. Nat. Commun.  12264 (2016).
6. Tan, A. J. et al. submitted (2018); Proc. of 2018 Int. Conf. on Magn.
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2CDB13D
The magnetic exchange interaction is the one of the key factors governing
the basic characteristics of magnetic systems. Unlike the symmetric nature of
the Heisenberg exchange interaction, the interfacial Dzyaloshinskii-Moriya
interaction (DMI) generates an antisymmetric exchange interaction which
offers challenging opportunities in spintronics with intriguing antisymmetric
phenomena. The role of the DMI, however, is still being debated, largely
because distinct strengths of DMI have been measured for different
magnetic objects, particularly chiral magnetic domain walls (DWs) and nonreciprocal spin waves (SWs). In this paper, we show that, after careful data
analysis, both the DWs and SWs experience the same strength of DMI. This
was confirmed by spin-torque efficiency measurement for the DWs, and
Brillouin light scattering measurement for the SWs. This observation,
therefore, indicates the unique role of the DMI on the magnetic DW and SW
dynamics and also guarantees the compatibility of several DMImeasurement schemes recently proposed.
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2CDB13D
Magnetic skyrmionic devices are one of the most promising candidate for
the next-generation memory application due to their nanometer-size,
topological stability and efficient current-driven dynamic motion. Recently,
interfacial Dzyaloshinskii-Moriya interaction (DMI) leads stabilization of
magnetic skyrmions in heavy metal/ferromagnetic hetrostructure at roomtemperature. While efficient modulation of current-driven displacement of
magnetic skyrmions have been demonstrated[1]–[2], still many challenges
remain to utilize of fully functional skyrmionic devices. In particular, the
experimental observation of controllable creation and annihilation of a
single skyrmion at room-temperature have been elusive so far, even though
it may be an indispensable part to operate future skyrmionic devices.
In this work, for the first time, we demonstrate the electrical creation and
deletion of a single ferrimagnetic skyrmion at room-temperature in practical
device scheme[3]. The stroboscopic pump-probe X-ray measurement is
performed to reveal the deterministic and reproducible nature of this
process. [Pt/GdFeCo/MgO]20 multilayer structures with perpendicular
magnetic anisotropy (PMA) are chosen (Fig. 1(a)), due to their ferrimagnetic
nature exhibiting the enhanced current-driven skyrmion behaviors such as
the suppression of skyrmion Hall angle [4]. We first experimentally show
that unbalanced bipolar current pulses can efficiently create and annihilate a single skyrmion in ferrimagnetic materials,
GdFeCo, in nanosecond time scale as shown in Fig. 1 (c)-(f). Micromagnetic simulations reveal the microscopic origin
behind the observed topological fluctuation with qualitative and quantitative agreement. We believe that our findings offer
a distinct electrical manipulation method for the skyrmion writing/deleting process which is important feature for the allelectrically operated skyrmionic devices.
[1] W. Jiang et al., Science, 349 (6245), 283–286, (2015)
[2] S. Woo et al., Nature Materials, 15 (5), 501–506, (2016)
[3] S. Woo et al., Nature Electronics, 1( 5), 288–296, (2018)
[4] S. Woo et al., Nature Communications, 9 (1), 959 (2018)
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2CDB13D
Several spin transport phenomena is influenced by whether spin information is conserved or not at an interface, such as
spin-to-charge conversion, spin Hall effect and spin-transfer torque, in a heterostructure that consists of a ferromagnet(FM)
and a heavy metal(HM) which is a nonmagnetic metal with a strong atomic spin-orbit coupling(SOC). If spin flips at the
interface, the spin information may be lost, which is called a spin-memory loss.[1] We claim that large atomic SOC and
inversion symmetry breaking(ISB) at an interface are important elements of the heterostructure for the spin-flip analysis. In
order to study how those elements affect the spin-flip, we consider that the atomic SOC is in a bulk HM and calculate the
spin current change during the reflection/transmission at the interface using tight-binding method. Here, we report two
main findings that the atomic orbital acts on the spin phenomena. The first is about the spin-flip resulting from the strong
ASOC which entangles spin and orbitals of an electron. The other is that the inversion symmetry breaking at an interface,
which allows specific inter-orbital hopping and the so-called orbital Rashba effect[2], generates an additional transmission
path in the FM which induces spin-flip when spin is scattered from the HM. We argue that these processes contribute to
the profound understanding of the spin-memory loss and spin transparency.[3, 4]
[1] T. Valet and A. Fert, Phys. Rev. B 48, 7099 (1993).
[2] J.-H. Park, C. H. Kim, H.-W. Lee, and J. H. Han, Phys. Rev. B , 041301 (2013).
[3] J.-C. Rojas-Sanchez, N. Reyren, P. Laczkowski, W. Savero, J. P. Attane, C. Deranlot, M. Jamet, J.-M. George, L. Vila, and
H. Jaffres, Phys. Rev. Lett. 112, 106602 (2014).
[4] W. Zhang, W. Han, X. Jiang, S.-H. Yang, and S. S. P. Parkin, Nat. Phys. , 496 (2015).
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2CDB13D
The longitudinal spin Seebeck effects with a ferro- or ferrimagnetic
insulator provides a new architecture of a thermoelectric device that could
significantly improve the energy conversion efficiency. Until now, epitaxial
yttrium iron garnet (YIG) films grown on gadolinium gallium garnet (GGG)
substrates by a pulsed laser deposition have been most widely used for spin
thermoelectric energy conversion studies. In this work, we developed a
simple route to obtain a highly uniform solution-processed YIG film and
used it for the on-chip microelectronic spin Seebeck characterization. We
improved the film roughness down to ~ 0.2 nm because the extraction of
thermally induced spin voltage relies on the interfacial quality. The on-chip
microelectronic device has a dimension of 200 um long and 20 um wide.
The solution-processed 20 nm thick YIG film with a 10 nm Pt film was used
for the spin Seebeck energy converter. For a temperature difference of △T ~
0.036 K applied on the thin YIG film, the obtained △ V ~ 28 uV, which is
equivalent to SLSSE ~ 80.4 nV/K, close to the typical reported values for thick
epitaxial YIG films. The temperature and magnetic field dependent
behaviors of spin Seebeck effects in our YIG films suggest active magnon
excitations through the noncoherent precession channel. The effective SSE generation with the solution-processed thin YIG
film provides versatile applications of the spin thermoelectric energy conversion.
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2CDB13D
The perovsktie oxide superconductor BaPb1-xBixO3 (BPBO) has moderately high Tc (~ 12K) among the oxide
superconductors except cuprates [1]. The non-magnetic and isotropic superconductivity of BPBO emphasizes the epitaxial
film growth of BPBO, which can be applied to the superconducting deivce fabrication. However, the large lattice mismatch
(~ 9.8 %) between BPBO and widely used SrTiO3 substrates induces fully relaxed BPBO films and structurally modified
interface layer [2], which disturbs the BPBO-based superconducting device fabrication.
Here, we prepared epitaxial BPBO thin films on STO substrates (lattice mismatch ~ 9.8 %) and on BaCeO3/BaZrO3 double
buffer layer (lattice mismatch ~ 0.9 %) by using pulsed laser deposition (PLD). We confirmed the existence of interface
layer in BPBO/STO and investigated their detailed structure by grazing incident X-ray diffraction (XRD) and transmission
electron microscopy (TEM). Furthermore, we eliminate the interface layer and enhance the superconducting transition
temperature (Tc) of the BPBO films on double buffer layers. These experimental results indicates that the origin of interface
layer is a large lattice mismatch and interface layer is not superconducting. Our results provide the deeper understanding
on the interface layer of BPBO films and the insight to create the BPBO-based heterostructures.
[1] A. W. Sleight et al., High-Temperature Superconductivity in the BaPb1-xBixO3 Systems. Solid State Commun. 9, 17
(1), 27–28.
[2] M. Zapf et al., Domain Matching Epitaxy of BaBiO3 on SrTiO3 with Structurally Modified Interface. Appl. Phys. Lett.
 , 112 (14), 141601.
[3] H. G. Lee et al., Double-Layer Buffer Template to Grow Commensurate Epitaxial BaBiO3 thin Films. APL Mater. 2016, 4
(12).
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Kesterite-structured Cu2ZnSn(S,Se)4 (CZTSSe) is one of promising candidates for high-efficient and low-cost compound
thin-film solar cells due to its suitable and tunable energy band gap (Eg). To date, the best power conversion efficiency
(PCE) of kesterite solar cells is 12.6% by non-vacuum fabrication. However, it is still lower than that of Cu(In,Ga)Se2 solar
cells, whose PCE is over 22%. One of the most significant issues on the kesterite materials is their secondary phases and
built-in voltage fluctuation. Especially, figuring out the electrical and optical properties inside of the CZTSSe thin films due
to their secondary phase distribution and defect states is important to enhance the solar cell performance. In this study,
CZTSSe thin-films grown by sputtering were investigated via scanning probe microscopy with and without light-illumination
and micro-Raman scattering spectroscopy maps, indicating local built-in voltage and imaging the optical and electrical
properties in mirco- and nano-meter scale. By Kelvin probe force microscopy (KPFM), we verified downward surface
potential bending near grain boundaries, and unlike chalcogenide-based thin-films, defects in CZTSSe thin-films have deep
energy levels. These unexpected states can be main recombination center and are not appropriate for current path, making
abnormal local electric fields. Photo-assisted KPFM showed potential fluctuation depending on the phase distribution on
the surface. By comprehending the optical and electrical properties of the kesterite materials, we are able to realize highefficient and inexpensive light absorbers.
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2CDB13D
Polarity controlled GaN films were grown on patterned c-plane sapphire substrates by a three-step process: (1) polarityinverted lateral overgrowth, (2) selective wet etching, and (3) selective regrowth. By utilizing polarity inversion triggered at
the mask pattern boundary, N- and Ga-polar GaN domains were selectively grown on the window openings and on the
mask pattern, respectively. Subsequent H3PO4 etching selectively removed N-polar GaN domains within the opening
regions, and the regrowth of GaN was carried out by selectively passivating sapphire regions. This growth method turned
out to effectively remove defective regions including threading dislocations by etching out N-polar regions on the window
openings. Moreover, this method can be adopted to fabricate a GaN film physically attached to but epitaxially separated
from a substrate.
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2CDB13D
We sputter periodically rocking Si(100) by Kr ion beam and form the ripple pattern on it. The order in the pattern notably
depends on the rocking parameters such as the rocking angle and the rocking frequency, which allows the optimization of
the rocking condition for the best order in the pattern. The discrete rocking induces the additional coarsening instability via
paring of the ripples, while the continuous rocking dose not under otherwise the same rocking condition. We examine
whether the development of the observed patterns can be elucidated by the model proposed by Harrison and Bradley for
the pattern formation on the rocking substrate against .[1]
[1] Matt P. Harrison and R. Mark Bradley, Phys. Rev. E 93, 040802(R) (2016).
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2CDB13D
Owing to the highly conductive, electronegative and excellent mechanical stability properties, MXenes (e.g., titanium
carbide Ti3C2Tx, where Tx stands for -O, -OH, and -F) may present a great potential to promote the generation of both
large voltage and high currents. Thus, MXenes have been considered effective harvesting electric power system from
ambient mechanical energy. The flexible single-electrode MXenes triboelectric nanogenerator (SMTNG) have been
successfully fabricated and characterized in this work. We demonstrated that SMTNG are capable of harvesting electrical
power from simple finger movements. The peak-to-peak open circuit voltage of 4V and short circuit current of 0.5 μA can
be obtained by pressing the single electrode MXene NG periodically using human finger. Such excellent output of NG can
charge a 1μF capacitor in 10 mins.
Therefore, based on our experimental results, we believe that our work may provide a breakthrough and support a
promising prospective in the field of energy harvesting devices.
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2CDB13D
Surface enhanced Raman spectroscopy (SERS) has been intensely studied for its enormous electromagnetic field
enhancement near the nanoscale metallic surface. Chemical enhancement of SERS, however, remains elusive despite
intensive research efforts, mainly due to the relatively complex enhancing factors and inconsistent experimental results. We
used high-quality ZnO nanostructures/graphene substrates to provide an ideal SERS environment and to understand the
charge transfer (CT) mechanisms of SERS in detail. In addition to discovering the optimal conditions for CT processes, the
ZnO surface are coated with nanoscale HfO2 layers to reveal the quantum tunneling behaviors of the photo-generated
electrons through the oxide barrier. By monitoring SERS signals as a function of spacing between the molecules and the
semiconductor surface, a characteristic CT decay range can be revealed on the order of a few nanometers. A unique
quantum oscillation of SERS intensity is also found in the atomically thin oxide layers, which reflects Ramsauer-Townsend
like effects occurring in a solid-state environment. We suggest a model for charge transfer occurring between
semiconducting substrate materials and analyte molecules.
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2CDB13D
We investigated a metal-insulator transition driven by all-in-all-out antiferromagnetic ordering in Cd2Os2O7 using optical
pump-probe measurements. Above magnetic ordering temperature TN (~ 227 K), the transient reflectivity change recovers
within a sub-picosecond, similar to a typical metallic response. Below TN, an additional ps relaxation process features a
critical slowing-down behavior, suggesting the connection to the all-in-all-out spin ordering. Moreover, the ps relaxation
shows anomalies near T* ~ 216 K, implying the presence of metal-insulator transition below TN. The transient reflectivity
change also shows a huge resurgence again during a few hundred picoseconds, and then reaches a finite offset value in
the nanosecond regime. The magnitude of the finite offset becomes larger than a typical metal by one order. The effective
temperature analysis reveals that the unusually huge resurging behavior is due to the small change of ~ 1 K in the lattice
effective temperature. Our observations consistently support that the metal-insulator transition in Cd2Os2O7 is the Lifshitztype, which is induced by the rigid shift of the electronic bands.
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2CDB13D
Recent discovery of topological electronic states has shed light on the role of strong spin-orbit coupling in condensed
mater. When the coupling is combined with electron correlation effect, their combination leads to a new class of
topological states accompanying exotic magnetism. In this presentation, I discuss a resonant inelastic X-ray scattering
(RIXS) study of magnetic excitation spectrum in a pyrochlore Eu2Ir2O7 single crystal. Its all-in-all-out (AIAO) magnetic state
drives a metal-insulator transition and is regarded as a possible realization of topological Weyl semimetal phase. A crucial
first step for understanding the topological phase is the classification of correlation strength in the pyrochlore iridate as the
system tends to be in the Mott insulating regime if it has strong correlation. Our RIXS spectra show that the magnetic
excitation is substantially softened throughout the whole Brillouin zone including the zone boundary as the temperature is
raised towards the metal-insulator transition. This observation is inconsistent with the magnon renormalization expected in
a local moment system and thereby indicates that the strength of the electron correlation is only moderate.
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2CDB13D
We show that one can optically excite an electron in a bulk band into topologically protected surface state of Bi2Se3 by
tuning the photon energy to 1eV. This 1eV optical transition, identified in broadband transmission and ellipsometry
measurement, exhibit two novel behaviors; (1) For (Bi1-xInx)2Se3 series samples, the peak disappers along with the
vanishment of SS at the In-doping x 0.07, the critical concentration for TI-NTI phase transition. (2) When Bi2Se3 is gated,
the peak intensity is modulated ,increase/decrease, by the electrical biasing ,negative/positive Vg, respectively. (1) and (2)
SS optical excitation. The latter is rare among
unambiguously identify the nature of the 1eV transitrion to be bulk band
the well knwon bulk-bulk optical transitions of Bi2Se3 and is the first observation of this kind in TI. The electron population
in the surface state via optical illumination holds a great promise for optoelectronic application.
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2CDB13D
Coupling with various degrees of freedom has been the attractive issues in condensed matter physics. One of the
couplings, the spin-phonon coupling is closely related to the interesting phenomena such as the superconductivity and
colossal magnetoresistance. Historically, Heisenberg interaction has usually described the spin-phonon coupling in 3d or 4d
transition metal oxides (TMOs). However, 5d TMO has the different type of spin-phonon coupling due to the strong spinorbit coupling. In this talk, we will report the spin-phonon coupling in 5d pyrochlore iridate Y2Ir2O7 via DzyaloshinskiiMoriya (DM) interaction. Three infrared-active phonons soften below the Néel temperature TN ≈ 170 K, indicating the
phonon renormalization through the spin-phonon coupling. By analyzing phonon eigenmodes with theoretical
calculations, we will show that the phonon renormalization occurs primarily due to DM interaction. Our findings suggest
that DM interaction can open new routes for coupling between spin and phonon in 5d TMOs.
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2CDB13D
Magnetization axis of AFM ordering in TMPS3 (TM: Ni, Fe and Mn) compounds is determined by dipolar anisotropy or
single-ion anisotropy. The anisotropy of the magnetic properties of TMPS3 crystals has been studied using torque
magnetometry. Field dependent torque τ(H) and temperature dependent torque τ(T) data disclose a reorder of magnetic
moment and spin alignment in response to the applied magnetic field and temperature. Out-of-plane and in-plane τ(θ)
measurements provide comprehensive details on the directional dependence of magnetic moments and domain
magnetizations on a smaller scale. These measurements reveal the competition between the various parameters that lead
to the emergence of bulk magnetic behavior of TMPS3 single crystals.
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2CDB13D
Versatile classes of double perovskite compounds have been recently investigated because of intriguing physical properties
arising from the proper combination of several magnetic ions. In this study, we observed the dominant ferrimagnetic phase
coexisted with a minor multiferroic phase in single-crystalline double-perovskite Er2CoMnO6. The majority portion of the
ferrimagnetic order is activated by the long-range order of Er3+ moments below TEr = 10 K in addition to the ferromagnetic
order of Co2+ and Mn4+ moments arising at TC = 67 K, characterized by compensated magnetization at TComp = 3.15 K.
The additional multiferroic phase is identified by the ferroelectric polarization of ~0.9 μC/m2 at 2 K and dielectric anomaly
at TC. The coexisting ferrimagnetic and multiferroic phases appear to be strongly correlated in that metamagnetic and
ferroelectric transitions occur simultaneously. Our results based on intricate magnetic correlations and phases in
Er2CoMnO6 enrich fundamental and applied research on magnetic materials through the scope of distinct magnetic
characteristics in double perovskites.
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2CDB13D
Quantum oxide superlattice composed of SrRuO3 (SRO, a ferromagnetic metal) and SrTiO3 (STO, a nonmagnetic insulator)
is a fascinating model system to investigate the emergent magnetic behavior which stems from the strong coupling among
the geometry of RuO6 octahedral network, electronic structure, and dimensionality. In particular, intriguing magnetic
behavior such as interlayer exchange coupling and spin-lattice coupling near the interface could be deliberately designed
via accurate layer thickness control with atomic precision. In this presentation, we systematically and strictly control the
number of atomic unit cells of SRO and STO layers in SRO/STO digital superlattices. By modifying both the thicknesses of
SRO and STO layers using pulsed laser epitaxy, we could map the thickness dependent magnetism of the artificial
superlattices. A strong correlation between the lattice symmetry (or Ru-O bonding geometry) and magnetic ordering could
be obtained. Furthermore, we will discuss unconventional magnetic interlayer coupling between the ferromagnetic metallic
SRO layers across the nonmagnetic insulating STO layer in an attempt to understand the unique magnetic ground state of
the superlattices.
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2CDB13D
The Spin Orbit Torque (SOT) is one of the fascinating phenomena considering Magnetic Random Access Memory (MRAM)
device. SOT give a chance electrical switching of magnetization. Because of strong Spin Orbit Coupling (SOC), the charge
current can be separate by spin up and down, which means Spin Hall Effect (SHE). Therefore, fully spin polarized current
going to be accumulated and injected to the neighboring magnetic layer with spin orbit torque. This spin orbit torque able
to switch the direction of spin in the magnetic layer. The most interesting thing is the magnetization can be control by
electric control. Therefore, this SOT device will be very promising technique for switching of magnetization in future
spintronic device application.
Here, I would like to present oxide heterostructure for SOT based on SrIrO3/SrRuO3 bilayer structure on top of single crystal
SrTiO3 substrate. Since the 5d material is well known as a strong spin orbit coupling material. The SrIrO3 is employed for
generating spin-polarized current by SHE. And, we can expect the spin injection. In addition, the SrRuO3 layer selected for
magnetic layer. The SrIrO3/SrRuO3 bilayer hetero-structure can be prepared by most advanced Laser MBE technique with
high quality. The details of SrIrO3/SrRuO3 bilayer preparation will be presented. Furthermore, the magnetic switching
phenomena was observed by Anomolous Hall Effect (AHE) measurement. The detail analysis of AHE measurement will be
presented.
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2CDB13D
Topological insulators generally share commonalities with good thermoelectric materials because of their narrow band
gaps and heavy constituent elements. Here we propose that a topological crystalline insulator (TCI) and Dirac semimetal
could exhibit a high thermoelectric performance by breaking its crystalline symmetry and tuning chemical potential by
elemental doping. As a candidate material, we demonstrate that a weak disordering in the topological crystalline state can
enhance thermoelectric performance significantly due to highly dispersive band dispersion and high band degeneracy
which guarantee high electrical mobility and a high Seebeck coefficient, respectively. When we perturb a crystalline mirror
symmetry by Se-doping in TCI Pb0.5Sn0.5Te1-xSex, the topological state becomes weak so that it eventually evolves the
normal state. We experimentally prove the topological phase transition concerning Se concentration by X-ray Absorption
Spectroscopy (XAS) and extended X-ray absorption Fine Structure (EXAFS) analysis. Small crystalline perturbation by Se
doping (x = 0.05) significantly enhances thermoelectric performance due to the simultaneous enhancement of electrical
conductivity and the Seebeck coefficient. Therefore, we report an exceptionally high ZT value of 2.0 at 800 K for the x =
0.05 compound.1 For Cl-doped TCI Pb0.7Sn0.3Se, it is confirmed that the Cl doping can break the crystalline mirror
symmetry of a TCI Pb0.7Sn0.3Se and thereby enlarge its bulk electronic band gap. The topological band inversion is also
confirmed by the extended X-ray absorption fine structure spectroscopy, which shows that the TCI state is weakened in a
chlorine x = 0.05-doped compound. The small gap opening and partial linear band dispersion with massless and massive
bands may have a high power factor (PF) for high electrical conductivity with an enhancement of the Seebeck coefficient.
As a result, Pb0.7Sn0.3Se0.99Cl0.01 shows a considerably enhanced ZT of 0.64 at 823 K, which is about 1200%
enhancement in ZT compared with that of the undoped Pb0.7Sn0.3Se. This work demonstrates that the optimal n-type Cl
doping tunes the chemical potential together with breaking the state of the TCI, suppresses the bipolar conduction at high
temperatures, and thereby enables the Seebeck coefficient to increase up to 823 K, resulting in a significantly enhanced PF
at high temperatures.2 In addition, the synergistically combined effects of breaking the crystalline mirror symmetry of
topological crystalline insulator, band convergence, and nanostructuring for Pb0.6Sn0.4Te0.95-xSexS0.05 (x = 0, 0.05, 0.1,
0.2, and 0.95) give rise to an impressively high ZT of 1.59 at 800 K for x = 0.05.3 Therefore, here we propose that breaking
the crystalline mirror symmetry in topological crystalline insulators or Dirac semimetals could be a new research direction for
exploring high performance thermoelectric materials.
References
Dianta Ginting, Chan-Chieh Lin, Gareoung Kim, Jae Hyun Yun, Byung-Kyu Yu, Sung-Jin Kim, Kyunghan Ahn, and Jong-Soo
Rhyee, J. Mater. Chem. A  5870–5879 (2018).
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2CDB13D
Ballistic transport phenomena through a magnetic quantum dot (MQD) in
graphene are theoretically investigated by exploring quantum Hall
conductance for the lowest Landau-level (LLL) edge states. When the
location of the MQD is close enough to the graphene's edges, the quantum
Hall condcutance exhibits clear resonant features at specific energies. The
occurence of the quantum Hall resonances is a consequence of interplay
between the localized states in the MQD and the LLL edge states, showing
tendency to diminish with increasing the distance between them. Moreover,
one intriguing finding is that the quantum Hall resonance in fact comprises
two differennt resonances with distinguished spectral profiles: asymmetric
Fano and symmetric Breit-Wigner resonances. Such a dual nature of the
resonances is found to be interpreted by considering two levels in the MQD
through the valley-degeneracy breaking. Since the valley-polarized LLL edge states influence on the valley-degererate
localized states in the MQD, the localized states are lifted up two levels: bonding and anti-bonding modes. The existence of
the dual resonance feature through the single MQD is a unique phenomenon in graphene due to the valley degenercy, but
it requires double quantum dots in conventional Schrodinger fermionic systems.
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2CDB13D
We present 125Te nuclear magnetic resonance (NMR) data on Bi2Te3 polycrystalline powders with dopants implanted by
varying beam-irradiation condition. Unlike nano-sized particles, micro-sized samples do not show metallic surface states,
whose Knight shifts are of negative values arising from core polarization from p-band carriers. Ion beam may create
vacancies in their penetration range, from which the irradiated sample exhibits a distinct temperature dependence in the
Knight shift and linewidth compared to the pristine sample. It is closely related with a change of bulk electronic states. In
this talk, we analyzed NMR shifts and the spin-lattice relaxation of Bi2Te3 to find a fingerprint of the Knight shifts induced
by strong spin-orbit coupling from topological insulators in particular.
This work was supported by the National Research Foundation of Korea (NRF) grant (No. NRF-2018R1D1A1B07047259).
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2CDB13D
Quantum states of quasiparticles in solids are dictated by symmetry. We have experimentally demonstrated quantum states
of Dirac electrons in a two-dimensional quasicrystal without translational symmetry. A dodecagonal quasicrystalline order
was realized by epitaxial growth of twisted bilayer graphene rotated exactly 30°. We grew the graphene quasicrystal up to
a millimeter scale on a silicon carbide surface while maintaining the single rotation angle over an entire sample and
successfully isolated the quasicrystal from a substrate, demonstrating its structural and chemical stability under ambient
conditions. Multiple Dirac cones replicated with the 12-fold rotational symmetry were observed in angle-resolved
photoemission spectra, which revealed anomalous strong interlayer coupling with quasi-periodicity. Our study provides a
way to explore physical properties of relativistic fermions with controllable quasicrystalline orders.
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2CDB13D
We constructed a controlled-NOT (cNOT) gate in a two-transmon circuit QED system using the MAP (micrwave activated cphase) and Z gates. We performed tomography and benchmarking in order to measure the fidelity of single- and twoqubit gates. In this presentation, we investigate the source of errors in the constructed cNOT gate in detail. The dominant
source is the decoherence during the long gate time, due to limited dephasing time of the qubit. The leakage to noncomputational states also contributes to infidelity partly. We suggest a strategy to improve the fidelity.
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2CDB13D
Recently, α-RuCl3 has been hailed as a promising candidate for the 2D Kitaev honeycomb model. Although the compound
stabilizes long-range magnetic order due to non-Kitaev exchanges, many evidences for the fractionalized excitation
indicate that the material is located in the proximity to Kitaev quantum spin liquid. In this talk, we present magnetic
excitation of α-RuCl3 using inelastic neutron scattering and show the universal scaling of the dynamic susceptibility as a
function of ω/T. Comparing with the renormalization group analysis, we discuss on the interaction between Majorana
fermions and local order parameter, and we provide unambiguous evidence for the quantum criticality between quantum
spin liquid and antiferromagnetic order, in α-RuCl3.
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2CDB13D
Magnetism in 4d or 5d transition-metal (TM) compounds is attributed to not only electronic correlation effects but also
sizable spin-orbit coupling (SOC). For d4 configuration like Ir5+, non-magnetic ground state is highly demanded because
spin-orbital entangled singlet (J=0) state is stabilized due to strong SOC. When the inter-site interaction among TM ions is
strong enough, spin-orbital excitation from singlet to triplet (J=1) states can have so large dispersion that it condenses and
excitonic magnetism emerges [1].
In the study, we have investigated the possibility of excitonic magnetism in double-perovskite Ir5+ iridate like Ba2YIrO6.
Based on the microscopic model and mean-field approximation, we have derived the effective spin-orbital model, and
explored their excitation dispersions and condensation behaviors. Moreover, we have examined electronic phase diagram
to calculate electronic spectral functions with the help of variational cluster perturbation theory.
[1] G. Khaliullin, Phys. Rev. Lett. 111, 197201 (2013)
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위상절연체 (Topological insulator: TI)란 물질 내부 bulk 는 에너지 갭을 가진 절연체이나 표면에서는 에너지 갭이 없는 금속 상태를 가
지는 물질들로 대표적인 3차원 TI 물질로 Sb2Te3, Bi2Se3, Bi2Te3 와 같은 물질들이 있다. 그 중 특히 Bi2X3 (X=Se, Te) 는 매우 큰 bulk
띠 갭과 표면 상태에서 간단한 디락 원뿔 (Dirac cone) 모양의 띠를 가지는 물질로 최근 많은 연구가 되고 있다. Bi2X3 (X=Se, Te) 의 결
정 구조는 다섯 개의 층이 쌓여 있는 구조로 세 개의 Se/Te 층 사이에 두 개의 Bi 층이 번갈아 존재하고 있다. 이전 연구에 의하면 Bi2X3
(X=Se, Te) 의 디락 점 (Dirac point) 이 ~ 0.3 eV 근처에 존재하며, 디락 점 근처의 덩치 가전자 띠 (bulk valence band) 와 표면 상태
띠 (surface-state band) 사이의 에너지 갭은 보이지 않는다. 그런데 Bi3+ 자리에 Fe2+의 자성 불순물이 치환되면 디락 점 근처에서 에너
지 갭이 생긴다고 보고된 바 있다. [1] 그러나 여기서는 2가 (2+) 이온이 치횐되어 전하 운반자 (charge carrier)도 동시에 함께 도핑이
되기 때문에 자성 불순물에 의한 자기 질서 (magnetic ordering) 효과만을 관찰하기는 힘든 문제점이 있다. 따라서 Bi3+ 대신 Ce3+ 나
Gd3+ 와 같은 3가 (3+) 희토류 이온을 치환한다면 위와 같은 문제를 해결할 수 있을 것으로 예상된다. [2]
이 연구에서는 Bi 대신 희토류 원소 Ce 이 치환된 (Bi2-xCex)X3 (X=Se, Te; x=0.02, 0.06, 0.12) 를 대상으로 방사광 각분해 광전자 분
광법 (angle resolved photoemission spectroscopy: ARPES) 실험을 수행하여 이들의 전자 구조를 연구하였다. 페르미 면 (Fermi
Surface)과 띠구조 (band structures) 를 측정함으로써 치환량에 따른 페르미 면의 변화와 디락 점 근처의 변화를 관찰하였다. 띠 구조
측정 결과 Ce 치환 후 디락 점 위치 이동과 더불어 디락 점 근처에서 에너지 갭이 관찰되었다. 이 발표에서는 (Bi2-xCex)X3 (X=Se, Te)에
서 Ce 치환에 따른 전자 구조의 역할에 관하여 논의할 예정이다.
[1] Y. L. Chen et al., Science 329, 659 (2010).
[2] S. W. Kim, et al., Appl. Phys. Lett. 106, 252401 (2015).
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2CDB13D
We theoretically investigate the temperature-dependent static susceptibility and long-range magnetic coupling of three,
dimensional (3D) chiral gapless electron-hole systems (semimetals) with arbitrary band dispersion [i.e.,
is the wave vector and
is a positive integer]. We study the magnetic properties of these systems in the
where
presence of dilute random magnetic impurities. Assuming carrier-mediated Ruderman-Kittel-Kasuya-Yosida indirect
exchange interaction, we find that the magnetic ordering of intrinsic 3D chiral semimetals in the presence of dilute
magnetic impurities is ferromagnetic for all values of N. Using finite-temperature self-consistent field approximation, we
increases with increasing
due to the enhanced
calculate the ferromagnetic transition temperature ( ). We find that
density of states, and the calculated
is experimentally accessible assuming reasonable coupling between the magnetic
impurities and itinerant carriers.
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2CDB13D
Magnetic damping, commonly described by the Gilbert damping parameter, represents the magnetization relaxation
phenomenon, describing how quickly magnetization spins reach equilibrium. Understanding the fundamental origin of the
damping as well as searching for low damping materials has been a central theme of magnetism research. Several
theoretical models for magnetic damping have been proposed and compared with experiments. However, the majority of
these studies have focused only on ferromagnetic systems. We investigate the Gilbert damping parameter α for rare earth
(RE)–transition metal (TM) ferrimagnets over a wide temperature range. Extracted from the field-driven magnetic domainwall mobility, α was as low as 7.2 × 10-3 and was almost constant across the angular momentum compensation
temperature TA, starkly contrasting previous predictions that α should diverge at TA due to vanishing total angular
momentum. Thus, magnetic damping of RE-TM ferrimagnets is not related to the total angular momentum but is
dominated by electron scattering at the Fermi level where the TM has a dominant damping role.
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2CDB13D
Magnetic polarons are the bound state quasiparticles with localized ferromagnetic clusters. The single crystalline EuBiTe3 is
known as an antiferromagnetic semiconductor with Neel temperature TN = 7.6 K at H = 1 T. The antiferromagnetic
transition temperature is decreased with increasing magnetic field in M(T) curve and the spin reorientation is observed at
high magnetic fields (H > 7 T). It was suggested that the EuBiTe3 might have the magnetic polaron states but clear
evidences were not provided. Here we report the evidences of magnetic polaron along to c-axis via magnetization and
magneto-transport measurements. From the Curie-Weiss fitting, the small Weiss temperature along the in-plane direction
indicates strong spin frustration along the ab-plane while comparable Weiss temperature with Neel temperature
(frustration parameter 0.68) along the c-axis indicates sufficiently strong ferromagnetic interaction along the c-axis.
Thereby, the soft spin canting was observed along the c-axis only at low field region which does not suppress the magnetic
polarons. We also observed quadratic behavior of magnetoresistance (MR) versus m/msat which strongly suggests the
existence of magnetic polarons.
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Hexagonal RMnO3 (R=Y,Lu) have multiferroic properties which are of significant interest from both academic and
application points of view. We have been investigating spin wave (magnon) scattering due to Mn3+ ions in these systems
using Raman spectroscopy[1-3]. In this presentation, we concentrate on the effects of magnetic/nonmagnetic-ion
substitution for the Mn3+ ions which are considered as the main platform of the spin wave excitation.
Mn3+ ions, which has S=2 spin state, were substituted by magnetic Fe3+ ions with S=5/2 spin state for LuMnO3, while
Mn3+ ions were replaced with nonmagnetic Al3+ ions for YMnO3. Several broad peaks identified as magnon scattering
peaks were found below the Neel temperature (TN) in both LuMn1-xFexO3 (x = 0, 30, 60, 70) and YMn1-x AlxO3 (x = 0, 5,
10) single crystals. The intensity of these peaks have different behavior depending on the substituting element, respectively.
We could estimate the values for TN of these systems by the temperature dependence of the integrated the magnon peak
intensity. We find that TN increases in LuMn1-xFexO3 as the Fe3+ ion content increases while there is no impact of
substituent element in YMn1-x AlxO3. We could also infer the spin exchange integral J1 and J2 based on magnon peak shift
in LuMnO3 below TN using our simple model. Raman spectroscopy is a powerful optical tool for spin wave excitations
related with the Mn3+ ions in hexagonal RMnO3 system.

N. T. M. Hien, X. B. Chen, L. H. Hoang, D. Lee, S. -Y. Jang, T. W. Noh, and In-Sang Yang, J. Raman Spectrosc.  , 983
(2010).
X. B. Chen, N. T. M. Hien, D. Lee , S. -Y. Jang, T. W. Noh, and In-Sang Yang, Appl. Phys. Lett. 99, 052506 (2011).
X. B. Chen, Peng-Cheng Guo, Nguyen Thi Huyen, Seung Kim, In-Sang Yang, Xueyun Wang, Sang-Wook Cheong, Appl.
Phys. Lett.
, 122405 (2017)
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2CDB13D
Intrinsic magnetism in 2D van der Waals materials is recently reported indicating that the anisotropy of the systems allows
the ferromagnetic ordering which in general prohibited from the Mermin-Wagner theorem, opening up a new research
direction utilizing two dimensional magnets in spintronic devices. Fe3GeTe2 is one of the most promising candidates due to
its high Curie temperature (Tc ~ 220 K). Long-range ferromagnetism in exfoliated flakes of Fe3-xGeTe2 (x ~ 0.3) was
investigated with varying thickness from bulk to a few layers by magneto optical Kerr effect (MOKE) and X-ray Magnetic
Circular Dichroism (XMCD) measurements. Compared to Fe3GeTe2, the Fe deficient Fe3-xGeTe2 (x~0.3) shows soft
magnetic property which is beneficial for spintronics applications.
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Zero field 53Cr and 77Se nuclear magnetic resonance for bond frustrated spinel ZnCr2Se4 was measured at low
temperatures. Analysis of the Cr NMR spectrum with six peaks confirmed an incommensurate spin spiral structure and
discriminated the anisotropic hyperfine field from the isotropic one. The temperature dependence of the isotropic hyperfine
field showed quadratic decrease of sublattice magnetization. A calculation using linear spin wave theory for the
incommensurate spiral spin order predicted the same temperature dependence. By comparing the theory and experiment,
we obtained the relation, J3 = -0.19 J1 +0.15 meV. The magnitude of the isotropic and anisotropic hyperfine fields
indicates that the effective Cr ion valence is (3+α) (0 < α < 1). Also Se NMR spectrum with unusually large hyperfine field for
a ligand confirms polarization transfer from Cr ions to Se ions.
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그래핀과 더불어 최근 반도체 특성을 가진 2차원 소재에 대한 연구가 활발히 진행되고 있다. 또한, 다양한 전기적/광학적 특성을 가진 2
차원 소재가 적층이 된 반데르발스 이종구조 (van der Waals heterostructure)는 지금까지 관측할 수 없었던 새로운 물리 현상 발견 및
새로운 개념의 반도체 소자 개발을 가능하게 한다. 본 튜토리얼 강의를 통해, 2차원 반도체의 기본적인 전기적/광학적 물성을 이해하고,
특히 2차원 반도체 기반 전자소자의 이슈와 해결방안에 대해 살펴보고자 한다. 이와 더불어, 2차원 반데르발스 이종구조를 이용한 전자
및 광전자소자 응용에 관한 최근 연구 동향을 소개하고자 한다.
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The recent advent of hard x-ray free electron lasers (XFELs) opens new areas of science due to their exceptional brightness,
spatial coherence, and ultrashot pulse widths. In principle, such sources enable studies of dynamics of condensed matter
systems over times ranging from femtoseconds to seconds. In this talk, we introduce and compare the frequency and timedomain methods and review the studies of ultrafast atomic scale dynamics in various condensed matter systems mainly
based on the pump-probe methods and use of their coherent properties.
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Topological matter is one of the most important subjects in contemporary condensed matter physics. While various phases
of topological matter have been obtained in real materials, an interesting direction to pursue is the artificial generation of
topological matter in time-periodic systems, dubbed as the Floquet engineering. Such topological matter generated via the
Floquet engineering is called Floquet topological matter, which has an exciting possibility that its topological properties can
be tuned by changing external parameters such as the driving frequency. In this tutorial, I would like to provide a
pedagogical review of Floquet topological matter.
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GaN와 같이 밴드갭이 넓은 반도체는 상온에서도 액시톤 성질을 유지할 수 있고 기존 반도체보다 우수한 물리적 성질을 제공할 수 있다.
이러한 장점들과 더불어 1차원 나노 구조의 결합을 통해 저차원 구조가 같는 양자 현상 및 나노 포토닉스 기술을 적용할 수 있는 새로운
플랫폼으로 활용될 수 있다. 본 튜토리얼 세션에서는 밴드갭이 큰 반도체 1차원 나노 구조가 갖는 독특한 물리적 성질과 함께, 상온에서
작동이 가능한 다양한 응용 분야에 대한 최근 연구 동향을 살펴보고자 한다. 질화물 반도체 나노와이어의 길이 방향 인듐 조성비 제어를
통한 광 다이오드, 코어-쉘 양자구조를 갖는 나노와이어의 광학적 모드와 강한 상호작용을 통한 액시톤-폴라리톤 현상과 같은 광자와 액
시톤의 상호작용 뿐 아니라, 나노 광전소자, 에너지 하베스팅 소자, 단광자 광원, 센서 등 다양한 응용분야의 적용에 대해서 알아보고자
한다.
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그래핀, TMDC, Phosphorene, hBN 등의 2차원 반데르발스 나노 물질은 새로운 물리 현상을 조사하거나 획기적인 소자 개발에 활용될
수 있어 최근 물리학계뿐만 아니라 과학 및 공학의 넓은 분야에서 주요 관심사가 되고 있다. Optical spectroscopy는 광학적인 특성 측정
을 통해 전자 구조에 대한 정보를 전달해주고 응용 소자 소재로서 성능과 기능을 평가할 수 있으므로 이들 물질 연구에도 빠질 수 없는 중
요한 실험 방법론으로 활용되어 왔다. 본 튜토리얼은 2차원 나노물질 및 헤테로 구조가 갖는 독특한 전자구조들 (Dirac Fermion, Spin,
Valley, Exciton 등) 에서 나타나는 광학적인 특성을 이해할 수 있는 기초적인 지식을 전달하는 것을 목표로 한다.
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Graphene has emerged as a promising material for nanophotonics and optoelectronic applications due to its unique
electronic and optical properties. The previous graphene based optoelectronic devices such as ultrafast and broadband
photodetectors, optical modulator, and plasmonics, have shown the feasibility of ultrafast signal processing for on-chip
optical communications. Among the nanophotonic components, ultrafast electrically driven nanoscale light sources are
critical components in nanophotonics. However, monolithic ultrafast light sources with a small footprint remain a
challenge. Previously, I demonstrated bright thermal light emission in the visible range from electrically biased suspended
graphene which achieves electron temperature up to ~ 2,800 K [1] owing to graphene’s high thermal stability, low heat
capacity and ultrafast charge carrier dynamics. After this study, graphene becomes the promising material for the
nanoscale light source. However, the monolithic graphene based ultrafast light source remains challenging due to limited
hot electrons cooling pathway bottlenecks in graphene and little is known about the intrinsic thermal modulation rate of
graphene under electrical excitation. Here, I will present the demonstration of electrically driven ultrafast thermal light
emitters based on hexagonal boron nitride (hBN)-encapsulated graphene that achieves light pulse generation up too 10
GHz bandwidth with a broad spectral range from the visible to near-infrared [2]. The fast response results from ultrafast
charge-carrier dynamics in graphene and weak electron-acoustic phonon-mediated coupling between the electronic and
lattice degree of freedom. Van der Waals heterostructure with the ultraclean interface in hBN-graphene provide the strong
light-matter interactions and efficient ultrafast direct electronic cooling pathway via near-field coupling by hybrid plasmonphonon polariton modes, resulting in 460% enhancement of radiation intensity at 720 nm and 92 ps light pulse
generation. Furthermore, high stability of encapsulation hBN layers allows the thermal radiation up to 2000 K under
ambient condition and lifetime above 4 years under vacuum. The high-speed graphene light emitters provide a promising
path for the on-chip light source for ultrafast optical communications and other optoelectronic applications.

%565B5>35C
[1] Kim, Y. D. et al.Bright visible light emission from graphene. Nat Nano 676 (2015).
[2] Kim, Y. D. et al.Ultrafast Graphene Light Emitters. Nano Letters 934 (2018).
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DNA 오리가미 나노기술은 DNA의 독특한 자가조립성을 이용하여 다양한2차원, 3차원 패턴 및 구조를 만들어내는 기술로, 특히 다른 물
질들과 결합되어 구조체에 기능성이 추가될 경우 여러 과학 및 공학 분야에서 활용 가능성이 높기 때문에 이와 관련된 연구가 매우 활발
히 진행되고 있다. 원하는 목적을 달성하기 위해 필요한 형상과 물성을 가지는 DNA 오리가미 나노구조체를 연구자 개인의 경험과 감각
에 의존하여 설계하는 것은 상당히 비효율적이고 비경제적이기 때문에, 다양한 컴퓨터 시뮬레이션 방법을 이용한 설계 방법들이 개발되
어 왔다. 본 튜토리얼에서는 DNA 오리가미 나노구조체의 형상을 설계하는 기본적인 설계 원리를 설명하고 대표적인 해석 및 설계 방법
을 소개한다. 또한, 지금까지 개발된 설계 방법론의 한계와 함께 앞으로의 개발 방향을 제시하고자 한다.
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생명의 기본 단위인 세포를 구성하는 세포질(cytoplasm)은 이를 둘러싸는 세포막(cell membrane)에 의해 외부와 분리된다. 세포는 필
요한 분자 또는 전기/화학적 신호를 선택적으로 받아들이는데, 이러한 선택적 전달은 다양한 세포막 단백질을 통해 엄격히 통제된다. 세
포막을 통한 물질 전달이 엄격히 통제된다는 사실은 약물전달(drug delivery)에 큰 어려움이다. 이러한 어려움을 극복하기 위해 다양한
약물전달 기술이 개발되고 있는데, 이 중 새롭게 떠오르는 것이 DNA 를 이용한 생체모방 채널(biomimetic channels)이다. 생체모방 채
널의 채널 사이즈는 수 나노미터에 불과하기 때문에 약물전달 과정을 실험적으로 밝히는 것은 쉽지 않다. 이번 튜토리얼에서는 물리기반
컴퓨터 시뮬레이션을 사용하여 생체모방 채널을 디자인하고 채널 안에서 일어나는 물리현상을 연구하는 방법을 소개한다.
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현대물리학은 이제 보이는 세상은 거의 다 설명할 수 있다고 말합니다. 그러나 아직 우주 전체를 설명하지는 못하고 있습니다. 물리학자
들은 그 이유를 지금까지는 우주 초기에 나타났다가 현재는 존재하지 않는 그 무엇 때문이라고 생각했습니다. 요즘 들어 물리학자들은 무
언가 분명히 있는데 그저 보이지 않는 것이 아닐까 하는 생각을 하기 시작했습니다. 보이지 않는 물질을 과연 존재하는지, 그렇다면 우리
는 그런 물질을 어떻게 보아야 하는지 생각해 봅니다.
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Recent analysis of truly huge quantities of empirical data suggests that classic economic theories not only fail
for a few outliers, but that there occur similar outliers of every possible size. Specifically, if we analyze only a
small data set (say 104 data points), then outliers appear to occur as “rare events.” However, when we analyze four orders
of magnitude more data (108 data points), we find four orders of magnitude more outliers—so ignoring them is not a
responsible option, and quantifying the statistical properties of outliers becomes feasible. We find that the statistical
properties of these “outliers” are identical to the statistical properties of everyday fluctuations.
Two unifying principles that underlie much of the finance analysis we will present are scale invariance and
universality. Scale invariance is a property not about algebraic equations but rather about functional equations, which have
as their solutions not numbers but rather functional forms—e.g., the solution of the functional equation f(λx) = λpf(x) is f(x)
= xp. The key idea of universality is that the identical set of “scaling
laws” hold across diverse markets, and over diverse time periods.
We demonstrate the principles of scaling and universality by describing very recent work. Financial market
fluctuations are characterized by many abrupt switchings on very short time scales, with increasing “microtrends” and
decreasing “microtrends”. We ask whether these ubiquitous switching processes have quantifiable features analogous to
those present in phase transitions, and find striking scale-free behavior of the time intervals between transactions both
before and after the switching occurs.
Recent disasters ranging from financial “shocks” to large-scale terrorist attacks dramatically exemplify the
fact that the most dangerous vulnerability is hiding in the many interdependencies among different networks. We have
uncovered new empirical laws governing the nature of switching phenomena in coupled networks, and find that
phenomena that are continuous “second order” phase transitions in isolated networks become discontinuous abrupt “first
order” transitions in interdependent networks. We find that the same laws governing the formation and bursting of the
largest financial bubbles also govern the tiniest finance fluctuations, over a factor of 1,000,000,000 in scale.
This work was carried out in collaboration with a number of colleagues, most notably S. Havlin, S. V. Buldyrev, T. Preis, and
S. Moat.

5IG?B4C

economic and social sciences

-647-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

Y2.01

'B1>C6?B=1D9F5<53DB?>93C6?B%51<9J9>7&ECD19>12<51>4&=1BD
&?395DI

1Institute

HIROSHI Amano*1
of Materials and Systems for Sustainability, Nagoya University, Japan
amano@nuee.nagoya-u.ac.jp

2CDB13D
In the 2020s, nitride semiconductors such as BN, AlN, GaN, InN, and their alloys and heterostructures, are expected to play
a key role in realizing next-generation personal information systems and social infrastructures. By 2020, more than 70% of
general lighting systems in Japan, traditionally based on conventional incandescent lamps or fluorescent lamps, will have
been replaced with LED lamps, by which the total electricity consumption can be reduced by about 7% in Japan.
Nitride semiconductors are thought to be the only semiconducting materials that can be used in high power microwave
and mm-wave devices, which will be employed in next-generation ultra-broadband 5G wireless communication systems.
The energy loss of all electric power circuits such as inverters and converters can be reduced to one-tenth by replacing Sibased MOSFETs and IGBTs with GaN-based transistors and diodes. In future, many everyday objects are likely to be
connected to the Internet, referred to as the Internet of Things (IoT). A concern about the IoT is the possibility of each
system running out of battery power. If we can connect objects to achieve communication and energy transmission
wirelessly regardless of the time and place, this concern can be addressed and we can realize a sustainable smart society.
Therefore, realizing the Internet of Energy (IoE) is the first priority in achieving an IoT society. In future, the mobility of
humans, such as by vehicles and airplanes, will be increasingly driven by electricity. In order that electric vehicles and
airplanes can replace conventional vehicles, in addition to safe and large-capacity batteries, wireless energy transmission
systems are essential. For next-generation wireless energy transmission devices it is necessary to realize both high-power
and high-frequency operation.
To realize such novel devices and systems, we are trying to develop an open innovation platform. Details of our new space,
“Center for Integrated Research of Future Electronics (CIRFE) Transformative Electronics Facilities and Commons”, known as
C-TEFs and C-TECs, will be explained.
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Accurate analytic solutions for susceptibility in electromagnetically induced transparency for Doppler-broadened three-level
atomic system is presented. We obtain the susceptibility in the first order in probe Rabi frequency and in the arbitrary order
in coupling Rabi frequency. The directions of pump and probe beams are either in parallel or anti-parallel. The susceptibility
averaged over Doppler velocity distribution is decomposed into three terms: background, hole-burning, and coherence
terms.
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Radiation of coherent atoms has been studied in many systems including atomic ensembles, Bose-Einstein condensates,
and solid-state systems. In this context, superradiance attracts intensive attention because emission intensity is proportional
to the square of a number of atoms, suggesting possible applications such as efficient quantum interfaces. The timereversal symmetry of Tavis-Cummings Hamiltonian suggests not only enhanced emission of correlated atoms but also
enhanced absorption or superabsorption of them. However, superabsorption has not been realized yet.
We experimentally demonstrated the superabsorption by an array of atoms with a phase correlation between them. To
demonstrate the superabsorption, a cavity-QED microlaser system composed of a Fabry-Perot cavity and an atomic
beam(barium-138) was used. The coherent atomic array was generated by a periodically milled silicon nitride membrane.
Our data shows that the coherent atomic array absorbs light faster than ground state atoms with a rate proportional to the
square of a number of atoms in the cavity.
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We report theoretical analysis of the order-reversal transition in a discrete time-translational symmetry broken cold atomic
system by the application of the effectively pulsed bias-field. The time-evolution of the normalized population difference
x(t) between two vibrational stable states is characterized by the pulse duration ∆t , pulse strength hp, control parameter
θ, and switching time τ0. We investigate the dependence of hp-∆t phase boundary on the control parameter θ and the
switching time τ0, and it shows the divergence of relaxation time near the phase boundary. Furthermore, We analyze the
power-law behavior of order parameter O near the critical pulse strength hc with various values of θ and τ0, and find the
exponent δ=1. The τ0 dependence of the order-reversal transition implies that the noise-induced switching dynamics of
trapped atoms between bistable states is significant factor in the dynamic transition not to be considered in magnetic
reversal transition of spin system
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균일 속도 저속 원자 빔은 원자 시계 및 원자 간섭계와 같은 원자 광학에 적용할 수 있다. 저속 원자 빔을 만들기 위하여 절대 영도에 매우
가깝게 유지되어 있는 원자 기체를 생성하기 위해 광자기 포획(MOT : Magneto Optical Trap) 방법을 사용한다. 3개의 직교하는 레이
저 빔과 자기 4중극 장으로 광자기 포획이 이루어진다. 피라미드형 거울을 이용하는 경우에 단일광으로 3개의 직교하는 레이저 빔을 만
들 수 있어 비교적 간단한 구조를 가진다.
본 연구에서는 피라미드형 거울을 이용하여 87Rb 원자 기체의 광자기 포획과 원자빔을 생성하였다. 광자기 포획을 위한 냉각광은 원형
편광된 단일 입사광과 피라미드형 거울에 의한 반사광이 3쌍을 이루며, 홀을 통과하는 빛에 대한 광압의 쌍을 형성하기 위해 챔버의 아래
쪽 사분 파장판과 거울을 설치하였다. 이때 포획된 원자는 1.52 107atoms 이다. 광자기 포획이 형성된 후 원자빔 생성을 위해 중앙에
1mm 구멍이 있는 거울을 사용하여 도넛 모양의 되반사 빛을 형성하였다. 따라서 반사광이 존재하지 않는 영역에서는 입사하는 냉각광
에 의해 중력방향으로 원자들이 광압을 받아 원자빔을 형성하였다. 이때 형성된 원자빔의 평균 속도는 11.3m/s이고, 원자빔의 속도분포
성분은 4.25m/s로 원자빔의 온도는 89mK이다.
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보즈 아인슈타인 응축(이하 BEC)는 원자간섭계 등 다양한 분야에서 응용되고 있다. BEC를 이용한 원자간섭계를 만드는 방법 중 하나는
BEC 생성 후 Shaking을 통해 들뜬 상태로 BEC를 보낸 뒤 다시 바닥상태로 만들어 동일한 위상의 BEC를 생성하는 TwinAtom Beam을
통하여 간섭을 보는 방법이다.
본 연구에서는 TwinAtom Beam 생성을 위해서 다양한 방법을 통한 Shaking을 하여 그 결과를 보고 시뮬레이션과 비교하고자 한다. 본
연구실에서는 87Rb의 Ultracold Gasses를 생성하기 위한 원자칩 기반의 실험장치를 구축하여 실험을 진행하고 있다. 원자칩은 원자 포
획 및 rf-dressed Potential을 만들기 위한 Dimple wire 와 Z-wire로 구성되어 있다. 이 실험장치를 기반으로 추후 rf-dressed Ring
Potential에서 TwinAtom Beam으로 생성된 BEC의 간섭무늬 측정을 하고자 한다.
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In this poster, we present a brand new apparatus for generating Li-7 Bose-Einstein condensates.
We first capture 1E9 atoms in a magneto-optical-trap and cool down the temperature to 67 uK using grey molasses
technique [1]. For evaporation cooling, we transfer the atoms into a quadrupole magnetic trap and place 0.6 mK of the
optical potential barrier at the magnetic trap center to suppress a non-adiabatic spin-flip atom loss. After 10 s of Rf
evaporation, we obtain a 2E7 number of atoms at 4 uK in the |F=2,mF=2>. Then, we transfer the atoms into a crossedoptical dipole trap and prepare the atoms F=1,mF=1> state, which has a Feshbach resonance at 737 G. In the crossed trap,
we cool the gas by tilting the optical potential with a magnetic field gradient, generating 2E5 pure condensates after 2.5 s
of the forced evaporation.
[1] A. T. Grier, I. Ferrier-Barbut, B. S. Rem, M. Delehaye, L. Khaykovich, F. Chevy, and C. Salomon, Phys. Rev. A - At. Mol.
Opt. Phys. 87, 1 (2013).
[2] C. L. Hung, X. Zhang, N. Gemelke, and C. Chin, Phys. Rev. A - At. Mol. Opt. Phys. 78, 1 (2008).
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냉각된 원자들로부터 생성된 자유 원자 산란 상태는 생성된 원자들의 운동 에너지에 따라 원자핵들의 각운동량들이 분포한다. 자유 원자
산란 상태들로부터 천이된 깊게 구속된 분자상태들의 초미세 구조에 대한 연구는 약하게 구속된 분자상태들의 초미세 구조 연구와는 달
리 연구가 수행된바가 없다. 본 연구에서는 이종핵종 이원자분자들을 구성하고 있는 원자핵들의 각 운동량들과 깊게 구속된 전자 상태들
의 파동함수 대칭성에 따라 달라지는 초미세 구조 천이 세기에 대한 연구를 수행하였다.
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This study seeks to investigate EIA spectral profiles by varying magnetic field and polarization of co-propagating pump and
probe beams for the transition between degenerate 5S1/2 - 5P3/2 D2 lines of 85Rb atoms at room temperature, using a
single laser with two AOMs. The observations made are explained based on optical pumpings and coherences among the
magnetic sublevels of the ground and excited states. Comparisons between the calculated spectra via time-dependent
density matrix equations with multi-photon interactions and observed spectra using the above methods will be discussed.
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Paul trap is a device that traps individual ions with static and radio frequency (RF) electric fields and one of the promising
physical platforms for quantum information processing due to its long coherence time and controllability of individual qubit
states. Stable trapping of the ions requires a strong electric field that oscillates at RF frequency which is typically obtained
by amplifying a small RF voltage with a helical resonator. The amplification ratio of the helical resonator strongly depends
on the temperature of the resonator and the impedance matching, and therefore it is important to monitor the output
voltage of the resonator throughout the experiment.
Unfortunately, it is impossible to directly measure the amplified output voltage of the helical resonator because the input
impedance of the measurement device generally reduces the amplification ratio significantly. Therefore, to estimate the
output voltage, other research groups recently introduced a capacitive voltage divider integrated inside the helical
resonators [1,2], but due to the coupling between the divider and the resonator, this method suffered from measurement
uncertainty.
In this work, we separated the voltage divider as a module and by measuring the response spectrum of the divider
independently, we could improve the accuracy of the output voltage measurement. Especially, by measuring several
different helical resonators with multiple voltage divider modules, we obtained consistent output measurement results.
Therefore, we believe that this method can be reliably applied to real ion trap experiments.
※3;>?G<5475=5>D
This research was supported by SK telecom and the MSIT(Ministry of Science and ICT), Korea, under the ITRC(Information
Technology Research Center) support program(IITP-2018-2015-0-00385) supervised by the IITP(Institute for Information &
communications Technology Promotion). Part of the experimental data was taken with the help from William Seo at Seoul
International School.
%565B5>35C
[1] K. G. Johnson, et al., “Active stabilization of ion trap radiofrequency potentials,” Review of Scientific Instruments, vol.
87, pp. 053110, May 2016.
[2] D. Gandolfi, et al., “Compact radio-frequency resonator for cryogenic ion traps
,” Review of Scientific Instruments, vol. 83, pp. 084705, Aug. 2012.
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We propose a schematic setup of quantum key distribution (QKD) with an improved secret key rate based on highdimensional quantum states. Two degrees-of-freedom of a single photon, orbital angular momentum modes and multipath modes, are used to encode a secret key information. Its practical implementation relies on optical elements that are
within the reach of current technologies such as a multiport interferometer. We show that the proposed protocol has an
improved secret key rate compared to the previous 2-dimensional protocol known as detector-device-independent QKD.
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We introduce a family of Bell inequalities for the arbitrary number of outcomes that is maximally violated by maximally
entangled states. In the construction, the set of Bell inequalities whose quantum optimization can be achieved in analytic
way is considered. The violation of the inequality is obtained with increasing number of outcomes. Other properties of the
Bell inequality is also presented in this work.
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레이저와 고체의 상호작용으로 나타나는 HHG는 효율적인 측면에서 기체에서 발생하는 HHG와는 비교할 수 없을 만큼 높고, 나노 플라
즈몬 생성에 의해 유발되는 전기장 증폭이라는 이점을 이용함으로써 상용의 레이저로도 HHG를 생성해 낼 수 있으며 휴대가 간편한 디바
이스로 제작이 가능하다는 장점이 있어 활발한 연구가 진행중이다. 고체에서 HHG를 계산하기 위해서는 고체에 흐르는 전류의 푸리에 변
환이 사용된다. 따라서 고체 내 어떤 형태의 전류가 흐르는지를 파악하는 것이 가장 중요하다. 속도 게이지에서 정적인 Bloch 함수를
basis로 하는 경우 고체 내 각각의 에너지 밴드들의 기여도를 알 수 없고, 밴드들의 기여도를 알 수 있는 길이 게이지 방법은 감당할 수 없
을 정도의 basis갯수를 요구한다. 속도 게이지에서 외부 전기장에 따라 이동하는 basis인 Hoston states를 이용하는 것이 아직까지 최선
이지만 기존의 방법[PRA 94, 063403 (2016)]은 전류가 이동하는 밴드들의 에너지 차이가 적은 경우 전이 행렬의 원소가 발산하게 되
어 에너지 차이가 큰 3~4개 정도의 밴드만 계산에 사용되었다. 우리는 Smooth Variable Discretization 방법을 이용하여 원하는 만큼
의 밴드가 포함되어도 안정적인 계산이 가능하게 하였다. 이를 바탕으로 고체에서 발생하는 HHG spectrum의 cut-off 공식이나 이중
plateau 발생원리 등을 체계적으로 설명하고자 한다.
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We theoretically propose and demonstrate the stability of the classical field amplitudes in an isolated optomechanical
system. In this case, we found the periodic solutions of the classical field amplitudes, and we linearized the Hamiltonian by
splitting field amplitude into periodic term and small fluctuation term . By using the Floquet approach, we investigated the
stability of the field amplitude due to fluctuation terms. Our result shows that the periodic term of an optical cavity field
amplitude exist until the third order of the frequency; however, the periodic term of a mechanical oscillator amplitude exist
until the first order. With these periodic solutions, the field amplitudes are stable in the rotating wave approximation
(RWA) case. Our result provides the way for comparision with the stability in a driven optomechanical system.
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DNA lesions during replication blocks completing the DNA replication. To solve hindrance of the DNA lesions, cells have the
post-replication DNA repair(PRR) pathway which simply bypass DNA damage. This bypassing of DNA damage by PRR
prevents prolonged stalling of DNA replication which could result in double strand breaks(DSBs). In spite of importance of
allowing cells to cope with DNA damage, PRR pathway is one of the genome preservation mechanism yet to be
understood. Replication fork reversal, one of the major pathway for reactivating stalled DNA replication, is representative
method of PPR. &89>  has already found that ATP binding to Rad5, one of the typical enzyme with fork reversal
activity, induces the unwinding of the lading arm of the replication. M?D579  reported that Mammalian cells have two
Rad5 homologs, HLTF(helicase-like transcription factor) and SHPRH(SNF2 histone-linker PHD-finger RING-finger helicase),
which promote PCNA multi-ubiquitination and genomic stability. We assumed that HLTF and SHPRH, like Rad5, have also
replication fork reversal activity for bypassing DNA damage. Our single-molecule studies show that both HLTF and SHPRH
have the fork reversal activity. Especially, HLTF migrates the four-way junction at a speed of 1.34 ± 1.03 nt/sec, which is
slower than Rad5. Our further study will show how PCNA(proliferating cellular nuclear antigen) impedes HLTF activity.
[1] Shin, Soochul, et al. "ATP Binding to Rad5 Initiates Replication Fork Reversal by Inducing the Unwinding of the Leading
Arm and the Formation of the Holliday Junction." Cell reports 23.6 (2018): 1831-1839.
[2] Motegi, Akira, et al. "Human SHPRH suppresses genomic instability through proliferating cell nuclear antigen
polyubiquitination." J Cell Biol 175.5 (2006): 703-708.
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Transient interaction through forming and breaking of physical contacts between an enzyme and its substrate greatly
influence its catalytic rate and processivity but little attention has been paid to how the dynamics of the transient interaction
transmit into the overall enzymatic activity. We employed λexonuclease as a model system and examined how the dynamics
alter its catalytic rate via single molecule FRET. The degree of the enzyme-substrate interaction, clamped by the width of
DNA minor groove, dictates its translocation rate. Tight coupling causes a long pause during translocation, in which ARG45,
a translocation guiding key, rumbles along a stretch of A-tracts possessing a narrow minor groove of DNA. This transient
interaction slows down enzymatic translocation, presumably dissipating kinetic energy by molecular friction. Our study
provides new insights into not only interplay between dynamic physical interaction and enzyme activity but also a role of the
DNA minor groove in regulating enzymatic activity during lambda recombination.
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SARS-CoV and MERS-CoV were epidemic in 2003 and 2015 in ASIA. SARS-CoV helicase plays critical roles in viral
replication, and has been proposed to be a potential target for anti-SARS-CoV therapy. Thus, the characterization of
enzymatic activity might be critical for drug development. We utilize single molecule FRET to examine the unwinding and
rewinding mechanism of nsP13 helicase on partial DNA duplexes as a function of protein, ATP concentration, and tail
length. Our results unravel that the tail length of the substrates governs the total amount of DNA unwound by increasing
the number of proteins loaded. In contrast, unwinding rate and step size depend on protein and ATP concentrations with a
long tail partial duplex (45nts long), but is independent of protein concentration for a short tail partial duplex (30nts long).
We also observed a repetitive unwinding displaying multiple rounds of re-unwinding and re-zipping events where reunwinding becomes favorable at higher protein concentration. We also found that the relative extent of constitutive
unwinding and repetitive fluctuation is defined by the enzyme oligomerization formed in the presence of ATP
concentration. The relative ratio between unwinding and re-zipping determines the processivity of the cooperative
helicases.
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Transcription is the initial step of gene expression, in which the genetic information in DNA is copied into RNA by RNA
polymerase. In eukaryotic cells, RNA polymerase II (RNAP II) and its associated factors transcribe all protein coding genes
and a number of noncoding RNA. Yet it is not well known how the complex transcriptional machinery control
transcriptional dynamics through the initiation, elongation, and termination of RNA synthesis in mammalian cells. To
address this question, we directly monitored the transcriptional output in live cells using a transgenic mouse that expresses
fluorescently labeled endogenous β-actin mRNA. By imaging transcription sites (TS) in live mouse embryonic fibroblasts
(MEF) cultured from the mouse model, we collected the fluctuation data of the transcriptional events. By fitting the
autocorrelation curve of fluorescence intensity fluctuation from the TS, we measured the initiation, elongation, and
termination rates of β-actin mRNA. We also simulated the transcription model using a simple computational method to
determine the contribution of the three stages. This study will allow us to compare the simulation and the actual
observations, which will shed a light on the complex regulation of mRNA synthesis in live mammalian cells.
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Carbonic anhydrases are mostly zinc metalloenzymes that catalyze the reversible hydration/dehydration of CO2/HCO3−.
Previously, we captured intermediate states of holo (zinc-bound) human carbonic anhydrase II and suggested its water
restoration mechanism during the release of CO2. Here, we present structural study of apo (zinc-free) carbonic anhydrase
under various CO2 pressure. This study shows alteration of water arrangement around the “entrance conduit” and different
conformation of His64-mediated proton wire due to the absence of Zinc ion. Comparison of the holo- and apo-hCA II
structures shows that the solvent network rearrangements in the active site is also affected by the absence of the zinc ion.
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Recent advances in X-ray free-electron laser (XFEL) have permitted the structural study of proteins in sub-ps regime.
Especially, the powerful method using ultrashort X-ray pulses have allowed the visualization of intermediate states in
ultrafast enzyme catalysis at room temperature without radiation damage.
Taking advantages of this method, called time-resolved serial femtosecond crystallography, our study has been focusing on
capturing the intermediate states of human carbonic anhydrase II (hCA II), which is one of the fastest enzymes in the world.
Recently, it has been demonstrated that hCA II microcrystals are suitable for the XFEL diffraction experiment at the Pohang
Accelerator Laboratory (PAL-XFEL). [1]
In the scheduled experiment at PAL-XFEL, it is expected that exposure of a picosecond laser light pulse (pump) to a hCA II
crystal will induce transient states in the active site. After combining the structural information generated from the
femtosecond X-ray (probe) diffraction data, we plan to establish the molecular movies of ultrafast enzymatic reactions. In
this presentation, the mechanism including the principles and detailed experimental methods will be discussed.

