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Kp-1V-088 The Role of SPS (Bis-(3-sulfopropyl)-disulfide, disodium salt) in Cu Plating

LEE Youn-Seoung, RHA Sa-Kyun', KANG Sung-Kyu!, JU Hyn-Jin!, LEE Yong-Hyuk, CHOI Eun-Hye

sreHsn SEENTED. | S2HSD WESS D

In Cu film growth by electroplating, there have been interests in the variation of the properties depending on the composition of the plating electrolyte and organic additives. In this
study, we investigated the characteristics of electroplated Cu films according to the concentration variation of SPS(Bis-(3-sulfopropyl)-disulfide, disodium salt). We investigated
the role of SPS in the growth of Cu thin film by electrochemical plating. Cu thin film were plated by electrochemical plating over Cu seed layer (Cu seed layer (40 nm)) and
adhesion/diffusion-barrier(Ta (7 nm)) were deposited onto an p-type Si(100) substrate by Sputter deposition. The electrolyte (CuSO4-5H20 40 g/L, H2SO4 10 g/L, HCI 50 ppm)
and PEG (polyethylene) were fixed. The addition-quantity of SPS was gradually changed from 0 mL/L to 4.5 mL/L. The surface Morphology and roughness were measured by FE
-SEM(Field Emission Scanning Electron Microscope) and AFM(Atomic Force Microscope). The film thickness was measured by a-step. The sheet resistance of Cu thin film was
measured by four-point probe. This work was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (No. 2009-0064627) and Small and Medium Business Administration (SMBA) (No. S1068247).
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Kp-1V-090 Improved endurance in Al-AlOx multilayered resistance switching structure

5 I E, AKBAR Linamdar, & J| g, 20 H& 2 ALY S, 2 Al
S8 Bt s | SF08 513/2,’_2/

Improved endurance in Al-AlOx multilayered resistance switching structure (ZME1, A. 1. Inamdarl, & =1, MJ|F1, 2 S &1,
LA, 2], dEA) S=2Ust D B wstl 2 S30E W 228t We prepared Al-AlOx layered multi-junctions
as alternatwe resistance switching structures and investigated their resistance switching properties. Unipolar-type resistance
switching without forming process was observed with considerably improved endurance properties which are one of key factors for
non-volatile random access memory applications. The mechanism for the observed resistance switching is basically pertinent to the
filament model. The improved endurance properties in the multilayered device is discussed in terms of increased effective area of the
active region where the Reset and Set processes probably occur before the permanent dielectric breakdown.
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Kp-1v-092 The phase change speed and mechanism of oxygen-incorporated GeSbTe films
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The phase change speed in oxygen-incorporated GeZszTes(GST) films were investigated using a nanosecond pulsed laser. The phase
change speed and power requirements for oxygen-incorporated GST films become faster and larger than the corresponding values for
an undoped GST film. The use of a Johnson-Mehl-Avrami(JMA) plot and Avrami coefficient for laser crystallization, confirmed that
the change in growth mode during the laser crystallization is a major determinant for the phase change speed in the oxygen
incorporated GST films. The JMA results and changes in surface morphology indicate that the origin of the change in the crystalline
growth mode is due to an increase in the number of initial nucleation sites produced in the oxygen-incorporated GST films.

Kp-1V-093 | photoluminescience properties for the ZnlIn,S, thin film post annealed in the Zn,In, and S ambient

LEE Sangyoul, HONG Kwangjoon
Department of Physics, Chosun University.

The CdIn2S4 films were grown on semi-insulating GaAs (100) by HWE method. To understand the point defects in the CdIn2S4
films, the low PL experiments were conducted before and after thermal annealing in various atmospheres. The free excitons of lh, and

hh, have been found in the as-grown CdIn254 films, and the energy gap splitting between lh, and hh, was 8.2 meV. It is associated

with the strain caused by the lattice mismatch between the substrate and the film in the heterojunction growth. The (D°, X) origin can
be ascribed to the donor level, which originated from the V¢ or Cd,  because of stoichiometric deviation, through the thermal annealing
in various atmosphere. From this emission, the ED value of the donor impurity level is extracted to 0.1950 eV. Also, the FA emission
became a dominant peak after S atmosphere treatment. Thereby, the EA value of the acceptor level turned out to be 0.2371 eV. This
indicates that the origin of the FA emission is related to V4 or S; . From these PL results, we confirmed that CdIn2S4:S was

converted into the optical p-type. DAP emissions originated in the recombination between donors such as V¢ or Cd, ,, and acceptors

nt?
such as V4 or S; .. The SA emission completely disappeared from the PL spectrum after annealing in the Cd atmosphere while it

hardly changes after annealing in S atmosphere. We believe that the SA emission is only related to the V¢, Cd, , or their complex.

Finally, In in CdIn2S4 film is not related to the formation of native defects because In is a stable ingredient of CdIn2S4. Based on these
PL results, we schemed out a new energy-level diagram of the recombination process in CdIn2S4.



Kp-1v-094 An analysis of temperature-dependent photoluminescience - spectra in photoconductive ZnSe

layers
HONG Kwangjoon
Department of Physics, Chosun University.

The ZnSe/GaAs epilayers were grown on the semi-insulating (100) GaAs by HWE method. The optimum growth temperatures of the
substrate and the source containing ZnSe powder were found to be 400 “C and 670 °C, respectively. FWHM from the x-ray rocking
curves and thickness were obtained to be 195 arcsec and 1.8 mm, respectively. The PL measurement showed that the dominant peaks at
2.7988 eV and 2.7937 eV obtained from the as-grown ZnSe epilayer corresponded to the upper and the lower polariton peak of the

exciton, I, (Do, X). This polariton peak is associated with the strain due to the lattice mismatch between substrate and epilayer. When
the samples were treated in the vaccum, Zn, and Se-atmosphere, respectively, the 1, peak was observed and its origin was not related to
V,, but Vg . The donor-impurity binding energy was calculated to be 25.3 meV . The exciton bounded to a neutral acceptor, I, ;, was
also seen. However, the I,; emission and its LO phonon replicas were dominate peak in the spectrum of ZnSe/GaAs:Se. The PL
measurement showed that the ZnSe/GaAs:Se epilayer was obviously converted into the p-type and its origin of the I1d is related to

V.
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Kp-IV-100% | 1nternal Photoemission Studies of Resistive Switching Pt/SrTiO; Junctions

LEE Eunsongyi, GWON Minji, KIM Dong-Wook
Ewha Womans University, Department of Physics.

We investigated transport and photocurrent characteristics of rectifying
junctions consisting of Pt electrodes and Nb-doped SrTiO, (STO) single crystals.

The junctions exhibited resistive switching upon polarity reversal of applied
voltage [1]. Estimation of barrier heights was attempted by not only conventional
transport analyses but also internal photoemission (IPE) measurements. The
latter method is beneficial for the junctions with spatially inhomogeneous barrier
height or tunneling current contribution [2]. Photocurrent of the junctions was
measured while varying the incident light wavelength in the range of 300 ~ 1100
nm. Photons can induce band-to-band transition of electrons in STO and excite
electrons from metals over the Schottky barrier across the junction. Resistance-
state dependence of the IPE spectra was examined and compared with the
current-voltage characteristics. The influence of the doping ratio on the resistive
switching behaviors will be also reported. [1] C. Park, Y. Seo, J. Jung, and D.-W.
Kim, J. Appl. Phys. 103, 054106 (2008). [2] H. Kim, C. Park, S. Lee, and D.-W.
Kim, J. Phys. D: Appl. Phys. 42, 055306 (2009).

Kp-1V-101 Binding energy study from photocurrentsignal in CdIn,S, thin film

YOU Sangha, HONG Kwangjoon
Department of Physics, Chosun University.
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The CdIn2S4 films were grown on the semi-insulator substrate of GaAs by using HWE method. The grown CdIn2S4 films were
evaluated to be high quality crystals from the DCXD result. From the PC measurement, three peaks appeared at the short wavelength
region in the PC spectra in the temperature range of 30 and 10 K while only two peaks with strong intensities at temperatures of
between from 293 to 50 K were observed. This reduction was influenced by the scattering probability between carriers since the
carriers at low temperatures below 30 K are in a frozen state. Thereby, the three peaks were observed in low temperature. In addition,
these three peaks caused by the transition from the I'y(z), I's(x), and [';(y) valence band to the exciton below conduction band were

associated to the E (A), E,(B), and E,(C) excitons, respectively. Also, from the split gap energies between the three peaks, we found

that the Acr and the Aso values were taken to be the values of 0.122 and 0.017 eV, respectively. Thus, the optical band gap obtained
from the PC measurement was well described by the Varshni's relation, Eg(T) =2.7116 eV — (7.65 x 10 eV/K)T%/(425 + T).

Consequently, it has now become clear that the band-gap energy can be easily extracted through the PC spectroscopy.



Kp-1v-102 Comparative Study by combination of Organic Additives in Copper Electrodeposition

SEO Jung-Hye, YUN Hyung Joong, LEE jouhahn, LEE Yong-Hyuk!, LEE Youn-Seoung', HONG Kimin?
Korea Basic Science Institute, Dukjin Dong 1-Ga 664-14, Jeonju 561-756, Korea.. Department of Information Communication

Engineering, Hanbat National University, Daejon 305-719, Korea.. *Department of Physics, Chungnam National University, Daejeon,
305-764, Korea.

