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Welcome Message
The 8th International Conference on Advanced Materials and Devices (ICAMD 2013) is
held from December 11th to December 13th, 2013 at Ramada Plaza Jeju Hotel, Jeju,
Korea. It is organized by the Applied Physics Division of Korean Physical Society.
The International Conference on Advanced Materials and Devices (ICAMD) is one of
major international conferences hosted by the Korean Physical Society gathering the
physicists in the field of applied physics including Nanomaterials and Nanodevices,
Biophysics and Bioengineering, Spin and Magnetism, Photonics, Organic Electronics and
Photonics, Devices and Applications, and Oxide Materials.
The 1st ICAMD in 1996 was held at Phoenix Park, the 2nd ICAMD in 1999 was held at
Hanyang University, and the 3rd through the 7th ICAMD from 2003 to 2011were held
biennially at Ramada Plaza Jeju Hotel, Jeju, Korea, all with great success.
The purpose of ICAMD 2013 is to provide a forum to review the most important and
latest developments in the field of the applied physics, to exchange the up-to-date
research achievements and future trends in the applied physics, to promote application of
physics related to the industrial development, and to provide the potential collaboration
opportunities with all regions of the world.

We welcome your contribution and participation and look forward to another successful
conference.

Young Dong Kim, Ph.D.
Chair, Organizing Committee of ICAMD2013
Vice President, Korean Physical Society (KPS)
Chair, Applied Physics Division of KPS
Dean, Office of Research and University-Industry Cooperation, Kyung Hee University
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General Information
Date
Venue
Official
Language

December 11 (Wed) ~ 13 (Fri), 2013
Ramada Plaza Jeju Hotel
English

· Applied Physics Division of the Korean Physical Society (KPS)
· Quantum Metamaterials Research Center
· CNRS-Ewha International Research Center (CERC)
· Center for Functional Interfaces of Correlated Electron Systems,
Institute for Basic Science
Organized
· Center for Nanoparticle Research, Institute for Basic Science
by
· Crystal Bank, Pusan National University
· Institute of Innovative Functional Imaging, Chung-Ang University
· KAIST Micro/Nano-Photonics Laboratory
· KAIST SDC Display Research Center
· Advanced Oxide Materials
· Biophysics and Biotechnology
· Devices and Applications
· Nanomaterials and Nanodevices
Scope
· Organic Electronics and Photonics
· Photonics
· Spin and Magnetism
ICAMD2013 Secretariat
Contact
- Tel : +82-55-212-1337, Fax : +82-55-212-1331
Information
- E-mail : secretary@icamd.or.kr, Website: www.icamd.or.kr

Locations and Hour of Conference Function Rooms
Function
Registration
Desk
Secretariat
Office
Organizing
Committee
VIP Room

Location

Dec. 11
(Wed)

Dec. 12
(Thu)

Dec. 13
(Fri)

Ballroom Lobby

09:00-18:30

08:00-17:30

08:00-12:00

Udo Hall

09:00-18:00

08:00-18:00

08:00-13:00

Biyang Hall

09:00-18:00

08:00-18:00

08:00-13:00

Chuja Hall

09:00-18:00

08:00-18:00

08:00-13:00
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Floor Plan

① Ramada Ballroom I : Tutorial Session & Oral Session & Banquet
② ~ ③ Ramada Ballroom II, III : Oral Session
④ Ballroom Lobby : Registration Desk
⑤ Ballroom Lobby : Poster Session & Coffee Break
⑥ Ballroom Lobby : Poster Session
⑦ Udo Hall : Secretariat Office
⑧ Biyang Hall : Organizing Committee Room
⑨ Chuja Hall : VIP Room
※ There is no internet lounge in the venue for the conference.
※ Halla Hall is located on the 8th floor.
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Organizers
■ Applied Physics Division, The Korean Physical Society
■ Quantum Metamaterials Research Center
■ CNRS-Ewha International Research Center (CERC)
■ Center for Functional Interfaces of Correlated Electron Systems, Institute for
Basic Science
■ Center for Nanoparticle Research, Institute for Basic Science
■ Crystal Bank, Pusan National University
■ Institute of Innovative Functional Imaging, Chung-Ang University
■ KAIST Micro/Nano-Photonics Laboratory
■ KAIST SDC Display Research Center
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Committees
Organizing Committee
Young Dong Kim
Chair / Kyung Hee Univ.
Hyeonsik Cheong
Secretary General / Sogang Univ.
Chinkyo Kim
Treasurer / Kyung Hee Univ.
Advisory Committee
• International Advisory Committee
Paul Alivisatos
Lawrence Berkeley National Laboratory, U.S.A.
Burkard Hillebrands
Technische Universitat Kaiserslautern, Germany
Bernard Kippelen
Georgia Institute of Technology, U.S.A.
Tae Won Noh
Seoul National University, Korea
Darrell Schlom
Cornell University, U.S.A.
Xiang Zhang
University of California, Berkeley, U.S.A.
• Local Advisory Committee
YoungPak Lee
Hanyang Univ.
Jeong Weon Wu
Ewha Womans Univ.
Eun-Kyu, Kim
Hanyang Univ.
Sung-Jae, Lee
Hanyang Univ.
Kungwon Rhie
Korea Univ.
Local Committee
Kwang-Man Lee
Seung-Hyun Chun
Dong-Wook Kim

Co-chair / Jeju National Univ.
Co-chair / Sejong Univ.
Secretary / Ewha Womans Univ.

Publication Committee
Maeng-Je Seong
Chair / Chung-Ang Univ.
Yong-Joo Doh
Secretary / Korea Univ., Sejong Campus
Chun-Yeol You
Secretary / Inha Univ.
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Program Committee
Se Young Jeong
Bae Ho Park

Chair / Pusan National Univ.
Secretary / Konkuk Univ.

Advanced Oxide Materials
Chang Uk Jung

Hankuk Univ. of Foreign Studies

Sang Don Bu

Chonbuk National Univ.

William Jo

Ewha Womans Univ.

Bae Ho Park

Konkuk Univ.

Ho-Soon Yang

Pusan National Univ

Biophysics and Biotechnology
Seok-Cheol Hong
Korea Univ.
Sungchul Hohng

Seoul National Univ.

Seunghun Hong

Seoul National Univ.

Doseok Kim

Sogang Univ.

Eun-Cheol Lee

Gachon University

Devices and Applications
Jonghwa Eom

Sejong Univ.

Jong-Hyun Ahn

Yonsei Univ.

Sung-Lae Cho

Univ. of Ulsan

Hee-Jin Choi

Sejong Univ.

Sung-Yool Choi

KAIST

Tae-Geun Kim

Korea Univ.

Nanomaterials and Nanodevices
Yong-Joo Doh
Korea Univ., Sejong Campus
Byung Hee Hong

Seoul National Univ.

Moon-Ho Jo

Yonsei Univ.
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Ranju Jung

Kwangwoon Univ.

Tae-Woo Lee

Postech

Bongjin Simon Mun

GIST

Won Il Park

Hanyang Univ.

Maeng-Je Seong

Chung-Ang Univ.

Gyu-Chul Yi

Seoul National Univ.

Organic Electronics and Photonics
Yongsup Park

Kyung Hee Univ.

Seong Jun Kang

Kyung Hee Univ.

Changhee Lee

Seoul National Univ.

Takhee Lee

Seoul National Univ.

Eunju Lim

Dankook Univ.

Yeonjin Yi

Yonsei Univ.

Seunghyup Yoo

KAIST

Photonics
Heesuk Rho

Chonbuk National Univ.

Choon-Gi Choi

ETRI

Bumki Min

KAIST

Kyunghwan Oh

Yonsei Univ.

Hong-Gyu Park

Korea Univ.

Seokhyun Yoon

Ewha Womans Univ.

Spin and Magnetism
Sug-Bong Choe

Seoul National Univ.

Myung-Hwa Jung

Sogang Univ.

Kiwon Kim

Sun Moon Univ.

Sang-Koog Kim

Seoul National Univ.

Haein Yim

Sookmyung Women's Univ
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Sponsors
■ Korea Tourism Organization
한국관광공사

www.visitkorea.or.kr

■ WizOptics
(주)위즈옵틱스

www.wizoptics.com

■ NT-MDT
에이엔티

www.ntmdt.com

■ UniNano Tech Co., Ltd
유니나노텍㈜

www.uninanotech.com

■ Seongwoo Instruments Inc.
성우인스트루먼츠
www.seongwooinst.com
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Presentation Guideline
Oral Presentations
The time allotted to each plenary speaker is 45 minutes (35~40 minutes for presentation
and 5~10 minutes for discussion) and to each invited speaker 30 minutes (25 minutes for
presentation and 5 minutes for discussion).
All session rooms will be equipped with a beam projector, a laptop computer and a
screen. Speakers should test their presentations on the computer before the session.
Speakers may bring their own laptop computers. The laptops in oral session rooms are
not equipped to accommodate audio sound.

Poster Presentations
The poster sessions will be held on December 11, 12 and 13 in the Ramada Plaza Jeju
Hotel Ballroom Lobby (2F) area. Poster stands and tapes for mounting will be provided.
The displayable dimension is approximately 90 cm (W) × 140 cm (H) and holds about 16
A4-size papers. A sign designating your poster board number (E.g., WED-NA-P01) will
be provided by the secretariat and positioned in the upper left-hand corner of the board.
The boards for poster presentations will be arranged in numerical order listed in the
program.
There are four poster sessions, POSTER I, POSTER II, POSTER III, and POSTER IV.
Posters should be displayed during the designated hours. Posters should be removed
immediately after closing of each poster session. Please note that ICAMD 2013 assumes
no responsibility for materials that may be left behind, lost, stolen, or damaged.
Each poster presentation must have at least one author be present during the session.
Posters that are not posted on time will be treated as “no-show’s”, and such papers will
be rejected without review. AV equipment is not permitted in the poster session room.

Speakers Check-in
Plenary speakers and invited speakers are asked to check-in at the “Speaker check-in
desk” in the registration area, where they can pick up the honorarium. International
speakers are asked to bring their passports and airline tickets.
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Social Program
■ Poster session with Beer and Refreshments
Date
Time
Place
Program

December 11 (Wed), 2013
18:30 - 20:00
Grand Ballroom Lobby (2F)
Poster session with drink and refreshments

■ Banquet
Date

December 12 (Thu), 2013

Time

18:30 - 20:00

Place

Grand Ballroom I (2F)

Program Dinner, Short Performance & Networking

■ Excursion
Date

December 13 (Fri), 2013

Time

13:30 - 18:00

Course

Seopjikoji, Seongsan Ilchulbong Peak

KRW 30,000
Price
* Excursion slots should be reserved with advance payment of the fee and will
be allocated on a first-come first-serve basis.
* The bus will leave at 13:30 in front of Ramada Plaza Jeju Hotel.
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Tutorial Session
Wednesday, December 11th, 2013 / Grand Ballroom 1
On Wednesday, December 11th, the tutorial session will be held preceding the
ICAMD 2013 conference.
There will be two 60-minute lectures by Prof. Byung Jin Cho on Graphene Device
and by Prof. Xiang Zhang on Plasmonics.
Although there is no extra fee for the tutorials, participants must pre-register for
the tutorials when registering for the conference.
Time

Tutorial Session on December 11, 2013

10:30 ~ 11:30

Graphene-Base Electronics for Analog and Digital
Applications
Prof. Byung Jin Cho (KAIST, Korea)
Metamaterials: a New Frontier of Science and Technology

11:30 ~ 12:30

Prof. Xiang Zhang
(University of California, Berkeley, U.S.A.)
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Program at a Glance
■

December 11 (Wed), 2013
Time

Ballroom I

Ballroom III

Registration
Ball Room I - Tutorial Session I (Byung Jin Cho)
Ball Room I - Tutorial Session II (Xiang Zhang)
Break
Opening Ceremony and Welcome Address
Ball Room I - Plenary Session 1 (Paul Alivisatos)
Ball Room I - Plenary Session 2 (Tae Won Noh)
Break

09:00 - 10:30
10:30 - 11:30
11:30 - 12:30
12:30 – 13:00
13:00 - 13:05
13:05 - 13:50
13:50 – 14:35
14:35 - 14:45

Nano
14:45 - 15:15

WED-NA-01

15:15 - 15:45

WED-NA-02

15:45 – 16:15

WED-NA-03

Alberto
Morpurgo
JongHyun Ahn
Shadi A.
Dayeh

16:15 – 16:30

Device
16:30 - 17:00

WED-DE-01

17:00 - 17:30

WED-DE-02

17:30 - 18:00

WED-DE-03

18:00 - 18:30

WED-DE-04

18:30 - 20:00

Ballroom II

John B.
Ketterson
Jeong Ho
Cho

Korea-France Forum
Carlo
Massobrio
Aloysius
WED-KF-02
Soon
Sebastien
WED-KF-03
Le Roux
Coffee Break
WED-KF-01

Korea-France Forum
WED-KF-01
WED-KF-02

Yutaka
Ohno

WED-KF-03

Hyung
Gyu Park

WED-KF-04

SeungHoon Jhi
Carlo
Massobrio
YongSung Kim

Spin
WED-SP-01
WED-SP-02
WED-SP-03

Robert A.
Buhrman
Teruo
Ono
Kyung-Jin
Lee

Oxide
WED-OX-01
WED-OX-02

WED-OX-03

Kyle Shen
Ho Nyung
Lee
Cheol
Seong
Hwang
Takeshi
Yanagida

Seungwu
WED-OX-04
Han
Poster Session I with Beer
WED-OX-P01~P29 / WED-DE-P01~P30 / WED-NA-P01~P41 / WEDOR-P01~P14 / WED-SP-P01~P18