[1] C. L. Lomelino, J. K. Kim, C. Lee, S. W. Lim et al. "Carbonic anhydrase II microcrystals suitable for XFEL studies". Acta
Cryst. F74 (2018).
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Single-molecule imaging has been a useful technique to investigate the regulation of mRNA inside a cell. However, most of
the current techniques for single mRNA imaging require either fixation of the cell or insertion of RNA tagging system. In
order to visualize endogenous mRNAs without introducing any tagging sequences, we are developing a new RNA imaging
method based on clustered regularly interspaced short palindromic repeats (CRISPR)-Cas13 system. CRISPR-Cas13 systems
have recently emerged as a platform for RNA knockdown and editing. Using catalytically inactive variants of Cas13
(dCas13) fused to msfGFP, we are pursuing single-molecule imaging of endogenous mRNAs in living mammalian cells. As
the first demonstration, we transfected dCas13-msfGFP and the guide RNA targeting the MS2 binding site (MBS) into the
mouse embryonic fibroblasts (MEFs) bearing 24 repeats of MBS in β-actin mRNA. By using this method, we expect to
visualize the location and dynamics of endogenous mRNA inside a living cell with minimal perturbation.
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Activity-regulated cytoskeleton-associated protein (Arc) plays a crucial role in long-term memory formation. In neurons,
stimulation induces Arc transcription in the nucleus within a few minutes, and mRNAs are exported and locally translated in
specific regions of dendrites. To explain the mechanism of mRNA localization, we investigate the transport dynamics of
single Arc mRNA molecules in neurons, which are based on two phases: the motor-involved ballistic run and static
localization of mRNAs. This work is expected to give insight into the mechanism of the regulation of memory-related gene
expression, suggesting theoretical predictions of mRNA transport in neuronal cells.
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Acanthamoeba castellanii, a human pathogen, causes critical diseases whose occurrence is known to strongly depend on
the active transport of intracellular lipid granules. In our previous study [1], we explored the origin of the active granular
motion by tracking the granules in the drug-taken cells that the drugs, e.g., inactivate the dynamics of myosin II motors or
depolymerize the actin or microtubule network. Here, we carry out an extensive study analyzing the granule trajectories in
the corresponding drug-taken and normal cells and investigate in detail how the active motion is altered in response to the
change of the intracellular environment (due to the addition of the drugs). We study the statistical and stochastic
properties of the granular motion via a number of single-trajectory observables such as the time-averaged mean squared
displacements and its fluctuation, angle distribution, van-Hove self-correlation function, and velocity autocorrelation
function. We quantify how the non-Gaussianity and correlation in the active motion is affected by the change of
intracellular elements responsible for the active motion.
[1] J. F. Reverey, J.-H. Jeon, H. Bao, M. Leippe, R. Metzler, and C. Selhuber-Unkel, Superdiffusion Dominates Intracellular
Particle Motion in the Supercrowded Cytoplasm of Pathogenic Acanthamoeba castellanii, Sci. Rep. , 11690 (2015).
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Super-resolution techniques using photoactivatable fluorescent particle enabled imaging individual molecules distributed
closer than classical diffraction limit. The technique furthermore made high density tracking of single particle in cell possible
by using photoactivatable property to control density of particles. High density tracking gives a large population of
trajectory which each trajectory provides information on dynamics of single molecule. The information altogether shows
heterogeneity of motions based on their complex environment in living cell and could be used to reveal the cellular
function of the target molecule in various conditions. While single particle tracking by photoactivatable dye is suitable for
gathering dynamics data of a single target, it is a different story when the target number is increased. Using
photoactivatable localization microscopy for simultaneous multi-color single particle tracking is limited by several problems;
photo-conversion structure limits excitation and emission channel for more color light, imaging buffer condition needs to
be synchronized for all fluorophores, and light-induced density control is coincided. To overcome these issues, another
super-resolution technique was applied to single particle tracking in this work to observe multiple target at a same time.
Binding and detaching of DNA oligonucleotides was used to control density of tracked particles and DNA strands binding
specifically to its complementary strand regulated each target density by simply adjusting each concentration of imaging
DNA strands in the media. Using this technique, this work aims to gain individual dynamics information of the different
target protein simultaneously and reveal the interactions between the tracked particles as well as local surroundings, in
various conditions in response to ligands or disease conditions.
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NER (Nucleotide excision repair) is one of the important DNA repair mechanisms that correct DNA distortion such as UV
damage or chemical modifications and the errors of NER induce Xeroderma pigmentosum or Cockayne syndrome. Human
XPC – Rad23B complex is the initiation protein of NER and search distortions on DNA. However, the searching mechanism of
XPC remains unknown yet. We observed the moving of human XPC-Rad23B on non-damaged DNA strands using single
molecule DNA curtain technique and found that human XPC-Rad23B has constrained motion at certain points sometimes.
These points had high correlation with the consecutive AT tracks on lambda DNA that we used to construct DNA curtain.
Also we saw the diffusion coefficient of XPC-Rad23B increase 10 times when the salt concentration increased about 3 times.
By these data, we suggest that the constrained motion is because of the DNA bubbling on AT consecutive positions, and
XPC-Rad23B moves by hopping on the DNA when it search the DNA damage.
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암세포는 무제한 증식, 전이, 본래의 기능 상실 등 일반세포와 다른 특징을 갖는다. 또한 암세포는 역학적 특성에서도 일반세포와 차이를
보이는데, 대부분의 암세포가 일반세포보다 낮은 Young’s modulus값을 갖는다. 단일 세포의 역학적 특성은 세포의 생존능력 및 기능과
매우 밀접히 관련 되어 있으므로, 암세포가 상대적으로 낮은 탄성계수를 갖는 원인을 파악함으로써 암에 대한 이해를 높일 수 있을 거라
생각된다. 본 연구에서는 암종별 탄성의 변화에 대한 연구를 진행하였다. 조직발생학적 분류에 따라 암세포에 대한 대조군의 분류가 가능
한 세포종 가운데 유방암 (breast cancer; MCF10A, MCF7, T47D, MDA-MB-231), 폐암 (lung cancer; WI-38, A549, H460,
H1299), 간암 (liver cancer; WRL68, HepG2, SK-HEP-1, SNU-739), 자궁경부암 (cervical cancer; Ect1/E6E7, HeLa, SiHa, Caski)
을 선택하여 각 암종별로 일반세포 대비 암세포의 탄성 변화 비율을 확인하였다. 이는 탄성변화와 암의 특징 및 기능과의 상관성을 확인
하기 위한 것이다. 암세포의 특징 중 하나는 전이성이며, 암종에 따라 전이성에 차이를 보인다. 암종에 따른 전이성에 차이가 나는 이유가
아직 규명되지 않았지만 세포의 탄성과 전이성과의 상관성에 대한 연구들이 발표되고 있다. 몇몇의 연구에서는 탄성 특성이 좋을수록 암
세포의 전이가 잘 일어난다고 보고하였으며, 반면에 몇몇의 논문에서는 이와 반대되는 결과를 보고하였다. 전이성은 세포의 이동성과 밀
접히 연관되어 있으므로 본 연구에서는 전이성과 비전이성이 명확히 구분되는 유방암세포를 대상으로, 탄성, 이동성, 부착성을 확인하고,
이들간의 상호연관성을 확인하였다.
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We developed a circular DNA substrate that contains a mismatched nucleotide and fluorescence probes to visualize the
dynamic process of MMR in real time. We generated strand breaks on particular sites of DNA substrates, which is an MMR
initiating site, using a gene editing method, CRISPR/Cas9. Using single-molecule Förster resonance energy transfer
(smFRET), we monitored mismatch recognition and mismatch removal by MMR components in cell extracts. This platform
will be applied to screening the MMR function of a single cell.
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XRN1 is a key enzyme involving in regulation and surveillance of eukaryotic gene expression and enables multi-enzymatic
activities, including exoribonuclease and helicase that unwind and degrade secondary or even high-ordered structures in
mRNA. XRN catalyzes a series of reactions during messenger RNA decay as well as RNA processing. Thus, its
exoribonuclease and unwinding activities are vital for the complete degradation of structured mRNA. It is, however, unclear
how the unwinding activity is orchestrated by the exonuclease one. We used single-molecule fluorescence techniques to
examine the mechanism of unwinding by XRN1 in real time. We found the unwinding mechanism driven by a large step
size in which the enzyme utilizes a series of hydrolysis reactions to destabilize the RNA duplex that mimics secondary
structures.
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Neuronal SNAREs (soluble N-ethylmaleimide–sensitive factor attachment
protein receptors) catalyze synaptic vesicle fusion with presynaptic
membranes through the formation of SNARE complexes. Complexin (Cpx) is
the only presynaptic protein that tightly binds to SNAREs and regulates
membrane fusion, but how it modulates the energy landscape of SNARE
complex assembly, especially under mechanical tension on the complex,
remains unclear. Here, using magnetic tweezers, we report how Cpx
interacts with single SNARE complexes. The effects of Cpx manifest only
under high mechanical tensions above 13 pN. Cpx stabilizes the central
four-helix bundle of SNARE motifs and, at the same time, prevents the
complete zippering of SNAREs by inhibiting linker-domain assembly. These
results suggest that Cpx generates a focused clamp for the neuronal SNARE complex in a linker-open conformation. Our
results provide a hint as to how Cpx cooperates with neuronal SNAREs to prime synaptic vesicles in preparation for
synchronous neurotransmitter release.
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One end of DNA molecules is immobilized on the surface of a flow chamber and the other end is attached to a micron size
bead. The hydrodynamic force acting on the bead results in the extension of the DNA molecules anchored to the surface.
At a low force regime (< 6 pN), single-stranded DNA (ssDNA) is extended shorter than double-stranded DNA (dsDNA) due
to its secondary-structure formation and a shorter persistence length than dsDNA. We can then visualize enzymatic
activities on DNA substrates in real time by monitoring the position of the bead linked to the immobilized DNA. We
developed a correlative single-molecule technique of this flow-stretching method combined with total internal reflection
fluorescence microscopy, which provides the additional information on the dynamics of target molecules. We will introduce
how this correlative system is applied to mechanistic studies of DNA repair.
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2CDB13D
Due to the broad linewidths of quadrupolar nuclei, in particular, 17O NMR application to biological systems has been
limited. However, recent development in NMR spectroscopy at 1.5 GHz using a 35.2 tesla hybrid magnet improved 17O
sensitivity and showed much narrower linewidths. To illustrate that new insights into the chemistry of biological systems
can be observed with 17O spectroscopy, spectra of single site 17O labeled gramicidin A in liquid crystalline lipid bilayers
have been recorded. While this monovalent cation selective channel has been characterized at high resolution by multiple
technologies and labs, it has always been observed to be a symmetric dimer in the absence of ions until 35.2 T 17O
spectroscopy showed that the symmetry is broken. Possible explanations due to water distribution in the channel pore
studied by molecular dynamics simulations and quantum calculations will be discussed.
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2CDB13D
Endocrine system can be interpreted as a complex system composed into sensor, effector, and chemical messenger. We
propose mathematical model of the system described by active rotators to explain effector dynamics embedded sensing
mechanism as a saturated monotonic function. The secretion of chemical messengers is treated as a summation of rotators
phases. Based on closed loop between one variable to represent surrounding environment and multiple active rotators
mediated by secreting communicators, we construct model for endocrine system. In this simple model, we found that the
feedback via environment could entrain rotators to have synchronous phases for certain conditions. Furthermore, the
proposed system is realized on analog circuit, and demonstrated the controllable synchronization.
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2CDB13D
세포 침투성 펩타이드(Cell-Penetrating Peptides, CPPs)의 일종인 Arg9이 세포를 침투하는 정도는 실험적으로 펩타이드 농도와 온도
에 의존하는 것으로 알려져 있다. 분자동력학 시뮬레이션을 이용하여 시스템의 펩타이드 농도와 온도를 변화시켰을 때 Arg9이 세포막과
어떻게 다른 상호작용을 하는지 이해하고, 시간에 따른 세포막의 곡률 변화 계산을 통해 세포막 침투 정도를 서로 비교해 본다.
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2CDB13D
Although the existence of the primo vasculature system (PVS) has been shown in many species, including mice, rats,
rabbits and humans, the biological role of this system, including expression of genes and proteins, has not yet been
investigated. It is known that the PVS includes the primo nodes and vessels. However, the relevant genes in the PVS system
for both pathologic and physiologic condition are poorly understood. Especially the transcriptional action by mRNA, which
is required for biological action, needs to be studied in primo vasculature biology. Differentially expressed genes in both
isolated primo vessels (PVs) and lymph vessels (LVs) of rabbits were analyzed by RNA sequencing experiments. Primer
efficiency and RNA purity of the primo vessels under lipopolysaccharides were confirmed prior to performing real-time
quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) analysis following RNA extraction. Here, we
examined the gene expression in PVs floating in lymphatic endothelium by isolation of PVS and LVs containing PVS. We
demonstrated that hypoxia inducible factor (Hif1-a) and prospero homeobox protein 1 (Prox-1) was enriched in primo
vessels. To investigate therapeutic effects, both PVs and LVs containing PVS were isolated after lipopolysaccharide (LPS)
injection and acupuncture electric stimulation (AES) at two acupoints (Joksamni (ST36) and Hapgok (LI04)) following
lipopolysaccharide injection. We used RT-PCR to examine expression of lymphatic endothelial cell markers and
inflammatory related genes. We found that lymphatic endothelial cell marker such as Prox-1 was highly expressed in PV
compared to that of lymphatic endothelium, suggesting pivotal roles of PV in LV under inflammation. Furthermore,
lymphatic-related gene including Hif1-a was also overall increased in PV, and remarkably increased after acupuncture
electric stimulation in two acupoints implying central role of PV by gene activation.
3;>?G<547=5>D
This work was supported by the National Research Foundation of Korea (NRF) funded by the Korea government (Ministry
of Science and ICT) under Grant No. 2016R1E1A2A01953467.
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2CDB13D
In order to understand the structural geometry and dynamics of the alkyl and ammonium groups in layered perovskite
(CH3CH2CH2NH3)2CuCl4, chemical shifts and spin–lattice relaxation times T1ρ are measured using 1H MAS NMR, 13C
CP/MAS NMR, and 14N MAS NMR techniques. Each proton and carbon may be distinguished using MAS NMR. The 1H
chemical shifts of the ammonium group as a function of temperature showed a greater variation than those of the alkyl
group, and the 1H T1ρ of the ammonium groups was shorter than that of the alkyl group. This result is consistent with the
fact that the longer C-H and shorter N-H bond lengths gave rise to a longer and shorter T1ρ for the corresponding protons.
Moreover, the paramagnetic Cu2+ ions in (CH3CH2CH2NH3)2CuCl4 were bonded with the inorganic layer through the N–
H・・・Cl hydrogen bonds, which directly affected the environment of 1H in NH3. Consequently, it may be inferred that
interactions with N–H・・・Cl hydrogen bonds through Cu–Cl bonds in the CuCl6 anion was very activated with increasing
temperature. In addition, cationic motion at the counter side of the NH4+ group was enhanced, probably because the
group is bound to the inorganic layer by N–H・・・Cl hydrogen bonds. The 13C T1ρ values for CH3 increased with temperature,
a trend that has been observed in the alkyl group attached to the CH3CH2CH2NH3 cation due to an increased mobility
toward its free end.
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2CDB13D
Ca2RuO4 is one of single-layered Ruddelsden-Popper series structure and it has rich physical properties from various degree
of freedom. Ca2RuO4 is Mott insulator, and have distorted RuO6 octahedron [1]. In recent report, Ca2RuO4 shows the
metallic behavior as the tilting of RuO6 disappears when the compressive strain applied [2]. So, we are going to grow the
epitaxial Ca2RuO4 thin film with compressive strain by pulsed laser deposition (PLD) method to see the metal-insulator
transition(MIT) driven by epitaxial strain, and this MIT could be measured by the Angle-resolved photoemission
spectroscopy(ARPES) study.
References:
[1] Gorelov, E., et al. Physical review letters   (2010): 226401.
[2] Steffens, P., et al. Physical Review B  9 (2005): 094104.
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2CDB13D
After the discovery of the Jeff = 1/2 ground state in Sr2IrO4 [1], spin-orbit entangled Jeff state has attracted a great deal of
attention. This intriguing ground state can exhibit exotic phases of matter such as unconventional superconductivity [2]
and quantum spin liquid [3]. The previous theoretical study predicted the molecular Jeff ground state in the lacunar spinel
compounds, GaM4X8 (M = Nb, Mo, Ta and W; X = S, Se and Te) [4]. Furthermore, RIXS (resonant inelastic X-ray scattering)
experiment together with the first-principles calculations reported the Jeff = 3/2 ground state in GaTa4Se8 [5]. Recently, it
was reported that widely-used DFT+U functional based on the spin-density could easily lead to unphysical results due to the
competition between the spin-density energy and the double counting term [6]. In order to avoid such an artifact, chargedensity based DFT+U functional was suggested to be the desirable choice. Since all the previous studies of lacunar spinels
were performed within spin-density framework, it is strongly requested to re-investigate the previous results. In this study,
by introducing a new parameter, Jeff-ness, we analyzed the Jeff electronic structure with respect to Hubbard U and Hund J
within charge-densty framework. As a result, we confirmed the molecular Jeff ground states in the lacunar spinel
compounds.
[1] B. J. Kim, H. Jin, S. J. Moon, J.-Y. Kim, B.-G. Park, C. S. Leem, J. Yu, T. W. Noh, C. Kim, S.-J. Oh, J.-H. Park, V. Durairaj,
G. Cao, and E. Rotenberg, Physical Review Letters
, 076402 (2008).
[2] F. Wang and T. Senthil, Physical Review Letters , 136402 (2011).
[3] J. Chaloupka, G. Jackeli, and G. Khaliullin, Physical Review Letters , 027204 (2010).
[4] H.-S. Kim, J. Im, M. J. Han, and H. Jin, Nature Communications , 3988 (2014).
[5] M. Y. Jeong, S. H. Chang, B. H. Kim, J.-H. Sim, A. Said, D. Casa, T. Gog, E. Janod, L. Cario, S. Yunoki, M. J. Han, and J.
Kim, Nature Communications , 782 (2017).
[6] S. Ryee and M. J. Han, Scientific Reports , 9559 (2018).
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2CDB13D
Within the last several years, magnetic skyrmions have fast evolved from a novelty, as a realization of topologically
protected structure with particle-like character, into a promising platform for new kinds of magnetic storage. Significant
engineering progress has been achieved with the synthesis of compounds hosting room-temperature skyrmions in a variety
of magnetic heterostructures, where the geometry of the setup induces interfacial Dzyaloshinskii-Moriya interactions (DMI)
conducive to the skyrmion formation. Here we report findings of ultrathin, pancake-like skyrmion formation in a simple
thin-film structure with metallic properties, consisting of a few layers of SrRuO3 grown on SrTiO3 substrate with no heavymetal capping layer to artificially boost the effective DMI. Measurement of the topological Hall effect (THE) as a
characteristic signature of the skyrmion reveals a robust stability of the topological particle, judging from the high value of
the critical field (~ 1.57 Tesla) at low temperature. Surprisingly, THE survived as the field is tilted by as much as 85 degree
at 10 Kelvin (K), or up to the in-plane magnetic field strength of 6.5 T. We propose that the robustness is derived from the
strong magnetic anisotropy induced in the two-dimensional ferromagnetic layer in the SrRuO3 ultrathin film.

5IG?B4C

SrRuO3, thin film, pulsed laser deposition, skyrmion, topological Hall effect, Dzyaloshinskii-Moriya interaction

-686-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-co.105*

'85B=1<3?>4E3D9F9DI?6&B%E"D89>69<=C9>F5CD971D542IEC9>7
D9=5 4?=19>D85B=?B56<53D1>35=51CEB5=5>D
이종석*1, 정도겸1, 주휘인1, 우성민2, 최우석2
물리광과학과, 2성균관대학교 물리학과
jsl@gist.ac.kr

1광주과학기술원

2CDB13D
Heat conduction property of thin films has been an important issue for manipulating heat dissipation and also for
investigating non-equilibrium thermal transport phenomena in nano-scale devices. Using the time-domain
thermoreflectance measurement technique, we investigate the cross-plane thermal conductivity of SrRuO3 thin films
grown on the SrTiO3 substrate. We find large changes in the thermal conductivity with variations of the film thickness and
temperature, and discuss the results by considering individual contributions of electron, phonon, magnon, and the
coupling among them.
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2CDB13D
The lacunar spinel compound GaTa4Se8 is known as the molecular Mott insulator, exhibiting insulator-to-metal transition
(IMT) and superconductivity at near 5GPa and 10GPa [1-3]. With first-principles density functional theory (DFT) study
shows that spin-orbit coupling (SOC) induce the Jeff = 3/2 ground state in 4d/5d series of lacunar spinel compounds [4].
Recent resonant inelastic X-ray scattering (RIXS) experiments established the spin-orbit entangled Jeff = 3/2 electronic
structure [5]. In this study, we performed DFT + DMFT calculations with exact diagonalization (ED) solver [6] to understand
IMT under the pressure and role of the SOC. Using the realistic Hubbard U parameter from constrained RPA [7], we found
that the formation of the Jeff = 3/2 states with reasonable SOC is essential to reproduce IMT under the high pressure.
[1] M.M. Abd-Elmeguid et al. PRL 9, 126403 (2004)
[2] R. Pocha et al. PRL
, 037401 (2013)
[3] A. Camjayi et al. PRL , 086404 (2014)
[4] H.-S. Kim et al. Nat. Commun. , 3988 (2014)
[5] M. Y. Jeong et al. Nat. Commun. , 782 (2017)
[6] A. Go, G. S. Jeon. J. Phys.: Condens. Matter  , 48 (2009)
[7] S. W. Jang et al. Sci. Rep. 6, 33397 (2016)
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2CDB13D
CeCo(In1-xMx)5, one of Heavy fermion materials, shows dramatic change in the ground state by substituting In with a slight
amount of M (M = Cd, Sn). Hole doped case (M = Cd) leads to a suppression of the superconducting Tc and an
antiferromagnetic order appears above 0.6% Cd-doping. There is a phase coexistence (SC+AF) region between x = 0.6%
and 1.55%, in which the Tc reduces further and the Neel temperature TN increases. On the other hand, in electron doped
case (M = Sn), the Tc decreases almost linearly with the doping. These properties are due to competition of two phases:
Ruderman-Kittel-Kasuya-Yoshida (RKKY) interaction and Kondo effect. We prepared three samples: a pure CeCoIn5 and
Cd- and Sn-doped (x = 1.2 %) samples. We measured reflectance spectra in a wide spectral range from far-infrared to
near-infrared at various temperatures between 8 K and 300 K. By using a well-known Kramers-Kronig relation, we
extracted the optical conductivity from the measured reflectance spectra. By using the extended Drude model analysis, we
obtained the effective mass and the optical scattering rate of each sample. We will discuss our results comparing with
transport data and find doping dependence of this system.
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2CDB13D
We have investigated magnetic properties of hexagonal ferrimagnetic Ni4Nb2O9 synthesized by conventional solid-state
reaction. The temperature dependence of magnetic susceptibility reveals that the long-range magnetic order of Ni2+
moments arises at TC = 76.0 K and the ferrimagnetic behavior is characterized by compensated magnetization at TComp =
33.4 K, which is attributed to the different temperature dependences of two types of Ni2+ sublattices. Detailed magnetic
properties were also examined by the isothermal magnetization at various tempures.
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2CDB13D
We examined magnetic properties in double-perovskites R2CrFeO6 (R=rare earth ions) ceramics. The series of compounds
crystallize in orthorhombic Pbnm structure with randomly distributed Cr3+ and Fe3+ ions in octahedral units due to the
similar ionic radii of both transition-metal ions. Detailed magnetic properties by varying rare earth ions were systematically
measured by temperature and magnetic field dependence of magnetization.
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2CDB13D
Layered transition metal dichalcogenides (TMDC), where the dimensionality can induce indirect-to-direct bandgap
transition, are getting explosive attention as they are highly advantageous to be used as optoelectronic devices. Moreover,
the low dimensionality lead to enhancement of long-ranged Coulomb interaction and reduction of dielectric screening
leads to eV-scale excitonic binding energies in many members of TMDC. To control the physical properties, understanding
coupling between various degrees, e.g. charge and lattice, and many-body phenomena in these materials is important. In
this work, we performed spectroscopic ellipsometry measurements on series of bulk TMDC compounds (TMX2, TM = Mo,
W, Re and X = S, Se) under cryogenic condition, from which we observed a similar saturating behavior, relevant to coupling
between charge carriers and phonon, in series of compounds. In addition, we discuss how large Coulomb interaction can
be affect on electronic structure and anisotropic optical response of TMDC, especially on ReSe2 compound.
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2CDB13D
Ba5CuIr3O12 is mixed 3d-5d insulator and good candidate to study about interplay of comparable spin-orbital coupling
and electron correlation. This material has chains of one trigonal prismatic with Cu2+ ion and three face-sharing octahedral
with Ir4+ ion. We successfully grown the single crystals of Ba5CuIr3O12, and found no magnetic ordering occurs down to
2K by magnetic susceptibility and transport measuremnt. In this presentation, we report about the study of ramanscattering and ab-initio density functional theory calculation to expore the electronic structure of Ba5CuIr3O12
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2CDB13D
We investigate coherent phonon oscillations of BaFe2As2 by NIR pump - NIR probe spectroscopy. Driven by an optical
excitation with the spin-density-wave order, an A1g coherent phonon mode of As vibrations shows anti-phase oscillations
depending on probing light polarizations along the in-plane orthorhombic axes. Besides, the A1g phonon oscillation has
two distinct frequencies at the high-pumping regime in the magnetically ordered state, where the photoinduced
frequency-hardening is far from thermal lattice evolution. We suggest that although all the As ions have the same
symmetry in the equilibrium state, there should be two different types of As ions in the non-equilibrium SDW state.
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2CDB13D
We have successfully synthesized single crystals of NiNb2O6 by using conventional flux method. The typical size of crystals is
found to be 2 x 2 x 5 mm3. From the powder X-ray diffraction pattern at room temperature, we confirmed that NiNb2O6
crystallizes in an orthorhombic structure with Pbcn space group. The temperature dependence of magnetic susceptibility
reveals an antiferromagnetic order of Ni2+ moments at TN = 6.7 K. Detailed magnetic properties were also examined by the
isothermal magnetization at various temperatures.
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2CDB13D
We investigated three differently doped iridiates (Sr2Ir1-xRuxO4: x = 0.01, 0.07, and 0.1) using optical spectroscopy. We used
FTIR spectrometer to take reflectance spectra in a spectral range from 70 to 12,000 cm-1. Our crystal samples were small and
brittle; areas are smaller than 1 mm2. To obtain accurate reflectance spectra we used an in-situ gold evaporation technique. We
focused on phonon structures which are associated with the crystal structures of these materials. The pristine compound has
external, bending, and stretching phonon modes. External mode is related to motions of Sr ions against the IrO6 octahedron.
Bending mode is related to the Ir-O-Ir bonding angle. Stretching mode is related to the Ir-O bonding length. We observed one
bending mode showing red-shift with cooling, implying structural instability. Also, we observed a phonon split of the stretching
mode, which can be explained by the effective Ru doping. We will discuss about the temperature and doping dependent optical
phonon dynamics in these doped iridiates.
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2CDB13D
We investigated the Fermi surface of the quasi 1-dimensional charge density wave compound NbTe4 by de Haas-van
Alphen oscillations up to 31 T. Upon rotating the magnetic field in the ab plane, we observed three oscillation frequencies
depending on the rotated angle. The determined frequencies from the FFT spectra are at 100 T (α), 200 T (β), and 1460 T
(γ), respectively. α and β frequencies could be seen at all angles, while the high frequency γ could only be seen at a narrow
interval around 45 deg. Moreover, resistivity data also exhibits a Shubnikov-de Haas oscillation at 45 degree related to the γ
pocket. Landau fan diagrams reveal nonzero Berry phases for α and γ frequencies suggesting their non-trivial topology.
Band structure calculations are required to identify the nature of oscillations and their possible topological features.
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2CDB13D
Double perovskite RBaCo2O6-x family (R: rare-earth elements) has been studied because of its complicated magnetic
configurations, metal-insulator transition, oxygen vacancy ordering-disordering transition. All the properties are known to
strongly correlate with the oxygen vacancy concentration x. Among the family, PrBaCo2O6-x is reported as a potential
material for solid oxide fuel cell which operates at the intermediate temperatures (500 ˚C ~ 700 ˚C) due to the fast oxygen
diffusion. In this work, we investigate electronic and magnetic properties and oxygen ion diffusion in PrBaCo2O6-x through
first-principle calculations. PrBaCo2O5.5 is considered as a model system. The volume effect on the energy barrier of oxygen
diffusion is also examined.
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2CDB13D
Bi has recently attracted much interest as a promising Mg battery anode to replace the Mg metal, which is ideal but
impractical because of instability issues associated with the electrolyte. Our first-principles molecular dynamics study
addresses why the alloying reaction of Bi with Mg creates only two crystals of Bi and Mg3Bi2 and how Mg ions move in the
two crystals. The formation of crystalline Mg3Bi2 is energetically much more favorable than that of amorphous MgxBi (0.0
≤ x ≤ 2.5). This high thermodynamic stability of the Mg3Bi2 crystal serves as a driving force for the complete crystalline
Bi/crystalline Mg3Bi2 two-phase reaction, without allowing the formation of amorphous phases typically observed in alloytype anode materials. The Mg ions diffuse preferentially along the [001] direction in both Bi and Mg3Bi2 and diffuse about
6000 times faster in Mg3Bi2 than in Bi. Despite the relatively slow Mg transport in Bi, the absolute kinetics of Mg ions in Bi
is reasonable in terms of fast battery operation. Interestingly, the calculated Mg ion diffusivity in Bi is comparable to that for
a Li ion in Bi, contrary to the general perspective that multivalent ions are very sluggish compared with monovalent ions.
Our study suggests that fast multivalent-ion transport can be achieved when the multivalent ion has weak bonds with the
nearest host elements and exhibits small fluctuations in its coordination number and bond length during ion transport.
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2CDB13D
Recently, the breakthrough developments of Artificial Neural Network (ANN) accelerate the in the field of
materials science. It is originated from the not only allowing us more computational resources, but also
developing machine learning methods and easily accessible tools. In the last few years, J. Behler and M. Parrinello
introduced a method, which is a new kind of neural-network representation of density functional theory
potential-energy surfaces, called "symmetry function (SF)".
Here, we calculate the total energies and atomic forces of variety Si clusters, which is fundamental and significant
material in modern semiconductor industry, by using ANN. Training set data are generated by carrying out ab
initio molecular dynamics simulations in NVT ensembles at 300 and 700 K and static calculations of randomly
positioned coordination of Si clusters. To establish the accurate ANN, we carefully determined several radial and
angular SFs with different parameters. All layers in ANN models are fully-connected by more than 3 hidden layers
with 20-100 nodes, and tanh is used activation function. To evaluate accuracy of ANN models, we minimize root
mean square errors between the calculated values of DFT and predicted values of ANN. The RMSE of total
energies of training and test data-sets are less than 0.08, 0.18 eV/atom, and RMSE of atomic forces of training
and test-sets are less than 0.10 and 0.74 eV/A. The calculated errors of training and test set are not so far, which
indicate that trained ANN models are not over-fitted and well match with DFT calculation results.
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2CDB13D
It is well known that MoS2 undergoes phase transition from semiconducting 1H-MoS2, T’’-MoS2, to metallic 1T-MoS2, 1T’MoS2 and 1T’’-MoS2 states. However, no clear and in-depth understanding for the phase transformation in MoS2
nanocluster exhibiting a high catalytic activity have been achieved yet. Here, using a first-principles density functional
theory calculations, we systematically investigated the structural and polymorphic transitions in MoS2 nanoclusters with
increasing their size and excess electrons. We find that the structural stability, electronic and catalytic properties of MoS2
nanoclusters are highly sensitive to their size and excess carrier concentration. We expect that our studies provide the
fundamental insight into the understanding of the novel phase transformation emerging in different two-dimensional
nanoclusters, and provide a guideline to design optimal catalytic nanoclusters.
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2CDB13D
열 물성은 재료 과학에서 중요한 물성 중 하나이다. 특히 무질서한 상태인 물질의 열 물성에 대한 이해는 중요하다. 우리는 고체-액체 하
이브리드 상태인 Cu2S [1]의 열전도도를 계산했다. 우리는 평형 분자동역학과 Green-Kubo 방법을 이용했는데 이 방법은 무질서한 상
태인 물질의 열전도도를 계산하는데 많은 이점을 가진다. 열전도도를 계산하는데 있어서는 많은 원자 수의 분자동역학 계산이 필요하다.
하지만 제일 원리 계산의 이용은 많은 시간과 자원을 필요로 한다. 이 문제를 해결할 수 있는 방법 중 하나는 기계학습 방식의 원자 포텐셜
을 이용하는 것이다. 대표적인 예는 인공신경망 포텐셜과 가우시안 근사 포텐셜이 있다 [2]. 또한 열전도도를 계산하는 과정 중 원자 에너
지라는 개념이 필요한데 기계학습을 이용한 원자 포텐셜은 여기서도 제일 원리 계산에 비해서 장점이 있다. 제일 원리 계산은 원자 에너
지를 정의하는데 어려움이 있는 반면에 인공신경망 포텐셜이나 가우시안 근사 포텐셜은 학습과정에서 원자 에너지가 자연스럽게 정해진
다. 우리는 다른 방식의 기계학습을 이용한 원자 포텐셜에서 정해진 원자 에너지의 차이 정도를 비교하여 이 방식의 원자 에너지 정의가
유의미한 지 알아보았다. 우리는 계산한 열전도도 값을 다른 계산이나 실험으로부터 유도된 열전도도 값과 비교하고 고체-액체 하이브리
드 상태인 Cu2S의 열 전달 과정을 원자 레벨에서 살펴보았다. 이 연구는 과학기술정보통신부의 지원을 받아 수행하였다. (No.
2016R1C1B2016046)
[1] L. W. Wang, Phys. Rev. Lett.  085703 (2012).
[2] A. P. Bartok and G. Csanyi, J. Quantum Chem.  1051-1057 (2014).
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2CDB13D
Oxygen vacancy is one of the most common defects in oxide materials. Understanding the behaviors and dynamics of
oxygen vacancies is crucial for applying perovskite oxide materials to device applications. In particular, abundant oxygen
vacancy in Ca-doped bismuth ferrites (BiFeO3) has attracted attention, since it induces a tunable ferroelectric domain wall
conductivity[1-2]. It has recently been reported that mobile oxygen ion with low activation energy affects the electrochromic
properties under applied electrical field[3]. However, the migration behavior of the oxygen ions in BiFeO3 is not fully
understood at the atomistic level.
In this study, we performed the first-principles calculations to understand the behavior and migration of oxygen vacancies
in BiFeO3. Electronic structures were calculated using density functional theory (DFT) with on-site Coulomb potential U. The
oxygen ion migration was optimized by the climbing image nudged elastic band (CINEB) method to identify the minimum
migration pathway of oxygen vacancies in undoped and Ca-doped BiFeO3. Strain effect on migrations of oxygen vacancies
was also investigated because the compressive or tensile strains are controlled by the lattice mismatch of substrate in the
thin film. We found that the optimal migration path depends on the change in doping and strain conditions. Our results
indicate that Ca-doped BiFeO3 with mobile oxygen ions can potentially be used in solid oxide fuel cells with high ionic
conductivity.

[1] C.-H. Yang et al., Nat. Mater. , 485 (2009).
[2] J. Seidel et al., Nat. Commun. , 799 (2012)
[3] J. S. Lim et al., Phys. Rev. B.9, 035123 (2016)
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2CDB13D
The flexoelectricity, which is the electric response induced by the inhomogeneous strain, is one of the promising physical
phenomena because it can develop a huge spontaneous polarization even in centrosymmetric materials, and can be
utilized for solar energy harvesting. Here, by combining density functional theory calculation and mathematical analysis, we
show that a great polarization along the out of plane can be readily generated from the rippled monolayer materials.
Above all, the flexoelectricity in 2D materials is highly sensitive to ripple features and quantitatively tunable by adjusting the
curvature at the nm scale. The correlation between curvature, flexoelectricity and resulting out of plane polarization will be
presented from many different 2D materials, and associated underlying mechanism will be addressed in detail.
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2CDB13D
When scanning a surface of MoS2 for thermoelectric voltage, van der Waals (vdW) interaction between tip and sample was
varied depending on contact sites, such as void and top, and this was related to interfacial temperature drop. In the
atomic-scale junction, where coherent transport dominated, to grasp interfacial temperature drop is a major hurdle for
thermoelectric imaging because it did not be characterized by experiment. Here we calculated thermal conductance, based
on Atomistic Green’s Function (AGF) method, of the interface between carbon tip and monolayer MoS2 and estimated the
interfacial temperature drop by simply regarding the entire scanning system as a series circuit. Due to the stronger vdW
interaction in the void site, the heat transport flows well compared to the top site and this resulted in the smaller interfacial
temperature drop. Applying temperature difference of 30K to the whole scanning device, the difference of interfacial
temperature drop, between the top and void sites, of up to 1.5K was predicted in the series circuit model.
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2CDB13D
Solid electrolyte interphase (SEI) formed between electrolyte and cathode is one of the essential layers because lithium
transport is severely hampered in the SEI region. Therefore, it is very import to reveal the underlying mechanism of SEI
formation, and understand the relevant electrochemical reaction in order to suppress the SEI growth for the development
of high power lithium-ion battery devices. Here, using classical molecular dynamics simulation, we explore the SEI
formation process and its effect on Li ion transport near the interface between LiMn2O4 cathode and electrolyte, and
evaluate how strongly SEI blocks the Li ion transport by calculating the Li-Li radial distribution function. In addition, the
diffusion coefficient is estimated from the mean squared displacement of Li ion with changing temperature of systems.
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2CDB13D
We have investigated binding properties between molecular adsorbates and transition metal dichalcogenide (TMD) such as
MoS2, MoSe2, and MoTe2 using density functional theory (DFT) calculations with various van der Waals (vdW) functionals.
We find that calculated lattice parameters of MoX2 (X= S, Se, or Te) obtained by the vdW functionals give the relative
errors of up to ±5 % with respect to the experimental values. Depending on the binding behaviors of molecular adsorbates
on MoX2 surface, the vdW functionals can be classified into three group; (1) DFT-D2, DFT-D3, DFT-D3(BJ), DFT-TS, and
optB86b-vdW, (2) DFT-TS-SCS, and (3) optB88-vdW, optPBE-vdW, revPBE-vdW, and rPW86-vdW2 functionals. Especially,
the optPBE-vdW functionals show relatively large binding energies, while DFT-TS-SCS functionals show relatively small
binding energies between molecular adsorbates and MoX2.
*Corresponding author: hong@sejong.ac.kr
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2CDB13D
Recently we have investigated first-principle-based thermoelectric images [1] from scanning Seebeck microscopy (SSM)
based on the Landauer formalism. The coherent Seebeck coefficient can be approximated, assuming the weak-coupling
limit, with the logarithmic energy derivative of local density of states (LDOS) at the Fermi energy. The energy derivative
requires a high-quality LDOS from first-principles calculations, i.e., accurate electronic energy surfaces using the
computation-intensive Brillouin-zone integration. Therefore, the quality of SSM images could be significantly improved by
using the linear tetrahedral method (LTM) [2], compared to the Gaussian smearing. Here, we will numerically demonstrate
how much the SSM image quality could be improved by using LTM with much less k-points for free-standing mono- and bilayer graphenes.
[1] Eui-Sup Lee, Ho-Ki Lyeo, and Yong-Hyun Kim, Phys. Rev. Lett. 112, 136601 (2014).
[2] Peter E. Blöchl, O. Jepsen, and O. K. Andersen, Phys. Rev. B 49, 16223 (1994).
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희토류 금속을 포함한 영구자석의 문제점은 적은 매장량과 한정된 지역에 편재되어 있어 수요급증에 따른 자원수급 및 가격 급등의 문제
를 가지고 있다. 그래서 희토류가 포함되지 않는 영구자석 물질 후보 중 L10-FeNi은 높은 포화자화(Ms =1270 emu cm-3), 높은 큐리온
도(Tc > 550 ˚C), 높은 수직자기이방성에너지를 가진다. 자기이방성은 보자력과 관련된 중요한 성질이다. 본 계산에서는 FeNi의 자성에
대한 제일원리 계산을 수행하기 위해 vasp을 사용하였으며 교환상관포텐셜은 GGA를 사용하고 끊어버림 에너지는 450 eV로 두었으며,
본 계산에서의 격자상수는 a=3.556 Å, c=3.584 Å 로 실험값과 비교했을 때 a는 0% c는 0.08%로 차이난다. a, b 방향으로 최저에너
지 기점으로부터 -3%에서 3%까지 응력을 주어 자기모멘트와 자기결정이방성의 변화를 계산하였다. 먼저 0%일 때 MCA에너지는
0.182 meV. -3%에서 철의 자기모멘트는 2.461 μB, 니켈의 자기모멘트는 0.581 μB , MCA에너지는 0.249 meV이다 . 3%에서 철의
자기모멘트는 2.649 μB , 니켈의 자기모멘트는 0.651 μB , MCA에너지는 0.132 meV이다.
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The lead-free silver-dimetal chalcogenide (Ag-V-VI2) ternary semiconductors known as a candidate for optoelectronic
devices due to their controllable bandgap, large absorption coefficient and excellent electrical properties. The
experimentally obtained optical bandgaps of the semiconductors are easily adjustable to near-infrared and visible ranges
suitable for solar cell applications. In particular, it was recently reported that AgSbS2 quantum dots (QDs) can be
synthesized by passivating a dodecanethiolates ligands to (100) and (111) surfaces1. However, there is a lack of
understanding of the crystal structure, electronic structure and optical properties of ternary compounds.
In this study, we systematically investigated four AgMQ2 (M = Sb, Bi and Q = S, Se) ternary compounds by performing
the first-principles hybrid functional calculations. Until now, there has been some ambiguity in determining the crystal
structure, but we have found that the rhombohedral structure is the most stable among various known crystal structures
(i.e., NaCl)2. The calculated band gap (0.3-1.3 eV) of the four materials in the stable structure is somewhat smaller than
the experimental result (0.6-1.83 eV), but the range of the gap is similar to the experiment. We estimated the optical
transition probability from the valence band to the conduction band and found that the absorption coefficients of the four
ternary compounds were large. Therefore, our results provide information about fundamental properties of ternary
compounds for eco-friendly photovoltaic application.
1. Choi, S Kim, J. M. Luther, S.-W. Kim, D. Shin, M. C. Beard, and S. Jeong, Chem. Eur. J., 12, 17707-17713 (2017).
2. Khang Hoang, S. D. Mahanti, James R. Salvador, and Mercouri G. Kanatzidis, PRL 99156403 (2007).
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We implemented formulas for intrinsic anomalous Hall conductivity (AHC) and spin Hall conductivity (SHC) into the SIESTA
code, which uses localized pseudoatomic orbitals to expand electronic wavefunctions in first-principles density functional
calculations. AHC is calculated from the Brillouin zone integration of the Berry curvature, and SHC is obtained by replacing
a velocity operator in the AHC formula with a symmetrized product of spin and velocity operators. For AHC and SHC, it is
essential to perform noncollinear-spin calculations including the spin-orbit coupling. We apply our implementation to AHC
of Fe, Co, and Pd, and SHC of Pt and Ta. We also analyze the momentum-resolved Berry curvature and the energy
dependence of AHC and SHC. This work was supported by NRF of Korea (Grant No. 2011-0018306) and KISTI
supercomputing center (Project No. KSC-2017-C3-0079).

5IG?B4C

Anomalous Hall effect, Spin Hall effect

-711-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-co.215

<53DB?385=931<@?D5>D91<@B?69<5C?6=?<53E<5:E>3D9?>CEC9>7
3?>CDB19>54 C51B3845>C9DI6E>3D9?>1<CDE4I
여현우1, 이주호1, 김한슬2, 김용훈*1
전기및전자공학부, 2한국과학기술정보연구원
y.h.kim@kaist.ac.kr

1한국과학기술원

2CDB13D
A reliable first-principles modeling technique for the finite bias-induced non-equilibrium system is highly desired to develop
next-generation nano-electronic devices. Density functional theory (DFT)-based non-equilibrium Green’s function (NEGF)
formalism has been achieved great success in terms of providing insights into novel devices for decades. However, despite
its achievement, there still exists a limitation in describing the electrochemical potential, which is a key to interpret the
voltage drop in the devices. In this presentation, we show the finite-biased molecule junction systems by applying our
recently developed method based on a microcanonical picture that maps steady-state nonequilbrium statistics to drain-tosource excitation named multi-space constrained density functional theory (MS-DFT). We provide their electrical and
transport properties and verify our developed formalism as comparing to the DFT-based NEGF method. Moreover, we
demonstrate the electrochemical potential profiles and discuss its intrinsic nature in the molecular junctions under a finite
bias. This integrated microscopic information will provide the critical insights of the voltage drop in the nano-electronic
devices.
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Recently, super-tetragonal structures possessing a giant remanent polarization, 236.3 microcoulombs per square
centimeter, is reported from the epitaxial composite thin films of tetragonal lead titanate (PbTiO3), which is achieved by the
interphase-strain engineering. Here, using first-principles density functional theory (DFT) calculations, we designed novel
(PbO)0.5(PbTiO3)0.5 and (SnO)0.5(SnTiO3)0.5 alloys, and we find that they can display stable supertetragonal phases, and
exhibit huge spontaneous polarizations compared to tetragonal PbTiO3 and SnTiO3. In particular, in the case of
(BaO)0.5(BaTiO3)0.5 alloy, although the out-of-plane–to–in-plane lattice parameter ratio is reduced by about 10%
compared to that of tetragonal BaTiO3, a significant polarization is estimated from our DFT calculations. We thus expect
that our results provide an essential guideline to design novel oxide composites with both great supertetragonality and
spontaneous polarization.
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Beta coincidence spectroscopy has been studied to measure the beta spectrum of 238U in beta-decay chain(
) because the anti-neutrino spectrum emiitted from 238U has to be determined more accurately in
nuclear power reaction. Beta coincidence counting method proposed by N. Haag. et. al's research is used to efficently
remove gamma-ray background infterfering beta-ray signals. To measure the energy spectrum of beta-ray emitted from the
238

U target using a neutron beam, it has three subdetectors: plastic scintillator, photomultiplier, and multi-wire chamber.
The energy spectrum of all beta particles(positrons) is recorded by means of a plastic scintillator, whereby the
background suppression of gamma radiation through a leading multi-wire chamber in coincidence is guaranteed.
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The AMoRE neutrinoless double beta decay search and the COSINE WIMP(Weakly Interaction Massive Particle) dark matter
search are two flagship experiments of the Center for Underground Physics(CUP) running at YangYang underground
Laboratory(Y2L).
To control the experiment sensitivities, it is necessary to know the backgrounds signals generated from their respective
detector materials. To specific activities of various radioactive isotopes within each material sample were measured using
two 100% high-purity germanium (HPGe) detectors at the Y2L. For accurate results, the detection efficiencies of HPGe
detectors must be well understood.
The efficiencies were studied using the Geant4 simulation toolkit and measurements of a mixed source which included 10
known radioactive isotopes. The proper geometries of two HPGe detectors were obtained by adjusting them to match with
the measurements. We will present measurements of the samples together with an improvement in the efficiency
calibration.
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In this study, to evaluate the therapy effects of antiproton beam, the human phantom including a target volume and three
surrounding normal volumes are defined. Then, the Geant4 Monte Carlo toolkit is applied to simulate the interaction for
proton (antiproton) beams with materials, and to calculate the dose deposition in target and three related normal volumes.
The calculation results shows that under the fixed dose deposition in target volume, the dose deposition in upstream
volume is lower for antiproton beam than that for proton. However, in the downstream volume behind the target volume
(SOBP area), much less dose is deposited by the protons that are in contrast to antiproton. Through this study, it can be
concluded that the Antiproton Therapy has its own advantages as a radiation therapy method, benefiting from its special
physical characteristics. Especially for the case that lower dose is required for upstream of target.
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경주 양성자가속기에서 57 MeV 양성자 에너지를 Cu에 조사하여, 양성자 유도 핵반응에 의해 생성되는 방사성핵종의 생성단면적을 측
정하였다. 실험에 사용된 표적은 고순도의 Cu 시료이며, 양성자 빔의 에너지 감쇄와 플럭스를 얻기 위해 Al과 Ni 시료가 이용되었다. 방
사화된 표적에서 방출되는 감마선은 고 분해능 감마선 검출기를 사용하여 측정하였고, 검출효율은 다수의 표준 감마선원에 의해 결정되
었다. 표적에 입사되는 양성자 에너지는 SRIM 코드를 이용하여 계산하였으며, 시료의 방사능 측정은 방사성핵종의 반감기를 고려하여
지속적으로 수행되었다. 본 실험에서 결정된 양성자 에너지 함수에 대한 방사성핵종의 단면적은 문헌의 실험데이터 및 TENDL 라이브러
리의 이론적 데이터와 비교하였다. Cu의 양성자 유도 핵반응의 단면적 데이터는 핵반응 모델 개선과 빔 모니터용 참고자료 및 진단용 방
사성동위원소 생산에 활용된다.
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The gamma-ray energy spectrum was measured from natW(p,x) nuclear reaction. Irradiation experiment was performed at
the high-intensity 100-MeV proton linac facility (Korea Multi-purpose Accelerator Complex, KOMAC). The targets,
irradiated by 57- and 100-MeV protons, were arranged in a stack consisting of natural W, Al and Pb foils. The HPGe
detector was used to measure the gamma-rays of the samples. In general, the kind of nuclear reaction and its probability
vary depending on the energy of the proton. In the current study, we observed that the proton reaction spallation neutron
was generated between the tungsten target and the high energy proton beam. We measured delayed gamma-ray
spectrum that has different cooling time and beam intensity. From delayed gamma-ray generated in the produced nucleus,
it has been compared the gamma-ray peak intensity to distinguish the decay series. This process is important to obtain
proton nuclear reaction cross-section.
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2CDB13D
The Center for Underground Physics (CUP) of IBS has been carrying out the COSINE experiment to
search for the WIMP (Weakly Interacting Massive Particle) dark matter at the Yangyang underground
laboratory (Y2L). The experiment eventually requires about 200 kg of ultra-pure NaI(Tl) crystals which
have the highest light yield among alkali halide scintillators. In order to obtain the ultra-pure NaI(Tl)
crystals, we grew number of small size NaI(pure) crystals to optimize its growth condition at the CUP.
We also grew a few NaI(Tl) crystals to optimize Tl concentration in the crystal growing with the
highest light yield and uniformity. After the growths, purities of grown crystals were measured by ICPMS. In this study, we are going to present the grown NaI(pure or Tl) crystals at the CUP and their
properties.
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2CDB13D
The Partial Dynamical Symmetry(PDS) proposed by A. Leviatan can be used to described nuclear spectroscopy aspects of
deformed nuclei. The partial symmetry construction only a subset of eigenstates are pure and preserve the desired features
of a dynamical symmetry. Explicit forms of Hamiltonians with partial SU(3) symmetry(corresponds to breaking SU(3)) are
presented in the framework of the interacting boson model. We present analytic expression for the energy spectra and the
B(E2) transition rates, and compare theoretical results with available experimental data for 168Er as a typical example of an
axially deformed prolate nucleus in the rare earth region.

5IG?B4C

Partial Dynamical Symmetry, SU(3) symmetry, partial SU(3) symmetry, interacting boson model, energy spectra, B(E2)
transition rates, 168Er

-722-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-nu.010

81B13D5B9J1D9?>?6#"@D9=9J9>7@5B6?B=1>356?B71==1
C@53DB?C3?@IG9D8C39>D9<<1D?BC

제갈진1, 박형우1, 이혜영2, 이현수2, 이무현2, 박환배1, 김홍주*1
1Department of Physics, Kyungpook National University, 2Center for Underground Physics, Institute for
Basic Science
hongjoo@knu.ac.kr

2CDB13D
Avalanche photodiode has the advantages of high light efficiency Positive-Intrinsic-Negative photodiode and high gain
photomultiplier tubes (PMT) so that they can be used in low level light applications and good for gamma ray spectroscopy
with scintillator. We are customizing the APD to perform low temperature measurement analysis of the 600 nm emitting
crystal scintillator and appropriate circuits. As a preparation process, we use HAMAMATSU APD (s8664-55) and
characterize the circuits through charge injection. We compare customizing charge sensitive amplifier developed by
NOTICE with COOLFET amplifier as reference which is already characterized. Based on this circuit calibration, we compose
the optimized circuit and characterize APD gain, shaping time, energy resolution by varying the avalanche gain.

5IG?B4C

Avalanchephotodiode, scintillator, Charge sensitive amplifier

-723-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-nu.011

'구조를^용한실Z콘]반배열형센서연구

송석준1, 박환배*1, 전혜빈1, 이혜영2, 이만우3
물리학과, 2기초과학연구원, 3동남권원자력의학원
sunshine@knu.ac.kr

1경북대학교

2CDB13D
의료용 검출기 개발을 위해 X-ray의 직접 검출 방식을 이용하는 실리콘 배열형 센서를 연구한다. 센서는 PIN 다이오드 구조를 가지며 선
명한 영상을 획득하기 위하여 픽셀로 설계하였다. 신호 처리 채널 수를 줄이기 위해 각 픽셀에 Junction Field Effect Transistor (JFET)
구조를 결합하였다. 고저항 n 타입 실리콘의 JFET 구조에서 스위칭 효과를 주는 센서 공정 변수를 찾기 위해 TCAD 시뮬레이션을 하였다.
이번 연구에서는 센서의 스위칭 효과를 보기 위해 JFET 구조에 중점을 두어 센서의 여러 가지 변수에 대해 공정한 후 전기적 테스트를 하
였으며 그 결과에 대해서 발표할 계획이다.

5IG?B4C
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2CDB13D
본 연구에서는 Campbelling 모드 방사선 검출기 시스템 교정을 위하여 고선속 양성자 빔에 대한 Geant4 몬테카를로 전산모사를 실시하
였다. 전산모사는 1×1×1 cm3 폴리비닐톨루엔 플라스틱 섬광체에 대하여 200 cm 거리에서 100 MeV 단일 에너지 양성자 빔을 실시하
였으며, 100 MeV 양성자 빔에 대한 폴리비닐톨루엔 검출기의 검출 효율, 에너지 스펙트럼 등 양성자 빔 선속에 대한 시뮬레이션 결과를
획득하였다. 향후 경주 양성자가속기에서 실증실험을 수행하여, 그 결과를 피드백함으로써 Campbelling 모드 검출 시스템의 교정을 위
한 교정 환경을 구축하고자 한다.

5IG?B4C
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2CDB13D
원자력관련 시설 및 의료시설에서 중성자 및 감마선을 동시에 측정할 수 있는 개인 피폭선량계로서 선량계 착용확인 기능과 RFID 출입관
리 기능을 내장한 방사선 안전관리 통합 기능을 갖춘 법적선량계(열형광선량계) 결합형 전자식 선량계를 개발하고 방사선 조사시험을 수
행하였다. 실리콘 반도체 감마선 센서와 LiF:ZnS(Ag) 섬광체 중성자 센서의 검출감도, 에너지의존성 등을 조사하였으며 ±20%이내의 정
확도 및 선형성을 얻을 수 있었다. 선량계 착용확인기술을 구현하기 위하여 인체감지 모션센서를 일체형선량계에 적용하였고 성능시험을
수행한 결과 선량계 착용 인식률이 93% 이상으로 비교적 우수한 선량계 착용 확인 가능성을 확인할 수 있었다. 또한 RFID 리더기로 선
량계 인식률을 관찰한 결과 99% 이상으로 나타나 출입관리시스템 적용 가능성이 확인되었다.
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2CDB13D
The AMoRE (Advanced Molybdenum based Rare process Experiment) experiment is searching for neutrinoless double beta
decay of 100Mo with 40Ca100MoO4 (CMO) scintillation crystal as a cryogenic phonon detector. For this application, the
quality of the scintillation crystal would be very important. The evaporation control of the volatile material in the charge
especially Mo, which creates compositional changes, and reduction of thermal stress by low thermal gradient are the
advantages of low thermal gradient Czochralski technique over conventional one. Thus, the CMO crystal was grown by low
thermal gradient Czochralski technique and comparative have been done. In this work, the luminescence and scintillation
properties of the crystals grown by both methods are studied at room and low temperature. Moreover, the comparative
analysis of the bulk and cubic size crystals is also performed and will be discussed.

5IG?B4C

scintillation crystal, CMO, AMoRE, low thermal gradient, Czochralski

-727-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-nu.015

81B13D5B9J1D9?>?6D85>5B7I&@53DBE=?6335<5B1D?B 4B9F5>
1CD N5EDB?>&?EB35C1DD85 "M

1한국원자력연구원
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2CDB13D
Although neutron is a versatile tool in various fields of science and engineering, the number of neutron sources in Korea is
currently limited. At the Korea Multi-purpose Accelerator Complex (KOMAC) of Korea Atomic Energy Research Institute
(KAERI), a research project for developing accelerator-driven fast-neutron sources, which include two kinds of neutron
sources in different energy domain based on a 100-MeV linear proton accelerator and a 1.7 MV tandem accelerator, is
being conducted. One is for a white and pulsed neutron source of which the kinetic energy extends up to 100 MeV, while
the other is for mono-energetic and continuous neutrons below 3 MeV. In either case, characterization of the energy
spectrum of generated neutrons is essential. In the present study, indirect methods for characterizing the energy
distribution of generated fast neutrons are investigated: simulation-based unfolding process with high-performance
computing and neutron-induced alpha spectroscopy at atmospheric pressure. The details of the methods and preliminary
results will be described.
Ackknowledgements: This work has been supported through KOMAC( Korea Multi-purpose Accelerator Complex)
operation fund and the NRF grand (No. NRF-2017M2A2A6A02071070 and NRF-2018M2A2B3A02072238) funded by
MSIT (Ministry of Science and ICT).
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2CDB13D
The multi-nucleon transfer reactions have recently attracted attention as a possible path to the synthesis of new neutronrich heavy nuclei. We predicted the possibilities of production of new neutron-rich isotopes of Md at bombarding energies
around the Coulomb barriers. In order to synthesize neutron-rich nuclei, a variety of multi-nucleon transfer reactions were
used. The optimal choice of projectile-target combinations and bombarding energies for their production are suggested for
future experiments.
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2CDB13D
능선 구조는 고에너지 중이온 충돌에서 발견된다. 기존에는 유체 역학 모델로 이것을 기술했다. 하지만 충돌 입자의 개수가 많지 않을 때
유체역학 모델을 사용할 근거가 부족했다. 우리는 이것을 쪽입자와 제트입자의 운동량 전달 모델로 설명했다. 우리는 이 모델을 LHC의
Pb-Pb 충돌 데이터에 적용하여 능선 구조를 잘 기술함을 발견했다.
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2CDB13D
Positronium research is one of the best probes to discover new physical phenomena. Because of the unique system of
electron (particle) and positron (antiparticle), we can study unacceptable reactions in a standard model (SM). Positronium
possesses either singlet spin state (para-positronium: p-Ps) or triplet spin state (ortho-positronium: o-Ps). Especially, the
decay time of o-Ps (142 ns) is 103 times slower than p-Ps (125 ps). It means o-Ps provides an enhancement factor of 103 in
the sensitivity for new interaction. Therefore, o-PS is mainly focused on research in the new physics phenomenon.
Positronium experiments do not require high energy and can be constructed with Na-22 radiation source that emit
positrons. So, it is one of the few particle physics experiments that can be constructed on a laboratory scale. In this study,
we simulated the positron trigger by using the Monte Carlo simulation toolkits Geant4. Simulation results show that a 100
μm thickness of Plastic scintillator is sufficient to use positron trigger, however, the experimental environment can create
various noises and make the trigger signal indistinguishable. Thus, plastic scintillators thickness-dependent simulation and
experiments were performed. Trigger signal was increased on increasing plastic scintillation thickness, energy deposition
into the aerogel was reduced. The results of simulation and experimental are suitable to positron trigger measurement.
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2CDB13D
Neutron radiography facility of Bangladesh Atomic Energy Commission at AERE, Savar is in a transition period for
upgradation to the digital neutron imaging facility. The scintillation screen of the digital imaging system is under
investigation in this experiment replacing with glass samples to choose the combination of crystal for this purpose. The
glass samples were irradiated for 5 and 10 minutes separately by thermal neutrons at the tangential beam port of the BAEC
TRIGA research reactor at 2.2 MW power. 10Y2O3:60Li2O3:(30-1.5)B2O3:1.5Eu2O3 (mol%) has been selected from
three different glass samples of different compositions to be fabricated as crystal for having good sensitivity to thermal
neutrons.
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1창원대학교

2CDB13D
최근 핵융합로 블랭킷(Blanket) 후보 소재로 대표적인 저방사화(Reduced Activation Ferritic Martensitic, RAFM)강인 Eurofer97강
이 가장 사용 가능성이 높은 후보재로 거론되고 있다. 본 연구에서는 Eurofer97강의 미세조직 안정성 및 고온 기계적 특성에 영향을 미치
는 미세한 MX의 석출물의 양을 증가시키고자 Ta를 Ti로 치환한 Ti-RAFM강에 대하여 고온 특성을 비교 분석하여 고찰했다. 고온인장시
험 결과, 초기에는 (Ti,W)C의 형성으로 석출강화 된 Ti-RAFM강은 336 MPa의 강도를 보였으나, 열 노출(600℃/1000h) 후에는 급격히
감소하여 273 MPa로 측정되었다. 반면 기존 Eurofer97강은 초기에 304 MPa의 강도를 보였으나 열 노출 후에는 284 MPa의 강도를
보였다. 또한 Eurofer97강에서는 lath의 폭 증가량이 23 nm로 적었으나 Ti-RAFM강에서는 lath의 폭이 169 nm로 크게 증가되는 것으
로 보아 Ti-RAFM강의 열화속도가 빠르다는 것을 알 수 있다. 이는 열간 노출 중 Ti의 빠른 확산 속도와 관련이 있다고 사료되어 크기가 크
고 방사화가 낮은 Ta를 동시 첨가하기로 결정했고 그 결과 Ta/Ti RAFM강은 고온인장시험 및 크리프 시험에서 우수한 미세조직 안정성을
보였다. 열 노출 후의 고온인장시험에서 Ti-RAFM강은 약 11%의 항복 강도가 감소했지만, Ta/Ti RAFM강은 약 0.9%의 감소만 관찰되
었다. 이에 Ta/Ti RAFM을 적정 강재로 선정하였고 Ti의 첨가 효과를 확인하기 위해 Ta/High Ti RAFM강과 Ta/Low Ti RAFM강에 대해
비교 분석하여 고찰했다. 마찬가지로 고온인장시험 결과, Ta/High Ti RAFM강은 기존 Eurofer97강과 유사한 결과를 나타내었으나
Ta/Low Ti RAFM강의 경우에는 기존 Eurofer97강 보다 우수한 것을 확인하였다. 이를 바탕으로 550℃/200MPa 조건에서 크리프 시험
을 한 결과, Ta/Low Ti RAFM강이 1823시간으로 기존 Eurofer97강의 592시간 대비 약 3배 이상 크리프 수명이 향상된 것을 확인하였
다. 따라서 Ta/Low Ti RAFM강을 적정 강재로 선정하게 되었고 550℃/2.4×10-3s-1조건에서 Total strain amplitude를 각각 0.4%,
0.8%, 1.2%으로 하여 저주기 피로 시험을 실시하여 기존 Eurofer97강과 비교 분석했다. 그 결과 각각의 Total strain amplitude에 대
해서 Eurofer97강은 3504, 1375, 502 cycles의 피로수명을 보이며 Ta/Low Ti RAFM강은 2883, 720, 374 cycles의 피로수명을 보였
다. 초기 항복 강도는 예상대로 Ta/Low Ti RAFM강이 Eurofer97강보다 높게 얻어졌으나 Softening은 Ta/Low Ti RAFM강에서 더욱
빠르게 발생했다. 향후 피로 특성 저하 인자 분석을 통해 열화와 미세조직 인자들의 상관성을 확인할 예정이다.
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2CDB13D
초전도 양성자/중이온 가속기용 RF 커플러 (주파수 325 MHz)가 현재 고려대학교 가속기과학과에서 개발 중에 있다. 본 연구에서는 기
초 설계된 전자기장 모형을 바탕으로 정적, 동적 열 해석에 관한 예비 전산모사 결과를 소개한다. 또한, 열 및 외부 요인에 의한 구조 변형
으로 인한 피로도와 그로 인한 세라믹 창으로의 영향에 대해 예측한다.
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2CDB13D
핵공명 영역에서 103Rh에 대한 중성자 투과 및 103Rh(n, gamma) 포획 실험을 하였다. 실험은 벨기에 TOF 시설인 GELINA를 이용였
다. 중성자 투과 실험은 flight path 거리가 10 m, 50 m인 곳에서 하였고, 포획 실험의 경우 flight path 거리가 50 m인 곳에서 하였다.
중성자 투과 측정 실험에서는 중성자 검출을 위해 Li-glass scintillator 검출기를 사용하였고, 중성자 포획 실험에서는 gamma선 검출을
위해 C6D6 liquid scintillator 검출기를 이용하였다. 중성자 포획 실험에서는 입사 중성자의 flux 측정이 필요하여 10B 이온화 검출기를
사용하였다. 획득한 실험데이터로부터 GELINA에서 만든 AGL, AGS 코드를 이용하여 투과 및 핵반응 수율을 얻어 EXFOR에 제출 예정
이다. REFIT 코드를 사용하여 핵공명 파라미터들을 얻어 평가후 핵데이터들 (ENDF, JEFF, JENDL)과 비교하여 일관성있는 결과를 얻었
다.
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2CDB13D
Radon is the largest contributor to the radiation exposure of the population and most of that exposure takes place at
home. Radon is produced continuously from the natural decay of 238U, 235U and 232Th deposited in soils, rocks and water
all over the earth. The radioisotope 222Rn (T1/2 = 3.8 days), produced from the decay of 238U isotope is most important
because of its longer half-life while the other isotopes, 220Rn (T1/2 = 56 s) and 219Rn (T1/2 = 3.96 s), produced from 232Th
and 235U, respectively, are less significant because of their much shorter half-lives. It has been confirmed by scientist that
radon is the second leading cause of lung cancer in the general population after smoking. Feasible, cost effective as well as
accurate measurement techniques need to be developed in order to detect radon. We are developing radon detection
techniques with liquid scintillator and photomultiplier tube (PMT) using delayed coincidence technique (DCT) and Pulsed
Shape Discrimination (PSD) method implemented by digital charge comparison (DCC) method. In these ways isotopes
having a relatively short half-life can be selected out by their characteristic energy and decay-time distributions for the
sample. To estimate activity of radon (222Rn), the sub-chain 214Bi (Qβ = 3.27 MeV, T1/2 = 20 min) → 214Po (Qα= 7.83
MeV, T1/2 = 164 µs) can be used to estimate radon level in the time and energy interval by DCT with β and α requirements,
where PSD is used to identify β and α. Ultima Gold AB (UG-AB) was used for the detection radon decay product in water
sample (approximately 100 mL in 700 mL UG-AB sample) in the one liter of Stainless Steel (SUS) container. The data were
taken for 22 hours and a total of 1 million events were recorded. The trigger rate was 13 counts per second. We measured
the half-life of Po-214 to be 165 ± 7 µs which is consistent with expected half-life of 164 s.
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2CDB13D
Advanced Molybdenum-based Rare process Experiment (AMoRE) is using

40

Ca

100

MoO

4

(CMO) as a cryogenic phonon

100

Mo. The CMO single crystal is considered as one
scintillation detector for the neutrinoless double beta (0νββ) decay in
of the best candidates for the AMORE experiment due to its high light output among the molybdate crystals. This crystal is
grown from CaCO and MoO powders by Czochralski technique. The sensitivity of 0? Beta? Decay is affected by the
3

3

internal background from the single crystals as well as the materials used to build the detectors and surrounding materials.
208

232

214

226

238

Tl from
Th chain and
Bi among the
Ra decay products in
The main reasons for background impurities are
U chain. In order to minimize the impurities, the CaCO powders are used in the crystal growth technique. The purification
3

of tin was carried out using a horizontal zone refining technique and a low radioactivity lead-tin alloy was produced to
prepare a solder. The low radioactivity of the lead and purified tin were used in 40% and 60% respectively, for lead-tin
alloy production. The activities of the initial tin powder and the lead-tin alloys were measured using ICP-MS and HPGe.
210

Pb were found in the initial commercial tin powder and the
Relatively high levels of 460 ± 32 and 625 ± 57 Bq / kg from
final lead-tin alloy, respectively. Further studies on optimizing the purification techniques are ongoing.
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2CDB13D
It is very important to monitor the amount of radon (Rn-222) in the underground experiments such as rare process search
experiments with ultra low background requirements. The radioactivity from the radon can be a significant background
source to the experiments and need to be measured precisely. Over the last two years, the 70 L radon chamber detector
used in the KIMS experiment was upgraded and tested. The energy resolutions of alpha particles emitted from the decays
of the daughter particles were measured to be better than 0.6%. We have constructed two new radon chamber detectors
of a round shape design with a thin (~3 mm) stainless steel plate for a light weight and a more uniform electric field. The
inner surfaces of the two chambers were also electropolished to get rid of the radon daughters on the surfaces. We will
present performances of the two new radon chamber detectors and their calibrations.
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2CDB13D
고려대학교 핵물리 연구실은 지난 2-3월 미국 미시간주립대학(Michigan State University)의 국립초전도싸이클로트론연구소(National
Superconductor Cyclotron Laboratory: NSCL)에서 실시되었던 희귀동위원소빔 충돌실험에 참여하였다. 이 실험에서 우리는 특히 우
리나라에 건설 중인 중이온가속기RAON의 핵물리 실험장치 가운데 하나인 LAMPS에서 중성자 검출기의 데이터 처리를 위해 개발하였
던 Flash Analog to Digital Convertor(FACD)의 특성을 시험하였다. 즉 LAMPS FADC 전자장치를 NSCL의 중성자 검출기
인 LANA(Large Area Neutron Array)에 설치하여 검출기에서 생성된 신호를 취득한 후 분석하였다. 본 발표에서는 NSCL 실험 기간
중 LAMPS FADC를 사용하여 취득한 우주선 뮤온 데이터를 이용하여 LANA를 검정하는 과정과 그 분석결과를 발표하고자 한다.
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2CDB13D
We made the digital pulse analysis system which consists of a field- programmable gate array (FPGA) board with common
digital signal filters and trapezoidal filter. The FPGA contains an array of programmable logic blocks therefore it is possible
to put any algorithm in this board. Trapezoidal filter converts the exponential shape signal from preamplifier to a
trapezoidal signal whose amplitude is proportional to the energy. We found that there are three different types of
trapezoidal filters. The performances of the three filters are compared using a noise generator which generates Gaussian
noise and 1/f noise. We also studied the correlation of peaking time and resolution of filters. After choosing the best
trapezoidal filter and peaking time, we compared the performance of the conventional analog device with that of
trapezoidal filter.
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2CDB13D
This experiment is planned to study for the positronium annihilation. Positronium has two isomers depending on the spin
state, singlet and triplet known as para, and ortho positronium respectively. In the air, almost ortho-positronium viberate
with para-positronium therefore we can observe only para-positronium annihilation in the air. Th ortho-positronium
annihilation can take place only in vacuum; therefore in the proposed experiment Aerogel will be used to induce the orthopositronium annihilation, which can be detected by BGO scintillation crystals coupled to SiPM. Aerogel is a porous material
with a very low density, so in the Aerogel, ortho-positronium can be annihilated without any interaction. In order to
observe the collapse mode over 3-gamma, we set up observable setting in all directions. Triggers are also required to
observe collapse of more than 3-gamma to verify concurrency. Experiments are conducted to select the reflector and
thickness of scintillator to be used for this trigger. VM2000, Teflon, and Tyvek as reflectors, plastic and PEN films as
scintillators are tested and the result will be presented.
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2CDB13D
A silicon detector combined with a thin polyethylene converter and a collimator is designed as a simple proton recoil
telescope (PRT) detector for detecting 2.45 MeV neutrons from a D-D neutron generator. Monte Carlo simulations are
performed for a quantitative optimization of the geometrical parameters of the detector that determine the statistics and
the spectrum of recoil protons. On the basis of the optimized geometry, a 15 μm polyethylene converter and a 2.5 mm
thick stainless steel collimator are chosen for the design of a PRT. A test experiment is done by using 2.45 MeV neutrons
from a D-D generator at the Korea Research Institute of Standards and Science. Energy calibration of the silicon detector is
done by using proton beams from the MC-50 cyclotron at the Korea Institute of Radiological & Medical Sciences. A peak
corresponding to 2.45 MeV neutrons is observed. Neutron detection eciency of our PRT detector for 2.45 MeV neutrons is
found to be about 3*106.
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2CDB13D
We investigate the generation of a terahertz (THz) wave in a gaseous medium using a single-cycle laser pulse. We perform
theoretical calculations in which a single-cycle laser pulse (3 fs duration at the wavelength of 800 nm) with the peak
intensity of 1014 W/cm2 interacts with N2 gas for different carrier envelope phases (CEPs). The Ammosov-Delone-Krainov
(ADK) tunneling ionization model is used to describe the ionization of N2 by the laser pulse and to estimate the generation
of a THz radiation. The result of our calculation indicates that the THz radiation shows a strong dependence on the CEP of
the laser and is found to be maximum (most pronounced) at the specific CEP (90 degree). Furthermore, the amplitude of
the THz radiation decreases with increasing the duration of the laser pulse. Since the THz radiation is generated due to the
acceleration of electrons in a plasma, the intensity dependence of the THz radiation on the CEP and the duration of the
laser pulse provides information on the ultrafast electron dynamics in the laser-induced plasma.
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2CDB13D
A lot of metamaterials have been studied in a terahertz region due to convenient manufacture and efficiently measuring
both of amplitude and phase. Terahertz imaging system is the most suitable measurement for identifying terahertz nearfield distribution of metallic structure. However, high-resolution THz imaging, so far, has been relying commonly on
detection techniques that require either an ultrafast laser or a cryogenically-cooled THz detector, at the expenses of a lack
of sensitivity when high-resolution levels are needed. Here, we measured terahertz time-domain field imaging of graphene
metamaterial with a few micron resolutions using terahertz tip-probe system without complex detection techniques
explaining above. We demonstrated that the terahertz field distribution of graphene metamaterial with time as well as
frequency. The results pave the way to demonstrate a mechanism of terahertz field distribution in few micron metallic
structures and also the terahertz carrier dynamic study of emerged two-dimensional materials of few micron sizes such as
graphene, TMDC, topological insulator and so on.
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2CDB13D
Nano-water, or interfacial water, is ubiquitous in nature and is different from the bulk counterpart in many aspects,
including elasticity, dielectric constant and transition temperatures, etc [1]. Recent success in filling water within 10 nmwide metallic slot antennas opened a way to optically investigate such properties efficiently [2]. In this work we perform
terahertz spectroscopy on nano-confined water filled inside sub-10 nm slot antennas. In temperature-dependent
transmission measurements of water-filled nanogaps we observe two distinct transitions at 373 K and 350 K, which we
attribute to boiling of bulk water and nano-water, respectively. We also observe substantial decrease in terahertz dielectric
constant and absorption coefficient of nano-confined water, which is believed to be a consequence of reduced
polarizability caused by alignment of water dipoles near the surface [3]. Our study can be extended to infrared or even
visible wavelengths simply by changing the antenna length and therefore shows a way for broadband spectroscopic study
of confined molecules in a consistent manner.
References:
[1] K. V. Agrawal et al., “Observation of extreme phase transition temperatures of water confined inside isolated carbon
nanotubes”, Nature Nanotechnology , 267 (2017).
[2] J. Jeong et al., “High contrast detection of water-filled terahertz nanotrences”, Advanced Optical Materials, accepted.
[3] L. Fumagalli et al., “Anomalously low dielectric constant of confined water”, Science  , 1339 (2018).
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레^저X^오드!펌핑N4 *레^저특성연구

정치현1, 김도형2, 배지용2, 장지웅2, 한영찬2, 김경융2, 이종훈*1
1영남대학교 물리학과, 2대구과학고등학교
jhyi@yu.ac.kr

2CDB13D
Nd:KGW 결정을 중심파장이 804.7 nm인 LD로 펌핑하였다. 출력경의 반사율을 88%에서 98% 사이에서 다양하게 변화시키면서 LD
출력에 따른 Nd:KGW 레이저 출력의 변화를 측정하였으며, 발진 문턱, 기울기 효율, 공진기 손실 등을 조사하였다. 공진기 손실은
Findlay & Clay 방법을 사용하여 구하였다. 또한, 레이저 출력의 편광 특성, 스펙트럼, 선폭 특성도 측정하고, 실험 결과를 분석하였다.

5IG?B4C

Nd:KGW laser, solid state laser, diode pumped laser
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X^오드펌프알카Z원자증W에서의V효율광증폭

황종민1, 문한섭*1
물리학과
hsmoon@pusan.ac.kr
1부산대학교

2CDB13D
알카리 증기 원자를 이용한 고효율 레이저 개발은 높은 효율과 고출력 레이저 발진이 가능하다는 장점 때문에 많은 관심을 받고 있다. 본
연구에서는 세슘 원자 증기를 이용하여 작은 신호의 고효율 광증폭 현상을 관측하고 그 결과를 보고한다. 특히 고효율 광증폭을 위해서는
신호광 (seed beam)과 펌프광 (pump beam)의 공간 모드 일치가 매우 중요한 것으로 알려져 있다. 본 연구에서는 신호광과 펌프광의
공간 모드 일치를 위해서 하나의 단일 모드 광섬유에 두 빔을 동시에 결합시켜서 매우 낮은 펌프광에서 고효율의 광증폭 현상을 확인할
수 있었다.

5IG?B4C

알카리 원자 증기 레이저, 고효율 레이저, 고효율 증폭
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1건국대학교

오한별1, 김지선2, 김승은3, 박종락*3, 전재훈1
의학공학과, 2대구테크노파크 모바일융합센터, 3조선대학교 광기술공학과
ejrpark@chosun.ac.kr

2CDB13D
레이저 간접자극은 피험자의 피부에 부착된 레이저 흡수 매질에 펄스 레이저를 조사하여 체성 감각을 유도하는 기술이다. 본 논문에서는
레이저 간접자극의 피험자 인지와 매질 손상 문턱값에 대한 연구를 수행하였다. 본 연구는 한국연구재단을 통해 교육과학기술부의 미래
유망 융합기술 파이오니어 사업으로부터 지원받아 수행되었습니다(2011-0027920).

5IG?B4C

레이저 간접자극, 체성 감각, 레이저 흡수, 탄성 매질, 매질 손상
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복굴절필터를^용한파장U변형N9광섬유공진W의모드잠금펄
\파형분석
문수민1, 성준영1, 김지수1, 박영인1, 나은주1, 김현수*1
1조선대학교 광기술공학과
hskim21@chosun.ac.kr

2CDB13D
본 연구에서는 정상 분산 소자로만 구성된 광섬유 레이저를 설계하고 그 출력 특성에 대하여 분석하였다. 공진기 내에 삽입된 복굴절 필
터는 밴드 패스 필터로 작용한다. 이 복굴절 필터의 Optic axis와 입사면이 이루는 각에 따라 투과 특성을 조정하여 출력 중심 파장 가변
에 대하여 조사하였다.