We investigated the effects organic-additives of the electroplating solution in the resistivity value of Cu films grown by electroplating
process. Cu and Ti of 20 nm, respectively, were deposited onto an p-type Si(100) substrate by sputter deposition for use as a seed layer.
Potentiostatic electrodepositions were carried out using the three terminal methods with a platinum plate as a counter electrode. The
electroplating bath was composed of Cu, H,S0,, CI and three organic additives (accelerator, suppressor and leveler). In this study, the

plating electrolyte has been fixed, and the contents of accelerator for enhancement of plating current density, suppressor for restraint of
plating and leveller for formation of a uniform thickness were changed. The resistivity was estimated by four-point probe and FE-SEM.
The material properties were investigated with XRD, AFM, FE-SEM and XPS. This work was supported by “System IC 2010 project
of Korea Ministry of Knowledge Economy and Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and Technology (No. 2009-0064627).
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Kp-1V-103 Measurement of Noise characteristics for the reliability of CIGS thin film solar cell

PARK Joonwoo, SEO Yohan, CHUNG Yong-Duck!, KIM Jeha!, JEONG Heejun
Hanyang University, Department of Applied Physics. !Electronics and Telecommunications Research Institute, Thin Film Solar Cell
Technology Research Team.

We studied on the transport and noise characteristics of the CIGS thin film solar cells under forward bias. CIGS thin film as the
absorber layer with Ga-contents ranging from 0.3 to 0.4 was grown on Mo/glass substrates by single layer co-evaporation. I-V
characteristics and electronic noise as a non-destructive reliability indicator of the devices were measured and analyzed. From the
measurement results, we observed that the current noise spectral density is proportional to the square of the forward current in the
region where Ohm’s law is valid. In addition, from the plot of the noise voltage spectral density versus applied DC voltage, we found
that the noise spectral density related to defects shows noise spectrum. As the results of noise properties, we found that the solar cell
with lower noise level has higher conversion efficiency. This work was supported by the National Research Foundation (NRF) grant
funded by the Korean Government(MEST) (No0.2009-0075053).



Kp-1V-104 | characterization of p-CuGaSe,:Co/n-CdS heterojunction solar cell
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Kp-1V-105 Study on the crystal field splitting energy of photocurrent for ZnIn,Se, single crystal thin film

grown by Hot Wall Epitaxy
PARK Hwangsook, HONG Kwangjoon
Department of physics Chosun University.
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Kp-1v-106 Fabrication and Electrical Properties of an Individual ZnO Nanowire Field Effect Transistors

LEE Young Tack, HA Ryong!, CHOI Heon-Jin!, IM Seongil
STMYEl i, E2/8t . 1AM SHid, AL THZ S,

In the past decade, significant efforts have been focused on the development of one-dimensional nanostructure devices due to high
possibility for new technology and future application. ZnO nanowires (NWs) have attracted much attention for high mobility and
sensing properties. In this work, we report a novel method to fabricate high performance field effect transistors (FETs) based on ZnO
NWs.ZnO NWs were grown by carbothermal reduction method. The source (mixtured ZnO/C) was loaded in an Al,O, boat, which was
set at the center of the tube furnace. The growth was performed at 800 °C for 30 min under flow of Ar (100 sccm) as a carrier gas. To
fabricate the NW-based FETs (~50 nm in diameter), the ZnO NWs as a channel were dispersed on SiO, (200nm)/p*-Si substrate. The
Al source/drain (S/D) electrodes were deposited by a thermal evaporation on the dispersed ZnO NWs and patterned by a combination
of photo lithography and lift-off process. The S/D distance (channel lengths) was L = 15um.Our ZnO NW-based FETs showed a
maximum field effect mobility of 151.7 cm?/V s, operating at Vs = -8V with the on/off current ratio and very small subthreshold

swing (S.S.) of ~10° and ~100 mV/decade, respectively. Transconductance in the linear triode region, g, (= dlyg/dV o) was 79.14 nS

and ~0.213 uA, respectively under V¢ of 1 V.More and advanced details will be discussed in the meeting.

Kp-IV-107* | Growth and Electrical Properties of (Sr,_, La )TiO, Ultra-thin Films on SrTiO,
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We have made (Sr,_, LaX)TiO3 (SLTO) ultra-thin films on SrTiO3 with various thicknesses on Ti-O terminated SeriO3 substrate
using Laser-Molecular Beam Epitaxy(Laser-MBE). The growth was in situ monitored by specular spot intensity oscillation in
reflection high energy electron diffraction (RHEED). We investigate the effect of film thickness on the structural and electrical
properties of the thin films. It was found that the electrical resistivity increased from 1.86 x 103 Qcm to 1.298 x 10° Qcm with
decreasing the film thickness from 50 unit cell to 2 unit cell. We also confirmed Metal-Insulator transition (M-I Transition) at a critical
thickness. The critical thickness also depended on the existence of SrTiO, capping layer on the top of the SLTO layer. The comparison

of electrical properties between the bare and capped SLTO layer is made and discussed in this study.



Kp-1V-108* |  Retention and Endurance Properties of Resistive Switching SrTiO; Single Crystal Junctions
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For next generatlon nonvolatile memory devices, there have been intensive 1075 i
researches to investigate the resistive switching phenomena. High resistive state f « LRS . *
(HRS) and low resistive state (LRS) correspond to two distinct states for I il
information storage. To realize reliable devices, long retention and high data
endurance properties should be guaranteed. However, fundamental
understanding on the underlying mechanism is still lacking in oxide-based
resistive switching devices regarding such reliability issues. In this study, we
investigated retention and endurance properties of Pt/SrTiO; junctions,
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exhibiting bipolar resistive switching behaviors. The junctions, with 0.5 % Nb-
doped SrTiO,, showed large resistance change ratio of 103 (10 Ohm for HRS

and 10* Ohm for LRS). Whereas the junctions, with 0.05 % Nb-doped SrTiO;,

the resistance ratio only about 10. We carried out analyses on the current-voltage 3 i i i i
characteristics to find possible relevance between the transport mechanism and 10" 10’ 10° 10° 10" 10°
resistive switching behaviors. We also compared the reliability characteristics of )

the junctions and their dependence on the doping ratio of SrTiO,. Tlme(sec)
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Kp-1V-110 | photoluminescience properties for the CdIn,Te, single crystal post annealed in the Cd, In, and

Te ambient
HONG Kwangjoon
Department of Physics, Chosun University.

From the PL measurement, the observance of the Ex and bound excitons in the as-grown CdIn2Te4 crystal indicates that the grown
crystal is a very high optical quality. From the PL spectra obtained from the as-grown CdIn2Te4 crystal and the various heat-treatments
crystals, the (D°, X) emission became the most dominant intensity in the PL spectrum of the CdIn2Te4:Cd, while the (A°, X) emission
completely disappeared in the CdIn2Te4:Cd. However, the (A°, X) emission maintained the dominant intensity in the CdIn2Te4:Te.
Based on these results, the (D°, X) and the (A°, X) emissions were found to be originated to the V. acted as a donor and the V-, acted
as an acceptor, respectively. Also, the binding energies of these emissions are turned out to be 30.1 meV and 42.1 meV, respectively.
Thus, we confirmed that the CdIn2Te4 crystal was obviously converted into the n-type after the Cd atmosphere treatment. The origin
of emissions related to (D°, A°) is caused by the interaction between donors such as V. or Cd, ,, and acceptors such as V-, or Te, ..
The SA emission disappeared after the Cd atmosphere annealing and increased after the Te atmosphere annealing. This means that the
origin of the SA emission is related to the V4, Te; ,, or their complex, which acted as acceptors. Finally, the In in the CdIn2Te4 crystal

is not related to the formation of the native defects because the In is the stable ingredient of CdIn2Te4.
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Kp-1V-111 Instability of Ge Sb,__ films during phase change

o 55, Y 2 8 88, X Bls, 1 (1E?

SIMYSid S2] L EES2 1AMYSid EOIMFE L DS ZLE. 2AMYSHiD Y 28

Phase change properties in Ge Sb,_ films with various compositions (Ge,, ;Sb, 5, Ge,, ,Sbgs ¢, and Ge, (Sby, ,) were investigated.
A change in crystalline structure indicated that the phase separation occurred over the phase change temperatures of the films, and this
change was dependant on the composition of Ge, Sb, . Extended x-ray absorption fine structure (EXAFS) experiments showed a
change in the bond coordination of Ge from 4-fold to 3-fold during the phase change. From fitting results of EXAFS data, it is
confirmed that Ge-Sb bond is dominant chemical bond in amorphous state. In addition, the amount of Ge-Sb bond in the amorphous
state increases with increasing Ge content, which crucially affects the phase change temperature from amorphous to crystalline state.
However, as annealing temperature increases, the phase separation of Ge gradually occur due to weak Ge-Sb bond in crystalline state.
This is dependent on the Ge content on Ge Sb, film. Moreover, Raman spectra showed a suppressed Peierls distortion which is
originated from the presence of the Ge-Sb bond in crystalline state.
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Kp-1v-112 Inter-Band Transition of Cuprous Oxide thin films
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Kp-1V-116* Optical Characteriztion of Cu(In,Ga)Se, Grown by Thermal Co-evaporation
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Kp-1V-119 | giectrical and Optical Properties of Amorphous IGZO Thin Films as a Function of O, Pressure

DHO Joonghoe, LEE Minseong, KI Sanghoon
EX W ES
Amorphous InGaZnO, (IGZO), which is a promising material in the giant-microelectronics, is an attractive oxide semiconductor

which has interesting characteristics of transparent and flexible conductivity even through low temperature and simple processes, and
thus it is expected to be used in optoelectronic applications such as flexible display, thin-film transparent transistors (TFTs), solar cells
and etc. In this work, we have investigated the effects of oxygen pressure on the electrical and optical properties of amorphous IGZO
films. IGZO films have been prepared on the glass substrate at the same substrate temperature of 200°C but different oxygen pressures
by pulsed laser deposition. The electrical resistance measured by four-point probe of the IGZO film showed a huge variation of several
orders of magnitude with the change of oxygen pressure. The sheet resistance of IGZO film was minimized at the oxygen pressure of
about 10 mTorr. The chemical compositions of the as-deposited IGZO films were analyzed by energy dispersive X-ray spectroscopy.
We found that the atomic ratio of In:Ga:Zn was distinctively varied with the change of oxygen pressure. Moreover, we found that
oxygen pressure greatly affects on the transmittances of IGZO thin films. Transparent property showed an increase tendency when the
IGZO was deposited at a higher oxygen pressure. Band gap of the IGZO film measured by optical transmittance slightly increased as
the oxygen pressure increased.
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Kp-1V-120 Properties of Indium Zinc Oxide Thin Films Prepared by Pulsed Laser Deposition

KIM YONG SOO, CHOI HAK-SOON, JEONG II-KYO, SHIN MUN-SOO
University of Ulsan, Dept. of Physics.