ㆍ OX : Advanced Oxide Materials

ㆍ DE : Devices and Application

ㆍ NA : Nanomaterials and Nanodevices

ㆍ OR : Organic Electronics and Photonics

ㆍ SP : Spin and Magnetism
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■ December 12 (Thu), 2013
Time

Halla Hall
Ballroom II
Ballroom III
Registration
Poster Session II
THU-BI-P01~P18 / THU-DE-P01~P37
THU-NA-P01~P41 / THU-PH-P01~P33
Ball Room 1 - Plenary Session 3 (Xiang Zhang)
Coffee Break
Korea-France
Nano
Bio
Organic
Forum

Ballroom I

08:00-09:00
09:00-10:00
10:00-10:45
10:45-11:00

11:00-11:30

THUNA-01

11:30-12:00

THUNA-02

12:00-12:30

THUNA-03

12:30-13:30

THUKF-01

THUBI-02

Won Hee
Lee

THUOR-02

Jun
Takeya

THUKF-02

THUBI-03

Sung Ha
Park

THUOR-03

Seongil
Im

THUKF-03

THUPH-01

THUSP-02

Jinki Hong

THUPH-02

THUDE-03

THUSP-03

Jong Ill
Hong

THUPH-03

THUDE-04

Jinseong
Heo

THUSP-04

Maxim
Tsoi

THUPH-04

14:30-15:00
15:00-15:30

18:30-20:00

Yoshihir
o Iwasa

Henk
Swagten

THUDE-02

18:15-18:30

THUOR-01

THUSP-01

14:00-14:30

16:45-18:15

Hiroyuki
Noji

Karsten
Horn
Byung
Jin Cho
Moongy
u Jang

THUDE-01

16:00-16:45

THUBI-01

Stefan
Haacke
KwangHwan
Jung
Loic
Mager

Lunch (※Tammora Restaurant, on the 1st Floor)
Korea-France
Device
Spin
Photonics
Forum

13:30-14:00

15:30-16:00

Hongqi
Xu
Hee
Cheul
Choi
Jeong
Young
Park

Javier G.
de Abajo
Jeongyon
g Kim
Marko
Loncar
Fabian
Rotermu
nd

THUKF-01
THUKF-02
THUKF-03
THUKF-04

Jang-Joo
Kim
Fabrice
Mathevet
Ji-Seon
Kim
Jean
Charles
Ribierre

Coffee Break
Ball Room 1 - Plenary Session 4 (Darrell Schlom)
Poster Session III
THU-OX-P01~P31 / THU-DE-P38~P59 / THU-NA-P42~P80
/ THU-OR-P01~P19 / THU-SP-P01~P18
Break
Ball Room 1 - Banquet

ㆍ OX : Advanced Oxide Materials

ㆍ BI : Biophysics and Biotechnology

ㆍ DE : Devices and Applications

ㆍ NA : Nanomaterials and Nanodevices

ㆍ OR : Organic Electronics and Photonics

ㆍ PH : Photonics

ㆍ SP : Spin and Magnetism

- 16 -

 December 13 (Fri), 2013
Time

Ballroom I

09:00-10:00

10:30 - 11:00

Ballroom III

Registration
Poster Session IV
FRI-OX-P01~P31 / FRI-NA-P01~P39
FRI-PH-P01~P28 / FRI-SP-P01~P26

08:00 - 09:00

10:00 - 10:30

Ballroom II

Photonics
Zuyuan
FRI-PH01
Joey He
Wonshik
FRI-PH02
Choi

Bio
Jong Bum
FRI-BI01
Lee
Gwangrog
FRI-BI02
Lee

Organic
Martin
FRI-OR01
Taylor
Kyung
FRI-OR02
Cheol Choi

11:00 - 11:15

Coffee Break

11:15 - 12:00

Ball Room 1 - Plenary Session 5 (Bernard Kippelen)

12:00 - 12:45

Ball Room 1 - Plenary Session 6 (Burkard Hillebrands)

12:45 - 13:00

Closing Remarks

13:00 -13:30

Break

13:30 - 18:00

Excursion

ㆍ OX : Advanced Oxide Materials
ㆍ NA : Nanomaterials and Nanodevices
ㆍ PH : Photonics
ㆍ SP : Spin and Magnetism
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Scientific Program
- Oral Sessions December 11 (Wed), 2013
Tutotial Session

Ballroom I
Chair : Sung-Yool Choi (KAIST)

TS-01
10:30 – 11:30
Graphene-Base Electronics for Analog and Digital Applications
Byung Jin Cho (Korea Advanced Institute of Science and Technology)
TS-02
11:30 – 12:30
Metamaterials: a New Frontier of Science and Technology
Xiang Zhang (University of California, Berkeley)
12:30 - 13:00

Break

13:00 - 13:05 Opening Ceremony and Welcome Address

Plenary Session 1~2

Ballroom I
Chair :Jae Il Lee (Inha Univ.)

WED-PL-01
13:05 – 13:50
Design and Synthesis of Multi-Component Colloidal Nanocrystals for Catalysis
and Sensing
A. Paul Alivisatos (University of California, Berkeley)
WED-PL-02
13:50 – 14:35
Understandings of Resistance Switching Phenomena from Fundamental Physics
Point of View
Tae Won Noh (Seoul National University)
14:35 – 14:45 Break
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Invited Session [14:45-16:15]
Nanomaterials and Nanodevices

Ballroom I
Chair : Yong-Joo Doh (Korea Univ.)
Chair : Maeng-Je Seong (Chung-Ang Univ.)

WED-NA-01
14:45 – 15:15
Transport through suspended graphene devices
Alberto F. Morpurgo (University of Geneva)
WED-NA-02
15:15 – 15:45
Flexible energy devices by use of graphene electrodes
Jong-Hyun Ahn (Yonsei University)
WED-NA-03
15:45 – 16:15
Heterointegration of Ge/Si Nanowires and III-V FinFETs on Silicon
Shadi A. Dayeh (University of California, San Diego)
Korea-France International Forum

Ballroom II
Chair : Seungwu Han (Seoul National Univ.)

WED-KF-01
14:45 – 15:15
Understanding disordered-network forming materials via first-principles
molecular dynamics
Carlo Massobrio (CNRS-UDS Strasbourg)
WED-KF-02
15:15 – 15:45
Why bromine squares off palladium? An ab initio study of brominated palladium
and its nanomorphology
Su-Hyun Yoo*, Ji-Hwan Lee*, Bernard Delley**, Aloysius Soon*,*** (*Yonsei
University, **Paul-Scherrer-Institut, ***The University of Sydney)
WED-KF-03
15:45 – 16:15
Accessing the physic-chemical properties of nano-objects: an overview using first
principles molecular dynamics
Sébastien LE Roux, Mauro Boero, Carlo Massobrio (IPCMS/CNRS)
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Spin and Magnetism

Ballroom III
Chair : Henk Swagten (Eindhoven Univ. of Technology)
Chair : Sug-bong Choe (Seoul National Univ.)

WED-SP-01
14:45 – 15:15
The Giant Spin Hall Effect, and Spin Torque Phenomena in Multilayer
Ferromagnetic/ Normal Metal Nanostructures
Robert Buhrman (Cornell University)
WED-SP-02
15:15 – 15:45
Current-induced domain wall motion: spin transfer torque v.s. spin hall torque
Teruo Ono (Kyoto University)
WED-SP-03
15:45 – 16:15
Theoretical study on magnetic interfaces subject to spin-orbit coupling
Kyung-Jin Lee (Korea University)
16:15 – 16:30 Coffee Break

Invited Session [16:30-18:30]
Devices and Applications

Ballroom I
Chair : Sung-Lae Cho (Univ. of Ulsan)
Chair : Jonghwa Eom (Sejong Univ.)

WED-DE-01
16:30 – 17: 00
Spin waves in magnetic nanostructures
J.B.Ketterson*, J.Sklenar*, S.J.Lee*, I. Nevirkovets*, V.S.Bhat**, B.Farmer**,
J.Woods**, L.E.De Long , J.T.Hastings**, O.Heinonen*,*** (*Northwestern
University, **University of Kentucky, ***Argonne National Laboratory)
WED-DE-02
17:00 – 17:30
Printable Ion-gel Gate Dielectrics for High-performance Graphene Transistors
Jeong Ho Cho (Sungkyunkwan University)
WED-DE-03
17:30 – 18:00
Carbon nanotube-based plastic electronics
Yutaka Ohno (Nagoya University)
WED-DE-04
18:00 – 18:30
Carbon nanotubes as nanoscale mass conduits
Hyung Gyu Park (ETH Zurich)
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Korea-France International Forum

Ballroom II
Chair : Aloysius Soon (Yonsei Univ.)

WED-KF-04
16:30 – 17:00
Atomic structure and topological insulating property of Ge-Sb-Te compounds
Jeongwoo Kim, Jinwoong Kim, Seung-Hoon Jhi (Pohang University of Science and
Technology)
WED-KF-05
17:00 – 17:30
Nanotechnology through first-principles calculations: the impact of molecular
dynamics approach
Carlo Massobrio (CNRS-UDS Strasbourg)
WED-KF-06
17:30 – 18:00
Instability mechanisms in amorphous oxide semiconductors: peroxide AX and
metal-metal bond DX
Ho-Hyun Nahm*, Yong-Sung Kim** (*Seoul National University, **University of
Science and Technology)
WED-KF-07
18:00 – 18:30
Ab initio approach to understand and improve phase change memory
Kye Yeop Kim*, Eunae Cho**, Seungwu Han* (*Seoul National University,
**Samsung Electronics)
Advanced Oxide Materials
Ballroom III
Chair : Chang Uk Jung (Hankuk Univ. of Foreign Studies)
Chair : Yoon-Hwae, Hwang (Pusan National Univ.)
WED-OX-01 16:30 – 17: 00
Spectroscopy of Correlated Oxide Interfaces and Heterostructures
Kyle M.Shen (Cornell University)
WED-OX-02 17:00 – 17:30
Epitaxial oxygen sponges : The good and the bad of oxygen vacancies in complex
oxides
Ho Nyung Lee (Oak Ridge National Laboratory)
WED-OX-03 17:30 – 18:00
Ferroelectricity in HfO2-Based Films
Cheol Seong Hwang (Seoul National University)
WED-OX-04
18:00 – 18:30
Emerging Oxide Nanowires: Creation Concept and Their Promises for Novel
Nanoscale Devices
Takeshi Yanagida (Osaka University)

- 21 -

Poster Session I with Beer and Refreshments
Ballroom

Lobby 18:30 – 20:00

WED-OX-P01~P29 / WED-DE-P01~P30
WED-NA-P01~P41 / WED-OR-P01~P14 / WED-SP-P01~P18
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December 12 (Thu), 2013
Poster Session II
Ballroom Lobby 09:00 – 10:00
THU-BI-P0~P18 / THU-DE-P01~P37
THU-NA-P01~P41 / THU-PH-P01~P33

Plenary Session 3

Ballroom I
Chair : Jeong Weon WU (Ewha Womans Univ.)

THU-PL-01 10:00 – 10:45
Photonics beyond diffraction limit: Plasmon waveguide, cavities and integrated
laser circuits
Xiang Zhang (University of California, Berkeley)
10:45 – 11:00 Coffee Break

Invited Session [11:00~12:30]
Nanomaterials and Nanodevices

Ballroom I
Chair :Bongjin Simon Mun (GIST)
Chair : Jong-Hyun Ahn (Yonsei Univ.)

THU-NA-01 11:00 – 11:30
Majorana fermions in semiconductor nanowire-superconductor hybrid quantum
devices
H. Q. Xu (Lund University, Peking University)
THU-NA-02 11:30 – 12:00
Catalyst-free growth of high quality graphene on amorphous oxides and Ge
semiconductor nanowires
Hee Cheul Choi (Pohang University of Science and Technology)
THU-NA-03 12:00 – 12:30
Hot Electron-driven Chemical Reactions on Metal Semiconductor Nanostructures
Jeong Young Park (KAIST)
Biophysics and Biotechnology
Ballroom II
Chair : Eun-Cheol Lee (Gachon Univ.)
THU-BI-01
11:00 – 11:30
Recent advances of single-molecule biophysics of ATP synthase
- 23 -

Hiroyuki Noji (The University of Tokyo)
THU-BI-02
11:30 – 12:00
Microfluidic chip calorimeter and its application for cell biology
Jihye Kim*,**, Joonyoung Koh*,**, Wonhee Lee*,** (*KAIST, **KAIST Institute for the
Nanocentury)
THU-BI-03
12:00 – 12:30
Fabrication methods and applications of DNA nanostructures
Sung Ha Park (Sungkyunkwan University)
Organic Electronics and Photonics

Ballroom III
Chair : Eunju Lim (Dankook Univ.)
Chair : Yeonjin Yi (Yonsei Univ.)