5IG?B4C

birefringent tuner, Nonlinear Polarization Rotation, ANDi fiber laser, tunable laser
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모노블록화된,2, B,
레^저공진W의$ \위칭발진특성조[
김지수1, 성준영1, 문수민1, 나은주1, 박영인1, 김현수*1
1조선대학교 광기술공학과
hskim21@chosun.ac.kr

2CDB13D
본 연구는 기존의 차량 엔진용 점화플러그를 대체할 차세대 레이저 점화기 개발 및 연구를 수행하였다.
높은 피크파워(~ MW)를 가진 Q-스위칭된 Yb:YAG 레이저 출력을 얻기위하여 공진기 파라미터에 관여하는 펌프빔 크기, 공진기 길이,
출력거울의 반사율, 펌프빔 세기를 변수로 지정하여 각각의 변수에 따른 실험을 진행하였다.

5IG?B4C

레이저 점화기, Q-스위칭된 Yb:YAG 레이저

-750-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-op.009*

초V속레^저전W장재구성을위한\펙트럼위상간섭계

1광주과학기술원

김영규1, 2, 김지인1, 2, 이성구2, 3, 남창희*1, 2
물리광과학과, 2기초과학연구원 초강력레이저연구단, 3광주과학기술원 고등광기술연구소
chnam@gist.ac.kr

2CDB13D
최근 수 PW의 출력을 갖는 레이저들이 개발되어 극한 상황에서의 물리현상 연구에 사용되고 있다. 이러한 초고출력 극초단 레이저들은
많은 증폭기를 거쳐 증폭되므로 전기장이 위치에 따라 레이저의 전기장이 왜곡이 되어 있다. 따라서 초고출력 레이저의 전기장을 측정 평
가 하는 것이 중요하다. 그러나 초고출력 레이저들의 반복율이 낮아 기존에 개발된 다수의 펄스를 이용하는 방법으로 펄스의 전기장을 측
정할 수 없다. 본 논문에서는 초고속 레이저 펄스의 전기장 재구성을 위한 스펙트럼 위상 간섭계를 설계하고 시연하였다. 스펙트럼 위상
간섭계에서 나오는 줄무늬 무늬들은 제르니케 다항식의 차를 기반으로 그람-슈미트 과정을 통해서 얻어진 기저들의 합으로 표현되었으
다. 이를 통해 얻어진 계수들로 부터 파장들의 위상 정보를 계산하였다. 각 파장들이 갖는 위상정보를 이용하여, 푸리에 변환을 통해 초고
속 레이저 펄스의 전기장을 재구성 하였다.

5IG?B4C

극초단레이저, 초고출력레이저, 전기장 측정
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얇은V체매질을^용한V에너`펨토초레^저펄\압축

1기초과학연구원

김지인1, 2, 김영규1, 2, 성재희3, 이성구3, 남창희*1, 2
초강력레이저과학연구단, 2광주과학기술원 물리광과학과, 3고등광기술연구소
chnam@gist.ac.kr

2CDB13D
고출력 펨토초 펄스를 얇은 고체 매질에 조사하여 펄스폭을 추가적으로 압축하는 연
구를 수행하였다. 이러한 펄스 압축 방식은 초고출력 레이저 출력 증가를 용이하게
한다. 113 TW 레이저 펄스를 두께 500 um fused silica 2장에 통과시켰고 비선형
현상을 유도하여 스펙트럼을 80 nm에서 180 nm로 확장하였다. 시간지연분산을
chirped mirror를 통해 보상함으로써 14.5 fs로 펄스폭을 압축하였고 88%의 투과
율을 고려하였을 때, 첨두 출력은 213 TW에 도달한다. 또한 고체 내부에서 레이저
펄스 전파에 대한 3차원 전산모사를 통하여 스펙트럼과 빔 공간분포를 실험결과와
비교분석하였다. 그리고 공간분포가 고르지 않은 레이저빔의 사용으로 나타나는 부
분집속 문제를 공간 필터링을 통해 개선이 가능함을 전산모사를 통해 확인하였다.

5IG?B4C

레이저 펄스 압축, 고에너지 펨토초 펄스, 레이저 출력 증가
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안경원*1, 김진욱1
물리천문학부
kwan@phya.snu.ac.kr

1서울대학교

2CDB13D
Laser linewidth enhancement by eigenstate non-orthogonality has been researched for a long time. Linewidth broadening
is quantified by the Petermann excess noise factor K. It is pointed out that the Petermann factor diverges at an exceptional
point(EP), where eigenstate non-orthogonality is maximized. From these, the laser linewidth is predicted to increase
dramatically at the EP. On the other hand, high sensitivity at the EP has been addressed, recently. It is based on the fact
that eigenvalues near the EP are highly responsive to parameter changes due to their square-root-like eigenvalue variation
near the EP. We examined the linewidth broadening phenomenon from the viewpoint of this high sensitivity. Parameter
fluctuations were modeled with the Ornstein-Uhlenbeck process. The laser linewidth near an EP was obtained numerically
and approximated analytically. In our calculations, the laser linewidth was broadened and maximized at the EP. Relation
with the Petermann factor will be also presented.

5IG?B4C

Petermann factor, laser linewidth, stochastic simulation
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최선빈1, 2, 박진완2, 송만석1, 2, HIRAKAWA Kazuhiko3, 4, 이명재*1, 서정필*2, 정민경*1
1대구경북과학기술원 나노에너지연구부, 2대구경북과학기술원 신물질과학, 3동경대학교 생산기술연구소, 4동경대학
교 나노양자정보일렉트로닉스 연구소
myoungjae.lee@dgist.ac.kr, jseo@dgist.ac.kr, minkyung.jung@dgist.ac.kr

2CDB13D
We perform photocurrent measurements in few-layered ReS2 with multiple electrodes using scanning photocurrent
microscopy and investigate the photocurrent mechanism of the device. We investigate how the photocurrent responds to
the different configurations of a current-collecting electrode, ground electrodes and floating electrodes. Most interestingly,
when a single electrode is used as a current-collecting electrode, while all other electrodes are floating and, hence, the
circuit is open, the device shows a similar photocurrent response to that of a short-circuit. We suggest that the observed
photocurrent signal is due to the time varying electric field generated by local laser heating.

5IG?B4C

photocurrent, scanning photocurrent microscopy, ReS2, local laser heating
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김동민1, 문경순*1
물리학과
kmoon@yonsei.ac.kr
1연세대학교

2CDB13D
We have theoretically studied photonic lattice system built from the triple-leg stripline resonators (TSR) in circuit QED
system. Hexagonal arrangement of the conventional linear stripline resonators (LSR) can only form a Kagome lattice, which
has been extensively studied. Since the TSR has triple-legs, one interesting aspect of the TSR system is that one can build up
a photonic honeycomb lattice using the TSR as a basic building block.
Unlikely from the LSR, the fundamental intra-cavity microwave modes of the TSR are two-fold degenerate, which can be
viewed as Seff=1/2 orbital degrees of freedom of a photon. By forming a photonic honeycomb lattice made of the TSR, we
have calculated the band structure of our system and demonstrated that it exhibits Dirac dispersion at the K (K’)-points in
the momentum space. By placing a qubit at each TSR, we have investigated a variety of qubit arrangements to the TSR. We
have shown that for certain arrangement of a qubit to the TSR, it shifts the positions of the Dirac-cone in the momentum
space.
*We want to acknowledge the financial support by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (NRF-2016R1D1A1B01013756).

5IG?B4C

Photonic Honeycomb Lattice, Circuit QED, Triple-leg Stripline Resonator
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채널*M검출을위한 #!W반#집적화 연구

문형명*1, 곽승찬*1, 이지훈*1, 김진봉*1, 2
1(주)피피아이, 2전남대학교 화학공학부
moonhm@ppitek.com, chan@ppitek.com, jhlee@ppitek.com, jbkim@ppitek.com

2CDB13D
본 연구에서는 평판형 광도파로 기술(PLC)을 이용한 CWDM 칩의 제작과 PD를 집
적하기 위한 평판회로에 반사 식각공정을 활용한 광경로 제작 및 플립칩 공정을 통한
PD집적하여 원칩형 CWDM 광모듈을 제작하였다.
원칩형 CWDM 광모듈 제작과정은 1270nm ~1610nm 까지의 20nm 간격의 18채
널을 PLC 기반으로 설계, 제작되었다. 또한 입력된 광은 CWDM 소자에서 18채널
로 분리되고 PD로 광경로가 형성되도록 평판형 광도파로를 45도 식각하여 광도파로
를 통해 진행하는 광이 45도로 수직 상향으로 출력되어 PD에 검출되도록 하였다.
PD를 PLC 기반과 본딩되도록 하기 위해 PLC 기판에 솔더층을 형성하였으며, 플립칩
공정을 통해 PD를 본딩하였다. 완성된 CWDM 광모듈은 휴대용 계측기에 적용에 맞도록 인터페이스를 제작하여 휴대용 CWDM 광계측
기를 제작하였다.
휴대용 CWDM 광계측기의 주요특징은 –20dB에서 측정정확도는 0.11dB 이하이고 진동, 충격, 환경(-20~55℃) 신뢰성인 테스트에서
0.04dB, 0.02dB, 0.02dB이하의 특성을 보였다. 측정가능범위는 +10~-40dBm 까지이며, 측정시간은 완전수동방식으로 0.8초이내이
다.
* 본 연구는 산업통상자원부의 우수기술연구센터사업의 지원으로 수행되었습니다.

5IG?B4C

CWDM, 휴대용광계측기, 플립칩 본딩, 평판형광도파로기술(PLC )
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2CDB13D
Light absorbers have drawn significant attention in a wide variety of research areas, including photovoltaics,
sensors,

photodetectors,

and

thermoelectrics.

Although

various

plasmonic

and

photonic

nanostructure

configurations have been adopted to demonstrate the light absorption enhancement, a bandwidth of such light
absorbers is typically narrow, thus limiting their potential for many applications. In this study, we demonstrate a
broadband near-infrared metamaterial absorber, where indium tin oxide (ITO) is selectively deposited on a patterned
silicon substrate at a subwavelength scale, based on a combination of epsilon-near-zero (ENZ) and epsilon-near-pole
(ENP) resonances. The ENZ resonance that depends primarily on an ITO material is at ENZ wavelength of 1290 nm,
while the ENP resonance, which is easily tuned by altering a fill factor of an ITO nanograting structure, is created at a
longer wavelength regime to achieve light absorption over a wide wavelength range from about 1620 to 2100 nm.
Optical properties of the ITO 1D metamaterial absorber structures are investigated theoretically by using effective
medium approximations (EMAs) and numerically by employing the finite-difference time-domain (FDTD) method, which
present good agreement with experimental results. The strategy described in this paper may provide design principles
and guidelines for diverse photonic and optoelectronic devices with broadband absorption characteristics,
thereby opening up many potential applications.
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Atomically thin layers of transition metal dichalcogenides such as monolayer WSe2 have emerged as a promising material
candidate for optoelectronic applications. The ability to manipulate the spontaneous emission rate in this material is
necessary to improve the performance of optoelectronic devices. Here we experimentally demonstrate enhanced
photoluminescence (PL) of monolayer WSe2 via coupling to a microcavity. We directly contact microspheres with diameters
ranging from 2 to 7 μm on WSe2 to control the enhancement rate. We found that the experimentally obtained Purcell
factor agrees well with that calculated by the finite-difference time-domain (FDTD) simulation. The Purcell enhancement is
further supported by the direct measurement of the radiative decay rate of WSe2 with and without a microsphere. Our
finding provides a way to control optical properties of monolayer semiconductors for optoelectronic applications and
integrated nanophotonics.
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We investigate the field enhancement effect near a few 100 nm gold arrays illuminated by an optical field. The formation
of surface plasmons on the gold array is studied using the FDTD (finite difference time domain) calculation method. It is
found that the near field spectra and the absorption resonance frequency greatly depends on the design and dimension of
the gold structure.
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Wire-gird polarizers (WGPs) have placed central roles in a variety of applica ons such as imaging system,
display, and spectroscopy. However, tradi onal WGPs show low transmission eﬃciency in midwave
infrared (MWIR) and longwave infrared (LWIR) spectral regions, which is a ributed to a large index
contrast between air and IR-transmi ng substrates such as silicon (Si) and germanium (Ge). In this study,
we demonstrate the WGPs, where a metallic film is selec vely deposited on a Si nanogra ng substrate by
u lizing oblique angle deposi on (OAD), with the capability to reach ~80% transmission eﬃciency over a
broad range of the IR spectrum from 3 μm to 8 μm. It is no ceable that increasing a duty cycle of the
nanogra ngs leads to higher transmission eﬃciency, which is obviously diﬀerent from those observed in
exis ng WGPs where an array of the metallic wires is directly pa erned on a flat substrate. Op cal
proper es of the proposed WGPs are thoroughly explored by studying the field distribu on into the WGP
structures using a finite-diﬀerence me-domain (FDTD) simula on and an admi ance diagram employing
eﬀec ve medium approxima on with a thin film simula on. A significantly enhanced electric field is
formed in a narrow subwavelength gap, which is found to be responsible for achieving the broadband
extraordinary op cal transmission. The presented approach may open the door to various applica ons
including recogni on, remote sensing, and target tracking.
5IG?B4C
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In a driven acoustic Penrose-cavity, a half-illuminated mode(HIM), unexpected from finite-element mode simulations, was
observed in the low-frequency regime using schlieren imaging method. Here the penrose-cavity is a symmetric cavity
consisting of elliptical top and bottom boundaries and mushroom-shaped protruded boundaries in the middle. The
observed HIM can be explained as a superposition of the quasi-eigenmodes within the linewidth of the HIM. We have
reproduced it with computed eigenmodes of the Penrose-cavity by optimizing their complex amplitudes. We also verified
the observed interference phenomenon by changing the coupling between the eigenmodes and the external sound source.
We numerically investigated if HIMs can be formed in other symmetric cavities, such as circular, quadrupole, and stadium
cavities. The adjacent near-degenerate eigenmodes in different symmetry classes were used to create asymmetric mode
patterns corresponding to HIM with maximized contrast. By comparing HIM patterns in each cavity carefully, we then
proposed a proper definition of the degree of half-illumination and discuss the effect of the cavity shape on it.
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광간섭 단층 촬영기는 간섭계를 이용하여 생체 조직의 단층영상을 구현할 수 있는 광학영상기법이다. 최근 광간섭 단층 촬영기는 주파수
영역에서 간섭무늬를 측정하는 기법을 이용하여 고속영상 구현 및 고감도 영상구현이 가능하게 되었다. 광간섭 단층 촬영기는 파장 가변
이 가능한 광원과 하나의 수광소자를 이용해서 간섭무늬를 측정하거나 광대역 광원을 이용하여 간섭을 발생시키고 파장 구분이 가능한
분광기를 이용하여 측정하는 방법을 주로 이용하고 있다. 이중 분광기를 이용하는 경우 시스템의 구성이 간단하고 저렴한 장점을 가지고
있어 널리 이용되고 있다. 분광기를 이용하여 간섭무늬를 측정하는 경우 회절격자를 이용하여 파장별 간섭신호를 측정한다. 분광기에 입
사된 간섭신호는 회절격자와 결상 렌즈를 통과한 뒤 파면이 평면파가 아닌 구면파 형태로 진행한다. 회절격자를 통과한 간섭신호는 파장
별로 분산되어 선형 디텍터 어레이의 각각의 픽셀별로 다른 파장의 광세기를 매핑하게 된다. 이때 분광기의 선형 디텍터 어레이는 파면과
같은 구면이 아닌 평면으로 제작되기 때문에 측정되는 간섭신호가 실제 이상적인 간섭신호와는 달리 왜곡이 발생하게 된다. 이러한 왜곡
은 광간섭 단층 촬영기 영상의 감도를 저하시키고 측정 가능한 영상 깊이를 감소시키는 주된 원인이 되었다. 이러한 문제를 해결하고자
선형 디텍터 어레이에 도달하는 파면을 구면이 아닌 평면 형태로 변형시키고자 현미경에서 보편적으로 사용되고 있는 튜브 렌즈를 이용
하여 분광기를 개발하고 개발된 분광기로 측정된 간섭신호의 특성을 분석하고자 하였다. 실험적인 구현 이전에 광학 설계 프로그램을 이
용하여 구면 파면이 얼마나 평면 파면으로 바뀌는지를 확인하고자 하였다. 이 결과를 기반으로 일반적인 렌즈 대신 튜브 렌즈를 위치시켜
분광기 구현하였다. 분광기를 이용해서 측정한 간섭신호를 간섭계의 샘플단 또는 기준단의 광경로차를 변화시키면서 측정하고 광간섭 단
층 영상에서의 감소의 변화를 분석하였다.
This work was supported by the Ministry of Trade, Industry & Energy (MOTIE, Korea) under Industrial Technology
Innovation Program (No.10063530) and also supported by the National Research Foundation of Korea (NRF) grant funded
by the Korea government (MSIP) (No.2017R1A2B2009732).
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근래에 전기적 방법, 광학적 방법, 화학적 방법 및 생물학적 방법에 의한 생체물질의 특성에 대한 활성종 처리 효과 연구가 활발하다. 본
연구에서는 분광 계측 방법을 이용하여 Nucleobases의 특성 변화에 대한 활성종 (Reactive oxygen species, Reactive nitrogen
species) 및 자외선 처리 효과를 연구하였다. 활성종은 Atmospheric pressure plasma jet (APPJ) 또는 Dielectric barrier discharge
(DBD) 또는 Microwave plasma torch를 사용하여 발생시켰으며, 플라즈마 장치에서 발생되는 활성종은 Optical emission
spectroscopy 를 사용하여 분석하였다. 활성종으로 처리된 Nucleobases의 구조 특성 및 광 특성은 Absorption spectroscopy,
Circular dichroism spectroscopy, Fluorescence spectroscopy, Raman spectroscopy를 사용하여 분석하였다. 활성종 처리한
Nucleobase powder를 박막 형태로 만들어서 분광 특성을 측정하였다. 활성종 특성과 Nucleobases의 구조 특성 사이의 관련성을 조사
하였다.
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형광상관분광법은 미소영역에서 확산 운동하는 형광입자로부터 방출되는 형광신호의 연속적인 신호에 대해 시간에 따른 상관관계를 분
석함으로써, 입자의 크기, 속도, 입자 주변의 온도나 점성도에 대해 정량적인 정보를 얻어내는 기술이다. 일반적인 형광상관분광법이 입
자의 병진확산 운동 특성만을 고려하는데 비해서 광원으로 쓰이는 레이저광의 편광상태를 기준으로 입자에서 방출되는 형광의 편광상태
를 정의하여 편광 상태에 따른 상관함수를 얻을 경우 입자의 회전확산 특성에 대한 정보도 얻을 수 있다. 회전 확산에 의한 특성들은 입자
의 형태에 대한 정보를 포함하기 때문에 형태가 정형화된 입자들의 회전 확산 관련 상관함수 신호들을 비교함으로써 형태 정보를 규격화
할 수 있다.
본 연구에서는 단일 형광입자인 TAMRA, Alexfluor647과 DNA 양단에 TAMRA와 Cy5 염료가 각각 붙어 있는 시료가 30 wt%의 글리
세린 수용액에서 확산운동 할때의 형광상관함수를 측정하였다. DNA 시료에 532 nm광원과 632.8 nm 광원이 동시에 조사되었을 때,
편광상태에 따라 신호변화를 확인하고, 단일 형광입자에서의 편광 특성들과 비교하였다.
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고상반응법으로 Li2SrSiO2N4/3:Eu2+ 형광체를 합성하여, 광활성제인 Eu2+의 농도에 따른 결정성, 발광 특성 및 Si의
원료물질인 Si3N4의 분말크기에 따른 광학적 특성을 분석하였다. 원료물질인 Li2CO3, SrCO3, Si3N4 및 Eu2O3를 화학

양론적으로 공기 중에서 철저히 혼합하여 N2(95%)와 H2(5%)의 혼합기체인 환원분위기에서 제조하였다. 제조된 시료
들은 모두 230~530 nm의 넓은 영역에서의 효율적인 여기특성을 보이고, 568 nm에서 최대발광세기를 나타낸다. 이는
청색 및 UV LED에서 효율적인 여기가 가능하며, 450 nm LED와 결합하였을 때, 현재 상용 중인 YAG:Ce3+이 나타내는
백색광원보다 따뜻한 느낌의 백색광원으로 활용가능성이 높음을 보여준다. 또한 본 연구에서는 발광세기에 미치는
Eu2+의 농도의존성 및 Si3N4 원료 물질의 분말 크기에 따른 발광 효율세기에 대하여 조사하였으며, 모체물질 분말크
기가 제조된 시료 내에서 광활성 이온으로 첨가된 EU2+ 이온들의 여기 및 발광효율에 많은 영향을 미치는 것을 확인
할 수 있었다.
형광체의 발광효율을 높이기 위한 연구가 일반적으로 광활성제 및 부활성제에 의존한 반면에, 모체물질의 분말크기가
발광세기 및 여기특성에 영향을 미친다는 본 연구결과는 새로운 광기능성 물질 개발에 중요한 기초자료로 활용되리라
판단한다.

5IG?B4C

Li2SrSiO2N4/3, 발광스펙트럼, 여기스펙트럼, 고상반응법, 백색광원

-765-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-op.025*

%5D89>;9>7*1F5 #1BD93<5?=@<5=5>D1B9DID8B?E78D85M?496954
$E1>DE=B1C5BH@5B9=5>D
송(Song)민학(Minhak)1, 박(Park)민철(Mincheol)1, 이(Lee)상헌(Sangheon)1, 김(Ghim)재영(Zae-young)1, 이
(Lee)기준(Kijoon)*2
1한국과학영재학교, 2대구경북과학기술원 기초학부
kjlee@dgist.ac.kr

2CDB13D
The complementarity principle, which lies at the base of the Copenhagen Interpretation, has dichotomy of wave and
particle, denying the possible coexistence of wave and particle properties. In this research, however, we investigate on
whether the intermediate state between particle and wave can be experimentally observed. We propose a modified
experiment by implementing the variable beam splitter to the previous quantum eraser experiment. This leads to a simpler
and better understanding of the complementarity. We theoretically calculate the interference pattern in single photon
situation, and compare our calculation to the experimental (classical) simulation of the experiment we proposed. Through
this research, we were able to clearly figure out there exists the intermediate state between wave and particle, which
implies that the complementarity principle has to be modified.
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Photoinduced anisotropy was investigated in Disperse Orange 3 doped in poly (methyl methacrylate) (PMMA) thin films.
The anisotropy was generated by irradiating the sample with linearly polarized wave. Analytic solutions were derived from
the rate equations. It was used to analyze the dynamics of the anisotropic absorption. The anisotropic absorption was
measured under irradiation with high and low pump beam intensities. The experimental results indicate that the
isomerization plays a leading role at the early time evolution and the angular redistribution accumulates the trans isomers
in the perpendicular direction as time goes on. The parameters in the equations were determined by fitting the
experimental data during the buildup and decay of anisotropic absorption. This analysis method can be used to understand
the dynamics of photoinduced anisotropy in dye-doped thin films.
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탄소 나노 튜브는 탄소원자들이 육각형의 벌집모양으로 서로 연결된 고분자 탄소동소체로 다중벽일 경우 3000 W/m・K, 단일벽일 경우
6000 W/m・K 정도로 매우 높은 열전도율을 보인다. 이중 빔 방법과 열렌즈 효과를 이용하여 1.5 M 다중벽 탄소 나노 튜브 분산액의 투
과율과 열 확산도를 측정하였다. 레이저 빔의 진행방향으로 시료를 움직이는 z-scan 방법을 통해 비선형 광학계수들을 구하였다. 이 실험
에 사용된 가우시안 빔은 초점거리 4 cm인 렌즈에 의해 집속되었다. 펌프 빔으로는 파장 532 nm이고 세기가 30 mW인 DPSS laser를
사용하였고, 프로브 빔으로는 파장이 633 nm이며 세기가 5 mW인 He-Ne 레이저를 사용하였으며, 실험 시 펌프 빔 앞에 chopper를 두
고 투과율 변화에 따른 열렌즈 신호를 확인하였다. 실험결과를 통해 농도가 7.8 mM에서 감소할수록 선형 흡수 계수가 낮아졌고, 그 결과
초점에서의 빛 세기가 강해짐을 확인하였고 비선형 흡수율이 증가하며, 열확산도가 감소함을 알 수 있었다.
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Digital holographic microscopy (DHM) has a wide range of applications, from the analysis of microelectronic mechanical
systems (MEMS) to the measurement of cells. DHM can use spherical waves for recording digital holography to enlarge the
object wave being reconstructed, allowing the image recorded in the charged coupled device (CCD) to be magnified. This
allows the objects to be observed with more detail without the use of lenses. The novelty of the system is the incorporation
of lens-less magnification with DH to provide a compact system suitable precisely to fulfill the micro device measurement
requirements
In this paper we propose a compact and simple lens-less digital holographic. The lens-less magnification has achieved
using a diverging beam. The study of the digital recording mechanism of holograms, and reconstruction methodology are
explained. This simple microscope is based on off-axis digital holography and allows measurements in reflection geometry.
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마이크로캔틸레버의 경우 원자힘 현미경을 이용한 표면 형상 관측 및 동역학적 특성을 이용한 탐지 요소로써 응용되어 오고 있으며 이에
따라 압전 효과 등을 이용한 전기적 측정 방식과 함께 광편향 방식, 광학 간섭 효과에 기반을 둔 광학적 측정 방식에 대한 연구 개발이 진
행되어 왔다. 이들 중 현재 광학적 측정 방식이 그 주를 이루고 있으나 대부분의 경우 광경로를 따라 다수의 광학 부품의 세세한 정렬이 요
구되며 이에 따라 제작된 측정 장치의 소형화에 어려움을 겪게 된다. 실제 마이크로캔틸레버 기반 센서 기술에 있어 측정 방식의 소형화
는 매우 바람직하므로 본 연구에서는 수평방향으로 입사되는 빛과 마이크로캔틸레버의 거동에 따른 광학 신호의 변조를 이용하여 단순한
광학적 측정 방식을 제시하고 있으며 1차원 모형과 마이크로캔틸레버의 열노이즈 측정을 통해 매우 높은 변위 측정 감도를 가지고 있음
을 확인할 수 있었다.
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적외선 광학에서 냉각형 검출기는 검출기의 민감도를 높이기 위해 검출기 내부를 70 ~ 90 K 으로 냉각시킨다. 이에 따라 검출기는 내부
에 Cold stop을 가지게 된다. Cold stop은 렌즈의 경통 및 다른 구조물들에서 발생한 복사선을 차단하는 역할을 한다. 하지만 극저온으
로 냉각된 검출면은 광학계의 렌즈면에서 반사되어 Cold stop을 지나 검출면에 상이 맺히게 되는 현상이 발생한다. 이러한 현상을 나르
시서스라고 한다. 적외선 광학계는 나르시서스로 인해 온도분해능이 저하 될 수 있다.
본 논문에서는 NIR(Narcissus Intensity Ratio)을 활용한 나르시서스 분석 방법과 평면광을 활용한 나르시서스 분석을 통해 적외선 광학
계의 나르시서스를 분석하고 최소화 설계를 하였다.
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장거리 관측용 카메라의 일반적인 운용방법은 광각에서 표적에 대한 탐지를 하며, 망원으로 표적에 대한 인지/식별을 하게 되는데, 광각
카메라는 탐지성능이 저하되는 단점이 있다. 탐지성능 향상 및 넓은 시야를 확보하기 위해 고속 주사형 광각 적외선 카메라 설계 기술을
확보하였다.
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본 연구팀이 기존에 개발하였던 300 W급 경관조명용 LED 투광기의 문제점을 개선하고 출력을 향상시켜 600 W급 경관조명용 LED 투
광기를 설계 및 제작하였다. 기존 12×9 LED 배열을 16×16 배열로 확장하여 좀 더 세밀한 점, 선, 면, 문자, 캐릭터 및 각종 영상의 투영
이 가능하도록 하였으며, 방수 및 방열 성능을 향상시켰고, 투광기의 외관미와 연출효과의 극대화를 위해 프레넬 렌즈를 내장할 수 있도
록 구조와 외관을 디자인하였다. 본 논문은 산업통상자원부 디자인혁신역량개발사업으로 지원된 연구결과 입니다(10054112, 인터렉션
디자인 기반의 경관조명제품 개발).
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LED 등명기는 현재까지도 많은 연구 개발이 되고있지만 대부분의 LED 등명기는 평행광을 만들기 위해 까다로운 제작 방법과 많은 비용
을 필요로 하는 Fresnel lenses를 사용하고 있다. 이러한 문제를 해결하기 위해 두개의 반사판을 사용하여 평행광을 만들어주었으나, 현
재의 이중 반사 등명기는 다수의 LED chip을 설치하기 제한되기 때문에 중・대형급 등명기를 사용하기에 광량이 부족하였다.
중・대형 등명기를 사용하기에 부족한 광을 채워주기 위해 standing bar를 이용하였다. Standing bar의 head 부분에는 150 W급 LED
chip을 사용하여 주었으며, bar 부분에는 다수의 13 W급 LED chip을 설치하였다. Bar에 위치한 LED chip의 균일한 수평배광을 만들어
주기 위해 standing bar와 렌즈의 광학설계 및 시뮬레이션을 시행하였다.
이중 반사 LED 등명기의 광도 및 소비전력을 개선하기 위해 비교대상으로 기존의 이중 반사 LED 등명기를 참조 하여 광도 및 소비전력
등을 분석하였고 국내 해상용 등명기 표준규격서를 참조하여 부동광도 및 발산각을 설정하였다. LED chip은 CREE사의 CXA 3590과
XHP 35의 데이터를 사용하였으며, 광학 설계 프로그램인 Lighttools를 이용하여 시뮬레이션 하였다.

감사의 글
본 연구는 부경대학교 산학연연구단지 조성사업의 지원을 받아 수행한 논문임
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In this paper, we propose the design of a light source device using a light guide plate (LGP) combined with a plastic optical
fiber (POF) that has a cladding with fine light-emitting grooves. The designed light source device can be used with flexible
liquid crystal display (LCD) panels for future consumer-oriented display technology. In addition, we performed computer
simulation to analyze the light efficiency, taking into account light transmission control conditions in the POF. The results
confirmed that the brightness uniformity of the LCD panel could be improved more easily by controlling the length and
curvature of the POF when the light source is coupled to the side of the LGP than when it is inserted in the LGP. Further,
we observed that the amount of emitted light improved when the number of light emission grooves in the POF cladding
close to the light-emitting diode light source is limited. We also propose a method to improve the directionality of the light
efficiency of the LGP by controlling the spacing of the light-emitting grooves so that the light can be transmitted to the end
of the flexible POF.

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government
(MSIP) (No. 2017R1C1B5076180).
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In recent years, most electronic devices have become thinner and thinner, therefore, related parts also have become
smaller. In particular, a three-dimensional stacked semiconductor packaging process has been proposed in which a plurality
of wafer chips, which have been completed, are vertically stacked to increase the degree of integration. The most
important issue in this regard is Through Silicon Via (TSV). TSV is a package method that forms a vias hole that vertically
penetrates various chips when stacking semiconductor chips and then transmits electrical signals between chips by filling
conductive materials. It is a package type in which the connection length between chips is reduced, It is possible to realize
miniaturization. Meanwhile, it is ideal that the vias are formed so as to have the same depth and diameter on one wafer.
However, when vias are formed at different diameters or depths, voids are formed inside the vias, hole may be filled with a
less conductive material. When a defective chip is stacked with another wafer chip, some circuits may not be electrically
connected, resulting in defective products. Due to the nature of the semiconductor industry, high yields are not only linked
to high profits, but mobile subcontractors are also strongly demanding quality enhancement, requesting subcontracted
data. Mobile-related mounting technology is rapidly evolving, and bad products in the smartphone market have entered
the mature stage, adversely affecting brand recognition (Samsung Electronics, Galaxy Note 7 controversy, production
discontinuation and loss of 3 trillion won in opportunity cost - August 2016 ), And raw materials companies want to
prevent as much leakage as possible before final product shipment. As this psychology has been communicated to the
suppliers, the demand for the inspection tool, which is a countermeasure solution, has been increasing. Naturally,
inspection of the defect of the via hole formed on the wafer has become an essential process in the manufacturing process
of the 3D semiconductor package using TSV. The problem is that the more defects are inspected to increase the yield, the
slower the shipment of the product. In order to maximize profits through shipment faster than competitors, suppliers are
forced to choose products that are delivered quickly. In response to these demands, it is also essential for suppliers to
accelerate the process of shipment. There are several methods to detect defects such as focused ion beam (FIB), scanning
electron microscope (SEM), atomic force microscope (AFM), ultrasonic inspection and infrared inspection. However, due to
reasons such as sample destruction or frequency incompatibility, It is not easy to detect defects through. On the other
hand, the nondestructive inspection using X-ray is most suitable for inspecting internal defects because it not only does not
destroy the sample, but also easily transmits the metal and silicon.
The problem is that conventional device's capable of inspecting TSVs have the disadvantage that it is difficult to inspect
large areas which resulting in delayed shipment due to the late inspection speed. In this study, I have developed a device
capable of inspecting wafers with a large area using a large number of small X-ray tubes.
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The Belle II experiment is an e+ e- collision experiment. Its major aim is to discover new phenomena beyond the Standard
Model in the particle physics field. The Belle II experiment’s integrated lumniosity is planned to be 50 times greater than
that of the previous Belle experiment. This high luminosity makes Belle II experiment appropriate for the investigation for
the rare decay such as D0 to l+ l'-. In this study, reconstruction efficiency of the signal events and the origin of background
events were investigated using the Belle II software framework basf2. The reconstruction efficiency were determined based
on the particle criteria such as likelihood ratios of particle identification variables, kinematic variables of reconstructed D0
and D*+ particles, and vertexing information. It turned out the background events were mostly from the B metons, other D
mesons, and fragmentations. We also compared our result with the previous Belle analysis.
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Amid data deluge at the LHC, muon physics object from the resonance such as W boson and Z boson is often used to
trigger the events which are interesting not only for the standard model measurements but also for searching for new
physics. In order to distinguish the muon from the semi-leptonic b decay, traditionally the sum of the transverse
momentum of surrounding particles with respect to the muon is used at the CMS. In this study, we exploit the multiple
variables such as proximity or multiplicity of surrounding particles in the deep neural network framework. We will present
how this new approach can improve the performance compared to the traditional method.
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The SUSY produced through pure electroweak Vector Boson Fusion processes search is presented. In VBF production, two
energetic jets having a large invariant mass are in opposite hemispheres of the detector. This search strategy uses
these characteristics.
Electrowikino production decaying in sleptons and neutralinos is considered for the main signal process. The VBF
production has a very small cross section, but the VBF signature helps to lower down SM backgrounds. The main SM
background is the Z -> vv + jets production, and the second is the W -> lv + jets production.
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We present the search result of charged Higgs boson in top quark pair events using the CMS data from pp collisions at 13
TeV. In this search where charged Higgs bosons are lighter than top quark, they can appear in top quark decays as like t>H+b. In particular, the branching ratio of charged Higgs decay into c b-bar can be enhanced in type-Y two Higgs doublet
model.
In the lepton+jets channel of the Standard Model top pair events, the final state has one lepton, four jets (two b-jets and
two light jets), and missing transverse energy. If the charged Higgs is produced from top decay, three b-jets are expected in
the final state. Thus, a search for the light charged Higgs at two & three b-jets channel is performed using 36.4/fb of the
data.
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Throughout the Run-I and II, efficiencies of CMS RPC chambers have been measured based on the extrapolation from
DT/CSC segments. We can do similar measurements, based on extrapolation of inner tracks. We present the measurement
of the RPC chamber efficiency using Run-II data sample collected in pp collisions at sqrt{s} = 13TeV with the CMS detector
at the LHC. The efficiency is measured using tag and probe method and mix of track extrapolation and segment
extrapolation method. From this analysis, we can check roll by roll efficiency and history of each roll. Additionally, we
suggest an efficient way to check rolls with problems. The average efficiency of RPC chamber is measured to be 94.47%
for barrel and 95.02% for endcap respectively.
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In High Luminosity LHC, redundancy for momentum measurement and efficient trigger selection will be more important for
the CMS muon system. But, the current CMS muon system has no sufficient coverage in very forward region in muon. To
improve the coverage of forward region in muon system, one of the new GEM detectors, ME0 station will be installed
behind the High Granularity Calorimeter. In this very forward region, pixel tracker can be also covered by Phase II upgrade
pixel detector. We studied the pixel track matching with ME0 muon object in order to help reducing the level-1 muon
trigger rate while keeping sufficiently high signal muon trigger efficiency in the high eta region between eta 2.0 and 2.8.
The new level-1 pixel trigger algorithm matching with ME0 station for CMS phase II upgrade is presented.
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We present status report of a search for rare
meson decays to 4 leptons with kaon using the full
data sample
pairs collected with the Belle detector at the KEKB asymmetric energy
collider. We reconstructed a
of 772M
dark photon using lepton pair and reconstructed B meson using a Kaon and two dark photons. In this presentation, we
show the results of signal extraction procedure and expected upper limit of
meson branching fraction on Monte Carlo
samples.
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The Belle experiment at KEK, Japan recorded 711 fb-1 data collected at the Y(4S) resonance with an asymmetric-energy
e+e- collider. B0 → KS0KS0gamma decay via b→dgamma with a loop is explained with a penguin diagram at the lowest
level in the standard model (SM) so that it is sensitive to new physics beyond the SM. This decay mode has not been
measured and we aim to search B0 → KS0KS0gamma using a full data sample of
for signal and background of B0 → KS0KS0gamma.
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Belle II experiment using SuperKEKB collider at KEK in Japan has been constructed to probe the New Physics effect using
heavy quark and lepton weak decay. For primitive physics data acquisition, sub-system calibration and stress test of the
Belle II experiment, Phase II process with beam injection was conducted from April to July 2018. During trigger and DAQ
operation upon beam collision, it is important to monitor the Belle II detector status against an unexpected situation for
stable operation. Slow control system consists of user module part, which provides GUI based monitoring and controlling
function, database part for offline experimental parameters based on PostgreSQL and archiver part for storing real-time
results based on EPICS(The Experimental Physics and Industrial Control System) archiver appliances and tomcat which is
open‐source java servlet container. NSM2(Network Shared Memory for Belle 2) is a core technique of slow control system
which make it possible for all sub-systems connected to belle II server to share data.
In this study, we report the development of slow control system for the Belle II electromagnetic calorimeter (ECL) trigger
system and how this system is utilized during Phase II.
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The Belle II experiment is one of the leading flavor intensity frontier experiment to search for physics beyond the Standard
Model. Before final data taking, phase 2 run was performed and successfully completed. But still many parts need to
update and improve, then we discuss the phase 2 operation result and update plans for phase 3 data taking. In this
presentation, we especially introduced status and plans for the monitoring GUI, EPICS Archiver Appliance, Alarm daemon &
GUI, and two of slow control programs which called nsm2cad and nsm2socket.
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We study the rare semileptonic decays B+ -> l tau (tau to single charged particle and neutrino(s)), using Monte Carlo based
simulation data from Belle detector at KEKB e+e- collider. One of the B meson from Upsilon(4S)->B+B- is fully
reconstructed by FEI(either hadronic or semi-leptonic mode), while remaining particles are from signal B decay. The Toolkit
for Multivariate Data Analysis with ROOT(TMVA) is used to improve signal purity.
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The JSNS2 experiment aims to search for the existence of sterile neutrino at J-PARC. A 1 MW beam of 3 GeV protons
incident on a spallation neutron target produces an intense neutrino beam from muon decay at rest. The experiment will
search for muon anti-neutrino to electron anti-neutrino oscillations which are detected by the inverse beta decay
interaction, followed by gammas from neutron capture on Gd. We study the effect of frontend electronics (FEE) by
comparing the signals before and after passing through the FEE, which is essential to PSD (Pulse Shape Discrimination).
The effect of FEE and the implementation of the effect into JSNS2 DAQ simulation of JSNS2 is presented.
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The JSNS2 experiment searches for sterile neutrinos by measuring neutrino oscillations with a 50 ton liquid scinitllator
detector located next to the intense neutrino source at the mercury target of the MLF (Material and Life science
experimental Facility) in J-PARC. The experiment offers an ultimate and direct test of the LSND anomaly. Neutrinos are
produced predominantly by muon decays at rest. The JSNS2 detector consists 17 tons of gadolinium loaded liquid
scintillator as a neutrino target and 32 tons of unloaded liquid scintillator surrounding the target.
In this presentation, we report the status and plan for production of 32 ton liquid scintillator in Korea for the JSNS2
experiment. The liquid scintillator is produced at the RENO liquid scinitllator production site and is aided by the expertise
and know-how of the RENO collaboration.
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2CDB13D
The GBAR experiment is to measure the free fall acceleration of antihydrogen atom in the earth gravitational field. To make
a large number of antihydrogen atom efficiently, trapping and cooling of antiproton beam before the reaction is important.
A penning trap composed of high field superconducting solenoid and multi-ring electrodes(MRE) to form a harmonic
electric potential is designed. In order to keep the antiprotons for long enough time from annihilation by the collision with
residual gas atoms, ultra-high vacuum lower than 10^-12 torr is necessary. Cold beam pipe at 4K temperature is designed
for such a high vacuum. We also present the room temperature test setup of the trap using the electron beam that does
not require such a high vacuum.
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2CDB13D
우주에서 오는 뮤온을 검출하기 위해 GEM chamber가 10개(수직) X 3개(수평)로 설치된 Cosmic stand 가 있을 때 데이터를 분석하여
30개 GEM chamber 의 정확한 위치를 측정 및 교정한다.
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2CDB13D
The GBAR(Gravitational Behaviour of Anti hydrogen at Rest)experiment aims to measure the free fall of neutral antihydrogen atom in the gravitational field. The Time of Flight Detector(TOF) for GBAR is to measure arrival time of particles
produced by annihilation of antiprotons. The TOF consists of 4 walls of scintillation detector with 12 bars of plastic
scintillator for each wall. We build and installed two walls of TOF in the experimental area at CERN. With the current
setup TOF detect secondary particles from anti-proton beam which generated by ELENA and decelerated down to 10 keV.
The performance of the TOF for understanding the antiproton beam quality is reported.
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2CDB13D
The AMoRE (Advanced Mo based Rare decay Experiment) Phase-II needs detector crystals with ultra-low levels of
radioactive contamination (in partucular, < 4 uBq/kg of 228Th) to achieve the zero-background level in the region of
interest (ROI) of the neutrinoless double decay from the 100Mo. The raw material of the crystals, isotopicaly-enriched
100Mo powder (100MoO ), should have low contamination. An array of fourteen High Purity Germanium (HPGe) detectors
3

(each with relative efficiency of 70 %) named CAGe (Cup Array of Germanium) was constructed at the Yangyang
underground laboratory (Y2L) in the spring of 2017 for high-sensitivity measurements of radioactive isotope activities. A
sample of ~ 10 kg of 95 % enriched 100MoO3 powder was counted on the CAGe for about three months, and
background data were collected for about two months. Analysis of specific activities of various radioactive isotopes will be
presented.
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2CDB13D
Advanced Mo-based Rare process Experiment (AMoRE) is a search for neutrinoless double-beta decay of 100Mo using
CaMoO4 crystals in YangYang Underground Laboratory.
In underground experiment, gamma from U/Th contaminations is one of background sources and Pb shields are installed
to reduce gamma.
Small fraction of gammas inside rock escapes from rock into cavity and more small fraction of gamma from rock surface
arrived at detector after Pb shielding.
It is not efficient and easy to simulate full decay chains of U/Th at the rock in brute force method.
We used two reference surfaces in AMoRE dector configuration and we performed simulations using reference spectrums
at each surface for 238U, 232Th, and 40K.
Detailed methods and the results of the lock simulation will be presented in the poster.
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2CDB13D
AMoRE (Advanced Mo-based Rare process Experiment) is an experiment, searching for neutrinoless double-beta decay of
100

Mo using CaMoO4 crystals. AMoRE experiment is aiming to operate at zero-background condition and it requires
extremely low radioactive background rate from detector materials including crystals. A Monte Carlo simulation using
GEANT4 toolkit was performed to investigate background sources and their contributions. Effect of U/Th contaminations in
detector materials with high activity such as pin connector, stycast, and PCB parts were simulated. In the latest detector
setup (AMoRE-pilot Run-6 configuration), those three material parts were replaced. Details on the studies of the
background simulation will be presented.
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2CDB13D
The AMoRE-II is phase II of the AMoRE experiment with about 200 kg of Molybdate crystals to search neutrino-less double
beta decay of Mo-100. If we observe the neutrinoless double beta decay, it means that the neutrinos are Majorana
particles and we can measure their masses. We studied effects of neutrons and gammas in the crystals which are induced
by cosmic muons. Details on the studies will be presented.
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2CDB13D
AMoRE (Advanced Mo-based Rare process Experiment) is a large-scale low temperature detector to search for neutrinoless
double beta decay (0νββ) of 100Mo. The project employs MMC readouts for simultaneous phonon-scintillation detection
from scintillating crystals containing 100Mo elements. Because heat capacities of the detector components and MMC
sensitivity vary with temperature, signal amplitudes drift over a long time period as the base temperature fluctuates. This
effect degrades the energy resolution of the calorimetric detection at low temperatures. By installing a Joule heater
attached to the detector to inject periodic and controlled amount of heat, we produce reference signals that can be used
for gain stabilization. We report on the fabrication and the characterization of Joule heaters together with test results for
AMoRE application.
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2CDB13D
Advanced Molybdenum-based Rare-process Experiment (AMoRE) will search for neutrinoless double beta decay(0νββ) of
Mo-100 isotope using scintillating crystals through simultaneous detection of temperature change and scintillation at millikelvin temperatures. To observe such rare events, AMoRE aims to reach zero-background to maximize the detection
sensitivity. Thus, we have been trying to identify and reduce the background throughout the last six runs of the AMoREPilot experiment, which is a commissioning phase of the project. Recently, some parts of the detector materials with high
background rates have been replaced by more radio-pure materials, and a neutron shield was added to the outside of the
cryostat in run 6 period. This presentation summarizes the changes made in run 6, and analyzes the impact of the changes
to compare with run 5.
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2CDB13D
High energy muons produce 8He and 9Li isotopes which decay to a neutron and an electron mimicking an inverse beta
decay of an electron antineutrino. It is one of the main backgrounds in reactor neutrino experiments. In this presentation,
we report the 8He/9Li background spectrum and their relative rate which are measured using the data taken by the RENO
experiment and Monte-Carlo simulation.
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2CDB13D
The JSNS2 experiment will search for a sterile neutrino with short baseline (~24m) using a high intensity neutrino beam
produced from muon decays at rest at the J-PARC MLF (Material and Life science experimental Facility). The experiment
considers use of 10-inch Hamamatsu PMTs that are also used by RENO and Double Chooz. A study has been made to
understand the PMT saturation behavior with various gains, in order to find a linear-response region of the PMT for the
JSNS2 experiment. In this presentation, we report the results of the PMT saturation study.

5IG?B4C

jsns2 neutrino

-807-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-pa.032*

51C929<9DI&DE4I?>N5EDB9>?49B53D9?>1<9DI=51CEB5=5>DG9D8
%N"
주경광*1, ZOHAIB Atif1, 서준후*1, 곽필준1, 김재률1, 문동호1, 박경환1, 박영서1, 신창동1, 임인택1, 김우영2,
CHEBOTERYOV Serguey2, 최준호3, 박명렬3, 장한일4, 권은향5, 김상용5, 김수봉5, 서현관5, 이동하5, 이현기5, 김
종건6, 김종현6, 서지웅6, 유인태6, 전상훈6, 정다은6, ROTT Carsten6, 장지승7, 유종희8, 주기원8
1전남대학교, 2경북대학교, 3동신대학교, 4서영대학교, 5서울대학교, 6성균관대학교, 7GIST, 8KAIST
kkjoo@chonnam.ac.kr, zhwkzm85@gmail.com

2CDB13D
From August 2011, RENO started data collection. RENO has observed reactor anti-neutrino events with neutron capture on
gadolinium (n-Gd) in the target region. We first try to measure the neutrino direction with these n-Gd samples. In addition,
we have tried to measure neutrino wind vector. There made different cases of data to empower the evidence of neutrino
direction. These independent measurements provide a valuable cross-check and results for neutrino direction. In this
poster, we will briefly present the results of neutrino directionality measurement with nearly 2000 days of (n-Gd) data
sample.
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2CDB13D
The RENO experiment has been taking data since Aug. 2011 and has seen decrease of observed charges by time. The
reduced charges come from decreased attenuation length of gadolinium loaded liquid scintillator and decreased number of
active photo-sensors. This resulted in a non-uniform charge response in the detector and worsened the energy
resolution. We have developed a charge correction method using the peak energy of neutron captures on gadolinium. In
this talk, we present the charge correction methods to make the observed charge response constant in time and uniform in
the detector volume.
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2CDB13D
The RENO experiment has been taking the data since 2011. The detector degradation because of decreased number
of active PMTs and decreased attenuation length of liquid scintillator, the reconstructed vertex become worse. We have
developed modified the vertex reconstruction to recover the reconstructed vertex to early 500 days vertex. This
presentation will show how to recover the vertex to early 500 days vertex.
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2CDB13D
The Korean Neutrino Observatory (KNO) is proposed to be built in order to solve fundamental problems in neutrino and
particle physics and detect astophysical neutrinos. The next generation underground detector will use 250 kton ultra
purified water and about 40,000 20 inch photomultiplier tubes.We have been developing a large water purification system
in cooperation with the DICOTech Co. and plan to obtain a cost estimate.In this presentation, we report our effort to
develop a Radon gas removal system from water and a high sensitive Radon measurement device.
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2CDB13D
NEOS stands for Neutrino Experiment for Oscillation at Short baseline and its purpose is to search for sterile neutrinos
using a reactor in Hanbit Nuclear Power Plant in Yonggwang, Korea. The NEOS detector has 4 major parts - "Target"
to cause inverse beta decay (IBD), "Buffer" to detect lights from the IBD signal, "Muon counter" to veto cosmic muons, and
"Shielding" to block external backgrounds. Gd loaded liquid scintillator is used as "Target" and 8-inch photo-multiplier
tubes (PMTs) are used as "Buffer". "Muon counters" consist of plastic scintillator, optical guide, and two 2- or 5-inch PMTs.
"Shielding" include lead shield for blocking external gammas and borated poly-ethylene shield for blocking neutrons. In this
presentation we describe each component of the NEOS-II detector in detail, its preparation and installation processes.
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The COSINE experiment has been taking physics data with an assembly of NaI(Tl) crystals and the aim of confirming or
refuting the annual modulation signal reported by DAMA/LIBRA using the same target/detector material. In order to tag
and suppress cosmic-ray muons-induced events, a muon detector was constructed using an array plastic scintillator panels
that completely surround the crystal detector array and its radiation shield. High energy muons in the NaI(Tl) crystals
and low energy scintillation signals corresponding to muon-induced phosphorescence events with half-lives longer than a
few seconds are recorded and characterized. The muon flux in the COSINE experimental room, and a study of muoninduced phosphorescence events in the COSINE-100 detector crystals will be presented.

5IG?B4C

COSINE-100 experiment, dark matter, phosphorescence events, muon-induced events

-815-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-pa.040

1D113AE9C9D9?>CICD5=6?B1H9?>41B;=1DD5BC51B385H@5B9=5>D
EC9>7 'H'&=17>5D1D## I&
박고래프란츠2, 김강흔2, 양병수1, 김동락1, 김종국2, 민병훈1, 박희준1, 안무현3, 유종희*1, 2, 윤호진2, 이영재2, 이
지영1
1Institute for Basic Science (IBS), 2Department of Physics, Korea Advanced Institute of Science and
Technology (KAIST), 3Department of Physics, Seoul National University
yoo.jonghee@kaist.ac.kr

2CDB13D
The axion is a hypothetical particle solving the strong CP problem and it is also a dark matter candidate. The axion’s
coupling with conventional matter is expected to be miniscule. In this experiment, its coupling to microwave domain
photons is exploited. A frequency-tunable resonant cavity is used to scan the expected axion mass range (3.7~6.5 GHz).
Since the power of the signal is small, long term data should be collected. It is thus necessary to develop a high efficiency
DAQ system in order to minimize dead-time of measurement. In this study, we develop optimized DAQ methods
minimizing dead-time and we verify the quality of our ADC (Analog to Digital Converter). The data loss from the ADC has
been proved to be less than 1e-7. Also data quality has been checked for 98% of data within 6.8% error of data
amplitude. In addition, to reduce data size, averaged frequency domain data by multi-threaded FFT are stored to disk,
instead of the huge size of time domain data. In this poster, we present the DAQ system setup, its efficiency and FFT
performance based on multi-threading.
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Axions, originally suggested as a solution for the strong CP problem, are excellent candidates for cold dark matter.
CAPP18T at IBS is an axion dark matter search experiment using the axion haloscope, which aiming to detect RF signal
from axion-photon conversion inside a resonant cavity in a strong magnetic field. Since the frequency of the RF signal,
related to the axion mass, is a free-parameter and unknown, the frequency of the resonant cavity should be tunable for the
signal scan. We made resonant a cavity with a tuning system using a rotating tuning rod controlled by stepping motors. In
this poster, we discuss the tuning system and the cavity properties measured as the tuning rod rotates in both room
temperatures and low temperatures with and without magnetic fields.
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Dark matter and dark energy make up more than 95% of the universe. Among these components, dark matter has only
gravitational interactions. Axion is one of the strongest candidates of the dark matter. If axion exists, axion may be the
solution to the strong CP problem. In order to detect the dark matter axion, we design an axion haloscope experiment. The
experiment is equipped with strong B field magnet, high quality factor microwave cavity with frequency tuning-rod, low
noise amplifier with high gain, and dilution refrigerator. Our detector is designed to be sensitive to the axion mass range of
4.757-5.01 GHz which is correspond to the axion mass range of 19.67-20.72 ueV. In this presentation, we report the
CAPP18T dark matter axion search experiment setup and resutls which utilizes the 18T High Temperature Superconducting
solenoid magnet.
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원전중성미자는 원자로의 핵분열 과정에서 생성되어 검출기내의 양성자와 충돌하는 역베타붕괴(Inverse Beta Decay , IBD) 반응을 일으
킨다. 역베타붕괴에서 생성되는 양전자는 쌍소멸하며 빛을 내고 중성자는 주변의 원자핵에 포획되는 과정에서 빛을 내게 되는데 각각의
신호에 시간차이를 이용하여 구별한다. 이 때 생성된 빛은 광증폭관에 도달하는데, 사용된 액체섬광검출용액의 감쇠거리에 의존한다. 본
포스터는 감쇠거리를 측정하기 위해 길이가 길어진 새로 제작한 큐벳셀 방식을 이용한 측정 결과를 간단히 발표한다.
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외기 PIXE (External Particle or Proton Induced X-ray Emission) 분석 기술은 외기빔창 (Exit Window) 를 통해 입자빔만을 가속기
외부로 인출하여 시료를 대기중에서 분석하는 기술로, 수 MeV 정도의 에너지로 가속된 입자빔을 시료에 조사하고 시료로부터 발생되는
X-선을 분석하여 대상 시료를 비파괴적으로 정성, 정량 분석할 수 있는 기술이다. 외기 PIXE 분석 기술은 기존 진공챔버 내에서 시료를 분
석하는 PIXE 분석에서는 분석할 수 없었던 분말, 액체, 생체, 및 대형 시료까지 분석할 수 있을 뿐만 아니라 대기 중 측정으로 신속 대량
측정이 가능한 첨단 분석기술이라 할 수 있다. 현재 양성자가속기연구센터에서는 차후 문화재 복원 및 보존처리 활용과 미세먼지 등의 환
경 문제 해결에 해당 분서기 기술 활용을 위해 외기 PIXE 분석 시스템 및 기술을 개발 중에 있으며, 이번 학회에서는 이 외기 PIXE 분석 시
스템 개발을 위한 핵심요소인 외기빔창 개발, 외기 PIXE 빔라인 구축, 및 외기빔 인출 실험에 대한 내용을 발표하고자 한다.
Acknowledgement
This work has been supported through National Research Foundation of Korea (NRF) (No. 2017M2A2A6A0101289) and
KOMAC (Korea Multi-purpose Accelerator Complex) operation fund of KAERI by MIST (Ministry of Science and ICT).
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Virtual Machine Environment(VME)는 30년이상 검증된 로부스트한 시스템으로 가장 성공한 표준 open hardware 플랫폼으로 기존
의 가속기 연구소들은 VME base의 하드웨어 플랫폼을 사용하고 있다. 하지만 기술이 발전하면서 더 높은 성능의 표준 open hardware
플랫폼이 필요하게 되었다. 현재 가속기 제어 커뮤니티인 Experimental Physics and Industrial Control System (EPICS) 커뮤니티에서
새로운 open hardware 플랫폼으로 Micro Telecommunication Computing Architecture (microTCA)가 거론 되고 있으며, 독일의
Deutsches Elektronen-Synchrotron (DESY)를 중심 으로 많은 연구 기관들이 microTCA를 이용한 시스템을 개발 및 사용하고 있다.
microTCA는 기존의 하드웨어 플랫폼 보다 신호 품질, 유연성, 확장성 면에서 장점이 있으며, 낮은 비용으로 높은 성능을 이끌어 낼 수 있
다. 이에 Rare Isotope Science Project(RISP) 빔진단 및 제어 그룹은 open hardware 플랫폼인 microTCA를 사용한 고성능 DAQ 시스
템을 개발해 빔진단 장치에 사용하고자 한다. 본 포스터에는 microTCA 기반 진단 DAQ 시스템 개발 중 시스템 인터페이스 디자인 및 스
터디에 대해서 서술한다.
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• RAON (Rare isotope Accelerator complex for ON-line experiments) is accelerator to accelerate heavy ion such as
uranium, oxygen, and proton. P2DT(Post to Driver linac Transport line) where is between SCL3 and SCL2 make more
efficiency beam with stripper to accelerate in SCL2 section. To correct beam trajectory, we have to measure transverse
beam position with 100 um transverse position resolution. In bending area in P2DT, beam has a large size (~10 cm)
horizontally. BPM should accept a large size beam. We simulated Large type BPM (beam position monitor) with CST
particle studio. In this paper we present design part of Large type BPM P2DT section.
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The Standard Model in particle physics is refined. However, new physics
beyond the standard model, such as dark matter, requires thousand to
million times of simulation events compared to those of the Standard Model.
Thus, the development of software is required, especially for the
development of simulation tool kits. In addition, computing is evolving. It
requires the development of the simulation tool kit to accommodate the
evolving computing architecture. Therefore, an efficient simulation tool kit is
needed. Then, a profiling system is required to confirm it. In Geant4, a
typical simulation tool kit, a profiling system in higher-energy physics areas
such as the LHC experiment is well developed, contributing to the
development of the software. However, profiling systems in the low-energy
physics domain are in the beginning stage. Therefore, we develop it and
show performances using it. In addition, profiling is performed depending
on the development of software. These profiling systems could be used to confirm the development of software for
evolving computing architecture.
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거대과학장치를 구성하는 여러 가지 부품들은 측량(survey)과 정렬(alignment)을
통해서 정확한 3차원 위치좌표(X, Y, Z)에 설치되고 운영되어야만 최적의 성능을 발
휘할 수 있다. 그러나 시간이 지나면서 지반은 융기(uplift) 또는 침강(subsidence)
현상이 발생되고, 설치된 부품들의 위치좌표가 변화하면서 구성품의 정렬 오차(ΔX,
ΔY, ΔZ)가 발생한다. 이로 인해 시스템의 파라메터가 변화되고, 거대 과학장치의 성
능이 저하된다. 거대과학장치를 구성하는 장비의 위치 변화를 실시간 측정하면 정열 오차를 예측할 수 있고, 변화가 심한 지역을 선별하
여 해당지역의 구성품을 신속히 재정렬 함으로서, 측량과 정렬 시간을 단축할 수 있는 이점이 있다. 이를 위해, 2016년 PAL-XFEL 건물에
분해능(resolution) 0.2um인 HLS (hydrostatic leveling sensor)와 1,000미터 길이의 Water-pipe를 설치하여 운영하고 있다.
거대과학장치에 설치된 HLS 시스템은 정상적으로 동작하는지 1년에 1~2번 확인해야 한다. 설치된 25개의 HLS 센서가 측정범위 내에서
측정오차 없이 정확히 동작하는지, 1,000미터 길이의 Water-pipe 내부의 유체흐름이 원활한지 확인해야 한다. 본 논문에서는 HLS 시스
템 전체를 간단하면서도 정확히 점검할 수 있는 방법을 소개한다.
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1포항가속기연구소 가속기부, 2포항공대 물리학과
tlssh@postech.ac.kr

2CDB13D
The beam diagnostics beamline BL7B using synchrotron radiation with 8.6 keV critical photon energy from bending magnet
has been used to measure the electron-beam size and photon-beam profile on real-time basis. After the completion of the
PLS-II, the Compound Refractive Lens (CRL) system was implemented in the optical hutch at BL7B to measure the electronbeam size from X-ray imaging. But we could not have a good image due to short focal length caused by limited space of
the optical hutch. To solve this problem a Pinole Camera is implemented in the front-end of BL7B in return for the beamline
extension. The progresses on the new x-ray imaging system is introduced in this presentation.
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고진주1, 2, 김재현1, 장경수1, 신승환2, 오봉훈2, 이재유2, 윤무현*1
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moohyun@postech.ac.kr

2CDB13D
The ultimate storage rings (USRs) based on multi-bend achromat (MBA) lattices promise to deliver stable x-ray beams with
much higher brightness and coherence than existing third-generation light sources. The basic ingredient in achieving
higher brightness is a further reduction of the electron beam emittance in storage rings dedicated to light sources. These
USRs can lead to 1 to 2 orders of magnitude reduction in the beam emittance by employing the MBA, where many dipoles
per cell are used to keep the dispersion function low inside the dipoles. Pohang Light Source also began doing a design
study on low emittance storage ring (tentatively named "PAL-USR"). In this presentation, we will introduce the
characteristics of synchrotron radiation of PAL-USR compared to present third-generation sources, PLS-II.
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박용운*1, 정인교2
차세대 사업팀, 2포항공과대학교 물리학과
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1포항가속기연구소

2CDB13D
가속기 물리는 상대론을 고려한 Hamiltonian으로부터 시작하며, 이 Hamiltonian을 이해하기 위해서는 상대론 영역에서 유도된
Lagrangian을 이해해야한다. 고전 역학의 영역에서 Lagrangian은 운동에너지와 위치에너지의 차이라는 값으로 정의된다. 하지만 상대
론 영역에서의 Lagrangian은 더 이상 상대론적 운동에너지와 위치에너지의 차이가 아니게 된다. 이 연구에서 우리는 상대론적 라그랑주
방정식의 유도 과정을 변형하여 고전적인 운동에너지와 위치에너지의 정의를 유지하면서, 기존의 상대론적 라그랑주 방정식과 다른, 새
로운 꼴의 방정식을 유도할 수 있음을 보였다. 이 발표에서는 새로운 꼴의 방정식 유도하고, 이를 엄밀하게 살펴 봄으로서 Lagrangian이
특별한 물리적 의미를 가진 값이 아닌, 수학적으로 정의되는 값 임을 보이려고 한다. 또한 새로운 꼴의 운동 방정식의 유도가 의미하는 새
로운 해석 역학의 가능성에 대해 논의할 것이다.
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박기현*1, 정성훈1, 정영규1, 김동언1, 서형석1, 이홍기1, 이상봉1, 오봉기1, 한장희1, 김민재1
1포항가속기연구소 Accelerator Division
pkh@postech.ac.kr

2CDB13D
The ADC in digital signal processing is one of the important portion. There are many ADC chips from companies over the
world. The major specifications of the ADC are throughput, resolution, interface, input ranges, etc. In order to make high
precision control system, the ADC circuits were designed with the various considerations such as separating the analog
VCC and ground to the digital logic circuits, selecting the ADC with good noise margin, etc. There are two ways to improve
the accuracy in ADC. The one is configuring the analog filter using the OPA and the other is the post digital processing
after ADC. Here various technologies to improve the precision in ADC are described including analog signal processing and
digital processing.
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2CDB13D
The PLS-II injection kicker modulator is used to drive the four kicker magnets. It is not adjust the current magnitude and
timing of magnets. During the injection, the beam has oscillation of 2 ㎜ horizontal direction and 200 ㎛ vertical direction in
present injector system. New kicker magnet system is to decrease the oscillation less than 300 ㎛. To give balanced current
for all four magnets and to have precise timing between magnet current, we have plan to divide kicker power supply into
four individual power supply. In this paper, the magnetic field measurement of prototype new kicker magnet is presented.
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1기초과학연구원

2CDB13D
For stable and efficient beam operations in the RAON accelerator, we are developing a machine protection system (MPS).
The RAON MPS consists of a fast protection system (FPS), a slow interlock system (SIS), a run permit system (RPS) and a
post-mortem system (PMS). Among them, the PMS is an important system for preventing future accidents by analyzing the
location, time, and cause of the interlock signals after the MPS trips for device abnormalities or sudden beam distortions.
The PMS has being developed with the MPS hardware development, and we can analyze the information of the interlock
signals collected in the FPS through the EPICS IOC. Here, we will present the current status of the PMS development in the
RAON MPS.
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김은산*1, 윤준영1, 방정배1, 박종식1, 차혁진1, 장시원1, 박성희1, 김경렬1, 2, 김도윤3, 이종화3, 서지원3
1고려대학교 가속기과학과, 2포항가속기연구소, 3비츠로테크
eskim1@korea.ac.kr

2CDB13D
We present design studies of a prototype RF input power coupler, which provides RF powers to the cavity up to 20 kW in
CW mode. The prototype power coupler is a coaxial capacitive type with single ceramic window. In order to optimize the
RF coupler design, we performed multi-physics simulations, including electromagnetic, thermal, and mechanical analyses.
Based on these simulation studies, we have finalized a mechanical design of the coupler by taking assembly interface with
cavity and cryomodule into consideration.
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Development of gas cells for laser wakefield
acceleration experiments
석희용*1, 진문수1, 노경민1
물리광과학과
hysuk@gist.ac.kr

1광주과학기술원

2CDB13D
Previous gas cells for laser wakefield acceelration (LWFA) had no intakes to absorb the injected gas. Therefore, the laser
wakefield acceleration system having a high repetition rate was intrinsically impossible. In this research, we have
designed new gas cells which can work with a high repetition rate in high vacuum. In order to design the gas cells,
computational-fluid-dynamics(CFD) simulations were performed and the gas dynamics was studied, where the gas cell is
designed to eject the injected gas directly into vacuum. According to the new design, about 95 % of the injected gas will
be evacuated by the pumping system, so the vacuum chamber pressure will be maintained low. We will use the gas cells
for ultrafast electron diffraction experiments and the ongoing preparations for the research will be presented.
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1고려대학교

2CDB13D
Gbar(The Gravitational Behavior of Antimatter at Rest experiment) is an experiment to see the gravity behavior of
antimatter. Positron and Anti-proton are needed to make the Anti-hydrogen to be used in the experiment. Anti-proton is
collected in multiple rings after extraction to increase the amount of beam. Here Electron Cooling can improve Anti-proton
beam performance a little more. Therefore, an electron gun is manufactured for electron cooling. The electron beam used
for cooling is about 50eV in energy and 400 to 500uA in current.
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2CDB13D
Recently, we are under development of S-Band 80-MW klystron for PLS-II (17 stations) and PAL-XFEL (50 stations) main
linacs. Klystron as RF sources is one of critical components for stable beam energy control since its RF power output affects
the electron beam energy. Hence, an accurate RF power measurements is required. Therefore, we preliminarily set up a
calorimetric system for klystron RF power measurement to evaluate a RF performance of the new klystron, such as RF peak
power, an efficiency. To attain an accuracy of less than 1%, we adopted the precise temperature and water flow rate
measurement unit by a careful calibration procedure. In this paper we discuss the hardware configurations and initial test
results of the calorimetric RF-power measurement system for pulsed klystron. An engineering design concept for new
improvements will be also proposed.
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1포항공과대학교 가속기연구소
kimminjae@postech.ac.kr

2CDB13D
본 논문은 고정밀 정전류 전원 장치의 설계에 대해 기술 하였다. 개발된 전자석 전원 장치(MPS - Magnet Power Supply)의 정격 출력
전압과 전류는 40V, 200A이며 10ppm 이하의 전류 정밀도를 가진다. ppm단위의 출력 전류 요구사항을 만족하기 위해서 낮은 ADC칩
을 병렬로 연결하고, 오버 샘플링 및 평균화를 디지털 방식으로 수행하여 유효 분해능 및 신호대 잡음비 (SNR)를 향상시켰다. 출력 필터
와 시스템 제어기를 설계하여 전류 리플과 노이즈를 감쇠시키고 시스템 안정도를 높였다. 개발된 MPS는 10ppm 이내의 안정된 전류를
제공 한다.
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2CDB13D
2011년부터 본격적으로 진행된 PAL-XFEL 프로젝트는 5년간에 걸쳐 장치 및 건물 설계, 주요핵심장치 개발 등을 시작으로 주요장치 설
치, 성능시험, 시운전 과정을 거치고, 현재 원활하게 양질의 FEL 빔을 제공하고 있다. 이러한 4세대 가속기와 같은 거대 정밀 실험 장치를
성공적으로 운영하기 위해서는 장치가 설치되기 이전의 기초단계에서부터 측량학 및 정렬학을 기반으로 장치설치 계획이 검토되어야 하
며, 가속기 장치들의 연속적이고도 안정적인 운영을 위해서는 측량 및 정렬이라는 기술이 절대적으로 필요하다. 이 포스터에서는 포항가
속기연구소의 4세대 가속기에 대한 측량과 정렬 과정을 요약하고, 측량에 필요한 기본적인 사항들을 설명한다. 또한 HLS (Hydrostatic
Level System), WPS (Wire Position System) 를 이용하여 지반의 변화를 연속적으로 측정할 수 있는 기법에 대하여 기술한다.
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2CDB13D
본 연구는 항공화물 컨테이너 보안검색을 위한 6/3 MeV 이중에너지 X-선 발생장치용 고주파 전자가속관의 개발에 관한 것이다. 가속기
기반의 X-선 발생장치는 고주파 전자가속관으로 부터 가속된 전자빔을 금속 타겟에 충돌시켜 제동복사에 의한 X-선을 발생시킨다. X-선
은 투과력이 뛰어나기 때문에 컨테이너를 개봉하지 않고 컨테이너 내에 무기, 밀수품 등을 검색할 수 있다. 특히 이중에너지 X-선을 사용
할 경우에 서로 다른 에너지의 X-선 펄스를 대상물에 투과시켜 대상물의 모양 정보와 물질의 종류에 따른 투과력의 차이를 이용하여 대상
물질의 유/무기물 정보를 얻을 수 있다. X-선 발생 타겟으로 텅스텐을 사용하였을 때, 발생되는 이중에너지 X-선의 최대 선량은 X-선 에
너지 6, 3 MeV에서 각각 7, 1 Gy/min으로 계산되었다. 3차원 전자기장 해석 코드 및 전자빔 궤적 코드를 이용하여 이중에너지 고주파
전자가속관을 최적화 설계하였고 최종 설계 사양을 바탕으로 실제 전자가속관을 제작하였다. 설계된 전자가속관은 side-coupled
standing-wave 방식이며, π/2 모드로 구동되고, 공진주파수는 2856 MHz인 S-band 가속관이다. 전산모사에서 가속관의 총 길이는 약
60 cm이며, 가속 구배는 약 10 MV/m 이상, Q-factor는 약 15000 이상이다. 제작된 전자가속관의 공진주파수는 2855.34 MHz, Qfactor는 약 14000으로 측정되었다.