Recently, n-InZnO/p-CuO oxide diode has attracted great attention due to possible application for selector device of 3-dimensional
cross-point resistive memory structures. To investigate the detailed properties of InZnO (IZO), we have deposited [ZO films on the
fused quartz plate using pulsed laser deposition (PLD) method at oxygen pressure of 1 ~ 100 mTorr, and substrate temperature of RT ~
600 °C. The influence of oxygen pressure and substrate temperature on structural, optical and electrical of IZO films is analyzed using
X-ray diffraction (XRD), scanning electron microscopy (SEM), X-ray fluorescence (XRF), UV-vis spectroscopy, spectroscopic
ellipsometry (SE) and Hall measurements. The XRD pattern shows that the deposited films are polycrystalline over 300 °C of
substrate temperature independent of oxygen pressure. The resistivity of films was increased as oxygen pressure and substrate
temperature decrease. The thickness and optical constants of the deposited films measured with UV-vis spectroscopy were also
compared with those of broken SEM and SE results.
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KT-01(x) Magnetic Semiconductor Spintronics: Opportunities and Challenges

LEE Sanghoon
Department of Physics, Korea University.

It has been discovered that incorporating Mn into the lattice of a III-V semiconductor (such as GaAs) will render the III-V
semiconductors ferromagnetic The ferromagnetism of these alloys occurs because Mn ions, in addition to bringing magnetic moments
into the III-V host, also act as acceptors, thus providing large concentrations of holes. The Curie temperatures (which are determined
by both the Mn and the free carrier concentration) currently reach about 190 K. Major efforts are being made around the world to
increase this value because of the possible applications of I, ,Mn V alloys in spin electronics (“spintronics”), where the vision is to

harness the spin degree of freedom of the electron -- in addition to its charge -- in order to achieve new multi-functional spin-electronic
devices. But for such devices to be of practical importance, they must operate at room temperature. I will discuss the fundamental
magnetic properties of these new ferromagnetic semiconductor materials,; fundamental mechanisms which presently limit their Curie
temperatures; various strategies to overcome this obstacle in order to achieve semiconductors that are ferromagnetic at room
temperature; and I will describe a series of device prototypes based on III-Mn-V alloys which have already been demonstrated, and
which hold promise of spintronic applications once room-temperature ferromagnetism is achieved in these materials.
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LF-01(=) What is the difference between Einstein gravity and Horava-Lifshitz gravity
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We present the difference and similarity between Einstein and Horava-Lifshitz gravity. Also we discuss on the strong coupling
problem in the Horava-Lifshitz gravity.



LF-02(=) What is quantum gravity ?
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We review a novel and authentic way to quantize gravity. This noble clue is based on the fact that Einstein gravity can be formulated
in terms of symplectic geometry rather than Riemannian geometry in the context of emergent gravity. An essential step for emergent
gravity is to realize the equivalence principle, the most important property in the theory of gravity (general relativity), from U(1) gauge
theory on a symplectic or Poisson manifold. Through the realization of the equivalence principle which is an intrinsic property in the
symplectic geometry known as the Darboux theorem or the Moser lemma, one can understand how diffeomorphism symmetry arises
from noncommutative U(1) gauge theory and so gravity can emerge from the noncommutative electromagnetism, which is also an
interacting theory. As a consequence, it can be shown that quantum gravity exists because M. Kontsevich already proved that any
Poisson manifold can always be quantized at least in the context of deformation quantization. This scheme for quantum gravity
resolves many notorious problems in theoretical physics, for example, to resolve the cosmological constant problem, to understand the
nature of dark energy and to explain why gravity is so weak compared to other forces. In particular, it leads to a remarkable picture for
what matter is. A matter field such as leptons and quarks simply arises as a stable localized geometry, which is a topological object in
the defining algebra (noncommutative *-algebra) of quantum gravity.

LF-03(=) An astrophysical test of Horava gravity ?

5t 20

&A= stw 0] 31597 24
Horava gravity has been proposed as a quantum gravity without the divergence problems in UV. I am going to discuss about an
astrophysical test of Horava gravity.



LG-01 Anisotropic cosmology and initial time singularity on the Randall-Sundrum brane world
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X Z2DtXI2| literature on the study of cosmology on the Randall-Sundrum(RS) brane worldl M =SS & 21 2t&41 0], It H RS brane
I A inflation O] Jts A=t SH=EE0IAU2H 20 CHEE CHES BF RS brane 2 positive tension 2| 3 J[JF 5-dim.
AdS bulk 0ll A 2| negative cosmological constant 2| Z gt 2Lt 2 & 2 0l= homogeneous & isotropic inflating metric solution Ol
It sotthe 240IACH D3Ol Brecher & Perry It X & 8H 2 RS brane 2|Ricci-flat §t intrinsic metric2 solution 2 £ | 6t |
El™H Ol M= anisotropic cosmology on the brane &= 28 == QU &Lt =, lE = Hanisotropic universe expansion= Lt EtLH
Z&= Kasner metric 2 vacuum Einstein equation 2| o OlO{ Al Ricci-flat 6tLI 1 XtXIJF RS brane ?I0IA 2| anisotropic
cosmology solution O & Ct. 8t anisotropic universe models 2! Bianchi type-IX (“mixmaster") universe metric2 Ricci-flat RS
brane 2| metric 22 F Gt H &l ™, Belinskii-Khalatnikov-Lifshitz (BKL) singularity 2 2 initial time singularity 7} RS brane world
O E2MEg & 2 = JF JACH

LG-02 Asymptotic classification of Stringlike geometries in 5-dimensions

2 &0l L 2 22,00 AT

SFet XS L KISTI

We find two gauge invariant ADM quantities. The spherically symmetric string-like geometry in $4+1$ dimensions should be
described by this quantities uniquely.



LG-03 Gravity and dark energy from quantum information

JAE-WEON Lee, HYEONG-CHAN Kim!, JUNGJAI Lee? =]

Jungwon University. ' Chungju National University. *Daejin University.

It is suggested that the Einstein equation can be derived by using the Landauer's
principle applied to an information erasure at Rindler horizons and Jacobson's
idea linking the Einstein equation to thermodynamics (Jae-Weon Lee, Hyeong-
Chan Kim, Jungjai Lee arXiv:1001.5445). We conjecture that quantum
entanglement of matter and vacuum in the universe tend to increase with time,
like entropy, and there is an effective force called quantum entanglement force
associated with this tendency.  Gravity and dark energy are types of the
quantum entanglement force similar to entropic force. This gives holographic
dark energy with  the equation of state comparable to current observational
data  (Jae-Weon Lee, Hyeong-Chan Kim, Jungjai Lee arXiv:1002.4568).

LG-04 Dark Star from Thermal Dark Matter

KIM Hyung Do, GONDOLO Paolo!, SCOPEL Stefano?, HUH Ji-Haeng?

NZ20/8Hd Z22/FH 2522 Utah University. *Sogang University. 3 A Z} 8t E2/ & 251F.

Recently the idea of 'dark star' which is fueled by the annihilation of dark matter has been proposed. We study several particle physics
models of dark matter and show that in most dark matter models, dark star phase is inevitable. The assumption is that dark matter in the
universe is explained by the relic density of candidate particles. It occurs to the first star which is so called 'pop III' star and dark star
phase predicts more luminous star with red color compared to the conventional one. The basic property of dark star is also reviewed.



LG-05 Evolution of Hybrid Stars

KIM Hee I1, LEE Hyung Mok

Seoul National Univ., Department of Physics and Astronomy.

We study the evolution of a hybrid star numerically by considering a fully general relativistic hydrodynamics. It is assumed that an
initial polytropic star undergoes a phase transition to a hybrid star instantaneously. The hybrid star is composed of inner quark
matter core enveloped by the normal matter with a polytropic equation of state. The phase transition induces a collpase of the star.
Non-axisymmetric instabilty could arise depending on the initial condition. We compare our results with the previous works and give
preliminary analyses on the onset of non-axisymmetric instability.

LG-06 Pair creation of charged black holes in the presence of the domain or bubble wall

LEE Wonwoo, GWAK Bogeun!, LEE Bum-Hoon?, MINAMITSUJI Masato?
CQUeST, Sogang Univeristy. 'Sogang University. 2CQUeST, Sogang University.

We study pair creation of charged black holes in the presence of the domain or bubble wall in curved space. We obtain the static
domain or bubble wall solutions of the junction equation with a black hole pair.