THU-OR-01 11:00 – 11:30
Ion gated transistors
Yoshi Iwasa (The University of Tokyo, RIKEN Center for Emergent Matter Science)
THU-OR-02 11:30 – 12:00
Materials and applications of high-mobility organic transistors
Jun Takeya (The University of Tokyo, Pi-CRYSTAL Incorporation)
THU-OR-03 12:00 – 12:30
New Small Molecule Organic Thin-Film Transistors and Photo-Excited Charge
Collection Spectroscopy Probing on the Devices
Seongil Im (Yonsei University)
Korea-France International Forum

Halla Hall(8F)
Chair : Jeong Weon WU (Ewha Womans Univ.)

THU-KF-01
11:00 – 11:30
Anabaena Sensory Rhodopsin: a natural photoswitch studied by ultrafast
transient absorption spectroscopy and fluorescence quantum yield measurements
A. Cheminal*, S. Y. Kim**, J. Léonard*, H. Kandori***, Kwang-Hwan Jung**, S.
Haacke* (*IPCMS-University of Strasbourg-CNRS, **Sogang University, ***Nagoya
Institute of Technology)
THU-KF-02
11:30 – 12:00
New type of monovalent-cation pumping rhodopsins and their application
Ah Reum Choi, So Young Kim, Se Hwan Kim, Kwang-Hwan Jung (Sogang
University)
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THU-KF-03
12:00 – 12:30
Trajectory and optical properties control of Light Induced Self-written optical
waveguides
Loïc Mager*, Mohamed Ben Belgacem*,**, Mohamed Gargouri**, Kokou Dodzi
(Honorat) Dorkenoo*, Alberto Barsella* (*IPCMS-CNRS-Université de Strasbourg,
**Faculté des Sciences de Sfax)
12:30 – 13:30 Lunch
(“Tammora” Restaurant on the 1st Floor)

Devices and Applications

Ballroom I
Chair : Sung-Yool Choi (KAIST)
Chair : Jeong Young Park (KAIST)

THU-DE-01 13:30 – 14:00
Electronic structure of epitaxial graphene and its interaction with semiconductor
and metal substrates
Kastern Horn (Fritz Haber Institute of the Max Planck Society)
THU-DE-02 14:00 – 14:30
High quality graphene synthesis and its application to high performance
electronic devices
Byung Jin Cho, Jeong Hun Mun (KAIST)
THU-DE-03 14:30 – 15:00
Silicon thermoelectric device
Moongyu Jang (ETRI, University of Science & Technology)
THU-DE-04 15:00 – 15:30
Graphene Heterostructures for High-Performance Devices
Jinseong Heo (Samsung Electronics)

Spin and Magnetism

Ballroom II
Chair : Teruo Ono (Kyoto University)
Chair : Kyung-Jin Lee (Korea University)

THU-SP-01 13:30 – 14:00
New perspectives on controlling domain walls in magnetic devices
Henk Swagten, Jeroen Franken, Mark Herps, Reinoud Lavrijsen, Pascal Haazen, Elena
Murè, Bert Koopmans (Eindhoven University of Technology)
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THU-SP-02 14:00 – 14:30
Magneto-diode: principle and application to chameleon processor
Sungjung Joo1,2, Taeyueb Kim1,2, Sang Hoon Shin3, Ju Young Lim3, Jinki Hong2, Jin
Dong Song3, Joonyeon Chang1, Hyun-Woo Lee4, Kungwon Rhie2, Suk Hee Han1,
Kyung-Ho Shin1, Mark Johnson5
(1Spin Convergence Research Center, KIST, 2Korea University, 3Nano Photonics
Research Center, KIST, 4Pohang University of Science and Technology, 5Naval
Research Laboratory)
THU-SP-03 14:30 – 15:00
Non-Destructive Nano-Patterning by Low Energy Proton Irradiation
Sanghoon Kim, Soogil Lee, Jungho Ko, Jangyup Son, Minseok Kim, Jongill Hong
(Yonsei University)
THU-SP-04 15:00 – 15:30
Probing current-driven magnetodynamics on the nano-scale
M. Tsoi (University of Texas at Austin)
Photonics

Ballroom III
Chair : Bumki Min (KAIST)
Chair : Heesuk Rho (Chonbuk National Univ.)

THU-PH-01 13:30 – 14:00
Graphene Plasmonics and Graphene-Based Metamaterials
F. Javier García de Abajo (ICFO - ICFO-The Institute of Photonic Sciences)
THU-PH-02 14:00 – 14:30
Nano confocal spectroscopic imaging of 2D nanostructures
Jeongyong Kim (Sungkyunkwan University)
THU-PH-03 14:30–15:00
Quantum Nanophotonics and Nanomechanics with Diamond
Marko Loncar (Havard University)
THU-PH-04 15:00–15:30
Novel mode-locking technology based on carbon nanostructures
Fabian Rotermund (Ajou University)
Korea-France International Forum

THU-KF-04

Halla Hall(8F)
Chair : Kilwon Cho (POSTECH)

13:30 – 14:00
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Highly enhanced light extraction from surface plasmonic loss minimized organic
light-emitting diodes
Jung-Bum Kim, Jeong-Hwan Lee, Chang-Ki Moon, Sei-Yong Kim, Jang-Joo Kim
(Seoul National University)
THU-KF-05
14:00 – 14:30
Self-organized semiconducting polymers for organic electronics
Yiming Xiao1, Danli Zeng1, Emmanuelle Lacaze2, Benoit Heinrich3, Bertrand Donnio3,
Daniel Guillon3, Martin Brinkmann4, David Kreher1, André.-Jean Attias1, Fabrice
Mathevet1 (1Lab. de Chimie des Polymères, UPMC-CNRS, 2Institut des NanoScience
de Paris, UPMC-CNRS, 3Département des Matériaux Organiques, IPCMS, 4Institut
Charles Sadron)
THU-KF-06
14:30 – 15:00
Microstructure of Organic Semiconductors Controlled by Solution Processing
Ji-Seon Kim (Imperial College London)
THU-KF-07
15:00 – 15:30
Ambipolar charge transport in a quinoidal oligothiophene derivative
Jean-Charles Ribierre (Kyushu University)
15:30 – 16:00 Coffee Break

Plenary Session 4

Ballroom I
Chair : Tae Won Noh (Seoul National Univ.)

THU-PL-02 16:00 – 16:45
Exploiting Dimensionality and Defect Mitigation to Create Tunable Microwave
Dielectrics with Record Performance
Che-Hui Lee1,2, Nathan D. Orloff3,4, Turan Birol5, Ye Zhu5, Veronica Goian6, Eduard
Rocas7, Ryan Haislmaier2, Eftihia Vlahos2, Julia A. Mundy5, Lena F. Kourkoutis5,12,
Yuefeng Nie5, Michael D. Biegalski7, Jingshu Zhang1, Margitta Bernhagen9, Nicole A.
Benedek10, Yongsam Kim5, Joel D. Brock5, Reinhard Uecker9, X. X. Xi11, Venkatraman
Gopalan2, Dmitry Nuzhnyy6, Stanislav Kamba6, David A. Muller5,12, Ichiro Takeuchi13,
James C. Booth3, Craig J. Fennie5, and Darrell G. Schlom1,12 (1Department of Materials
Science and Engineering, Cornell University, 2Pennsylvania State University, 3National
Institute of Standards and Technology, 4Department of Physics,University of Maryland,
5
School of Applied and Engineering Physics, Cornell University, 6Institute of Physics
ASCR, 7Universitat Politècnica de Catalunya, 8Oak Ridge National Laboratory, 9Leibniz
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Institute for Crystal Growth, 10The University of Texas at Austin, 11Temple University,
12
Kavli Institute at Cornell for Nanoscale Science, 13Department of Materials Science and
Engineering, Unive-rsity of Maryland)

Poster Session III
Ballroom Lobby 16:45 - 18:15
THU-OX-P01~ P31 / THU-DE-P38~P59 / THU-NA-P42~P80
THU-OR-P01~P19 /THU-SP-P01~ P18
18:15 – 18:30 Break, 18:30 – 20:00 Banquet
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December 13 (Fri), 2013
Poster Session IV
Ballroom Lobby 09:00 - 10:00
FRI-OX-P01~ P31 / FRI-NA-P01 ~ P38
FRI-PH-P01 ~ P28 / FRI-SP-P01 ~ P26

Invited Session [09:00-10:00]
Photonics

Ballroom I
Chair : Kyunghwan Oh (Yonsei Univ.)
Chair : Jeongyong Kim (Sungkyunkwan Univ.)

FRI-PH-01
10:00 – 10:30
Sensing the Earth with Fiber Optics
Zuyuan Joey He (Shanghai Jiao Tong University)
FRI-PH-02
10:30 – 11:00
Optical bio-imaging using complex disordered materials
Wonshik Choi (Korea University)
Biophysics and Bioengineering

Ballroom II
Chair : Won Hee Lee (KAIST)
Chair : Seok-Cheol Hong (Korea Univ.)

FRI-BI-01
10:00 – 10:30
Self-assembled nucleic acid microstructures for biomedical applications
Jong Bum Lee (University of Seoul)
FRI-BI-02
10:30 – 11:00
Distributive and processive exonucleases characterized by single molecule FRET
Sangmi Jee, Jungmin Yoo, Gwangrog Lee (Gwangju Institute of Science and
Technology)
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Organic Electronics and Photonics

Ballroom III
Chair : Seunghyup Yoo (KAIST)
Chair : Yongsup Park (Kyung Hee Univ.)

FRI-OR-01
10:00 – 10:30
From single organic transistors to functional circuits
D. M. Taylor*, E. Patchett*, A. Williams*, J. J. Morrison**, S. G. Yeates**, Z.
Ding***, H. E. Assender*** (*Bangor University,
**Manchester University, ***Oxford University)
FRI-OR-02
10:30 – 11:00
Reduction of surface plasmon and waveguide losses in organic light-emitting
diodes by use of nanostructure
Dong-Young Kim, Chung Sock Choi, Jin Yeong Kim, Danbi Kim, Kyung Cheol Choi
(KAIST)
11:00 – 11:15 Coffee Break

Plenary Session 5

Ballroom I
Chair : Kyung-Hwa Yoo (Yonsei Univ.)

FRI-PL-01
11:15 – 12:00
Advances in organic semiconductors for flexible printed electronics
Bernard Kippelen (Georgia Institute of Technology)

Plenary Session 6

Ballroom I
Chair : Kyung-Hwa Yoo (Yonsei Univ.)

FRI-P02
12:00 – 12:45
Smart Magnon Spintronics
Burkard Hillebrands (Technische Universität Kaiserslautern)