Acknowledgment : This work was supported by Nuclear R&D program through the National Research Foundation of Korea,
funded by the Ministry of Science and ICT (NRF-2017M2A2A4A05018182 and NRF-2017M2A2A4A01070610)
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2CDB13D
한국원자력연구원에 설치된 DIAC (Daejeon ion accelerator complex)에는 핵자 당 1 MeV로 가속된 다양한 이온을 사용하기 위해 나
노, 재료, 마이크로빔 등 3개의 빔라인이 설치될 예정이다. 나노 빔라인은 두 개의 45도 이극전자석을 이용하여 가속기에 대해 90도로 빔
을 휘어 표적함에 빔을 수송하도록 되어있다. 이 때 가속기에서 얻어진 빔의 에너지 퍼짐으로 인해 생기는 이극전자석에 의한 빔 발산을
억제하여, 작은 크기로 빔을 표적함으로 수송하기 위해 achromatic 운전이 가능하여야 한다. 이 빔라인에서는 가장 간단한 형태의
Double Bend Achromat 구조의 전자석 배열을 활용하고자 한다. 이에 필요한 사극전자석의 사극 강도를 전산모사를 통해 추정하고,
현재 보유하고 있는 제원 미상의 사극전자석이 사용 가능한지 실험적으로 확인한다. 이번 학술논문발표회에서는 이 내용에 대해 발표하
고자 한다.
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2CDB13D
As the interest in accelerator-based Boron Neutron Capture Therapy (BNCT) increases all over the world, 10 MeV proton
accelerator called A-BNCT accelerator is being developed to reduce the treatment time in South Korea. It consists of a 3
MeV radio frequency quadrupole (RFQ) and a 10 MeV drift tube linac (DTL) with 50mA current and 20% duty. The beam
dynamics and engineering designs of DTL for A-BNCT accelerator were finished, and the manufacture and bead pull test of
DTL are currently underway. R&D status on DTL design and RF measurement results in detail are presented.
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2CDB13D
항공화물 검색기는 고주파 전자선형가속기를 기반으로 발생시킨 X-선을 항공화물 컨테이너에 투사하여 내부의 화물을 검색하는 장비이
다. 컨테이너검색기의 핵심은 전자를 가속시키는 고주파 선형가속기와 화물을 통과한 X-선 신호를 검출하고 신호를 영상처리하는 부분이
다. 특히 검색영상의 질은 기본적으로 방출 X-선의 횡방향 크기와 선량, 노이즈 억제 등에 의해 크게 좌우되기 때문에 그러한 X-선을 만들
어내기 위한 발생장치의 적절한 구조와 안정화는 매우 중요하다. 전자를 가속시키는 가속관의 고주파 소스로는 2856 MHz 마그네트론
이 사용되며, 가속관은 전자빔을 6 MeV와 3 MeV로 가속시킨다. 가속된 전자빔은 금속 타겟에 입사되어 제동복사에 의해 X선을 발생시
킨다. 여기에서는 항공화물 검색기용 X-선 발생장치의 구성과 테스트 준비 상황에 대해 기술하였다.
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2CDB13D
홀추력기는 이온의 가속을 통해 추진력을 얻는 전기추력기의 일종으로, 여러 장점으로인해 다양한 우주임무에 활용되고 있다. 최근에는
초소형위성의 우주활용 수요가 급증함에 따라, 위성의 자세제어 및 궤도수정, 충돌회피, 또는 심우주탐사 등을 위한 100 W 미만 저전력
마이크로 홀추력기의 개발 필요성이 커지고 있고 여러 우주 선진국들에서도 경쟁적으로 연구개발이 진행되고 있다. 저전력 홀추력기의
경우 부피 대비 표면적 비율이 커서 플라즈마와 물질벽간 상호작용이 큰 추력기에 비해 더욱 심각하고, 이로 인한 열 문제, 이차전자방출,
방전채널 벽의 식각, 입자 손실 등 여러 난제가 존재한다. 본 연구에서는 자기장 구조가 다른 두 가지 50 W급 저전력 홀추력기(기존의
SPT형 추력기와 자기장 맞춤형 추력기)를 개발하여, 추력기의 성능과 자기장 구조와의 상관관계에 대해 알아 보았다. 개발된 두 추력기의
외경과 내경은 각각 20 mm 및 10 mm로 동일하고, 영구자석, 전자석 코일 전류, 그리고 자기장 가이드를 사용하여 서로 다른 자기장 형
상을 구현하였다. 자기장 맞춤형 추력기의 경우, 방전채널 내부에서 자기력선이 내벽과 닿지 않도록 평행하고 양극방향으로 오목하게 설
계함으로써, 방전채널 끝 평면과 평행하게 형성된 SPT형 추력기의 자기장 구조와 비교, 분석하였다. 외부 음극은 자체 개발된 것을 사용
하였으며, 제논 3.8 sccm 유량조건에서 양극전압 140 – 280 V, 소모전력 30 – 70 W에서 실험을 진행하였다. 자기장 맞춤형 추력기의
경우, 54 W 소모전력에서 추력은 약 2.9 mN, 양극효율은 약 21%을 보여, 추력 약 2.7 mN과 양극효율 약 16%을 보인 SPT형 추력기
의 성능을 상회하였다. 또한 패러데이 탐침 분석 결과, 분사 각도가 약 10%도 더 낮고 가속효율이 3-6% 더 높게 측정되었다. 본 발표에
서는 추력 성능 및 보다 상세한 이온빔 진단결과에 대해 논의한다.
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2CDB13D
A Klystron is an RF amplification device that generates high power RF through the interaction of electron beam and
microwave. Klystron consists of an electron gun, a cavity section, and a collector. We have designed each component of
the klystron through years of research and have come to the stage of producing the actual klystron based on the design.
The electron gun was designed and manufactured by carrying out the tasks for three years. The performance test of the
electron gun is to measure the envelope and perveance of the beam generated by applying a high voltage. We had
prepared a test set-up consisting of a Faraday cup, a screen and vacuum system for the electron gun performance test. In
this paper, we present the results of the pre-processing of the cathode and the results of the emission test
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2CDB13D
Transport of intense beams over long distances can be restricted by space-charge fields which force the trajectories of
charged particles to deviate from the stable regions of propagation. Among the ways to focus beams in accelerators, we
considered the periodic solenoidal magnetic focusing fields to describe the transverse beam dynamics by using particle-core
model. The solenoid fields are used in HWR acceleration section in IFMIF and have several advantages that it’s cheaper,
simpler with rotationally symmetry, and more efficient in terms of beam emittance over quadrupoles. The equations of
motion and envelope equations of a charged particle can be solved under Larmor frame with space charge effects under
the solenoid focusing fields. For uniform charge density beam in the Larmor frame, there are different oscillation motions
of envelope equation. Because of an initial mismatch, there are mismatched beams whose envelope exhibits stable
betatron oscillations around a fixed point which represents a matched beam on the envelope phase space. Also, there are
n-th order resonances having wave number of 2pi/n. Those perturbed envelope beams are affected by the particle-core
resonances followed by the emittance growth and halo formations. Unlike the uniform density beam (K-V beam), for
nonuniform density beams such as Gaussian beams in the periodic quadrupole or solenoidal focusing fields, there exists
higher order terms and non-periodic solutions of beam particle oscillations because of non-linear space charge fields. That
results in the 4th order resonance when the depressed phase advance of the particle is about 90 degree. In this study, we
have investigated the higher order resonances and non-periodic solutions of the Gaussian beam in real frame by solving
coupled equations of motion under the solenoidal focusing fields to understand halo formation mechanisms of the intense
beams. Furthermore, we can expand our study to self-consistent PIC simulations by solving Vlasov-Poisson’s equations
comparing with the particle-core model for designing optimized acceleration systems and finding a way to suppress the
emittance growth and halo formations.
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2CDB13D
A gas-discharge plasma cell is the basic instrument for beam-driven plasma wakefield experiments. In the past, an ordinary
cylindrical glass tube was used for the cell design. Recently, PITZ (Photo Injector Test Facility in Zeuthen) group in Germany
proposed to use a glass tube with corrugated shape (i.e., a sausage-shaped glass tube) for plasma density modulation. This
research aims to measure the parameter variations caused by the geometry of the glass tube. The Paschen’s curve and
plasma density distribution are the key parameters.
We also studied the effects of the 2nd ionization during the plasma density evolution. Before this study, only the 1st
ionization has been included in the plasma density calculations. If there exist significant differences originated from the 2nd
ionization processes, it might be helpful to include higher ionization terms for more accurate simulations. Through the cycle
of calculating resistivity, temperature, and ionization degree, plasma density are calculated. Comparisons between with and
without higher ionization terms have been made for the key parameters such as temperature and resistivity.
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2CDB13D
The dielectric constant varies with frequency so that the known dielectric constant at low-frequency is no longer valid at
high-frequency regions. When the frequency increases, experimental imperfection can significantly affect to determine the
dielectric constant in the resonator-based measurement setup, which may mislead the estimated dielectric constant. In
contrast to the existing method using a fundamental TE10 mode in a rectangular waveguide, we propose to use a TE01
mode in a circular waveguide which may not be affected by the experimental imperfection such as an air gap between the
surface of the waveguide and the dielectric material. We present the experimental result of the proposed measurement
method and its analysis by means of simulations.
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2CDB13D
We present the design study of magnetic focusing system for sheet electron beam which is used in a 300 GHz travelingwave tube. The motivation of this work is that the sheet electron beam, with a periodic permanent magnet (PPM), can
generate moderate RF output power at submillimeter and terahertz regime while having compact system size. It was
shown in previous researches that PPM is capable of stable two-plane focusing of sheet electron beam. There are many
variants of PPM, such as periodically cusped magnet (PCM), wiggler, and PCM with quadrupoles. In this work, we
concentrate on two-plane PCM and wiggler.
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2CDB13D
포항방사광가속기-II의 4B 빔라인은 X-선 마이크로빔을 이용한 미세회절 실험과 미세형광 실험을 수행하고 있다. 미세형광 실험의 데이
터에 대한 해석은 2012년에 자체 개발한 미세형광 해석 소프트웨어를 이용하여 수행해오고 있으나, 미세회절 실험에서 도출되는 수만
개의 라우에 영상 파일에 대한 해석에 있어서는 미국의 Advanced Light Source에서 Interactive Data Language로 개발한 XMAS(Xray Microdiffraction Analysis Software)라는 소프트웨어가 사용되고 있다. XMAS는 다양한 형식의 영상 파일에 대하여 호환성이 있
는 등 여러 장점이 있으나, 사용상 몇 가지 작지 않은 실질적인 문제점이 있는 것도 사실이다.
4B 빔라인에서는 원천코드가 없는 상태에서 이러한 문제점들을 근본적으로 해결하고자, X-선 미세회절 실험에서 도출되는 라우에 영상
을 자동 해석하는 ASME(Analysis Software for Microdiffraction Experiments)라는 소프트웨어를 자체적으로 개발하고 있다. ASME
의 주 해석영역은 회절점 탐색 및 근사 알고리즘, 이론 및 실험 사잇각 구성 알고리즘, 삼중선 관련 알고리즘, 회절점 색인 알고리즘, 보정
을 위한 최적화 알고리즘, 격자표축 계산을 위한 최적화 알고리즘, 정규직교화 과정 및 변환행렬 도출 알고리즘 등으로 구성되게 된다.
본 발표에서는 조사 및 개발중인 ASME의 알고리즘들 각각의 원리와 기능 전반에 대하여 상세히 기술한다.
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2CDB13D
펄스 에너지 더블러는 클라이스트론에서 발생하는 2.856GHz 고주파의 피크 출력을 증가 시켜 주는 장치이다. 이것은 4μs 길이의 클라
이스트론 고주파 출력을 받아서 1μs크기로 펄스 출력의 길이를 줄이는 대신 최대 피크 출력을 4배정도 키워준다. PAL XFEL의 RF 시스템
에서는 총 42대의 펄스 에너지 더블러가 설치되어 있다. 이 것은 각각 두개의 공진기와 한 개의 3dB 결합기로 구성되어 있다. 운전 반복
주파수에 따라 열의 발생량이 달라지기 때문에 운전 반복 주파수를 바꾸면 공급하는 물의 온도를 변경하거나 각 공진기의 부피를 조정하
여야 한다. 각 공진기에 모터를 연결하여 원격으로 공진기의 부피를 조정 할 수 있는 시스템을 설치하였다. 이번 실험은 운전 주파수를
30Hz에서 60Hz로 변경하여 공진기의 원격 부피 조정 결과와 COOLING 온도를 변경하여 공진 주파수를 맞추는 결과를 보고한다.
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A three-dimensional code for free-electron laser simulation with external focussing has been developed.
Effects of the external focussing of the electron beam in free-electron laser are presented for detuning, time,
energy spread and quadrupole strength.
The results of calculation with external focussing are compared to those of simulation without external focussing.
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The cold electron ionization source was developed at Korea Basic Science
Institute (KBSI). They are composed with UV LED, electron multiplier, some
electrodes and RF cavity. The electron emission of photons of UV LED
related to energy of injected photon which is function of wavelength,
optical power, forward voltage, view angel, and temperature. For
application of generated electrons from secondary electron emission
through microchannel plate, various emission models are studied. Our
emission model based on thermionic emission theories is established using
user defined emission model of OPERA3D software. The results of this
poster are simulation outputs by new emission model. The simulation results
provided useful information to explain cold electron generation and its
applications.
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RAON (Rare-isotope Accelerator complex for ON-line experiment) is an heavy ion linear accelerator which is developing by
RISP (Rare Isotope Science Project) in Korea. The linac can accelerate uranium beams upto 200 MeV/u with the beam
power upto 400 kW through 4 different types of superconducting cavities, QWR, HWR, SSR1 and SSR2. In order to
improve the accelerating efficiency, the charge states are increased to 79 after the low energy part of the linac. The 5
charge states (77~81) are selected in the 180-degree bending section called P2DT. This work is the summary of error study
of RFQ and orbit correction in MEBT and P2DT of RAON.
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High energy density plasma with high temperature and solid density could be generated by shooting intense laser pulse
onto solid target. This also results in x-ray emission such as Bremsstrahlung and characteristic line emissions which carry
fruitful information on HED plasmas. In the HEDP lab in GIST, we built the experimental apparatus to create HED plasma
and measure K-shell emission from various targets. The laser pulse (800 nm, 30 fs, 30 mJ) was tightly focused up to 1 x
1018 W/cm2 using an off-axis parabolic mirror. Aluminum targets irradiated with such intense laser will emit K-alpha and
its satellite emission in the energy range of 1490 ~ 1560 eV. A PET(002) crystal and an in-vacuum x-ray CCD detector are
employed to detect K-shell emission lines simultaneously. The crystal arrangement to the CCD was done by using a rotation
stage. The detailed experimental setup and data analysis setup will be presented.
This work was supported by Institute of Basic Science (IBS-R012-D1) and National Research Foundation of Korea (No.
2015R1A5A1009962)
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The Warm Dense Matter (WDM) regime represents the state between condensed matter and plasma, where the thermal
energy is comparable to the Fermi energy and the ions are strongly coupled. Investigation of the WDM regime provides a
key understanding of non-equilibrium phase transition and energy relaxation processes in the extreme condition.
Recently, a temporal-resolved reflectance is considered to obtain the optical properties in the condition of WDM regime. In
this present, Chirped pulse Probe & femtosecond pulse Pump (CPP) experiment is performed, this technique has
advantages about laser fluctuation and timing jitter. We present the experiment on aluminum using the Ti;sapphire CPA
laser (30 mJ, 35 fs) at GIST. The aluminum film (40~100 nm) deposited on a glass substrate was pumped by the high
fluence the first and second-order harmonic pulse (800, 400 nm, < 5 J/cm2), and the chirped pulse (800 nm, <10 ps) probe
was used to measure the reflectivity. The FLASH code simulation is compared with the experiment result to understand the
effect of hydrodynamics expansion on the target surface after 1~2 pico-second regime.
This work is supported by NRF of Korea (No. NRF-2016R1A2B4009631 and NRF-2015R1 A5A1009962)
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By observing Optical transition radiation (OTR), we investigated the hot electron transport in thin foil target irradiated with
ultra-intense laser pulses. Imaging of the radiation shows the spatial distribution of hot electron beams. Spectrum of OTR
infers the temporal structure of relativistic electron bunches. In this contribution, we present the OTR images and spectra
from foil target with various thickness (100 nm – 10 um) irradiated by intense laser pulses up to 1020 W/cm2. The
significant modulation on OTR shape and spectra are observed from nano-foils at extremely high intensity. The particle-incell (PIC) simulation is also performed to study the interaction of an intense laser pulse with a thin plasma layer. Detailed
data and possible mechanism for such modulations will be presented.
This work was supported by NRF of Korea (No. NRF-2016R1A2B4009631 and NRF-2016H1A2A1909533) and the Institute
for Basic Science.
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Dense low-temperature plasmas are produced by focusing laser pulse (532 nm, 6 ns, peak power ~ 75 MW, peak intensity
~ 7.5 GW/mm2) onto a high pressure argon gas/fluid in order to obtain a plasma state with high Coulomb coupling
constant. The pressure ranges from 1 to 250 bars, and the time-resolved plasma images along with optical emission spectra
(OES) are obtained by 2 ns intervals. The spectral intensity and the lifetime of the plasma both decrease with increasing
pressure. In lower pressure, several blobs of plasma are formed initially and merged into a continuous jet shape. On the
other hand, in higher pressure, a jet-like plasma is formed without blobs. Preliminary estimation of plasma parameters is
provided based on OES measurements.
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Recent developments of ultra-intense laser have opened a novel research field on laser-plasma interaction. The interaction
between femtosecond laser and aluminum generates solid density aluminum plasma which occurs during sub-picosecond
time scale. To understand this interaction, how the energy of the femtosecond laser is deposited to the aluminum in that
very short time scale should be known. Calculation of the electron distribution function of the aluminum interacting with
the ultrashort laser pulse in the sub-picosecond time scale is present to clarify this interaction. The electron energy
distribution can be divided into two parts, thermal and nonthermal parts. The nonthermal part has a nascent distribution as
an initial value and can be expressed as a function of time as well as energy due to relaxation. The thermal part is assumed
to be a Fermi-Dirac distribution which is a function of the electron temperature. The electron temperature varies with time
due to the energy movement from the nonthermal distribution to the thermal distribution, and from the thermal
distribution to the lattice by e-p coupling.
This work was supported by Institute of Basic Science (IBS-R012-D1) and National Research Foundation of Korea (No.
2015R1A5A1009962 and 2016R1A2B4009631)
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Warm Dense Matter (WDM) refers to states between low-temperature high-density solid and high-temperature lowdensity plasma. Such exotic conditions could be created in the laboratory by isochoric heating of thin solid target with
intense femtosecond laser pulse. In order to measure electronic structure and thermal properties of transient WDM, timeresolved x-ray absorption spectroscopy setup utilizing laser-plasma x-ray source has developed. The x-ray beamline will be
consisted of a series of x-ray collection and focusing optics (toroidal mirrors), pump-probe stage and a high-resolution x-ray
spectrometer. X-ray absorption spectra for various targets heated with femtosecond laser pulse would be measured with a
few picosecond resolutions, and they will be applied to investigate thermal properties of WDM.

This work was supported by Institute of Basic Science (IBS-R012-D1) and National Research Foundation of Korea(NRF2016R1A2B4009631) of Korea.
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The terahertz (THz) frequency range of electromagnetic radiation is of particular interest as THz waves have broad
applications. However, availability of high-energy THz sources was limited so far due to technological difficulties. One of
the solutions for high-energy/high-power THz sources would be the coherent transition radiation (CTR). In our research, we
try to use the electron beam pulses from the laser plasma acceleration, which can be realized in a table top size. Before
doing the experiments, we have performed simulation studies to generate CTR in the THz region. In this poster, some
simulation results will be presented.
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The accelerators based on the interaction of the high-power laser and the plasma can provide three orders of magnitude
stronger acceleration field compared with RF-based conventional accelerators. There are many issues in this research and
one of them is the development of a good plasma source for more stable and higher energy electron beam generation. For
this purpose, we developed a new design of the leak-free capillary gas-cell, and we expect that the new capillary target
makes it possible to prevent any unexpected effect by the leaked-background gases around the capillary and to control the
gas density more precisely. In this poster, some experimentally measured results for the gas-cell characteristics and the
electron acceleration are presented. In addition, the CFD (Computational-Fluid-Dynamics) simulation results are also shown
for comparison studies.
†김민석's present address: Pohang Accelerator Laboratory, South Korea

5IG?B4C

Laser-plasma acceleration, Capillary gas-cell, LWFA

-859-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-pl.037

"@5B1D9>7381B13D5B9C9D93C?6D859?>C?EB356?B)&'>5EDB1<251=
9>:53D9?>CICD5=
JUNG Bong-ki*1, KIM Tae-seong1, KIM Sun-ho1, JEONG Seung-ho1, LEE Kwang-won1
Atomic Energy Research Institute Nuclear Fusion Technology Development Division
bkjung@kaeri.re.kr

1Korea
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A short-pulse and high power neutral beam injection (NBI) system has been developed for the Versatile Experiment
Spherical Torus (VEST) as a major plasma heating device. The NBI system is designed to inject above 0.5MW neutral beam
heating power with the hydrogen ion beam energy of less than 20 keV in the pulse length of 10 ms. In addition, a design
feature of VEST NBI system realized changing the beam injection energy in the operating pulse duration of the VEST
plasma by utilizing a pulse power system based on 2-stage Marx generator system design for the ion beam extraction and
arc plasma generation, respectively. Change of the incident ion beam energy is required to minimize neutral beam losses
resulting from the shine through and orbit loss under the low initial target plasma density and toroidal magnetic field
strength of the VEST. Based on the design parameters, high power arc ion source and power supply system for VEST NBI
system are developed and commissioned. 60 kW input power discharge of the filament-arc plasma source for VEST is
successfully achieved, and characteristics of the extracted high power ion beam is analysed. Conclusively, in this paper, a
summary of VEST NBI design feature is described, and experimental results of pulse arc ion source and neutral beam
transport in various operating conditions are presented.
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Recently, there has been growing academic and industrial interest in zero-dimensional (0D) nanostructures due to their
unique optical, electronic and magnetic properties, which mean potential applications. Since a close interrelation between
shape, dimension, size and surface of nanomaterials and their chemical and physical properties, mastery over these factors
not only enables control of these properties but also enhances their usefulness for a given application. The post-annealing
process will be the key of size controlled monodisperse quantum dots (QDs), which would be expected to be highly
functionalized materials as a result of both shape-specific and quantum confinement effects. In this work, we used the hotinjection techniques and the post-annealing process for the growth of core and shell QDs. Size-tunable synthesis of initial
monodisperse CdSe QDs exist in the presence of both noncoordinating solvent octadecene and binary ligand system. Serich surface of Se-rich CdSe QDs, the initial growth of ZnSe shell is formed. Absorption and fluorescence measurements are
carried out for the optical properties of size-controlled CdSe QDs and CdSe/ZnSe core-shell QDs.

5IG?B4C

Colloidal quantum dots, CdSe, Post annealing process, ZnSe, Optical properties

-861-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-se.002*

81B13D5B9J1D9?>?6G1D5BC?<E2<58978<I6<E?B5C35>D3?@@5B
>1>?@1BD93<5C2I385=931<B54E3D9?>D538>9AE5C
YU Ji Soo1, KIM Sung Hun1, MAN Minh Tan1, LEE Hong Seok*1
1Department of Physics, Chonbuk National University
hslee1@jbnu.ac.kr

2CDB13D
In recent years, as research on nanotechnology has been actively conducted, nanoparticles have also been studied
continuously. Due to its unique characteristics, nanoparticles are mainly applied to nanohybrid materials, biological
materials, and chemical sensors. There are various methods for synthesizing nanoparticles such as direct reduction,
sonochemical method, thermal decomposition, and chemical reduction. In this work, Cu nanoparticles were prepared by
chemical reduction using l-ascorbic acid and cetyltrimethylammonium bromide (CTAB). L-ascorbic acid was used to reduce
Cu(II) chloride to Cu(0) and to prevent oxidation. CTAB, a cationic surfactant, was used as a ligand protecting agent to
control and stabilize particle growth. In addition, absorption and fluorescence spectra were measured with respect to the
reaction time as optical characteristics in order to compare the growth of the nanoparticles according to the reaction time
and to determine the most optimized reaction time. As a result, absorption and fluorescence peak could not be confirmed
at the beginning of the reaction, but strong absorption peak and fluorescence peak could be confirmed after 23 hours. As
a structural property, strong peaks of (111), (200) and (220) were confirmed by XRD measurement, and it was found that
a cubic structure was formed.
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Recently, halide perovskite materials have attracted a huge attention for
their application both emissive and photo-absorbing layers in light-emitting
diodes (LEDs) and photovoltaic devices, respectively. In spite of their
superior optoelectronic properties, however, they have shown relatively
poor environmental stability. Considering that, low dimensional cesium
halide perovskite is suggested for alternative emissive materials in LED
applications which confines lead halide octahedron by excess component,
CsBr or PbBr2, and promotes exciton recombination as well. Furthermore,
low dimensionality brings the enhancement of exciton binding energy and
high photoluminescence efficiency in perovskite materials. However, to the
best of our knowledge, the proper methods to realize thin film with mild
morphology is not reported by using low dimensional cesium lead halide
perovskites, 0D Cs4PbBr6 and 2D CsPb2Br5, as the active layer. In this work,
we report new methods for preparing low dimensional inorganic halide
perovskite films by mixing guanidinium cation which has reported the
highest stability among the organic monovalent cations.

5IG?B4C

Halide perovskites, Low dimensional perovskite, Photophysical property, Quantum confinement effect, Thin film fabrication

-863-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-se.004

B12B931D9?>?629? 3?=@1D92<57B1@85>5AE1>DE=4?DCEC9>79?>
251=9BB1491D9?>
이승호*1, 윤종혁1, 하준목1
양성자가속기연구센터
sh4244@ust.ac.kr

1한국원자력연구원

2CDB13D
그래핀 양자점 (Graphene quantum dots, GQDs)는 수~수십 나노미터 크기의 0차원 그래핀으로서 발광특성, 생체적합성, 우수한 기
계적/전기적 안정성 및 값싼 재료 등 장점을 두루 갖추고 있어 기존의 무기재료 기반 양자점의 단점을 보완할 수 있는 대체 물질로써 주목
받고 있다. 종래의 대표적인 그래핀 양자점 제조의 대표적인 방법은 화학 공정으로써 산이나 인체 유해한 화학물질을 사용하여 그래핀을
Top-Down 방식으로 쪼개거나, 금속촉매를 사용하여 원자단위부터 그래핀 양자점을 성장시키는 Bottom-Up 방식이 있다. 두 공정 모두
생체적합성 향상 및 양질의 그래핀 양자점을 개발하기 위한 다양한 공정이 개발 및 학계에 보고되고 있지만, 기존 연구기술로 제조된 그
래핀 양자점을 산업 및 의학적 분야에 적용하는 데 한계가 있다. 본 연구에서는 기존에 문제점을 해결하고 생체 적합한 특성을 가진 새로
운 그래핀 양자점 제조 기술을 개발하였으며, 본 발표에서는 사전연구를 위해 수행된 이온빔 장치를 이용한 나노 촉매 입자 생성 및 그래
핀 양자점 제조 실험에 대한 내용 발표한다.
3;>?G<5475=5>D
This work has been supported through National Research Foundation of Korea (NRF-2018R1D1A1B07050951) and
KOMAC (Korea Multi-purpose Accelerator Complex) operation fund of KAERI by MIST (Ministry of Science and ICT). This
work has also been supported through KAERI R&D project (KAERI/RR 79715-18) by head of president of KAERI.
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2CDB13D
Semiconductor-based photocatalysis has been regarded as an efficient, sustainable, and inexpensive technology using solar
energy, and it has various promising applications in wastewater treatment by degrading orgainic pollutants, solar water
splitting, oxidative removal of NOx, etc. Since the visible and infrared lights are the main components of solar light energy,
it tis important to develop broad solar spectrum responsive photocatalysts with high photocatalytic performance. In this
research, an effective one-step solvothermal method was employed to synthesize a novel ternary Bi-BiOI/graphene
composite photocatalyst. The characterization of each as-synthesized samples was carried out by TEM, SEM, XRD, and UVvis-NIR spectra. The photocatalytic activities of the as-synthesized Bi-BiOI/grahene samples were evaluated for the oxidative
removal of NOx at ppb level in a continuous flow reactor under visisble light irradiation at room temperature. As the results,
the ternary Bi-BiOI/graphene photocatalyst exhibited higher photocataly activity for NOx oxidation removal under visbile
light irradiation compared with individula BiOI, and binary Bi-BiOI and BiOI/grahene composites. The photocatalytic
efficeincy for NOx removal of the ternary Bi-BiOI/graphene photocatalyst synthesized at 190oC reached 51.8% within 30
min of visible light irradiation. The enhanced photocalystic activity of the ternary photocatalyst is attributed to (I) the
efficient transfer of photo-generated electrons from biOI and Bi to graphene, leading to the efective separation of the
photo-generaged electron-hole pairs and (II) the surface plasmon resonance effect of Bi nanoparticles in the composite
photocatalyst.
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2CDB13D
Two-dimensional transition metal dichalcogenides (TMDs) have attracted a great attention owing to their extraordinary
semiconducting properties and various potential applications at the ultimate atomic level thickness. Chemical vapor
deposition (CVD) methods pave a way for realizing large area monolayers and heterostructures in TMDs. Among several
approaches, the spin-casting of metal precursor solutions is one promising way for synthesizing tungsten (W)- and
molybdenum (Mo)- dichalcogenides series with high crystallinity and large growth area. In this method, crystal growth
modes of WS2 exhibit a triangular or hexagonal shape depending on various growth conditions. Especially, hexagonal WS2
shows heterogeneous physical domains determined by the two-different growth-induced defects (W- and S-vacancy) in a
single crystal. Moreover, supports of high temperature and H2 gas are crucial in the synthesis process owing to a high
sublimation temperature of the tungsten oxide precursors. Nevertheless, such a growth mode depending on various
process conditions has rarely been reported systematically. Here, we report growth mode variations in WS2 monolayer via
controlling process parameters such as synthesis temperature, carrier and H2 gas amounts, promoter and surfactant effects
for precursor spin-casting, deposition time, and precursor solution ratio. The flake shape and size of monolayer WS2 grown
under various conditions were confirmed by optical micrograph. Optical and electric properties of representative flakes
were characterized using confocal photoluminescence and Raman mapping spectroscopy as well as current transfer curves
of field effect transistors.
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There have been intensive research activities for the application of plasmonics, which enables local field enhancement,
propagation, and guiding of the light in various optoelectronic devices. Surface plasmon polariton (SPP) is propagating,
dispersive electromagnetic waves coupled to the electrons of conductor at a dielectric interface. Momentum mismatch
between surface plasmon and light can be overcome by using periodic grating structures. In this work, we prepared layers
of MoS2, one of the most popular 2D semiconductor materials, on Au nano-gratings to investigate the influences of SPP
excitation on the optical properties of MoS2. The nano-gratings were fabricated by e-beam lithography and lift-off
processes. Both exfoliated and CVD-grown MoS2 layers were transferred on the Au nano-gratings. The number of MoS2
layers was identified by micro Raman spectroscopy and atomic force microscopy. Using finite-difference time-domain
simulation, we could obtain the electric field intensity distributions in the MoS2/Au grating samples. We also measured the
work function of the MoS2 layer using Kelvin probe force microscopy. This study can help us to propose new kinds of
MoS2-based plasmonic devices.
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Synthesis and Characterization of Rb3Sb2Br9 Perovskite Quantum
Dots
변지수*1, ALI Luqman1
1경북대학교 기계공학부
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2CDB13D
Within a very short period of time, lead (Pb) containing perovskite quantum dots have shown a great potential for various
fields of applications such as light-emitting and display. However, due to the toxicity of Pb, commercialization of Pb
perovskite based products is being carefully progressing with great caution. Meanwhile, it is necessary to look for other
metals, environmentally much safer than Pb, to replace Pb. Being in the same group as Pb, tin (Sn) and germanium (Ge)
are thought to be the most suitable and natural choices of elements for this purpose as they are expected to have similar
properties as Pb. However, because of their instability due to oxidation of +2 states to +4 states, bismuth (Bi) and
rubidium (Rb) are more viable choices for the replacement as Bi and Rb form +3 ions with similar electronic configuration
as Pb2+. We report the synthesis of Rb3Sb2Br9 perovskite quantum dots (PQDS) by a modified ligand-assisted
reprecipitation (m-LARP) technique and their characterization to demonstrate their utilization in different fields of
applications.
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Contact properties between metal and semiconducting 2-dimensional (2D) transition-metal dichalcogenide (TMD)
materials should be clarified for better understanding electrical operation of TMDs based devices. In this work, polarity of
multi-layer WSe2 transistors was controlled by changing metal electrodes with different work-function at source/drain
(S/D) contacts. In case of Au contacts, ambipolar characteristics were shown schottky-barriers of both electrons and holes
could be comparable, since work-function of Au (~ 5.1 eV) is aligned to the middle of WSe2 bandgap. On the other hand,
n-type transistor behavior was observed with Al contacts. Conduction band of WSe2 could be very close to work-function
of Al (~ 4.1 eV), which makes a smaller Schottky-barrier height for electrons. In addition, values of effective barrier height
as a function of gate voltage (Vg) were extracted from temperature dependent measurements. The results have elucidated
clearly Schottky-barrier behaviors of WSe2 transistors with different type of S/D electrodes.
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We demonstrated the extraordinary transmission of light through a
freestanding Au thin film with a 7×7 subwavelength aperture array and the
double slits. Firstly, we observed the change of the light transmission
through a plasmonic structure depending on the pitch size of the aperture
array. Also, we fabricated a freestanding Au thin film to avoid the effect of
absorption and reflection of the substrate. We perforated the 7×7
subwavelength hole array on the Au film for extraordinary optical transmission by the electric field enhancement from the
structures. Additionally, we designed a hybrid structure which is composed of 7×7 subwavelength apertures and the
double slits to enhance the transmission of the light. The normalized-to-area transmission of the hybrid structures was ~5
times greater than that of the structures without double slits.

5IG?B4C

Freestanding metal film, Plasmonics, Double slits, Optical waveguiding

-870-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P1-se.011

6653DC?6?=@?C9D9?>?>#8IC931<#B?@5BD95C?6
->. H0M>.H0&'89>9<=C

1한밭대학교

김대중1, 이종원*2
기초과학부, 2한밭대학교 신소재공학과
jwlee@hanbat.ac.kr

2CDB13D
Zn[1-x]Mn[x]S는 3.80 eV에서 직접천이형 에너지갭을 갖는 희박자성 반도체로서 Mn성분이 증가할수록 에너지 갭이 작아지면서 다양
한 광전소자 제작에 이용된다. 박막들은 열벽적층 (Hot-Wall Epitaxy;HWE) 성장법으로 GaAs(100) 기판위에 성장시켰다. 성장된 박막
들의 결정구조와 결정성을 알아보기 위하여 XRD 패턴과 HRXRD의 반치폭을 이용하였고, 표면 상태를 확인하기 위하여 원자간력 현미경
을 사용하였다. 또한 광학적 특성을 알아보기 위하여 분광학적 엘립소미트리을 이용하여 측정하였고 측정된 박막의 데이터들은 복소 유
사 유전 함수인 <ε(E)>=<ε1(E)>+i<ε2(E)>를 실온에서 3.0-8.5 eV의 포톤에너지 범위에서 얻을 수 있었다. 광학적 유사유전함수의 결과
로부터 반사율(R), 굴절지수(n), 소광계수(k) 흡수계수(α)등을 얻을 수 있었다. 타원 편광 분석법을 이용하여 획득된 데이터의 이계도함수
를 이용하여 E0, E1, 그리고 E2로 명명된 세 개의 임계점 피크들을 구하였다. Mn 성분이 증가하면서 (x=0.17 → 0.34) 기존의 세 개의
E2 피크들은 사라지면서 Mn3d+의 임계점 피크가 발생하는 것을 뚜렷하게 관측할 수 있었다.
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2CDB13D
InAs/GaAs 양자점 태양전지 구조에 대한 라만 산란 결과를 분석함으로써 InAs 양자점 크기 변화에 따른 GaAs 층에서 발현되는 변형에
대해서 연구하였다. 샘플 윗면에서 취득한 라만 스펙트럼을 분석한 결과 양자점의 크기가 증가할수록 GaAs LO 포논 에너지가 감소되었
는데, 이는 양자점의 크기 증가에 따라서 GaAs 층에서의 인장 변형이 증가함을 나타낸다. 특히, 샘플 측면으로부터의 라만 산란 실험으
로부터 양자 속박 효과와 변형에 의해 영향을 받는 InAs 양자점으로부터의 TO 포논을 관측하였다. 또한, LO 포논-플라즈몬 결합 모드를
분석함으로써 p-도핑 된 GaAs 층에서의 운반자 농도를 알 수 있었다.
[이 논문은 2016년도 정부(교육부)의 재원으로 한국연구재단의 지원을 받아 수행된 기초연구사업임 (과제번호:
2016R1D1A1B03935270)]
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2CDB13D
MoO3 films are both optically transparent and suitable as hole transport layer (HTL) in perovskite solar cells. In the
perovskite solar cells, MoO3/Ag/MoO3 multilayer structure is used as HTL. An ultrathin Ag layer is sandwiched between
MoO3 layers to enhance hole transport. The outer MoO3 layer is used as a top-capping layer to enhance light coupling. It
would also lower the series resistance of photovoltaic devices. It is known that the combination of the high transmission of
transition metal oxide (TMO) and the high conductivity of metal by sandwiching a thin silver layer between two TMO layers
appears to be a very promising approach.
In this work, thickness of MoO3 bottom layer and top layer are chosen as 20 nm and 35 nm. The influence of the thickness
of Ag onto the optical properties is studied. MoO3/Ag/MoO3 multilayer structure were deposited on glass substrates by
thermal evaporator from MoO3 and Ag sources. The growth temperature and sputtering gas ambient were optimized and
precisely controlled. The chamber pressure was set at 1.8x10-6torr.
The structural and morphological properties of all samples were studied by X-ray diffraction and scanning electron
microscopy. The resistivities of all samples were measured using Keithley 4200. The optical properties, i.e. dielectric
functions and band gap energies, were measured using spectroscopic ellipsometry. Transmittance is enhanced when an
ultrathin Ag layer is sandwiched between MoO3 layers.
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AlN는 넓은 에너지 밴드갭 (WBG; wide band gap)을 가진 반도체 재료로서 광소자 및 고효율의 파워 반도체 소자 제작에 중요하게 사
용되고 있다. 본 연구에서는 약 1 mm 이상 두께의 두꺼운 AlN 에피층을 개선된 혼합 소스 수소화물 기상 성장법 (mixed-source HVPE)
에 의해 성장 하였다. 1150 ℃에서 2 시간 동안 Al과 Ga의 혼합 소스를 사용하여 사파이어 기판위에 성장시켰다. 기존의 HVPE와 다르게
소스영역과 성장 영역을 분리하지 않고 직렬로 연결된 간단한 반응기를 고안 하였다. 단순히 디자인된 반응기는 약 1150 ℃에서 석영과
AlCl 염화물간의 반응을 최소화하도록 설계되었다. 두꺼운 AlN 에피 층의 성장은 AlCl 염화물과 기판 사이의 반응 거리의 최소화로 인해
600 μm / h의 매우 높은 성장률을 얻을 수 있었다. 성장 된 두꺼운 AlN 에피층의 특성은 단면 주사 전자 현미경 (SEM)과, 에너지 분산 X
선 분광법 (EDS), 라만 스펙트럼 및 X 선 회절 (XRD)등으로 분석 평가 하였다.
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단결정 구리 마이크로 구슬을 혼합-소스 수소화물 기상 성장방법 (HVPE; hydride vapor phase epitaxy)방법으로 형성 하였다. 소스 영
역과 성장 영역이 직렬로 연결된 간결화된 보트를 사용하였다. 첫 번째 구리 마이크로 구슬 형성과정에서 탄소 85 wt % 인 모체에 Cu가
15 wt %가 삽입된 금속 화합물 흑연 기판 (metallic compound graphite substrate)을 이용하였다. 형성 온도는 1150°C에서 2시간
유지 하였다. 2차 성장은 Al, Ga과 Mg 원소를 포함하는 혼합 소스를 이용하였으며, 1150°C 의 고온에서 2시간 동안 1차 성장된 구리
마이크로 구슬 위에 2차로 성장하였다. 1차로 형성된 구리 마이크로 구슬표면과 2차로 성장된 구리 마이크로 구슬 표면은 확연한 차이가
관측 되었으며, 형성된 구리 마이크로 구슬의 특성은 주사 전자 현미경 (SEM), 분산 X선 분광기 스펙트럼 과 X선 회절 장치를 이용해서
분석하였다.
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2CDB13D
Sn 함량이 서로 다른 Ge1-xSnx (0 ≤ x ≤ 0.09) 박막에 대한 라만 산란 연구 결과를 보고한다. Ge1-xSnx 박막은 Si 기판 위에 Ge 완충 층
을 성장한 후, 그 위에 에피 성장되었다. Ge1-xSnx 박막의 윗면에서의 편광 라만 산란으로부터 GeSn 결정 구조와 연관된 산란 대칭성을
지니는 Sn-Sn, Ge-Sn, Ge-Ge 피크 등의 광학 포논을 확인할 수 있었다. 흥미롭게도, Sn의 함량이 점차 증가함에 따라 Ge1-xSnx 박막에
서의 Ge-Ge 피크 에너지가 299 cm-1에서 294 cm-1로 감소되었다. 이를 분석한 결과, Ge 완충 층에 의한 압축 변형뿐만 아니라 Sn 함
량 증가에 따른 인장 변형에 의한 영향이 Ge-Ge 피크 에너지 변화에 작용하고 있음을 알 수 있었다. [이 논문은 2016년도 정부(교육부)
의 재원으로 한국연구재단의 지원을 받아 수행된 기초연구사업임 (과제번호: 2016R1D1A1B03935270)]
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2CDB13D
Topological insulator (TI) has very interesting optical properties such as strong light absorption, photocurrent sensitivity of
polarization of light, and bandgap tuning according to layer thickness and size. In addition, the research on TIs based
photodetectors has drawn substantial attention due to ultrafast and broadband photo-response of TIs. In this work,
broadband photocurrent characteristics were investigated using the topological insulator Bi2Se2Te1 nanowire. The
realization of these applications relies critically on the preparation of high-quality topological insulators and the
understanding of their properties. So, we synthesized single-crystal Bi2Se2Te1 nanowire by using a vapor-liquid-solid(VLS)
method. The composition and crystalline structure of nanowire were confirmed by energy-dispersive X-ray spectroscopy
(EDS), X-ray photoemission spectroscopy (XPS) and high resolution transmission electron microscopy (HR-TEM),
respectively. The result showed that photocurrent in well-grown the Bi2Se2Te1 nanowire with highly crystalline ordering
was successfully generated under the illumination of visible light through the various wavelengths (405 nm, 532 nm, 780
nm). Also, we confirmed that optoelectronic characteristics of the Bi2Se2Te1 nanowire had fast rising and decay time under
the visible light owing to the contribution of the surface Dirac state with linear dispersion band structure. The photoresponse is linear with the applied voltage and the photocurrent follows a power law. These results show that the
topological insulator Bi2Se2Te1 nanowire holds great promise for high-performance electronic and optoelectronic
applications.
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MAPbX3 (X=Cl, Br, I) 페로프스카이트 물질은 강한 스핀-궤도 결합 효과로 인하여 전도띠 스핀 상태가 매우 복잡하게 변한다. 강한 스
핀-궤도 결합에 의해 전도띠 Je=1/2 스핀은 축퇴(degenerate)된 단일항 (singlet)과 삼중항 (triplet)을 가진다. 이때 전자와 양공이
exciton 결합을 하게 되면 전자-양공 교환(exchange)효과로 인하여 Je=1/2인 전자와 Jh=1/2인 양공 스핀이 결합하여 J=0인 단일항과
J=1인 삼중항을 이루게 된다. 강한 스핀-궤도 결합은 Rashiba 효과를 유발하여 삼중항의 축퇴가 사라지며 세개의 상태로 분리되는
exciton fine-structure를 형성한다. 본 연구에서는 이러한 효과에 더하여 고자기장에서 exciton 재결합시 전이 에너지가 비정상적으로
변화함을 관찰하였다. 일반적으로 자기장하에서 exciton 전이는 자기장 세기의 제곱에 비례하게 되며 자유 입자 전이의 경우 Landau 전
이에 따라 자기장에 비례하게 된다. 하지만 본 연구에서는 고자기장 하에서 MAPbCl3 결정의 광전이 에너지가 이러한 정상 거동에서 벗
어나는 것을 발견하였다. 이는 전자와 양공의 g-factor가 자기장이 변하면 같이 변화할 수 있음을 나타낸다. 이러한 비정상 전이는 강한
스핀-궤도 결합과 더불어 고자기장하에서 band non-parabolicity 효과에 의한 것으로 설명할 수 있다.
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폴리스티렌(polystyrene) 또는 실리카(silica)재질의 나노입자 마스크를 이용하여 주기적 금속패턴을 형성하고 이와 관련된 국소 플라즈
몬(local plasmon) 공명에 대해 연구하였다.나노입자 마스크의 형성은 표면처리를 통해 친수성을 높인 나노 입자들이 포함된 콜로이드
분산액을 실리콘기판위에 스핀코팅 하는 방법을 이용한다.이 과정을 통해 상온에서 콜로이드 결정 마스크라고 불리는 육방밀집구조 단일
층 또는 이중층이 형성된다.다음 단계는 제작된 나노 입자 마스크 즉, 배열된구형 콜로이드의 틈을 이용하여 원하는 금속재료를 패턴 증
착을 한다.이후 디클로로메탄을 이용한 리프트 오프 공정을 거치게 되면 실리콘 기판위에는 유사삼각형 모양의 주기적 금속나노패턴이
형성된다.본 연구에서는 패턴간격 115 ~ 404 nm 를 갖는 이차원 육방정계(hexagonal) Ag 패터닝을 형성하고,관련된 국소 플라즈몬
공명 모드를 조사하고자 한다.이를 위해서는 사용되는 빛의 파장보다 작은 Ag 나노 패턴 형성이 요구되며,패턴 금속두께에 따른 플라즈
모닉 모드 조사도 필요하다.금속과 접하는 주변 물질이 Si과 공기인 경우Ag나노패턴에 따른 프라즈몬 공명 모드는 이온적으로는 각각
756nm와 354 nm를 갖는것으로 확인되었다. 따라서,본 연구에서는 이론적 수치를 기반으로 나노 입자의 크기를 결정하고,이를 이용해
제작된 주기적인 Ag패턴을 형성한다.다양한 간격과 두께의 Ag 나노패턴에서의 플라즈몬 공명 모드의 변화를 관찰하고 광소자 적용가능
성에 대해 논의할 것이다.
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백색 발광 다이오드 (white light-emitting diode: WLED)는 고효율, 긴 서비스 수명, 내구성 및 더 나은 에너지 절약과 같은 우수한 장점
으로 인해 상업 및 산업 연구 분야에서 중요한 관심을 얻고 있다. WLED의 이러한 두드러진 특징은 고체조명 분야에서 차세대 광원으로
인식되고 있다. 본 발표에서는 구연산 assisted 졸-겔 방법에 의해 K3La(VO4)2 (KLVO) 물질을 합성 하였다. KLVO 호스트 물질의 결정
성질 및 상 순도는 X-선 회절 패턴을 사용하여 분석 하였다. 합성된 샘플의 표면 형태는 전계방출주사 전자 현미경 및 투과전자 현미경 이
미지에 의해 조사되었다. KLVO:Eu3+ 또는 KLVO:Dy3+ 형광체 샘플의 광 발광 (photoluminescence: PL) 특성은 자외선 여기하에서 적
색 및 황색 방출을 보였다. 또한, 최적화된 형광체 샘플의 열적 PL 특성이 측정되었고 더 높은 온도에서보다 우수한 방출을 보였다. 따라
서 얻어진 결과, KLVO기반 형광체는 고체조명 분야에서 유망한 응용 분야를 가질 것으로 기대된다.
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Two-dimensional (2D) layered materials have actively been studied because of their unique electronic, optical, mechanical
properties that make them possible in much potential applications since the discovery of graphene. MoS2, atomically thin
layers, has been regarded as a very interesting materials owing to its large direct band gap, approximately, 1.8 eV and high
mobility, which promise potential applications in various opto-electronic devices, and solar cells. Transition metal doped
semiconductor, so called, diluted magnetic semiconductor (DMS) has been attracting much interests for spintronics
application. If transition metal can be successfully doped in layered MoS2, a two-dimensional diluted magnetic
semiconductor will be realized.
Cobalt doped MoS2 film was synthesized by sulfurization using chemical vapour deposition (CVD) system and 99.999%
purity sulfur (S) powder was used as the reactant for the cobalt and molybdenum deposition on the oxidized Si substrate.
The alumina boat with substrate was positioned at the center of the furnace, heating zone of a quartz tube with 2-inch
diameter of CVD. Sulfur powder of 500 mg was provided in another alumina boat and was positioned at upstream relative
to the carrier gas flow direction. The heating zone, central furnace was heated to a temperature of 850 oC at a heating rate
of 28 oC /min under argon atmosphere in a 100 sccm flow rate. The sulfur powders has been deposited onto the substrate
for 10 min at 850 oC.
In this study, we report the ferromagnetic characteristics of the Co-doped MoS2. Room temperature ferromagnetism was
demonstrated in MoS2 film doped by cobalt through sulfurization. The Co-doped MoS2 has a ferromagnetic hysteresis at
room temperature and showed two Curie temperatures. The remnant magnetization and coercive field at room
temperature are 1.61 emu/cm3 and 68 Oe. The elemental concentration of Co-doped MoS2 measured by x-ray
photoelectron spectroscopy was 7.3 at.%.
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고효율 태양전지와 전자 제품에 이용되는 AlInP 박막은 성장 온도에 따라 구조특성이 변화하여 소자의 광학적, 전기적 특성에 영향을 미
친다. 그러나 Al 금속이 포함된 화합물을 metal-organic chemical vapor deposition (MOCVD)로 GaAs웨이퍼 위에 lattice-matched
구조로 성장하는 것이 어려워 최적 성장 조건을 찾는 것이 쉽지 않다. 그래서 AlInP 박막의 lattice-matched 성장 조건의 최적화를 위하
여, GaAs(001) orientation 기판위에 MOCVD를 이용하여 610, 630, 650, 670 ℃ 의 온도에서 AlInP 박막를 성장하였다. 그리고
High-resolution X-ray Diffractometry (HRXRD)를 이용해 구조특성을 분석하였다. 박막의 두께 변화와 full width at half maximum
(FWHM) 분석을 위해 GaAs(004)면의 회절 패턴을 측정하였고, in-plane 격자상수와 조성 정보를 확인하기 위해 GaAs(115)면의 회절
패턴을 측정하였다. 성장 온도의 변화에 따라 두께는 500~700 nm, FWHM은 35~55 arcsec, Al의 조성은 53.4~54.2% 사이에서 변
화하였다. 동일한 박막 성장 조건에서 성장 온도가 높아질 수 록, 성장된 박막의 두께가 감소하며 650℃인 경우에 가장 얇게 성장된다. 성
장 온도가 670℃로 높아지게 되면 FWHM이 53 arcsec로 결정성이 좋지 않아 두께를 확인 할 수 없다. 그리고 성장 온도가 650℃인 경우
에 FWHM이 가장 적게 나타나 결정성이 우수하게 평가되었다. 또한 동일 온도에서 박막의 in-plane 격자상수(5.6536 Å)가 벌크 상태의
GaAs의 격자상수(5.6538 Å :JCPDS 32-0389)와 비슷하여 lattice-matched 구조를 이루고, 격자상수를 통하여 계산된 Al의 조성은
53.4%로 lattice-matched 구조에서 계산된 Al 조성(52%)와 가장 적은 차이를 보이는 것을 확인하였다. 결과적으로 650℃에서 성장된
AlInP 박막이 성장된 두께는 가장 적으나 결정성이 우수하고 벌크 상태의 GaAs의 격자상수와 조성이 가장 효과적임을 알 수 있다.
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2CDB13DRecently, organic-inorganic hybrid halide perovskites have gained
much attention owing to their superb optoelectronic properties with a
special emphasis on solar-cell applications. Currently, there is a significant
effort to reduce the bandgap of these semiconductors down to 1.0 eV ~ 1.4
eV in order to maximize the power conversion efficiency via A- and B-site
cation engineering. In this work, we have prepared MA0.2FA0.8Pb1-xSnxI3 (x
= 0, 0.25, and 0.5) that indeed have ideal bandgaps. Intriguingly, however,
we find that these perovskites exhibit so-called above-gap emission in which
the mismatch between the emission edge (optical gap) and the absorption edge (fundamental gap) is very large (> 200 nm
at x = 0.5). This effect arises from the blueshift of the optical gap while the band edge undergoes redshift upon Sn
doping. We employed fine-scale photoluminescence excitation (PLE) spectroscopy in order to clarify the bandgap anomaly
under one- and two-photon absorption. The optical gap and the damage threshold of each compound are precisely
determined together with two-photon dispersion (wavelength dependence) over a broad spectral range. A feasible
mechanism for peculiar optical transitions in these semiconductors will be presented.

%565B5>35
. 0F. O. Saouma, C. C. Staumpos, M. G. Kanatzidis, Y. S. Kim, J. I. Jang, J. Phys. Chem. Lett. 
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Zinc oxide (ZnO), a typical oxide semiconductor material with a wide bandgap (3.1~4 eV), has good transparency,
moderate mobility, and the CMOS compatibility. In addition, ZnO thin films were widely investigated for Resistive Random
Access Memory(ReRAM) applications and revealed to have the memory properties of fast switching speed, large on/off
ratio of resistance, stable endurance, and long retention. Recently, a resistive switching effect has been also observed in
defective SiO2 thin films, although silicon is not a transition metal. Here, we consider using Zinc Silicate (ZnSiO3 or Zn2SiO4)
as a new material for ReRAM application. In previous experiments, we studied the optimum partial pressure-conditions of
oxygen gas during the reactive sputter-deposition, and observed that the newly formed Zinc Silicate thin film has the
resistive switching properties.
In this experiment, we have demonstrated the fabrication and application of a nonvolatile ReRAM with the Zinc Silicate
thin film. In particular, the thermal annealing effect on the nonvolatile memory characteristics was investigated. Zinc
Silicate thin film was deposited on a highly doped-Si substrate by RF-magnetron sputtering method. For the top Ag
electrode, metal evaporation method was conducted with shadow mask. The highly doped-Si substrate was used for
bottom electrode. The nonvolatile memory parameters were measured using HP4155C semiconductor parameter analyzer.
The Zinc Silicate ReRAMs show both bipolar and unipolar resistive switching behaviors. In the bipolar case, the set- and
reset- voltages are around 3.5 V and -2.8 V. Current ratio of Low Resistance State (LRS)/High Resistance State (HRS) is 102,
however, it shows poor enduration. In the case of unipolar operation, the set- and reset- voltages are around 3.8 V and 1.2
V, respectively, and current ratio is in the range of 104 to 106. The enduration was much improved compared to the bipolar
case. However, the HRS is unstable in endurance measurements. We attribute speculatively the large current-fluctuation in
HRS to non-repeatable formation of the nonstoichiometric phase of Zinc Silicate.
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GaN (Eg = 3.4eV), 4H-SiC (Eg = 3.2eV), (Eg = 3.6eV), ZnO (Eg = 3.3eV)와 같
은 일반적으로 큰 밴드 갭을 가지는 반도체 재료는 DUV 광전 소자에 적용하기 위해
수십 년 동안 광범위하게 연구되어왔다.
단파장의 반도체 소자를 얻기 위해서는 밴드 갭이 넓은 재료를 연구해야 한다. 이에
Ga2O3는 4.9eV의 밴드 갭을 갖고 있기에 단파장의 반도체 물질이 될 수 있으며, 화
학적 안정성이 우수하고 열적으로 안정적인 성질을 지니고 있다.
그러나 지금까지의 대부분의 연구는 이 재료의 전기적 및 구조적 특성에 초점을 맞추어 왔으며 Ga2O3의 광학 특성에 대해서는 자세히
조사된 바가 없다.
본 연구에서는 다양한 기판 위에 성장 된 Ga2O3(벌크, 동종성장, 이종성장)의 광학 특성을 조사하였다.
Photoluminescence 및 raman spectroscopy 는 bulk와 homo-epitaxially(B-Ga2O3), hetero-epitaxially grown(a-Ga2O3)를 비교
하여 분석하였다.
또한 광전류 스펙트럼은 B-Ga2O3(bulk) 태양광 차단 광 검출기의 가능성을 탐색하기 위해 측정하였다.
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기존에 GaN/InGaN 청색 발광 다이오드의 광학적, 전기적 특성에 대해서는 연구된
바가 많으나, Barrier에 고농도로 도핑된 GaN/InGaN 청색 발광 다이오드의 특성에
대해서는 연구된 바가 적었다. 본 연구에서는 Barrier에 고농도로 도핑된
GaN/InGaN 청색 발광 다이오드에 역방향 전압을 걸어주면서 전기적 특성을 확인하
였다. 또한 photoluminescence는 405 nm laser를 광원으로 사용하여
GaN/InGaN 청색 발광 다이오드의 광학적 특성을 확인하였다. 역방향 전압에 대해
MQW 영역에서 QW과 Barrier가 공핍되는 위치를 확인할 수 있고, 같은 성장 조건
에서 기본형시료와 활성층 밑에 의도적으로 LMI strain control layer를 첨가한 시료
를 비교하면서 strain 완화에 의한 piezoelectric filed의 변화를 비교 할 수 있었다.
이를 통해 GaN/InGaN MQW에서 순차적인 운반자 탈출 현상과, 압전 전기장이 운
반자 탈출에 미치는 영향에 대해서 분석할 수 있었다. 그림1은 고농도로 도핑된 양자
우물구조에서 역방향 전압 인가에 따라서 다중 양자우물이 하나씩 독립적으로 공핍
되고, 그에 따른 운반자 탈출 역시 각각의 양자우물 구조에서 순차적으로 일어나고
있음을 보여준다. 결과에 따른 분석을 통해 GaN/InGaN 다중양자우물 구조에서 운반자 탈출이 순차적으로 일어나고 있고, 압전 전기장
의 변화가 다중양자우물의 성질 및 운반자 탈출에 미치는 영향을 알 수 있었다.
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We studied the defect states in free standing GaN(c-plane) crystals grown by hydride vapor phase epitaxy (HVPE). The
freestanding GaN crystals were prepared by removing the substrates after growth of GaN on Si(111) substrates by HVPE
method. In order to grow high quality GaN crystals, it is necessary to analyze the defect states. The deep level parameters
such as activation energy, capture-cross section, and density were analysed by using deep level transient spectroscopy
(DLTS). Two defect states were observed at activation energy of 0.23 eV and 0.97 eV with capture-cross section of
1.52x10-13 cm2 and 1.36x10-10 cm2, respectively. Electrical and optical properties were measured also by curent-voltage
and photoluminescence, respectively. The characteristics of the freestanding GaN crystal with Si substrate by HVPE with
high growth rates were superb compared to those of c-plane GaN layers on sapphire substrates by MOVPE. This study
proves that the growth of GaN on Si(111) by HVPE is a promising method to obtain c-plane freestanding GaN efficiently
and economically.
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We report on hetero-trans-epitaxy of ZnO wire arrays on graphene-coated GaN substrate using low-temperature
hydrothermal epitaxy technique. ZnO were grown to be vertically aligned wire arrays on graphene-coated c-plane GaN.
Noticeably, these wires were found to show homogeneous in-plane alignment of hexagonal sidewall facets over the entire
surface of substrate, in spite of small domain size of graphene. This results strongly suggest that GaN substrate played a
crucial role in determining the crystallographic orientation and lattice arrangement of ZnO overlayer across graphene layer.
Such heteroepitaxial relationship across graphene was identified via cross-sectional transmission electron microscopic and
selected area electron diffraction analyses. We theoretically and experimentally studied the role of substrate in how/why
the hetero-trans-epitaxy is feasible across graphene layers. In practice, as increasing the thickness of graphene, the impact
of substrate was decreased with reduced number density of ZnO wires. In addition, we attempted the exfoliation of the
hetero-trans-epitaxial wires from the substrate using a stamping technique because of graphene weakly bound to the
substrate by van der Waals attraction. This unconventional epitaxy technique opens an opportunity of the repetitive reuse
of high cost substrates and release of epitaxial overlayers for epitaxial electronics and optoelectronics applications.
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ReRAM(Resistive Random Access Memory) devices using metal-oxides have been extensively studied to realize next
generation of a high performance nonvolatile memory. Among several materials for the memory devices, the ZnO thin film
exhibited good nonvolatile memory characteristics in terms of switching speed, on-off resistance ratio, and retention.
However, the thin film is stressed with increasing number of on-off resistive switching cycles, so that it is unlikely for the
memory device to exhibit stable and reproducible resistive switching behavior. In order to improve the resistive switching
properties of ZnO-based ReRAM, a ZnO/SiOx multilayer structure has been proposed. It is worthwhile to note that a
resistive switching has been also observed in defective SiO2 thin films, although Si is not a transition metal.
In this experiment, we have demonstrated the fabrication and application of a nonvolatile ReRAM with the ZnO/SiOx
multilayers. The thermal annealing effect on the nonvolatile memory characteristics was investigated. Since the middle ZnO
layer is thought to play an important role in the on-off operation, the on-off operation properties according to the
thickness of middle ZnO layer were also studied. Both ZnO and SiOx thin films were deposited using RF magnetron
sputtering at room temperature. The ZnO/SiOx multilayers were then annealed at various temperature and time conditions
under N2 gas atmosphere. As a result, reproducible on-off operations with the on-off resistance ratio of >102 were
obtained. Based on the results of these experiments, we will discuss the effect of thermal treatment on the nonvolatile
memory characteristics.
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Copper(I) thiocyanate (CuSCN) 고분자의 valence band edge는 5.3 eV으로 약 5.4 eV인 CH3NH3PbI3 (MAPbI3)의 highest
occupied molecular orbital (HOMO)와 에너지레벨 차이가 작아 MAPbI3 페로브스카이트 태양전지에서 캐리어 이동이 효율적이며
open circuit voltage (Voc)값의 향상을 기대할 수 있다. 또한 CuSCN은 기존 널리 사용되고 있는 2,2’,7,7’-tetrakis-(N,N-di-4methoxyphenylamino)-9,9’-(spirobifluorene) (Spiro-OMeTAD) 홀 전도 물질과 비교하여 신뢰성 측면에서 우수한 특성이 보이는 것
으로 발표되고 있다. 본 연구에서는 페로브스카이트 태양전지의 홀 전도 물질로 CuSCN을 사용하여 MAPbI3 페로브스카이트 광흡수층
과의 연관성을 연구하였다. Diethyl sulfide 용매로 CuSCN을 완전히 용해시켰고 spin coater를 이용하여 박막을 코팅하였다. Spin
coating 조건, 열처리 조건에 따라 CuSCN/MAPbI3 광흡수층 사이 반응에 의한 계면에 차이가 나는 것을 관측하였고, 이에 따른 태양전
지 소자의 특성에 관하여 연구하였다. Scanning electron microscopy, UV-Visible spectroscopy, X-ray diffraction등을 이용한 소재
분석과, Sun I-V, quantum efficiency등을 이용한 태양전지 소자를 분석하여 홀 전도 물질로 최적의 특성을 가지는 CuSCN 조건에 대하
여 연구하였다.
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최근 많은 연구자들이 재생 가능하고 지속 가능한 에너지 저장소자의 개발에 집중 해왔다. 슈퍼 커패시터는 높은 전력 밀도, 탁월한 사이
클링 안정성, 신속한 충방전 능력 및 작동 용이성과 같은 많은 이점으로 인해 에너지 저장소자들 사이에서 상당한 주목을 받고 있다. 전하
저장 메커니즘을 기반으로 슈퍼커패시터는 전기이중층 캐패시터와 의사 커패시터로 나누어진다. 전기이중층 커패시터에서 전하는 비패
러데이 방식으로 전극/전해질 계면에 저장되며 탄소 기반 물질 (탄소나노튜브, 탄소 에어로젤, 활성 탄소, 그래핀 등)은 전기이중층 커패
시터 유형의 물질로 광범위하게 연구되고 있다. 전기이중층 커패시터와는 달리, 의사 커패시터의의 전하 저장 프로세스는 강력한 가역 산
화 환원 반응이 전하 저장을 담당하는 패러데이 프로세스에 의해 제어된다. 슈퍼커패시터 전극 재료 (RuO2, Mn3O4)와 비교하여 배터리
유형의 전극 재료는 높은 에너지 저장 성능을 나타낸다. 지금까지 여러 가지 배터리 형 전극 재료 (Co3O4, NiWO4, NiCo 적층 이중 수산
화물 등)가 슈퍼커패시터용 활성 물질로서 연구되어왔다. 특히, 코발트 인산염은 높은 이론 용량, 우수한 산화 환원 가역성, 높은 전기 화
학적 안정성, 친환경 성 및 저비용으로 인해 효과적인 전극 재료로 간주된다. 이러한 발표에서 바인더가 없는 인산 코발트 mocroflowers는 수열합성법으로 고전도성 니켈 foam위에서 합성되었다. 제작된 코발트 인산염 mocro-flowers는 전해질 이온에 대한
mocro-flower petals의 높은 접근 가능한 표면적으로 인해 우수한 전기 화학적 성질을 보여 주었고, 이로 인해 수많은 산화 환원 반응이
생성되었다. 따라서 다양한 형태의 코발트 인산염 전기 활성 물질을 합성하는 것이 슈퍼커패시터의 양극 물질로 효과적으로 사용될 수 있
다.
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마찰전기 나노발전기 (TENG)는 기계적 에너지를 전기로 전환시키는 유망한 기술 중 하나이다. 또한 TENG는 고출력 성능을 갖춘 손쉽고
비용 효율적인 설계 기술 덕분에 많은 관심을 받고 있다. TENG 장치는 마찰전기 분해 및 정전 유도와 같은 두 가지 기본 현상 사이의 커
플링에 기반하여 작동할 수 있다. 지금까지 TENG의 전기적 성능은 마찰전기 물질의 표면 거칠기를 높이거나 유전상수를 증가시킴으로써
주로 향상되었다. 이러한 발표에서 두 가지 유형의 폴리머를 사용하고 위에서 언급 한 두 가지 프로세스를 모두 채택하여 TENG의 성능을
향상시켰다. 따라서 제안된 TENG는 ~ 580 V와 ~ 31 μA의 높은 출력 전압과 전류를 나타냈다. 또한, 장기간의 주기적 동작 및 습한 환경
에서도 안정적인 출력 성능을 보였다. 여기서, 상이한 중합체층의 표면 형태는 전계방출주사 전자현미경에 의해 분석되었다. 또한 제작된
TENG 소자의 전기적 출력 성능은 디지털 오실로스코프를 사용하여 측정되었다.
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마찰전기 나노발전기, nylon, MWCNTs, PDMS
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We fabricated CZTSSe solar cell by using spray pyrolysis at air environment. The CZTSSe absorber was made by spray
deposition and subsequent sulfo-selenization. The performance of completed device was affected by the sulfo-selenization
conditions. By optimizing the sulfo-selenization condition, power conversion efficiency more than 8% was obtained. We
performed opto-electrical characterization of the high efficiency solar cell, and based on the characterization results we
will discuss the device properties.
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CZTSe solar cells have been investigated extensively these days. The best cell efficiency of 12.6 % was achieved by using
solution-based process. However, CdS was used as a n-type buffer layer, which may act as limiting factor for the
development flexible CZTSe solar cell. We developed (Zn,Sn)O thin film as a buffer layer to replace the CdS. The (Zn,Sn)O
was fabricated by using co-sputtering method. The band gap of (Zn,Sn)O film was found to be dependent on deposition
temperature. At optimal deposition temperature of (Zn,Sn)O, power conversion efficiency more than 8% was obtained. In
this presentation, we will show and discuss the device properties of the highe efficiency solar cell.
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Zn-based buffer, CZTSe, solar cell
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For a given random variable
Shannon
entropy
of

with probability distribution
this
variable
is
given

,
by

. This value measures unpredictability
of the random variable. Several random variables were suggested to
measure Shannon entropy in percolation models. For example, size of a
randomly selected cluster was suggested. It was reported that Shannon
entropy calculated by using this random variable does not have the
maximum value at the critical point in explosive percolation models. This
result seems unnatural because of the scaling behavior of cluster size
distribution at the critical point. In this presentation, we suggest a new
random variable based on link selection rule in explosive percolation models.
We check that the peak point of Shannon entropy calculated by using this
random variable emerges at the critical point in various explosive percolation models.
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2CDB13D
We studied the dynamical stability of the Ising spin systems on complex networks. Contrary to the lattice spin models below
the Curie temperature, the spin systems on complex networks near a critical point show infrequent switching between the
two states connected by Z2 symmetry, the states with magnetization M and -M. We show that this macroscopic switching
is triggered by propagating flips of spins in a bursty manner, and that it is particularly prominent in graphs of high
clustering coefficients. We mapped the pseudo-dynamics of a spin system in fictitious time of Monte Carlo steps into a
dynamical system to find an analogy between synchronized flips of spins and rare events in chemical reaction systems.
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Ising model, complex network, critical phenomena, bistability
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We study the no-exclaves percolation (NExP) in square lattices with various ranges of neighbor bonds. An exclave is a
cluster of unoccupied sites surrounded by occupied clusters. In NExP model, every exclave is turned into occupied sites and
this causes some interesting phenomena. It has been observed that the exclaves turned into occupied sites boost the
percolation transition in 2D lattices whose ordinary percolation critical point, pcOP, is larger than 1/2. The cases with pcOP <
1/2, however, remain to be explored. To this end, we apply NExP to square lattices at increasing ranges of neighbor
bonds.
In cases where pcOP < 1/2, we observed apparent double transitions. The first transition separates the unpercolated and
percolated phases, and coincides with the OP transition at pcOP. The second transition occurs at p* = 1 - pcOP, beyond
which the lattice percolates completely. Percolation properties and critical behaviors of these double transitions will further
be discussed.
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site percolation, phase transition
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2CDB13D
Argon clusters of large size visible even with naked eyes are produced experimentally in argon supercritical fluid (SCF) at
room temperature. The lifespan of clusters is surprisingly long, more than few hours. To understand the stability of clusters
in supercritical fluid, molecular dynamics simulation have been performed with various initial conditions for the different
cluster sizes. The condensed argon cluster is placed at the center of a volume of argon SCF at 300K. The dissolution of the
cluster is determined by the normalized density fluctuation (the ratio between variance and average of particle numbers per
grid) which decreases with time. As the size of system (both the cluster and the simulation box) increases, the lifespan of
cluster increases evidently. For cluster size more than 350 particles, the shape of the cluster is maintained over 2 ns, while
the neighboring background particles replace the initial cluster particles with exchanges of particles. Thermodynamic
analysis of the simulation results will be discussed.
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MD simulation, supercritical fluid, cluster lifetime
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사람의 뇌신경계는 대표적인 비평형 시스템으로 독특한 모양의 규칙적인 전기신호를 발생시키는데, 이것을 뇌파 또는 뇌전도라 한다. 뇌
파는 다양한 주파수의 신호들이 섞여 있어 매우 복잡해 보이는 신호이지만 그 안에 사람의 뇌의 활동상태에 대한 정보가 담겨있다. 뇌파
를 정교하게 분석하여 뇌의 이상여부가 분석될 수 있으며, 증폭된 뇌파신호를 이용하여 전자기기가 직접적으로 제어될 수도 있다. 이에,
로봇이나 드론 같은 최신 전자기계들을 정교하게 조정하기 위해서는 신호의 잡음들을 최소화하고 신호에서 사용자의 의도를 분명하게 인
식하여 의미 있는 시점을 판단할 수 있는 뇌파 신호처리 방법이 필요하다. 본 연구에서는 뇌파가 여러 단계의 신호처리를 거쳐 사용자의
의도에 따라 타겟 오브젝트를 조작하는 실시간 뇌파 신호처리 방법과 뇌-기계 인터페이스 장치를 소개한다.
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Brain-machine interface, EEG
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Advances of theoretical statistical physics allows us to access thermodynamic information from non-equilibrium
macroscopic systems with appreciable fluctuations. The celebrated Jarzynski equality relates the free energy difference
between two equilibrium states to the work during non-equilibrium process. We consider a model bio-filament of which
some excited states can be triggered by mechanical force. The pulling-releasing loops show hysteresis and the work
distributions at intermediate extension have large (not simple Gaussian) fluctuations. Using Jarzynski relations, we estimate
several thermodynamic quantities of the filaments at given extensions, which are obtained from the molecular dynamics
simulations for the non-equilibrium processes. These results are compared with numerical estimates for the corresponding
equilibrium quantities based on Wang-Landau method.
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Non-equilibrium, Jarzynski relation
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2CDB13D
We investigate, via a spin-flip kinetic Monte Carlo simulations,
the entire growth kinetic process of the two dimensional kinetic Ising model cooled to zero temperature with finite cooling
rates. A new slow dynamics, suppressed and unseen in the instantaneous quench, emerge and eventually crosses over to
the usual coarsening behavior. The excess defect density vividly reveals the dynamics of defect generation, which is shown
to be in good agreement with the scaling theory pioneered by Kibble and Zurek (KZ). The dynamic spin correlation function
reveals that the impulse regime alluded by KZ is characterized by a unique critical coarsening process with the domain
growth dictated by the Kibble-Zurek mechanism. We also perform dynamic simulations of reverse critical heating with finite
rates from zero temperature, where the magnetization relaxation can be explained clearly by the KZ exponent.
We also find a new dynamic exponent governing the growth kinetics at the onset of the zero temperature. The proposed
scaling scheme for the excess defect density leads to a simple analytic expression for this dynamic exponent, indicating the
extended influence of the KZ mechanism even down to the kinetics at the
onset times of zero temperature.
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phase ordering kinetics, finite-rate quench, Kibble-Zurek mechanism, critical heating, kinetic Ising model
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2CDB13D
We study the motion of a Brownian particle confined by a harmonic potential generated by optical tweezers in artificially
generated active bath. The motion of the particle is thus driven by thermally generated white noise and an external noise.
Our system can mimic the real active bath such as a bath of swimming bacteria. In comparison to the real bacterial bath,
the activity of our artificially generated active bath is modulated in more controlled manner. Consequently, it allow us to
study the thermodynamics of the Brownian particle in active bath.

5IG?B4C

Active bath
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2CDB13D
본 연구는 외환시장에서 세가지 외환율들에 대한 시계열 데이터 (달러, 유로, 엔)로부터 다중축척 프랙탈의 동역학 거동을 연구한다. 컴퓨
터흉내내기에서 사용된 시계열들은 2000년 1월부터 2016년 12월까지의 외환율 최종가의 일데이터들이다. 연구방법은 다중축척프랙
탈 탈경향교차상관분석 방법을 도입하여 세가지 외환율들에 대한 교차관계를 분석을 통하여 두가지 시계열의 수익율사이들에 대한 교차
상관관계의 성질을 확장시키면 수치적으로 계산하는데 용이하다. 연구결과를 살펴보면 비정상적/비선형적인 시계열로부터 세가지 외환
율사이에 교차상관관계들은 특정한 시간축척에서 다중프랙탈 특징을 잘 나타내고 있다. 특히 달러-엔 사이에 다중프랙탈특징이 다른 달
러-유로와 엔-유러 교차관계에서 얻은 것들보다 다중프랙탈 강도가 더 강함을 나타낸다.
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2CDB13D
In social comunities, we have experienced a drastic change from the prevalent opinion of the people to a new and opposite
one. To reveal the mechanism of this interesting process, mean-field model with infinite range in the interaction has been
mostly considered [1]. However, the infinite range in the interaction is unrealistic since any individual cannot interact with
all of the other in the community. Taking into account it, we here consider a simple model in the low-dimensional lattices
(d=1,2) with finite range of the interaction, and investigate the collective behavior of the opinion consensus. In particular,
we reconstruct the lattice structure by adding new links when the two individuals have the distance $<\sigma$, and
explore its effects on the opinion consensus process. In this talk, the dynamic process of the opinion consensus is also
presented for various interaction range.