LG-07 Interacting dark energy in f(R) gravity

KIM kyoungyee, LEE hyungwon, MYUNG yunsoo

oM Ew B FEEEHNSE

One of the most astonishing discovers of the last decades is the observation of a positively accelerated phase of cosmic expansion. In
order to realize this late-time acceleration theoretically, people consider an extra source of energy -momentum with negative pressure
in matter sector of the Einstein field equations. In this way, we calls matters that have negative pressure as dark energy and there are a
lot of candidates for dark energy. Among these, there is candidate of dark energy modifying geometric part of gravitational theory. it is
the so-called f(R)-gravity where f(R) is an arbitrary function of the scalar curvature R. This scenario can describe the early inflation as
well as the late time acceleration of universe by choosing an observationally reliable f(R). We consider the metric formalism of f(R)-
gravity and using the metric approach, variation of this action with respect to provides the field equation. By assuming a spatially flat
FRW metric, we obtains the energy density of ordinary matter and curvature fluid and shows the effect for interaction between the
energy density of ordinary matter and curvature fluid.

LG-08 General Relativistic Hydrodynamic Simulations in Spherical Symmetry

PARK Dongho (1001 (10001) ST Pe——r— (159401 ,-3.00+00)
Seoul National University & KISTI. L A

In order to investigate the dynamics of massive star collapse we developed one one_b o cmnde =

dimensional general relativistic hydrodynamic simulation code. The purpose of
this research is to find out the collapsing pattern through parametric survey,
especially collapsing into a black hole. We will show the code test results, TOV
static profile test and convergence test. Then we will discuss about the collapsing
simulations.

(0.00+00 , 1.00-16) (0.00+00 , -1.68+01)



LG-09 Status of Telescope Array UHECR Experiment
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The Telescope Array (TA) is a large scale ground experiment composed of an array of ground particle detectors and 3 sets of
fluoresence telescopes located in Utah, USA for the measurement of extensive air showers produced from the ultra-high energy cosmic
rays. It aims mainly at drawing a conclusion on the GZK cutoff phenomena reported by AGASA and HiRes experiments in northern
hemisphere. The other subjects are to measure an anisotropy of the UHECR arrival directions and their element composition. Its
construction has been completed in March, 2008 and the data has been collected stably. The status of the experiment is reported.
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LG-10 Upgrade of Silicon Charge Detector of CREAM

LEE Jik, LEE H. Y.!, LIM Sunin!, NAM J. W, NAM S., PARK L. H.!, YANG J.!

O/ StOJ A} LS i, | = D8t o1 A4 10/ St 0I AN S id, 22/

The NASA Antarctica balloon experiment CREAM at Antarctica has successfully collected energetic cosmic rays in flights of past 6
years. Especially the silicon charge detector of the CREAM has played the key role in the precision measurement of the charge
constitution of energetic cosmic rays. We propose to place a large silicon charge detector on top of the CREAM instrument to further
improve the precision of the charge measurement of cosmic rays. We present the recent analysis result of CREAM and the motivation
for the upgrade of the large silicon charge detector.



LG-11 The readout system of Slewing Mirror Telescope(SMT) in Ultra Fast Flash Observatory(UFFO)

KIM Jieun, LIM Heuijin!

Research Center of the MEMS Space Telescope(RCMST) , Ewha Womans University. !Institute for the Early Universe(IEU), Ewha

Womans University.
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LG-12 MEMS micromirror array system for prompt detection of photons from GRBs in Ultra Fast Flash

Observatory

& 78, ¢ S|&, LINDERE. V.], SMOOT G. F.!, GROSSAN B2, &} 2 &3 & X4 0] &4 8 &S, 0] &6

O/ St0J A} SHid =T RF 81T =124 10/gtI Sl id &I RF= 08T = 0724, Berkeley Center for Cosmological
Physics(BCCP). “Berkeley Center for Cosmological Physics(BCCP). 3 0/ 2t 0/ At} 8t id 22/ ;. 4 0/8FOJ AFHSHid T Z= 45t
AL GRS M| B R S 2 AN S 22/5 1

A novel instrumentation system is proposed to carry out the Ultra Fast Flash Observatory (UFFO) to study the prompt response for
Gamma Ray Bursts (GRBs) and other transient space phenomena from the optical to gamma-ray frequencies. A key concept of the
UFFO, which is precisely manipulation of pointing and changing the path of optical/UV photons, is technically realized by the use of
Micro-Electro-Mechanical System (MEMS) mirror arrays. Responding within in a few msec, this can replace the slewing operation of
conventional telescope which takes several minutes.
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Lp-TH-001 J i, herical study of Boson stars as Dark Matter Halos

LIM Sooil

Department of Physics and Astronomy, SNU.

Boson stars are equilibrium configurations of self-gravitating complex scalar field. Recently, assuming ultra light mass of scalar
particle, they have been studied as possible candidates of dark matter halos. We summarize possible parameter region such as mass and
self-interaction coupling of scalar particle and present progress results of our numerical study.
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Lp-111-003 Monitoring Variable Compact Objects

KIM Soon-Wook

Korea Astronomy and Space Science Institute.

Lemonsan Optical Astronomy Observatory is located at110d 47m 19s West and 32d 26m 32s North, Arizona, U.S.A. In LOAO, 1.0m
optical telescope with U, V, B, R, I filters. Bohyunsan Optical Astronomy Observatory is located at 128d 58m 35.68s East and 36d 9m
53.19s North, Mt. Bohyun, Kyungsang-Bookdo, Korea.Both Observatories are operated by the Korea Astronomy and Space Science
Institute (KASI). In Mt. Bohyun, KASI Near-Infrared Camera System (KASINICS) has beeninstalled in the 1.8m main telescope since
2008. There are J, H, K and L _gamma filters installed. We have monitored a few balck hole and neutron star binariessimultaneously
and independently with facilities in Mt. Lemon and Mt. Bohyun. VERA, a Japanese very long baseline interferometry, has been often
included in the simultaneous observations. Since last winter of 2009, a few cataclysmic variables, white dwarf-normal star binaries, has
been included in the target list. We introduce our monitoring project for transient researchto study accretion and related radiation
processes in compact objects.
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Lp-111-005 Jet Ejection near the Outburst Peak in Black Hole Candidate Cyg X-3

KIM Jeong-Sook, KIM Soon-Wook!

Korea Astronomy and Space Science Insititute, and Kyunghee University. 'Korea Astronomy and Space Science Insititute.

We present a very long baseline interferometric observation of black hole binary candidate Cygnus X-3 at 22 GHz.During our
observation, there was jet ejection(s) associated witha transition from the hard to soft states in X-rays. There is a structure in observed
jet in spite of instrumental limit. We present time-evolving jet with a 30 minute-long bin. This is the earliest observation of jet image
ever reported with VLBI for the 2006 outburst. It seems that the observed jet event is closely related to the one observed by Japanese
VLBI Network two days later. We also discuss physics of jet in terms of 22 GHz flux and image size by performing a few model
fittings.
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Lp-111-007 New type of Transition Radiation Detector with very thin scintillator

2 2,00 22,2 AE! 2 &1, COMMICHAU Volker?, ROSER Ulf2, VON GUNTEN Hanspeter?, HERRMANN Paul?,
LUSTERMANN Werner?, VIERTEL Gert?
FEHSil THEHI 2] H24L 1 FF0SHd, £2/8! 0, ETH Zurich, Labor fuer Hochenergiephysik.

To study high energy electrons and positrons up to several tens of TeV in space, a new type of transition radiation detector with
simplified readout system has been suggested as a trigger device for a stand-alone synchrotron radiation detector. The proposed
simplified readout system based on very thin scintillator coupled with photomultiplier is replaced the common gas chamber detector to
reduce weight, power consumption, backsplash effect for space application. According to the results of feasibility studies using
GEANT4 Monte Carlo simulation, the prototype device with YAP scintillator of different thickness (from 60, 80, 100, 140 pm) and
R5900U Hamamatsu photomultipliers was prepared. In this report, the properties of newly designed readout system will be presented.
New design of the data acquisition electronic device, which consists of the switched capacity array (SCA) to improve efficiencies of
time, memory and power consumptions, will be discussed.



Lp-111-008 Optics and Mechanical Structure of Prototype of Slewing Mirror Telescope For Ultra Fast Flash

Observatory
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We have proposed the Ultra Fast Flash Observatory (UFFO) pathfinder space mission to study early UV and optical afterglows from
GRBs (Gamma Ray Bursts) using an array of MEMS mirrors at the entrance aperture of a 10cm Ritchey-Chretien telescope. The
UFFO pathfinder has two instruments, the UFFO Burst Alert Telescope (UBAT) operating in the X-ray band and Slewing Mirror
Telescope (SMT) operating in the optical-UV bands. We have designed the mechanical structure of Scm aperture slewing mirror
telescope which is a miniature of the full size SMT. We present the optics & mechanical structure design of the miniature telescope and
several optics simulation results.
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Lp-111-009 Monte-Carlo-based study of cosmic ray air shower energy estimation for the COREA prototype

system

SHIN Jae-ik, KIM Hongki, LEE Seulgi, CHO Wooram, KWON Youngjoon, LIM Sunin, NAM Shinwoo, YANG Jongman

Yonsei University.