12:45 - 13:00 Closing Remarks
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Poster Sessions December 11 (Wed), 2013
Poster Session I with Beer and Refreshments
Ballroom Lobby 18:30 – 20:00
Advanced Oxide Materials
WED-OX-P01
Electron density study on the hydrogen impurity in ZnO
Ji Hun Park*, Seunghun Lee**, Bum-su Kim*, Yong Chan Cho*, Chikako
Moriyoshi***, Yoshihiro Kuroiwa***, Chul Hong Park*, Se-Young Jeong* (*Pusan
National University, **Korea University, ***Hiroshima University)
WED-OX-P02
Effects of the high-energy electron-beam irradiation on the superconducting
transition properties of YBCO grain boundary junctions
Sung Hoon Lee*, Hye-Won Kim**, Byungnam Kim**, Byung-Chul Lee**, Soon-Gul
Lee*,** (*Korea University, **Korea Atomic Energy Research Institute)
WED-OX-P03
Physical and Chemical Treatment to Improve the Purity of the Silica and
Preparation of Si Using a Thermite
Na-Ri Yeom, Yong-Hyun Lee, Seon-Hui Eom, Sang-Yeop Park (Yeongwol EcoMaterials Industry Foundation)
WED-OX-P04
Growth of ZnO nanosheets using oxygen annealing of Zn nanosheets
Jong-Hyun You, Jong-Hwan Yoon (Kangwon National University)
WED-OX-P05
Effect of Calcination Temperature on Optical Bandgap in Doped Bismuth
Titanates
Jun Young Han, Chung Wung Bark (Gachon University)
WED-OX-P06
Au-catalyzed growth of silica nanowires and growth mechanism
Jong-Hwan Yoon (Kangwon National University)
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WED-OX-P07
The Effects of Sintering Temperature on Thermoelectric Properties of
CuAl0.9Fe0.1O2
Aparporn Sakulkalavek, Rungnapa Thonglamul (King Mongkut’s Institute of
Technology Ladkrabang)
WED-OX-P08
Ferromagnetic properties depending on Ru-Ru distance in SrRuO3 thin films
Bowha Lee*, O-Ung Kwon*, Ran Hee Shin*,**, William Jo**,
and Chang Uk Jung* (*Hankuk University of Foreign Studies, **Ewha Womans
University)
WED-OX-P09
Eu-doped BiFeO3 multiferroics : synthesis and characterizations
Ngo Thu Huong*, **, Duong The Bao*, Luu Hoang Anh Thu*, Viacheslav Shaidiuk**,
Nguyen Hoa Hong** (*Hanoi University of Science, **Seoul National University)
WED-OX-P10
Irradiation Induced Electronic Structure Modifications in ZnO Thin Flims: X-ray
Absorption Spectroscopic Study
Sanjeev Gautam*, Keun Hwa Chae*, Jonghan Song*, K. Asokan** (*Korea Institute
of Science and Technology (KIST), **Inter University Accelerator Centre)
WED-OX-P11
Structural properties of epitaxially grown PbVO3 thin films by pulsed laser
deposition
S. H. Oh, R. H. Shin, and W. Jo (Ewha Womans University)
WED-OX-P12
Rietveld analysis and multiferroic properties of Bi and Fe co-doped BaTiO3
D. H. Kim, M. Y. Lee, Y. M. Kwon and B. W. Lee (Hankuk University of Foreign
Studies)
WED-OX-P13
Crystal structure of (Ru0.75Cu0.25)(Sr1.47Ba0.2Nd0.33)(NdCe)Cu2O10- compound
Ho Keun Lee (Kangwon National University)
WED-OX-P14
The magnetic field dependence properties of electron phonon interacting system
under Circularly Oscillating Fields in GaN and ZnO
S. H. Lee*, J. Y. Sug**, J. T. Lee*, J. H. Park* (*Donga University, **Kyungpook
National University)
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WED-OX-P15
Effects of nano porosity for the optical properties of single ZnO nanorod
Guru P Neupane, Min Su Kim, Ju Bok Lee, Krishna P Dhakal, Jeongyong Kim
(Sungkyunkwan University)
WED-OX-P16
Soft X-ray Synchrotron Radiation Spectroscopy Study of Molecule-Based
Nanoparticles
Eunsook Lee*, D. H. Kim*, Jihoon Hwang*, Kyung Hyun Kim**,
Han-Koo Lee, J.-Y. Kim, J.-S. Kang* (*The Catholic University of Korea, **Korea
University, +POSTECH)
WED-OX-P17
Effects of the substrate temperature on the zinc-tin-oxide films deposited by radio
frequency magnetron sputtering
Ik-Jae Lee, Nark-Eon Sung, Yong-Duck Yun (Pohang University of Science and
Technology)
WED-OX-P18
Strain-induced metal-insulator transition in LaTiO3 thin films
S. J. Moon*, Y. S. Kim**, T. W. Noh** (*Hanyang University, **Institute for Basic
Science, Seoul National University)
WED-OX-P19
Modulation of threshold voltage by various plasma treatments in amorphous
InGaZnO thin film transistors
Jae-sung Kim*, Min-Kyu Joo*,**, Piao Mingxing*, Junhong Na*, Yun-Jeong Kim*,
Gyu-Tae Kim* (*Korea University, **IMEP-LAHC, Grenoble INP)
WED-OX-P20
Charge transfer and optical properties of VO2/ZnO nanorods
Min Su Kim, Guru P. Neupane, Ju Bok Lee, Jeongyong Kim (Sungkyunkwan
University)
WED-OX-P21
Switchable Schottky diode characteristics induced by electroforming process in
Mn-doped ZnO thin films
YoonSeung Nam*, InRok Hwang**, ChanSoo Yoon*, JiHoon Jun*, SangIk Lee*,
EunA Won*, TaeJoon Oh*, GwangTaek Oh*, TaekJib Choi***, Bae Ho Park*
(*Konkuk University, **Korea Institute of Science and Technology, ***Sejong
University)
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WED-OX-P22
Effect of gas adsorption and charge writing on transport property of
LaAlO3/SrTiO3
Haeri Kim*, Seon Young Moon**, Shin-Ik Kim**, Seung-Hyub Baek**, and Ho Won
Jang***, Dong-Wook Kim* (*Ewha Womans University, **Korea Institute of Science
and Technology (KIST), ***Seoul National University)
WED-OX-P23
Kelvin probe force microscopy studies of VO2 thin films during metal-insulator
transition
Ahrum Sohn*, Dong-Wook Kim*, and Hyun-Tak Kim**,*** (*Ewha Womans
University, **ETRI, ***University of Science and Technology)
WED-OX-P24
Effect of the pre-heating condition on the formation of lightweight aggregate
Yooteak Kim, Chang Sub Jang (Kyonggi University)
WED-OX-P25
Magneto-caloric properties of La0.7Ca0.3Mn1-xNbxO3 compounds
J.S. Hwang*, K.S. Kim*, B.S. Kang**, J.S. Lee***, S.C. Yu* (*Chungbuk National
University, **Konkuk University, ***GangneungWonju National University)
WED-OX-P26
Temperature dependence and luminescence properties of CaWO4:Eu3+ red
phosphors
Hyeon Mi Noh*, Byung Kee Moon*, Byung Chun Choi*, Jung Hyun Jeong*, Hyun
Kyoung Yang** (*Pukyong National University, **Korea Institute of Energy
Research)
WED-OX-P27
Synthesis and luminescent properties of Gd2MoO6:Eu3+
Sook Hyun Kwon, Byung Kee Moon, Byung Chun Choi, Jung Hyun Jeong (Pukyung
National University)
WED-OX-P28
Effect of flux in the structural and luminescent properties of Eu2+ doped SrAl2O4
Yeon Woo Seo, Byung Kee Moon, Byung Chun Choi, Jung Hyun Jeong , Kyoo Sung
Shim (Pukyong National University)
WED-OX-P29
Upconversion luminescence properties of GdVO4:Er3+, Yb3+
Ju Hyun Oh*, Byung Kee Moon*, Byung Chun Choi*, Jung Hyun Jeong*, Jung Hwan
Kim** (*Pukyong National University, **Dong-eui University)
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Devices and Applications
WED-DE-P01
Measurements of dose distribution using a multichannel fiber-optic dosimeter
during chest X-ray examination
W. J. Yoo, S. H. Shin, D. Jeon, S. Hong, H. I. Sim, S. G. Kim,
K. W. Jang, B. Lee (Konkuk University)
WED-DE-P02
Effects of sulfur diffusion on local current transport and exciton recombination in
CdS/CuInxGa1-xSe2 heterojunctions
G. Y. Kim*, A. R. Jeong*, J. R. Kim*, W. Jo*, H. J. Jo**, D.-H.Kim**, J.-K. Kang**
(*Ewha Womans University, **Daegu Gyeongbuk Institute of Science and Technology
(DGIST)
WED-DE-P03
In-situ B doped Ge growth on a Si(001) by UHV-CVD
Keun Woo Shin*, Sewoung Oh*,** Won-Kyu Park** and Euijoon Yoon* (*Seoul
National University, **Korea Advanced Nano-Fab Center)
WED-DE-P04
Multi-step plasma etching process of InSb for the fabrication of highly
photosensitive diodes
Chulkyun Seok*, Minkyung Choi**,Sehun Park*, Jinwook Jung*,
Yongjo Park***, and Euijoon Yoon* (*Seoul National University, **Ewha Womans
University, ***Advanced Institutes of Convergence Technology)
WED-DE-P05
Conducting filament evolution in forming-free Pt/TaOx/Pt resistance switching
devices
Chunli Liu, C. U. Jung, B. W. Lee (Hankuk University of Foreign Studies)
WED-DE-P06
Determination of the shape and length of LYSO:Ce to optimize a small-sized
fiber-optic gamma detector
S. Hong, S. H. Shin, D. Jeon, H. I. Sim, S. G. Kim, W. J. Yoo,
K. W. Jang, J.-Y. Park, B. Lee (Konkuk University)
WED-DE-P07
Enhancement of CIGS Solar Cells Efficiency by Anti-reflection Coating of Teflon
AF
Hong-Sub Bae*, Chan Kim*, Hyun-Jun Jo***, Dae-Hwan Kim*** ,
Sungwook Hong**, Ilsu Rhee* (*Kyungpook National University, **Daegu
University, ***Daegu Gyeongbuk Institute of Science and Technology)
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WED-DE-P08
The study on broad directivity characteristic of piston transducer with finite
baffle
Qin Lei, Wang Li-kun, Liu Jing-jing, Zhang Bin, Long Dan (Beijing Information
Science & Technology University)
WED-DE-P09
Spatially Resolved Characterizations of Electrical and Optical Properties in
Cu2SnZnS4 Solar Cells
Dahyun Nam*, Mungunshagai Gansukh*, Dae-Ho Son** Dae-Hwan Kim**, KeeJeong Yang**, Jin-Kyu Kang**, Hyeonsik Cheong* (*Sogang University, **DGIST)
WED-DE-P10
Observation of fractal quantum Hall effect in artificially stacked CVD grown
graphene bilayer
Muhammad Zahir Iqbal*, Muhammad Waqas Iqbal*, Xiaozhan Jin*,
Chanyong Hwang**, Jonghwa Eom* (*Sejong University, **Korea Research Institute
of Standards and Science (KRISS))
WED-DE-P11
Threshold voltage modeling of novel display device based on fast-moving ball
actuator
Mun Pyo Hong*, Jongmo Lee**, Chul Gyu Jhun**, Ho Won Yoon*, Byung Seong
Bae**, Seungoh Han** (*Korea University, **Hoseo University)
WED-DE-P12
The flexible solar cells with Cu(In,Ga)Se2 absorber grown on polyimide by using
Se thermal cracker
Soo-Jeong Park*,**, Woo-Jung Lee*, Dae-Hyung Cho*, Jae-Hyung Wi*, Won-Seok
Han*, Yousuk Cho***, Jong-man Yoon***, Yong-Duck Chung*,** (*Electronics and
Telecommunications Research Institute, **University of Science and Technology,
***JMON. Co.,Ltd.)
WED-DE-P13
Complementary Resistance Switching behavior of anti-serially combined
ZnO/SnO2 double-layered thin films
Jinsung Choi , Hyun Cheol Song, Yunki Kim, and Ranju Jung (Kwangw-oon
University)
WED-DE-P14
CuInGa precursor thin film deposition by single target sputtering for CIGS solar
cell applications
Jeong Dae Suh (Electronics and Telecommunications Research Institute)
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WED-DE-P15
Effect of the multiple quantum well and barrier thickness variation on the
efficiency of AlGaN-based deep-ultraviolet LEDs
Su Jin Kim, Kyeong Heon Kim, Jae Hoon Lee, Ho Young Chung, Kie Young Woo,
Sukwon Kim, Byeong Ryong Lee, Tae Geun Kim (Korea University)
WED-DE-P16
Enhanced Efficiency of Organic Electroluminescence By Using 2-TNATA Hole
Injection Layer
Hak Rim Jeon*, Hye Jeong Kim*, Young Kwan Kim**, Seung Soo Yoon*
(*Sungkyunkwan University, **Hongik University)
WED-DE-P17
Thermodynamic behaviors of the ferrofluid in a thin channel with magnetic field
and geometric configuration
Dong-Yeon Lee *, Jae-Hyeong Seo**, Moo-Yeon Lee ** (*Yeungnam University,
**Dong-A University)
WED-DE-P18
Thermal properties of fiber-optic radiation sensor for gamma-ray detection in
high temperature conditions
D. Jeon, K. W. Jang, W. J. Yoo, S. H. Shin, S. Hong, H. I. Sim,
S. G. Kim, and B. Lee (Konkuk University)
WED-DE-P19
Fundamental Research of Cerenkov Radiation Sensor Based on Optical Glass for
Detecting Beta-ray
J. Kim, K. W. Jang, S. H. Shin, W. J. Yoo, B. Lee (Konkuk University)
WED-DE-P20
Recessed-gate GaN-based MOSFET having dual dielectric for high power
electronics application
Young Jun Yoon*, Hee-Sung Kang*, Jae Hwa Seo*, Young Jae Kim*,
Eou-Sik Cho**, Seongjae Cho**, Jung-Hee Lee*, In Man Kang* (*Kyungpook
National University, **Gachon University)
WED-DE-P21
Improve the transparency of liquid crystal display with various transparent
conducting films
Yong Un Jung, Seungwon Shin, Seong Jun Kang (Kyung Hee University)
WED-DE-P22
Flexible White Organic Light-Emitting Diodes With Multi-Metal Electrode and
New Combination of Heteroleptic Iridium Compound
Ho Won Lee, Hyung Jin Yang, Jae Eun Yi, Jun Keun Choi, Young Kwan Kim,
Yunkyoung Ha (Hongik University)
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WED-DE-P23
Analysis of electrical characteristic of plated contact for high-efficiency silicon
solar cell
Jisoo Kim, Jong-Youb Lim, Yeon-Hee Hwang, Ji-sun Kim, Eun-Joo Lee, Ho Sik Kim
(Shinsung Solar Energy)
WED-DE-P24
Least material optimization of electronics cooling devices
Chan Byon (Yeungnam University)
WED-DE-P25
Effects of surface etching treatment in Cu2ZnSnSSe4 thin films studied by Raman
scattering spectroscopy
Nguyen Thi Thu Trang, Hae-Young Shin, Ju Ri Kim, Gee Yeong Kim, William Jo,
Seokhyun Yoon (Ewha Womans University)
WED-DE-P26
The simple logic circuit using dual gate a-InGaZnO thin film transistor
Seung Hee Nam*, Pyo Jin Jeon**, Young Tack Lee**, Syed Raza Ali Raza**, Seongil
Im** (*LG Display, **Yonsei Unversity)
WED-DE-P27
Electrical phase transition by charged carrier injection generated by
photoelectron emission
Kyuwook Ihm (Pohang Accelerator Laboratory)
WED-DE-P28
Characterization of multi-channel fiber-optic radiation sensor for HDR
brachytherapy source
S. H. Shin, K. W. Jang, D. Jeon, S. Hong, H. I. Sim, S. G. Kim,
W. J. Yoo, B. Lee (Konkuk University)
WED-DE-P29
Feasibility of fiber-optic Cernkov radiation sensor using wavelength shifting fiber
for radiotherapy dosimetry