Referece
[1] S. A. Marvel, H. Hong, A. Papus and S. H. Strogatz, Phys. Rev. Lett. 109, 118702 (2012).
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2CDB13D
The distribution of export volume over different product categories reflects how individual countries allocate their limited
resources for production towards maximizing economic growth. The wealth of countries, quantified by their GDP, is an
important factor constraining the organization of the export product share, but this relation remains to be characterized.
Here we use a simple machine learning tool, the multi-layer perceptron, to elicit how the export product portfolio varies
with the GDP from the data of the international trades and the GDP in the period 1962 to 2000. Our model is trained to
classify the GDP rank of a countryh according to its export product portfolio, the share of the export volume of each
product category. By sorting the link weights of hidden and output nodes, we find that certain products' shares are
strongly correlated with the GDP. This finding helps us understand the different organization of export product share
between rich and poor countries. We also use the Convolutional neural networks to identify the correlation between the
GDP in the present is correlated also with the export product portfolio in the past. resulting in the better performance in
predicting the GDP rank from the trade data.
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International trade network, Econophysics
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We study two-species interacting particle system as a model for the emergence of multicellular organisms from unicellular
cells that cooperate via division of labor. First, we present the mean-field analysis of the model to explain the basic effect of
cooperation. Next, we perform extensive stochastic simulations of the model in (1+1)-dimension to examine the effect of
dimensionality and stochasticity. We observe that there are two types of phase transitions. The first type is an absorbing
phase transition which occurs from a fluctuating active phase into an absorbing state. We have confirmed that our model
belongs to DP universality class when we consider only the survival of the species. In addition, the model displays another
phase transition from a segregated domain phase into a mixed domain phase depending on the effective cooperation
rate. When the cooperation effect is weak, the system is dominated by the segregated single-species domains. In this case,
each species lives separated from the other by a well-defined boundary. On the other hand, when the cooperation effect is
strong enough, the mixed-species domain emerges, within which both species live and mingle together. Within such
domain, different species cells tend to locate adjacent to each other and effectively behave like bi-cellular organisms. We
characterize these two types of phase transition and critical phenomena from the perspective of non-equilibrium phase
transition. Based on these results, we construct the phase diagram.
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진화 게임 동역학은 주로 표현형 전략의 진화로 연구되어왔다. 본 연구에서는 문화적 이유나 생물학적 이유에 의해 전략은 유전자형으로
존재하고, 게임은 표현형 전략 사이에서 이루어지는 진화 과정을 연구하였다. 협조 행동의 비용과 혜택으로 보수가 표현되는 간단한 죄수
의 딜레마 게임에 대하여, 복제자 동역학, 구조를 가진 집단의 사생 과정, 명성을 가진 집단의 전략 변화를 연구하였다. 대립 형질 (유전자
형 전략)의 우성/열성 순위에 따라 최종 집단의 전략은 크게 달라질 수 있으며, 변이가 있는 경우에 유전형 전략의 진화가 표현형 전략의
직접 진화와 상당히 다른 결과가 나타난다. 특히, 초기 진화 과정에서 집단 진화에 큰 영향을 미치지 못하는 열성 형질이 집단의 장시간
진화에 변화를 유도하여 집단의 협조 진화에 결정적 역할을 할 수 있음을 보였다
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We present results of the prisoner's dilemma game on complex networks that have population change. To observe the
population change, we introduce a death process with minimum requirements. When it is applied, a highly cooperative
society induces. We also study the effects of immigration on the society. To quantify the effects of immigration, we only
consider the population change of the society and define the immigration is successful when the population increases. In
immigration, the acceptable number of immigrants of the society maintaining successful immigration is determined by the
population of the society, the ratio of cooperator among immigrants, and the immigration interval. In addition, if
immigrants have a preferential attachment link, the acceptable number of immigrants increases.
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패럴린 poly(chloro-p-xylene)은 필름을 제작하는 공정이 비교적 간단하여 소수성 코팅, 화학물질의 장벽, 절연체로 주로 사용되어왔으
며, 나아가 미세 유체 소자, 광학, MEMS에 적용하기 위한 연구 또한 진행되고 있다. 최근 액체 표면에서 고분자 필름을 성장시키는 연구
들도 진행되었는데 이 경우 poly(chloro-p-xylene)필름이 표면에 가하는 힘을 측정하기도 했다. 본 연구는 액체 표면에서의
poly(chloro-p-xylene) 필름의 성장이 기존에 연구된 성장 매커니즘과 어떤 차이를 보이는지 확인하는 것을 목표로 하며, SiO2와 글리세
롤 표면에서 성장한 poly(chloro-p-xylene) 필름의 표면 형태를 AFM을 사용하여 측정하고 동력학적 스케일링 이론에 따라 분석하였다.
축적된 데이터의 초기 분석에 의하면 액체표면에서 거칠기의 성장이 산화실리콘 표면에서보다 2배이상 빠르다는 결과를 얻었다. 이는 표
면성장이 초기성장이 이뤄지는 표면에만 의존할 것이라는 상식에 서 벗어나는 다소 특이한 결과이다. 자연스럽게 산화된 실리콘 표면과
액체 표면에서 성장한 필름의 국부적인 표면거칠기 계수, 표면성장계수는 각각 αloc = 0.63±0.11 와 β = 0.09±0.02 그리고 αloc =
1.29±.079 와 β = 0.24±0.01로 얻어졌다.
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Objectives: To investigate whether morphometric complexity in the lung can predict survival and act as a new prognostic
marker in patients with chronic obstructive pulmonary disease (COPD).
Methods: COPD (n = 302) patients were retrospectively reviewed. All patients underwent volumetric computed
tomography and pulmonary function tests at enrollment (2005–2015). For complexity analysis, we applied power law
exponent of the emphysema size distribution (Dsize) as well as box-counting fractal dimension (Dbox3D) analysis. Patients’
survival at February 2017 was ascertained. Univariate and multivariate Cox proportional hazards analyses were performed,
and prediction performances of various combinatorial models were compared.
Results: Patients were 66 ± 6 years old, had 41 ± 28 pack-years’ smoking history and variable GOLD stages (n = 20, 153,
108 and 21 in stages I−IV). The median follow-up time was 6.1 years (range: 0.2−11.6 years). Sixty-three patients (20.9%)
died, of whom 35 died of lung-related causes. In univariate Cox analysis, lower Dsize and Dbox3D were significantly
associated with both allcause and lung-related mortality (both p < 0.001). In multivariate analysis, the backward elimination
method demonstrated that Dbox3D, along with age and the BODE index, was an independent predictor of survival (p =
0.014; HR, 2.08; 95%CI, 1.16–3.71). The contributions of Dsize and Dbox3D to the combinatorial survival model were
comparable with those of the emphysema index and lung-diffusing capacity.
Conclusions: Low morphometric complexity in the lung is a predictor of survival in patients with COPD.
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It is a difficult, challenging problem to experimentally quantify the molecular transport in a cell nucleus and to unravel its
characteristics and underlying mechanisms. Only a limited experimental work exists in literature, which hints that
biomolecules inside a nucleus often have anomalous diffusion. Intriguingly, their character is distinct depending on the
identity of the molecules. The former studies have pointed out that in a nucleoplasm the molecular diffusion will be highly
restricted by the main crowder therein, namely, the chromatin polymer network, which serves a strong excluded volume
interactions and/or non-specific interactions to the diffusing particles. To get an insight into this complicated dynamics, we
model the interphase human chromosome with a fractal globule (FG) and carry out a computation study on the Brownian
particles diffusing inside the FG random obstacle. For comparison, the corresponding particle simulations in different
random obstacles are also performed. Surprisingly, we find that at certain conditions the obstructed diffusion in a fractal
globule bears substantial spatiotemporal heterogeneity attributed to strong particle-to-particle fluctuations and anomalous
behaviors in the tracers' diffusion. The anomaly properties of the obstructed diffusion are quantified in terms of several
dynamic observables such as mean squared displacements (MSDs) and the van-Hove correlation function. Analyzing the
simulation results with an effective bond percolation model, we show that the obstructed diffusion in a chromatinobstructed space is understood with the theory of continuous time random walks on a percolation network. Biological
implications of our model study are discussed in brief.
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We computationally study the two boundary problem of first-passage dynamics where a random walker performs a strong
non-Markovian diffusion modeled by fractional Brownian motion (FBM) and stochastically resets to its initial position at a
constant rate r. An important application of this problem is for proteins to search the target sequence in DNA where the
diffusive searcher explores in a finite domain and strong correlation often prevails in a diffusion process. In a half-infinite
space with one boundary, i.e., a limiting case for the two boundary, it is shown that stochastic resetting always enhances
the efficiency of target search of FBM. In the presence of two absorbing boundaries, it is found that the distance between
the target and the reset site determines whether resetting enhances the target search or not. The corresponding critical
distance is given by a function of the Hurst exponent and the length of confining domain. At distances of < the critical
distance, resetting reduces the mean target search time, i.e., mean first-passage time (MFPT), and there exists an optimal
resetting rate r* for minimizing the MFPT; otherwise there is no optimal condition. The dependence of the Hurst exponent
on the MFPT is computationally investigated. For the case of Markovian limit (H=1/2) the MFPT is analytically solved and
confirmed with the simulation. For the non-Markovian case (H!=1/2), we seek to find its scaling function by generalizing
the analytic form at H=1/2 and test its validity with simulation. Apart from the MFPT, the whole distributions of firstpassage times are also obtained and explained with analytic arguments.
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Acoustical beam forming is a technique that enhances the sound in the desired direction and cancels in other directions,
using the time difference of multiple microphones. This control of the directional property of microphones can improve the
efficiency in noisy environments by killing noise from nontarget direction. However, it was difficult to implement high
efficiency directional microphones in the existing method. Therefore, in this research, we investigate the ability to get
better performance of beam forming in two microphones by neural network. To train neural network model, we generate
data by simulation of sound-path-difference between distances from source to each microphones. To do this research, we
compare two models, one is the integrated neural network after two independent neural networks for each microphones
and the other is end-to-end integrated model that accepts both data at a time.
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Recently, Generative Adversarial Network (GAN) has been studied intensively as a way to detect abnormalities in image
data. In this presentation, we review and report our recent investigation of anoGAN (Anomaly detection with GAN). We
apply the anoGAN to time-series data instead of image data. It is demonstrated that how anomaly appears when anoGAN
is applied to vowel sounds.
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ReS2 is one of transition metal dichalcogenides (TMD) and can be exfoliated into atomically thin film. While other TMD
materials, such as MoS2 and WS2, have a hexagonal crystal structure, ReS2 has a distorted 1T (1T′) phase with triclinic
symmetry. Due to this triclinic symmetry, ReS2 shows optically biaxial properties and anisotropic in-plane polarization
responses.[1] We conducted polarized photoluminescence (PL) measurements for bulk and few-layer ReS2 at room and
low temperature. We compared polarization dependence of PL spectra and the crystal orientation of ReS2, which is
confirmed by measuring polarized Raman spectra.[2] In addition, we studied the temperature and thickness dependences
of PL spectra.
References
[1] O. B. Aslan et al., ACS Photonics , 96-101 (2015).
[2] D. A. Chenet et al., Nano Letters (9), 5667-5672 (2015).
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Hydrogen has been paid attention for clean and sustainable energy source.
Hydrogen generation thorough electrolysis, called hydrogen evolution
reaction (HER), is one of attractive and adequate approaches towards fuel
cell applications. So far, however, robust HER demands expensive Pt-based
materials as electrode for large-scale application. Recently, transition metal
coupled with planar graphene, graphene nano-sheets or nanotubes has
been drawn much attention with enhanced HER activity. Herein, we
demonstrate a hybrid electrocatalyst system for the hydrogen generation
using transition metal (Co,Fe,Ni) encapsulated vertical graphene nano-hills
(VGNHs). The skeleton like structure with perpendicularly oriented open
edges makes vertical graphene nano hills (VGNHs) a promising metal
support in catalysis to prevent corrosion in acidic/alkaline electrolyte.
Simultaneously, the beneficial highly conductive interconnected graphene
layers at the bottom minimizes the impedance which facilitates the electron
exchange. In our hybrid system, a few metal atoms encapsulated within the hollow space of VHNHs tip curvature at high
growth temperature functioned as the active sites, and as consequence enhanced HER performance was obtained with a
low overpotential, a small Tafel slope and a record-high mass activity (80 times higher than 20% Pt/C at 300mV) in acidic
electrolyte. Density function calculation reveals that the Gibbs free energy for the adsorption of atomic hydrogen attains a
minimum activation barrier with a low density of transition metal embedding. This sustainable approach can offer a new
methodology for the fabrication of electrocatalyst with high efficiency and low volume in water splitting technology.
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To deal with the environmental and energy problems, the development of
economical, earth-abundant electrocatalysts for water splitting is considered
as an effective solution. A robust and efficient electrocatalyst for the
hydrogen evolution reaction (HER) in both acidic and alkaline medium,
especially as a highly active bifunctional catalyst for overall water splitting in
the same medium, are desired. Here, we describe a facile method for the
synthesis of CoP nanostructures supported on vertical graphene nanohills
(VGNHs) with the carbon cloths substrate (CoP/VGNHs/CC) and its electrocatalyst activities. This novel CoP/VGNHs/CC
hybrid exhibited excellent electrocatalytic activity, including a lower overpotential and a smaller Tafel slope compared with
those of pristine CoP/CC in both acidic and alkaline media. Also attractively, the CoP/VGNHs/CC displayed as an excellent
oxygen evolution reaction (OER) and bifunctional performance in alkaline media. This novel electrocatalyst offers an
efficient strategy for the development of a non-precious metal HER, OER as well as bifunctional catalyst in the future.
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A nitrogen-vacancy (NV) center in diamond is a solid-state spin qubit having excellent quantum properties and field
sensitivity (e.g. temperature, magnetic field, and strain field). In this poster, we will demonstrate precise sensing of
mechanical motion by diamond NV center. We use hybrid mechanical systems where diamond cantilevers are mechanically
coupled to embedded NV centers via strain. From the measurement, we are able to extract the strain coupling constants
and realize coherent sensing of mechanical motion via strain measurement. We also conduct theory simulations of
membrane-type hybrid devices to study multimode effects in the strain measurements and to realize long range interaction
between NV centers via strain.

5IG?B4C

strain, NV, defect

-918-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.105*

#8?D?<E=9>5C35>35CDE4I?>*&5 M?&585D5B?CDBE3DEB5

임수연1, 정현식*1
물리학과
hcheong@sogang.ac.kr
1서강대학교

2CDB13D
The excited states of exciton in transition metal dichalcogenides (TMDs) cannot be easily observed by using conventional
photoluminescence (PL) measurements while the ground states can be easily observed. The excited excitonic states should
be investigated to understand the exciton structure and the electronic band structures in TMDs. On the other hand,
heterostructures of TMDs show interesting properties and one of them is interlayer exciton. Although the features and
effects of interlayer exciton in heterostructures have been intensively studied so far, they are not widely understood. We
investigated the excited states of the interlayer excitons in WSe2/MoSe2 heterostructures by using photoluminescence
excitation (PLE) spectroscopy.
We fabricated monolayer WSe2 and MoSe2 and their heterostructures on SiO2/Si substrates by the typical dry transfer
method. The angle between WSe2 and MoSe2 monolayers was controlled. The samples were encapsulated by thick hBN
layers for excluding extrinsic effects. We performed PLE and reflectance spectroscopy on the single materials and
heterostructures at room temperature and low temperature. We used a collimated broadband light combined with a
monochromator as an excitation source.
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In-plane anisotropy of rhenium disulfide (ReS2), one of the group- Ⅶ transition metal dichalcogenides (TMDs), gives
additional degrees of freedom in manipulating device properties using anisotropic electronic and optoelectronic properties.
ReS2 has a direct bandgap from 1-layer (1.58 eV) to bulk (1.5 eV) unlike group-Ⅵ TMDs such as MX2 (M=Mo, W, X= S, Se)
[1]. The covalent bonding of the transition metal atoms (Re-Re) causes the anisotropic 1T’ (distorted trigonal) structure and
all axes are not normal to other axes of the crystal. Therefore, up- and- down faces of monolayer ReS2 are inequivalent,
and the physical properties are related to the crystallographic orientation of ReS2 [2][3].
In this study, we performed linearly polarized Raman measurements on 1- to 3-layer ReS2 on both up- and down-sides.
The thickness was confirmed by interlayer vibration modes in the low frequency region (< 30 cm-1) [4]. We investigated the
polarization dependence (Raman tensor components) of the Raman modes with several excitation energies (514, 532,
633nm). For some Raman modes, the polarization dependences are similar for different excitation energies whereas some
modes show dramatic variation in the polarization behavior depending on the excitation energy. From the relation
between the polarization dependence of two Raman modes at 152 cm-1 and 212 cm-1, we classified the sides of samples
corresponding to two vertical orientations. We also identified the Re-chain direction using the polarization direction of the
Raman modes at 212 cm-1. We also measured transmission electron microscopy (TEM) to correlate the crystallographic
orientation with the linearly polarized Raman results.
[1] Z. Yu et al. Sci Rep,  13783(2015)
[2] Y. Lin et al. ACS Nano, 9 363(2015)
[3] S. Sim et al. Nature comm, 9 351(2018)
[4] E. Lorchat et al. ACS Nano,
27525(2016)
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Tin diselenide (SnSe2) is a family of transition metal dichalcogenides (TMDCs), which is an indirect band gap semiconductor
material. Its band gap is approximately 1.69 eV for monolayer or 1.07 eV for bulk [1]. SnSe2 has attracted much interest
because it has useful properties appropriate for thermoelectric devices [2], field-effect transistors [3], tunneling field-effect
transistors [4], phase change memory devices [5], and high-performance fast photodetectors [6]. In this work, we
investigated the low-frequency interlayer shear and breathing modes of few-layer SnSe2 using Raman spectroscopy. The
low-frequency micro-Raman spectroscopy with several excitation lasers were performed with a laser power of ~ 100 (on a
sample) to avoid heating. The intralayer Eg mode was observed at ~ 110 cm-1 and A1g mode at 185 cm-1. The interlayer
shear and layer-breathing modes show multiple peaks depending on the number of layers, which can give information on
the number of layers. High-frequency intralayer modes are not very sensitive to the number of layers as low-frequency of
interlayer vibrational modes.
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2CDB13D
다양한 발광체들에서 빛-물질 상호작용을 증강시키기 위해 여러 플라즈모닉스 구조들이 연구되어왔다. 이러한 구조 내에서 빛-물질 상호
작용을 강하게 증강시키기 위해서는 구조가 가지고 있는 국소 표면 플라즈몬 공명 (Localized surface plasmon resonance, LSPR) 파장
을 사용하고자 하는 발광체의 흡수 파장이나, 입사해 주는 광원의 파장에 가까울 필요가 있다. 본 연구에서는 금속 나노 구와 나노 홀의 결
합으로 이루어진 갭 구조를 제안하고 있다. 구조를 이루고 있는 금속의 종류, 나노 구의 크기, 나노 구와 홀 사이의 거리를 조절하는 공정
을 시행해, 금속 나노 갭의 LSPR 파장을 조절하였다.
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We conducted absorption spectroscopy on monolayer MoS2 thin films grown by MOCVD and transferred to sapphire
substrates. We obtained the absorption spectra in the visible and near-infrared (NIR) regions (200 nm – 1000 nm) and
found that MoO3 overlayers lead to redshifts in the exciton peaks, which confirms hole doping.
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방사광인 X-선을 이용한 이차전지 양극물질의 연구의 횟수 및 질이 최근 크게 증가하고 있다. 충방전에 따라 Li 이온이 양극물질에서 빠져
나가고 양극물질 사이로 들어오는데, 이러한 과정에서 양극물질의 산화가 및 결정구조의 변화가 유발된다. 이러한 변화들은 X-선 분광 및
산란 기법으로 밝힐 수 있기 때문이다.특히 분광현미경인 STXM(scanning transmission x-ray microscopy)을 사용하게 되면 양극물질
의 국부적인 위치에서의 원소별 산화가 변화를 밝힐 수 있다. 즉, 충방전시 물질 내의 국부적인 충방전 정도(산화가)의 정보를 얻을 수 있
다. 공간분해능은 30 nm 정도이며, ~5,000의 에너지 분해능(E/ΔE)으로 광흡수분광학 정보를 얻게 한다. 사용할 수 있는 X-선의 에너지
영역은 200 - 1600 eV이며, 주요 금속원소의 L-edge를 커버하는데, 이 금속 원소들의 L-edge(Mn L-edge, Fe L-edge, Co L-edge,
Ni L-edge, 외) 흡수 분광 정보를 얻음으로써 측정한 물질 원소의 산화가를 유추할 수 있다. 이 연구를 위한 시료의 두께는 100 nm 정도
로 얇아야 하는 단점은 있다. 한편 시료가 두꺼운 경우, 각 입사 에너지에 대해 fluorescence를 측정함으로써 산화가에 대한 정보를 구할
수 있다. 본 발표에서는 STXM의 소개, 성능의 소개에 이어 STXM의 이차전지 물질에의 적용 현황에 대한 정보를 제공하고자 한다.
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Gallium Sulfide thin films were successfully grown by using a single source (GaS powder) in a conventional physical vapor
deposition (PVD) system. Ga2S3 or GaS thin films on SiO2 substrates were obtained when the temperature of GaS powder
source was high or low, respectively. Under proper growth conditions, a few layer GaS was obtained at relatively low
substrate temperature. Both Ga2S3 and GaS samples were characterized by using XRD, EDX, SEM, and Raman
spectroscopy.
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Graphene Oxide (GO) has received great attention due to its highly reactive oxygen functional groups and great potential
for many viable device applications. Accordingly, worldwide effort has been put into synthesizing GO by the chemical
method (Hummer’s method). However, this showed several limitations in device applications due to the limited size. Here,
we report a successful fabrication of large-area high-quality GO by plasma assisted high voltage e-beam evaporation
system and demonstrated a simple yet, precise control of the number of layers. Unlike the conventional e-beam evaporator,
our equipment is capable of producing high-power plasma induced by high voltage when depositing high quality GO. We
measured the raman spectroscopy and confirmed the high quality GO from the D pick (1350cm-1) and G pick (1580cm-1)
at the deposition temperature of 500°C. This technology of depositing large area GO will provide great opportunities in
commercializing the GO based devices.
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Since Aviram and Ratner theoretically proposed a possibility of a molecular-scale rectifier in 1974, diverse types of
molecular diodes driven by a specific functional molecule itself, the asymmetric interfacial, or energy-band engineering has
been extensively suggested and demonstrated for last ten years [1-4]. In this study, we propose a new class of molecularscale diode junction that is composed of the Au/the 2D material (Graphene, MoS2 or WSe2)/the standard self-assembled
monolayers (SAMs) (alkyl- or conjugated-based molecules)/Au junction structure. In the case of the Au/SAMs/graphene
molecular junction, the typical tunneling behavior has been observed regardless of the tip-loading forces, the molecular
length, and the molecular species [5]. In the case of the Au/SAMs (biphenylenethiol)/MoS2/Au, however, we observed the
meaningful diode feature having a rectification ratio of ~ 103 [6]. We also demonstrated that this ratio can be further
modulated by the change of the number of MoS2 layers, the type of 2D semiconducting materials (MoS2 or WSe2), and
molecular species. Our approach for programmable molecular-scale rectifier can provide a potential benefit to simply
implement this diode function without any difficulty of synthesizing of a functional molecule.
[1] Avriram, A.; Ratner, M. A. Chem. Phys. Lett. 9, 29, 277-283
[2] Diez-Perez, I.; Hihath, J.; Lee, Y.; Yu, L.; Adamska, L.; Kozhushner, M. A.; Oleynik, I. I.; Tao, N. Nat. Chem. 
641
[3] Dyck, C. V.; Ratner, M. A. Nano Lett.  , 15, 1577-1584
[4] Yuan, L.; Breuer, R.; Jiang, L.; Schmittel, M.; Nijhuis, C. A. Nano Lett.  , 15, 5506-5512
[5] Shin, J.; Gu, K.; Yang, S.; Lee, C.-H.; Lee, T.; Jang, Y. H.*; Wang, G.* Nano Lett. 
[6] Shin, J.; Yang, S.; Lee, C.-H.; Wang, G.* in preparation (2018)
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기존의 양자점 합성법인 hot-injection synthesis는 성장 온도의 조절 및 multi-layer 양자점의 합성에는 부적합한 단점이 있다. 이를 대
체하여 one-pot snythesis를 적용한 quantum-well-shell 구조의 InP 기반 양자점을 합성하였으며 Zinc sulfide를 core와 shell layer로
하며 Indium Phosphide를 well layer로 갖는 구조(ZnS/InP/ZnS)의 양자점을 합성하였다. 해당 합성법으로 합성된 quantum-wellshell 구조의 양자점에 초음파 연속 이온층 흡착법(Sono-chemical Successive Ionic Layer Adsorption Rreaction, SC SILAR)를 적용
하여 FTO/TiO2 기판에 흡착시켜 태양전지의 하판(anode)을 제작하였다. 이에 대한 특성을 X선 회절 분석(XRD), 제한시야회절(SAED)
투과 전자 현미경(TEM), 자외선-가시광 흡수도(UV-Vis absorption) 및 광 발광(Photoluminescence)을 기반으로 기초물성 파악하였
다.
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Topological insulators (TIs) are new class of quantum material composed of topologically protected metallic surface state
and insulating bulk. Especially, quasi-one-dimensional TIs, eg, TI nanoribbon (NR) attracted numerous attraction due to the
possibility of manipulating Majorana zero-modes at both ends. Meanwhile, the Ahranov-Bohm effect (AB) AltshulerAronov-Spivak (AAS) are mesoscopic quantum interference phenomena, which occur when electrons travel a single ring,
many rings connected in series or metal cylinder. Therefore, AB and AAS oscillations are themselves direct evidences of
existence of the topological surface state on the TI NRs and provide platforms to study phase coherent transport on a
system.
Here, we report AB and AAS oscillations in (Bi1-xSbx)2Se3 nanoribbon with the channel length of up to 70 μm. Surprisingly,
we also measured AB and AAS oscillations in non-local geometry with the distance between current and voltage probes of
70 μm. Our experimental results are due to the topological surfaces state which is insensitive to scattering by impurities and
fairly uniform diameter of TI NRs. The exotic phase coherent transport phenomena in TIs may provide realization of
topological quantum computation.
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Environment pollution in both water system and air is current an urgent problem to be solved to protect the earth.
Semiconductor photocatalysts are attracting more attention in their applications in pollution removal and renewable energy
generation. Although TiO2 was firstly discovered as a potential semiconductor photocatalyst, its wide bandgap energy
limits its application mainly to UV radiation. Visible light driven photocatalyst, utilizing semiconductors with narrow
bandgap energy, have been intensively explored to improve the photocatalytic efficiency. We prepared Bi-based
nanomaterials and investigated their photocatalytic degradation effect of NOx and organic residuals in water. We found
that appropriate combination of Bi-based oxides can extend light absorption, increase surface area, and improve electronhole separation. Through the optimization of the contents of the composites, superior photocatalytic activities can be
achieved. We will present detailed characterization and photocatalyst performance characterization of BOC-BiO2x(35wt%)-GR composite, BixOy composite, and BiO2-x. The electrochemical characterizations regarding the photocurrent,
impedance, and the electron spin resonance experiments provided additional information for understanding the
mechanism of the photocatalytic process, also showed good agreement with the theoretical prediction. This work indicates
that Bi-based nanomaterials can be employed as a stable and high efficient solar light active photocatalyst.
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Two-dimensional (2D) transition metal dichalcogenides (TMDs) such as MoS2, WS2, and WSe2 have attracted substantial
interest as candidates for next-generation electronic and optoelectronic device applications [1]. Especially, improving
performance paratmeters of optoelectronic devices such as photoswitching time, photoresponsivity, external quantum
efficiency (EQE), and detectivity is one of the main problems to be solved [2]. Several methods such as encapsulating MoS2
with HfO2 have been tried to enhance the photoswitching and photoresponsive characteristics so far [3].
In this study, we found that thermal annealing of WSe2 field-effect transistors (FETs) in ambient decreased the
photoswitching time more than two orders of magnitude. Photoluminescence, X-ray photoelectron spectroscopy, and
Raman spectroscopy experiments showed formation of WO3 after the annealing which serves as recombination sites and
improves the photoswitching properties [4]. In particular, for the case of the FETs made with MoS2 grown by chemical
vapor deposition, we realized enhanced photoresponsivity, EQE, and detectivity of these devices by utilizing avalnache
breakdown phenomenon. Our study may be useful to actualize sensitive and fast-responsing photodetectors based on 2D
TMDs, which have great potential for diverse optoelectronic applications.
References
Q. H. Wang et al., Nat. Nanotechnol. , 699 (2012).
O. Lopez-Sanchez et al., Nat. Nanotechnol. , 497 (2013).
D. Kufer et al., Nano Lett. , 7307 (2015).
J. Seo et al., submitted (2018).
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Van der Waals (vdW) heterostructures, which are fabricated by stacking two different transition-metal dichalcogenide
(TMD) materials, have attracted much interest recently owing to novel physical properties such as interlayer excitons.
We fabricate vdW heterostructures formed by WS2 and ReS2 onto Si substrates with a 280-nm SiO2 layer using dry
transfer method. WS2/ReS2 heterostructures have anisotropic properties because WS2 is group-VI TMD with an isotropic
2H phase, whereas ReS2 is group-VII TMD with an anisotropic 1T′ phase. We performed polarized raman spectroscopy and
photoluminescence measurements at room temperature to investigate optical properties of WS2/ReS2 heterostructures.
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We investigated the effects of wake-up and fatigue in Pt/PZT/Pt thin films using impedance spectroscopy. From the ColeCole plot, the equivalent circuit of the bulk part was described by a capacitor, and that of the interface part was described
by a constant phase element (CPE) and a parallelly-connected resistor. Impedance of the CPE is

. PZT films

showed apparent wake-up effects on remnant polarization until 104 cycles. In wake-up stage, polarization value increased
from the pristine state and the capacitance of the equivalent circuit increased correspondingly. In fatigue stage,
polarization value decreased and coercive voltage increased. From the impedance spectroscopy results, in fatigue stage,
resistance increased, the constant of CPE, Q decreased, and the exponent of CPE, n increased. Growth of n means the
inhomogeneity of interface layer is gradually diminished. As switching cycles increase, the ratio of the impedance of the
PZT films to the total impedance of Pt/PZT/Pt decreased. The decrease of the ratio can be one of the reasons.

5IG?B4C

PZT, impedance spectroscopy, wake-up, fatigue

-934-

P2-ap.121

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

M51CEB9>795<53DB?@8?B5C9C#?B35(C9>7$E1BDJ'E>9>7
?B;$' M&ICD5=&&?BD9>7#1BD93<5C(C9>7#?B35
제원호*1, 홍성훈1, 김충만1, 송한솔1, 안상민1
1서울대학교 물리학과
whjhe@phya.snu.ac.kr

2CDB13D
DEP force is used in various research areas such as biology, chemistry,
microfluids, MEMS, CMOS and nanotechnology. Especially, it used
essentially in sorting biomolecules as their electrical properties, so studying
about DEP force is significant. DEP force is a force that exerted on dielectric
particle placed in non-uniform electric field. Its amplitude is proportional to
the volume of particle, the gradient of the square of electric field amplitude
and Clausius-Mossotti(CM) factor. The sign of CM factor determines the
direction of DEP force. Metallic particles have always positive CM factor, but
non-metallic particles have negative CM factor at hign frequency AC electric
field. We use this property to trap non-metallic particles on the electric field
minimum point and metallic particles on the electric field maximum point.
We generated quadrupole electrodes as Figure 1, and sorted metallic 60nm
diameter Au particles and non-metallic 100nm diameter silica particles using
DEP force. We applied 1V, 20MHz AC voltage to make 100nm silica
particles get negative DEP force.
Since QTF-AFM system is suitable for measuring nano scale force in water,
our research team tried to measure DEP force in water using QTF-AFM
system. Our QTF-AFM system has advantages as high quality factor and high stiffness. In COMSOL simulation result, DEP
force between 10μm gap quadrupole moment is about nano Newton scale when 1V, 20MHz AC voltage applied. This force
can be measured in good accuracy, so we tried to measure DEP force on the quadrapole moment point by point.

References
1. C. Zhang, K. Khoshmanesh, A. Mitchell and K. Kalantar-zadeh, Anal Bioanal Chem. 10, 1007 
2. Nicolas G. Green and Hywel Morgan, J. Phys. Chem. B, 1, 103  999.
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Colloidal nanocrystals of cadmium selenide(CdSe) synthesized by multiple hot injections of
Se-precursor grow in 1D rod-shape nanocrystals with high aspect ratio. In the synthesis
process, we changed the solvent which coordinates the growth orientation without changing
the other conditions. Luminescence Polarization measurements from dot-shaped one and
rod-shaped one were taken to see the size and shape dependence of optical properties.
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We report on the electrical properties of natural p-type GeSe nanoflakes,
which were mechanically exfoliated from GeSe single crystals by the
polydimethylsiloxane (PDMS) stamp method, using a back-gate field effect
transistor (FET) measured in a vacuum probe station at room temperature.
In this study, we used two contact metals, including Au and Cr metals, as
the Ohmic contacts to the GeSe nanoflake FETs, resulting in an Ohmic
behavior with the Au contacts, with a total resistance of 5. 5 ´ 106 W. We
also found that the 40-nm-thick GeSe nanoflake FET exhibits clear p-type
semiconductor behavior with a field-effect mobility of ~1.0 ´ 10-3 cm2/(V×s)
and a current on/off ratio of ~104 at room temperature.
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Researchers have tried to develop field effect transistors with low power consumption and steep subthreshold swing (sub60 mV/decade). For overcoming the Boltzmann limitation, negative capacitance (NC) phenomena was suggested as a
solution, and have been studied extensively. There are various interpretations on NC phenomena, and some groups try to
understand the phenomena in terms of domain nucleation and growth model. Many papers mention the NC phenomena
using domain switching model in the epitaxial ferroelectric films, such as BaTiO3 or Pb(Zr,Ti)O3. Recently, as the
polycrystalline ferroelectric films are studied for the phenomena, there have been attempts to apply those models. In this
study, we investigated the NC phenomena in the polycrystalline ferroelectric film by employing the nucleation-limitedswitching (NLS) model.
The typical measurement circuit for NC phenomena is composed of a ferroelectric capacitor and a serially-connected
resistor.1 The voltage across the ferroelectric material is simulated using the standard circuit theory from Kirchhoff’s law2
and the NLS model with the Lorentzian distribution function of logarithmic characteristic time, log t0.3 We fitted
experimental data to extract parameters of our polycrystalline ferroelectric Si:HfO2 film. The relation between the
Lorentzian distribution function and the voltage drop (as a signature of NC phenomena) is analyzed. Finally, we discuss the
requirement of ferroelectric material for observing the NC phenomena.
1. Khan, A. I. et al. Nat. Mater.  182–186 (2015).
2. Kim, Y. J. et al. Nano Lett.  7796–7802 (2017).
3. Jo, J. Y. et al. Phys. Rev. Lett. 99 1–4 (2007).
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현대의 환경오염과 에너지 문제가 심화되면서, 다양한 장치들의 에너지 효율을 높이기 위한 소재 개발이 관심을 받고 있을 뿐 아니라 그
들 소재들의 나노구조를 달리하여 장치의 효율을 높이기 위한 연구가 많은 관심을 받고 있다. V2O5(Vanadium pentoxide)는 gas
sensor, photocatalyst, thermoelectric device 등의 많은 분야에서 관심을 받고 있으며 다양한 형태의 나노구조를 구현할 수 있다. 또
한 W(tungsten), Bi(bismuth) 등을 도핑하여 높은 전기전도도와 낮은 열전도성을 가진 높은 효율의 열전소자를 제작할 수 있다.
본 연구에서는 화학적 방법으로 W을 도핑한 3차원 나노구조인 V2O5 나노구(nanosphere)를 합성하였으며, 시료의 농도를 달리하여 나
노구의 크기를 조절하였다. 이후ㅤW을 도핑한 V2O5 나노구의 크기와 결정구조에 따른 특성을 SEM과 XRD로 확인하였다.
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2CDB13D
Sensing technology is one of the most important factors in Internet of Things(IoT). With the development of IoT and
increasing number of sensors, the function of supplying power is important issue. The sensors using piezoelectric materials
could supply power while sensing the pressure. Supplying enough power to the sensor need high piezoelectricity materials.
PZT is very well known for high piezoelectricity material. There are many ways to make PZT thin films. Sol-gel method is
advantageous way in making PZT mass production. But PZT films have some problems like crack and delamination caused
by difference of thermal expansion coefficient and adhesion problem between substrate and PZT when films thickness
increase.
In this study, we research the PZT crack and delamination condition by changing heat profiles and solvent types. Then
measure piezoelectric coefficient and harvesting power under crack and delamination condition. The Piezoelectric
coefficient was measured by using DC-EFM mode of AFM. At the 2.44μm thickness, we obtained piezoelectric coefficient
about 300pC/N.

5IG?B4C

Piezoelectric, Energy harvesting, PZT, Sol-gel

-940-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.127

1B2?>4?DC '9"N#C3?1D54@?<I5D8I<5>53?=@?C9D5=54916?B
8I4B?@?>93C
양비룡*1, 김동윤1, 김현1
신소재공학과
blyang@kumoh.ac.kr

1금오공과대학교

2CDB13D
Hydroponics is a method to grow plants without soil. This method has been attention to produce foods for future against a
gradually increasing serious contamination of soil, a drought, damages from insects and a climate changing. In addition to
it has several controllable properties such as a growing period, composition of nutrients, high additive plants production,
CO2 reduction and saving water. In order to cultivate plants using hydroponic method, media as standing seeds and
absorbing nutrient solution, green, red, blue and white LED for photosynthesis, temperature and humidity control system,
circulating nutrient and recycling system and suitable CO2 atmosphere for photosynthesis are required. Among these
requirements, media materials dominantly determine successful growing plants because it acts nutrient and water
container to supply with balance. Rock wool as popular medium is a molten mineral came from volcano over 1600 ℃ .
However it causes environmental contamination because it is hardly degradable and high temperature melting process is
required. Recently alternative media has been studied such as rice husk, coconut based media and fishbone. But theses
eco-friendly media have low nutrient and water contents as well as biological contamination that decrease media
performance. Therefore now new media materials involving similar properties of rock wool but easier degradation without
contamination are needed. In this work, bio-degradable microporous polyethylene with Carbon dots/TiO2 NPs composite
are suggested as an alternative of rock wool. Microporous polyethylene was prepared phase inversion method. Carbon
dots and TiO2 nanoparticles were prepared by sol-gel and hydrothermal method. Hydroponic test equipment was consisted
of transparent plastic, LED, air supply, CO2 gas control system, PVC media bed circulation system of nutrient solution with
pump and temperature/humidity controller. Properties of media were compared with present rock wool and coconut
based media by growing plants. Organic-inorganic composite media show better growing control than present media such
as growth of root, shape of leaf and length.
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The concentration of volatile organic compounds(VOCs) that are off-gases from instruments as well as from the human
metabolism are significantly considered when designing of spacecraft and spacesuit for long period mission such as planet
exploration because they derive diseases such as central nervous disorder, irritation of mucosa and arrhythmia. As present
VOCs control system that are composed a charcoal bed for adsorption, a sorbent bed(2kg of LiOH/day-person, LiOH affects
irritation of eyes) and a catalytic oxidizer(operated at 400°C) is heavy and complex, thus, development of compact and
efficient VOCs control system is important. As a results, we suggested that TiO2 nanotubes enable to reduce weight of
present VOCs control system and hazardous LiOH replacement. In this study, TiO2 nanotubes were used for decomposition
of VOCs that confined at inside and outside tube walls to protect astronauts against VOCs. TiO2 nanotubes were prepared
by alkaline based hydrothermal reaction in convection oven and subsequently it was processed on TiO2 nanotube ink. VOCs
for decomposition test were considered based on spacecraft maximum allowable concentrations table from NASA. Their
efficiency of VOCs decomposition in both TiO2 nanoube-coated optical fibers and transparent glass sheets will be
investigated and evaluated in the trace contaminant system of spacecrafts.
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바나듐 산화물은 VO2, V2O3, V2O5, V6O11 등과 같은 다양한 화학량론적 조성을 가지고 있다. 이러한 다양한 바나듐 산화물 중에서 오
산화바나듐(V2O5)은 가장 안정하며, 사방정계 결정구조(orthorhombic structure; α-V2O5)에 의해 비등방적인 전기적, 광학적 특성을
나타낸다. V2O5 박막은 독특한 광학적, 전기적, 화학적 특성 때문에 여러 분야에서 관심을 받고 있다.
본 연구에서는 V2O5 powder와 ammonium tungstate powder를 이용하여 수열합성법으로 텅스텐이 도핑된 V2O5:W powder를 만
든 후 스핀코팅을 이용하여 박막을 제작 하였다. 전기로를 이용하여 제작된 박막을 공기 분위기에서 400 ℃로 4시간 동안 열처리를 하였
다.
SEM과 XRD를 사용하여 제작된 박막의 구조적 특성을 분석하였다. V2O5와 V2O5:W의 XRD 측정결과를 비교 하였을 때, V2O5:W의
(110) 피크가 V2O5 보다 왼쪽으로 0.2 nm shift 되는 것을 확인 할 수 있었다. 또한 투과율 및 분광타원법 측정을 통해 박막의 광학적 특
성을 조사 하였다.
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In this study, analysis study of photocatlaytic CO2 conversion into fuel for Cu2O/TiO2, CdS(Bi2S3)/TiO2 nanotubes
electrodes, and sensitizer (cyanoacrylic acid)/TiO2/catalyst (ReI(CO)3Cl) electrodes was performed. The purpose of this
research is on the development of a multi-electron double electrodes for the synthesis of highly efficient solar CO2
conversion to methanol using hybrid nano-composite with infrared / visible absorption property. In order to realize this, it is
important to study the mechanism of conversion by photoelectrochemical multi-electron(≥6e-) transfer reaction,
fundamental research of adsorption and activation of dissolved CO2 forms HCO3- and CO32- ions, inhibition of H+/H2
reaction and mechanism of CO2 methanol conversion identification. To improve CO2 conversion methanol efficiency those
fundamental research is important. Identification of CO2 fuel conversion mechanism was performed by TEM analysis using
highly efficient hybrid nano-composites. In order to realize this, it is important to study CO2/H2O gas adsorption and
crystallographic transform (recrystallization, grain growth, (ir-)reversible crystallization) on surface of photocatalysts
conversion into fuels, stability analysis of material for CO2 conversion reaction. Photocatalytic hybrid nano-structures were
confirmed by FE-SEM and TEM. CO2 to CH3OH conversion tests were conducted using three electrode system under visible
light that of intensity 100mW/cm2. Products of CO2 reduction was collected by micro-syringe and subsequently transferred
to the quartz cuvette involving chemical reagent of CH3OH to coloured solution conversion selectively for qualitative
measurement by UV-Vis absorbance. Quantitative measurement of CH3OH was also conducted by GC-MS (gas
chromatography-mass spectrometer).
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Graphene quantum dots (GQDs) are expected to be used in bio-fields due
to unique optical properties and low toxicity. However, the conventional
synthesis methods have disadvantage such as poor quality of GQD and
complicated production process. Therefore, by applying the silicon carbide
(SiC), a well-known material in synthesis of epitaxial graphene, GQD was fabricated by heating SiC in a medium vacuum.
GQD solution was prepared by detached GQDs from SiC. As prepared GQD was composed of high quality graphene and
had a uniform size and thickness. The PL signal of pristine GQD-ethanol solution without any treatment was too weak for
using bio-imaging field. However, when additional sonication process for 30minutes was performed to as prepared GQD
solution, the intensity of PL was dramatically increased. The surface of the GQD was found to be oxidized after an
additional sonication process applied to the GQD through XPS analysis. It was presumed that the surface passivation was
the origin of photoluminescence of GQD solution. GQD showed low cytotoxicity and it was observed that cells were
maintained in a normal state even after GQD was injected into the cells in the cytotoxicity tests. Thus, it is expected that
GQD fabricated by annealed SiC will be used in bio-field at future.
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Two-dimensional van der Waals materials are receiving much attention owing to their applicability in realizing functional
heterostructures. In particular, a TMPS3 (TM=Fe, Ni, Mn) group can play an important role in realizing diverse
functionalities as they have antiferromagnetic ground states. In this work, we investigate cross-plane thermal conductivity
of TMPS3 using time-domain thermoreflectance technique. In the entire temperature range investigated (65 K < T < 300 K),
the thermal conductivity remains with a relatively small value, i.e., less than 1 W/mK, which is significantly smaller than
corresponding values in other groups of 2D materials, such as graphites and transition metal dichalcogenides. By examining
temperature-dependent changes in detail, we found that effective boundary and impurity are major scattering sources in
the heat conduction in TMPS3.
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2CDB13D
MRAM(Magenetic Random Access Memory)은 Magnetoresistance를 이용한
대표적인 차세대 메모리이다.[1] 전원을 꺼도 정보를 잃지 않는 비휘발성
(Nonvolatile), 정보의 빠른 처리 속도, 낮은 전력의 소모 등 많은 이점을 가진 소자로
서 미래 첨단 산업을 이끌어갈 핵심 요소라 할 수 있다.[2]
다른 메모리와 마찬가지로 MRAM 역시 Scaling down을 하여 집적도를 높이는 것
이 산업의 성패를 결정하는데, 이 때 수반되는 문제점 가운데 하나가 Thermal
Stability의 유지가 어렵다는 점이다[3],[4]. 소자의 크기가 일정 수준 이하로 떨어지
면 thermal fluctuation으로 인해 자화가 임의로 변화할 수 있기 때문에 writing
operation error, reading operation error and retention error 등이 발생할 수 있
다. 결국 High density integration이 어려워지는 문제가 발생한다.[5]
발표에서, 우리는 3의 저항층을 구성함으로써 일반적인 STT-MRAM보다 효율적인
Double pinned p-MTJ 구조(Figure1a)를 제시한다. Synthetic Anti-ferromagnet
의 비율을 바꿔가며 상・하단에 anisotropy exchange field(Hex)를 변화시켜 설계하였다. 하부 고정층은 고정층의 역할을 하도록
3.5kOe의 Hex를 설계하였고, 상부 고정층은 자유층으로서 동작이 가능하도록 하단층보다는 작은 1kOe Hex를 설계하였지만 자유층의
coercivity보다는 크게 설정하였다. Figure1b 와 같이 4개의 저항상태를 구현하였고 동작원리를 설명하겠다.

Figure 1. (a) Schematic of double-pinned p-MTJ spin-valve, (b) R-H curve of double-pinned p-MTJ spin-valve showing four
resistance states

**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. 2017R1A2A1A05001285) and Brain Korea 21 PLUS Program in
2014.
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2CDB13D
Mo-based transition metal dichalcogenides (TMDCs, MoS2, MoSe2, MoTe2) have been attracting tremendous interests
due to their fascinating electrical properties such as high carrier mobility, high on/off ratio and tunable bandgap. However,
the device shows deteriorated performance as compared to the inherent properties of the material itself because of the
contact resistance between source/drain (S/D) metal and TMDC. Recently, surface oxidation of TMDCs has been
introduced as the new strategy to improve the contact resistance. The contact resistance was improved in the case of a
optimum condition of surface oxidation however, it was rather worse in case of non-optimum conditions. To elucidate the
mechanism of this improvement, energy levels were studied before and after the surface oxidation. Direct and inverse
photoelectron spectroscopy measurements were performed, and the mechanism of p-type contact improvement was
explained in terms of the Schottky barrier change.
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As the relationship between disease and respiratory gas has been revealed, technologies for diagnosing respiratory diseases
with gas sensors have been developed in recent years. Among various gases emitted during respiration, nitric oxide (NO)
gas is exhaled in patients with bronchial inflammation such as asthma and chronic obstructive pulmonary disease (COPD)
at a higher concentration than normal, measurement of NO gas concentration can be used to diagnose asthma and COPD
and to manage diseases in these patients. In general, NO gas sensor for disease diagnosis requires high sensitivity
performance of several tens ppb. Commercially available chemiluminescence and laser (QCL: Quantum Cascade Laser)
analysis methods for NO gas analysis require relatively expensive equipment.
In order to fabricate a relatively inexpensive and highly sensitive NO gas sensor, we have succeeded in fabricating a sensor
device by coating APTES (3-Aminopropyltriethoxysilane) to adsorbe single-walled carbon nanotubes (SWNTs) on the
surface of SiO2/Si substrate and then coating en-APTAS (N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane) on SWNTs. The
sensitivity and selectivity of the NO gas were investigated using the fabricated device. Finally, we have successfully
demonstrated a NO gas sensor with high sensitivity and selectivity by defect-functionalized.

5IG?B4C

SWNT, nitric oxide, exhaled gas sensor

-950-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.136*

81B75'B1@@9>7581F9?B9><"NEI>D5B<1I5B

박진홍1, 최진혁1, 최문강1, 이민백*1
1인하대학교 물리학과
mlee@inha.ac.kr

2CDB13D
As electronic devices become smaller to the classical limit, it is important to understand quantum mechanical characteristics
in semiconductor devices. Among these quantum mechanical property, we focused on electrical quantum tunneling effect
in a charge storage layer. Our charge storage device consisted of two layer of Al2O3 and a layer of Au nanoparticles in
between them. The trapped charge in Au nanoparticles exhibited the decay of surface potential as function of time. In this
experiment, two injection method were employed sucha as line-shape and dot-shape. The conductive tip was controled in
charge injection process with tip bias, writing-speed and contact region using atomic force microscopy (AFM). Finally, we
observed the trapped charge behavior in Au interlayer by measuring the surface potential difference between trapped
region and untrapped region.
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Recently, Bio-inspired material had been drawing great interests due to its eco-friendly feature and feasibility for wearable
and implantable devices. Bio-inspired materials have variety of physical and chemical properties as reported such as low
friction coefficient and high surface area, which would be very helpful for the application to triboelectric
nanogenerator(TENG). Herein, we report bio-inspired material based TENG and analyzes their electrical performance of
electric generation via a customized measurement system. It should be a stepping stone of bio-inspired materials for the
application to TENG.
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Artificially-created metamaterials (MMs), in which meta-atoms with specific design are periodically arranged, possess
unconventional properties, such as negative refraction index. The electromagnetic (EM) characteristics, like the permittivity
[εeff(ω)] and the magnetic permeability [μeff(ω)], are determined by the geometrical structure and parameters, and the
employed materials. Among many MM applications, metamaterial absorbers (MMAs), which generally consist of three
layers: a ground plane and a patterned layer with various resonators, and a dielectric layer between them, have an
advantage of thin thickness compared to the conventional absorbers. In this work, we suggest a flexible broadband MMA
using metallic rectangular patches with different sizes and conductive fibers. By using the conductive fibers, not only the
absorption bandwidth can be widened, but high absorption can be maintained. In case of the operating frequency of 0.75
GHz, the ratio of total thickness of MMA to wavelength λ is realized to be as small as ~λ/5,200. It can be used not only to
preserve electronic devices from the EM interference, but to camouflage civil and military devices from radar.
This work was supported by the NRF funded by MSIT, Korea (No. 2017R1A2B4003916).
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Si1-xGex/Si heterostructure have been studied for decades. One of the main topic in Si1-xGex/Si heterostructure is attempt
of quantification of defects in strained Si1-xGex. Because of the larger lattice parameter of Ge than Si, Si1-xGex on Si is
under strain. The pseudomorphic structure at thin thickness of Si1-xGex, is fully strained on xy-plane and then finally relaxed
over the certain thickness called ‘critical thickness’. As the device size becomes smaller, there is a limitation of the
conventional defect analysis method. Conventional methods have disadvantages in that they can cause additional defects
in the process of making metal contacts by electrical measurement, resulting in lower accuracy. Optical measurements are
very useful methods because it is not only quatifiable, but also rducing external errors by non contact and non destructive
methods. We have evaluated time constants of carrier recombination of Si0.6Ge0.4 with various thickness using Thz 1D
pump probe method. Photo-carriers can be made by absorbing pump beam and then decay to lower band. It is known that
defect assisted transition process has tendency that has smaller time constant with increasing concentration of defects.
After a series of fitting process, we can evaluate of time constants of recombination of various Si0.6Ge0.4 samples with a
series of film thickness variation. Finally, we can conclude that point defects and lattice defects have different tendency of
time constant. The energy levels of defect states and defect densities were obtained by PICTS measurement. Moreover, the
coefficients for connecting the densities and the time constants were obtained. We have also studied qualitative analysis
using AFM, TEM, XRD rocking curve, Hall measurement, DFT calculation. With these experiments, pump probe data can be
supported quantitatively well.
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In a non-contact atomic force microscopy, a feedback loop is used to maintain the set-point frequency relative to the force
between a specimen and a cantilever. The quality factor of the cantilever affects a sensitivity of feedback loop. Therefore, it
is strongly desired to fabricate the high quality factor cantilever to improve the scan speed of the non-contact atomic force
microscopy. Here, we optimized the thickness of the non-contact atomic force microscope cantilever to maximize the
quality factor with high resonant frequency. The maximized value reached about 1200 and 530 kHz, respectively. The
corresponding scan rate was more than 0.12 mm/s, indicating that the cantilever can be used in high-speed non-contact
atomic force microscopy.
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Recently, rapid prototyping (RP) process has received huge attraction from both of industry and academy. Compared to the
conventional subtractive process, RP process shows various advantages such as fast processing speed, high processing
freedom, low cost, high efficiency, and environmentally eco-friendly. However, most of the products made by RP process
are non-conductive polymers, which is difficult to apply to the fabrication of electrical device directly.
In this poster, we introduce laser assisted rapid prototyping processing for the fabrication of flexible sensor. The laser
assisted rapid prototyping process conduct annealing and ablation process of metal nanowire as well as fabrication of
arbitrary 3D polymer structure with high resolution. Moreover, resistive flexible sensor is successfully fabricated by the laser
assisted rapid prototyping process.

5IG?B4C

rapid prototyping, flexible sensor

-956-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.142*

57B141D9?>56653D?6>9DB941D9?>?>I>CM"&31@139D?B
조만호*1, 백민1, 강항규1, 강유선4, 정광식1, 이창민2, 권기현1, 김형섭2, 송진동3
1Department of Physics, Yonsei University, 2School of Advanced Materials Science and Engineering,
Sungkyunkwan University, 3Center of Opto-electronic Materials, Korea Institute of Science and
Technology, 4Process Development Team, Semiconductor R&D Center, SAMSUNG
mh.cho@yonsei.ac.kr

2CDB13D
Nitridation effect, which is related to the defect caused by structure distortion in HfO2 and Al2O3 dielectric films was
investigated. To investigate the distribution of diffusion elements in oxide layer on InAs during post-deposition annealing
(PDA) at 600 °C, we analyzed the ratio of elements on the surface of oxide layer and the chemical states using Time-OfFlight Secondary Ion Mass Spectroscopy and X-ray Photoelectron Spectroscopy, respectively. In–As bonding was dissociated
and In and As atoms were diffused after nitridation process. Even though, the charge trap density was reduced by
nitridation process, the electrical and thermal stability was degraded. We evaluated the thermal and electrical stability of
two samples for HfO2/Al2O3/InAs and nitrided HfO2/Al2O3/InAs by analyzing the change in trap density before and after
PDA at 600 °C and stress-induced leakage current. In conclusion, although nitridation could reduce the charge trap density,
it has led to degradation of the device reliability due to structure distortion from incorporated nitrogen.
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본 연구는 폴리에틸렌나프탈레이트 (PEN) 기판에 ZnO 나노 구조를 액브티층으로 활용한 플렉서블 열전나노제너레이터의 밴딩 안정성
에 대한 연구를 진행하였다. ZnO나노 구조를 이용한 플렉서블 열전나노제너레이터는 높은 발전전압과 유연성을 나타냈다. 폴리이미드
(PI) 박막을 음의 마찰층 ・ ZnO 나노 구조를 양의 마찰층으로 사용하여 마찰전기 에너지를 발생시켰다. Atomic force microscopy 측정
을 통해 ZnO 나노 구조 층이 ITO/PEN 기판 위에 규칙적으로 형성된 것을 확인했으며, 나노 구조 층의 거칠기값 Rq 와 Ra가 각각 1.40
및 1.12임을 확인했다. 수직 접촉-분리 동작모드에서 열전나노제너레이터는 약 20V의 출력 전압을 나타내어 ZnO 나노 구조가 없는 구
조보다 2 배 높은 전력 향상을 나타냈다. ZnO 나노구조의 플렉서블 열전나노제너레이터의 밴딩 안정성을 측정한 결과, 굽힘 각도 90º 인
상태에서 높은 내구성을 보여주었다. 상온 및 공기상태에서 2000 회 굽힘 이후 열전나노제너레이터의 평균 개방 회로 전압은 밴딩을 가
하지 않은 소자 대비 22 %의 낮은 감소율을 보였다.
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 (2017R1A6A3A11030185).
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2CDB13D
Memristor, that consists of a simple metal-oxide layer sandwiched between two conductors, is being greatly envisioned as
a technical platform to imitate the principal of biological synapse system due to its nonlinear and dynamic electrical
characteristics depending on the history of applied electrical programming[1]. In this study, we fabricated the nanoporous
(NP) Ta2O5-x memristor device by an anodic treatment in the room temperature and utilized the device as the two-terminal
artificial synapse[2]. The device exhibits a stable self-rectifying I-V switching behavior with ~104 nonlinearity, which can
effectively prevent the undesired neural signals in the densely-integrated synaptic array structure. By the electrical
programming with the different voltage polarities, the density of oxygen vacancies that mainly existed at the interface
between Pt top electrode and the NP Ta2O5-x layer can be changed, which means the interfacial Schottky barrier can be
modulated depending on the applied voltage. Based on the analog modulation of the Schottky barrier by diverse electrical
stimuli, the essential synaptic functions such as short- or long-term synaptic plasticity and spike timing dependent plasticity
(STDP) were successfully mimicked. Furthermore, we fabricated a 16 × 16 crossbar array with only our device, statistically
evaluated different switching parameters and performed crosstalk test to confirm the rectifying property. In addition, we
investigated the influence of the nonlinearity (namely the degree of asymmetry) of the self-rectifying synapse on the
accuracy of the pattern recognition using the ANN (artificial neural network) simulation with consideration of the delta rule
algorithm. A higher nonlinearity results in an increase of the accuracy of the handwritten digit recognition and can
effectively reduce the probability of unwanted neural signals in an artificial neural network. Our self-rectifying nanoporous
Ta2O5-x synaptic device achieved high recognition accuracy even at a few epochs of the training. Taken all together, we
believe the self-rectifying NP Ta2O5-x synapse with high nonlinearity can provide a route toward the high-learning accuracy
and the time-efficient neuromorphic computing technology.
References
[1] Jo, S. H., Chang, T., Ebong, I., Bhadviya, B. B., Mazumder, P. and Lu, W. Nano lett. 10, 1297-1301 (2010).
[2] Choi, S., Jang, S., Moon, J.-H., Kim, J. C., Jeong, H. Y., Jang, P., Lee, K.-J. and Wang, G. under review (2018).
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2CDB13D
Active Safety-grade Decay Heat Removal System (ADHRS) of Prototype Gen-IV Sodium-cooled Fast Reactor (PGSFR)
releases heat from the primary system to the atmosphere of the final heat sink.
An electromagnetic pump which is used in the ADHRS is considered for the generation of sodium flow satisfying easy
control of flow rate. Because it is operated not only contactless with working sodium which has strong chemical reaction
property but also simple structure, it is good at safety and maintenance.
In this study, as one of steps to estimate characteristics of the electromagnetic pump with mass flow rate and developed
pressure are of 0.02 m3/min and 2.0 kPa respectively, characteristics in the narrow channel in which sodium flows is
analyzed on the change of design variables based on magnetohydrodynamics. As a result, the relationships between
characteristics and design variables are verified.
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Metal-oxide resistive memory has attracted as a strong candidate for future nonvolatile random access memory application.
Previously, we fabricated the SiOx memory device that was driven by the transition of the Si-phases (Si-NC and a-Si) at
nanoscale region. The device exhibited ~107 on/off ratio, 9 multi-states, fast switching speed(up to ~6 ns), stable
endurance and retention property[1-3]. However, typical SiOx memory device has a relatively high programming voltage
due to the intrinsic nature of Si-phase as compared to other oxide-based memory systems, and show a large variation in
the switching speed due to the potential variation of Si-filament during the operation. Here, we fabricated the integrated
structure of a SiOx memory and a graphene-based barristor [4], which can operate as the gate-tunable SiOx memory device
[5]. They exhibited that the programming voltages was reduced and the switching speed was improved when the gate
voltage was properly applied. In addition, the implementation of various logic circuits such as NOT, NOR and NAND gate
was demonstrated based on this gate-tunable SiOx memory device. The potential switching mechanism and the circuit
designs will be presented and discussed in the poster session.
%565B5>35C[1] G. Wang, Y. Yang, J.-H. Lee, V. Abramova, H. Fei, G. Ruan, E. L. Thomas and J. M. Tour, Nano Lett, 14(8),
4694-4699 (2014)
[2] G. Wang, A.-R. O. Raji, J.-H. Lee, and J. M. Tour, ACS Nano, 8(2), 1410-1418 (2014)
[3] S. Kwon, S. Jang, J.-W. Choi, S. Choi, S.-J. Jang, T.-W. Kim and G. Wang, Nano Lett, 17, 7462–7470 (2017)
[4] H.-J. Yang, J.-S. Heo, S.-J. Park, H.-J. Song, H. Seo, K.-E. Byun, P. Kim, I.-K. Yoo, H.-J. Chung and K.-N. Kim, Science,
2012, 336, 1140–1143 (2012).
[5] J. Choi et al., in preparation (2018)
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2CDB13D
The ability of a high-order tuning of the synaptic plasticity in the artificial synapse can offer a significant improvement
toward the fast, the low-power recognition, and learning capability in the neuro-inspired computing system [1]. Inspired by
the light-assisted dopamine-facilitated synaptic activity that can achieve rapid learning and adaptation by lowering the
threshold of the synaptic plasticity, we fabricated and designed a two-terminal organolead halide perovskite (OHP)-based
photonic synapse where the synaptic plasticity is not only modified by the electrical pulses, but also by the light
illumination. Owing to the accelerated migration of iodine vacancy inherently existed in the coated OHP film under the
light illumination, the OHP synaptic device exhibited the light-tunable synaptic functionalities with very small programming
inputs (~0.1 V). It is demonstrated that the threshold of the long-term potentiation is decreased and the synaptic weight is
further increased when the light illuminated to the device, which is phenomenologically analogous to the dopamineassisted synaptic process. Notably, the OHP synaptic device under the light exposure can achieve the rapid pattern
recognition of > 81.8 % accuracy after only 2,000 learning phases (60,000 learning phases = one epoch) with the low
power consumption (7.1 nW/the weight update) that is ~ 3.6 x 103 times less than the case where the synaptic weight is
updated by only electrical pulses.
3;>?G<547=5>DC This work was supported by the National Research Foundation of Korea (NRF-2016R1C1B2007330),
the KU-KIST research fund, Samsung Electronics, a Korea University Future Research Grant.
%565B5>35C
[1] Jo, S. H.; Chang, T.; Ebong, I.; Bhadviya, B. B.; Mazumder, P.; Lu, W. Nanoscale Memristor Device as Synapse in
Neuromorphic Systems. Nano Lett. 2010, 10, 1297-1301
[2] S. Ham, S. Choi, H. Cho, S-I. Na and G. Wang in submitted (2018).
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In this work, we demonstrated successful synthesis of MoS2/graphene heterostructures through a facile method. The SEM
image reveals that flower-shaped MoS2 was grown on the surface of the graphene layer. The three-electrode
electrochemical measurement results indicate that such MoS2/graphene heterostructures electrode exhibited a high
specific capacitance of 853 F g-1 at a current density of 1.0 A g-1. Furthermore, nearly 90.3% capacitance retention was
achieved after 10000 cycles at 1.0 A g-1. These superior electrochemical properties of Gr/MoS2 heterostructures makes it a
promising candidate for high performance supercapacitor.
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Differently oriented CrO2 thin films on (111) Pt/TiO2/SiO2/Si and (200) Pt/TiO2/SiO2/Si substrates were grown using a
CVD method. The deposition rate was 1000 Å measured by cross-section of SEM images. The CrO2 thin films show (200)
oriented growth on the (111) Pt/TiO2/SiO2/Si substrate and (110) oriented growth on the (200) Pt/TiO2/SiO2/Si substrate.
The highly crystallized rectangular grains were observed by atomic force microscope. The refractive index and the extinction
coefficient were obtained by data fitting of the spectroscopic ellipsometry. The ferromagnetic domains were observed by
MFM and they showed in-plane magnetic polarization resulting from the orientation of the easy axis along the in-plane
film direction.
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높은 감도를 나타내는 반도체 방식 화학센서를 개발하기 위해 2차원 나노소재와 1차원 나노소재가 복합화 된 차원 융합 소재를 개발하
고 그 특성을 연구하였다. 모델 시스템으로 2차원 나노소재에는 MoS2를 이용하고 여기에 수열합성으로 ZnO 나노 와이어를 성장 시켜
차원 융합소재를 개발하였다. 이때, ZnO precursor 의 농도에 따라 기능화 되는 ZnO 의 구조가 크게 변화하며 0.5wt% 의 MoS2 에
3~5 mM 농도의 ZnO precursor 를 이용하였을 때 ZnO 나노와이어가 가장 잘 성장되는 것을 확인하였다. ZnO 로 기능화된 MoS2 소재
와 순수 MoS2 의 전기적 특성 및 NO2, NH3 기체에 대한 반응을 조사하여 차원 융합소재가 진보된 성능을 보이는 지 조사하였다. 또한,
MoS2 의 위상에 따라 소자 및 센서의 특성이 변화할 수 있다는 점에 착안하여 MoS2 의 위상을 신속하게 변화시킬 수 있는 플래시 광
(flash annealing) 을 조사하여 MoS2 의 위상을 변화시켰다. NO2에 대한 gas 반응성 검사를 해본 결과, MoS2로만 만든 센서가 반응성
이 가장 좋게 측정되었고, MoS2@ZnO, MoS2 flash annealing, MoS2@ZnO flash annealing 순으로 반응성이 감소하였다.
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A multi-harmonic buncher (MHB) is needed to efficiently utilize two beams with different A/q for rare isotope science
project (RISP). To improve beam quality, a MHB was proposed before the Radio Frequency Quadrupole (RFQ). The
fundamental frequency of the MHB is half the frequency of the RFQ, the harmonics synthesis is effectively bunching a
beam. The electric field simulations of a MHB have been done by the CST micro wave studio (MWS) and TRACK code. The
electrodes are designed as a cone type so that the electric field can be concentrated between electrodes through which the
beam passes, I optimize the electric field according to the gap length of the electrodes.
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2CDB13D

본 연구의 주요 목적은 기존의 발광 소자들에 비해서 제작과정이 상당히 용이해진 그래핀 기반의 신 유형 근적외선가시광 발광 소자를 디자인하는 것이 목적이다. 이를 위해서는 그래핀을 전극으로 이용했을 때 생기는 전하 주입 특성
문제에 대한 개선의 필요성이 대두되게 된다.
효율적인 발광소자를 제작하기 위해서는 균형잡힌 전하 이동자 주입 특성은 매우 중요하다. 일반적으로 이러한 문제
는 발광층의 band-gap의 energy level이 전극으로 설정한 물질과 큰 차이를 보이면서 발생된다. 불균형한 전자 정공
주입 특성을 개선하기 위해서 기존의 발광소자들에서는 blocking layer, 정공주입층, 전자주입층 등을 이용한 이종접
합구조를 채택하였다. 이에 보다 용이한 소자 제작을 위해서 발광층의 band-gap을 전극의 energy level과 유사하게
조절하는 연구를 진행하고자 한다. 두가지 이상의 금속산화물을 이용한 Co-deposition, doping 방식과 oxidation,
annealing 과정을 실험 방식으로 채택하며, 해당 발광층의 photoluminescence, cyclic voltammetry 분석을 통해서
band-gap 특성 확인을 진행하고 두께를 조절해서 실질적인 소자 적용 여부를 확인해본다.
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As the unstructured data such as images, texts, and sounds grows exponentially in modern society, the development of the
neuromorphic electronic system is expecting to overcome the limits of existing Von Neumann based computing systems
such as the required large process cores, high energy- and long time-consuming for the learning and the recognition [1,2].
In this study, we made a two-dimensional WO3∙H2O (tungstite) nanosheet via the mechanical exfoliation of the bulk
tungstite that was synthesized from the precursor of Na2WO4∙2H2O in strong acid, and then we dispersed this nanosheet
in a solvent to facilitate the spin-coating process on a target substrate [3,4]. The thickness of the coated tungstite
nanosheet was found to less than 5 nm that was investigated by AFM technique. Using this nanosheet, two different types
of memristor devices such as vertical and lateral two-terminal switching junctions consisting of ITO/WO3∙H2O/Au and
Au/WO3∙H2O/Au had been fabricated respectively. Both devices exhibited bipolar switching behaviors with low-power and
low-programming voltages. In addition, the switching states are modulated by the magnitude of sweeping voltage and
various voltage inputs, which could be serve as an artificial synapse. In this poster session, we will present the difference in
the switching behaviors between both junction structures and discuss whether this two-dimensional WO3∙H2O nanosheet
can be applied as a potential nano-material for artificial synaptic device.
[1] Jo, S. H. et al. Nanoscale Memristor Device as Synapse in Neuromorphic Systems. Nano Lett., 
1301
[2] Chang, T. et al. Resistance Random Access Memory. Mater. Today., 

, 10 (4), pp 1297–

, 19(5), pp 254-264

[3] Liang, L. et al. Vacancy Associates-Rich Ultrathin Nanosheets for High Performance and Flexible Nonvolatile Memory
Device. J. Am. Chem. Soc.,  , 137, pp 3102-3108
[4] Matsuba, K. et al. Neat Monolayer tiling of molecularly thin two-dimensional materials in 1 min. Sci. Adv., 
e1700414
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Transparent and flexible thin film heaters have attracted a lot of interest for a wide range of applications including outdoor
displays, vehicle window defrosters, and other heating systems. The thin film heater has high heating uniformity and good
energy efficiency with low weight compared with the conventional wire heater. The heating uniformity in the thin-film
heater depends on heating element uniformity and resistance of bus bars. In this study, Heating properties of the thin film
heater on the resistance of bus bars were simulated by COMSOL Multiphysics software. As the resistance was increased,
the heating uniformity was decreased and the temperature decreased with distance from power connection points due to
the voltage drop along the length of the bus bars. From the heating element size and the length of bus bars, required
resistance of bus bars for high thermal uniformity was analyzed. Thin film heaters based on metal mesh with different
resistance values of the bus bars were fabricated and the performance of the heaters was compared by measuring the
infrared thermal images as a function of the power density.
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Conventionally, metal oxide semiconductor (MOS) sensors based on materials such as tin oxide and zinc oxide generally
operate at high temperatures ranging from 200 to 400 ℃ . Heated sensors have restricted use in applications due to
excessive power consumption and accurate temperature control. Sensors operating at room temperature based on the
photo-activation of metal oxide semiconductors have been studied to overcome these problems. Humidity is an important
parameter while monitoring the gas sensors. This study was conducted to investigate the effects of humidity on the MOS
sensors. TiO2 films were formed by anodic oxidation of titanium foils in ethylene glycol (EG) based electrolytes at room
temperature. Morphologies and crystalline qualities of the TiO2 films were confirmed by scanning electron microscopy
(SEM) and X-ray powder diffraction (XRD). To evaluate the effects of humidity on MOS sensor, the fabricated TiO2 films
irradiated with 365 nm UVLED were measured under various humidity conditions.
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Dielectrophoresis (DEP) appeared at 1950s [1] and has been applied to many fields of science and engineering. DEP is
mostly used for application of sorting various materials: micro/nanoparticles, wires, various cells, DNA and so on [2]. It is
hard, however, to print the solution of sorted material in situ, because sorting and printing are normally performed
separately. Here, we demonstrate a system that combine DEP with atomic force microscope (AFM) with pulled pipette:
sorting and in situ delivery technique. AFM combined with quartz tuning fork (QTF) and pulled pipette has strength in
efficient low-volume liquid delivery and deposition on any place [3]. With this tool, deposition of solution coincides with
extracting the material we want, and it can be deposited anywhere. Firstly, we confirmed the feasibility of the technique
using COMSOL simulation, and experiments of positive- and negative- DEP were conducted with the solution of gold and
silica nanoparticles. In addition, movements of nanoparticles were roughly checked in real time through amplitude and
phase signal of QTF sensor with high precision and sensitivity [4]. We suggest wide prospect for making nano devices like
OTFT, selective deposition of biomolecules and nanoparticle research.