The COREA (COsmic ray Reaserch and Education Array) collaboration hasbeen pursuing R&D of school-array-based cosmic ray flux
study.Currently, prototype systems consisting of plastic scintillationsystem coupled with GPS are installed at Kyeonggibuk Science
HighSchool and Hansung Science High School. We report the progress of COREA R&Dwith Monte-Carlo study of air shower with the
prototype configuration.In particular, we use air shower simulation package COSMOS and detector simulation by GEANT,to study
various energy estimators such as S(800) and compare theperformances in the context of the COREA prototype system.
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LS-04 LIGO Data Analysis in CBC Pipeline

X84, 8 gal, 0 Z&

AT 22/5 i)

LIGONA 2=E NSSZ2H S MSE &0I5t)| AdiMe e =&tNE HWsh AS Hel HES HKH™O
StCH LIGO ¢/ X2l Z1&& Burst, CBC (compact binary coalescence), Stochastic, CW (continuous wave) 2| 4JtX 2 &
U 220 I52 45 B2FH0IEAM CCOF SAAQ AS MHel HEHES HA+otl UCH O =, CBC 82 2 E0|U
SEHNE S22 F4E HLAHUAM F S0l Hetot)] M YEot= HHEs S8M AMSE F4ot= JS0I0h CBC O
Sl 43 Xel HE2 =8 A=l dataquahtyIMOﬂ/\-I—rH Mele A0l CHet XAl 24 22l followup S HIIEX
el ®HHZ 2EE 0 ULCH 0l e CBC &2 &1 HMel HE 0l CHol M 283 A1 STt



LS-05 Gravitational Wave Search related with short GRB at UWM

KIM Kyungmin, LEE Hyun Kyu, OH Sang Hoon'
Dept. of Physics, Hanyang University. ' NIMS.

The progenitor of the gamma-ray burst(GRB) is one of the promising gravitational wave source. In particular, the short-duratin GRBs
(< 2 sec) produced by coalescence of neutron star binaries or neutron star-black hole binaries, are the most interesting targets of the
compact binary coalescence (CBC) group of LIGO-Virgo Collaboration. In this report, I introduce the pipeline of data analysis for the

sixth science run(S6) for gravitational wave from the progenitors of short-duration GRBs and present search for simulated gravitational
wave signal associated with GRB090811H.
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PA-01(X) Observation of plasmarons in quasi-free-standing graphene

BOSTWICK Aaron

Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA.

Graphene is a remarkable new electronic material with many unique properties. To realize its promise, it is essential to understand how
its charge carriers interact. By measuring the spectral function of charge carriers in quasi-free-standing graphene, we show that at finite
doping, the well-known linear Dirac spectrum does not provide a full description of the charge-carrying excitations. We report that
there also exist composite "plasmaron" particles, consisting of particles dressed by density oscillations of the graphene electron gas.
The Dirac crossing point is resolved into three crossings: the first between pure charge bands, the second between pure plasmaron
bands, and the third a ring-shaped crossing between charge and plasmaron bands.
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PA-02(=) Density-functional study of electronic structures in graphene in contact with insulators

GOH Jung Suk, CHOI Hyoung Joon

Department of Physics and IPAP, Yonsei University, Seoul, Korea.

Graphene has the linear energy-band dispersion and zero density of states at the Fermi energy. One of the interesting subjects in
graphene is to open a band gap to induce semiconducting behaviors. It is well known that there are two ways to open a band gap:
sublattice symmetry breaking and intervalley scattering. In this study, we perform first-principles density functional calculations of
atomic and electronic structures of graphene placed on top of an insulator or sandwiched between two insulators. We consider ionic
insulators whose lattice constants match with graphene's in small supercells, exploiting possible atomic registries to maximize the
band-gap opening. Uniaxial pressure is also considered to vary the distance between graphene and insulating surfaces. For various
insulators, we report changes in the band structure in graphene, and we discuss corrugations, potential energies, and charge
redistributions to understand the band-structure changes. This work was supported by the NRF of Korea (Grant No. R01-2007-000-
20922-0, Grant No. 2009-0081204). and KISTI Supercomputing Center (Project No. KSC-2008-S02-0004).
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PA-03(x) Phonon hardening due to photo-excited carriers in graphene

YOON Duhee, MOON Hyerim, WOO Seoungwoo, CHEONG Hyeonsik, SON

Young-Woo! _
Department of Physics, Sogang University. 'School of Computational Sciences, % 60
Korea Institute for Advanced Study. ; 50
Raman spectroscopy has played a central role in the graphene research since it & 40
is the most reliable method to identify single layer graphene. Most Raman 2
spectroscopic experiments have been performed at relatively low incident laser % 30
power of under 5 mW (measured prior to passing thorough the objective lens) to € 5
avoid heating. It has been commonly assumed that the spectrum is not §
significantly affected by the excitation laser at this intensity level. On the other & 1
hand, it is well known that carriers in graphene cause significant modifications of & (=
the Raman spectrum. Most notably, the G band blueshifts and becomes narrower 156
as the carrier density is increased through electrical doping. Since these effects Raman shift (cm™)

are caused by occupation of the lower-lying conduction band by electrons (or

equivalently the higher-lying valence band by holes), similar effects should be present when the bands are occupied by photo-excited
carriers. Previously, the phonon hardening by the photo-excited carrier has been reported in a time-resolved Raman spectroscopy study.
In this study, we study the dependence of the Raman spectrum on the excitation laser intensity to demonstrate that the photo-excited
carriers created by the excitation laser for the usual Raman measurements (using the continuous wave laser) have the same effect on the
Raman spectrum as in the case of electrical doping. The excitation-induced shift of the G band depends on the initial doping density of
the graphene sample, in agreement with the model.

PA-04(X) Epitaxial graphene on 3C-SiC/ Si

SUEMITSU Maki
Research Institute of Electrical Communication, Tohoku University, CREST, Japan Science and Technology Agency, Tokyo 107-0075,
Japan.

By forming 3C-SiC thin (~80 nm) film on Si substrates and by annealing the film in ultrahigh vacuum at high temperatures (~1250 °
C), graphene forms epitaxially on Si substrates [1, 2, 3]. Raman-scattering spectroscopy presents distinct G (1580 cm™) and G*(2700
cm!) bands from the annealed sample, both related to ideal graphene. Presence of the D (1350 cm’!) band, however, indicates
inclusion of defects, whose elimination remains as a challenge. Polarized Raman-scattering measurements[3] present pronounced
(suppressed) D band for the p-polarized (s-polarized) measurement, suggesting that the D-band related defects are more or less
localized at steps. Graphene formation on 3C-SiC(111) face proceeds in a quite similar manner as of the 6H-SiC(0001) Si face.
Surprisingly enough, however, graphene grows on SiC(100) and SiC(110) faces as well. Therefore, detailed mechanism on the growth
of graphene on SiC is still an open question. With a potential for forming graphene films on large-scale Si wafers, this graphene-on-
silicon (GOS) technology may play a key role in bringing graphene into silicon technology.This work has been supported by CREST,
the Japan Science and Technology Agency (JST), Japan. References[1] Y. Miyamoto, H. Handa, E. Saito, and A. Konno, Y. Narita,M.
Suemitsu, H. Fukidome and T. Ito, K. Yasui, H. Nakazawa, T. Endoh, e-J. Surf. Sci. Nanotech, 7 (2009) 107.[2] M. Suemitsu, Y.
Miyamoto, H. Handa, and A. Konno, e-J. Surf. Sci. Nanotech., 7 (2009) 311.[3] H. Fukidome, Y. Miyamoto, H. Handa, E. Saito, M.
Suemitsu, Jpn. J. Appl. Phys. 49 (2010) 01AHO03.
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PA-0S(X) Surface states of Rashba-spin-split type and topological insulators

HIRAHARA Toru, HASEGAEWA Shuji

Department of Physics, University of Tokyo, Tokyo, Japan.

Recently there has been growing interest in topological insulators or the quantum spin Hall (QSH) phase, which are insulating
materials with bulk band gaps due to strong spin-orbit coupling, but have metallic edge states that are formed topologically and robust
against any non-magnetic impurity. In a three-dimensional material, the two-dimensional surface states correspond to the edge states
(topological metal) and their intriguing nature in terms of electronic and spin structures have been experimentally observed in bulk Bi,

Sb_ single crystals and Bi,Se,, Bi,Te,. The Fermi surface of the surface states has a spin-chiral structure and spin-split bands crossing

the Fermi level. Due to these features with time-reversal symmetry, backscattering of carriers is totally suppressed, which has been
actually observed by scanning tunneling microscopy.However, before the topological insulator came out, we did a lot of studies on the
surface states of pure Bismuth thin films, using spin- and angle-resolved photoemission spectroscopy and surface-sensitive transport
measurements. It has turned out that the surface states of pure Bi single-crystalline films show almost the same feature as that of Bi,_

Sb, single crystals due to Rashba effect by strong spin-orbit coupling and broken inversion symmetry. Spin flow at the surface states,

which is the unique feature of topological insulators, is not yet confirmed. In the presentation, we will discuss the topological insulators
based on our studies on pure Bi and Bi, ,Sb, alloy epitaxial thin films.

PA-06(F) | Surface Impurities Effects on the Metallic Surface States of Bi;_Sb_(111) (x=0.1, 0.25,

1.0) Surfaces

NOH Han-Jin, JEONG Jinwon, CHO En-Jin, CHO Sunglae!, KIM Hyeong-Do?
Dep. of Phys. Chonnam National University. 'Dep. of Phys. University of

Ulsan. *Pohang Accelerator Laboratory.

Topologically protected metallic surface states (MSS)of Bi, Sb  (111)
surfaces were experimentally testified using nonmagnetic Cu impurities and
magnetic Mn impurities in an ultra-high vacuum environment. The MSSs
observed by angle-resolved photoemission spectroscopy are fairly insensitive to
the magnetic/nonmagnetic surface impurities in their eigen-energies and photo-
hole lifetimes, whichis avery weird property in comparison with that of
conventional surface states. The robustness of the MSSs of the topological ,
insulators Bi, Sb, is compared with that of semi-metallic Sb (111) surfaces and “ew?

kA ~.£A'|
0.0 9.3 03 00 03 00 03 00 0202

other non-protected surface states. This intriguing behavior can be explained by the scattering channels difference between the two
systems.
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PA-07(=) Direct Observation of Quasi-Particle Interference Pattern Induced by Defects on Pure Sb(111)

Surface Using STM
CHO Doohee, KIM Minseong, LYO In-Whan
Department of physics, Yonsei University, Seoul 120-749, Republic of Korea.