K. W. Jang, S. H. Shin, D. Jeon, S. Hong, H. I. Sim, S. G. Kim,
W. J. Yoo, B. Lee (Konkuk University)
WED-DE-P30
Sensing Properties for Extremely Low Level H2 Gas
based on Pd Nanogap and a-IGZO TFT Devices
Jin Sung Kim, Young Tack Lee, Seung Hee Nam, Pyo Jin Jeon, Hwaebong Jung,
Byungjin Jang, Wooyoung Lee, Seongil Im (Yonsei University)
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Nanomaterials and Nanodevices
WED-NA-P01
Effect of TiO2 paste thickness on energy conversion efficiency of dye-sensitized
solar cells
Young-Hun Kim1, In-Kyu Lee1, Jong-Ho Kang2, Myung-Hyun Lee2, Nam-Ihn Cho3,
Yong-Wun Jang4, Deuk Yong Lee4 (1Korea Aerospace University, 2KICET, 3Sun
Moon University, 4Daelim University)
WED-NA-P02
Superlubricous Graphene Nanoflake Oscillator on Graphene Nanoribbon:
Molecular Dynamics Study
Sun-Young Kim, Jeong-Won Kang (Korea National University of Transportation)
WED-NA-P03
Electronic structure and band alignment of zinc nitride, Zn3N2
Su-Hyun Yoo1, Aron Walsh2, David O. Scanlon3, Aloysius Soon1,4 (1Yonsei
University, 2University of Bath, 3University College London, 4The University of
Sydney)
WED-NA-P04
Non-monotonic magnetoresistance in two-dimensional electron systems
Y.-T. Wang*, T.-P. Woo*, S.-T. Lo*, Gil-Ho Kim**, C.-T. Liang*,** (*National
Taiwan University, **Sungkyunkwan University)
WED-NA-P05
Superconducting transition properties of grain boundaries in MgB2 films
Sung-Hak Hong, Sung Hoon Lee, and Soon-Gul Lee (Korea University)
WED-NA-P06
Graphene Nanoflake Shuttle Memory: Molecular Dynamics Study
Sun-Young Kim, Ki-sub Kim, Jeong-Won Kang (Korea National University of
Transportation)
WED-NA-P07
Synthesis and Thermoelectric Properties of RzFe4-xCoxSb12 (R: Yb, La, Ce)
Skutterudites
Kwan-Ho Park*, Soonil Lee*, Won-Seon Seo*, Il-Ho Kim** (*Korea Institute of
Ceramic Engineering and Technology, **Korea National University of Transportation)
WED-NA-P08
Thermoelectric Properties of I-doped Bi2Te2.85Se0.15 Solid Solutions
Go-Eun Lee*, Il-Ho Kim*, Young-Soo Lim**, Won-Seon Seo**, Byeong-Jun
Choi***, Chang-Won Hwang*** (*Korea National University of Transportation,
**Korea Institute of Ceramic Engineering and Technology, ***SEEPEL Co., Ltd.)
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WED-NA-P09
Solid-State Synthesis and Thermoelectric Properties of Cr-doped MnSi1.73
Dong-Kil Shin, Sin-Wook You, Il-Ho Kim (Korea National University of
Transportation)
WED-NA-P10
Design of single- and dual-layer absorber stack for extreme ultraviolet
lithography and actinic defect inspection
Jai Dong Lim, Wonyoung Kim, Chang Kwon Hwangbo (Inha University)
WED-NA-P11
Dielectric Constant Engineering of Carbon Nanotube Films for THz Applications
J. T. Hong, Ji-Yong Park, Soonil Lee, and Y. H. Ahn (Ajou University)
WED-NA-P12
Study on the dielectric functions of InxAl1-xP alloys by ellipsometry
H. G. Park1, S. Y. Hwang1, D. E. Aspnes1,2, Y. D. Kim1, E. H. Lee3, S. H. Shin3, J. D.
Song3, C.-T. Liang4, Y.-C. Chang4 (1Kyung Hee University,
2
North Carolina State University, 3Korea Institute of Science and Technology,
4
Academia Sinica)
WED-NA-P13
Large valley-polarization of anisotropic Dirac fermions in SrMnBi2
Y. J. Jo1, Joonbum Park2, Man Jin Eom2, E. S. Choi3, W. Kang4, Jun Sung Kim2
(1Kyungpook National University, 2Pohang University of Science and technology,
3
National High Magnetic field Laboratory, 4Ewha University)
WED-NA-P14
Study of Nano-patterned Crystalline Silicon Solar cell for Light Trapping
Yunae Cho*, Minji Gwon*, Eunsongyi Lee**, Dong-Wook Kim*, Joondong Kim***
(*Ewha Womans University, **University of Manchester, ***Incheon National
University)
WED-NA-P15
Enhancement of mechanical and electrical properties of nanocarbon hybrids
composites of carbon nanotubes and graphene oxide with polyurethane
Dong Hun Yi, Hye Jin Yoo, Jae Whan Cho (Konkuk University)
WED-NA-P16
Electrical characteristics of soluble conducting polymer-functionaliz-ed graphene
S. R. Madeshwaran, Hye Jin Yoo, Jae Whan Cho (Konkuk University)
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WED-NA-P17
MoS2 nanosheet-based nonvolatile memory transistors and photo detectors
Hee Sung Lee, Seongil Im (Yonsei University)
WED-NA-P18
Growth properties of carbon nanowalls according to the
reaction gas ratios
Sung Yun Kim, Won Seok Choi (Hanbat National University)
WED-NA-P19
Epitaxial Growth of Bi2Se3 films grown on Bi/Ge (111)
Seungyeon Kim, Hyungjoon Shim, Geunseop Lee* (Inha University)
WED-NA-P20
Thermoelectric Properties of Mg2Si1-xGex Prepared by Solid-State Reaction
Sin-Wook You, Il-Ho Kim (Korea National University of Transportation)
WED-NA-P21
Reflection resonance switching in metamaterial twisted nematics cell
Y. U. Lee, J. Kim, J. H. Woo, E. Y. Choi, E. S. Kim, J. W. Wu (Ewha Womans
University)
WED-NA-P22
Ab initio Study on Oxygen- and Fluorine-Driven Partially Unzipped Carbon
Nanotubes
Hyung-June Lee*, Gunn Kim** and Young-Kyun Kwon* (*Kyung Hee University,
**Sejong University)
WED-NA-P23
Adsorption and diffusion properties of lithium on layered CrS2 for Li-ion storage
Seoung-Hun Kang and Young-Kyun Kwon (Kyung Hee University)
WED-NA-P24
Improving Performance of Dye-Sensitized Solar Cell by Conversion
Luminescence of Phosphor
Seong Gwan Shin, Kyung Hwan Kim, Chung Wung Bark, Hyung Wook Choi (Gachon
University)
WED-NA-P25
Photoluminescence Properties of V2O5 Nanorods with Growing Methods
Manil Kang*, Minwoo Chu**, Kyuse Lee**, Sok Won Kim*, Ji-Wook Ryu***
(*University of Ulsan, Ulsan, **Ilkwang Co.,Ltd, ***Kongju National University)
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WED-NA-P26
Growth of carbon nanotubes with diameter and density control
Seung-Woong Lee*, Won Chel Choi**, Seok-Beom Yoon*** (*Dongguk University,
**Soft-Epi Incorporation, ***Gonju University)
WED-NA-P27
Strain-induced metal-semiconductor transition in low-dimensional γ-graphyne
Hyun Soo Lee, Seoung-Hun Kang, Sora Park, Chang-Sun Lee, Young-Kyun Kwon
(Kyung Hee University)
WED-NA-P28
Gate bias stress-induced electrical instability of MoS2 field effect transistors
Kyungjune Cho, Woanseo Park, Tae-Young Kim, Takhee Lee (Seoul National
University)
WED-NA-P29
2D Layered MoS2 Thin Film Transistor for Transparent Electronics
Junyeon Kwon*, Chulseung Chung*, Hyukjoon Kwon***, Yongbok Lee*,
Byungwook Yoo**, Costas P. Grioropoulos***, Min Suk Oh**, Sunkook Kim*
(*Kyung Hee University, **Korea Electronics Technology Institute, ***University of
California, Berkeley)
WED-NA-P30
Rigid Carbon Nanofoam as a High Capacity Li-ion Anode
Hanjin Park, Sora Park, Seoung-Hun Kang and Young-Kyun Kwon (Kyung Hee
University)
WED-NA-P31
Nonvolatile nanocomposite floating gate memory devices utilizing self-assembled
Au nanoparticles in a polystyrene gate dielectric layer
Dong Yeol Yun*, Zhou Yang*, Nam Hyun Lee*, Hak Seong Kim**, Sang Wook
Lee**, and Tae Whan Kim* (*Hanyang University, **Konkuk University)
WED-NA-P32
Facile synthesis of free-standing silicon membranes by using three-dimensional
nanoarchitecture for Anodes of lithium ion batteries
Fan Xia, Sungwoong Kim, Jung Min Lee, Won Il Park (Hanyang University)
WED-NA-P33
Dispersion and rheological property of acryl binder slurry for separator in
lithium-ion battery
Jung Hyun Kim*, Seung Hyuk Kwon*, Hyoung Jin Choi*, Joo Sung Lee** (*Inha
University, **LG Chem)
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WED-NA-P34
Electronic Structures of Native Defects and Impurities in Single Layer MoS2
Ji-Young Noh*, Minkyu Park**, Yong-Sung Kim**, and Hanchul Kim* (*Sookmyung
Women’s University, ** Korea Research Institute of Standards and Science)
WED-NA-P35
Lipid coated Mg0.22Mn0.12Fe2.66O4 Ferrite Nanoparticles for in-vivo Hyperthermia
Agent Applications
Minhong Jeun, Sung-Wook Park, Jong-Wook Lee, Mintai P. Hwang, Kwan Hyi Lee
(KIST Biomedical Research Institute)
WED-NA-P36
Surface modification of inorganic black particles by PMMA for electrophoretic
display
W. J. Ahn, S. D. Kim, H. J. Choi (Inha University)
WED-NA-P37
Lattice Thermal Conductivity of Graphene and Silicon from Non-Equilibrium
Molecular Dynamics Simulation
Minkyu Park*, **, Sun-Chul Lee*, Yong-Sung Kim*,** *Korea Research Institute of
Standards and Science, **University of Science and Technology)
WED-NA-P38
Optical Study of Twisted Bi- and Tri-Layer Graphene
Byung Cheol Park, Jangyup Son, Jongill Hong, Jae Hoon Kim (Yonsei University)
WED-NA-P39
Optical Properties of Metal Ion Modified 2D Tile Based Double Crossover Crystal
DNA Nanostructures
Taewoo Ha*, Sreekantha Reddy Dugasani**, Bramaramba Gnapareddy**,
Kyujin Choi*, Byeonghoon Kim**, Sung Ha Park**, Jae Hoon Kim* (*Yonsei
University, **Sungkyunkwan University)
WED-NA-P40
Controlling Hysteresis and Phase Transition on In/Si(111) surface
Yujin Jeon, Hyungjoon Shim, Jonghoon Yeo, Geunseop Lee (Inha University)
WED-NA-P41
Excitation dependence of photocurrent in graphene photodevices on hexagonal
boron nitride
Sun Keun Choi*, Minjung Kim*, Ho Ang Yoon**, Sang Wook Lee**, Hyeonsik
Cheong* (*Sogang University, **Konkuk University)
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Organic Electronics and Photonics
WED-OR-P01
An effective way to form multi-stacked ferroelectric layers by solution-process
and its application to transistor for nonvolatile memory
Won-Yong Lee*, Woo Young Kim**, Jin-Hyuk Bae* (*Kyungpook National
University, **Korea Advanced Institute of Science and Technology)
WED-OR-P02
Ultrafast spin-polarized exciton dynamics in conducting polymer polyaniline
Soonyoung Cha, Jaemoon Yang, Inhee Maeng, Seung Jae Oh, Yong-Min Huh,
Hyunyong Choi (Yonsei University)
WED-OR-P03
Effects of thermal annealing on the fluorescence and amplified spontaneous
emission properties of pentafluorene thin film
E.Y. Choi1, L. Mager2, A. Barsella2, T.T. Cham1, M. Uchiyama3,
T. Aoyama3, D. Pitrat4, Koukou D. Dorkendoo2, A. Fort2, C. Andraud4, J.W.Wu1, J-C.
Ribierre1,5 (1Ewha Womans University, 2IPCMS-CNRS-Université de Strasbourg,
3
Elements Chemistry Lab., RIKEN, 4CNRS-Lyon, Ecole Normale Supérieure de Lyon,
5
Kyushu University)
WED-OR-P04
A study of relationship between cracks and environmental conditions in a
solution-processed organic transistor
Jin-Hyuk Kwon*, Gyeong-Tae Park*, Jae-Hyun Kim*, Ji-Hoon Jung*, Dong-Wook
Kim**, Jong Sun Choi**, Jaehoon Park***, and Jin-Hyuk Bae* (*Kyungpook
National University, **Hongik University, ***Hallym University)
WED-OR-P05
Hybrid effect of rubrene nanorod with CdSe/ZnS quantum dots : Application to
optical waveguiding
Woo-Sung Moon*, Eun Hei Cho*, Jeongyong Kim**, Jinsoo Joo* (*Korea University,
**SungKyunKwan University)
WED-OR-P06
In situ photoemission measurements of interfacial electronic structures between
poly(3,4-ethylenedioxythiophene) polystyrenesulfonate and indium–tin oxide
Soohyung Park, Junkyeong Jeong, Younjoo Lee, Jisu Yoo, Gyeongho Hyun, Yeonjin
Yi (Yonsei University)
WED-OR-P07
Impedance analysis of carbon nanotube incorporated AC polymer
electroluminescence devices
Beomhee Won*, Eunji Bae**, SeGi Yu** (*Sungkyunkwan University,
**Hankuk University of Foreign Studies)
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WED-OR-P08
Bias-stress effect in a 6,13-bis(triisopropylsilylethynyl)-pentacene thin-film
transistor with a solution-processed polymeric insulator
Jae-Hyun Kim*, Gyeong-Tae Park*, Dong-Seok Song*, Dong-Wook Kim**, Hyunji
Shin**, Jong Sun Choi**, Jaehoon Park***, Jin-Hyuk Bae* (*Kyungpook National
University, **Hongik University, ***Hallym University)
WED-OR-P09
Femtosecond transient absorption measurement of energy transfer in discotic
side-group liquid crystal polymers
J. H. Woo1, Kwang Jin Lee1, Leszek Mazur2,3, E. S. Kim1, F. Mathevet2, A.-J. Attias2,
Y. Xiao2, J.W. Wu1, J.-C. Ribierre4 (1Ewha Womans University, 2University Pierre et
Marie Curie, 3Wroclaw University of Technology, 4Kyushu University)
WED-OR-P10
Ultrafast charge separation dynamics at the C60/GaAs(001) interface studied by
time-resolved 2-photon photoemission
Jeong Won Kim*, Heungman Park**, Xiaoyang Zhu** (*Korea Research Institute of
Standards and Science, **Columbia University)
WED-OR-P11
Effect of Inserting Hole Injection Layer in Organic Light Emitting Diodes:
Numerical Approach
Hyeongi Lee, Youngwook Hwang, Taeyoung Won (Inha University)
WED-OR-P12
Stress induced increase of low frequency noise signal in Blue organic light
emitting devices
Yun Jeong Kim, Gyu Tae Kim (Korea University)
WED-OR-P13
Ru(II) Complexes with TPA Derivatives as a Donor for Dye-Sensitized Solar
Dong Min Chang, Dong Yuel Kwon, Young Sik Kim (*Hongik University)
WED-OR-P14
Numerical Analysis on Organic Light Emitting Diodes Having a Bottom Mirror
Layer
Youngwook Hwang, Hyeongi Lee, Taeyoung Won* (*Department of Electrical
Engineering Inha University)
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Spin and Magnetism
WED-SP-P01
Evidence of interface-induced spin polarized current through MgO/CuPc hybrid
barrier
Yu Jeong Bae*, Nyun Jong Lee*, Andrew Pratt**, Yasushi Yamauchi**, Tae Hee
Kim* (*Ewha Womans University, ** National Institute for Materials Science)
WED-SP-P02
Structural, magnetic and electric properties of Ni-doped BiFeO3