References
H. A. Pohl, J. Appl. Phys. 22, 869  9 .
R. Pethig, Biomicrofluidics. 4, 022811 
.
S. An, C. Stambaugh, G. Kim, M. Lee, Y. Kim, K. Lee and W. Jhe, Nanoscale, 4, 4693 
M. Lee, J. Jahng, K. Kim and W. Jhe, Appl. Phys. Lett., 91, 023117  
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We study the electrical characteristics of metal/graphene/SiC junctions by investigating the Schottky barriers for two
different metal (Ti, Au) electrodes. The Fermi-level pinning for Schottky junctions on SiC (Silicon Carbide) are known to be
relatively weak. However, by inserting a graphene layer at the interface, the Schottky barrier shows the inverse dependence
on the metal work function, which leads to the so-called negative Fermi-level pinning. This unusual effect is confirmed
from current-voltage (I-V), internal photoemission (IPE), and capacitance-voltage (C-V) measurements. Interestingly, the
Schottky barriers of metal/graphene/SiC junctions extracted from C-V measurements are somewhat larger than the barriers
obtained from other measurements, considered to be related to the charge carrier transfer into the graphene layer.
Additionally, we observe two energy barriers originating from the crystal field splitting of SiC in the IPE measurements and
they exist commonly for both metal/SiC and metal/graphene/SiC junctions.
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In this study, we fabricated the graphene/polydimethylsiloxane (PDMS) composites with various weight concentration and
made the layer by spin-coat method. And then, we measured the dielectric constant and conductivity to characterize the
AC electrical properties of the graphene/ polydimethylsiloxane (PDMS) composite layers.
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Recently, ferroelectric HfO2 thin films have attracted much interest. In this study, the effects of fatigue cycles on the
polarization retention property of Pt/Y-doped HfO2/YSZ/Si structure. Since metal-ferroelectric-insulator-semiconductor
structure is the key part of the ferroelectric field effect transistor, the electrical characteristics should be thoroughly
understood. Generally in ferroelectric memory device applications, fatigue means the loss of polarization observed as
retention time elapses. Such reliability failure eventually causes two polarization states of the ferroelectrics practically
indistinguishable. The relaxation of polarization with a stretched exponential decay,
, was
observed. The decrease of the switching characteristic time t0 as the switching cycle increase, shows that the fatigue not
only reduces switchable polarization of ferroelectrics but also seriously affects retention characteristics.
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다양한 분야에서 열전도도 값을 측정하기 위한 요구가 증대되고 있는데, 가장 많이 사용되는 열전도도 측정법으로는 레이져플래시법이
있다. 위 방법은 상용 장비로도 많이 보급되어 있지만, 그 동작 원리상 어느 정도 크기와 두께에 대해서만 측정이 가능하다. 본 발표에서는
박막이나 벌크 등의 다양한 형태와 크기의 소재에 대해서 열전도도를 측정할 수 있는 센서에 대해서 대해서 발표하고자 한다. 더 자세하
게는 금속선이 포함된 4-probe 패턴을 기판 위에 제작하고 2개의 probe에서 교류 전류를 흘려주고 나머지 2개의 probe에서 교류 전압
을 측정한다. 이 때 측정된 교류 전압에서 가해진 교류 전류의 주파수의 3배가 되는 주파수에서 금속선 주위에 있는 물질 들의 열전도도
성분을 추출한다. 여기에서는 다양한 구성 물질들에 대한 열전도도 측정 결과에 대해서 발표할 예정이다.
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We made resistive finger type device by graphene dispersion solution in non vacuum and room temperature condition. We
measured reactivity of DC characteristics depending on various CO2, relative humidity(RH) and temperature.
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Studies about Deep-learning after the appearance of the AlphaGo, has been carried out in many countries all over the
world and the performance is also improving remarkably. However, the space and power consumption for the technology
is very inefficient compared to the human brain, and therefore, studies for mimicking the human brain in the other
direction are being actively carried out. In the 1970s, Professor Leon Chua presented the concept of memristor, and in
2008, HP produced a memristor and proved its existence, and various studies are under way to mimic human synapses and
neurons.
There are several important features that a memristor must have in order to mimic a synapse. The most important
characteristic is that the resistance value should change according to the voltage (or voltage pulse), and the value should
be maintained even if the input voltage is lost , and it should be reproducible after repeated operations. With this features,
it is necessary to develop a structure with small area and low power consumption so that it can be widened in its usability
I>D89CCDE4IG51>1<IJ54D859CCE5C?65H9CD9>7=5=B9CD?B1>4>5EB?>39B3E9DCD?=9=938E=1>CI>1@C5C1>4>5EB?>C '85
=5=B9CD?B39B3E9D. 031>253?>CDBE3D54G9D8D85C=1<<5CD1B511>4@?G5B3?>CE=@D9?>D?=9=93D85=5=B9CD?BG9D8?><I
6?EB '%C  H?G5F5B D85B5 9C 1> E>CD12<5 CD1D5 G85> D85B5 9C >? 9>@ED @E<C5 1>4 D85 >5EB?> 39B3E9D .0 EC5C '8B5C8?<4
&G9D389>7M5=B9CD?B'&M9>D85I&CDBE3DEB5 I>@1BD93E<1BD85B59C1>14F1>D175?61ED?=1D93B5C5DD9>7?6>5EB?>C2ED
D85B59C149C14F1>D175D81DD85>E=25B?6'%9>3B51C5C9>@B?@?BD9?>D?D85CAE1B5?6D85>E=25B?6>5EB?>C '85B56?B5
D85@B?@?C54>5EB?>39B3E9D9>D89CCDE4I81C1=5=B9CD?B39B3E9DD81D;55@CCD12<5CD1D55F5>G85>D85B59C>?9>@ED@E<C5
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한국원자력연구원 양성자가속기연구센터에서는 재료의 방사선 손상 연구를 뉘한 조사시스템의 개발을 추진 중이며, 이를 위해 1.7 MV
탄뎀 가속기의 빔라인에 고온 고 DPA 조사시스템을 설치할 예정이다. 본 논문에서는 이 시스템의 기본 개념과 이론적 계산에 근거한 설
계값에 대해 논하고자 한다.
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Nanoscale water plays important role in nature such as condensation, capillary force exerting on nano-gap [1,2]. There
have been several reports dealt with the mechanical properties of the nanoscale water showing higher value of effective
elasticity and viscosity as a confined meniscus geometry with the atomic force microscopy(AFM)-based investigations with a
high stiffness quartz tuning fork tip [3-5]. However, when the quality factor of the QTF tip has a low value, one cannot
obtain the responses of the nanoscale water meniscus due to low sensitivity. Here, we show the control of the quality
factor with active-Q controller for measurement of the elastic and viscous forces of the nanoscale water meniscus by using
a quartz tuning fork-atomic force microscopy(QTF-AFM). We define the absolute distance and measure the viscoelastic
responses of the nanoscale water formed between the sharp tip and the freshly cleaved mica surface with dynamic
measurement. As a result, we could clearly measure the responses of the meniscus as the quality factor increases.
[1] Fisher, L. R. & Israelachvili, J. N. Chem. Phys. Lett. (2), 325-328 (1980).
[2] Rascón, C. & Parry, A. O. Nature  , 986-989 (2000).
[3] Lee, M., Kim, B., Kim, J. & Jhe, W. Nat. Commun. , 7359 (2015).
[4] Lee, M., Sung, B., Hashemi, N. & Jhe, W. Faraday Discuss.  , 415-421 (2009).
[5] An, S., Kim, J., Lee, K., Kim, B., Lee, M. & Jhe, W. Appl. Phys. Lett.
, 053114 (2012).
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For hydrophilic surface, when a quartz tip (~20nm diameter) is approaching right above the surface, it is well known that
the water nanomeniscus is spontaneously well formed such as mica, silicon. Hydrophobic surface in this case, however, it
has not been studied.
In this study, we investigated the formation and the mechanical properties of the nanoscale water meniscus. Formation
and rupture distances are determined by the humidity and the hydrophobicity which interaction of surfaces and water
molecule clusters. For a nanoscale, the water molecules show different structures when they encounter hydrophilic and
hydrophobic surfaces. Therefore, we prepared mica substrate as a reference surface to form a water nanomeniscus [1].
Then we used highly oriented pyrolytic graphite (HOPG) and octadecylsilaned substrates for hydrophobic substrates. Those
chosen surfaces have enough hydrophobicity, and such hydrophobicity determined by contact angles more than 90°.
We obtained approach/retraction curves to z-axis controlled piezo from the substrate with high vertical resolution (~ 0.5 Å)
including humidity control. Elasticity and viscosity of water nanomeniscus were measured and decomposed from detailed
signal analysis [2].
Viscoelastic analysis of water nanomeniscus will lead the way to put the nanoscale hydrophobicity, hydrophobic forces and
hydrophobic interactions on the firm basis [3].

%565B5>35C
[1] Sangmin An, Jonwoo Kim, Kunyoug Lee, Bongsu Kim, Manhee Lee, and Wonho Jhe, Appl. Phys. Lett. 101, 053114
(2012).
[2] Manhee Lee and Wonho Jhe, Phys. Rev. Lett., 97, 036104 (2006)
[3] David Chandler, Nature, Vol 437, (2005)
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In contrast with other power measurement techniques, the THz-TDS technique makes it possible to acquire phase
information as well as to analyze the complex optical constants without the Kramers-Kronig relations. However, especially
in thin film transmission measurement, during the substrate normalization process, the wrong information of the thickness
of substrate causes the conductivity spectra to have a phase error, and in general situations, a phase error is unavoidable.
Optical constants such as complex refractive index, complex permittivity, and complex conductivity all satisfy the KramersKronig relations due to causality. We propose a new effective way to correct the phase error of optical conductivity of thin
film by using the Kramers-Kronig relation.
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플라즈모닉 컬러필터는 얇은 금속필름 한 장에 다양한 컬러필터를 만들 수 있다는 장점이 있기 때문에 국내와 해외에서 많은 연구가 진행
되고 있다. 본 연구에서는 표면 플라즈몬 공명 현상의 특이 광 투과 효과를 이용하여, 단색광 필터 효과를 확인할 수 있는 플라즈모닉 컬러
필터 소자를 만들었다. 유한차분 시간영역법(Finite Difference time Domain, FDTD) Simulation을 이용하여 주기와 직경을 바꿔가며
최대 투과 파장을 계산하엿다. 또한 집속 이온빔(Focused Ion Beam, FIB)을 이용하여 유리기판 위의 금 박막에 육각 배열의 주기적인 나
노 홀을 제작하였다. 투과 특성을 측정하기 위하여 백색 LED 광원을 소자에 투과시켜 스펙트럼을 측정함으로써 플라즈모닉 컬러필터 효
과를 확인하였다.
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In this study, we investigated the photoluminescence properties of SrLaMgTaO6 (SLMTO) powder and thin film. The
SLMTO powder sintered at a higher temperature, 1400 oC, were weaker in the blue emission region (~400 nm) and
became enhanced in near infrared (NIR) regions compared to those sintered at 1200 oC. To explain the difference of PL
spectra, we performed resonant inelastic x-ray spectroscopy (RIXS) at Ta L-edge. Our RIXS result indicates that the origin of
different PL spectra is not related to the Ta-related defects and oxygen vacancies. Further, we investigated the substrate
dependency of SLMTO films. The SLMTO films were deposited on the MgO (001) and SrTiO3 (001) substrate using pulsed
laser deposition process. The SLMTO films deposited on the SrTiO3 (001) substrate were aligned out of the substrate plane,
whereas on the MgO substrate exhibited polycrystalline growth.

5IG?B4C

Double perovskite, Thin film, Photoluminescence
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2CDB13D
투명 전극은 증강 현실, 스마트 안경 및 스마트 창문을 위한 차세대 디스플레이 소자 전극으로 주목을 받고 있다. 인듐 주석산
화물 투명 전극은 높은 투과율과 높은 전도성을 가지고 있어서 일반적인 투명전극 소재로 많이 사용되고 있다. 하지만, 인듐의
희소성으로 인한 높은 가격 문제와 낮은 유연성으로 인한 깨짐 현상으로 인해 대체 전극 물질에 대한 연구가 활발하게 진행되고
있다.
본 연구에서는 유기발광소자를 위한 고효율 투명 전극을 제작하기 위해서 도펀트 후처리를 통해서 높은 전도도와 일함수를
가지는 PEDOT:PSS 투명 전극을 제작하였다. 기본적인 PEDOT:PSS 전극은 1 S/cm 미만의 낮은 전도도를 가지지만, 도펀트 처리
를 통하여 투명전극은 전도도가 대략 1500 S/cm으로 향상되는 결과를 확인하였다. 도펀트의 이온들이 PEDOT과 PSS 사이 결합
을 막는 스크린 역할을 통해서 전극의 전도도가 향상하는 결과를 얻었다. PEDOT:PSS와 도펀트 사이의 산화-환원 반응으로 인해
일함수가 크게 증가하는 결과를 얻었다. 도펀트 후처리 PEDOT:PSS 투명전극의 전도도 및 일함수 향상으로 인해서 도펀트 후처
리 PEDOT:PSS 투명전극을 사용한 유기발광소자가 기본적인 PEDOT:PSS 투명전극을 사용한 소자에 비해서 발광 효율이 크게 향
상되는 것을 확인할 수 있었다.

5IG?B4C

conducting polymer, poly(3,4-ethylenedioxythiophene) : poly(styrene sulfonate) (PEDOT : PSS), transparent electrode,
organic solution.
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1충남대학교
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전기도금 전해액에 첨가하는 유기첨가제는 종류에 따라 가속제 또는 억제제의 역할을 하는데, 용액 내의 농도는 도금박막의 결정성, 입도
및 표면거칠기 등 그 특성에 큰 변화를 야기한다. 본 연구에서는 전기도금 금속 박막의 물성에 따른 갈바니치환 반응 (Galvanic
Displacement Reaction, GDR) 속도의 변화를 조사하였다. 먼저 코발트 도금용 전해액에 가속제인 DPS를 미량 첨가하여 다양한 물성
을 지닌 코발트 박막을 제작하였다. 제작된 코발트 박막을 모재로 하여 갈바니치환 반응으로 BiTe dendrite 구조를 합성하였다. 도금과정
에서 사용한 DPS의 농도에 따라 BiTe의 합성속도가 달라지는데, 박막의 표면 관찰과 EDX 분석을 통하여 GDR 반응의 속도 제어가 가능
함을 보였다.

5IG?B4C

전기도금, 유기첨가제, 갈바니치환, 코발트, 박막, BiTe
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1한국표준과학연구원

2CDB13D
InGaAs 단파장 검출기 소자는 III-V족 화합물에 기초한 기판성장기법 및 소자 공정기술이 Si 다음으로 잘 확립되어 있는 안정한 물질계를
사용하기 때문에 박막의 품질이 우수하고, 대 면적 성장이 가능하여 생산성과 수율적인 측면에 있어서도 우수함을 보인다. 또한 상온해서
동작이 가능하다는 점은 세계적인 이목을 끌어 오랜 기간 다양한 기관에서 연구 되어졌다. 하지만 오랜 기간 연구되어 졌음에도 불구하고
재료의 화학적 성질이나 성장환경에 의한 계면층의 형성은 여전히 이슈로 남아있다. 계면층의 형성에 영향을 주는 요소는 여러 가지가 있
는데 그중 하나는, 성장 중 챔버 내에 잔류해 있는 As이 뒤따라 성장되는 InP의 성장에 영향을 주게 되어 InAsP 계면을 만드는 As carryover 현상이고, 다른 하나는 InGaAs 위에 성장된 InP 덮개층의 P원소가 InGaAs에 속한 As원소와 치환이 일어나 InAsP 계면을 형성하
는 문제이다. 이러한 계면의 형성은 소자의 밴드갭을 변화시켜 적색편이를 야기하며, 소자의 구조적인 결함을 불러일으킬 수 있기 때문에
계면층의 제어는 소자의 품질향상에 있어 필수적인 요소이다.
본 연구는 InGaAs와 InP사이에 나타나는 계면을 고분해능 X-선 회절기 및 SIMS, TEM 측정 툴을 이용하여 정밀하게 분석하고, 이를 비
롯하여 계면의 형성을 억제하는 것을 목표로 진행 하였다. 먼저 MOCVD를 이용하여 일반적인 방법으로 성장한 InGaAs/InP 시편에 대하
여 InP 덮개층을 단계별로 에칭 하면서, 각각의 InP 두께에서 X-선 회절피크를 분석하여 깊이방향의 InP층 조성분포를 확인 하였다. 이
결과를 SIMS 및 EDS 결과와 비교하여 수 nm에 이르는 얇은 두께의 계면을 정의 하였다. 이후, 계면의 조성 및 두께를 고려하여, 성장조
건을 최적화 하여 새로운 시편을 성장하였으며, 동일한 방법으로 분석한 결과 계면층의 형성이 억제되었음을 확인하였다.

5IG?B4C

HRXRD, InGaAs, interface, IR detector

-986-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.210*

'857B19>3?>DB?<?631D1<ID93=5D1<6?BCI>D85C9C?6D858978AE1<9DI
7B1@85>5
남정태1, 2, 이동윤1, 임성빈1, 황준연2, 김근수*1
물리학과, 2한국과학기술연구원 탄소융합소재연구센터
kskim2676@sejong.ac.kr

1세종대학교

2CDB13D
The chemical vapor deposition(CVD) method is mainly used as a method for synthesizing a graphene film. In this process,
a metal thin film is used as a catalyst, thereby facilitating large-area graphene. In this study, to synthesize high quality
graphene by CVD method, we compared the analysis of graphene synthesis in catalytic metal thin film before and after
control of crystal grain of catalyst metal. A poly-crystalline copper foil with grain size of several to several tens of
micrometers was grown under abnormal heat treatment conditions by AGG to reduce the number of grains of
polycrystalline grains and to increase the size in centimeter scale. The SEM and EBSD analyzes were carried out to analyze
the changes of the surface grains of copper catalyst, the change of catalytic metal after graphene growth and the quality of
graphene by heat treatment process. We have prepared some samples. One is graphene grown from a common copper foil
and the other is graphene synthesized from a grain controlled copper foil. The quality of graphene was evaluated by
analyzing the electrical transfer characteristics of graphene using a field effect transistor device and the Raman
spectroscopic characteristics before and after SiO2 substrate transfer.
Based on the results obtained during the course of this study, we will clarify the importance of catalyst metal control for
controlling the quality of graphene and quality control by CVD method and contribute to optimization of high quality
graphene synthesis conditions.

5IG?B4C

CVD, Graphene, Abnormal grain growth
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플렉서블 투명전극으로 그래핀, 은나노선, 금속메쉬 전극과 같은 구조를 사용하는 연구들이 진행되고 있으나 투명전극과 패턴
형성 공정에 어려운 문제가 있다. 기존에 널리 알려진 패터닝 기술은 리소그래피 기술과 레이저를 이용한 식각 기술, 증착과정
에서 쉐도우 마스크를 이용한 기술이 있으나 플렉서블 유기발광소자에 적용하기에는 아직도 많은 문제를 가지고 있다. 본 연구
는 표면개질을 통해 금속 초박막을 형성하여 플렉서블 투명전극으로 응용할 수 있는 공정에 대한 연구이다. 기존의 유기발광소
자의 전극으로 ITO기판이 주로 사용되고 있지만, 플렉서블 소자에 적용할 경우 벤딩 테스트에 대한 면저항이 급격히 변하는 문
제가 있다. 본 연구에서는 표면개질을 통해 은 초박막 형성과 형성된 초박막에 대한 물성을 조사하였다. 코팅된 고분자에 자외
선 처리를 진행하면 금속 결정핵 형성 사이트가 다시 파괴되어 박막형성이 방해받아 나노입자형태의 박막이 형성된다. 금속 초
박막 형성은 아민기를 포함한 고분자의 코팅조건과 자외선처리에 의해 조절할 수 있는데 표면개질을 위한 고분자의 농도와 코
팅조건, 자외선 처리 조건에 따른 금속 초박막의 전기적, 광학적, 구조적 성질에 대해 세밀하게 조사하였다. 본 연구의 결과로 형
성된 최적화된 투명한 플렉서블 금속 초박막 형성기술은 플렉서블 유기발광소자 제작을 위한 투명 플렉서블 전극형성 기술로응
용될 수 있을 것이다.

5IG?B4C

flexbile; wearable; polyelectrolyte; UV/ozone treatment; ultra-thin metal film

-988-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.212

<53DB931<1>4CDBE3DEB1<@B?@5BD95C?6!1N9"1>4>?>
CD?9389?=5DB93!1N9"5@9D1H91<D89>69<=C45@?C9D54?>&B'9"
&'"
CE2CDB1D5 
김동훈1, 정번성1, 박기홍1, 최병춘1, 김중환1, 정중현*1, 배종성2, 김희진3, 장서형4
of physics, Pukyong National University, 2Korea Basic Science Institute, 3Electron Microscopy
Research Center, Korea Basic Science Institute, 4Department of Physics, Chung-Ang University
jhjeong@pknu.ac.kr

1Department

2CDB13D
Among the transition metal oxide, LaNiO3 is a metallic system and one of highest active materials having stoichiometry
Ni3+ state. The activity is closely related with the valence state of Ni. The Ni3+ state is thermodynamically so unstable that
the oxidation-reduction equilibrium of Ni2+ and Ni3+ is not even plotted in the Ellingham diagram. For this reason, it is
challenging to control the thermodynamically unstable Ni oxygen state. In this study, we investigated the comparison of
LNO films and non-stoichiometry LNO films. LNO films and non-stoichiometry LNO films were grown on SrTiO3(001)
substrate by using pulsed laser deposition(PLD). We systematically changed the oxygen partial pressure and growth
temperature for controlling the Ni valence state. By using x-ray scattering and x-ray photoelectron spectroscopy, we found
that the out-of-plane lattice parameters and the Ni oxygen state are very sensitive to the change of the oxygen partial
pressure and substrate temperature during the growth. We will also discuss the conductivity and La, O chemical binding
state.

5IG?B4C

Pulsed laser deposition, thin film, oxygen deficiency
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은은 구리보다 더 낮은 비저항 값을 가지는 금속이다. 그러나 은을 박막으로 성장할 경우 표면의 결함과 grain boundary 들에서의 전자
산란에 의해 비저항 값은 증가하게 되고 은의 표면 plasmonics 물질로서의 특성과 전기적 효율은 나빠지게 된다. 또한 이 grain
boundary 들 사이로 산소가 침투하여 박막의 산화를 촉진시킨다. 이러한 문제를 해결하기 위해 오래 전부터 많은 사람들이 단결정 은 박
막의 성장을 시도 해왔으나 고품위의 은 단결정 박막이 얻어진 사례는 보고된 바 없었다. 본 연구에서는 ZnO 박막을 buffer layer 로 사
용하여 단결정 은 박막을 성장한 결과를 보고한다. 은 박막은 큰 격자 불일치 때문에 사파이어 기판상에서 단결정으로 성장하지 않지만
ZnO 는 버퍼층으로서의 역활을 잘 수행하여 은 박막이 단결정으로 성장 하도록 도와준다. 사파이어 기판과 ZnO 도 비교적 큰 격자 불일
치를 가지지만 ZnO 상에서 생성된 grain boundary 들은 은 박막으로 이어지지 않는 특성을 보인다.
본 연구에서는 추가적으로 은 박막을 lithography 공정 없이도 투명전극으로 활용할 수 있는 dewetting 을 이용한 방법을 제시한다. 이
dewetting 법에 의해 얻어진 은 박막 투명전극은 비주기적 패턴과 낮은 sheet resistance의 덕택으로 회절무늬를 보이지 않고 높은 전도
성을 보여준다.
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이산화티타늄(TiO2) 박막은 고굴절율, 고유전율, 가시광 및 근적외선 영역에서 높은 광투과율을 가지므로, 염료감응형 태양전지, 광촉매,
광학박막, VLSI의 커패시터 재료로 활용이 검토되고 있다. 또한 광촉매와 자기세정 특성을 이용하여 태양전지, 자동차 외장 부품, 건물의
외벽 등의 항균 코팅으로 사용되고 있다. 그러나, TiO2 박막의 다양한 결정구조 및 표면형상에 따른 물성의 체계적인 연구는 미흡한 실정
이다. 본 연구에서는 TiO2 박막의 결정구조 및 표면형상에 따른 TiO2 박막의 친・소수성 및 광촉매 특성에 대하여 연구하고자 한다. RF
magnetron sputtering을 이용하여 Si 및 Glass 기판 위에 TiO2 박막을 증착하여, sputter 조건에 따른 결정의 구조와 표면형상의 변화
를 조사하였다. 분위기 가스 중 Ar과 O2 가스의 분압 변화에 따른 TiO2 박막의 물방울과의 접촉각(contact angle)을 측정한 결과, TiO2
박막 표면의 결정립이 커질수록 접촉각이 작아지는 경향을 나타내었다. 즉 TiO2 박막의 친수성 여부는 박막의 결정구조나 표면 원자의 화
학결합 상태 보다는 표면 형상에 더 좌우되는 것으로 보인다.
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2CDB13D
Transparent conductive aluminium doped zinc oxide ZnO:Al and
ferroelectric barium titanate BaTiO3 thin films double layer were deposited
by using the RF magnetron sputter deposition method. The target ceramics
of ZnO:Al and BaTiO3 were prepared by applying calcination and sintering
processes to the raw powders composed with the molar ratios of ZnO :
Al2O3 = 0.95 : 0.025 and BaCO3: TiO2 = 1 : 1, respectively. The highly c-axis
aligned ZnO:Al thin films were deposited on Al2O3 (0001) substrate, and
the intensity of (002) diffraction was increased as the substrate temperature
is increased from 300 ℃ to 650 ℃ as shown in Figure. The transparent
conductive properties of the ZnO:Al thin films were confirmed by using the
ultra voilet and visible (UV-Vis) spectrometer, the four point probe (FPP)
method and the Hall effect measuremt. Amorphous BaTiO3 thin film was
coated on the Al2O3 (0002) substrate at the substrate temperture of 300 ℃ , and the nano crystalline BaTiO3 films were
grown by applying the post-annealing in air at the temperatures range from from 500 ℃ to 800 ℃. The ex-situ depositions
of BaTiO3 thin films onto the ZnO:Al thin films on Al2O3 (0002) substrate are progressing in order to study the physical
properties of the ZnO:Al/BaTiO3 semiconductor/ferroelectric heterostructure.
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CsCl-type ordered FeRh alloy shows metamagnetic phase transition from
antiferromagnetic (AFM) to ferromagnetic (FM) accompanied with isotropic
lattice expansion and variation of the magnetoresistance around 370 K.
Recently, many researches show that magnetic properties (phase transition
temperature and width, magnetization at AFM regime etc.) are affected by
various perturbations, including the Fe/Rh ratio, chemical doping, and
external pressure or magnetic field. Although a number of studies have
investigated the metamagnetic transition in FeRh alloys, its physical origin
and the essential interactions involved are still unclear.
In this study, we investigated structural and magnetic properties of FeRh/MgO(100) films by varying film thicknesses. As a
result, phase transition temperature reduced and magnetization at low temperature (AFM region) enlarged in thin film (~8
nm) compared to those of thick film (~40 nm) [Fig. 1]. In addition, (001) crystallized peak position of thin film was broader
and shifted to the lower angle compared to thick film indicating the thin film is under out-of-plane tensile state [Fig. 2].
Furthermore, from the temperature-dependent x-ray diffraction measurement, the different d-spacing variation was
examined between thin (~0.3 %) and thick (~ 0.5%) film [Fig. 2]. These observations suggest that magnetic properties
may be affected from atomic distance variation caused by interfacial strain.
This study was supported in part by NRF Korea (NRF-2015R1D1A1A01058672, NRF-2018R1D1A1B07045663) and Korea
Basic Science Institute grant (C38529) to Sungkyun Park.
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White light emitting diodes (w-LEDs) have been used as next generation lighting technology because of several advantages
such as low cost, remarkable energy conservation and high efficiency. However, there is a problem which is thermal
radiation of the high power LED while it works. In this case of LED, 65% of the total energy is converted to heat and
release. Therefore, lifetime and efficiency of LED chip decreases. To solve this problem, heat sinks with good heat
dissipation have been studied through several changes such as surface area, pin shape and component.
In this research, we synthesized foaming ceramics as heatsink with using different composition ratio. The mechanical
strength of forming ceramics with different composition ratio was measured by using universal testing machine. The
thermal property was measured by using fabricated foaming ceramic, commercial aluminum, heatsink, LED module and
thermal imaging camera.
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Temperature dependence of the Raman spectrum of single crystalline DyFe1-xMnxO3 (x = 0.1, 0.2, 0.7) was studied from
10 K to 300K. Unusual softening of the Raman feature near ~600 cm-1 was observed for all three samples. The observed
Raman mode softening is very similar to that reported for orthorhombic RMnO3 (R=rare-earth element). The observed
onset temperature of the Raman softening was near the magnetic phase-transition temperature of orthorhombic DyFe1xMnxO3 as a function of Mn composition.

5IG?B4C

Raman, DyFeMnO3, Magnetic Phase Transition

-995-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.219

?>49>7#1B1=5D5BCN1DEB51B?E>4E+9?>C9>N1" " E"
<1CC5C

김영훈1, 노태호1, 송승기*1
1명지대학교 물리학과
sksong@mju.ac.kr
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Cu2+-ligand bonding parameters α2, β12, β2 in xNa2O-B2O3-yCuO glasses (x=Na2Omol%/B2O3mol% and
y=CuOmol%/B2O3mol%) with x=0.1~0.7 at y=0.01 and 0.03 have been evaluated using EPR and optical absorption data.
Calculated values of α2 for the present glasses show that the in-plane σ-bonding is slight covalent while β12 exhibited that
the in-plane Π-bonding is moderate ionic in nature. We have been observed the variations in bonding coefficients with
increase in Na2O content in the glasses and also been calculated the theoretical values of optical basicity (∧th).
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Er3+-activated NaSrLa(MoO4)3 phosphors were prepared by a traditional solid-state reaction technique. Upon the light
excitation at a wavelength of 377 nm, all the compounds emitted visible green emissions that can be seen by naked eye. A
gradual enhancement in PL emission intensity was observed with increasing the Er3+ ion concentration in resultant
compounds, reaching its optimal value when x = 0.04. The critical distance was calculated to be 25.32 Å and the dipoledipole took the domination in the concentration quenching mechanism. With the aid of fluorescence intensity ratio
technique based on the thermally coupled levels of Er3+ ions, the optical thermometric behaviors of the resultant
phosphors were studied by analyzing the temperature-dependent PL emission spectra. It was found that the sensor
sensitivities of the as-synthesized samples were sensitive to the Er3+ ion concentration. These results reveal that the Er3+activated NaSrLa(MoO4)3 phosphors are promising candidates for solid-state lighting and optical thermometer.
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2CDB13D
A series of Sr8MgLa(PO4)7: Eu2+, Mn2+, Tb3+ phosphors were synthesized by solid state reaction methods for applications
of white light emitting diodes(w-LEDs). The broad absorption band at the near ultraviolet (near-UV) region of 250 - 450
nm was obtained, which is ascribed to the 4f7→ 4f65d1 electronic transition of the Eu2+ ions. Under near-UV excitation,
the broad yellow emission was obtained from tri-activated Sr8MgLa(PO4)7 phosphors via combining three emission bands
centered at 500, 550, and 600nm contributed by Eu2+, Tb3+ and Mn2+, respectively. The optimized concentrations of
Mn2+ and Tb3+ were 6mol%, respectively, which enhanced the total PL intensity up to 30% comparing to only Eu2+ doped
phosphor. Moreover, the quantum efficiency of Sr8MgLa(PO4)7: Eu2+, Mn2+, Tb3+ phosphor had achieved up to 52%. The
combination of a near-UV chip with compound of Sr8MgLa(PO4)7: Eu2+, Mn2+, Tb3+ and BaMgAl10O17:Eu2+ achieved
tunable w-LEDs with high CRI. The results suggest that this single phased Sr8MgLa(PO4)7: Eu2+, Mn2+, Tb3+ phosphor can
be a key for the phosphor converted w-LEDs for warm white light emission.
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The cobalt-based nanoparticles have recently drawn considerable research attention due to its promising technological
application such as information storage, magnetic fluids and catalysts. Especially, cobalt boride nanoparticles have been
researched a potential catalysts for hydrogen storage and for fuel cell applications. It is predict that the magnetic property
of cobalt boride nanoparticles is possible to apply for sensor device.
The cobalt boride nanoparticles were synthesized by triple DC thermal plasma jet system. This system was newly developed
for the improved vaporization of refractory material that is injected into the merged plasma jet between torches.
Additionally, triple thermal plasma jet generates a longer high temperature flame compared with singular torch system.
In this work, cobalt boride (CoB and Co2B) nanoparticles were synthesized from micro-sized cobalt and boron powder. In
order to evaporate starting material, the characteristics of thermal plasma jet were controlled by plasma forming gas;
Argon with high thermal conductive gas as N2, and H2. The starting materials were injected into the plasma flame with the
carrier gas through the injection tube between three torches, then feeding rate was 200 ~ 500 mg/min with argon carrier
gas of 5 L/min. Total input power was controlled at 27 to 30 kW. As results, cobalt boride nanoparticles were synthesized
at tens of nanometer and then, characteristic of synthesized powder was analyzed according to various experiment
condition such as molar ratio of starting material and flow rate of conductive gas. The synthesize powder were analyzed for
their characteristics by X-ray diffraction (XRD) and scanning electron microscope (SEM).
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A series of Eu3+ doped red emitting Sr9-xLa1+x(PO4)7-x(SiO4)x (x=0, 1, 3, 5, 7) phosphors were synthesized by a solid
state reaction method. The structural and optical properties were investigated by X-ray powder diffraction (XRD) and
photoluminescence (PL) measurements, respectively. The XRD patterns reveals that the crystal structure changed from
whitlockite to apatite with increasing x value. To gain more crystal structure information, the Rietveld refinement of
Sr9La(PO4)7 (x=0) and Sr2La8(SiO4)7 (x=7) was performed. In the PL excitation spectra, as the x value increases, the
charge transfer band (CTB) shifts toward longer wavelengths with enhancement. However, the emission from the f-f
transition of Eu3+ centered at 393 nm decreases. The PL spectra shows a strong red emission (5D0 → 7F2) and
considerable orange emission (5D0 → 7F1). To obtain an insight into the possible structural changes, the experimental
intensity parameters Ω2 and Ω4 were calculated from the emission spectra using Judd-Ofelt theory. The red emitting Sr9xLa1+x(PO4)7-x(SiO4)x (x=0, 1, 3, 5, 7) phosphor can be a key for the phosphor converted white light emitting diodes (pcLEDs).
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Inorganic compounds composed of low-dimensional ferromagnets exhibit fascinating properties and provide a
rich opportunity to investigate the ferromagnetic ground states, magnetic transitions and magnetization phases.
Over the last few decades, 2-dimensional honeycomb lattices have attracted attention in relation to physical
phenomena such as superconductivity, magnetism, topological phase and 2-dimensional material graphene. Recently, the
discovery of topological insulators in honeycomb lattices has increased research on honeycomb lattices. We have decided
to study BaFe2(PO4)2, which is the 2-dimensional Ising ferromagnet with the first honeycomb lattice. We have studied
various physical properties of BaFe2(PO4)2 that change depending on the sintering conditions.
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본 연구에서는 강제 진동되는 다공성실리콘의 진동수 응답 특성과 휘발성유기화합물(Voltatile Organic Compounds:VOCs)에 의한 응
답 특성의 의존성을 분석하였다. 이를 위해 전면 다공성실리콘과 후면 알루미늄 판을 평행하게 배치하고 두 평행판 사이에 중간판으로서
알루미늄 판을 배치하였다. 그리고 전면 다공성실리콘과 후면 알루미늄 판에는 역위상의 AC전압을 각각 인가하고 중간판에는 DC전압을
인가하였다. 이를 통해 다공성실리콘 판은 전기력에 의해 강제 진동되며 진동에 의해 발생되는 음파의 세기와 위상을 측정하여 AC 신호
의 진동수에 따른 응답 특성이 측정되었다. 응답 특성에서는 다공성실리콘의 공명진동수와 공명진동수에서의 진동위상 변화가 명확히 관
찰되었다. 아울러 정전식 기체센서로서의 동작 특성을 조사하기 위해 VOCs 기체가 다공성실리콘과 접촉될 때 공명진동수와 진동위상의
의존성도 분석되었다.
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Lanthanides are widely used as luminescence activators in inorganic compounds. Polycrystalline compounds of Li6Y(BO3)3:
Ce3+ and Sm3+ Co-doped polycrystalline samples have been prepared by using standard solid state reaction method.
Thermoluminescence (TL) has been widely used to investigate trap depths in luminescent materials. The energy levels of the
doped rare earth ions in the borate host materials were studied by means of TL glow peak analysis. The trap depths (E)
were calculated using various standard methods such as peak shape (PS), initial rise (IR) and computerized glow curve
deconvolution (CGCD). The calculated trap depths are compared with predicted energy level values and found in good
agreement. This primarily results suggests that the energy level scheme can help in the development of new TL materials
suitable in dosimetry.
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Si-doped Ga2O3 nanowires were formed using a GaCl3, polyvinylpyrrolidone, deionized water, and Tetraethyl orthosilicate
(TEOS) via an electrospinning method, where the TEOS was used as a Si doping source. The Si content in the Ga2O3 varied
from 0 to 2.4 at.%. In this range of doping content, no phase separation was observed by X-ray diffraction. The average
diameter of the Ga2O3 increased with Si content from 90 nm to 190 nm, which was measured by scanning electron
microscopy. With the Si content in the Ga2O3, photoluminescence intensity at 2.4 eV and 3.0 eV increased, representing
more charged carriers were generated in the conduction band. Finally, the photocatalytic properties of Si-doped Ga2O3
nanowires were characterized via the degradation of a methylene blue (MB) and its spontaneously color changes. The
results showed that photocatalytic properties of Ga2O3 enhanced linear with the Si contents.
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There have been many theoretical and experimental studies on topological semimetals for realizing three-dimensional
Weyl fermions as emergent quasiparticles in condensed matter system [1]. The transition metal monopnictides MPn (M =
Nb and Ta; Pn = As and Sb ) are well known as inversion symmetry breaking Weyl semimetals [2]. On the other hand,
transition metal dipnictides MPn2 have the inversion symmetry and show abrupt band crossing feature, which is fully
gapped out with spin-orbit coupling. Recently, an extremely large positive magnetoresistance ratio in the transverse
configuration and a negative magnetoresistance in the longitudinal configuration have been reported in the MPn2 family
as being one of fingerprints for Weyl and Dirac semimetals [3, 4, 5]. However, its physical origin has not been verified yet.
In this study, we focus on NbSb2 by changing the substituted element such as Sn, Mn, Bi, and Fe in order to understand
the physical origin of their exotic magnetoresistance behaviors. High-quality single crystals are obtained via chemical vapor
transport method. Here, we present the experimental results of electronic and magnetic properties for each substituted
element, and we try to give an idea for the magnetic-field-induced topological phase transition to Weyl semimetal. [1] SuYang Xu et al. Science. 9, 613-617 (2015) [2] Shin-Ming Huang et al. Nat. commun. , 7373 (2015) [3] Yuke Li et al.
Phys. Rev. B. 9, 121115 (2016) [4] Bing Shen et al. Phys. Rev. B. 9, 195119 (2016) [5] Yongkang Luo et al, Sci. rep. ,
27294 (2016)
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CoFe2O4(CFO)는 자기 이방성이 크고 열적 안정성이 뛰어난 물질로 최근 고밀도 자기기억 소자의 구현을 위해 연구되고 있다. CFO를
구성하는 금속이온들의 분포와 자기적 특성과의 상관관계에 대한 연구는 많이 진행되었으나[1,2], 상대적으로 산소공공의 역할에 대한 연
구는 다소 부족하다.
본 연구에서는 RF 스퍼터링 방법으로 CoFe2O4 박막을 Al2O3(0001) 기판 위에 산소 유량비를 달리하면서 증착하였다. 모든 박막은
(111) 방향으로 성장하였으며 산소가 섞인 환경에서 제작된 박막은 우수한 결정성 (FWHM of rocking scan ~ 0.03o)을 가졌다. 산소
유량비가 감소할수록 수평방향의 포화자화값이 감소하고 보자력이 증가하는 등 수평 자기 이방성이 감소하는 것을 확인하였다. X-선 광
전자 분광 측정으로부터 산소 유량이 감소할수록 산소 공공이 증가하는 것을 확인하였다. 산소 공공의 증가가 금속 양이온들과의 교환 상
호작용을 억제하여 포화 자화값과 수평 자기 이방성을 감소시킨 것이라고 생각할 수 있었다.
본 연구는 한국연구재단과 (NRF-2015R1D1A1A01058672, NRF-2018R1D1A1B07045663) 한국기초과학지원연구원 (C38529)의
지원을 받아서 이루어졌습니다.
[1] C. Cho et al., Appl. Phys. Lett., , 149-154 (2014)
[2] D. Lee et al., Appl. Surf. Sci., , 777-782 (2018)
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Annealing treatment effect of magnetic anisotropic transformation on the
PtMn based double-type GMR-SV multilayer films was investigated. The
exchange biased coupling field (Hex), coercivity (Hc), and MR ratio of
Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/Ta(4 nm) SV
multilayer film without antiferromagnetic PtMn layer are 0 Oe, 25 Oe, and
3.3 %, respectively. MR curve for the Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5
nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(4 nm) SV multilayer film showed Hex = 2
Oe, Hc = 316 Oe, and MR (%) = 4.4 % with one butterfly MR curve having
by the effect of antiferromagnetic PtMn layer. The major MR curve for the
double-type Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(10 nm)/CoFe(6 nm)/Cu(2.5
nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(4 nm) SV multilayer film showed Hc = 240 Oe and 250 Oe, MR = 3.2% and 3.3 % with
two butterfly MR curves, as shown in Fig. 1(a). The sample of PtMn based double-type GMR-SV multilayer film was
subjected to a post annealing treatment at 275 oC during 1 hr and the isotropic and unixaial anisotropic MR characteristics
of the thin film crystal structures were analyzed from the XRD patterns and the MR curves measured at room temperature
and liquid nitrogen temperature, respectively. The PtMn faced centered face centered cubic(fcc) (111) peak shifted to face
centered tetragonal(fct) (111) about 0.5° after annealing, but the Hex, the Hc and the MR ratio having a isotropic magnetic
property from the MR curve for the lower-layer SV film of PtMn layer were 90 Oe, 360 Oe, and 4.6%, as shown in Fig.
1(b). These results suggest that the isotropic and anisotropic GMR-SV device composed of two PtMn layers can be used as
biosensors. The magnetoresistance properties in CoFe spin valve-PtMn multilayer with a very slightly shape magnetic
anisotropy can be controlled by a thickness of the pinned CoFe layer and an annealing temperature. This result is possible
to explain the effect of magnetization configuration spin array of the lower-layer SV film and the upper-layer SV film of
PtMn layer.
3;>?G<547=5>D This work was supported by the National Research Foundation of Korea (NRF) funded by the Korea
government (Ministry of Education) with the Grant No. of NRF-2016R1D1A1B03936289.
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Hexaferrites are classified into six families, including M-, Z-, Y-, W-, X- and U-type hexaferrites. Their chemical formulae
always contain Fe ions, which are responsible for the ferromagnetic properties of hexaferrites. In addition to Fe ions, the
last five type hexaferrites have additional Co ions. Though hexaferrites were discovered since 1950s, there has been an
exponentially increasing interest until now because these materials play an important role for developing modern electrical
and electronic devices. Among hexaferrites, Z-type ferrites with soft-magnetic behaviour have been of intensive interest
due to their applicability in 5G and IoT future technologies. Following this research direction, we selected a Ba3Co2Fe24O41
hexaferrite as a host lattice and then doped La in it (i.e., Ba3-xLaxCo2Fe24O41 samples). This is to improve their magnetic
properties, particularly two parameters of the saturation magnetization (Ms) and coercive force (Hc), because the La3+
doping changes the valence state of Fe in hexaferrites. Using conventional solid-state reactions, we successfully synthesized
Ba3-xLaxCo2Fe24O41 compounds with x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5 with micro-particle sizes of 5~10 mm. Our XRD
analyses indicated the samples x < 0.2 crystallized in a Z-type hexagonal structure while the others have a secondary phase
of Y-type hexaferrite. Electronic-structural analyses based on the Fe and Co K-edge X-ray absorption spectra proved the
oxidation states of Fe and Co in Ba3Co2Fe24O41 to be 3+ and 2+, respectively. For Ba3-xLaxCo2Fe24O41 compounds, while
the oxidation state of Co is stable, that of Fe is changed with an appearance of a small amount of Fe2+ ions (beside preexisting Fe3+ ions) when La-doping content (x) changes. These factors influence strongly Ms, Hc, and the ferromagneticparamagnetic phase transition temperature (TC). Interestingly, we have found that the La doping improves the value of Ms
remarkably. Meanwhile, their soft-magnetic behavior is quite stable. Such features demonstrate that Ba3-xLaxCo2Fe24O41
compounds are promising materials for soft-magnetic applications, such as electric generators and electromagnetic
shielding applications.
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In this work, we propose the elastic Darboux transformation for the modal manipulation of arbitrary multimodal elastic
waves. By transforming the elastic wave equation for the operator factorization, we develop the separate tailoring of
longitudinal- and transverse-potentials. We also discuss the deterministic and individual access to each spatial- and
polarization-mode for the elastic mode converter.
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나노 광학의 강한 근접장 집속, 광산란, 표면 내 전파, 빔 조향과 같은 다양한
변조 특성은 컬러 필터[1-2], 광 나노안테나[3], 광 도파관[4]과 같은 다양한 동작 대
역을 가지는 응용 분야에서 연구가 되고 있다. 이러한 광 변조 특성들은 기본적으로,
나노 구조[5] 및 파티클[6]에서의 강한 공명 현상을 기반으로 구현되고 있다. 하지만
이러한 강한 공명 현상은 좁은 반응 대역폭 및 낮은 대역폭 가변성 등의 단점으로 인
해 선택적 반사, 투과 곡선 구현에 어려움이 있다.
본 연구에서는 제안된 단일 나노 구조에서의 (그림 1a) 국소 표면 플라즈모닉
모드와 갭 플라즈모닉 모드의 혼합 공진현상을 이용하여, 가시광선 대역 내 공명 파장 대역의 FWHM(full width at half maximum)을
50 nm 에서 250 nm까지 다양하게 조절하였다 (그림 1b). FEM기반 수치해석 기법을 이용한 전자기장 분포 분석을 통해, 구성 플라즈
모닉 모드들의 세기 조절 및 공진 주파수 변화를 이용하여, 가시광선 대역 내의 파장 선택성이 높은 반사 곡선과 제안된 구조에서의 매우
강한 전자기 집속 현상을 이용한 다양한 파장 대역의 완전 광 흡수를 (~96%) 구현하였다. 이를 통해, 본 연구에서는 한 응용 예로서, 다
양한 색을 가지는 (full-gamut) 컬러 필터를 구현하였다. 이러한 칼라 필터는, CIE1931 색 좌표 분석을 통해 Red, Green, Blue뿐만 아
니라 Cyan, Magenta, Yellow를 포함한 다양한 색을 가지는 것을 확인하였다 (그림 1c).

참V문헌
[1] Hedayati, M. et al. “Review of Metasurface Plasmonic Structural Color” Plasmonics, 1−17 (2016).
[2] Kristensen, A, et al. “Plasmonic Colour Generation” Nat. Rev. Mater. 2, 16088 (2016).
[3] Chen, B, et al. “Hybrid Photon–Plasmon Coupling and Ultrafast Control of Nanoantennas on a Silicon Photonic Chip”
Nano Lett. 18(1), 610-617 (2017).
[4] Daneshmandi, O, et al. “A new high performance MSM hybrid plasmonic photodetector based on nanogratings and
dual mode horn shape waveguide” Nanotech. 29(40), 405202 (2018).
[5] Miyata, M, et al. “Full-Color Subwavelength Printing with Gap-Plasmonic Optical Antennas” Nano Lett. 11, 4419-4427
(2016).
[6] Chen, T, et al. “Assembling color on the nanoscale: multichromatic switchable pixels from plasmonic atoms and
molecules” Adv. Mater. 28(18) 3522-3527 (2016).
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The effects of stacking order in the second harmonic generation (SHG) of molybdenum disulfide (MoS2) are investigated.
2H-MoS2 is representative of semiconducting transition metal dichalcogenides (TMDCs). Although 2H-MoS2 is most
common in nature, the 3R phase can exist due to a small difference in the formation energy. However, most studies so far
have focused on the 2H phase, and only few studies are reported for the 3R and mixed phases[1]. We found the 2H, 3R
and mixed phase of exfoliated MoS2 from natural molybdenite crystals. We compared the SHG of samples with different
stacking orders in detail. Moreover, we estimate the value of the second order susceptibility which can be beneficial for
developing realistic 2-dimensional nonlinear optical devices using each stacking order.
[1] Lee J.-U. et al, ACS nano, 10, 1948 (2016)
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Phosphor converted white light-emitting diodes (pc-WLEDs) have been applied in solid-state lighting technology. The
common approach to the generation of pc-WLED is the combination of a blue chip LED and yellow-emitting
Y3Al5O12:Ce3+ phosphors. These WLEDs show high efficiency due to the allowed 5d-4f transition in Ce3+.
The term “warm or cool” in white-light relates to the correlated color temperature (CCT). If the CCT is less than 3000 K, it
can be considered warm white-light and, if over 4100 K, it can be considered cool white-light. Warm white-light produces
the pleasant lighting, which is useful for indoor illuminations. The cool white-light exhibits clean and brighter light, which
are highly beneficial for vehicle lighting applications. Therefore, there are many different advantages in choosing warm or
cool white light. At present, most approaches focus on the generation of warm white-light for indoor illuminations.
However, efficient cool white is also required in outdoor applications.
In this work, yellow-emitting Y2BaAl4SiO12:Ce3+ (YBAS:Ce3+) phosphors were synthesized by a sol-gel method for solidstate lighting. The structural, morphological and luminescence properties of the YBAS:Ce3+ phosphors were analyzed. To
examine their potential use in outdoor lighting, a cool WLEDs were fabricated by combining a blue chip LED with the
YBAS:Ce3+ phosphors.
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Pohang Accelerator Laboratory X-ray Free Electron Laser (PAL-XFEL) is a research facility, which is designed to generate
extremely intense (assuming 1´1012 photon/pulse at 12.4 keV) and ultra-short (10-200 femtosecond) pulsed X-rays. PALXFEL is a very precise facility with large heat power, so it is necessary to develop diagnostic instrument such as GMD (Gas
Monitor Detector) for measuring the intensity of the X-ray. In here, GMD’s structural concept is introduced, and also
structural analysis and gas flow analysis are reported.

5IG?B4C

Gas monitor detector

-1013-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.306

>1<IC9C?6@8?D?3EBB5>D>?9C5C1>4D859B9=@13D?>5<53DB931<
6554213;C97>1<6?BC@<9D?6@B9>39@1<CD1D5C?6@?<1B9J1D9?>9>?@D931<
6925B3?==E>931D9?>CICD5=C9=@19B542I@?<1B9J1D9?>=?45
49C@5BC9?>
HAN Ki Ho*1
1Department of Optical Engineering, Kongju National University
khhankr@kongju.ac.kr

2CDB13D
Fiber-optic communication systems in general have inherent various photocurrent noises, which degrade the system
performance. In this work, a fiber transmission system with both the photocurrent noises and polarization mode dispersion
(PMD) is considered for theoretical simulation. Each photocurrent noise source is investigated and conditions that
determine dominant noise source are discussed. In addition, it is shown that the total photocurrent noises can influence an
electrical feedback signal that serves to separate two perpendicular principal states of polarization (PSP), resulting in
misalignment of PSP and axes of polarization beam splitter of PMD compensator, which yields incompletely compensated
signal. The characteristics of the electrical feedback signal in the presence of the photocurrent noises are analyzed and
discussed with approach of allaying the effect.
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Under time-varying surroundings such as weather change or vibration, principal states of polarization (PSP) of polarization
mode dispersion (PMD) in fiber transmission systems may vary with time and be linear or circular or elliptical polarizations.
Thus, eigenstates of polarization (EOP) of a PMD compensator are needed to adapt in real time to the PSP variation. In this
work, it is analyzed and discussed via simulation how trajectory and movement of PSP and EOP on Poincare sphere change
degree of polarization (DOP) of the compensator. The results find that DOP of the compensator shows a variety of
behavior depending on varied mutual polarization states of PSP and EOP as well as their distance on Poincare sphere.
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Topological insulators are receiving attention in the field of optoelectronic device due to their broadband and high sensitive
properties attributed from a narrow bandgap of a bulk state and high mobility of a Dirac surface state. In this work, we
investigated the change in optoelectronic properties in Se/Bi2Se3 heterostructures and verified the roles of enhancing the
photo-response characteristics of Se layer. For the preparation of the heterostructure, Bi2Se3 5QL (1 Quintuple Layer =
0.954nm) thin films and the 15nm Se layer were sequently grown on the SiO2/Si substrate by molecular beam epitaxy
system. From the photocurrent measurements, we clearly showed the fast rising and decay on the Se/Bi2Se3
heterostrucure, compared to Bi2Se3 single structure. From the band alignment obtained by Ultraviolet photoelectron
spectroscopy (UPS), we verified the two roles of Se layer. First, the presence of Se layer between metal and Bi2Se3 films can
results in a straddling gap structure which gives the advantage of carrier transport. Second, Se layer can suppress the
recombination owing to the modification of interfacial band structure. As a result, we obtain the enhanced fast rising and
decay of photocurrent by the role of the Se layer, which suggests a meaningful result in the application of TI based
optoelectronic device.

5IG?B4C

Topological insulator, photocurrent,band alignment

-1016-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-ap.309*

전해질게^팅을^용한그래핀전극발광소자

이영로1, 최재우*1
정보디스플레이학과
jaewuchoi@khu.ac.kr

1경희대학교

2CDB13D
본 연구는 전해질 게이팅을 이용한 CVD 그래핀을 전극으로 사용하고, TMDCs를 발광층으로 이용한 발광소자를 제작하였다. 전해질을
이용하면 그래핀의 페르미 준위를 조절할 수 있고, 이를 이용하여 포텐셜 장벽을 조절할 수 있는 장점이 있다. 이를 통하여 발광소자의 양
자효율을 증가시켰다.
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We’ve investigated the electrical and optical properties of inorganic-organic hybrid light emitting transistors (HLETs)
fabricated using the n-type semiconductor ZnON as an electron transporting layer and the poly(p-phenylene vinylene)based copolymer, Super Yellow (SY), as the light emitting layer.Additionally, we’ve studied the influence of various source
(S)–drain (D) electrodes (Al, Ag and Au) with different work functions (WFs) (4.1, 4.6 and 5.1 eV, respectively) on the
performance of HLETs. In order to increase the rate of hole injection from the metal electrode and increase hole
accumulation at the emissive layer, molybdenum oxide (MoOx) was used. As a result, devices using MoOx/Au hole injecting
electrodes yielded the highest brightness of 3.04 ´ 104 cd∙m-2 at a low operating voltage of less than 10 V. This study
provides valuable information about the role of the WF of S-D electrodes in HLETs, which may be exploited to improve the
device performance of optoelectronic devices in the future.
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The PtMn based on a giant magnetoresistance-spin valve (GMR-SV) multilayer of Ta/CoFe/Cu/CoFe/PtMn/Ta was prepared
dc magnetron sputtering. The exchange coupling field (Hex) and coercivity (Hc), the (MR) ratio, and magnetic sensitivity
(MS) of the as-grown sample were 0 Oe and 220 Oe, 6.8%, and 0.3%/Oe, respectively. The GMR-SV device having an
isotropic MR properties and a tunnel formed using polydimethyl siloxane (PDMS) to produce a channel of red blood cell
(RBC) as a biosensor were patterned by using an electron cyclotron resonance (ECR) Ar-ion milling system and a photolithography process. The MR ratio and MS of the patterned PtMn based an isotropic GMR-SV device were 2.5% and
0.2%/Oe, respectively. A rectangular-type tunnel channel, formed with a PDMS with a thickness of with a width 5 μm ~10
μm and a height of 5 μm, was aligned above the coil at the center of the GMR-SV device. Four types of RBCs, including one
common circular and three deformed elliptical membranes, were bonded to the edge and the central portion of the RBC
due to the arrangement of the magnetic beads (MBs) with dipole moments. The differentially detected output signals and
observed moving mobilities depending on a common and deformed RBC membranes, which are combined with MBs, are
distributed the region of several μ volts and optical images.
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An electrochemical DNA sensor based on a composite of functionalized multi-walled carbon nanotube (F-MWCNT), multiwalled carbon nanotube (MWCNT) and polydimethylsiloxane (PDMS) was fabricated. The intermediate electrode was first
made by mixing PDMS and MWCNT and the surface of this electrode was modified by F-MWCNT. We made F-MWCNT
solution with vacuum filtration, and used oxidation plasma and dip coating process for depositing F-MWCNT solution on
the MWCNT-PDMS composite. This electrode can be used for electrochemical DNA detection using cyclic voltammetry,
differential pulse voltammetry, and electrochemical impedance spectroscopy. The sensor based on this electrode showed
good specificity, stability, and is easily fabricable and flexible.
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Ultrathin planar photonic devices such as a metal-insulator-metal (MIM) resonator based on a Fabry-Perot etalon offer
unparalleled prospects in biological and chemical sensing due to strong light-matter interactions. The thermoresponsive
copolymer of PNIPAM-r-PGMA is first synthesized by the copolymerization of glycidyl methacrylate and Nisopropylacrylamide using 2,20-azobis(isobutyronitrile) as an initiator in tetrahydrofuran at 70C° for 2 hours and then
crosslinked with cyclopentanone to form a thermoresponsive hydrogel. Here we represent that the PNIPAM-r-PGMA layer
sandwiched between two ultrathin silver films utilizes the MIM color filter responding to the thermal environment.
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Recently, considerable attention has been received by perovskite solar cells (PSCs) to their potential as next generation
photovoltaics. However, increasing their power conversion efficiency (PCE) still remains a critical issue for the
commercialization of PSCs. In this work, we have investigated the application of Ag nanoparticle layers via vapor-phase
deposition onto perovskite active layers. Such nanoparticles possess the ability to increase the optical path length of
photons in the device due to the scattering of light and consequently may act to improve the photon to electron conversion
efficiency (ΔIPCE) and PCE of PSCs. The PCE for devices incorporating an optimized Ag thickness of 5 nm was found to
increase from 9.37% to 0.32% to 12.22% to 0.2%. This increase in PCE constitutes an improvement factor of 2.85, which
is a statistically significant result. This study demonstrates a novel approach to improve the PCE of PSCs.
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We report a pristine fullerene mixture based electron extraction layer (EEL) to replace the traditional phenyl-Cx-butyric acid
methyl esters (PCBMs; x = 61 or 71) in inverted perovskite solar cells (PSCs). PSCs based on the fullerene mixture showed
an average PCE of 16.9%, which is higher than that (15.2%) of the PSCs using PC61BM. In addition, the fullerene mixture
based EEL exhibited a more hydrophobic property than PC61BM film, which provides a better moisture tolerance. As a
result, PSCs with pristine fullerene mixture showed an improved long-term stability with a remained PCE of 85% after 500
hours storage, which is higher than that (about 74%) of PC61BM based PSCs.
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2CDB13D
We incorporated several additives to poly (triarylamine) (PTAA) solution to improve its hole transport property in perovskite
solar cells (PSCs). The incorporation of copper(I) thiocyanate (CuSCN) and copper(I) iodide (CuI) realized a p-type doping
effect, which improved the film conductivity and hole extraction in the PSCs. Consequently, the power conversion
efficiency of the relevant PSCs was drastically enhanced from 14.22 to 18.16% using 2.0 wt% CuSCN, with simultaneous
improvement in the open-circuit voltage, short-circuit current density, and fill factor. Long-term stability of the PSCs was
also improved with reduced PCE degradation from 18% to 15% after 200 h upon doping CuSCN.
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Nucleobases (e.g. adenine, guanine, thymine, and cytosine) have great advantages such as inherently biodegradable, ecofriend, replenishable properties and abundant resources. Furthermore, nucleobase materials are able to be deposited as a
thin film by thermal evaporation. However, their applications have been limited mainly as a dielectric layer in field effect
transistors. A few other device applications of nucleobase have been reported due to its insulating nature. Among the four
nucleobases, cytosine has an electronic structure that is quite suitable for electron extraction layer.
In this study, we investigated the correlation between the organic photovoltaic performance and interfacial electronic
structure with cytosine. The device with cytosine insertion layer showed enhanced efficiency due to the improvement in
open circuit voltage, short circuit current, and fill factor. To understand the role of cytosine insertion layer, the electronic
structure at the Al/cytosine/C60 interface was studied via in situ ultraviolet and inverse photoelectron spectroscopy.
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Organic field-effect transistors (OFETs) are recently considered to be attractive candidate for bioelectronic applications
owing to their prominent biocompatibility, intrinsical flexibility, and potentially low cost associated with their solution
processibility. Over the last few years, bioelectronic-application-motivated OFETs have attracted increasing attention
towards next generation of biosensors, healthcare elements and artificial neural interfaces.
In this study, the effect of an insulator/protein overlayer deposited onto semiconducting active layers in OFETs in terms of
their electrical performance. We show that the Cytop/DNA overlayer on the TIPS-Pentacene active layer improved the
electrical performance of the OFET due to the electric field effect of the negatively charged DNA overlayer. via the electric
field effect of the negatively charged DNA overlayer. We investigated carrier injection and accumulation in organic
semiconductor devices by using electrical measurements such as I-V, C-V, C-F measurement and optical charge modulation
spectroscopy (CMS) measurement using the Maxwell-Wagner effect model. These results demonstrate that OFETs
employing charged protein overlayers show considerable promise for the production of high-performance OFETs devices.
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2CDB13D
The morphology of organic-organic interfaces plays an important role in the efficiency of organic electronic devices.
However, it is difficult to study interface structure in full detail by experimental techniques due to their limited resolution. In
this study, we theoretically study interface structure in amorphous thin films using molecular dynamics simulation that
mimics vapor-deposition process. We found that sharp interfaces are formed by vapor-deposition process as the interface is
about mono- or double-layer-thick. Interestingly, the interdiffusion is asymmetric due to the asymmetric nature of vapordeposition process, which is well described by simple random-walk model. Additionally, we investigate the change of
molecular orientation across the interface, which is related to device performance.
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We are developing a new self-sustainable and flexible organic semiconductor device by combining bio, material, and
electronics technologies. It enables us to extract highly efficient energy with help us gold (Au) nanoparticles and
nanostructured ZnO layer. Plasmon effect of metal nanoparticle contributes to generate positive effect on the cell
photosynthesis. Photocurrent leads to a synergistic effect on the energy harvesting in combination with the cell
photosynthesis. In order to analyze the highly efficient microbial fuel cell, ZnO nanowires (ZnO NWs) array were preirradiated with UV-light (wavelength: 254 nm) for 1h to enhance its hydrophilic bonding with Au nanoparticles. Electrons
generated on the cell surface through nanoparticles in the biofilm and electrons generated on the ZnO NWs are efficiently
transferred to the electrodes. The electron transport and light response are analyzed in order to develop highly efficient
microbial energy device for organic semiconductor devices
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Terahertz time-domain spectroscopy has been used as one of the non-destructive identifying tools of modern pigments.
However, there are many difficulties with the pretreatment for analysis of pigments and determination of the precise
optical constants. Especially, it is quite difficult to treat the semi-liquid form of pigments such as artworks oil paints. We
suggest a method which can allow us to acquire the optical constants of the free-standing pure oil pigments by virtue of its
viscosity. This analysis method will be a great help in providing means to authenticate.
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We studied the optical properties of oil paints and pigments by using terahertz time-domain spectroscopy. We calculated
the absorbance from the transmittance data and extracted the optical constants of compressed pigment pellets. Terahertz
pulses can be used to nondestructively identify and analyze artworks. Our study on oil paints and pigments will provide
useful guidelines for identifying counterfeit artworks.
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NiPS3 is a van der Waals material with antiferromagnetism. We have studied the temperature dependence of the
absorption features of single crystal NiPS3 in the UV-Visible region by varying the temperature from 4 to 295 K by using a
He-free closed cryostat. As the temperature decreased, the fundamental absorption edge increased from 1.33 to 1.51 eV
and new peaks at 0.97, 1.1 ,and 1.5 eV emerged at 4 K.
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Antiferromagnetic structure of NiTe2O5 was investigated by the soft x-ray resonant scattering at Ni L edges. It is an
insulating magnetic system with one dimensional spin one chains composed of edge-shared Ni chains. The azimuth
dependence of (010) resonant peak of linear and circular polarized x-rays, where its q is parallel to the chains, reveals noncollinear spin ordering with minor canting moment in ac plane in 'up-down-down-up' sequence and major spin
component along b-axis in ferromagnetic order, which ordered antiferromagnetic between adjacent chains. Non-collinear
spin structure is related to the distortion of Ni-O-Ni bonding to induce non-zero Dzyaloshinskii-Moriya interaction, and
large spin-orbit coupling of Ni 3d orbital.
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An anisotropic kagome lattice provides a prominent avenue to explore ground states with multiple broken symmetries due
to perturbative interactions stemming from lattice imperfections. In this poster, we present anomalous spin dynamics of the
Cu-based staircase kagome candidate material PbCu3TeO7 investigated by DC magnetic susceptibility, high-field
magnetization, and muon spin rotation/relaxation measurements. The static magnetic susceptibility exhibits the successive
magnetic transitions at 36 K, 25 K, and 17 K, and displays a sub-Curie power-law dependence χ(T)~T-α with changing
exponent from 0.5 to 0.3 crossing 150 K. From the high field magnetization, we identify a spin-flop transition at 8.5 T and
another field-induced anomaly at 30 T. Our time-differential muon spin polarization spectra unveil that two magnetically
inequivalent Cu spins develop site-specific magnetic structures through the magnetic transitions. The observed magnetic
anomalies of PbCu3TeO7 suggest that the two Cu subsystems feature a largely distinct magnetism due to the presence of a
dozen competing exchange interactions with largely different energy scales and thus the magnetism of PbCu3TeO7 is far
more complex than the purported staircase kagome lattice.
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2CDB13D
Sol-gel prepared pristine and Y-doped ZnO systems have been studied by means of high-resolution 1H nuclear magnetic
resonance (NMR) measurements. Two separate NMR line components were identified for the samples, and their distinct
temperature-dependent linewidth and chemical shift measurements indicated that yttrium-doping significantly modifies
the lattice environments in the ZnO system.
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2CDB13D
Recently, the crystal structure of the vanadium oxide phosphate V2OPO4, which is consisted of quasi-one dimensional V-V
chains, has been clarified experimentally. This system undergoes two phase transitions of structure at Ts= 605 K and spin
order at Tc=165 K. At Ts, the tetragonal to monoclinic transition accompanies a V2+/V3+ charge ordering. The magnetic
structure is suggested to be a quasi-one-dimensional ferromagnetic spin chain order.
Using first principles calculations, including correlation effects, we have investigated the electronic and magnetic structures
of the monoclinic V2OPO4. Our results indicated that a metal-insulator transition occurs at the on-site Coulomb repulsion
of 3.5 eV in the monoclinic phase. In the insulating state, a charge-ordering of V2+ and V3+ happens due to relatively short
V-V atomic distance among the face-sharing VO6 octahedrons and trigonal distortion. In this presentation, we will analyze
the charge-ordering and magnetic properties.
[Acknowledgments]
The research was supported by NRF of Korea Grant No. NRF-2016R1A2B4009579.
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2CDB13D
A spin wave is a collective excitations of electron spins in magnetic materials [1]. In the rising field of “magnonics” [2], the
spin wave can be used for memory applications, and thus the control of the spin wave is a significant issue. Here we report
“phased spin wave array antenna”, which is a new way to manipulate the spin wave without physically changing the
structure of the source system. We applied the operating principles of the phased array antenna, which has been widely
used to generate highly-directional radio waves in military radar systems [3], to generate the directional spin wave beam.
By performing the micromagnetic simulations [4], we confirmed that the spin wave beam can be generated in any
direction over a wide angle, by changing the phase difference of each source. Furthermore, we can also focus the spin
wave in a specific position, with locally enhanced amplitude of the spin wave. Therefore, the suggested spin wave array
antenna can pave the way for the future work in the magnonic devices and spintronic memory applications.

%565B5>35C
[1] D. D. Stancil, A. Prabhakar, and NetLibrary Inc., Spin waves theory and applications (Springer,, New York, 2009).
[2] A. V. Chumak, V. I. Vasyuchka, A. A. Serga, and B. Hillebrands, Nat. Phys. , 453 (2015).
[3] C. A. Balanis, Antenna theory : analysis and design (John Wiley & Sons, Hoboken, New Jersey, 2016), 4th edn.
[4] M. J. Donahue and D. Porter, The Object Oriented MicroMgnetic Framework (OOMMF) project at ITL/NIST, 2011,
http://math.nist.gov/ommf/.
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2CDB13D
Ce계 콘도 화합물은 저온에서 4f 전자와 전도 전자가 콘도 단일 항 (Kondo singlet)을 형성하는 콘도 효과 (Kondo effect) 를 보이는
물질로 잘 알려져 있다. 최근 한 이론 연구에서는 이런 콘도 화합물 중에서도 non-symmorphic 대칭 구조를 이루는 물질이 위상 콘도절
연체 (Topological Kondo Insulator : TKI)가 될 수 있다고 제안하고 있다 [1]. 이 이론 연구에 의하면 일반적인 위상 절연체가 Z2 불변량
을 가지는 반면, 위상 콘도 절연체는 Z4 불변량을 가질 것으로 예상된다. 그렇기 때문에 일반적인 위상 절연체에서 Dirac cone 모양의
band가 관찰되는 것과는 다르게 조금 복잡한 Möbius-twisted 표면 상태가 관찰될 것으로 예상된다. 본 연구에서는 Ce계 콘도 화합물에
해당하는 CeRhX (X= As, Sb) 에 대하여 각분해 광전자 분광법 (angle-resolved photoemission spectroscopy: ARPES) 을 수행하였
다. X=As 와 Sb 각각의 (100)면, (010)면, (001)면에 대한 페르미면과 띠 구조를 측정하였다. X=Sb 의 경우 Ce 4f resonance에서 얻
은 페르미 면과 ARPES data가 unfolded DFT 페르미 면과 DMFT 띠 구조와 잘 일치했다. 또한 페르미 준위 근처에 보이는 급격한 Ce 4f
peak은 콘도 공명의 온도 의존성과 잘 일치하는 것을 확인했다.
[1] Po-Yao Chang, et al., Nature physics, , 794 (2017).
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2CDB13D
We report muon spin relaxation and electron spin resonance measurements of the rhombohedral pyrochlore compounds
Re3Sb3Mn2O14 (Re = La, Lu, and Y). The static magnetic susceptibility measurements show that all of the studied
compounds display dominantly antiferromagnetic interactions between Mn2+ spins. Our muon spin relaxation data for the
La and Lu samples evidence no magnetic ordering down to 0.28 K. Instead, correlated spin fluctuations persist up to 650 K.
In addition, the muon spin relaxation spectra are described by two Lorentzian relaxation functions, indicative of the
presence of slow and fast spin fluctuations. The electron spin resonance measurements of the fast fluctuation component
unveil an intriguing temperature evolution of spin dynamics. Our study suggests that Re3Sb3Mn2O14 hosts a dynamically
fluctuating ground ground state due to strong geometrical frustration.
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2CDB13D
최근, 유기-무기 혼성 화합물에서 강자성, 강유전성 등의 성질들에 대한 연구가 진행되고 있으며, 더불어 다강성에 대한 연구가 진행 되고
있다. 이번 연구에서는 페로브스카이트 구조를 가지는 구리 기반의 유기-무기 혼성 할로겐화 물질인 (C6H5CH2NH3)2CuCl4 의 자성 측
정을 통하여 10 K 이하에서 상자성-강자성 전이를 가지며 낮은 자기장에서 약한 반자기성 요소가 보이는 것을 알 수 있었으며,
(C6H5CH2NH3)2CuCl4 의 자성의 측정과 각 온도에서의 자기장에 따른 자기유전효과의 측정 결과를 통해, 자기-유전 효과가 자기장에
따른 d2M/dH2 곡선과 연관이 있음을 확인하였다.
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2CDB13D
Terahertz time-domain spectroscopy was conducted on rare-earth orthoferrite RFeO3 (R= Y, Er, Ho). We succeeded in
observing both the quasi-ferromagnetic resonance mode (qFMR) and the quasi-antiferromagnetic resonance mode
(qAFMR) in the Γ4 weak ferromagnetic phase. The two magnetic resonance modes were selectively detected by utilizing a
polarized magnetic field component of the terahertz pulse. This method enables us to optically distinguish the crystal axes
of canted antiferromagnetic RFeO3.
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We studied the magnetic field dependence of coherent spin precession in canted antiferromagnetic polycrystalline YFeO3
by using the terahertz time-domain spectroscopy. Both the quasi-ferromagnetic resonance (qFMR) and quasiantiferromagnetic resonance (qAFMR) modes were detected in magnetic fields up to 7 T and shifted due to magnetic fields
perpendicular to the magnetic component of the THz pulse. Our experimental results are consistent with a theoretical
calculation of the four-sublattice model. Our study guides a way to understanding the magnon dynamics of canted
antiferromagnetic materials.
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2CDB13D
Heusler compounds have recently attracted great interest because of rich physics with various properties, such as high
magnetic moments, high Curie temperature, and high spin polarization. In this study, a detailed investigation of electronic
structure and magnetic properties of binary Heusler compound Mn3Ga is presented by first-principles calculations. Mn3Ga
crystallizes in tetragonal D022 structure, which exhibits ferrimagnetic ordering, where two inequivalent Mn sites,
octahedral and tetrahedral ones denoted as Mn(I) and Mn(II), respectively, have different moments [1]. We found that
magnetic moments of two Mn sites are -2.879 and 2.331 µB, consistent with previous work [2], the total magnetic
moment of 1.724 µB in the primitive cell is low due to the partial compensation of the moment of the Mn atom on the two
different sites. Furthermore, Co substitution is also investigated. Notably, Co substitution into different Mn sites shows
different magnetic behaviors: substitution into Mn(I) with enhanced magnetic moment while that into Mn(II) with reduced
moment. Especially, Co substitution into Mn(II) site has small magnetic moment (0.161 µB for 1 unit cell and 0.137 µB for 3
unit cells).
[1] B. Balke, G. H. Fecher, J. Kübler, and C. Felser, Appl. Phys.Lett. 9 , 152504 (2007).
[2] W. S. Yun, G. B. Cha, I. G. Kim, S. H. Rhim and S. C. Hong, J. Phys.: Condens.Matter , 416003(2012).
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2CDB13D
Nonlinear I-V curve of sensing voltage (mV) and inverse MR (%) as a
function of the sensing current obtained using the four-probe method for
the inverse MR caused by the different current paths in the spin valve effect
of the hybrid-type structure consisting of a superconductor YBCO and IrMn
based GMR-SV, with two states of (b) R↑↑(Low) and (c) R↑↓(High) was
investigated. A microwave Q factor-T curve for YBCO/GMR-SV film using
dielectric loaded cavity resonator, an R-T curve and an I-V curve for only
YBCO film were measured. Especially, I-V curve was measured to ensure
that the YBCO thin film was a superconductor, confirming that the current density Jc was greater than 1x105 A /cm2. In
practice, the supply current for measuring MR curves is 1.0 mA ~ 10.0 mA and the corresponding measured current
density, Jc, is 0.1x103 A /cm2 ~ 1.0x103 A/cm2. Our experimental result of Jc for the used YBCO film is Jc ~ 1.0x105 A/cm2.
Current transfer effect depending on distance between two contacts in the Hybrid YBCO/GMR-SV film was explained The
dimension of our hybrid type sample and the change in residual resistance and inverse MR value depending on the distance
between ① and ② contacts, as shown in Fig. 1. The gap layer having the middle resistance layer between the high-Tc
superconductor YBCO and GMR-SV layers confirmed by the observation of SEM image in cross section of sample. As the
resistance due to the gap layer thickness of 9.5 nm is too large, we will apply a new sample fabrication process in future
studies to be ensured to observe the complete current transfer effect. The YBCO thin film is dry etched with electron
cyclotron resonance (ECR) Ar-ion mulling to eliminate gap formation by surface treatment. The gap layer on the YBCO thin
film is fabricated by controlling the thickness of metal layer or oxide layer in situ state, and then GMR-SV multilayer thin
film is deposited. The hybrid superconductor and GMR-SV multilayer structure produced in a new method will study the
effect of the superconducting and spin current transfer on the ferromagnetism. We will also publish these future results in
a next paper.
3;>?G<547=5>D This work was supported by the National Research Foundation of Korea (NRF) funded by the Korea
government (Ministry of Education) with the Grant No. of NRF-2016R1D1A1B03936289.
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2CDB13D
Inelastic neutron scattering (INS) studies for Fe-based superconductors [1] revitalized a field of spin excitations in
antiferromagnetic (AF) metal, which would be relevant to the superconducting pairing formation. Heusler-type
intermetallic compound Mn3Si is an itinerant-electron antiferromagnet, which exhibits an incommensurate spin-densitywave (SDW) order below TN = 21 K with two types of magnetic moments [2]. Past INS experiments unveiled characteristic
magnetic excitations at low energies; AF spin-wave cones emerge from the incommensurate positions, and the slope of the
linear dispersion becomes steep above a threshold energy of ω0 ~ 8 meV [3]. The Fe doping with the amount of x = 0.2 in
Mn3-xFexSi altered the incommensurate static spin correlations into commensurate ones, but the steep dispersion still
remained at above ω0 [3].
The macroscopic bulk properties of Mn3Si are also intriguing. In spite of the low TN, the specific heat C(T) and magnetic
susceptibility are insensitive to magnetic fields [4]. Besides, C(T) showed an extremely large component at low
temperatures, other than the lattice (~T3) and electronic (~T) specific heat. Recently, Steckel et al. [5] measured the
transport properties of Mn3Si in detail and pointed out the SDW fluctuations persisting over a wide temperature range.
Thus far, no experiment was reported about the substitution effect on C(T). As a preliminary study of INS experiments for
Mn3-xFexSi, and in order to get a clue to understand the novel bulk features, we researched on the Fe doping dependence
of the specific heat using single crystals of Mn3-xFexSi with x = 0.2 (TN = 21 K) and 1.0 (45 K) [6]. The large extra
component in C(T) was suppressed by the Fe doping, but it persisted to temperatures much higher than TN. In the
presentation, we will discuss the characteristic C(T) from the viewpoint of a charge (pseudo) gap opening caused by the
Fermi-surface nesting.
[1] M. D. Lumsden et al., Nature Phys. , 182 (2010).
[2] S. Tomiyoshi et al., J. Phys. Soc. Jpn. 9, 295 (1975).
[3] S. Tomiyoshi et al., Phys, Rev. B , 2181 (1987).
[4] C. Pfleiderer et al., Phys. Rev. B, , 172404 (2002).
[5] F. Steckel et al., Phys. Rev. B, 9 , 134411 (2014).
[6] H. Hiraka et al., submitted to AIP Advances.
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2CDB13D
Low-energy spin excitations near 760, 955 cm-1 have been observed in HoMnO3.[1] In this presentation, the effects of the
nonmagnetic-ion substitution on the spin-wave scattering in hexagonal HoMn1-xGaxO3 (x=0, 0.05, 0.10, 0.33, 1) thin
films through Raman spectroscopy. The spin-wave intensity has ~30% drop for 10% Ga substitution and no spin-wave
signal for higher concentration of Ga-ion. Our result suggest that the spin wave in hexagonal HoMn1-xGaxO3 thin films
could only be excited in the Mn-Mn planes.
Raman measurements of the spin waves in HoMn1-xGaxO3 system has the advantage of selective probing of the spin
excitations in the Mn-ion plane. The Ga-substitution dependence of the Neel temperatures and the spin exchange integrals
of HoMn1-xGaxO3 thin films could be obtained from the intensity and spin-wave energy. Raman measurements of spin
waves provide an easy optical methods of measuring the Neel temperatures which are difficult to obtain from
magnetization measurements of HoMnO3 system due to strong paramagnetic moment of Ho-ions. Our Raman
measurements could provide the estimation of the spin exchange integrals in a simpler way than the neutron scattering.