We report on the quasi-particle interference patterns (QPIP) of spin-chiral surface states of Sb(111) surface using a scanning tunneling
microscope (STM) at 4 K and 50 K. The QPIP is produced by various intrinsic or extrinsic defects on Sb(111) surface. At low bias
voltage, the FFT analysis of the STM images directly demonstrate that the backscattering of the surface states induced by non-magnetic
impurities is strictly forbidden. Our result supports that the Dirac cone in Sb(111) is strongly protected by time-reversal symmetry.
Furthermore we searched for the QPIP caused by a wide range of magnetic impurities which may allow spin-flip backscattering, and
we will discuss about our findings.
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PA-08(x) Skyrme Crystal Formation in Two-Dimensional Magnetic Crystal
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PB-01(=) Electromotive Force and Huge Magnetoresistance in Magnetic Nanostructures

TANAKA M, HAIP. N., OHYA S., BARNES S. E.!, MAEKAWA M.?
Dept of Electrical Eng, Univ of Tokyo. !Physics Dept, Univ of Miami. *IMR, Tohoku Univ..

For nanostructures such as magnetic nanowires, it is theoretically predicted that an electromotive force (emf) arises from a time-
varying magnetization in a static magnetic field [1]. This reflects the conversion of magnetic energy to electrical energy. Here we show
that such an emf can indeed be induced by a static magnetic field in magnetic tunnel junctions containing zinc-blende (ZB) MnAs
quantum nano-magnets. The ZB MnAs nanomagnets are coupled to a NiAs-structure hexagonal MnAs top electrode through an AlAs
tunnel barrier, and to a GaAs:Be bottom electrode through a GaAs barrier. Under a static magnetic field, an emf of up to 21 meV was
observed for a time scale of 102~103 sec. This emf is induced by a co-tunneling process of electrons and magnetization of ZB MnAs
nanomagnets subject to a strong Coulomb blockade of 50 meV. Huge magnetoresistance of up to 100,000% is observed for certain bias
voltages. Our results strongly suggest that Faraday’s Law of induction must be generalized to account for purely spin effects in
magnetic nanostructures [2]. Ref: [1] S. E. Barnes et al. APL 89, 122507 (2006); PRL 98, 246601 (2007). [2] P. N. Hai et al., Nature
458, 489 (2009).
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PB-02(x) Theoretical issues in current-driven magnetic domain wall motion

LEE Hyun-Woo, RYU Jisu, LEE Kyung-Jin!, CHOE Sug-Bong?

Department of Physics, Postech. !Department of Materials Science and Engineering, Korea University. *Department of Physics,
Seoul National University.

Spin angular momentum carried by spin polarized current may be transferred to local magnetization through the magnetic exchange
interaction. This transfer generates the spin transfer torque, which may be utilized to control the magnetization dynamics. In this talk,
we address two issues in the current-driven magnetization dynamics in magnetic nanowires; thermally-assisted domain wall creep and
spin-orbit coupling effect.



PB-03(=X) Spin Seebeck Effect in Ferromagnets

UCHIDA Ken-ichi, SAITOH Eiji'

Institute for Materials Research, Tohoku University. !Institute for Materials Research, Tohoku University, PRESTO, Japan Science
and Technology Agency, Sanbancho, Tokyo.

In the fields of spintronics and spin caloritronics [1], the interplay between spin and heat currents has attracted increasing attention. In
this stream, the spin version of the Seebeck effect —spin Seebeck effect (SSE)— has recently discovered in ferromagnetic Nig, Fe,, films

[2]. The SSE allows us to generate spin voltage, potential for driving nonequilibrium spin currents, by placing a ferromagnet in a
temperature gradient.In this paper, we report the observation of the SSE in various magnetic films. Using the inverse spin Hall effect in
Pt films, we measured the spin voltage generated from a temperature gradient in the magnetic films. We thank S. Maekawa, H.
Adachi, J. Ohe, S. Takahashi, J. Ieda, J. Xiao, and G. E. W. Bauer for valuable discussions. This work was supported by a Grant-in-Aid
for Scientific research in Priority Area “Creation and Control of Spin Current” and Scientific Research A from MEXT. [1] G. E. W.
Bauer, A. H. MacDonald, and S. Maekawa (eds), Spin Caloritronics, Special Issue of Sol. Stat. Commun. (Elsevier, Amsterdam, 2010).
[2] K. Uchida, S. Takahashi, K. Harii, J. Ileda, W. Koshibae, K. Ando, S. Maekawa, and E. Saitoh, Nature, 455, 778 (2008).

PB-04(=X) Bias-voltage dependence of perpendicular spin-transfer torque in asymmetric MgO-based

magnetic tunnel junctions
0l 28, 2 HIE!, 8 S22 MANCHON Aurelien’, CHSHIEV Mairbeck?, 8t XS4, 0] 824, 01 2!, & L, X 22, 3
Q &, DIENY Bernard?
D8t ML TWB S TS M, BHE T 24 2 EH= T F 8028, 3SPINTEC, CEA-CNRS, France. * #&'Z 1} 8},
£2/8t

Spin-transfer torque (STT) allows the electrical control of magnetic states in nanostructures. STT in magnetic tunnel junctions (MTJs)
is of particular importance owing to its potential for device applications. It has been demonstrated [1] that the MTJ has a sizable
perpendicular STT (field-like torque), which could substantially affect STT-driven magnetization dynamics. In contrast to symmetric
MT]Js where the bias dependence of perpendicular STT is quadratic [1], it is theoretically predicted that the symmetry breaking of the
system causes an extra linear bias dependence [2]. In this talk, we present experimental results that are consistent with the predicted
linear bias dependence in asymmetric MTJs [3]. The linear contribution is quite significant and its sign changes from positive to
negative as the asymmetry is modified. This result opens a way to design the bias dependence of the field-like term, which is useful for
device application by allowing, in particular, the suppression of the abnormal switching-back phenomena. [1] I. Theodonis et al. Phys.
Rev. Lett. 97, 237208 (2006); C. Heiliger & M. D. Stiles, Phys. Rev. Lett. 100, 186805 (2008); J. C. Sankey et al. Nature Phys. 4, 67
(2008); H. Kubota et al., Nature Phys. 4, 37 (2008). [2] J. Xiao, G. E. W. Bauer & A. Brataas, Phys. Rev. B 77, 224419 (2008). [3] S.-
C. Oh et al. Nature Phys. 5, 898 (2009).
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PB-05(x) Large Tunnel Magnetoresistance in Double-Barrier Magnetic Tunnel Junctions with Thin Middle

Layer
NAGANUMA Hiroshi, JIANG Lixian, OOGANE Mikihiko, ANDO Yasuo, MORITA Tadashi'

1Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan. '2ULVAC, Inc., Susono, Shizuoka 410-1231 Japan.
The large tunnel magnetoresistance (TMR) ratio of 1056% and clear staircase in /- curve at room temperature was successfully
obtained in the double barrier magnetic tunnel junctions (DBMTJs) with a middle CoFeB layer thickness of 1.2 nm.) The cross-
sectional high resolution transmission electron microscopy (TEM) observation revealed that the CoFeB middle layer became
discontinuous and crystallized with 001-orientation at 1.2 nm. However, when the middle layer thickness increased to 1.5 nm, the
CoFeB middle layer was almost continuous structure, and the TMR ratio decreased to 150% and I-V curve became normal feature. It
could be considered that the fascinating magentotranspost properties such as large TMR ratio are obtained at the border of continuous-
discontinuous of middle CoFeB layer.*This study was partially supported by the Development for Next-Generation Information
Technology by MEXT of Japan. The TEM observations were carried out by Dr. A. Kovacs Oxford University and T. Miyazaki Tohoku
University.[1] L. Jiang, H. Naganuma, M. Oogane, and Y. Ando, Appl. Phys. Exp. 2, 083002 (2008).

PB-06(=X) Spin-Based Field Effect Transistor

KOO H. C., KWON J. H., EOM J.!, CHANG J., HAN S. H.

Nano Convergence Device Center, Korea Institute of Science and Technology. 'Department of Physics, Sejong University.

Spin transport electronics offers additional function to overcome the physical limitations of conventional electronic devices. The spin
field effect transistor suggested by Datta and Das in 1990, [1] a lateral semiconducting channel with two ferromagnetic electrodes, lies
at the central consideration of spintronics research. The special feature of the spin field effect transistor is the modulation of source-
drain conductance controlled by gate voltage dependence of spin precession. We have fabricated the lateral spin valve devices that
demonstrate electrical spin injection and gate modulation at the same time. The device consists of two ferromagnetic electrodes (FMs)
on the top of an InAs quantum well channel and a gate electrode [2]. Using non-local geometry, the chemical potential change at drain
was measured with bias current at the source. The spin precession angle is modulated by the gate voltage and the detected voltage
depends on the alignment between the drain magnetization and the arriving spins at the drain. The observed oscillatory channel
conductance is nicely matched with the gate-controlled the spin-orbit interaction strength. [1] S. Datta, and B. Das, Appl. Phys. Lett.,
56, 665 (1990). [2] H. C. Koo, J. H. Kwon, J. Eom, J. Chang, S. H. Han, and M. Johnson, Science, 325, 1515 (2009).
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PB-07(=) Molecular Magnetism at Surface from a Single Molecule to Two-Dimensional Superlattice

TAKAGI Nori
Department of Advanced Materials Science, The University of Tokyo.