Y. J. Yoo1, J. S. Hwang1, J. S. Park2, J. Y. Rhee2, J. -H. Kang3, K. H. Lee4, B. W. Lee4,
Y. P. Lee1 (1Hanyang University, 2Sungkyunkwan University, 3Kookmin University,
4
Hankuk University of Foreign Studies)
WED-SP-P03
Synthesis of iron nitride (Fe4N) nanoparticles from iron oxide nanoparticles via
thermal annealing
Md. Nazrul Islam, Mohamed Abbas, CheolGi Kim (Chungnam National University)
WED-SP-P04
Monodisperse Fe@Fe3O4 NPs via annealing of sonochemically synthesized Fe3O4
NPs
Mohamed Abbas, Md. Nazrul Islam, CheolGi Kim (Chungnam National University)
WED-SP-P05
Antiferromagnetic coupling in exchange biased Co/Pt multilayers
Seungha Yoon, Joonhyun Kwon, Seungkyo Lee, Jeonghyeon Lee, Wonyoung Kwak,
B. K. Cho (Gwangju Institute of Science and Technology)
WED-SP-P06
Positive exchange bias in thin film multilayers produced with nano-oxide layer
Byong Sun Chun, Chanyong Hwang (Korea Research Institute of Standards and
Science)
WED-SP-P07
Electronic structures of iron-pnictide compounds using LSDA with negative U.
JaeKyung Jang, JooYull Rhee (Sungkyunkwan University)
WED-SP-P08
Transport properties of epitaxial MnP thin film on GaAs(001)
Anh-Tuan Duong, Yooleemi Shin,Van-Quang Nguyen, Sunglae Cho (University of
Ulsan)
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WED-SP-P09
Mode dependence for ISHE and AHE
Sang-Il Kim*,**, Min-Su Seo**, Chul-Hyun Moon*,***, Byoung-Chul Min***,
Seung-Young Park** (*Korea University, **Korea Basic Science Institute, ***Korea
Institute of Science and Technology)
WED-SP-P10
Depinning probability of the maganetic domain wall by sub nanosecond current
pulses
Sang-Jun Yun*, Sang-Cheol Yoo*,**, Byoung-Chul Min**, Sug-Bong Choe* (*Seoul
National University, **Korea Institute of Science and Technology)
WED-SP-P11
Heat treatment effect of Z-type hexaferrite for RF device application
Chan Hyuk Rhee, Kwang Lae Cho, Chul Sung Kim (Kookmin University)
WED-SP-P12
Effect on defects in ferromagnetic Cu-doped ZnO
Byung-Sub Kang*, Kwang-Pyo Chae*, Jong-Soon Hwang**, Kyeong-Sup Kim**,
Seong-Cho Yu**, Haeng-Ki Lee*** (*Konkuk University, **Chungbuk National
University, ***Suseong College)
WED-SP-P13
Magnetic and Structural Properties of LiMn1/3Fe1/3Ni1/3PO4
Soyeon Barng, In Kyu Lee, Chul Sung Kim (Kookmin University)
WED-SP-P14
Study of Brillouin light scattering in Ni/graphene/Ni sandwich structures
J. H. Kwon, M. S. Kim, S. H. Yoon, J. H. Jang, B. K. Cho (Gwangju Institute of
Science and Technology)
WED-SP-P15
Annealing Effect on CoFeB Thin Films Depending on Under/ Capping Layers
Cheong-Gu Cho*, Sang-Jun Yun*, Joon Moon*, Cheol-Hyun Moon**, Hyo-Jin Kim*,
Sang-Im Yoo*, Sug-Bong Choe* (*Seoul National University, **Korea Institute of
Science and Technology)
WED-SP-P16
A Unified Theory of Linear Rashba Model in Magnetic Bilayers
Kyoung-Whan Kim*, Hyun-Woo Lee*, Kyung-Jin Lee**, Mark D. Stiles*** (*Pohang
University of Science and Technology, **Korea University, ***National Institute of
Standard and Technology, Gaithersburg)
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WED-SP-P17
Layer-selective half-metallicity in bilayer zigzag edge graphene nan-oribbons
GiWan Jeon, Kyu Won Lee, Cheol Eui Lee (Korea University)
WED-SP-P18
Structural, Morphological, and Electrical Properties of CoFeB Thin Films under
Treated with Different Magnetic Field Directions
Rachsak Sakdanuphab, Chuleerat Ibuki (King Mongkut’s Institute of Technology
Ladkrabang)
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December 12 (Thu), 2013
Poster Session II
Ballroom Lobby 09:00 – 10:00
Biophysics and Biotechnology
THU-BI-P01
Resistive pulse sensing of DNA translocation using polymer coated nanocapillary
Yeoan Youn, Joo Hyoung Kim, Kyung-Hwa Yoo (Yonsei University)
THU-BI-P02
A carbon nanotube metal semiconductor field effect transistor-based biosensor for
detection of amyloid-beta in human serum
Jeseung Oh*, Gu Yoo*, Young Wook Chang*, Hyung Joon Kim*, Joachim Jose**,
Sumgyun Yi*, Eosu Kim***, Jae-Chul Pyun*, Kyung-Hwa Yoo* (*Yonsei University,
**University of Muenster, ***Yonsei University College of Medicine)
THU-BI-P03
Targeting multifunctional gold nanoparticles for rheumatoid arthritis treatment
Sun-Mi Lee, Hyung Joon Kim, Jeseung Oh, You-Jung Ha, Soo-Kon Lee, Yong-Beom
Park, Kyung-Hwa Yoo (*Yonsei University)
THU-BI-P04
Synchrotron x-ray bio-imaging of natural and synthetic bone grafts materials in
an aqueous environment
Yong-Gun Kim*, Jun Young Han**, Chung Wung Bark** (*Kyungpo-ok National
University, **Gachon University)
THU-BI-P05
Graphene and multiwall carbon nanotube composite electrode for electrochemical
DNA sensing
Jianfeng Li, EunCheol Lee (Gachon University)
THU-BI-P06
Development of tumor-specific T1 MR contrast agent in metastatic liver cancer
model
Eun-Joong Kim*, Hyunseung Lee*, Areum Yeom*,**, Sankarprasad Bhuniya*, Hyun
min Kim*, Kwan Soo Hong*,** (*Korea Basic Science Institute, **Chungnam
National University)
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THU-BI-P07
In-situ imaging ellipsometry study on the collapsed fatty acid with various
compression rates
S. Y. Hwang, T. J. Kim, J. Choi, J. Y. Kim, Y. R. Kang, Y. D. Kim
(Kyung Hee University)
THU-BI-P08
A Single Molecular Theranostic for Cancer Therapy and Diagnosis
Sankarprasad Bhuniya*, Sukhendu Maiti**, Eun-Joong Kim*, Hyunse-ung Lee*, Jong
Seung Kim**, Kwan Soo Hong* (*Korea Basic Science Institute, **Korea University)
THU-BI-P09
Folate-based Near-infrared Fluorescent Theranostic Gemcitabine Delivery
Hyunseung Lee*, Eun-Joong Kim*, Young Shick Hong*, Jongeun Kang*, Hee-Jeong
Jeong*, Hyun Min Kim*, Jong Seung Kim**, Kwan Soo Hong* (*Korea Basic
Science Institute, **Korea University)
THU-BI-P10
Effective detection of binding reaction of EGFR protein and EGFR aptamer using
total internal reflection ellipsometry
Y. R. Kang, J. C. Park, S. Y. Hwang, N. S. Barange, M. S. Diware, Y. D. Kim (Kyung
Hee University)
THU-BI-P11
Analysis of the degree of inflammatory lesions by in vivo time course MRI with
magnetic nanoparticles in myocarditis rat model
Hyeyoung Moon*,**, Heejeong Jeong*, Jongeun Kang*,***, Su Jung Hwang*, JeeHyun Cho*, Kwan Soo Hong*,**,*** (*Korea Basic Science Institute, **University of
Science and Technology, ***Chung-nam National University)
THU-BI-P12
Structure and mechanical properties of water buffalo horn
Panta Surakamhang, Chontira Sangsubun (Thaksin University)
THU-BI-P13
Development of a Capacitance Sensor for Analysis of EGFR Expression on Cell
Membrane
Dong-Myeong Shin, Yong-Cheol Shin, Jong-Ho Lee, Tae Hyun Kim, Dong-Wook
Han, Jong-Man Kim, Hyung Kook Kim, Yoon-Hwae Hwang (Pusan National
University)
THU-BI-P14
Development of a method to measure DNA length with high precision
Il Buem Lee, Hae Jun Jung, Seok-Cheol Hong (Korea University)
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THU-BI-P15
Nanostructure Substrate-Based Laser Scanning Cytometry for Quantitation of
Circulating Tumor Cells
Sang-Kwon Lee*,***, Dong-Joo Kim**, Gil-Sung Kim**, Won-Yong Lee*, and Rong
Fan*** (*Chung-Ang University, **Chonbuk National University, ***Yale
University)
THU-BI-P16
Lithium ions destabilize i-motif structure
Sung Eun Kim*, Il-Buem Lee*, Changbong Hyeon**, Seok-Cheol Hong*,** (*Korea
University, **Korea Institute for Advanced Study)
THU-BI-P17
Simultaneous detection of biomolecular interactions and topography using optical
tweezers
Seungjin Heo, Kipom Kim, and Yong-Hoon Cho (KAIST)
THU-BI-P18
Poly(acrylic acid)/Polyethylene glycol hygrogel prepared by gamma-ray
irradiation for mucosa adhesion
Jong-Seok Park, Jong-Bae Choi, Hui-Jeong Gwon, Youn-Mook Lim, Sunng-In Jeong,
Young-Min Shin, Phil-Hyun Kang, Young-Chang Nho (Korea Atomic Energy
Research Institute)
Devices and Applications
THU-DE-P01
Fabrication and evaluation of lens module using molded chalcogen-ide-glass for
thermal security camera
Du Hwan Cha, Yeon Hwang, Jeong-Ho Kim, Dong-Sik Kim, Hye-Jeong Kim (Korea
Photonics Technology Institute(KOPTI))
THU-DE-P02
Structurally stabilized LiNi0.5Mn1.5O4 with enhanced electrochemical properties
through nitric acid treatment
Ji Su Chae*,**, Jun Soo Park*, Won-Sub Yoon**, Sun-Min Park*, Kwang Chul Roh
(*Korea Institute of Ceramic Engineering & Technology, **Sungkyunkwan
University)
THU-DE-P03
Observation of adhesive forces of artificial contaminants on rubber and metal
surfaces by atomic force microscopy
Nuri Lee*, W. Jo*, W. K. Jung**, B. K. Lee** (*Ewha Womans University,
**Samsung Electronics Co., Ltd.)
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THU-DE-P04
Optical touch sensing in FTIR planar waveguide sensor surface for touch
interaction applications
Jeong Dae Suh, Joo-Haeng Lee, Ahyun Lee (Electronics and Telecom-munications
Research Institute)
THU-DE-P05
Synthesis and Electrochemical Properties of Li0.33MnO2 Nanorods as Positive
Electrode Material for 3 V Lithium Batteries
Mok-Hwa Kim*, Min-Young Cho*, Won Seop Kang**, Kwang-Bum Kim*, Sun-Min
Park**, Kwang Chul Roh** (*Yonsei University, **Korea Institute of Ceramic
Engineering and Technology)
THU-DE-P06
Leakage Current Reduction in N-Channel Germanium MOSFET through Point
Defect Healing Process
Hyun-Wook Jung, SeJong Oh, Jin-Hong Park (Sungkyunkwan University)
THU-DE-P07
A development of PECVD system with SiN films decomposition for improvement
of silicon solar cell conversion efficiency
Jae-Hee Lee (Kyungil University)
THU-DE-P08
Study on Improving Efficiency and Characteristics of Diamond Film Deposition
by Plasma Surface Treatment using DBD
Jong-Keun Yang*, Min-Guk Ko*, In-Je Kang**, Heon-Ju Lee* (*Jeju National
University, **Hanyang University)
THU-DE-P09
Graphene transistor for sensing biomaterials
Hyun Cheol Song*, Jinsung Choi*, Jaewon Cho*, Yunki Kim*, Un-Jung Kim**,
Ranju Jung* (*Kwangwoon University, **Samsung advanced institute of technology)
THU-DE-P10
Crystalline Silicon Thin Films Epitaxially Deposited by Bias Sputtering on Silicon
Substrate
Hyejeong Jeong, In-Ki Kim, Seongjae Boo (Korea Institute of Industrial Technology)
THU-DE-P11
Raman investigation of Zn composition tuned Cu2ZnSn(S,Se)4 solar cell absorbers
Mungunshagai Gansukh*, Dahyun Nam*, Dae-ho Son**, Dae-Hwan KIM**, KeeJoeng Yang**, Jin-Kyu Kang**, Hyeonsik Cheong* (*Sogang University, **DGIST)
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THU-DE-P12
Cholesteric Liquid Crystal Combined with Quantum Dot for High Reflectance
Chul Gyu Jhun*, Changbum Moon*, Woo Young Kim*, Byung Seong Bae *, Jin
Cao**, Chao Ping Chen*** (*Hoseo University, **Shanghai University, ***Shanghai
Jiao Tong University)
THU-DE-P13
The conductivity engineering of metal and alloy by single crystal growing process
Ji Young Kim*, Min-Wook Oh**, Seunghun Lee***, Yongchan Cho*, Chae-Ryong
Cho*, Chul Hong Park*, Se-young Jeong* (*Pusan National University, **Korea
Electrotechnology Research Institute, ***Korea University)
THU-DE-P14
Thermoelectric power generators using solar energy
Seungwoo Han*,**, Daeho Kim** (*Korea Institute of Machinery and Materials,
**University of Science & Technology)
THU-DE-P15
Flexible silicon pressure sensors enabled with an thin film transistor array
Min Hoon Park*, Houk Jang*, Han Wook Song***,Min Seok Kim***, Jong-Hyun
Ahn** (*Sungkyunkwan University, **Yonsei University, ***Korea Research
Institute of Standards and Science(KRISS))
THU-DE-P16
DNA-base/Al2O3 hybrid gate insulator for field effect transistor and its application
Junyeong Lee, Sung-Wook Min, Jin Sung Kim, Young Tack Lee, Hee Sung Lee, Pyo
Jin Jeon and Seongil Im (Yonsei University)
THU-DE-P17
The failure mechanism of reversibility in Ge2Sb2Te5 films
Seung Jong Park*, Min Ahn*, KwangSik Jeong*, Moon-Hyung Jang**, Mann-Ho
Cho* (*Yonsei university, **University of Pennsylvania)
THU-DE-P18
Graphene anode based organic solar cells
Keum-Ok Kim*,**, Sang-Hoon Bae**, Jong-Hyun Ahn** (*Sungkyu-nkwan
University, **Yonsei University)
THU-DE-P19
Highly uniform and reliable polymer memory based on iCVD polymer and
multilayer graphene barrier electrode
Byung Chul Jang, Hyejeong Seong, Jong-Yun Kim, Beom Jun Koo, Sung Gap Im,
Sung-Yool Choi (KAIST)
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THU-DE-P20
Electrochemical properties of KOH activated reduced graphene oxide
Ho Jun Lee*,**, Sun-Min Park*, Sung-Hyeon Baeck**, Kwang Chul Roh* (*KICET,
**Inha University)
THU-DE-P21
Heterojunction Fe2O3-SnO2 Nanostructured Photoanode for Efficient
Photoelectrochemical Water Splitting
Hyun Soo Han*, Sun Shin*, Ik Jae Park*, Ju Seong Kim*, In Sun Cho**, Kug Sun
Hong*, Jun Hong Noh*** (*Seoul National University, **Stanford University,
***Korea Research Institute of Chemical Technology)
THU-DE-P22
Ultrasonic spray pyrolysis of Cu(In,Al)S2 solar cell absorber layers: Effect of postdeposition treatments
Nguyen Duc Hieu*, Tran Thanh Thai**, Vo Thi Thanh Tuyen**, Luu Thi Lan Anh*,
Vo Thach Son* (*Hanoi University of Science and Technology, **Quynhon
University)
THU-DE-P23
Tunneling behavior in Transparent Conducting Oxide Semiconductor
Teresa Oh (Cheongju University)
THU-DE-P24
Diffusion Length in Dye-Sensitized Solar Cells with
Illumination of Nanoporous Layers
J. D. Park, J. K. Park, B. H. Son, and Y. H. Ahn (Ajou University)