Reference
[1] Nguyen Thi Minh Hien, et al., J. Raman Spectrosc.  , 983 (2010).
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The exchange interaction is the principal physical mechanism for an ordered magnetic state, i.e. ferromagnetism, where a
degree of ordering among neighboring spins is represented by the exchange stiffness constant, Aex. Aex together with
magnetic anisotropy and saturation magnetization are linked to most of essential magnetic properties such as exchange
length, magnetic domain wall width, and magnetic vortex or skyrmion formation. Although Aex is key to understanding
fundamental magnetic properties, little has been known for the behavior of Aex on an sub-ps timescale. We report an
ultrafast reduction and subsequent recovery of the Aex on a femtosecond timescale for Co/Pt ferromagnetic multilayer.
Dynamic Aex behaviors are determined based on the generalized three-temperature model, revealing that Aex, closely
linked to electron-spin interaction channel, sensitively depends on the femtosecond laser pump fluences, plays a key role in
determining overall ultrafast demagnetization and remagnetization behavior. Through extensive analysis of time-resolved
magneto-optical Kerr effect measurement, Aex reduction is ascribed to intrinsic modification as well as to thermal agitation,
induced by the femtosecond laser pulse. Our experimental observation demonstrates the possibility of Aex engineering with
a variation of pump fluence, opening a new avenue on designing future spintronic devices with broad range of tunable
magnetic properties operating on sub-ps timescale.
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2CDB13D
For the spintronic applications based on spin switching processes, many researchers pay attention to not only
ferromagnetic materials but also antiferromagnetic systems. Because there is no net magnetization in the
antiferromagnets, the antiferromagnetic domain wall does not move under the DC magnetic field, but it can move by
exerting time-varying magnetic field. In this work, we investigate the domain wall motion in the canted antiferromagnetic
system by using a micromagnetic simulation. Whereas magnetic state can be represented by antiferromagnetic and
ferromagnetic orders, we confirm that the domain wall motion is influenced by both magnetic orders, and is strongly
coupled with quasi-ferromagnetic spin resonance mode in THz regime.
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Non-reciprocal spin wave can facilitate the realization of spin wave logic devices. It has been demonstrated that the nonreciprocity can emerge when an external magnetic field is applied to chiral magnets, of which spin structures depend
crucially on an asymmetric exchange interaction, that is, the Dzyaloshinskii-Moriya interaction (DMI). Here we demonstrate
that the non-reciprocity can arise even without the DMI. We demonstrate this idea for the chiral antiferromagnet
Ba2NbFe3Si2O14, of which DMI is very small and chiral spin structure arises mainly from the competition between symmetric exchange interactions. We show that when an external magnetic field is applied, asymmetric energy gap shift occurs
and the spin wave becomes non-reciprocal from the competition between symmetric exchange interactions and the
external magnetic field.
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Spin Hall magnetoresistance (SMR) effect in a thin film bilayer consisted of nonmagnetic metal (NM) and ferromagnetic
metal (FM) has attracted extensive research interests. The resistance of NM/FM bilayers can be changed by utilizing the
magnetization of FM to modulate the spin current flow at the interface and the associated spin accumulation at the NM
surface. Antiferromagnetic (AF) metals - IrMn3 are known as promising candidates for generating and detecting the spin
current. The large spin Hall effect and the anomalous Hall effect are also theoretically predicted due to their a large spinorbit coupling (SOC) and non-collinear spin texture [1].
In this work, Pt/IrMn3/NiFe heterostructures have been experimentally investigated in order to discover the effect of
IrMn3 AFM layer on the SMR. We report magnetoresistance (MR) in a set of 3.0-nm-Pt/x-nm-IrMn3/1.5-nm-NiFe structures
are explored as a function of IrMn3 thickness ranging from 0 to 3.0 nm. Using UHV-MBE co-evaporation technique, x-nmIrMn3 layers were inserted between NiFe and Pt layers. The samples of 3.0-nm-Pt/1.5-nm-NiFe and 3.0-nm-Pt/x-nm-IrMn3
were also fabricated as a comparison. The AF states of IrMn3 thin film is observed below 150 K. Interestingly, the observed
SMR is ~ 0.014 % for Pt/IrMn3/NiFe heterostructures with IrMn3 inserted layer at 77 K. While the anisotropic MR ~ 0.4 %
is observed for Pt/NiFe bilayers and no changes in MR for Pt/IrMn3 bilayers at 77 K. Our results suggest that spin current
generated in NiFe layer can pass through the antiferromagnetic metal IrMn3 and can be detected in the Pt layer by the
inverse spin-Hall effect (ISHE) [2].
Reference
[1] H. Chen, Q. Niu, and A. H. MacDonald, Phys. Rev. Lett. , 017205 (2014).
[2] H. L. Wang, C. H. Du, P. C. Hammel, and F. Y. Yang, Phys. Rev. Lett. , 097202 (2014).
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Ferromagnetic resonance (FMR) measurement is a well-established technique for characterizing magnetic properties of
ferromagnetic materials (FM). Especially, magnetic anisotropy is particularly sensitive to FMR state of magnetization
precession. Here, we demonstrate characterization of magnetic anisotropy in the seminal diluted magnetic semiconductor
system, GaMnAs, by on-chip driven FMR measurement technique. FMR driven by an on-off-keying alternating current
induced Øersted Field (OEFMR) is utilized with DC current in the FM channel amplifying the FMR signal, which is inferred
from the ac-magnetoresistance response. Furthermore, with incorporation of various nanomachining techniques stemming
from nanoelectromechanics (NEMS), difference in response between suspended and unsuspended structures can suggest
possible modification of magnetic anisotropy due to the relaxation of strain arising from lattice mismatch between the
substrate and the epitaxial FM layer.
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2CDB13D
In order to describe the ultrafast responses of magnetic materials induced
by femtosecond laser pulses, the three temperature model is simple and
useful concept to keep tracking their dynamics of the electron, the lattice,
and the spin systems. However, in spite of its simplicity, as the model is
evolved only by thermal energy from laser pulses, it does not tell the detail
mechanisms interacting with the spin system buried under the exchange
process of thermal energy.
To identify the origin for the ultrafast response, we measured differential
Kerr rotation, ellipticity, and reflectivity using the time-resolved pump-probe technique. By measuring the strain effect as
well as the thermal effect, which has been believed so far to be main contribution to ultrafast response, we found a strong
clue that the strain effect is much larger than the thermal effect by about one order. We address that the strain effect plays
a most important role in ultrafast response and should be considered for clarifying the origin for the ultrafast
magnetization dynamics.
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2CDB13D
Epitaxial Fe3O4 films were prepared on GaN and Nb:STO substrates by pulsed laser deposition. Ti/Al and Au electrodes
were deposited by DC-sputtering to prepare ohmic contacts to the films and substrates. X-ray diffraction data for Fe3O4
suggested a successful (111)-oriented epitaxial growth on (0001) GaN and a (100) epitaxial on (100) Nb:STO. Atomic
force microscopy images showed that Fe3O4 films had a quite smooth surface with the root-mean-square roughness of ~1
nm on both substrates. The magneto-optic Kerr effect (MOKE) measurement revealed that the magnetic hysteresis loop of
Fe3O4/GaN was a tilted shape with the coercivity of ~600 Oe, while Fe3O4/Nb:STO has a rectangular shape with the
coercivity of ~420 Oe. The temperature dependence of the I-V characteristics was measured from 30 K to 300 K by using a
two-probe method in a cryostat. All heterostructure showed that the current flow is small in negative bias voltage while it
significantly increases to a larger value in positive bias. As the temperature decreased from room temperature to 30 k, the
current in negative bias voltages decreased dramatically, but its change in positive bias regions was quite small. In addition,
a weak hysteresis behavior with the cyclic voltage sweep was observed at low temperatures. We estimated the barrier
height through an application of thermionic emission (TE) theory for the I-V curves and found that the barrier height was
decreased with decreasing the temperature but ideality factor was increased.
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We investigate the vortex structure in unconventional superconductors of mesoscopic size. It is well-known that, in such
small systems, the size as well as the shape have a profound influence on the formation of the vortex structure, leading to
interesting phenomena such as giant vortex and anti-vortex. We present unusual vortex structures when the order
parameters are unconventional and multi-dimensional. Especially, we focus on the vortex structures in mesoscopic
unconventional superconductors. The results are compared with those in conventional ones. The vortex structures are
obtained by minimizing the Ginzburg-Landau free energy, using the simulated annealing method.
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2CDB13D
Rare isotope Accelerator complex for ON-line experiments (RAON) 은 한국의 기초과학연구원의 핵심시설인 중이온가속기로 기초
과학에 큰 기여를 할 것으로 기대된다. 그 중 In-flight Fragment (IF) separator는 RAON의 말단에 구성되어 가속된 빔에서 필요한 빔을
분리하는 주요장치이다. IF Separator에서 표적 및 Beam dump가 위치하는 고방사선 구역(IF hot cell 전단지역)에는 전자석을 빔 광학
계산을 통하여 1개의 2극 전자석, 6개의 4극 전자석, 1개의 6극 전자석으로 구성하였다. 고방사선 구역에서는 방사화의 영향으로 온도가
상승하고 초전도 선재의 성능변화에 의해 자석의 성능이 변화한다. 이에 따라 장기적으로 초전도 선재의 방사화 영향을 고려하여 선재의
성능변화를 감안한 보완 설계가 필요하다. 따라서, 이 연구에서는 선재의 방사화에 따른 영향을 조사하고 이후 설치될 고온초전도 선재의
장기적인 방사선 영향을 실험하여 그에 대한 고온초전도 전자석의 보완 설계에 대해 연구한다.
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There is a theoretical expectation that there will be long range spin current in spin-triplet superconductor because of their
d-vector behavior [1]. In order to see this long range spin current, spin valve device on spin-triplet superconductor has been
proposed.
We deposited SrRuO3 thin film as ferromagnet on cleaved Sr2RuO4 single crystal, which is the most promising candidate
for spin-triplet superconductor. Planar spin valve device is fabricated by PLD, ion milling and e-beam lithography technique.
The gap between ferromagnets is 1 um. Detailed structure analysis was performed in terms of x-ray diffraction (XRD) and
surface topography analysis.
In addition, we would like to present nonlocal transport measurement in order to detect pure spin current.
[1] Suk Bum Chung et al., arXiv : 1802.01599 (2018)
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We performed ARPES measurement with systematic doping and temperature dependence on the electron-doped cuprate
Pr1-xLaCexCuO4-δ (PLCCO). In the doping dependent electronic structural study, it is observed that energy gap at nodal
point vanishes near optimal doping as forming small Fermi hole pocket and resulting in Fermi surface transformation, while
raising temperature only contributes to in-gap spectral weight filling. It shows the topological change in Fermi surface by
electron doping, called Lifshitz transition, indicating the presence of Lifshitz Critical Point (LCP) near optimal doping.
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In this study, to analyze the effect of narrow paths which applied in ring-shaped specimens we measured the global
magnetic properties of GdBa2Cu3O7-δ(GdBCO) coated conductors in the perpendicular external magnetic field by using the
Magnetic Property Measurement System for various geometries of specimens. And we measured the local magnetic
properties of GdBCO rings by using the Scanning Hall Probe Microscopy. We patterned specimens by direct maskless
lithography with the UV-laser scanning system. The magnetization curve was measured at the temperature corresponding
to the same ratio of the measured the irreversible T irr temperature to each patterned specimen. We focused on magnetic
hysteresis losses and current distributions of narrow paths.
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Since the discovery of pressure-induced superconductivity in BaFe2S3 (BFS)
compounds, intensive studies have been conducted on BFS and a similar compound
BaFe2Se3 (BFSe). Both compounds have antiferromagnetic insulating ground states,
however, when pressure is applied, they transit to metal and eventually show
superconductivity. Moreover, they have one-dimensional spin ladder structure, which
will result in their anisotropic properties. In order to study the differences and
similarities of those compounds, we measured reflectance of those two compounds using
two tuning parameters: temperature and pressure. From our measured reflectance
spectra of both samples using polarized lights, we obtained anisotropic optical
conductivity along two crystal axes at various temperatures below 300 K under ambient
pressure. We observed strong enhancement of the Mott-gap like peak for both sample
along ladder direction as lowering the temperature. We also measured mid-infrared
reflectance spectra of both samples at 300 K under high pressure using diamond anvil
cells. We observed pressure-induced insulator-metal transitions of both samples
through spectral weight redistributions. Our observed pressure-induced insulator-metal
transitions are consistent with previously reported results and the spectral weight shift
can be explained by the structural transition obtained by an XRD study.
5IG?B4C

Superconductivity, Spin-ladder, Optical spectroscopy, Pressure

-1059-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-co.208

"@D931<@B?@5BD95C?65&5 '5 D89>69<=

SEO Yu-Seong1, SEO Sehun2, ROH Seulki1, LEE Jongmin2, LEE Sanghan2, 황정식*1
1성균관대학교 물리학과, 2광주과학기술원
jungseek@skku.edu

2CDB13D
We have investigated the optical properties of thin film of FeSe0.5Te0.5 (FST). The thin film was prepared on a CaF2
substrate using a pulsed laser deposition. The superconducting transition temperatures (Tc) for the FST thin film is about 22
K obtained using a dc transport measurement technique. We measured reflectance spectra of the sample at various
temperatures using an in-situ gold evaporation method and obtained the optical conductivity spectra from the measured
reflectance using a film-fit analysis. The superfluid plasma frequency (λp,S) of FST thin film is ~ 3600 cm-1 obtained by
optical spectroscopic technique. The superconducting properties such as Tc and Jc of grown thin films are comparable to
the previous results of bulk single crystal FeSe0.45Te0.55 sample.
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2CDB13D
In modern society where alternative energy industry is developing, environment-friendly, stable, high-capacity energy
system is required. Lithium ion secondary batteries, which are the most widely used today, have high energy density, but
their energy output is low and they are gradually being used.
As a result, super capacitors capable of rapid charge and discharge, high output power of about 100 times or more than
secondary batteries, semi-permanent cycle life and excellent capacitance characteristics, are attracting attention as next
generation energy storage devices.
Since the capacitance of a supercapacitor is determined by the electrode material, the research and development of a high
performance supercapacitor is focused on improving the performance of the electrode material. Graphene, a carbon
material in recent years, has a variety of unique properties such as excellent electrical properties, thermal properties and
high specific surface area due to its two-dimensional single layer carbon atom structure. However, graphene generally
undergoes repacking and agglomeration, resulting in lower capacitance than theoretical. To overcome these
disadvantages, we have fabricated a composite for supercapacitors using metal oxides with high theoretical capacity and
eco-friendly.
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Lead free 0.7Bi1.03(1-x)LaxFeO3-0.3BaTiO3 and 0.7Bi1.03FeO3-0.3Ba(1-x)LaxFeO3 (x= 0.00, 0.01 and 0.35) ceramics were
fabricated by conventional solid state reaction method. The effect on the crystal structure, microstructure and electrical
properties of isovalent and donor-type substitution mechanism was investigated systematically. The X-rays diffraction (XRD)
pattern shows the pure perovskite structure with rhombohedral symmetry. A small amount of La3+ incorporation strongly
affects the dielectric, ferroelectric and piezoelectric properties of the investigated ceramic. The 1 mol% Ba replacements
bring a drastic change in remnant polarization (Pr) from 19.3 to 30 µC/cm2 and give the highest static piezoelectric
constant d33 = 274 pC/N. Meanwhile large electric field-induced dynamic piezoelectric constant (Smax/Emax) d33* = 400
pm/V was observed for 3.5 mol% Ba2+ donor ion.
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2CDB13D
X-ray microdiffraction (XMD) set up at 4B beamline of Pohang Light Source
(PLS) uses focused white beam to investigate the local structural variations
in the micron scale. X-ray white beam from the synchrotron radiation source
was focused down to 1x1μm2 by a pair of K-B mirrors, and scanned over the
area of the interest. If the specimen is single crystal or has grains larger than
the beam size, single Laue pattern is recoreded and the analysis is strainght
forward. But when the grains are small, comparable to the beam size, or
near the grain boudaries, more than two Laue patterns show up and
additional software treatment is required. The special program, sorts
diffraction peaks into groups, based on the intensity map of diffraction
peaks, and generate a single Laue pattern for each group. Analyzing Laue
patterns provides 2D regional grain orientation map and strain distribution
of specimen. When more than two Laue patterns are observed, they are
most likely from different grains at different depths. But the analysis
program does not provide the depth information. If XMD can have the
additional depth information, it will provides 3 dimensional grain orientation
and strain map, which will be a novel method for investigating strain states of polycrystalline material. By taking many Laue
images at different distances from the specimen, we can trace the diffraction peaks back to the point where the incident
beam hit the grain by triangulation. We have experimented with obtaining the exact position information of grain using
this method in 4B-beam line in PLS. The resolutions were ~5μm, not as good as the lateral directions, but provided depth
information for the grains. The grain shape and depth information are visualized in 3-dimensions.
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Manganese oxides with the coexistence of multi-valence state, such as Mn4+, Mn3+, or Mn2+ state quite change for
characteristics of the sample whether the ceramic is furnace-cooled or water-quenched. It is necessary to observe between
the different compensation mechanisms, we expect the compensation mechanism related to initial composition state of
starting materials. We have performed experiments to explain the water-quenched process, acceptor is affected by the
formation of cation transition than that of oxygen vacancies, and these results further increase the electrical properties.
In this poster, we investigated the piezoelectric, ferroelectric properties and Curie temperature of 0.67Bi1.05(Fe1-xMnx)O3 0.33BaTiO3 (x = 0.5 - 3 mol%) by using water-quenched (WQ) method.
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2CDB13D
Lead-free 0.67Bi(1-x)FeO3-0.33BaTiO3 (x = 0.95, 1.00, 1.03, 1.05, and 1.10) (BF33BT) ceramic were prepared via a typical
solid-state reaction followed by water quenching process. The physical properties were drastic changed in a narrow Bi
contents range and its effects were investigated. Significant increased remnant polarization and charge sensor piezoelectric
constant (d33) have been observed with cycling number of 103, which can be explained by the wake-up due to the
relaxation of pinned domains or locked polarizations in the BF33BT ceramics by electrical cycling. The largest remnant
polarization (2Pr = 80 μC/cm2) and the lowest strain hysteresis (~ 20%) were observed by the sample with x = 1.03, and its
Curie temperature was 483 oC at 10 kHz. This ceramic shows good piezoelectric properties and largest grain with denser
microstructure; the d33 was 368 pC/N and piezoelectric actuator coefficients (d33*) was 352 pm/V. These physical
properties are comparable to commercial “soft” PZT ceramics (PIC155, d33 = 360 pC/N and TC = 345 °C).
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The SrTiO3/LaAlO3/SrTiO3, trilayer structure, becomes conducting even when LaAlO3 is deposited more than 1 uc. The
conducting mechanism is similar with polar-catastrophe, as considering electrons transfers from surface to the LaO/TiO2
interface when energy level of valence band of surface material is same as the conduction band of SrTiO3 substrate.
Unlikely LaAlO3/SrTiO3, the evidence that the trilayer has n-type and p-type characteristics at the same time is indirectly
confirmed via Hall measurement. However the evidence is controversial in that it was only analyzed from nonlinearities of
hall curve. Herein we fabricated gate device to provide direct evidence of the coexistence of n-type and p-type in trilayer
structure. The gate dependence of drain current in LaAlO3/SrTiO3 showed n-type property. On the other hands, the drain
current of trilayer structure follows the ambiplolar property.
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2CDB13D
Thin-film piezoelectricity is one of the key factors for MEMS technologies with novel applications in sensors, actuators,
electro-optical devices. So far, only lead-based piezoelectric materials are of practical interest, however, due to the
concerns in health and environment harmful effects, alternative lead-free piezoelectric materials should be explored. Alkali
niobate K0.5Na0.5NbO3 (KNN) has attracted tremendous attention as a viable alternative to lead-containing piezoelectric
ceramics because of its high Curie temperature (about 420oC) and robust ferroelectricity. Nevertheless, it is very difficult to
obtain dense KNN ceramics because of the high volatility of alkaline elements at high temperature. For practical
applications, it is necessary to obtain the ferroelectric and piezoelectric properties of KNN thin films with a low leakage
current and high remnant polarization. In this work, we have successfully synthesized high-density and good-quality Mndoped KNN ceramic targets and Mn-doped ferroelectric KNN-based thin film on Pt/Ti/SiO2/Si substrate using RF magnetron
sputtering. We report in details the vital parameters to fabricate good piezoelectric thin film such as substrate temperature,
sputtering power, O2/Ar ratio and pressure, as well as the investigation of structural phase, grain morphology, dielectric,
ferroelectric, and piezoelectric property, as well as current leakage density.
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2CDB13D
PbxBa1-xNb2O6 (PBN-x)는 텅스텐-브론즈 (Tungsten-Bronze, TB)구조의 일축성 (uniaxial) 릴랙서 그룹에 속하는 납계 물질이다.
PBN의 상전이는 다양한 실험 방법으로 연구되어 왔지만 각 상의 정확한 특성과 상전이의 성격은 아직 명확히 밝혀져 있지 않다. 이 연구
의 목적은 PBN 단결정의 결정면에 따른 음향 특성을 정밀히 측정하고 음향 거동에 대한 질서 변수 형성과 분극화(poling)의 영향을 조사
하는 데 있다.
PBN이 상전이 온도인 350oC 근처에서 강유전성 상전이가 있을 때 분극이 c 축을 향하게 되고 종음향(longitudinal acoustic, LA) 모드
는 급격한 변화를 보였다. [그림 1]에서 볼 수 있는 것처럼 주파수와 반치폭 (FWHM)이 Tc 근처에서 상당히 큰 변화를 보였다. 상유전상
에서는 분극화된 PBN-0.5의 탄성 상수(C33)와 분극화되지 않은 동일 시료의 탄성 상수가 상유전상에서는 거의 비슷했으나 강유전상에
서는 커다란 차이를 보였다 [그림1]. 반치폭도 LA 모드의 주파수와 동일한 경향성을 보였고 이를 통해 구역(domain)의 존재가 탄성계수
와 음향 감쇄에 큰 영향을 미침을 알 수 있었다.
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2CDB13D
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. The way to improve the multiferroic properties, a solid solution
with rare-earth ferrite can be improved multiferroic properties. In a specific selected of rare-earth ferrite, samarium ferrite
(SmFeO3, SFO) can be improved the ferroelectric, piezoelectric and magnetic properties. In this study, BFO-SFO solid
solution ceramics are studied with water-quenching at the morphotropic phase boundary (Bi0.86Sm0.14FeO3, BSFO14). The
phase and structure are observed with rhombohedral and orthorhombic perovskite structure. Curie temperature or phase
transition temperature is obtained at 450 oC from the temperature-dependent dielectric measurement. The ferroelectric
remnant polarization observed with 25 μC/cm2 from WQ840. The piezoelectric properties are measured with 35 pC/N from
WQ840. Other detail information will be present with a poster
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2CDB13D
A-site double perovskites have gotten great attentions, since they have been believed as a promising cathode material for
solid oxide fuel cells. In addition, because of magnetic elements and tenability of oxygen contents in this double
perovskites, it would be interesting to see the relation between oxygen contents and bulk magnetism. Among many
double perovskites, we chose PrBaCo2O5.5±x (PBCO), since it is known that it has spin state transition at paramagnetic
regime, superior oxygen exchange behavior at the elevated temperature, arguable magnetic ground, tunable magnetism
by oxygen contents. We used solid state reaction for polycrystalline PBCO. From magnetometry data, we could stabilized
the oxygen contents of our air-sintered PBCO is at least x = 0.14. For tuning oxygen contents, we used thermal treatments
under different gas condition. In this presentation, we will address the oxygen-content-driven variations in structure,
magnetism, and optical conductivity by powder x-ray diffraction, Rietvelt refinement, SQUID magnetometry, and
spectroscopic ellipsometry.
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2CDB13D
Transparent conducting oxides (TCO) have wide range of application areas in flat panel displays (FPD), photovoltaics,
transparent thin film transistors, and transparent memory devices. Studies of the TCO are concentrated in ITO (Sn doped
In2O3), which is most widely used in the field of optoelectronics.
We investigated the electrical and optical properties of Indium Zinc Tin Oxide (IZTO) thin films grown on Corning glass
substrates using facing-target sputtering system. Sputtered targets were Indium Zinc Oxide (IZO) and Indium Tin Oxide
(ITO) targets. The optical constants have been obtained from the measured ellipsometric angles, Ψ and Δ, using the Drude
and parametric semiconductor models. Transmittance was also measured using spectroscopic ellipsometry. We determined
optical gap energies of IZTO thin films from the absorption coefficients (α). Increase of Drude tail amplitudes, a signature of
free carrier concentrations, were found in IZTO optical spectra with increasing oxygen flow during growth. Hall carrier
concentrations and Hall mobilities were measured. We estimated the effective masses of electron carriers in IZTO thin films
using a combination of ellipsometry and Hall-effect data.
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Many researches about the hafnia based ferroelectric ultra-thin film have been studied since the discovery of ferroelectricity
in Si-doped HfO2 on 2011. Now, HfO2 based ferroelectric random access memory, i.e., FeRAM is considering as one of the
most promising candidates for next generation memory device. Ferroelectric HfO2 film has an interesting phenomenon as
called by “wake up effect” in which remnant polarization is increasing with electric field cycling. This “wake up effect” is
suggested that the phenomenon of redistribution of oxygen vacancies contributes greatly to the expansion of the
ferroelectric domain. Investigations using transmission electron microscopy showed that the monoclinic phase changed to
orthorhombic phase during the field cycling process. Based on this result, the wake up effect can be explained by
redistributed oxygen vacancies which remove the pinned ferroelectric domain during field cycling.
In this presentation, we report on the investigation of wake-up effect in Zr doped HfO2 ferroelectric film of MFM
structure. Our sample was deposited by atomic layer deposition. XRD results show that our sample is a mixture of
monoclinic and orthorhombic phases of polycrystalline structure. The results of electric measurements show that our
sample also has the wake up effect. We extracted the activation energy for wake up effect by implementing harmonic
analysis. The harmonic analysis is a method of analyzing the phase change according to the frequency by Fourier transform
of time dependent polarization switching. We observed anomalous change at specific phase angle through the harmonic
analysis.
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2CDB13D
In order to investigate europium doping effect on the dielectric properties of
potassium sodium niobates, the Eu-doped K0.55Na0.45NbO3 (KNN:Eu)
ceramics were prepared by sintering the K0.55Na0.45NbO3 calcinated
powders with Eu2O3 sintering aid in the composition range from 0.1 mol%
to 5.0 mol%. According to our previous studies, as the content of Eu2O3 is
increased a strong dielectric relaxation in the low frequency range was
observed in the 1.0 mol% Eu2O3 depoed KNN:Eu ceramics as shown in
Figure. The dielectric loss peak were confirmed in the imaginary capacitance
at the frequency around 10 Hz. The real and Imaginary capacitances of 0.2
mol% Eu2O3 doped KNN:Eu ceramics were reduced significantly in the wide
frequency range from 0.1 Hz to 100 kHz at room temperature. The
dielectric measurements are in progressing in the low frequency range from
1 Hz to 10 MHz with varying the temperature from 50 ℃ to 500 ℃ in air
atmosphere in order to characterize the Eu-doping effect on the
ferroelectric properties of KNN:Eu ceramics.
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Foldy-Wouthuysen spin operator is used in place of Dirac operator in the Dirac equation. Since the Foldy-Wouthuysen spin
operator is orthogonal to momentum operator, the free theory give rise to the same Hamiltonian. However, in the
presence of electromagnetic field, the theory has different Hamiltonian from that of the Dirac theory. In non-relativistic
regime, the theory predicts a sign change in the Zeeman interaction term. The phase change in a geometrical phase of a
neutral particle passing through a mesoscopic ring according to the sign change is obtained and relavant persitent currents
are presented.
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Non-local surface signals can be expected in three-dimensional topological insulators (TIs) with the robust topological
surface conducting state (TSS). Here, we report the experimental observations of highly coherent non-local AharonovBohm (AB) oscillations and Shubnikov-de Haas (SdH) oscillations in (Bi1-xSbx)2Se3 TI nanoribbons by the non-local
transport measurement. These non-local surface signals provide a direct evidence for the topological robustness of the
surface-conducting channel of bulk-insulating (Bi1-xSbx)2Se3 nanoribbons. Furthermore, the non-local AB oscillations and
SdH oscillations show very similar results compared to their local signals, indicating that our nanowires are high quality
topologcial insulators with an ideal bulk insulating surface conduction state. Our experimental results will provide a quality
standard of TI nanowires and are expected to contribute to the research and development of topological quantum devices
based on TI nanowires.
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We adjusted the electrical properties of the field effect transistor (FET)
made of multi-layered MoTe2 by varying the Fermi level pinning position on
the metal electrode. By changing the work function of the metal electrode
widely, an n-, p-, ambi-polar type FET having the same MoTe2 conduction
channel was obtained. This change in carrier type appeared due to the
difference between the pinning positions of the Fermi level in the bandgap
of MoTe2. The electrical properties of nano-devices fabricated from the
same MoTe2 were found to be highly dependent on the work function of
the electrode material compared to MoTe2. We present the metal work
function effect on semiconducting MoTe2 channel and will analyze various gate response curves in terms of Fermi level
pinning and band modulation near the metal- MoTe2 interface.
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2CDB13D
We present a study of the nonequilibrium electron transport through a diatomic molecular junction employing the full
counting statistics (FCS) in combination with the self-consistent Born approximation (SCBA). Here, we consider two
different types of electron-phonon coupling in a molecule. One is the coupling of the molecular vibration to the electrons
in each orbital (intra-orbital coupling) and the other is for the transferring electrons (inter-orbital coupling).
We characterize the charge transport properties of the diatomic molecular junction by changing following parameters: the
inter-orbital charge transfer rate (t), the molecular vibration (phonon) frequency (ω0), and the electron-phonon coupling (g)
with respect to the molecule-electrode coupling (Γ). We show that the charge current conservation is violated by the rigid
phonon in the case of the inter-orbital coupling but the conservation is recovered by considering the phonon back-action.
The super-poissonian noise emerges with the heating by the phonon back-action. We also discuss the possibility of the
negative differential conductance in the diatomic molecular junction.
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Very recently, black phosphorus (BP) has been emerged as an interesting material owing to its novel electronic properties.
BP has direct band gap varying from 0.3eV in bulk to 2eV in monolayer. Due to air sensitivity and large band gap, transport
measurement of monolayer BP has been challenging. We have used the dry transfer method to make a few-layer graphite
contact to the ultrathin BP. Also, we have used an ultrathin h-BN as a tunneling barrier between graphite and ultrathin BP
to measure a tunneling spectroscopy of ultrathin BP. From these measurements, we have observed band gaps of ultrathin
BP including a monolayer BP having about a bandgap ~ 2eV, consistent with previous STM measurements and theoretical
expectations. In addition, we have observed tunable tunneling conductance with gate voltages, resembling field effect
transistor characteristics. Our result may suggest that ultrathin BP may have potentials for the next generation
semiconducting devices.
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2CDB13D
Properties of semiconductors are mainly determined by their energy bandgaps. Tuning a bandgap in a single material can
make various ways of functionality. Black Phosphorus, which is a van der Waals layered material, has a bandgap from
0.3eV to 2eV varying with its thickness. Here we investigate tunable bandgaps in few layer black phosphorus on flexible
substrates via optical measurements. For example, we have observed that the bandgap of a bilayer black phosphorus
increases monotonically as a function of tensile strain. The tunability of bandgap via strain is potentially promising for
electro-mechanical multifunctional devices based on few layer black phosphorus.
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2CDB13D
Recent progress has shown that deformation has significant effects on the properties of graphene. Here we examine how
edge states evolve in graphene nanoribbon when the bending becomes stronger. We calculate electronic states on the
graphene nanoribbon in the variation of the bending strength in two different types of bending, one with bond-length
preserved and the other with total ribbon-width preserved. The edge states, which are degenerate in unbent nanoribbon,
are found to show the energy splitting. We pay particular attention to the effective width of the edge states. We estimate
the behavior of edge-state width as the bending strength varies. We find that the behavior of the edge-state width are
significantly different for low-energy and high-energy edge states. We also discuss such behavior changes in the presence
of spin-orbit interaction.
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Recently, ferromagnetic insulators have received significant attentions as an essential ingredient for developing low powerconsumption spintronic devices. CrGeTe3, a van der Waals ferromagnetic insulator, has been recently found to have the
bipolar gate-tunable magnetization below Curie temperature. We have fabricated heterostructrured devices consisting of
monolayer graphene and CrGeTe3 via the dry transfer technic. We have measured a longitudinal and a transverse
resistance while varying gate voltages and magnetic fields to explore the proximity effect of ferromagnetic material on
monolayer graphene. Our measurements show exchange magnetic fields in graphene induced by the ferromagnetic
insulator. Our results suggest that van der Waals ferromagnetic insulators may be promising materials for spintronic and
magnetoelectronic research.
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We investigate the coupling strength between a superconducting qubit and two different electromagnetic modes (TE101
and TE201) in the 3D cavity. Since the spontaneous decay of qubit depends on the coupling to the resonant mode of the
cavity (the Purcell effect), the qubit relaxation depends not only on TE101(in case that the qubit is positioned in the middle
of the cavity) but also on other adjacent higher order modes that couples to the qubit. In this study, we performed
numerical simulations and measurements of the coupling strength of a qubit that is coupled to multiple modes. We also
examined the dependence of the coupling strength on the position of the qubit in the cavity. This result is a crucial
parameter in designing a circuit QED system for quantum information processing.
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2CDB13D
For an isotropic single-band system, it is well known that the semiclassical Boltzmann transport theory within the
relaxation time approximation and the Kubo formula with the vertex corrections give the same result with the 1cosϴ factor in the inverse transport relaxation time. In anisotropic multiband systems, the semiclassical Boltzmann
equation is generalized to coupled integral equations relating transport relaxation times at different angles in
different bands. Using the Kubo formula, we study the vertex corrections to the electrical conductivity in
anisotropic multiband systems and derive the relation that the transport relaxation time satisfies for both elastic
and inelastic scatterings, verifying that the result is consistent with the semiclassical approach.
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Recently, much interest has been drawn to ferromagnetism in two-dimensional materials such as monolayer (ML) PdSe2,
where hole doping can induce ferromagnetism, predicted by self-consistent density functional theory (DFT) calculations
with different number of electrons. In our present work, we perform DFT calculations using supercells with differently
substituted impurities and also perform calculations of uniform and non-uniform virtual crystal approximations to find
doping-method dependence of the magnetism in ML PdSe2. We discuss Stoner-type mechanism and local-moment
interactions to understand the magnetism in the material. This work was supported by NRF of Korea (Grant No. 20110018306) and KISTI supercomputing center (Project No. KSC-2017-C3-0079).
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One of the two-dimensional transition metal decalcogenide alloys, Mo1xWxSe2, attracts much attention due to the adjustable bandgap. In this
study, we investigated the gate-dependent electrical characteristics of multilayered Mo1-xWxSe2, as a function of temperature. Electrical measurements
on field effect transistors with In metal contacts showed n-type
semiconductor properties. As the temperature increased, sudden changes in
the gate response curves and transport properties might be due to the
structural deformation from 2H to 1T in the MoSe2 and WSe2 alloy
structures were observed near 200K. We will report the detailed and
systematic experimental results for changes in the electrical properties of Mo1-xWxSe2 as a function of temperature.
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Black phosphorus (BP) is a two-dimensional layered material composed of phosphorus atoms. Recently, it was
demonstrated that external perturbations such as electric field close the band gap or even induce a band inversion in fewlayer BP, resulting in the insulator phase with a finite energy gap or the Dirac semimetal phase characterized by two
separate Dirac nodes. At the transition between the two phases, a semi-Dirac state appears in which energy disperses
linearly along one direction and quadratically along the other direction. In this work, we study optical conductivity of fewlayer BP using a lattice model and the corresponding continuum model, incorporating the effects of an external electric
field and finite temperature. We find that the low-frequency optical conductivity scales as a different power-law depending
on the phase, which can be used as an experimental signature of few-layer BP in different phases. We also discuss the
validity of the continuum model in the optical conductivity by explicitly comparing the result of the continuum model and
that of the lattice model.

5IG?B4C

optical conductivity, black phosphorus,

-1086-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-co.414*

91>D9>DB9>C93?B29D1<H1<<56653DC9>G51;<IC@9> ?B29D3?E@<54
CICD5=C
조대근1, 고동욱*1, 이현우*1
1포항공과대학교 물리학과
godw2718@postech.ac.kr, hwl@postech.ac.kr

2CDB13D
Recently, it was proposed that the intrinsic orbital Hall effect (OHE) can emerge from momentum-space orbital texture in
centrosymmetric systems [Go et al., arXiv:1804.02118]. We show that this mechanism is applicable to real materials and
numerically calculate the orbital Hall conductivities (OHCs) in light metals having small spin-orbit coupling (SOC) such as Li,
Al, V, Cr, Mn, Ni, and Cu. The OHCs in these materials are comparable or larger than the spin Hall conductivity (SHC) of Pt,
which is a heavy transition metal. Moreover, we show that the OHE is converted into the spin Hall effect and it results in
the sizable SHCs in 3d transition metals. We find the explanations for recent spin-charge interconversion experiments on
materials with small SOC.
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그래핀에 대한 연구가 지속됨으로서, 2차원 물질과 그래핀의 van der Waals 이형구
조를 활용한 그래핀기반 나노소자 연구가 최근 매우 활발해졌다. 본 연구에서는 2차
원 물질인 WS2(tunsten disulfide)와 그래핀의 van der Waals 구조를 이용하여, 두
그래핀 전극 사이의 온도차가 WS2를 통과하는 투과 전류에 어떠한 영향을 주는지에
대해 조사한다. 열적으로 여기된 그래핀의 전자들이 WS2의 전도띠(conduction
band)를 통해 쉽게 반대쪽 그래핀으로 전달되는 한 편, 페르미 준위보다 에너지가 낮
은 홀은 WS2의 밴드갭을 장벽으로 느껴 전도에 잘 기여하지 못하므로 유한한 알짜
투과 전류가 발생한다. 그러므로, 게이트 전압을 인가하여 페르미 준위를 조절하면
온도차에 의해 발생한 열전 투과 전류의 크기를 극적으로 변화시킬 수 있다. 온도차
에 의해 발생한 열전효과의 게이트 전압 의존성을 살펴봄으로써, 전기적으로 조절 가
능한 그래핀-WS2 van der Waals 열전소자의 이론적 모형을 제안한다.
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The discovery of two-dimensional electron gases (2DEGs) in SrTiO3-based heterostructures provides new opportunities for
nanoelectronics. Herein, we create a new type of oxide 2DEG by the epitaxial-strain-induced polarization at an otherwise
nonpolar perovskite-type interface of CaZrO3/SrTiO3(CZO/STO). We growth the CZO/STO system under various oxygen
pressures and different thicknesses of the film. To identify characteristic of CZO/STO 2DEG system investigate the
temperature dependence of the resistance.
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Two-dimensional (2D) van der Waals crystals have attracted considerable interest not only for the study of fundamental
physical properties, but also for their potential for application in devices. Black phosphorus has a honeycomb network like
graphene, but it is regularly modulated to form a so-called puckered honeycomb structure. This structural anisotropy of
black phosphorus results in interesting consequences in the band structure of black phosphorus [1] and its electronic and
optical properties [2]. The puckered honeycomb structure is not unique to black phosphorus, but common in other 2D van
der Waals crystals, such as GeS, GeSe, SnS. In this work, we investigated the band structure of GeS by means of angleresolved photoemission spectroscopy (ARPES). We found that the overall band dispersion of GeS is in good agreement
with the theoretical band calculations. The in-plain anisotropy in the effective mass of GeS is quantified and compared with
that of black phosphorus.
%565B5>35C
[1] J. Kim et al., Science 9, 723 (2015).
[2] Wang X. et al., Nature Nanotechnology

, 517-521 (2015).
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Recently the concern with 2-dimensional (2D) and 3-dimensional (3D) heterostructures has been increasing because of the
designing of nanodevices using those heterostructures. As a typical 2D transition metal dichalcogenides, MoS2 has good
characteristics for application of semiconductor devices due to suitable bandgap, high on/off ratio, and high electron
mobility. On the other hand, GaN is 3D material showing enormous applications in high efficiency electronic and
optoelectronics devices such as high electron mobility transistors and light emitting diodes. Previously, the growth of 2D
MoS2 directly onto the GaN surfaces has been reported [1]. From this experimental result, the MoS2/GaN heterostructures
were shown to electrically conduct in out-of-plane direction and across the van der Waals gap. In this regard, we have
performed density functional theory calculations to study the interfaces between MoS2 and GaN. Interestingly, GaN has
two different surface terminations surfaces such as Ga-terminated (0001) and N-terminated (000-1) configurations. We
consider these two terminations to investigate the difference in their interactions with MoS2. As a result, we find that the
surface states disappear for the case of MoS2 on Ga-terminated GaN structure, while the surface state is hybridized with
MoS2 near the Fermi level for the case of N-terminated GaN configuration. Furthermore, we investigate the variation in
electronic structure of MoS2/GaN heterostructures depending on the number of layers.
[1] D. Ruzmetov et al, ACSNano , 3580 (2016).
* Corresponding author: hong@sejong.ac.kr
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2CDB13D
Last decade has witnessed plethora of research efforts in two-dimensional systems such as graphene, transition-metal
dichalcogenides (TMDC), and various interface of heterostructures. Among those, it has been explored emerging
phenomena with external perturbations such as defects, strain, and curvature. In this work, we first revisit graphene: how
linear bands are altered by curvature. The principle of covariance is explicitly invoked, where curved geometry inherently
results in nontrivial gauge field (namely spin connection), which acts as a source of pseudomagnetic field, or Berry
curvature, whose intriguing physics may shed light on valleytronics. Green function on curved geometry is calculated,
whose consequence on local density of states is presented. Further, an application of the current technique into other twodimensional materials far from linear dispersion is also discussed.

5IG?B4C

Two-dimensional materials, Curved geometry, Berry connection

-1092-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-co.505*

EBF1DEB556653D?>CEB6135D5>C9?>?6G1D5B

제원호*1, 김도현1, 김성수2, 김종우3, 안상민1
1서울대학교 물리학과, 2Applied physics, Harvard University, 3Research Center for Convergence
Nanotechnology, Korea Research Institute of Chemical Technology
whjhe@phya.snu.ac.kr
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It has long been questioned how gaseous molecules nucleate, but still mostly unknown due to the limitations on observing
the first moment of nucleation [1]. Here, we used quartz-tunign-fork (QTF) based atomic force microscopy (AFM) with
sub-nm height control and stability to form a capillary-condensed water nano-meniscus and measured directly the size of
the single critical nucleus of water, the smallest cluster of new phase [2, 3]. Comparing the results with the Kelvin
equation, we find that the curvature effect on surface tension should be incorporated when describing the very first stage
of nucleation at ~1 nm scale. This finding not only furthers our understanding of nucleation at a fundamental level [3] but
also can suggest an alternative mechanism on how particle nucleates initially in atmospheric condition.

Reference
[1] M. Kulmala, et al., Science 9, 943-946 (2013).
[2] H. Choe, et al., Phys. Rev. Lett. 9, 187801 (2005).
[3] D. Kashchiev (Elsevier, 2000).
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There have been many studies for strong light emission in silicon quantum dots(Si QDs). Recently, through the chemical
synthetic methods, colloidal Si QD has been much attention because luminescence properties can be tuned easily in all
visible range by surface modification with various chemicals. The Si QDs fabrication by chemical methods is very powerful
for optoelectronic application such as light emitting diode and solar cell. However, for the Si QDs dispersion in solvent,
aggregation might cause very severe problem to suppress luminescence of Si QDs.
In this work, we investigated pH controlled aggregation effect on luminescence intensity and decay time of 1,2,3,4
tetrahydrocarbazole functionalized Si QD. To understand the luminescence properties of Si QD, we performed
photoluminescence spectroscopy, fourier transform infrared spectroscopy, dynamic light scattering, transmission
microscopy and time resolved photoluminescence spectroscopy. By analyzing the experimental results we observe that as
the solution pH increases, Si QDs are more aggregated and surface defects formed more severly in solution. Subsequently,
the luminescence intensity weakens. We observed strong luminescence by decreasing the pH of solution which disperses
well Si QDs in solvent. We expect that this study would help to improve the device performance by increasing the
luminescence intensity and resolve the active layer roughness problems that happen frequently in the optoelectronic device
fabrication process.
[Ackowledgement: NRF-2015R1D1A1A01060381, 2018R1A6A1A06024977]
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2CDB13D
In recent years, two-dimensional (2D) materials has attracted various attention from the scientific community with their
unique atomic and electronic properties. Upon this opportunity, many scientists have studied various 2D materials such as
graphene, transition metal dichalcogenides (TMDs), metal monochalcogenides (MMCs), and so on. In this study, we
investigate the atomic and electronic structures of several MMCs such as GaS, GaSe, and GaTe. Our calculations show that
GaS, GaSe, and GaTe have semiconducting properties with indirect band gap of 3.19, 2.10, and 1.67 eV, having the
potential applications in diverse electronic devices. Furthermore, we investigate 2D/three-dimensional (3D) heterojunctions
between MMC and Si(111) using density functional theory (DFT) calculations. We analyze the contact behaviors between
MMC and Si(111) by obtaining the partial density of states (PDOS) and electrostatic potential of MMC/Si heterostructures.
Such investigations will provide possibilities of MMCs for their device applications.
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Diverse van der Waals (vdW) heterostructures including two-dimensional (2D) materials are in the limelight for various
applications in nanoelectronic and optoelectronic devices. 2D transition metal dichalcogenides (TMDs) which have
semiconducting property are regarded as one of key building blocks of vdW heterostructures with their attractive atomic
and electronic properties. In this connection, various vdW heterostructures including TMDs have been experimentally
fabricated for device applications: for example, n-MoS2/p-Si [1] and n-WS2/p-Si [2,3] heterojunction diodes are fabricated
with excellent rectifying characteristics. Here, we have performed first-principles calculations to investigate the atomic and
electronic structures of mono- and tri-layer WS2/Si vdW heterojunctions. By applying the external electric field in the
calculations, we explain the rectifying characteristics of mono- and tri-layer WS2/Si heterostructures: our calculations show
that rectifying characteristics of WS2/Si vdW heterojunctions can be explained by relative shift of band structures of WS2
and Si depending on the external electric field. Details in electronic structure are analyzed in terms of partial density of
states (PDOS) and charge density difference.
[1] S. Mukherjee, S. Biswas, S. Das, and S. K. Ray, Nanotech. , 135203 (2017)
[2] C. Lan, C. Li, S. Wang, T. He, T. Jiao, D. Wei, W. Jing, L. Li, and Y. Liu, ACS Appl. Mater. Inter. , 18375-18382 (2016)
[3] S. Aftab, M. F. Khan, K.-A. Min, G. Nazir, A. M. Afzal, G. Dastgeer, I. Akhtar, Y. Seo, S. Hong, and J. Eom, Nanotech.,
9, 045201 (2018)
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2CDB13D
With the discovery of graphene, various 2D materials have been actively explored with their notable physical and chemical
properties. Among the 2D materials, transition metal dichalcogenides (TMDs) consist of two transition metal atoms (M)
and one chalcogen atom (X) with chemical formula of MX2, and each layer is bound by van der Waals interaction.
Interestingly, some TMDs such as MoS2 are suitable for application in field effect transistors (FETs), due to their
semiconducting characteristics.
For diverse applications of TMDs in electronic devices, we need to investigate mixed-dimensional heterostructures including
TMDs. In this study, we investigate the 2D-MoS2/3D-Si(100) heterostructures using density functional theory (DFT)
calculations. Especially, we focus on the atomic and electronic structures of MoS2/Si(100) depending on their interfacial
structures; to give different interfacial structures, we consider clean and H-covered Si(100) in the calculations. Our
calculations show that MoS2 has the possibility of n-type ohmic contact with clean Si(100), indicating the low Schottky
barrier height about 0.1 eV. On the other hand, MoS2 forms p-n heterojunction with H-covered Si(100). It is found that
such different contact behaviors are induced by different electric dipole formation depending on the interfacial structures
of heterojunctions. Such investigations will provide a useful guideline to understand the diverse 2D/3D heterojunctions.
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2CDB13D
Transition metal dichalcogenides (TMDs) have emerged as a class of two-dimensional (2D) materials that have attracted
broad interest. Palladium diselenide, PdSe2 is a less known material that has an interesting crystal structure: PdSe2 consists
of pentagonal segments that are regularly modulated to form a puckered honeycomb structure as in black phosphorus [1].
There have been theoretical predictions that this structure is responsible for novel electronic and optical properties.
However, little is known so far experimentally about the band structure of PdSe2. In this work, we study the band structure
of PdSe2 by means of angle-resolved photoemission spectroscopy (ARPES). The band dispersion around the Fermi level is
overall in agreement with those predicted by first principles calculations [2]. In contrast to theoretical predictions, however,
PdSe2 is found to be not a band-inverted semimetal, but an insulator with an indirect band gap of about 0.4 eV [3].
[1] M. Sajedeh, et al., Nat. Rev. Mater.,   (2017)
[2] J. Sun, et al., Appl. Phys. Lett. 107, 9  (2015)
[3] K. Xiao, et al., J. Am. Chem. Soc., 9, 40 (2017)
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Nowadays, the properties related to the electronic structure of the organic material become very important for the
understanding of the materials characterization. To be able to better understand this whole process and electron
techniques, it is important to be introduced with the characteristic and behavior of the occupied and unoccupied states.
The occupied states have been studied through photo emission spectroscopy (PES), while on the other hand the
unoccupied states are best measured through inverse photo emission spectroscopy(IPES). According to this the IPES can
quantitatively analyze the empty state of solid samples.
Our laboratory is equipped with conventional IPES and low energy inverse photo emission spectroscopy (LEIPS).
Conventional IPES uses about 10 eV of electron energy to obtain information about the unoccupied states of the sample.
However, in the range of this electron energy, the organic sample can be damaged. As LEIPS use smaller electron energy, it
is necessary to measure the unoccupied states without organic sample damage. Therefore, LEIPS is suitable for organic
samples with electron energy of about 5 eV. On the other hand, the detector resolution is better than conventional IPES.
While performing our experiment we used bandpass filters of conventional IPES (130 nm) and LEIPS (207 nm, 254 nm and
285 nm). Using every filter separately, we obtained their silver spectrums and comparing them we obtained the LUMO level
of the organic sample. In this way we can perform the similar experiment while using the materials which are the main
ingredients of the organic light emitting diodes (OLED).
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Atomically smooth and chemically uniform oxide substrate surfaces are indispensable for constructing abrupt
heterointerfaces and investigating associated physical phenomena. Despite the extensive use of LaAlO3 (001) crystals as
substrates, the role of LaAlO3 as a template for the interfacial electronic systems has not been studied in detail due to a
lack of recipes for preparing chemically and structurally well-defined surfaces. We have found that it is difficult to obtain
simultaneously an atomically flat surface and a chemically unique terminating layer for LaAlO3 (001) surfaces. To overcome
this problem, we have combined thermal annealing and subsequent deionized water leaching to achieve an atomically flat,
singly terminated LaAlO3(001) surface. Using atomic force microscopy, we investigated and visualized the detailed
dissolution procedure of LaAlO3 (001) surface layers during the water leaching procedure. Co-axial impact-collision ion
scattering spectroscopy was used to verify that a homogeneous AlO2 layer termination was obtained in the leaching
process. We succeeded in growing SrRuO3/LaAlO3(001) heterostructures with atomically abrupt interfaces on these
substrates by pulsed laser deposition. Our work demonstrates that the atomically flat, AlO2-terminated LaAlO3(001)
substrate surface is useful for fabricating complex oxide heterostructures with atomically sharp interfaces.
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Ta2NiSe5 is a layered ternary chalcogenide where the layers containing the Ni single chains and the Ta double chains are
stacked by van der Waals interaction. Ta2NiSe5 has semimetallic noninteracting band structure and excitonic insulating
phase induced by condensation of electron-hole pair (exciton). As exciton is formed, band gap is opened and resistivity
shows negative temperature dependence (dρ/dT < 0). Here, we investigate transport of Ta2NiSe5 nanosheet as controlling
carrier density by ionic gating. Clear ambipolar transfer curves are obtained and metallic behavior is observed with highdensity (~ 5 ⅹ 1014 cm-2) electron above 100 K. However, at low temperature, insulating resistivity is appeared again
although carrier is highly induced. These results manifest stable excitonic insulating phase in ion-gated Ta2NiSe5
nanosheets due to strong electron-hole attraction.
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Perovskite oxide thin films and heterostructure exhibit many physical properties such as magnetism, two-dimensional
electron gas (2DEG), superconductivity, and the like. For example, 2DEG is formed between LaAlO3/SrTiO3 film interfaces.
The process of creating and manipulating materials such as membranes with graphene shows a variety of phenomena in
the physics of cohesive materials. However, the separation of the oxide film from the substrate is difficult, and the
production of these hetero structures is also limited. We have grown an epitaxial Sr3Al2O6 sacrificial water-soluble buffer
layers on a perovskite substrate and grown a LaAlO3/SrTiO3 heterostructure on it. These heterostructure films offer the
opportunity to transfer the Sr3Al2O6 sacrificial layers into water and transfer it to another substrate and incorporate it as a
layered compound such as graphene. Through this membrane, we will investigate the effect of a wide range of strain
effects on the physical properties such as conductivity in thin films.
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Graphene is a two-dimensional material with a honeycomb lattice. It has good electrical, optical, mechanical and thermal
properties.
There has been many studies, while there isn't example of real industrial applications. That's why the production of
graphene is expensive, takes a long time, and is not environmentally friendly.
Although a number of previous research results have been reported, it is practically very difficult to continuously synthesize
fine graphene. Therefore, we have developed a process that can produce graphene at high speed and low price
continuously.
In this study, we compare the results and issues in a typical chemical vapor deposition process for graphene synthesis and
the actual process for continuous synthesis.
We succeeded in high - speed synthesis of graphene for 1 min at 900 ℃ using liquid precursor and tried to synthesize it
continuously.
Carbon black is formed in catalyst mtal in react to carbon source at low temperature. It lead to lower the quality of
graphene. We brought an idea from semiconductor conveyor system so that overcame the forementioned limit.
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The Rashba spin momentum coupling is essential concept connecting surface potential and spin degree of freedom. The
connection is not only fundamental concept in physics, but also basic concept realizing spintronics application without
magnetic material. Although the coupling is widely considered in surface state, origin of the interaction has not been
unveiled yet. We found that atomic spin-orbit coupling, electic dipole coupling at surface are minimal ingredients to
manifest the Rashba interaction. We introduce unified thoery including several attempt to discover the origin of Rashba
coupling.
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Under normal reactor operating conditions, deterioration of materials due to irradiation damage of reactor structures poses
a risk to the safety of nuclear power plants. Zirconium alloys, which are core materials of nuclear fuel cladding, have a
limited lifetime due to irradiation damage deteriorating oxidation resistance and mechanical strength. Recent studies in the
development of nuclear fuel cladding have focused on fabricating protective coating layers on the surface of zirconium
alloys. In this study, a nanoporous oxide layer was fabricated on the surface of the zirconium alloy fuel cladding through
anodization technique. In order to evaluate the effect of proton irradiation on the prepared oxide layer, mechanical
properties were measured in microscopic scale and the changes of atomic arrangement caused by heat treatment and
proton irradiation were observed.
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We verified curvature dependence of surface tension of the droplet by reconsidering Tolman's assumption about constancy
of Tolman length δ. The developed equation is expressed as a polynomial series expansion of curvature and has a structure
closely related to the Helfrich's surface energy equation including bending rigidity. We use the classical density functional
theory of spherical droplet of associating Lennard-Jones fluid molecule to characterize the surface tension of nanodroplet
and the result shows good agreement with the developed equation.
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In the research reactor HANARO of KAERI, two triple-axis neutron spectrometers (TASs) were installed; one is Cold TAS in
the neutron-beam guided hall, and the other is Thermal TAS in the reactor hall. Since the last KPS meeting, we could test
the two TASs from the commissioning/construction viewpoint owing to the restart of HANARO.
During the commissioning of the Cold TAS, we observed phonon excitations using a standard sample (Ge single crystal) at
room temperature [1], analyzed the data with resolution de-convolution, and eventually succeeded in reproducing the
phonon dispersion reported in past. For the Thermal TAS, which is in the final stage of the construction phase [2], we
inspected many motors and basic elements (such as the beam monitor, detector, PG filter, beam slit etc.) from the
mechanical viewpoint by using neutron beam. Finally, we could gain a prospect of the mechanical operation from the
engineering viewpoint.
In the poster presentation, we report the progress in our simulation work for the total-reflection combining collimator (RC)
[3, 4] also. In the diffraction simulation using two RCs (one is in front of, and the other is behind a sample), the intensity
gain by ~40% was achieved, as compared with a setup of conventional Soller-slit collimators. Moreover, a beam focusing
without losing the angular resolution was recognized by using the RC under a simple configuration. We will discuss the
mechanism of the characteristic focusing.

[1] J. Lee et al., “Development of Triple-axis-spectrometer Device in HANARO: Numerical Simulation Results on Mirror-type
Collimators”, Poster presentation in the ICM 2018 (San Francisco, USA), Jul. 2018.
[2] J. Lee et al., “Current status of neutron triple-axis spectrometers (TASs) and renovation of TAS devices in HANARO”,
Poster presentation in the 2018 KPS Spring Meeting (Daejeon), Apr. 2018.
[3] J. Lee et al., accepted for publication in IEEE Transactions on Magnetics.
[4] J. Lee et al., submitted to Nucl. Instrum. Methods A.
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2CDB13D
We developed a heat capacity measurement setup by fitting the temperature response of a heat pulse calorimeter. We
made our own sample sapphire platform with a heater sputtered. The system works with minimal electronics. We fitted the
response curve from heat pulses at all specific temperatures.1 All the experiment and analysis are automated with a
software. This setup can be also easily extended to other measurements like resistivity, thermal conductivity, thermopower
and so on.
J.S. Hwang et al., Rev. Sci.Instrum. , 94 (1997)
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Single-pulse imaging using X-ray free electron laser(XFEL) make it possible to detect ultrafast dynamics occurring in
femtosecond level and get high-resolution images due to its powerful pulse intensity. Improving signal-to-noise ratio(SNR)
is necessary to get high-resolution images from single shot imaging. The key for improving SNR is increasing signal or
decreasing noise. Increase of signal is closely related to intensity of laser beam and reduction of noise could be
accomplished by several procedure such as accumulation. Here we show improvement of SNR through systematic
approach for XFEL single-pulse imaging. This result would be a good guideline to get high-resolution images in XFEL singlepulse imaging.
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2CDB13D
The development of X-ray Free Electron Lasers (XFELs) is promoting advancement in diverse fields of science. The
properties of light sources, such as the pulse energy and the coherence of the beam, are essential parameters for a
successful experiment in XFELs. However, it demands much resources and efforts to characterize those properties due to
the high intensity of the XFELs. So we tried to estimate the flux of incident photons of the beam effectively with diffraction
patterns of 100nm gold particles and achieved the reliable outcome in comparison with previous measurements. Also, the
spatial coherence of the beam was determined in the analysis of the single-particle diffraction.
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The crystal melting prcoess is fundamental phenomena which has not been fully understood. Until now, these effort has
been limited to model dependent interpretation or weakly perturbed, reversible process. Thus any investigation on
transition irreversible phenomena has remained challenging so far. To get over this hurdle,
We performed ultrafast high resolution X-ray free electron laser(XFEL) single particle imaging with Bismuth nanoparticles
and successfully directly observed irreversible melting process with 10nm spatial and 10ps temporal resolution. It provides
deep understanding on fundamental melting process and further will help establishing an atomic model to describe
irreversible melting transition.
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2CDB13D
Single particle imaging is one of the key experiment which is actively developed in X-ray Free Electron Laser (XFEL) science.
XFELs’ high intensity and short pulse duration enables ‘diffraction-before-destruction’ scheme. In addition, high spatial
coherence of XFELs enables coherent diffraction imaging, which can image the projected electron density of non-crystalline
sample. Three-dimensional view of inner structure of sample can be imaged without sectioning, fixation, and staining,
which gives huge advantage on bio-imaging.
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We characterize the spatial and temporal coherence properties in the hard X-ray regime of the X-ray
Free Electron Laser at PAL-XFEL located at the Pohang Accelerator Laboratory in Korea.
Measurement of the single-shot speckle contrast with 9.73 keV X-ray photons in the small angle x-ray
scattering geometry yields an effective degree of transverse coherence varying between 0.39 and 0.74
obtained by fitting with negative binomial distribution function. However, after accounting for several
experimental conditions in the analysis, we obtain the intrinsic degree of transverse coherence of
0.83±0.07. In the Self-Amplified Spontaneous Emission, the analysis of the intensity distribution of
the X-ray pulses provides an estimate for the number of longitudinal modes. For monochromatic and
pink beams, we found that the numbers of temporal modes are 6.2±0.3 and 91.5±7.9, respectively, by
fit to Gamma distribution function. Given the coherence time of 2.06 fs and 0.14 fs for the
monochromatic and pink beam, respectively, the mean pulse duration of hard X-rays at PAL-XFEL is
estimated to be 12.7±0.6 fs and 12.8±1.1 fs (FWHM).
5IG?B4C
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2CDB13D
Commercial development environment such as Labview, Matlab, IDL etc. have a great deal of powerful libraries such as
device driver, pre-defined mathematical functions, gui toolkits. Because all libraries are packaged in a single package,
therefore they are easy to install and use, so called battery included. As a result, commercial software has become a de
facto standard for decades because it was far better than open-source software in terms of efficiency and productivity in
scientific programmings. Consequently, numerous softwares have been developed, used and stabilized during a long time
on those environments. Besides such pros, many cons also exist such as license, degree of freedom and extensibility. Opensource, on the other hand, has been dramatically expanding libraries both quantitatively and qualitively based on a vast
number of user communities. Following this trend, 3rd Generation Beamline Control Group decided to support DAQ
software using open-source, the BLUESKY.
The beamline 1D in PLS-2 has been dedicated to XRD(X-ray Diffraction) and EXAFS(Extended X-ray Absorption Fine
Structure) experiment and successfully supported the user community with commercial tools, SPEC(XRD) and
Labview(EXAFS). Recently, 3rd Generation Beamline Control Group started to convert to DAQ software using
BLUESKY(open source) and made EXAFS software of 1D beamline as the first application. In this presentation, newly built
DAQ(Data Acquisition) system and its scalibility will be presented.

5IG?B4C

EXAFS, DAQ, Bluesky, Open Source

-1114-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-co.610*

(>5AE9F?31<?2C5BF1D9?>?65<53DB?> 9>4E354>?> D85B=1<=5<D9>7
@B?35CC9>'&B56<53D9?>

이희민1, 조도형1, 성대호1, 정철호1, 송창용*1
1포항공과대학교 물리학과
cysong@postech.ac.kr
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Ultrafast meltings in noble metals and semiconductors irradiated by femtosecond IR laser have been reported with
signatures of lattice disorder in less than a picosecond timescale. As this duration is much shorter than a required time for
the heat to be transferred to the crystal via the electron-photon interaction, understanding on the role of thermalized
lattice motions in causing the melting transition remained elusive to attract intense experimental and theoretical
investigations.
By employing time-resolved resonant X-ray scattering in PAL-XFEL, we observed the forbidden reflection to unveil the
orbital response in non-thermal melting process of Ge single crystal. Comparing with the allowed Bragg reflection,
temporal evolution of the ATS intensity showed explicit ultrafast electronic excitation before the thermal response in
atomic lattice structure occurs in several picoseconds. Also, we directly observed that the intermediate electronic response
by the femtosecond IR laser excitation in non-thermal melting have influence on the thermal melting of the periodic atomic
structure.