The molecular magnetism at surface is one of attractive research fields not only in surface science but also in material science. To
establish the fundamental knowledge, it is crucial to uncover the relationship of the magnetism with the molecule-substrate coupling as
well as molecule-molecule coupling through the substrate electronic system. We are investigating the magnetism of individual iron(II)
phthalocyanine (FePc) molecules adsorbed on metal surfaces by using inelastic electron tunneling spectroscopy (IETS) and scanning
tunneling spectroscopy (STS) with a very low-temperature scanning tunneling microscope (STM) working at 400mK under a magnetic
field of 0-11 tesla. Two topics are presented. (1) Switching of magnetic anisotropy of FePc by the adsorption on Cu(110)(2x1)-O
surface [1] and (2) One-electron energy spectrum of two-dimensional Kondo lattice formed by the adsorption of FePc on Au(111) [2].
[1TN. Tsukahara et al., Phys. Rev. Lett. 102 167203 (2009).[2] N. Tsukahara et a/., in preparation for submission.
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PB-08(x) Magnetoresistance due to carrier multiplication process in narrow gap semiconductors

HONG Jinki, JOO S., LEE J., KIM T., RHIE K., SHIN Kyung-Ho!
Department of Physics, Korea University, Chochiwon, Korea. IResearch center for Spintronics, KIST, Seoul, Korea.

Current switching of resistive state has received considerable attention because of their interesting physical phenomenon and potential
applications such as nonvolatile memories, sensors and magneto-logic electronics. In manganite system showing colossal
magnetoresistance effect, the dramatic switching of resistive states can be achieved not only by a magnetic field, but also by an electric
field. In this study, we have studied a narrow-gap semiconductor system exhibiting switching of resistive states by a magnetic field.
The current switching can be achieved by applying a critical magnetic field. The magnitude of the critical field is turnable by variation
of the applied bias voltage, and its range can be less than 0.1 Tesla. The carrier multiplication process induced by the impact ionization
is responsible for the transport mechanism of the present device. The magnetic field affects the impact ionization through Lorentz
force. A proposed model for this magneto-switching device provides the results which is good fit to the experimental ones.
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PC-01(=) Charge transport in cuprates and iron-pnictides

UCHIDA Shin-ichi
University of Tokyo.

An overview is given on the normal-state charge transport in the cuprates in comparison with that in the iron-pnictides. The evolution
of charge transport with doping is mainly controlled by a change of carrier density in the cuprates, while it is dominated by a change of
carrier scattering rate in the Fe-pnictides. Therefore, “doping” plays a different role in each of the two systems.

PC-02(X) High-T superconductivity meets a 3+3-dimensional spectroscopy

LEE Jhinhwan
KAIST, Korea and Cornell University, USA.

Using a novel high-precision variable-temperature Fourier-transform scanning tunneling spectroscopy (FTSTS) technique, we
observed for the first time [1] the complete set of dispersive octet peaks in the pseudogap phase (up to 1.5 Tc) as well as in the
superconducting phase (down to 0.1 Tc) of the underdoped (UD37K) Bi2212, which implies the existence of phase-incoherent d-wave
superconductivity in the low temperature part of the pseudogap phase. Looking further into the fine structures of the 3D FTSTS data
by a novel cross-sectional analysis technique, we could resolve additional signal components that are key to truly quantitative analyses
based on the full many-body Green's function, whose special T=0 case with empirical gap function and band structure is published
earlier [2]. The high-precision measurement of 3D [2D position(nm?), energy(mV)] FTSTS over the entire accessible 3D [T(Kelvin) vs
p(doping %) vs B(Tesla)] phase diagram, accompanied by the novel cross-sectional FTSTS analysis based on the full many-body
Green's function, will provide one of the most stringent tests for a “complete” many-body theoretical understanding of the high-Tc
cuprate superconductivity. [1] Jhinhwan Lee, K. Fujita, A. Schmidt, C.K. Kim, H. Eisaki, S. Uchida, and J.C. Davis, “Spectroscopic
fingerprint of phase-incoherent superconductivity in the cuprate pseudogap state”, Science 325, 1099 (2009).[2] Q.-H. Wang and D.-H.
Lee, “Quasiparticle scattering interference in high temperature superconductors”, Phys. Rev. B 67, 20511 (2003). These studies are
supported by Brookhaven National Laboratory, the U.S. Department of Energy, the U.S. Office of Naval Research, by Grant-in-Aid for
Scientific Research from the Ministry of Science and Education (Japan), and by the Global Centers of Excellence Program for Japan
Society for the Promotion of Science.
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PC-03(x) Nodal superconductivity in the pressure-induced superconductor CeRhIn5

PARK Tuson
Department of Physics, Sungkyunkwan University, Suwon 440-746, South Korea.

Unlike conventional superconductors where superconducting (SC) gap is finite over the whole Fermi surface, unconventional
superconductors contain nodes at which the SC gap becomes zero on the Fermi surface. When magnetic field is rotated, Doppler
effects of the nodal quasiparticles incur modulation in the electronic density of states, reflecting the SC gap symmetry. In this talk, we
discuss field-orientation specific heat studies of the pressure-induced heavy-fermion superconductor CeRhIn5 [1]. These experiments
provide the momentum-dependent superconducting gap function for the first time in any pressure-induced superconductor. In the
coexisting phase of superconductivity and antiferromagnetism, field rotation within the Ce-In plane reveals fourfold modulation in the
density of states, which favors a d-wave order parameter, constraining a theory of the interplay between superconductivity and
magnetism. [1] T. Park et al., Phys. Rev. Lett. 101, 177002 (2008).

PC-04(X) | Terahertz Measurement of Penetration Depth of Superconducting La; ¢,Sr, ,CuO, Thin Films

KIM Jae Hoon, HONG Taeyoon, BOZOVIC Ivan!
Department of Physics, Yonsei University, Seoul 120-749 Korea. 'Brookhaven National Laboratory, Upton, NY 11973 USA.
The complex transition coefficient of a superconducting La, ¢,Sr, ,CuO, thin film (52 nm) has been measured over the frequency

range of 3 - 60 cm!at temperatures from 4 K to 300 K via coherent time-domain terahertz spectroscopy. We observed a dramatic

change in both the magnitude and phase of the terahertz transmission in the superconducting state caused by a rapid condensation of
charge carriers. Both the real and imaginary parts of the transmitted electric field without utilizing a Kramer-Kronig analysis. We

observed a substantial residual spectral weight far below T...



PC-05(X) | Microwave Properties of YBa,Cu;0,_; Films, MgB, Films and BaFe, ¢Co ,As, Single Crystals

as Measured by Using the Modified Two-Resonance Mode Dielectric Resonator Method

LEE Sang Young, JUNG Ho Sang, YANG W. I, LEE J. H.!, SEONG W. K.2, LEE N. H.2, KANG W. N.2, CHOI K.-Y 3, LEE S.-1.3
Department of Physics and Center for Wireless Transmission Technology, Konkuk University, Seoul. 'SuNAM Co., Ltd,

Anyang. °BK21 Physics Division and Department of Physics, Sungkyunkwan University Suwon. 3Department of Physics, Sogang

University, Seoul.
Sapphire resonators with superconductor endplates have shown extremely high quality factor due to the extremely low dielectric loss
of sapphire and conductive loss of YBCO films, which have been popular for measuring the surface resistance and the penetration

depth of superconductor films at microwave frequencies. We present microwave properties of YBa,Cu,0,_; films and MgB, films and
BaFe, (Co, ,As, single crystals as measured by using the modified two-resonance mode dielectric resonator method. Use of a spacer

between the top plate of the resonator and the rest enable us to determine the surface resistance and the loss tangent of sapphire with
accuracy due to suppression of axial currents inside the resonator. The complex conductivity of YBa,Cu,0,_; Films, MgB, films and

BaFe, (Co ,As, single crystals is compared with those as measured by using different methods. Dependence of the coherence peaks in

the temperature-dependent microwave conductivity on the crystal orientations of MgB2 grains is discussed along with the surface
resistance and the microwave conductivity of BaFe, ¢Co, ,As, single crystals. Uncertainties in the measured surface resistance and the

penetration depth are discussed.
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PC-06(x) Physics and Application of Josephson Junctions as a Key Element in Quantum Electronics.

CHONG Yonuk
Korea Research Institute of Standards and Science, Daejeon 305-340, KOREA.

The Josephson junction, two superconductors separated by a thin non-superconducting material, is the unique object where we can
utilize the quantum phenomena in a solid state device directly from macroscopic electronic controls. The massive progress in
semiconductor technology has been successfully adopted to superconducting electronics, so that Josephson junction circuit technology
has now reached a foundry service level. I will review some interesting physical properties, recent technological developments of
Josephson technology and their impact on several key applications including the physical science. The SQUID sensor is one of the
most widely used applications in physics laboratories and medical applications. Qubits based on Josephson circuits are promising for
extendable quantum computation. From a standard lab's point of view, ultra-high precision arbitrary voltage generation based solely on
the Planck's constant and quantum principle had a breakthrough impact on the field of metrology.
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PC-07(=) Superconducting Detectors for High Resolution Particle Detectors
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Low temperature detectors have been important tools in radiation detection and measurements because of their high energy resolution.
These sensitive detectors have benefited the noble characteristics of superconducting materials and electronics. The rapid tradition
between superconductor and metal states provides a sensitive temperature sensor working at the edge of the transition. Low noise dc-
SQUIDs are suited to measure a small current change due to energy absorption in these transition edge sensors (TESs). The extreme
capability of measuring magnetic flux in SQUID technology motivated another type of low temperature detectors employing magnetic
spins as its temperature sensor. The magnetization change due to energy absorption is directly measured by a SQUID whose pickup
loop is just around the metallic magnetic material. These metallic magnetic calorimeters (MMCs) are useful to many applications
which require an absorber with large heat capacity. In the present talk the detection principle and comparison of the cryogenic particle
detectors will be discussed together with various applications such as nuclear spectroscopy. Resent effort on developing the high
performance detectors at Korea Research Institute of Standards and Science (KRISS) are also introduced.