Above-Band-Gap

THU-DE-P25
Effect of the surface treatment on CdS films and CdS/CdTe solar cells
ShingHaeng Cho, SangSu Kim, Minhyuk Park, JongHee Suh, JinKi Hong (Korea
University)
THU-DE-P26
Optical Design and thermal analysis of ultraviolet light-emitting diode array
module for a sterilizer
Jin-Wook Kim*, Kyung-Shik Lee*, Jae-Hyoun Park**, Yong-Gon Seo**, Hyung-Do
Yoon** (*Sungkyunkwan University, **Korea Electronics Technology Institute)
THU-DE-P27
The precipitation method for fabrication of cobalt-based composites electrode in
pseudocapacitors
Joah Han*,**, Sahn Nahm**, Yong Tek Ju***, Sun-Min Park*, Kwang Chul Roh*
(*Korea Institute of Ceramic Engineering & Technology, **Korea University,
***Vitzrocell Co.Ltd.)
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THU-DE-P28
Transport behaviors and admittance spectra of chalcopyrite thin film solar cells
Ji Eun Kim, Yunae Cho, Dong-Wook Kim (Ewha Womans University)
THU-DE-P29
In and Sn-based Metal Induced Crystallization (MIC) on Amorphous Germanium
Dong-Ho Kang, Ryoong-Bin Lee, Hyun-Wook Jung, Jin-Hong Park (Sungkyunkwan
University)
THU-DE-P30
Real-time monitoring of growth of AlSb on GaAs by in situ spectroscopic
ellipsometry
J. Y. Kim*, T. J. Kim*, S. H. Shin**, J. D. Song**, Y. D. Kim* (*Kyung Hee
University, **Korea Institute of Science and Technology)
THU-DE-P31
Efficient determination of critical dimensions from optical data using a Greenfunction approach
J. S. Byun*, T. J. Kim*, S.-H. Han*, J.-M. Chung*, D. E. Aspnes*, **, Y. D. Kim*
(*Kyung Hee University, **North Carolina State University)
THU-DE-P32
Withdrawn
THU-DE-P33
Influential of surface etchingtreatment on local electricaland optical properties of
high efficient (> 8%)Cu2ZnSn(S,Se)4thin-films
JuRi Kim*, GeeYeong Kim*, William Jo*,Hae-young Shin*, Nguyen Thi Thu
Trang*,Seokhyun Yoon*, Dae-Ho Son**, Dae-Hwan Kim**, Jin-Kyu Kang**
(*EwhaWomans University, **DaeguGyeongbuk Institute of Science and Technology
(DGIST))
THU-DE-P34
Electrical effect of Ti diffusion in IGZO TFTs
Myung-Hoon Lim*, Joong-Heum Jung*, Seung-Ha Choi*,**, Jin-Hong Park*
(*Sungkyunkwan University, **Samsung Display)
THU-DE-P35
Material Analysis of the grown C(Z)T Crystal for Radiation Detector
Han Soo Kim, Manhee Jeong, Young Soo Kim, Dong Jin Kim, Hyo Jeong Choi (Korea
Atomic Energy Research Institute)
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THU-DE-P36
Wide Temperature Range Hall Measurements in AlGaN/GaN HEMT Devices on
Silicon Wafer
In Hak Lee*, Yong Hyun Kim*, Seung Yup Jang**, Jong-Hoon Shin**, T. Jang**,
Young Jun Chang* (*University of Seoul, **LG Electronics)
THU-DE-P37
Enhanced bandwidth of microstrip antenna using parasitic mushroom-like
metamaterial structure for multi-robot cooperative navigation
Cherl-Hee Lee, Jonghun Lee, Yoon-Gu Kim, Jinung An (Daegu Gyeonb-uk Institute of
Science & Technology)
Nanomaterials and Nanodevices
THU-NA-P01
Thermometry for Dirac fermions in graphene
F.-H. Liu1, C. Chuang1, C.-S. Hsu1, S.-T. Lo1, L.-I. Huang1, T.-P. Woo1, Y. Fukuyama2,
Y. Yang3, R. E. Elmquist3, C.-T. Liang1,4 (1National Taiwan University, 2National
Institute of Advanced Industrial Science and Technology(AIST), 3National Institute of
Advanced Industrial Science and Technology (NIST), 4Sungkyunkwan University)
THU-NA-P02
Spiky Magnetoplasmonic Supraparticles: Mechanism and Their Optical and
Biomedical Applications
Hongjian Zhou, Jaebeom Lee (Pusan National University)
THU-NA-P03
Improved adhesion of dielectrics on graphene by pre-treatment and thermal
cycling
Jae Ho Jeon, Sahng-Kyoon Jerng, Jae Hong Lee, Hyun Ji Cha, Nak Jun Kim, Yong
Seung Kim, Seung-Hyun Chun (Sejong University)
THU-NA-P04
2-dimensonal TiO2 nanostructures fabricated using laser interference lithography
Jung Yeon Ahn, Haeng Yun Jung, Tae Un Kim, Hyun Chul Ki, Doo Gun Kim, Hwe
Jong Kim, Dong Yeul Lee, Seon Hoon Kim (Korea Photonics Technology Institute)
THU-NA-P05
White Light Emitting ZnSe:Mn Nanocrystals for QD-LED
Byung Kwan Song, Sang Min Lee, Cheong-Soo Hwang (Dankook Uni-versity)
THU-NA-P06
Photocatalytic and Biological Activities of Aminoacids Capped ZnS:Mn
Nanocrystals
Moonjeong Bok, Eunju Lim, Cheong-Soo Hwang (Dankook University)
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THU-NA-P07
Thickness dependent Raman and PL measurements for MoS2 thin films
Jaesung Park, Jae-Ung Lee, Hyeonsik Cheong (Sogang University)
THU-NA-P08
Effect of electrical and optical properties of p-type transparent conducting
Zn/SnO2/Zn thin films prepared by RF Sputtering
Sung-Jae Kim*, Keun-Young Park*, Ho-Je Cho*, Tae-Kwon Song*, Hang-Joo Ko**,
Bon-Heun Koo* (*Changwon National University, **Korea Photonics Technology
Institute(KOPTI))
THU-NA-P09
Fabrication of nano-imprint stamps by laser interference lithography
Byung Gue Jung*,**, Chi Hun Kim*, Jin Young Park*, Tae Un Kim**, Seon Hoon
Kim**, Hyun Chul Ki**, Doo Gun Kim**, Taeksoo Ji* (*Chonnam National
University, **Korea Photonics Technology Institute)
THU-NA-P10
Large-area nanofiber transistors based on highly aligned metal oxide nanofibers
Tae-Sik Kim, Tae-Woo Lee (Pohang University of Science and Technology
(POSTECH))
THU-NA-P11
A Study on the Mechanical Characteristics of a-IGZO and Graphene-Based TFTs
Under Thermal Environment
Hyeon-Seok Seo, Hak-Jun Kim, Youn-Jea Kim (Sungkyunkwan University)
THU-NA-P12
RGD peptide-displaying M13 virus/PLGA nanofibers for enhancing behaviors of
neural cells and myoblasts
Yong Cheol Shin, Jong Ho Lee, Oh Seong Jin, Eun Ji Lee, Lin Hua Jin, Chuntae Kim,
Jin-Woo Oh, Suck Won Hong, Dong-Wook Han (Pusan National University)
THU-NA-P13
Ink-jetting and rheological behavior of silica particle suspension
Wen Ling Zhang*, Hyoung Jin Choi*, Jung-Kook Go**, Kye-Si Kwon** (*Inha
University, **Soonchunhyang University)
THU-NA-P14
SPM Study of CVD-Grown Graphene on h-BN Film
Min Wang*, Minwoo Kim*, Dorj Odkhuu**, Noejung Park**, Won-Jun Jang***, SeJong Kahng***, Young Jae Song*, Sungjoo Lee* (*Sungkyunkwan University
(SKKU), **Ulsan National Institute of Science and Technology (UNIST), ***Korea
University)
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THU-NA-P15
The field emission properties of MWCNT yarn
Hyun Suk Kim*, Edward Joseph D. Castro**, Yong Gyoo Hwang**, Choong Hun
Lee*,** (*Innovation Center for Next Generation Industrial Radiation Technology,
**Wonkwang University)
THU-NA-P16
An Investigation of The Effects of Néel and Brown Relaxation on AC
Magnetically-Induced Heating Characteristics of Superparam-agnetic
Nanoparticles
Minhong Jeun, Kwan Hyi Lee (KIST Biomedical Research Institute)
THU-NA-P17
The Effect of Sintering Pressure on the Microstructure and Properties of
Nanocrystalline Magnesium Alloy in Spark Plasma Sintering
Ka Ram Kim, Byung Ju Song, Hye Sung Kim (Pusan National University)
THU-NA-P18
Crumpled graphene-metal oxide composite prepared by a spray pyrolysis and
application as anode material for lithium-ion batteries
Seung Ho Choi, Yun Chan Kang (Konkuk University)
THU-NA-P19
Effect of volume fraction of NiO on the properties of solid oxide fuel cell anode
sintered by spark plasma sintering
Byung Ju Song, Ka Ram Kim, Yong Suk Yang, Hye Sung Kim (Pusan National
University)
THU-NA-P20
Optical-Physical Properties in amorphous InGaZnO Transparent Conducting
Oxide Semiconductor
Teresa Oh (Cheongju University)
THU-NA-P21
Si/Ge/AlGaAs heterojunction high hole mobility transistor
Seongjae Cho*, Hyungjin Kim**, Byung-Gook Park**, James S. Harris, Jr.***
(*Gachon Universeity, **Seoul National University, ***Stanford University)
THU-NA-P22
Enhancement of CdSe/ZnS Quantum Dots-based LED by Core-Shell Modification
Sang-Won Lee*, Byoung-Ho Kang**, Ju-Seong Kim*, Shin-Won Kang*
(*Kyungpook National University, **GUMI Electronic & Information Technology
Research Institute)
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THU-NA-P23
Temperature-dependent thermal conductivity of 2D Bi2O3-Bi thin films using 3-
method
No-Won Park*, Won-Yong Lee*, Jung-Hyuk Koh*, Soon-Gil Yoon**, Sang-Kwon
Lee* (*Chung-Ang University, **Chungnam National University)
THU-NA-P24
Properties of p-type transparent conducting SnO2/Zn/SnO2 multilayer thin films
deposited by RF Sputtering
Keun Young Park*, Sung Jae Kim*, Ho-Je Cho*, Tae Kwon Song*
Hang Joo Ko**, Bon Heun Koo (*Changwon National University, **Korea Photonics
Technology Institute (KOPTI))
THU-NA-P25
Enhanced thermal conductivity of highly ordered nanoporous Bi thin films at low
temperature
Won-Yong Lee*, No-Won Park*, Gil-Sung Kim**, Dong-Joo Kim**,
Hyuneui Lim***, Wan-Doo Kim***, Sang-Kwon Lee* (*Chung-Ang University,
**Chonbuk National University, ***Korean Institute of Machinery and Materials
(KIMM))
THU-NA-P26
Characteristics of thermally annealed bulk MoS2/metal contacts
Chongha Lee, Yongcheol Jo, Hyeonseok Woo, Jongmin Kim, Hyungsang Kim,
Hyunsik Im (Dongguk University)
THU-NA-P27
First-principles study of variations in the electronic structure of carpetlike
graphene nanoribbon and sheet
Kyung-Ah Min, Dongchul Sung, Junga Ryou, Gunn Kim, and Suklyun Hong (Sejong
University)
THU-NA-P28
Novel enhanced capping layers with improved flexibility of ZnO nanowires based
nanogenerators
Moolkyul Kang*,**, In Ho Ha*, Sung Hyun Kim*, Jin Woo Cho*, Byeong-Kwon
Ju**, Churl Seung Lee* (*Korea Electronics Technology Institute(KETI), **Korea
University)
THU-NA-P29
Ab initio study of the initial stage of h-BN sheet growth on copper surface
Junga Ryou, Suklyun Hong (Sejong University)
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THU-NA-P30
Luminescence from Ag film on Si(111) surface in Variable Temperature STM
Sanghan Kim, Jeongseok Woo, Hyungjoon Shim, Geunseop Lee (Inha University)
THU-NA-P31
High performance of printed Ag electrode for flexible thin film transistors
Sung-Hoon Hong*, Yong Suk Yang*, In-Kyu You*, Ju-hyeon Park*, Ho-Gyeong
Yun*, Young Hun Kang**, Song Yun Cho**, Changjin Lee** (*Electronics and
Telecommunications Research Institute (ETRI), **Korea Research Institute of
Chemical Technology (KRICT)
THU-NA-P32
Withdrawn
THU-NA-P33
Surface dependence of electrical properties in the free-standing GaN substrates
fabricated by hydride vapor-phase epitaxy and self-separation technique
D. C. Oh (Hoseo University)
THU-NA-P34
Uni-directional light propagation in GaN/InGaN core-shell nano- and micro-rod
Suk-Min Ko, Su-Hyun Gong, Yang-Seok Yoo, Yong-Hoon Cho (KAIST)
THU-NA-P35
Inverse charging in Al-based nanoparticle floating gate memory device
Jong-Hwan Yoon (Kangwon National University)
THU-NA-P36
Carbon Nanotubes Transistors and Perspectives for Advanced CMOS Technology
A. Benfdila (The University M. Mammeri)
THU-NA-P37
Ultrafast terahertz probe of carrier dynamics in individually-aligned silicon
nanowires
Chihun In, Jungmok Seo, Jeongmook Choi, Sangwan Sim, Taeyoon Lee, Hyunyong
Choi (Yonsei University)
THU-NA-P38
Improvement of electrical degradation on graphene/n-Si Schottky diode after
annealing treatment
Dong-Joo Kim*, Gil-Sung Kim*, No-Won Park**, Won-Yong Lee**, Chang-Hee
Hong*, and Sang-Kwon Lee** (*Chonbuk National University, **Chung-Ang
University)
- 60 -