5IG?B4C

X-FEL; pump-probe; resonant scattering; non-thermal melting

-1115-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-co.612*

H978B5C?<ED9?>+ B1I6<E?B5C35>3545D53D9?>?6D1B75D=1D5B91<
EC9>7E<DB1C8?BD+ B1I@E<C5
윤영민1, ANWAR Muhammad Ijaz1, 한승현1, 황병준1, 최석준1, 하성수2, 조인화1, 노도영*1
1광주과학기술원 물리광과학과, 2광주과학기술원 신소재공학부
dynoh@gist.ac.kr
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Experiments have been carried out to detect fluorescence from ultra-small amounts of target material through ultra-short
pulse X-rays with CCD at high resolution. In order to get time and energy-resolved fluorescence measurements, we used
pulsed x-ray generated by femto-second laser source and von-Hamos set-up. And also, to get minimizing background, we
measured at the moment which the fluorescence signal arrived to detector. Although the target material is very small
amount, the results give clear time and energy-resolved data.
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2CDB13D
Through the development of x-ray free electron lasers (XFELs), it becomes possible to use x-ray pulses with ultra-short and
ultra-brilliance. In addition, observing the ultrafast structural and electronical light-matter interactions are realized due to
pump-probe technique combined with XFELs, such as LCLS and SACLA. Recently, PAL-XFEL commenced user experiment
operation. Here, we report first laser pump x-ray probe type experiment for 2D topological insulator bismuth selenide. We
observed compressive effect at the initial stage with various laser fluence, propagation of strain pulses through the sample
and following breathing mode of a thin film.
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Coherent diffraction imaging (CDI) using x-rays is a technique that allows observation of a sample in the nanoscale area.
Since its first demonstration in 1999, CDI has been improved and used as one of the methods to reveal the structure of
various samples. We performed an X-ray CDI experiment to reveal the three-dimensional structure of the human
chromosome.
Biological samples scatter x-rays weakly, requiring long exposure times to achieve high spatial resolution. However, in this
case, radiation damage to the sample resulting from the long exposure time hinders obtaining high spatial resolution. In
order to alleviate this problem, it is used to measure the frozen-hydrated state of a sample by rapidly cooling it.
This preservation increases the tolerance of the sample to radiation damage, allowing for longer exposure times to the
sample, allowing for the measurement of high spatial frequency signals. In addition, biological samples in the frozenhydrated state are close to their original state, allowing observation of the undamaged structure of the biological sample.
The diffraction data obtained by adopting this method are reconstructed and implemented as a 3D image of the
chromosome. These results are likely to provide clues to the internal structure of the chromosomes.
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M13 박테리오파지는 (파지) 바이러스의 일종으로 구조적으로는 표면에 2700쌍 펩
타이드가 주기적으로 배치된 나노와이어로 생각할 수 있는 물질이다. 유전공학적 방
법으로 파지의 DNA를 조작하면 펩타이드의 조성을 제어할 수 있기 때문에 기능성
물질로 사용할 수 있다. 바텀업 방식을 사용하여 대량으로 제작됨에도 불구하고 바이
러스의 자기복제 방식이기 때문에 모든 구성 물질이 정확히 동일한 특성을 지닌다.
이는 자기 조립 방식에 적용할 때 매우 유리한 특성이다. 또한 제작 비용이 매우 저렴
하다. 본 연구에서는 유해물질인 파라콰트 (PQ)에 흡착하는 파지를 유전자 조작을 통
해 개발하였다. 등온적정열량계를 사용하여 PQ와 파지 사이의 결합 에너지를 측정하
여 PQ를 잘 흡착함을 확인하였다. 개발된 파지를 표면증강라만센서에 도입하여 특성
을 확인하였다. 사용한 표면증강라만센서는 금 박막 위에 은 나노와이어를 올려둔 형
태로, 전체적인 형태가 파지와 유사하도록 선택하였다. 개발된 파지를 표면증강라만
센서에 도입하였을 때 자연에 존재하는 파지를 도입하였을 때와 비교할 떄 1000배
이상 감도가 증가하는 것을 확인하였다.
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A collective scattering system (CSS) has been developed to measure electron gyroscale fluctuations in KSTAR plasmas [1]
and will be commissioned in the 2018 KSTAR campaign. Making use of a 300 GHz O-mode probe beam and vertically
aligned four detectors will allow simultaneous measurements of electron density fluctuations with four distinct poloidal
wavenumbers in the range from ~14 cm -1 to 26 cm-1. The optical system with remote control capability can flexibly
change the measurement location from the plasma core to outer edge on a shot-by-shot basis, and the fast data
acquisition system with the sampling rate of up to 20 MS/s will provide the time resolution down to 0.05 μs. Since the CSS
will share the same port with the microwave imaging reflectometer (MIR) [2] on KSTAR, the two optical systems have to be
designed as compactly as possible maintaining their fundamental capabilities. And a large-aperture strip-grid beam splitter
is employed to effectively separate the 300 GHz O-mode beam for the CSS and 78–96 GHz X-mode beam for the MIR
system minimizing unavoidable power loss due to the beam splitter. In advance of the installation of this system on KSTAR,
various laboratory test has been performed to characterize and improve the initial system. Details of the system features
and laboratory test results will be presented. *This work was supported by the NRF of Korea under contract numbers NRF2015M1A7A02002627 and NRF-2014M1A7A1A03029865, and the Ministry of Science and ICT under the KSTAR Project.
References:
[1] W. Lee et al., Rev. Sci. Instrum. 87, 043501 (2016).
[2] W. Lee et al., Nucl. Fusion 54, 023012 (2014).
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In-vessel plasma facing components such as first-wall, blanket and divertor modules should withstand harsh design
conditions. Since the divertor module undergoes extreme thermal loads, most of stress analyses have been carried out in
use of relevant mock-ups and there were a little study on huge divertor module itself. The present study is to investigate
assembly effect of complex ITER divertor module against typical thermal loads. Two kinds of sensitivity analyses were
performed according to typical cooling conditions of coolant. For this purpose, heat flux of the tungsten block constituting
the PFC of divertor assembly was set to 20 MW/m2 based on ITER design document. Detailed heat transfer analyses were
carried out by applying either three coolant wall temperatures or corresponding film coefficients. Also, the tungsten PFC
was modeled by inner vertical target and outer vertical target as well as mono-block and multi-blocks. Finally, the
comparative stress analysis results and key finding were discussed.
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1Department

2CDB13D
The mechanical behavior of reduced activation ferritic/martensitic (RAFM) steel as one of candidate materials for the
blanket of nuclear fusion reactor was modeled by crystal plasticity finite element method (CPFEM). In the proposed crystal
plasticity model, the interactions among dislocations and precipitates of RAFM steels were considered in addition to its
hierarchical microstructure consisting of block and packet. For the crystal plasticity model, the rate-dependent single crystal
constitutive model was implemented for cubic crystal, in which 24 slip systems for BCC RAFM were assumed. In particular,
the precipitates introduced during the tempering of martensite play a role for strain hardening based on well-known
Orowan loop mechanism. The crystal plasticity model was first established based on the micro-pillar compression test, from
which the basic single crystal level properties were identified. Then, the macroscopic stress-strain curve could be predicted
from the representative volume element (RVE) simulation.
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2CDB13D
The permeation of hydrogen isotopes in fusion materials is an important issue. Recently, thin-oxide films coated on the
fusion materials that act as barriers for tritium permeation have been studied by many investigators.
In this study, we fabricated the thin films of aluminium oxide and erbium oxide on SS316L substrates by using sputtering
and metal-organic chemical vapor deposition methods, respectively. The thickness and surface morphology of the film were
examined with field-emission scanning electron microscopy, and the chemical composition was analyzed by the energy
dispersive X-ray spectroscopy. The permeation experiment was performed by using deuterium gas, and the deuterium
permeation in the sample was measured a custom-built measurement system at Dankook University. Details of the
experimental results are presented.
-----------------------------------------------------------------------"This work was supported by the National Research Foundation of Korea (Project No. 2018R1A2B6002797)."
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2CDB13D
The cryogenic circuit for a large superconducting magnet cooling like tokamak system has to be designed
considering cooling conductance due to lots of branch. The KSTAR PF cryogenic circuit has 108 cooling paths for
14 superconducting magnets and CS structure. The five cryogenic valves have been installed to provide the required mass
flow rate to a cooling channel of the magnet. The flow imbalance test has been performed individually using argon
gas at room temperature. The measured value was below 10% between upper and lower magnets. Among the cooling
channels of PF3-4, the measured value of upper and lower magnets was below 10%. But PF1, 2, and 5 upper
magnets observed 17%, 18%, and 13% for their measured value respectively. While that of PF1, 2, and 5 lower magnets
was 15%, 16% and 15% respectively. After assembling all of the magnets, an increase in the flow imbalance between
upper and lower magnets has been observed at the PF3, 4, 5 magnets. It could be presumed that this phenomenon is
caused by the change in the helium area due to the manufacture of the magnet terminal of PF1-5 upper and lower
magnets after assembling. As a result, the predicted difference in the flow imbalance of each cooling channel is
expected to record a minimum of -22% up to a maximum of 38%. This flow imbalance will be applied to the KSTAR PF
circuit modeling, which has been developed using the SUPERMAGNET code, and the effect on the temperature rising will
be compared with the experiment data.
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2CDB13D
Mirnov coils (MC) have been widely used to identify the mode number of the instabilities in tokamak plasmas. The toroidal
mode number is easily identified by the toroidal array of MCs but the identification of poloidal mode number is complex
because there is no poloidal symmetry both in the tokamak plasma itself and in the installation orbit of poloidal MCs.
Normally the poloidal array is not aligned to the plasma shape but to the poloidal cross section of the vacuum vessel for the
ease of the installation. This misalignment makes it ambiguous to identify the poloidal mode number and even causes the
phase reversal in certain poloidal angles. The effects of the misalignment are quantitatively analyzed by calculating the
magnetic field detected by MCs due to the rotating filamentary currents on a rational q surface. Through this calculation, it
is shown that the maximum response to the filamentary current occurs at an angle different from the geometric installation
angle of the MC. By minimizing the deviation of the effective angle from the geometrical angle, the ambiguity in the mode
number analysis can be reduced. The new layout of the poloidal MC array is proposed which would give the correct mode
numbers for various plasma shapes.
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2CDB13D
Many diagnostic equipments are required at nuclear fusion reactors. Electronic components in the diagnostic system are
exposed to very high nuetron and gamma radiations. Therefore, it is mandatory to use robust electronic components. Flipflops are used for processing digital data in the diagnostic system. In this paper we propose a new flip-flop which is more
robust at single event upsets and faster than the exisiting radiation hardend designs.
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2CDB13D
헬리콘 플라즈마 발생장치는 낮은 압력에서 높은 전자밀도의 플라즈마를 발생시킬 수 있는 장치로 다양한 분야에서 사용되고 있다. 레이
저를 이용한 헬륨 플라즈마의 Stark broadening 연구를 위하여 나고야 III 타입 RF 안테나와 영구자석을 이용한 헬리콘 플라즈마 발생 장
치를 구성하였다. 전기탐침과 선세기비 방법(line intensity ratio method)을 이용하여 헬리콘 플라즈마 발생장치에서 생성된 헬륨 플라
즈마의 물성을 평가하였다. 헬륨 가스의 압력, RF 파워, 안테나와 영구자석의 위치등에 따른 헬륨 플라즈마의 전자온도, 전자밀도, 준안정
준위(metastable state)의 밀도등의 변화특성을 평가하였다. 다양한 동작 조건에 따른 플라즈마 물성 진단 결과를 바탕으로, 레이저를
이용한 헬륨 플라즈마의 Stark broadening 측정을 위한 최적의 동작 조건을 결정하였다.
-----------------------------------------------------------------본 연구는 핵융합기초연구사업(과기정통부)의 연구비 지원으로 수행되었음.
(No. NRF-2017M1A7A1A02016145)
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2CDB13D
헬륨 23S 준안정 준위 원자는 8천여초의 긴 수명을 가지며, 다양한 분야의 연구에서 중요한 역할을 한다. 본 연구에서는 helicon plasma
챔버에서 생성된 헬륨 플라즈마의 23P→23S 전이선(1083nm)에 대한 흡수스펙트럼을 측정하였다. 흡수스펙트럼 측정을 위해 1083
nm의 external cavity laser diode system을 사용 하였으며, helicon plasma 전원장치로는 1.5kW의 RF power supply를 사용하였다.
레이저광의 흡수 정도는 23S 준안정 준위의 밀도와 플라즈마의 공간적인 크기에 의존하므로, 측정된 흡수량을 이론식과 비교함으로써
23S 준안정 준위의 밀도를 진단하였다.
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2CDB13D
Neutral beam injection is a method used to heat plasma inside a fusion device. In order to obtain neutral beams injected
into the fusion plasma as high energy beams, a method of neutralizing negative ion beams which are accelerated is used.
In particular, it is well known that the method of using a plasma neutralizer is more efficient than the method of using a
gas neutralizer. To use such a plasma neutralizer, it is necessary to optimize the conditions of the plasma source used for
the neutralizer in order to increases the neutralization efficiency. In this study, plasma conditions for increasing the
neutralization efficiency of negative ion beam (H-) in H2 plasma were investigated. The plasma neutralization efficiency was
calculated using differential equations of beam fraction. To calculate the differential equations, density of neutral species
and ions derived from a simple global model. by using these equations, the dependence of neutralization efficiency of
negative ion beam in the H2 plasma on input power, pressure, and length were investigated.
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We study the impact of parallel ion dynamics, i.e. parallel compression and Reynolds stress on the generation and radial
pattern formation of zonal flows. We address this problem through three different nonlinear approaches: (1) the coupled
Hasegawa-Mima and parallel flow dynamics, (2) the global fluid ITG simulations, and (3) the global df gyrokinetic ITG
simulations. Results show a significant impact of the parallel velocity fluctuations and the equilibrium parallel velocity
gradient on the radial pattern of zonal flow. When parallel velocity shear is large enough, the fluid ITG simulation shows
the onset of parallel velocity gradient (PVG) instability. This leads to the restoration of the ion temperature profile stiffness
and the Dimits shift due to the generation of bifurcation-like strong ZF by parallel velocity fluctuations. Gyrokinetic
simulations show that ZF pattern can be understood through the potential vorticity (PV) transport in toroidal ITG
turbulence. The importance of potential vorticity flux in determining zonal flow generation are demonstrated all the models
employed. All these observations suggest the intricate coupling of parallel and perpendicular dynamics.
This research was supported by the R&D Program through National Fusion Research Institute funded by the Ministry of
Science, ICT and Future Planning of the Republic of Korea (NFRI-EN1741-3).
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2CDB13D
Tungsten is widely used as a plasma facing material because of good material properties to sustain the irradiation
conditions. However, under the irradiation condition, material properties can be degraded, which causes problems on the
fusion reactor. Therefore, study about the material degradation under the irradiation is needed for design the fusion
reactor. In this study, we simulated multiple-irradiations of pure W and W-Re alloys using molecular dynamics simulation to
analyse the formation mechanism of dislocation loops and mechanical properties changes. Three different temperature
(400, 700, 1000 K) are selected to understand the temperature effect on the formation mechanism and mechanical
properties changes. For describing the neutron irradiations, we randomly choose the certain atom, which is called Primary
Knock-on Atom (PKA), and assign the kinetic energy of 2 keV with random direction. This procedure was repeated until the
dose of 0.1 dpa with simulation box of 9.45x9.45x9.45 nm3.
3;>?G<5475=5>D
This research was supported by Nuclear Fusion Research Program through the National Research Foundation of Korea
(NRF) (2017M1A7A1A01016221)
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2CDB13D
Ion heating and central current drive is one of the key issues for burning plasmas of reactor-grade tokamaks. And fast wave
heating and current drive by using Ion Cyclotron Range of Frequency (ICRF) power is an option of the end. Currently, ICRF
is successful only in a few machines such as ASDEX, Alcator C-Mod, and JET since it is very difficult to keep the voltage of
power transmission line below the limit of arcing occurrence in high power injection greater than about 1.5 MW/m2. The
standing wave voltage of power transmission line has been known to be related mainly with coupling between plasmas
and ICRF antenna. However, it is also deeply correlated with engineering design parameters of the ICRF antenna so an
optimization study to increase the power density has been carried out in ITER ICRF antenna by controlling the antenna
parameters such as current strap structure and transmission line characteristics. In this study, a 1/8 scale mock-up antenna
for the ICRF of reactor-grade tokamaks has been designed and the parameters such as current strap number and feeding
line characteristics impedance are investigated to maximize the radiation or coupling power density. The results on the
performance of the mock-up antenna with regard to design parameters will be reported in the conference.
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헬륨 플라즈마의 전자밀도 진단에 이용될 Stark broadening을 측정하기 위한 고분해능 레이저 시스템을 구축하였다. 고분해능 레이저
시스템은 master oscillator power amplification (MOPA) 시스템과 고리형 공진기로 구성하였다. 778nm, 50mW의 oscillator 레이
저 광을 tapered amplifier를 통해 1W 이상으로 증폭시켰으며,BiB3O6 비선형 결정을 포함하는 고리형 공진기에 입사시켜 389nm
(33P-23S)의 파장을 가지는 좁은 선폭의 고분해능 자외선 레이저 광원을 얻을 수 있었다. BiB3O6에 의한 제2조화파 변환 증가율 및 자
외선 레이저의 출력과 주파수 안정성 등을 분석하여 Stark broadening 측정용 광원으로써의 성능을 평가하였다.
-----------------------------------------------------------------본 연구는 핵융합기초연구사업(과기정통부)의 연구비 지원으로 수행되었음.
(No. NRF-2017M1A7A1A02016145)
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2CDB13D
토카막 플라즈마 내 존재하는 불순물의 진단 및 수송 해석은 핵융합 플라즈마의 성능 및 경계플라즈마 제어, 디버터 열속 및 입자속 제어
등 여러 이슈들과 연관되어 있어 매우 중요하다. 탄소(C)나 텅스텐(W) 등의 대면재로부터 유입된 불순물과 디버터 열속 감소를 위해 주
입하는 Ne, Ar, Kr 등 주입기체 이온의 분광 스펙트럼은 수 nm에서 수십 nm의 진공자외선(VUV)부터 극자외선(EUV) 파장 범위 내에 있
어 이들 분순물 입자의 진단에 효과적으로 활용할 수 있다. 본 발표에서는 KSTAR에 설치되어 있는 VUV와 EUV 이미징 분광기시스템의
현재 상태와 이로부터 얻은 불순물 주입 실험 결과를 논의한다. KSTAR의 F포트에는 단일 통합시스템으로 제어되는 세 가지 분광기가 설
치 및 운용되고 있으며, 디버터 이미징 분광기(5-20 nm 파장대)와 소형 첨단 EUV 분광기(2-8 nm 파장대)는 두 개의 슬릿과 회절격자를
사용하여 실시간으로 공간분해된 스펙트럼을 측정할 수 있다. 디버터 이미징 분광기의 경우 KSTAR의 디버터 부분을, 소형 첨단 EUV 분
광기는 midplane보다 20 cm 가량 높은 부분을 바라보고 있다. 이들 분광진단 시스템을 통해, 높은 시공간 분해능으로(2.7 cm, 60 ms)
Ne, Ar 및 Kr의 강한 선방출광과 W의 준연속선(quasi-continuum) 방출광이 성공적으로 측정되었다. 추후 측정된 VUV 스펙트럼의 중
성자 노이즈 제거와 NIST, ADAS 및 FAC 등의 원자데이터를 활용한 불순물 이온별 분광선 세기로 변환을 위한 후처리 알고리즘을 개발
중에 있으며, 선적분된 불순물 정보의 공간분포 변환을 위한 ITER I&C 환경의 재구성 코드 개발을 통해 플라즈마 내 불순물 해석 기술 개
발을 목표로 연구가 진행되고 있다.
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2CDB13D
Impurity in tokamak plasma plays important roles in particle and energy transport channels. Impurity can be detrimental to
tokamak performance due to radiative energy loss and main fuel dilution, especially when ZI is high. But, there are also
several research showing that light impurity can be beneficial in detachment process and edge pedestal transport with
proper shaping effect [1]. Therefore, understanding physics behind impurity effect on transport is crucial for better
prediction of tokamak performance. To study impurity physics in tokamak plasma, the capability of gKPSP code [2] is
extended to deal with the arbitrary number of impurity species. In this work, basic benchmark results, such as RosenbluthHinton residual potential with impurities [3] and linear collision among different ion species [4], will be presented. Also, the
nonlinear ITG simulation results will be shown, with an emphasis on the similarity and difference between cases with and
without impurities.
[1] C. Giroud, et al., Plasma Phys. Control. Fusion 57, 035004 (2015).
[2] J.M. Kwon, et al., Nucl. Fusion 52, 013004 (2012).
[3] W. Guo, et al., Nucl. Fusion 57, 056012 (2017).
[4] H. Sugama, et al., Phys. Plasmas 16, 112503 (2009).
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2CDB13D
A prediction of ELMs is essential for ITER H-mode scenarios. Especially, it is required for estimating the power loads on ITER
plasma facing components and the role in particle exhaust in ITER. For this reason, a simulation of the stationary ITER Hmode discharge using the GLF23 transport model implemented in ASTRA [1] has been carried out to analyze the periodic
ELM cycle. The onset of ELM depends on the edge pedestal physics. The EPED [2] model has been employed in this
research for predicting pedestal height and width constraints for ITER type I ELM. However, its calculation requires heavy
computational sources and long calculation time. For fast calculations in ASTRA, an EPED database has been fitted by the
statistical method, an artificial neural network whose outputs are the pedestal height and width of the ELM crash. The
modeling of an ELM crash mainly includes the increase of the heat transport during the ELM crash. ITER extrapolation
based on experimental results in DIII-D and JET has been adopted for the ELM characteristics such as energy/particle losses,
ELM frequency and the duration of an ELM pulse [3]. Through the arbitrary ELM heat transport coefficient, χELM scan with
ITER extrapolation, a periodic ELM burst satisfying the ELM characteristics predicted is found. Also in this work, modeling of
pellet injection for ELM control is conducted by the discrete fueling source and its result implies that the injection frequency
affects ELM mitigation.
References :
[1] G. V. Pereverzev et al., "ASTRA - An Automatic System for Transport Analysis in a Tokamak" in IPP Report Nr. 5/98 MaxPlanck-Institut für Plasmaphysik (2002).
[2] P. B. Snyder et al. Phys. Plasmas 16 056118 (2009).
[3] A. Loarte et al. Plasma Phys. Control. Fusion 45 1549-1569 (2003).
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2CDB13D
ITER 운전 중 SOL 영역으로부터 확산된 100eV 이하의 낮은 에너지를 가진 fuel 중수소와 ash 헬륨 이온이 디버터의 vertical target에
조사된다. 100eV 이하의 이온 조사 조건은 sputtering threshold energy 보다 낮아서 중수소는 blister, 헬륨은 fuzzy 형태의 W의 표면
변형을 일으킨다고 알려져 있다. 구조적으로 취약하게 변형된 W 재료의 표면은 지속되는 조사 이온에 의해서 dust particle를 생성하며
재료 표면의 ablation 반응이 촉진될 것을 예상할 수 있다. 본 연구에서는 낮은 에너지 중수소와 헬륨 조사 조건에서 에서 W 표면의 변형
기전 기반의 W 재료의 ablation 현상에 대한 연구를 수행하였다. 또한 핵융합 반응에서의 재료 표면 변형을 모사하기 위한 D/He 혼합가
스에서의 이온 조사에 대한 연구가 필요하다. 이는 헬륨에 의한 중수소의 재료 내로의 확산을 제한할 수 있음으로, 재료의 ablation 특성
이 매우 적어지고 운전 수명을 늘어날 수가 있기 때문이다. 본 발표에서는 중수소와 헬륨 이온을 텅스텐 표면에 순차적 조사한 결과와
D/He 혼합 가스 내에서 플라즈마 이온 조사를 한 경우의 W 재료 표면 변형과 dust particle에 의한 W 재료의 질량 손실의 관찰 결과를
발표한다. 모든 텅스텐 샘플은 mirror surface로 연마해 사용하였으며, 전자밀도 ne=(4.5~6.5) ⅹ 1017m-3, 전자온도 Te=3~8eV의
ECR 중수소 및 헬륨 플라즈마를 조사하였다. D/He (50:50 gas flow 조건)에서 헬륨 이온의 비율은 ~5%로 나머지 중수소 이온이 만들
어졌으며, 밀도 비는 D.Nishijima의 모델이용해서 예상하였다. 시편의 이온 조사속은 타겟에서 2cm 떨어진 LP에서 측정한 전자 밀도와
Bohm 속도의 곱으로 구했으며, 조사 이온속 크기 변화에 따라 이온 조사 전후의 시편 질량을 미세질량계로 측정하고, 시편에 조사된 이
온당 감소된 ablation 크기를 예측하였다. 낮은 에너지 이온 조사의 특징은 중수소 조사의 경우 주로 큰 blister로부터 만들어진 티끌과
헬륨 조사로부터는 Fuzz 영역의 손실에서 기인하였음을 알 수 있었다. 하지만, D/He 조사시 텅스텐 표면에는 blister와 fuzzy 구조 모두
생성되지 않았고 nm 스케일의 파동 형상의 표면이 관찰되었다. 이는 He 조사 후 D2 조사 및 D2 조사 후 He 순차 조사 결과와 비교하여
설명하였다. Fas-SOL 영역에서조사되는 이온에 의한 재료의 ablation은 조사 이온과 재료의 반응 특성에 따라 변형된 재료의 ablation
을 통해 진행됨을 알 수 있었다. Blister와 Fuzz의 형성 특성은 grain orientation에 따라서도 영향을 받음으로 ablation 특성도 grain
orientation에 영향을 받음으로 대면 재료의 제작에도 PMI 특성 자료가 필요함을 알 수 있었다.
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2CDB13D
한국원자력연구원에서 제작중인 중수소 핵융합 중성자 발생장치의 티타늄 타겟은 중수소 핵융합반응에 의해 중성자를 생성하는 중요 부
품으로써 진공유지, 고전압 절연, 열 분산 및 냉각 등의 설계요건을 고려하여 냉각라인이 형성된 무산소동 구조물 위에 티타늄을 코팅한
형태를 취하고 있다.
본 연구에서는 KoHLT-EB (Korea Heat Load Test-Electron Beam)를 사용하여 중성자 발생장치 티타늄 타겟에 대한 열 부하 실험을
수행하였다. 시험에 사용된 티타늄 타겟은 입구 직경 40 mm, 깊이 60 mm의 콘 형태로 콘 내부에는 평균 10 ㎛ 두께로 티타늄을 증착하
였으며, 외부에는 8개의 냉각수 유로를 형성하여 냉각하는 구조이다. 열 부하 실험은 KoHLT-EB의 직경 30 mm 원형 빔을 타겟 내부 티
타늄 코팅면에 조사하여 온도를 균일하게 올리는 방식으로 100 W의 낮은 빔 에너지부터 최대 빔 에너지 10 kW (4.5 MW/m2) 까지 순
차적으로 증가시키며 티타늄 코팅막의 건전성을 실험하였다.
--------------------------------------------------------------------------------------“이 연구는 2018년도 민.군겸용기술개발사업의 재원으로 수행되었음 (No. 74901-18).”
*sklee74@kaeri.re.kr
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2CDB13D
본 논문에서는 3D TCAD(Technology Computer-Aided Design) 시뮬레이션을 통해 Bulk FinFET 구조를 이용하여 방사선 환경에서
소자 전기적 특성에 영향을 미치는 TID(Total Ionizing Dose) 효과에 대한 연구를 진행하였다. 방사선 환경에서의 Radiation Effect는
다양한 현상이 존재한다. 그중, TID 효과란 SoC(System on Chip)내부를 구성하는 트랜지스터와 같은 소자가 방사선 환경에서 오랜 시
간 동안 동작할 때, 트랜지스터의 oxide와 Silicon 계면과 oxide에 Hole이 trap되는 현상을 말한다. 이러한 TID 효과로 인해 트랜지스터
의 Vt(Threshold Voltage) Shift 현상과 Ioff(Off Current)가 증가하게 되는 전기적 특성 변화를 보이며, 이는 곧 트랜지스터의 신뢰성
에 악영향을 끼치게 된다. Bulk FinFET은 게이트가 채널의 3면을 감싸는 형태의 구조로 기존 Planar 구조의 MOSFET보다 채널 단면적이
넓어 Drain Current가 높고, 누설전류를 낮다는 장점을 가지고 있다. 따라서 Planar MOSFET보다 좋은 전기적 특성을 가지는 Bulk
FinFET을 이용하여 연구를 진행하였다. 실험에 사용된 Radiation Source는 Co60을 이용했으며, Dose rate은 1rad/s로 지정하고, TID
조건을 각각 100Krad, 1Mrad, 10Mrad, 50Mrad, 100Mrad로 주어졌을 때, Bulk FinFET에서 발생하는 TID 효과로 인한 전기적 특성
변화를 확인하였다. TID 효과는 오래 지속될수록, Vt Shift 현상과 Ioff 감소되는 특성이 더 크게 나타나는 것을 확인하였다.

3;>?G<5475=5>D
This work was supported by National R&D Program through the National Research Foundation of Korea (NRF) funded by
the Ministry of Science, ICT and Future Planning (2017M1A7A1A01016265) and Basic Science Research Program through
the National Research Foundation of Korea(NRF) funded by the Ministry of Education (2018R1A6A1A03023788) and
MOTIE(Ministry of Trade, Indus-try & Energy (10085645) and KSRC(Korea Semiconductor Re-search Consortium) support
program for the development of the future semiconductor device.
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2CDB13D
For a stable and effective control system in radiation environments, it is essential to precisely measure various sensor
signals, such as temperature, pressure, and electromagnetic field, against radiation effects. An analog-to-digital converter
(ADC) circuit, which converts an analog sensor signal into a digital code, is an essential electronic component that directly
determines the accuracy and reliability of a sensor readout system. Since the performance of the integrated circuit (IC)
suffers from specific radiation effects, such as total ionized dose (TID), single event effect (SEE), and displacement damage
(DD), radiation-hardened design techniques for ADC circuits are highly required. This study first compared various types of
ADCs to find the radiation-hardened structure for a given specification. Then, a dual-capacitor sample-and-hold (S/H)
circuit and a TID-compensated digital comparator were designed for a successive-approximation-register (SAR) ADC, which
enables radiation hardening by design techniques. In addition, this study shows a circuit simulation method with using
radiation-based transistor models that accurately reflect the radiation effects on ICs.
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Resistive random access memories (ReRAMs) based on metal oxide have attracted much interest as promising nextgeneration nonvolatile memories. ReRAMs are of interest because they also use material sets and fabrication techniques
that are compatible with today’s IC fabrication technology. Graphene, an atomically thin sheet of carbon atoms arranged in
a hexagonal lattice, is known for its unique electronic properties. For example, graphene with strong carbon-carbon
covalent bonding is known to be a robust material for radiation hardening. A graphene sheet was used as one of the
electrodes of a HfO2 metal-oxide-based resistive random access memory. Such resistive random access memory has thin
HfO2 layer (<5nm) vertically to form a memory switching layer. Due to graphene’s atomically thin profile, the filament that
is formed is also atomically small compared to the scale of CMOS based memory and other ReRAM memory structure. Such
thin conductive filament with fewer ion movement will be more robust for radiation hardening. We find dramatic
differences in the device characteristics as voltages with opposite polarities are used to form the resistive memory devices.
The differences in the HRS for the two modes can be explained by filament rupture. When the filament is ruptured in the
HRS, the remaining part of the filament is attached to the graphene electrode for Mode1 and the TiN electrode for Mode2.
Due the extreme atomic thinness of the filaments, we expect robust device operation with minimal total ionizing dose
effect in the memory structure. This work was supported by a National Research Foundation of Korea (NRF) grant funded
by the Korean government (MSIP) (No. 2017M1A7A1A01016262) and (No. 2017R1C1B2012227).
This work was also supported by the Technology Innovation Program (or Industrial Strategic Technology Development
Program (No. 10085646, Memristor Fault-Aware Neuromorphic System for 3D Memristor array) funded By the Ministry of
Trade, Industry & Energy (MOTIE, Korea). Last, this research was additionally supported by the Basic Science Research
Program through the NRF funded by the Ministry of Education (grant no. 2018R1A6A1A03025708).
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Optical plasma diagnostic methods such as optical absorption and emission, laser-induced fluorescence, Raman and
Thomson scattering have been extensively used to measure electron/ion temperature and density, species concentrations in
plasmas. Optical emission spectroscopy (OES) is comparatively simple, versatile, non-intrusive, and has been widely used in
diagnostics for various plasmas such as magnetically confined fusion plasma, gas discharge low-temperature capacitively
coupled plasma (CCP), and inductively coupled plasma (ICP). OES determines plasma parameters such as electron
temperature and density by a combination with population kinetics modeling. We have carried out OES and collisionalradiative modeling (CRM) taking into account all viable collisional and radiative processes of atoms and ions in plasma for
CCP and ICP systems. The sensitivity of the modeled spectral line intensity to the underlying atomic data and plasma
characteristics has been investigated. Effect of electron energy distribution function and radiation trapping on the CRM has
been also discussed.
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The operating scenario optimization has been studied as a key issue for International Thermonuclear Experimental Reactor
(ITER) which targets fusion gain of Q~10 while producing 500 MW of fusion power for ≥300s. The ITER baseline scenario
was proposed to achieve ELMy H-mode plasma driven by a plasma current of 15 MA in a toroidal magnetic field of 5.3 T
[1]. Flux consumption of the external coil system is an important consideration in achieving tokamak target performance in
the ITER baseline scenario, as ITER will operate close to the limitations of the power supplies and magnetic coil systems [2].
Therefore, the purpose of this study is to minimize the magnetic flux consumption during a plasma current ramp-up phase
by the predictive simulation of the poloidal flux consumption using ASTRA. Using this method, the amount of magnetic
flux which can be used for the inductive current drive at the flat-top phase is increased [3]. The flux consumption of the
external coils can be divided into three components; external inductive flux consumption, internal inductive flux
consumption, and resistive flux consumption. The external and the internal inductive flux consumption were obtained
using the external and internal inductance of the plasma, and the resistive flux consumption was calculated using empirical
scaling laws [4]. Among the three components of the magnetic flux consumption, the external inductive flux consumption
is reduced by adjusting the plasma surface shape. The internal inductive flux consumption can be reduced by broadening
the current profile. The resistive flux consumption can be decreased by reducing the plasma resistivity by applying external
heating. By compromising these three strategies, we find a method to obtain the scenario which minimizes the flux
consumption of the external coil system.
%565B5>35C
[1] Kessel. C. E. et al., Nucl. Fusion 9 (2009) 085034.
[2] Sips. A. C. C. et al., Physics of Plasmas , 021804 (2015).
[3] Pereverzev. G. V.; Yushmanov. P. N., 2002 IPP Report 5/98.
[4] Wakatsuki. T. et al., Nucl. Fusion  (2017) 016015.
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Tritium breeder material is one of the important functional materials to be used in fusion reactors. The material must breed
tritium enough to sustain the fuel cycle, release the generated tritium quickly, and maintain the structural integrity and
good thermal and mechanical properties for a long time in the operation. The tritium release behavior as well as
structural/thermal/mechanical properties are largely changed by radiation defects. Therefore, it is important to know how
much and what kind of radiation defects are formed in the material. In this study, we investigate the defect evolution
during the reactor operation in lithium titanate (Li2TiO3), which is a promising candidate of the tritium breeder material.
We basically consider two phases for the defect evolution. At an early stage (phase-1), displacement damages caused by
high-energy neutrons, tritium atoms and helium atoms, which are generated as a result of n-Li reaction, would be
dominant radiation damages. However, at a late stage (phase-2) when the lithium burn-up reaches 0.1-1%, Li vacancies
and O vacancies, which are formed for the charge neutrality, should become dominant, because the displacement damage
generally cannot reach 0.1-1% while the Li burn-up can. For phase-1, we perform molecular dynamics (MD) simulations
using LAMMPS code. The two-temperature model (TTM) is used to include the effect of electronic stopping, which is
important in high-energy atomic collision events. For phase-2, we construct a thermodynamic model to predict defect
configurations as a function of Li burn-up. The defect formation energies needed in the thermodynamic model is obtained
by first-principles calculations using VASP code. The simulation results show that anti-site defects and clustered vacancies
play important roles in the evolution of radiation defects in Li2TiO3 at phase-1 and phase-2, respectively.
This research was supported by National Research Foundation (NRF) of Korea under Nuclear Fusion Basic Research
program.
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Energetic particles (EP) confinement is one of the most important topics in magnetically confined fusion plasmas. It is of
great importance to understand the transport mechanism in order to control the EP particle confinement. In this work, we
perform a statistical analysis of the fast ion loss signal associated with the three representative cases: toroidal Alfvén
eigenmodes (TAE), fishbone instability, and resonant magnetic perturbations (RMP) in KSTAR. Sets of time series data are
acquired from the photomultiplier tube (PMT) of a fast ion loss detector (FILD) system. Statistical analyses show that
avalanching fast ion losses prevail for all the cases. In particular, the probability density function (PDF) analysis shows that
the deviation from the Gaussian distribution is strongest during the fishbone burst. The aspects of the avalanching process
are found to be rather different. The fast ion losses under the TAE and the fishbone instabilities show broad-band spectra
and an exponential law for all the range of quiet times. This lack of the power-law feature in the power spectra implies that
neither avalanches driven by the self-organized criticality (SOC)-like dynamics nor the diffusive transport mechanism may be
applicable in these cases. In contrast, the fast ion loss due to the applied RMP shows a 1/f-like power spectrum in the
relatively low frequency (< 1kHz) range and has a quiet time distribution (QTD) following a power law, which is the
signature of an SOC-like behavior. Implications of the observations on fast ion transport will be discussed in the conference.
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Currently, there is no material testing facility that can replicate high-energy fusion neutrons. Therefore, the IFMIF
(International Fusion Material Irradiation Facility) project is considered and its prototype which is named as LIPAc (Linear
IFMIF Prototype Accelerator) is under development in Japan. The IFMIF uses 2 linear accelerators to produce high-energy
neutrons, but the high beam current of the IFMIF accelerator raises big concern about beam transport stability because of
strong space charge effects. Therefore, detailed beam dynamics studies for IFMIF and LIPAc accelerators are indispensable.
This research aims to perform beam dynamics research for IFMIF and LIPAc in terms of ‘start to end simulation’. The
simulation has been carried out by 3 kinds of simulation codes. The first one is TRACEWIN which was used in the original
IFMIF accelerator design. The second one is WARP. The WARP uses PIC algorithm so it can precisely and also selfconsistently calculate the space charge effects. The last one is IMPACT. It is used to incorporate the RF lattices in a more
realistic way.
This presentation will focus on the simulations for LEBT, MEBT, SRF linac, and HEBT of the IFMIF accelerators.
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Edge Localized Modes (ELM) are rapid MHD events occurring at the edge region of tokamak plasmas. During the ELM
burst, the hot and dense plasma filaments escape from the edge and propagate into the SOL region, resulting in heavy
heat loads and damages on the divertor plates. Therefore, suppressing the ELM is an important issue for high-performance
steady state operations based on the H-mode. Resonant magnetic perturbation (RMP) with external coils is one of the
effective methods to suppress ELM. In previous studies, it was found that RMP can successfully mitigate [1-3] or even
suppress [4, 5] ELM in multiple devices. However, the lack of understanding in its physics mechanism still remains a
challenge.
We have investigated the impact of RMP on the edge pedestal using the nonlinear 3D MHD code JOREK [6]. It is based
on the reduced MHD equations (viscos-resistive MHD) [7] to address peeling-ballooning modes (PBM) [8], which is the first
step to reproduce the RMP-driven ELM-free discharge in KSTAR under n=2 RMP application (#18594). In our study, we
found that n=2 kink mode can be triggered by RMP though the growth rate of the mode is very small. Here, the increase of
plasma resistivity (η) was found to have enhanced the plasma response, along with the increase of both mode growth rate
and field penetration. We also confirmed a small plasma flow (ω ￌe) led to the increase of field penetration, while reducing
shielding current. These results showed good agreement with the previous nonlinear simulation studies [9-10]. In addition,
we observed that plasma perturbation near the X-point and the tangle structure vary with the MP phase and amplitude, as
similarly reported in a previous study [11]. We also present and discuss the on-going progress on the numerical analysis for
RMP-driven, ELM-crash-suppression in KSTAR.
References:
[1] Y. Liang et al., PRL 98, 265004 (2007)
[2] W. Suttrop et al., PRL 106, 225004 (2011)
[3] A. Kirk et al et al., Nucl. Fusion 50, 034008 (2010)
[4] T. Evans et al., PRL 92, 235003 (2004)
[5] Y. Jeon et al., PRL 109, 035004 (2012)
[6] G. T. A Huysmans et al., Plasma Phys. Controlled Fusion 51, 124012 (2009)
[7] H. Strauss, Phys. Fluids 19, 134 (1976)
[8] J. W. Connor et al., Plasma Phys. Controlled Fusion 27, 621 (1985)
[9] M. Becoulet et al., PRL 113, 115001 (2014)
[10] F. Orain et al., Phys. Plasma 20, 102510 (2013)
[11] F. Orain et al., Nucl. Fusion 57, 022013 (2017)
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The beam current of the future high-intensity accelerators such as the International Fusion Materials Irradiation Facility
(IFMIF) is expected to be much larger than that of the present-day accelerators. Failure to properly control the halo and
beam loss in such a high-intensity accelerator can cause problems in the accelerating structure or instrumentation.
Therefore, it is essential to accurately diagnose the halo and beam loss.
In this study, we have examined several options for the beam halo monitoring. For detectors attached to the outside of the
beam pipe, we have considered CVD diamond detector, scintillator detector, and proportional counter. In addition, the
vibrating wire monitor (VWM) and halo monitor ring (HMR) have been considered as the detectors installed inside the
beam pipe. Design study of those beam halo monitoring systems will be presented.
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We report a numerical study for impact of resonant magnetic perturbation (RMP) on fast ion prompt loss in KSTAR using
full orbit following simulation. Experimental observation in KSTAR indicates a sudden increase of RMP-induced fast ion
prompt loss when applied RMP field exceeds a threshold amplitude. Full orbit simulation with 3D perturbed equilibrium
computed by ideal plasma response reproduces the experimentally observed feature of RMP-induced prompt loss of fast
ions and the existence of threshold RMP amplitude. Simulation with vacuum fields only shows a small increase of the fast
ion loss that is insufficient to explain the observation. We show conservation of canonical angular momentum is broken
due to the RMP during the fast ion transit, which is consistent to the enhanced fast ion loss above the threshold RMP
amplitude. Phase space analysis suggests that trapped and intermediate pitch passing particles modified from initial high
pitch passing ones are responsible for the threshold behavior of the fast ion loss in the simulation, while the phase space
distribution of lost particles depends on the RMP field configuration.
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D-D 및 D-T 반응의 플라즈마 운전을 하는 토카막에서는 발생하는 중성자의 선속 측정을 통하여 플라즈마의 성능 및 특성을 파악하고 있
으며, 중성자 선속의 모니터링이 토카막의 운전성능을 평가하는 중요한 지표로 활용되고 있다. 일반적으로 저선속 중성자 계측시, 계수법
을 이용한 중성자 선속의 모니터링이 가능하지만, 중성자 선속이 높아짐에 따라 계측 신호가 파일업 되어 정확한 중성자 선속 모니터링이
불가능하게 된다. 최근 KSTAR의 운전이 정상화하여 중성자 선속이 증가하게 됨에 따라 높은 계수율에서도 측정값이 왜곡되지 않고 실시
간으로 중성자를 계측할 수 있는 데이터 획득 시스템의 필요성이 대두되었다. 이에 본 연구에서는 KSTAR 고선속 중성자 측정을 위하여
Campbelling 방식의 고속 신호처리 전용 시스템을 개발하였다. 개발된 시스템은 고선속 방사선에 대한 검교정 과정을 통하여 KSTAR에
서 활용가능성을 평가하였으며, 2018년 하반기 캠패인에서 중성자 선속 모니터링에 적용할 계획이다.
본 연구는 한국연구재단과 과학기술정보통신부의 지원으로 수행된 결과임.(NRF-2017M1A7A1A02016443)
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Before approaching the advanced operation mode in KSTAR, the driven characteristics of KSTAR NBI beam sources, such as
absorbed heating power, driven current, and fast ion stored energy, should be analyzed and calculated in a between-shot
way. KSTAR NBI system will equips six beam sources manageable up to totally 12 MW, especially two of them, 4 MW, will
be capable to be injected to off-axis. In this work, firstly, we have built a database describing the absorbed heating power,
the driven current, and the fast ion energy of KSTAR NBI system under various plasma conditions. The NUBEAM code has
been used to calculate the NBI driven characteristics. Secondly, the multiple regression analysis is performed on each KSTAR
NBI source based on the database. Our effort will contribute to the analysis of the thermal energy confinement (H98y2) as
well as the NBI driven characteristics in a between-shot way and will help to design for next shot and eventually to develop
the advanced operation scenario in KSTAR.
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대기압 플라즈마의 특성 중 하나는 고농도 활성 산소종 및 질소종(RONS)을 발생시키는 것이며, 이러한 특성으로 인해 플라즈마는 의학,
파밍(식품 및 농업) 분야에 활용도가 높아 물리, 화학적 기초연구 외에도 산업적 응용 연구도 활발히 진행되고 있다. 플라즈마의 여러 활
용 중에서도 물을 플라즈마에 노출시켜 생성하는 플라즈마 처리수(방전수) 내에는 플라즈마 처리 후에도 다량의 여러 RONS가 존재하여
플라즈마의 활용 효과를 상대적으로 오랜 시간 지속할 수 있는 등 활용도가 높아 이에 대한 관심이 갈수록 커지고 있다. 농업, 식품, 의학
등 구체적인 응용 분야에 따라 중요한 화학종이 다르기 때문에, 플라즈마 처리수의 화학 조성을 파악하는 것이 필수적이다. 여러 화학종
중에서도 특히 수산기 라디칼(・OH)은 플라즈마 처리수 내 과산화수소(H2O2), 오존(O3) 및 아질산(HNO2)등에 비해 100-10,000배 낮
은 농도임에도 뛰어난 살균 능력을 보인 바 있으며[1], 이러한 수산기 라디칼은 활성종들의 광분해에 의해서도 발생된다고 알려져 있다.
이 연구에서는 플라즈마 처리수의 화학 조성과, 광분해에 의한 수산기 라디칼의 생성 메커니즘을 밝히고자 전산 모델과 실험을 통해 파악
및 비교 분석하였다. 플라즈마 처리 시간에 따른 활성종들의 농도 분포를 파악하기 위해 플라즈마 영역을 0차원으로, 기체 및 방전수 영
역을 1차원으로 계산하는 전산 모델을 개발했으며, 대기압 표면유전장벽방전에서 발생한 여러 화학종들이 기체와 방전수 영역으로 확산,
용해, 화학반응으로 인해 시간에 따라 변화되는 농도 분포를 관찰하였다. 또한 자외선 광분해에 의한 전체 화학종들의 농도 분포의 변화
를 관찰하고, 습도 및 자외선의 스펙트럼 및 세기에 의한 영향도 파악하였다. 개발된 모델은 플라즈마 처리수에서 외부 자외선 광원으로
수산기 라디칼 발생 및 활성종을 제어하는 데 유용할 것이며, 더 나아가 플라즈마 구동조건 등을 바꾸었을 때 일어나는 조성 변화 등을 연
구하는 데 유용한 기반이 될 것으로 기대된다.
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2CDB13D
대기압 약전리 플라즈마는 기존의 저압 저온 플라즈마와 차별되는 여러 독특한 장점으로 인해 환경, 재료 분야를 넘어 식품, 농업, 생의학
등 다양한 분야로의 응용이 시도되고 있다. 이를 위해 여러 종류의 대기압 플라즈마 발생기가 개발되었으며, 대표적으로 유전장벽방전
(Dielectric Barrier Discharge, DBD)형 플라즈마 발생기는 비교적 단순한 구조와 성능 신뢰도가 높은 장점을 살려 여러 목적으로 활용되
고 있다. 그러나 플라즈마 응용의 목표 대상이 다양해지고 인체와 같이 고차원의 형상을 가짐에 따라, 유연하고 신축성 있는 플라즈마 발
생기에 대한 수요는 빠르게 늘어나고 있다. 이에 우리는 유연성을 가진 플렉시블 DBD(Flexible DBD, FXDBD)를 제작, 그 특성과 활용 가
능성을 실험적으로 고찰하였다. 유연한 기판 위에 일정한 패턴을 가진 전극을 구성하여 높은 변형 자유도를 가진 FXDBD를 개발하였고,
제작된 플라즈마 발생기의 안정적인 플라즈마 생성 여부, 전극 및 기판의 변형 한계와 소모 전력, 농도 측정기를 이용한 오존 및 질소 화합
물의 발생 특성을 평가하였다. 제작된 FXDBD의 가장 큰 특징은 전극의 물리적 및 화학적 변화가 플라즈마 발생 특성 변화로 나타난다는
점이며, 이러한 특징을 전극의 기하 구조에 따른 화학종 발생 비율 변화를 통해 확인할 수 있었다. 더 나아가 제작된 FXDBD의 실제적인
응용으로서 플라스틱 봉지 내 제한된 공간에 효과적으로 플라즈마를 발생시키기 위한 '파우치 플라즈마'의 개념을 실현, 블루베리를 대상
으로 품질유지 기간 증대 효과를 실험적으로 확인해 보았다. 본 연구결과를 통해 일회용에서 반영구적 사용에 이르는 FXDBD의 응용 가
능성을 보았고, 이러한 결과가 추후 플라즈마 기술의 응용 및 실용화를 위한 기초 연구자료로서 이용될 것을 기대한다.
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2CDB13D
A Johann-type X-ray spectrometer which has high resolving power is needed to research warm dense matter X-ray
absorption spectroscopy. The Johann-type X-ray spectrometer to resolve the energy range from 564 eV to 584 eV is
constructed with a cylindrically bent crystal. The crystal will resolve incident x-ray lights and make the lights of certain
wavelength converge to a point on the Rowland circle of the crystal. The important advantage of this spectrometer is that
we can get high resolution regardless of the size of the X-ray source. The resolving power of the Johann-type spectrometer
can be calculated with a non-linear resolution curve which is derived by adding some variational term to Bragg law. This
spectrometer will have about 11700 resolving power at 574 eV when we assumed the X-ray source is a point source.
This work is supported by NRF of Korea (No. NRF-2016R1A2B4009631 and NRF-2015R1 A5A1009962).

5IG?B4C

Johann-type X-ray spectrometer, resolving power, size of x-ray source

-1154-

2018 가을학술논문발표회 및 임시총회(2018 KPS Fall Meeting)
2018-10-24 - 2018-10-26

P2-pl.036*

플라즈마처Z수생성]자외선조[Y_한수산W활성종8I4B?HI<
B14931<생성량제어연구
박주영1, 박상후2, 이현규1, 최원호*1, 2
물리학과, 2한국과학기술원 원자력 및 양자공학과
wchoe@kaist.ac.kr

1한국과학기술원

2CDB13D
다양한 분야에 응용하기 위한 여러 방법들이 전 세계적으로 활발히 연구되고 있다. 특히 활용성을 높이기 위해 활성종을 액상형태로 보관
할 수 있는 플라즈마 처리수에 대한 연구가 주목을 끌고 있다. 본 연구팀에서는 대장균(E.coli)으로 형성된 바이오필름이 과산화수소
(H2O2), 오존(O3), 수산기 활성종(OH*)의 순서로 제거에 효능을 보인다는 것을 확인하였고, 특히 수산기 활성종의 경우에는 플라즈마
처리수 내 농도가 다른 활성종에 비해 약 100-10,000배 이상 적음(0.1mM)에도 불구하고, 상당한 바이오필름 제거효과를 보인 바 있
다. 본 연구에서는 플라즈마 처리수 내 수산기 활성종의 생산기작으로서 플라즈마에서 방출되는 자외선으로 발생하는 플라즈마 처리수
내의 아질산(HNO2)과 H2O2 광분해에 대해 연구하였다. 더 나아가 플라즈마 처리수 제조시 외부의 자외선 광원를 사용하여 수산기 활성
종의 광분해 생성을 촉진시켰다. 플라즈마 처리수 내의 수산기 활성종 농도는 HPLC (High Performance Liquid Chromatograph)로 측
정하였으며, 방전수 내에 존재하는 H2O2 와 HNO2와 동일한 농도의 각 용액에 플라즈마 자외선을 조사시켜 생성되는 수산기 활성종을
측정하여 정량적으로 비교 분석하였다. 플라즈마 방출 자외선으로 생성되는 수산기 활성종의 양은 플라즈마 처리수 내의 총 수산기 활성
종의 약 30%를 차지하는 것을 확인하였으며, 자외선 광원을 외부에서 조사했을 경우에는 수산기 활성종의 생성량이 더욱 증가하는 것을
확인하였다. 또한, 전산모사를 통해 수산기 활성종 생성에 큰 역할을 한다는 것을 실험값과 비교하여 확인하였다. 본 발표에서는 H2O2와
HNO2의 비율 및 외부 자외선 광원의 역할과 수산기 활성종 생성량에 대한 상관관계에 대해 발표할 예정이다.
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2CDB13D
Laser-induced breakdown spectroscopy (LiBS) is a high sensitive and fast technique for diagnostics of atoms and ions in
laser-induced plasmas. In this experiment, we have developed LiBS system using ns Nd:YAG pulse laser at 532 nm for
measuring the LiBS signal of Sr isotopes. The repetition rate and the energy of the laser pulse were 1-10Hz and up to 150
mJ, respectively. The ns pulses were delivered and focused on the surface of the test target, and plasmas were produced on
the target surface. Emission light from the plasma is collected by an optical fiber and detected by a spectrometer. Emission
spectrum was measured and analyzed with the pulse energy and repetition rate, and also the number of pulses. We have
determined the optimum condition of ns Nd:YAG pulses to measure the spectra of LiBS for Sr isotopes.
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2CDB13D
A 1-D numerical code is developed for modelling of the He + O2 + H2O plasma from Dielectric Barrier Discharge (DBD)
with a grounded mesh electrode floating to the biological sample. The major Reactive Oxygen Species (ROS) fluxes are
quantified with respect to the applied frequency and the concentration of additives for investigating the effect of ambient
plasma to the chronic wound associated bacteria. In this model, the Helium and Oxygen gas is injected into the vacuum
chamber while the water vapour is assumed to be supplied from the medium of the bacteria sample [1, 2]. The chemical
reaction models are given by combining two simplified models capturing the main physicochemical processes including the
surface reactions [3, 4]. The simulation is validated by comparing the results with the experiment in several operating
conditions and is used to investigating the biocidal effects by analysis the ROS fluxes.
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1부산대학교

2CDB13D
Field emission 효과를 반영하여 방전 곡선을 수학적으로 분석한 선도적인 연구 덕택에 [1,2] 기존의 방전 이론으로는 설명되지 못한 수
micro-meter 간격 사이에서의 방전 현상에 대하여 새로운 시각으로 접근할 수 있게 되었다. 플라즈마 공정 중에 발생하는 미세 방전 현
상은 웨이퍼 손상과 오염, 공정 장비의 가동 시간에 큰 악영향을 미쳐 큰 손실을 야기하므로 해당 현상을 억제하는 것이 매우 중요하다. 많
은 연구들이 미세 방전 현상에 대하여 이루어졌지만 대부분이 실험에 의하거나 1차원 시뮬레이션을 이용하여 현상을 관찰하였다 [2]. 본
연구에서는 GPU로 병렬화된 2차원 Particle-In-Cell (PIC) simulation 코드를 활용하여 플라즈마 공정 장비의 하부 전극 위에 존재하는
패턴 간격을 조절하면서 ion-enhanced field emission 효과를 시뮬레이션에 반영하였을 때 플라즈마의 주요 요소들의 변화 양상에 대해
서 설명한다.
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2CDB13D
마그네트론 스퍼터링 장치는 낮은 온도에서 고품질 박막을 대면적으로 증착하기에 쉬워 반도체 및 디스플레이 생산에 적용되고 있다. 마
그네트론 스퍼터링은 플라즈마 산포가 있으며 이는 Target 사용효율을 저하시킨다. Target 사용효율은 표면에서 이온의 밀도, 에너지 분
포, 각도의 분포에 직접적인 영향을 받는다. 본 연구에서는 Particle-In-Cell (PIC) 시뮬레이션을 이용하여 Power driven 조건에서
Power 및 구동 파형의 변화에 대해 Target에 입사하는 이온의 밀도, 에너지 분포, 각도의 분포 변화 양상을 알아보았다. PIC 시뮬레이션
은 각 입자의 움직임을 따라가며 스퍼터링 현상을 시뮬레이션하고, Target에서 아르곤 이온의 에너지 및 각도 분포를 계산할 수 있다. 시
뮬레이션 코드는 OpenMP로 병렬화하여 계산 시간을 단축하였다. 또한, Target 표면의 Sputtering 형상이 그 후의 시간에서의 플라즈
마 특성 및 막질 분포에 미치는 영향을 함께 관찰하였다.
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2CDB13D
As the size of plasma systems reaches multiple square meters, several phenomena lead to non-uniform plasma production;
as a result, the requirement for real-time monitoring of plasma uniformity is increasing, particularly for industrial plasmas.
Although non-intrusive diagnostics (e.g., optical emission spectroscopy) are preferred to monitor such plasmas, line (or
volume)-integrated measurement is indispensable. Thus, special attention has been paid to the tomographic reconstruction
technique; however, limitations remain for tomographic diagnostics for ultra-large-area plasmas. Here, we report an
inversion technique that remarkably improves the performance of tomographic reconstruction for large-area industrial
plasmas. A computational tool for the tomographic reconstruction with Philips-Tikhonov regularization was prepared, and
reconstruction performance tests were conducted using artificial (phantom) images (namely, expected plasma emission
distributions). While very sparse line-of-sight and projection data result in poor reconstruction performance, two suggested
operators, which constrain the reconstruction solution, noticeably improve the reconstruction performance and reduce the
overall reconstruction error. Although the projection data are contaminated by random noise (< 5% of data), the
reconstruction error was improved by 43.8% and 40.5% for flat- and hollow-shaped phantoms, respectively. The
computational analysis clearly demonstrates that tomographic plasma diagnostics with the proposed inversion technique
can be used as a real-time tool for detecting arcing and monitoring plasma spatial uniformity in large-area industrial
plasmas.
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1한양대학교

2CDB13D
본 연구에서는 DC glow discharge 챔버에서 생성된 중수소 플라즈마의 흡수스펙트럼을 측정하였다. 측정한 전이선은 Balmer-α
line(n=3→n=2, 656.101nm)이며, 광원으로는 external cavity diode laser (ECDL) system을 사용하였다. 광원의 선폭은 <10MHz
이며, scan range는 ~60GHz 이고, 흡수신호의 측정은 photodiode를 사용하였다. 600~1500mtorr의 압력에서 400~600V DC
power를 인가하여 플라즈마를 생성하였다. 측정된 흡수 스펙트럼은 Balmer-α line에 존재하는 7개의 전이선의 중첩으로 나타나게 되므
로, 7 peak fitting 이론식을 이용함으로써 원자온도를 결정하고 분석하였다.
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2CDB13D
Atmospheric argon plasma experiments with pulsed microwaves were performed. Immediately after the pulse on, the
electron temperature rapidly increases because relatively high power can be delivered to the low-density electrons. The
increased electron temperature enhances the electron impact ionization or excitation and these reactions consume the
kinetic energy of the electrons. The rapid increase and decrease of atomic, molecular, and continuum emissions are
observed due to the strong dependence of the emissions on the electron temperature. The electron collision reaction
converts the energy of the electron into the chemical energy of the reactive species during the pulse on time. Because
many of the reactive species have a relatively long lifetime, they serve a role of energy storage. The stored chemical energy
in the reactive species is then released at the pulse off time to the effect that the decline of electron density is delayed,
thereby facilitating the discharge at the next pulse by maintaining a sufficient density of seed electrons. Global simulations
based on the above scenario will be discussed.
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높은 비추력을 가지는 홀 (Hall) 효과 추력기는 다양한 우주 비행체 임무에 이용되어 왔다. 추력기의 출력 및 효율에 관련된 기초 연구로서
자기장과 수직 방향의 전기장을 가지는 Cross-Field 방전 장치 내에서의 비정상 전자 수송 현상과 높아진 전자 이동도가 이전 연구에서
직교좌표계에 대해 관찰되었다 [1]. 본 연구에서는 Particle-in-Cell (PIC) 시뮬레이션을 원통좌표계에서 구현하여 홀 효과 추력기에서의
전자 수송에 대해 연구를 수행했다. 저압 범위에서 cross-field 방전 장치 내에서의 전자이동도는 고전적인 특징을 갖지 않는다는 것이 관
측되었다. 비정상 전자 수송 현상은 큰 전자 유동 속도로 인한 방위각 방향의 요동으로 설명되는데, 이로 인한 비정상 전자 수송 현상은 플
라즈마 불안정성에 영향을 미친다. 높아진 전자 수송에 관한 이론을 정리해보면 압력이 낮아질 때 전자와 중성종의 충돌이 무관하며 이차
전자 방출보다 이러한 불안정성의 영향이 cross field 수송에 더 중요한 역할을 한다는 것이 밝혀졌다.
[1] Lafleur et al. Physics of Plasmas , 053502 (2016).
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Transient high heat flux effect on the thermal damage of divertor is considered to investigate the thermal induced macro
crack on tungsten by the type-1 ELM. According to ITER divertor design [1], the stationary temperature of divertor surface
is lower than grain growth temperature of tungsten. While ELM (Edge Localized Modes), Transient heat loading condition
can deliver high heat flux of 1 GWm-2 with transition time scaled of several tens of Hz on the strike point of the divertor.
This transient heat load may cause the grain growth of tungsten, resulting in the macro-crack generation on tungsten
surface. In this study we focused on the investigation of the mechanism of grain growth and macro crack generation
caused by transient high heat flux loading while the bulk temperature is lower than the grain growth temperature. For this
experiment, ITER-grade double forged tungsten manufactured by Plansee was chosen as the target. Transient heat loading
on target was carried out with a transferred arc plasma torch (SNU-THLT) having the rising and the fall time scaled of msec,
delivering the peak heat flux 0.2 GWm-2, and repetition frequency is 30 Hz for each target exposure. Exposure time was 20
sec and 600 sec which correspond to 600 cycles and 18000 cycles of transient heat flux peak, achieving the surface
temperature of the target tungsten up to 1500oC when arc plasma landed on the target. The bulk temperature was 1100
oC measured with 2-color pyrometer. To consider fatigue crack, Arakcheev’s model was adopted for strain calculation.

From the EBSD results, grain growth was observed at the 18000 cycles, but not until 600 cycles. With grain growth, the
depth of crack developed from 6.3 μm to macro crack 1.5 mm under the condition of 600 cycles and 18000 cycles
relatively. As the stress induced by single heat flux was 0.3 GPa that couldn’t exceed yield strength 0.4 GPa, the mechanism
for crack generation was fatigue induced by transient heat flux. From the SN curve, non-grain growth tungsten surface
gets failure at the repeated heat flux of 300 cycles. But, after grain growth occur, the life time of failure decrease to 100
cycles which was relatively big difference with loaded 18000 cycles of heat flux. Loewenhoff [2] also suggested the effect
of grain growth in the developing process of macro crack. From our grain growth depth simulation, 1 GWm-2 and 10 Hz of
ELM can cause the same grain growth depth with our experimental case in 1 min. So, the crack generation can be
enhanced by grain growth in the early phase of fusion operation.
[1] T. Hirai, et al., Fusion Engineering and Design 9 (2016)
[2] Th. Loewenhoff, et al., Nuclear Fusion 55 (2015)
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본 연구는 모델 기반 탐구활동을 통해서 과학중점고등학교 학생들의 메타모델링지식과 모델링능력의 변화를 분석하고 메타모델링지식과
모델링능력사이의 관련성 및 특이점을 파악하는데 목적이 있다.
모델 기반 탐구는 모델의 과학사적 발전과정에 대한 수업을 시작으로 총 17시간동안 진행되었다. 전 과정을 이수한 4명의 학생들을 대상
으로 메타모델링지식의 변화를 분석하고 모델 산출물과 학생들의 사용언어를 통해 모델링 능력의 변화를 분석하였다.
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협력적 문제해결 (CoProC) 모델 프로그램에 기반한 인성역량과 협력적 문제해결력 평가 도구가 개발되어, 신뢰도와 타당
도를 검증받았다. 이 연구에서는 개발된 도구를 이용하여, 협력적 문제 해결 모델 프로그램에 참여한 고등학생들의 인성역
량과 협력적 문제해결력의 상관관계를 분석하였다. 과학중점학교의 1학년 10개 반 학생 모두가 참여하였고, 그 중 4개 반
학생의 인성역량과 협력적 문제해결력을 분석하였다. 수업은 7개의 주제로 7차시에 걸쳐서이루어졌고, 사전사후에 인성역
량을 측정하였고, 매 차시마다 결과물을 분석하여 문제해결력을 평가하였다. 평가는2명의 연구자가 수행하였다.
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영구자석과 강자성 물체 사이에 작용하는 자기력은 일상적으로 경험할 수 있고 활용되고 있는 중요한 힘이다. 그럼에도 불구하고 이러한
자기력을 현상론적으로는 쉽게 다룰 수 있지만, 중력이나 전기력에 비해 정량적으로 다루기가 어렵다 [8,9]. 특히 영구자석과 강자성 물
체 사이에 작용하는 자기력은 더욱 그러하다. 강자성 물체가 영구자석에 붙는 자기현상의 원인에 대하여, ‘철이나 니켈과 같은 원소로 된
강자성 물체를 자석 가까이에 두면 자석의 자기장에 의하여 자기화가 일어나 강자성 물체는 일종의 자석이 되며, 이로 인하여 두 자석 사
이의 자기력에 의하여 붙게 된다’ 라는 정도의 정성적인 설명이 일반적이다.
이 연구는 물리교육을 위하여 영구자석과 강자성 물체 사이의 자기력에 대한 배경지식을 제공하다는 취지에서 이루어진다. 이 연구의 목
적은 영구자석과 강자성 물체 사이의 자기력에 대한 정량적인 표현을 구하고, 이를 물리교육의 실험수업에서 사용되는 영구자석과 강자
성 물체에 적용하는 것이다. 이러한 목적을 위하여 이 연구에서는 강자성 물체인 주철, 주강, 판강의 자기화 특성과 영구자석인 AlNiCoⅤ
자석의 자기화 특성을 검토한다. 그리고 영구자석과 강자성 물체 사이의 자기력을 유도할 것이다. 또한 유도된 자기력을 적용하여 영구자
석인 AlNiCoⅤ 자석과 Ferrite 자석이 주철, 주강, 판강을 재질로 하는 강자성 물체에 작용하는 자기력을 구하고 그 결과를 논의할 것이
다.
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기하광학 관련 개념에 대한 많은 연구결과는 학생들이 가지고 있는 빛과 상에 관련된 개념들이 다양한 오개념들을 포함한다는 것이며, 학
생들을 지도하는 교사들 또한 학생들이 가지는 다양한 오개념들을 가지고 있다는 것이다. 이러한 문제에 대한 주된 원인들으로는 기하광
학적인 관점에서 물체에 대한 개념, 광선에 대한 개념과 광선 작도의 역할에 대한 이해, 눈의 기능과 역할에 대한 기학광학적의 관점에서
의 이해, 스크린의 역할에 대한 이해 등이 부족하다는 것이다 [Galili, 1996; 이재봉, 2004; Wyrembeck and Elmer, 2006; 이재봉,
2004; 권경필 등, 2006; Buty and Mortimer, 2008; 백성혜와 김영심, 2008; 백성혜와 정연경, 2009]. 교사들과 학생들에게 어렵게
인식되고 있는 기하광학 개념의 올바른 이해를 위해서는 ‘모든 물체는 점광원의 집합체이다’라는 가장 기초가 되는 물체의 기하광학적 개
념에 대한 이해가 무엇보다도 우선되어야 한다. 물체에 대한 기하광학적인 이해는 기하광학의 모든 개념들이 시발점이다. 이 연구는 물체
에 대한 기하광학적 개념을 이해하고, 물체로부터 나오는 빛의 경로를 효율적으로 추론하기 위한 상과 광학 개념 사이 관계를 연결지을
수 있는 실험적인 근거를 제공할 수 있는 교수 전략에 필요한 광원을 개발하고 활용할 수 있는 자료를 제공한다.
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4차 산업혁명이라는 시대적 흐름에 맞추어 융합인재교육(STEAM), SW기반 메이커 교육 등 다양한 형태의 융합교육이 이루어지고 있다.
이에 따라 학생들의 창의적 융합 산출물이 창작되고 있으나 이러한 산출물에 대한 평가는 거의 이루어지고 있지 않으며 연구 또한 미미한
수준이다. 특히 일반적 산출물과 달리 다양한 영역이 융합되어 있는 창의적 융합 산출물의 경우, 창의성에 대한 영역 일반적 관점과 영역
특수적 관점과 관련하여 한 영역의 전문가만으로 평가하는 것이 적합한가는 의문이다. 따라서 이 연구에서는 산출물의 창의성을 평가하
는 대표적인 방법인 합의적 평가기법(Consensual Assessment Technique)을 활용하여, 초등 영재가 산출한 과학과 미술 분야의 융합
산출물에 대한 네 개의 전문가 집단의 창의성 평가 결과를 비교하고자 한다. 연구대상은 초등학교 과학영재 학생들이 제작한 그림자 아트
15점이고, 연구 참가자는 물리학자와 미술가 각 5명, 물리전공 과학교사와 미술교사 각 10명이다. 창의성 평가 결과는 집단 간 상관관계
분석과 Mann Whitney U test와 Kruskal-Wallis H test를 통해 각 집단 간 순위척도 사이의 차이를 분석한다. 이를 통해 창의적 융합 산
출물에 대한 평가는 어떻게 이루어져야 하는지에 대한 시사점을 얻고자 한다.
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최근 우리나라는 문・이과 통합을 통하여 학생이 행복할 수 있는 교육을 추구하고 있다(교육부, 2017). 과학교육도 학생들이 흥미롭고 즐
겁게 임할 수 있는 수업이 절실하다. 과학수업의 경우, 학생들은 과학의 다른 영역에 비해 물리영역을 어려워하는 경향이 있다. 일상적 상
황은 과학적 상황보다 학생들의 흥미를 북돋우며 예술적 상황의 도입은 창의적이고 폭넓은 사고를 활성화한다고 할 수 있다(Cohen, &
Galili, 2001: 이수아 & 박윤배, 2011, 2015). IT 강국인 한국에서는 스마트폰을 이용하여 일상을 사진으로 담는 학생들을 흔히 볼 수 있
다. 디지털 사진기(digital camera)로 찍은 일상을 시(詩)적으로 묘사한 예술작품(디카시: dicapoem)(정훈교, 2018)을 활용하여 즐거
운 과학수업을 위한 모형을 따라 대구시 소재 중학교 1학년학생들을 대상으로 8차시의 수업을 실시하였다.
학생들은 본인이 좋아하는 일상을 예술적으로 표현하였고 그것을 과학적으로 분석하였고, 분석과 토론을 거친 창의적 산출물을 제작하였
다. 연구자는 학교 교육과정을 벗어난 개념의 도입이 평가를 위해서가 아니라 일상적 상황을 정확히 설명하기 위한 것임을 미리 밝히고
창의적 산출물에 대한 학생들의 문제해결과정(PSP: Problem Solving Process)을 살펴보았다. 학생들의 질문에 연구자가 대답하는 과정
에서 교육과정을 넘어서는 내용을 설명하기도 하였다. 예를 들어 ‘비’와 같은 일상적 주제에는 과학, 환경, 윤리와 같은 다양한 영역의 개
념들이 내재되어 있으며 특히, 물리적 시각에서 실제로 내리는 비는 중력에 의한 등가속도운동이 아니라 공기저항력이 커져서 종단속도
로 등속운동을 하며 땅에 떨어진 빗방울은 물결파가 되어 동심원을 그리며 퍼져나가는 등의 내용이 논의되었다. 학생들은 즐겁게 수업에
임하였으며 창의적 활동, 예술적 표현과 과학적 분석, 토론을 거치며 학생들의 질문 내용에 답하는 과정에서 맞춤식 수업이 진행되었다.
일상생활속의 과학의 원리에 대한 학생들의 끊임없는 의문에 답해주기 위해서는 과학 개념에 대한 교사의 다양하고 체계적인 설명과 섬
세한 피드백이 필요함을 알 수 있었다.
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융합인재교육(STEAM) 현장적용에 관심이 높은 관리자 300명과 교사 400명을 대상으로, 그들의 학교에서 STEAM을 적용하는 수준과
STEAM 적용역량에 대한 자기인식, STEAM 교육을 적용하여 학교를 운영하기 위하여 교사와 관리자가 현재 하고 있는 일, 어려운 점, 그
리고 필요한 점에 대한 인식을 설문을 통하여 조사하였다. 분석 결과에 기반하여 STEAM 현장적용의 두 주체인 교사와 관리자가 현장적
용을 어떻게 인식하고 있는지와 현장에서 STEAM을 확대할 수 있는 방안에 대하여 논의하고자 한다.
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관은 정상파의 생성과 공명현상을 이해하기 위한 기본적인 실험도구이다. 이 연구에서는 실리콘 튜브와 3D 프린터로 제작한 원통관(직선
관), 원뿔관, 나팔관의 음향 특성을 알아보았다. 음향 특성을 분석하기 위해 오실로스코프와 엑셀 프로그램을 이용하였고, 주파수-전압 그
래프 및 푸리에변환 등을 통해 관의 재질과 모양에 따른 음향 특성을 조사하였다. 실험결과 직경이 큰 관은 Q 인자가 작게 나타났다. 또한
나팔관에서는 주파수 범위가 넓게 나타났다. 간단한 구조의 관에서의 음향 특성을 이해함으로써 주변의 많은 관악기의 음향 특성에 대해
알 수 있을 것이다.
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현대 사회에서는 제품의 품질 뿐만 아니라 사용자가 느끼는 감성도 매우 중요한 요소로 여긴다. 주방용 칼은 각 가정에서 사용되고 있으
며, 특히 전문 음식 조리사에게 주방용 칼의 선택 기준은 기능적인 측면과 더불어 사용 중 느끼는 음향 감성적 측면도 크게 작용한다. 이에
따라 본 연구에서는 한국의 전통방식으로 제작된 칼을 포함하여 다양한 주방용 칼의 음향적 특성을 알아보기 위해 소리 분석을 수행하였
다.
본 실험에서는 총 6종류의 전문가용 주방용 칼을 분석대상으로 하였다. 고정된 주방용 칼을 일정한 힘으로 타격하고 그때 발생하는 진동
음을 압전마이크로 측정한 후 FFT(Fast Fourier Transform)분석을 하였다. 실험결과 칼들마다 고유의 음향 특성이 도출되었고, 특히 한
국 전통방식으로 제작된 칼은 다른 비교 대상의 칼들보다 소리가 길게 유지되었으며 다양한 진동수 성분이 존재함을 알 수 있었다.
본 실험 결과와 방법론은 다양한 물체에서의 공명진동수 차이와 감성공학의 중요성을 교육하는데 크게 도움을 줄 수 있다.
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거미줄은 가벼운 소재로 만들어졌으나 구조적으로 최적화되어 있어, 바람이나 곤충의 충돌에 견디는 내구성이나 거미줄의 일부가 파손되
었을 때에도 성능을 유지할 수 있는 견고성이 뛰어난 것으로 알려져 있다.
거미줄의 이러한 특성에 대한 기존 논문들을 기반으로 거미줄 모형을 만들어 다음 두 가지 경우에 대해 실험하였다. 우선, 거미줄의 각기
다른 지점 무게가 실릴 때 거미줄 구조 상의 장력 분포가 어떻게 변화하는지, 두번째로, 거미줄의 각기 다른 부분이 파손되었을 때의 결과
는 어떠한지를 알아보았다.
다양한 조건에 대해 거미줄 각 지점의 위치 측정을 수동으로 수행하는 것은 한계가 있어, 측정을 자동화 하였다. 세 대의 웹캠을 활용하여
컴퓨터 비전으로 구축된 관측 시스템과 소프트웨어는 수동 측정이 곤란한 다체계에 관한 실험이나 동역학 측정에 적용이 가능하다.
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In the known physics courses, collisions are considered mainly in terms of perfectly elastic or perfectly inelastic interactions.
This leaves students with the wrong impression that only such collisions are possible, or that only such collisions can be
solved analytically. Partially inelastic collisions in textbooks are not considered properly, and sometimes the approach to the
problem contains serious mistakes.
In this paper, a fairly clear theory is offered, which is based on an adaptive Cartesian coordinate system, and this approach
can be easily digested by students. The axes of coordinates are plotted tangent and normal to the contact surfaces of the
colliding bodies, and such an orientation simplifies greatly the mathematical equations needed to describe these collisions.
A technique for conducting an experimental study of partially inelastic collisions was also proposed, and it helps students to
develop a clear understanding of such an important concept as the restitution coefficient. In the proposed lab students are
supposed to find values of the restitution coefficient, and they also should figure out these coefficients are practically
independent on parameters of the collision.
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Convection is first introduced by the heat transfer of liquid and gas in Elementary Science 5-1 [Temperature and Heat]
chapter units 7th and 8th, and is the main learning topic to learn later in middle school, high school and university physical
areas. Atmospheric science and geography learn about land and sea breezes, and the mountain and valley winds, which
are related with the gas convection. In order to visualize the flow of air, it is not easy to observe the flows of the incense
smokes in the existing experimental apparatus to carry out the convection experiment by burning it. A gas convection
system which can observe the flow of the directional flow have been developed and use it to investigate the characteristics
of the flow direction according to the variables related to the convection system.
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The characteristics of shadows has been learned in the Science 4-2 [Mirror and Shadows] chapter revised 2009 curriculum.
The characteristics of shadows depend on the operating variables – the size of the object, the distance between the light
source and the object, and the distance between the light source and the screen and the physical properties of the light
source or object – the size of light source and shape of object. In unit 10, the shadow size depends on the variable A and
the variable B at the same time for moving light source. The experiment processes need to be reconstructed in order to
analysis the dependence of individual variables. In the case of a light source, The characteristics and sizes of shadows are
depended on the size of light sources, the spherical light source, and the planar light source. In the case of a spherical
shape, the distance between the light source and the object and the size of the object depend on the distance between the
light source and the object at the point where the light ray meets the spherical surface.
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