]
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PC-08(x) Quantum criticality and unconventional superconductivity of iron-pnictides

MATSUDA Yuji

Department of Physics, Kyoto University.

The discovery of Fe-pnictide superconductors with Tc exceeding 55 K raises fundamental questions about origin of high- Tc
superconductivity. Here we report the systematic studies of the normal-state charge transport, Fermi surface structure and
superconducting gap structure in high-quality single crystals of BaFe2(Asl-xPx)2 (0<x<0.71), ranging from the SDW state to
overdoped Fermi liquid state. Near the SDW boundary, the transport coefficients exhibit striking deviations from the Fermi liquid
properties. The Fermi surface structure determined by the dHvVA effect shows that in the superconducting dome the volume of the
electron and hole sheets shrink linearly and the effective masses become strongly enhanced with decreasing x. It is likely that these
trends originate from the many-body interaction which gives rise to superconductivity. The penetration depth, thermal conductivity and
NMR data forBaFe2(As0.67P0.33)2 (Tc=30 K) provide unambiguous evidence for line nodes in the superconducting gap function, in
sharp contrast to the other Fe-based compounds with fully gapped structure. This indicates that the gap structure of Fe-based high-Tc
superconductors is not universal.



14:35-15:00] Magnetic Properties of Iron-based Superconductors : First-Principles Studies
MOON Chang-Youn, PARK Se Young, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University.

We present our recent first-principles density-functional calculation results for the magnetic properties of iron-based superconductors.
First, we briefly introduce our results on the nature of magnetic orderings in iron pnictides [1], comparing arsenides and hypothetical
antimonides, to suggest that experimentally observed ‘stripe-type’ magnetic ordering originates basically from the interactions among
localized Fe spin moment where itinerant electrons might play some role, but not in the way as in Fermi surface nesting scenario.
Second, we focus on the magnetism in the iron chalcogenides, FeSe, FeTe, and their alloys [2]. FeTe has a peculiar ‘double stripe’ type
magnetic ordering in contrast to the ‘single-stripe’ ordering of iron pnictides, so it was suggested that the origin of the magnetism in
FeTe is different from that for iron pnictides. Here we suggest a mechanism in which the magnetism of both iron pnictides and iron
chalcogenides can be described in a same unified framework of magnetic interactions. We also demonstrate that different temperature
dependences of magnetic susceptibility of FeTe with those of other iron-based superconductors, which are observed experimentally,
can be explained by our first-principles calculations. Implication of our results on the superconductivity is also to be discussed. This
work was supported by NRF of Korea (Grant No. 2009-0081204) and KISTI Supercomputing Center (Project No. KSC-2008-S02-
0004). References [1] C.-Y. Moon, S. Y. Park, and H. J. Choi, Phys. Rev. B 80, 054522 (2009). [2] C.-Y. Moon and H. J. Choi, Phys.
Rev. Lett. 104, 057003 (2010).

PC-10(x) Magnetic phase diagram of Mn- and Co-doped SrFe2As2

SHIM Ji Hoon
Department of Chemistry, POSTECH.

We have investigated the magnetic phase diagram of Mn- and Co-doped SrFe2As2 superconductors using density functional theory
and its combination to dynamical mean field theory. Both type of doping shows the suppression of the spin density wave phase. Co-
and Mn-doped compound shows itinerant and localized behavior in the electronic structure, respectively. Our results show that the
structural distortion has an important role in the magnetization. We will also discuss the effect of electron correlation in the electronic
and magnetic structures.



. x
PC-11(x) Unconventional magnetic field-temperature superconducting phase-diagram in Co doped

BaFe,As, and local superconducting properties through torque S
measurement sl Ba, K, Fe,As, 1
JO Younjung, BALICAS Luis!, LIU R.H.2, CHEN H.2, CHEN X.H.2 a0l ]
Department of Physics, Ewha University. 'National High Magnetic Field 35 -Ba(yemc-c],__)Af“‘ﬁ:::c"::s’-’“: ]

Laboratory, USA. *Hefei National Laboratory for Physical Science a

Microscale and Department of Physics, China.
Here, we report electrical transport and preliminary torque magnetometry

measurements in underdoped BaFe, . Co As, single crystals under high magnetic
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fields. For fields perpendicular to the conducting planes one observes an upward
curvature for the temperature dependence of the upper critical field H_,(T) which

contrasts markedly with one expects for conventional superconductors. While for
fields along the conducting planes H_,(T) behaves nearly linearly in temperature
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down to low temperatures. For both configurations H_,(T) is found to surpass the TEX)

weak coupling Pauli limiting field e.g., for a sample displaying a superconducting transition temperature T ~9.7 K one observes H ,
(T~0 K)=35 T for fields along an in-plane direction. This value surpasses the expected Pauli limiting field by a factor of two. Thus, the
resulting phase-diagram presents strong similarities with the one reported for poly-crystalline LaFeASO, | F, and which was recently

claimed to be described by a model based on a two-gap strong coupled superconducting state. Our on-going torque magnetometry
measurements are expected to check the validity of this interpretation
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PC-12(x) Electron—phonon coupling in Fe—As superconductors

CHOI K-Y, LEMMENS P!, EREMIN 12, ZWICKNAGL G!, LIN C T3

Department of Physics, Chung-Ang University, Seoul 156-756. !Institute for Condensed Matter Physics, TU Braunschweig, D-38106
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Doping and temperature dependent studies of optical phonon modes in Fe-pnictides are carried out by using Raman scattering
experiments and compared with model calculations to elucidate the role of electron—phonon and spin—phonon interaction in this family
of compounds. The frequency and linewidth of the Blg mode at around 210 cm—1 is highlighted as appreciable anomalies at the
superconducting and spin density wave transitions are observed that strongly depend on chemical composition. We give estimates of
the electron—phonon coupling related to this renormalization and calculate the phonon self-energy on the basis of a four-band model
comparing different symmetries of the order parameters. In addition, we observe a pronounced quasi-elastic Raman response for the
undoped compound, suggesting persisting magnetic fluctuations in the spin density wave state. Finally, we discuss the electronic
Raman scattering in the superconducting state in relation to a superconducting symmetry.
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One of the unifying concepts in the Fe-pnictide superconductors, both for the
mechanism of magnetic ordering and of unconventional order parameter
character, has been the electron and hole Fermi surfaces that are approximately
nested. Using ab initio methods, the recently reported superconducting
Sr,VO,FeAs, with T, =37 K and no apparent competition between magnetism and superconductivity, has been studied. Sr,VO,FeAs

brings one entirely new feature into consideration in Fe-based superconductors: a metallic bilayer of open shell V ions (presumably, d?
formal configuration) between the Fe-As layers. The V bilayer and Fe monolayer are effectively decoupled, separately metallic,
subsystems. Assuming the superconductivity arise in the FeAs layer as in the other classes of Fe pnictide superconductors, this system
consists of a superlattice of superconducting and (on its own) normal conducting layers, with the normal (V) layer providing 60% of N

(Ep). Sr,VO;FeAs has the Fe-derived Fermi surfaces showing no nesting features, and is ‘superconductivity ready’ without need for
doping or pressure, unlike the other classes of Fe-pnictide superconductors. Our results reveal that Sr,VO,FeAs adds yet another, and

this one very distinct, subclass to Fe-pnictide superconductors. Furthermore, we will discuss the possible magnetic tendencies and
effects of correlation on V layer in this system. Acknowledgements: These researches have been collaborated with W. E. Pickett.
Reference: [1] K.-W. Lee and W. E. Pickett, arXiv:0908.2698.
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Recent advancements in chemical and epitaxial growth techniques have enabled
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a substantial production of various nanowires (NWs) in a single crystalline == i —
structure with their morphology and composition well-controlled in a designed 2| y £ m
manner. So far, most research efforts have been put into the device applications = | "I[" . i
toward nanoelectronics and nanophotonics by utilizing semiconductor NWs. d _,ﬂr -:', >
-0 - By aw @

Furthermore, it has been also suggested that the semiconductor NWs can provide
a promising platform for development of quantum information devices. Gate- - 1&] - oo
tunable supercurrent transistors and superconducting quantum interference I{nA)
devices have been already demonstrated using semiconductor NWs in contact

with superconducting electrodes, in which dissipationless supercurrent can flow through the NWs as a result of the Josephson effect. In
this talk, I will focus on the experimental realization of mesoscopic Josephson field-effect transistors of InAs nanowires, in which
Josephson coupling can be tuned by applying the electric field. Hysteretic current-voltage characteristics and the stochastic distribution
of the switching current suggest a possible existence of the macroscopic quantum tunneling behavior in the nanowire Josephson
junctions. Recent experimental studies on the Au nanowire and graphene junctions also show similar behavior, which indicates a facile
route to develop novel quantum devices based on various nanostructures.
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Motivated by recent measurement of the anomalous subgap structure observed in the tunneling density of states of
superconductor/ferromagnet (S/F) proximity effect bilayers, we propose a model that accounts for this anomalous structure in which
equal-spin triplet pairing correlations are induced by an inhomogeneous magnetization in the ferromagnet. We calculate the density of
states (DOS) of Nb/Ni bilayers based on the Eilenberger equation with various parameters and compare these calculations with
experiment. We find good qualitative and quantitative agreement and therefore suggest the possibility of equal-spin triplet pairing in
Nb/Ni bilayers.