THU-NA-P39
Dopant induced room temperature ferromagnetism in wurtzite ZnS:Ni
mesoporous hollow nanospheres
D. A. Reddy, D. H. Kim, Y.M. Kwon, M. Y. Lee, B. W. Lee, Chunli Liu (Hankuk
University of Foreign Studies)
THU-NA-P40
Back-gate bias dependence of photocurrent in a junction between ABA- and ABCstacked tri-layer graphene
Minjung Kim*, Seon-Myeong Choi**, Ho Ang Yoon***, Sun Keun Choi*, Jung Cheol
Kim*, Sang Wook Lee***, Young-Woo Son**, Hyeonsik Cheong* (*Sogang
University, **Korean Institute for Advanced Study, ***Konkuk University)
THU-NA-P41
Synthesis and Fabrication of PANI-Ag-Cu Nanocomposite Thin Films for E. Coli
Contamination Sensor
Huda Abdullah, Norshafadzila Mohammad Naim, Aidil Abdul Hamid (Universiti
Kebangsaan Malaysia)
Photonics
THU-PH-P01
Study of Nano-size structure for the Improvement of Light extraction in AlGaInPbased LED
Hwa Sub Oh*, Ho-Soung Ryu***, Sueng Ho Rark*, Hyung Joo Lee**, Young Jin
Kim**, Young Dae Cho**, Min Joo Park***, Joon-Seop Kwak*** (*KOPTI, **AUK
Corporation, ***Sunchon University)
THU-PH-P02
Efficiency Improvement of Reflective 590nm AlGaInP Light Emitting Diode
Using n- Current Spreading Layer
Hyung Joo Lee*, Young Dae Cho*, Young Jin Kim*, Seong Un Kim*, Choong Hun
Lee**, Jae Hoon Kim**, Hwa Sub Oh***, Su Chang Ahn*** (*AUK Corporation,
**Wonkwang University, ***KOPTI)
THU-PH-P03
Multi-plasmon-induced perfect absorption at the third resonance in metamaterial
P. V. Tuong*, J. W. Park*, Y. J. Kim*, Y. J. Yoo*, K. W. Kim**, J. Y. Rhee***, Y. P.
Lee* (*Hanyang University, **Sunmoon University, ***Sungkyunkwan University)
THU-PH-P04
Enhanced charge-collection efficiency of backside illuminated dye-sensitized solar
cells using TiO2 nanotube arrays
Kang-Pil Kim, Sang-Ju Lee, Dae-Kue Hwang (Daegu-Gyeongbuk Institute of Science
and Technology (DGIST))
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THU-PH-P05
Lift-off of epitaxial layer upon high temperature regrowth of porous n-GaN
Jin-Ho Kang, Mohamed Ebaid, Seung-Min Lee, Sang-Wan Ryu (Chonnam National
University)
THU-PH-P06
Ultra-fast carrier lifetimes of vapor-liquid-solid grown GaN/InGaN multiquantum well coaxial nanorods
Mohamed Ebaid, Jin-Ho Kang, Seung-Min Lee, Sang-Wan Ryu (Chonnam National
University)
THU-PH-P07
Low-threshold photonic band-edge lasers in square-lattice Iron nail array
Jae-Hyuck Choi*, Jin-Kyu Yang**, Soon-Hong Kwon***, You-Shin No*, Min-Soo
Hwang*,
Hong-Gyu
Park*
(*Korea
University,
**Kongju
National
University,***Chung-Ang University)
THU-PH-P08
Measurement and analysis of photo-voltaic effects in GaN-based blue and green
light-emitting diodes
Hyun-Joong Kim, Geun-Hwan Ryu, Won-Bo Yang, Han-Youl Ryu (Inha University)
THU-PH-P09
Effect of CH4/H2 ratio on characterization of diamond film grown by a microwave
PECVD
Sangjoon Lee*, Hyunil Kang*, Won Seok Choi*, Yeun-Ho Joung*, Jaehyeong
Lee**(*Hanbat National University, **Sungkyunkwan Uni-versity)
THU-PH-P10
Effect of the thickness of the p-and n-type poly-Si layer on photovoltaic efficiency
of a solar cell based on a carbon fiber
Min-Seok Yoon, Young Bo Shim, Young-Geun Han (Hanyang University)
THU-PH-P11
Improvement of axial resolution and swept rate in swept source optical coherence
tomography based on a interleaving technique
Sunduck Kim, Hyung-Jong Lee, Jun-Kyu Seo, Young-Geun Han (Hanyang University)
THU-PH-P12
Analysis of temperature sensitivity of a microfiber Mach-Zehnder interferometer
Sung-Jae Kim, Min-Seok Yoon, Young-Geun Han (Hanyang University)
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THU-PH-P13
Improvement of spectral resolution by controlling radiational loss in plasmonic
hydrogen sensor
Tae-Woo Lee, Da Eun Lee, Soon-Hong Kwon (Chung-Ang University)
THU-PH-P14
Tapered plasmonic waveguide index sensor by using continuously varying cutoff
frequency
Da Eun Lee, Tae-Woo Lee, Soon-Hong Kwon (Chung-Ang University)
THU-PH-P15
Structural Properties of Cu2ZnSnS4 Thin Films through Glancing Incidence XRay Diffraction
Sungwook Hong*, Chan Kim** (*Division of Science Education Daegu University,
**Kyungpook National University)
THU-PH-P16
Does Diffraction in Metamaterial Absorbers Really Matters?
Changhyun Yi*, Joo Yull Rhee*, P. V. Tuong**, Y. P. Lee**, K. W. Kim***
(*SungKyunKwan University, **Hanyang University, ***Sunmoon University)
THU-PH-P17
Terahertz time-domain spectroscopy of electromagnetic dipole coupling in layered
terahertz metamaterials
Jeongmook Choi*, Hyunseung Jung**, Hojin Lee**, Hyunyong Choi* (*Yonsei
University, **Soongsil University)
THU-PH-P18
A study on optical parts for a semiconductor laser module
J.G. Oh*, D.K. Lee*, Y.G. Kim*, K.H. Lee*, Y.S. Park*, K.H. Jang**, S.G. Kang***
(*KOPTI, **Hanvit Optoline, ***COSET)
THU-PH-P19
TSV measurement using Dual-Wavelength Digital Holography
Sanghoon Shin*, Hongseok Lee**, Younghun Yu** (*KPS, **Jeju National
University)
THU-PH-P20
3D shape reconstruction of Large In-var mask using Deflectometry
Sanghoon Shin*, Hodong Lee*, Younghun Yu** (*KPS, **Jeju Natio-nal University)
THU-PH-P21
Interface and surface optical phonons in nanostructures
Hanul Kim*, Heesuk Rho*, Young-Jin Choi**, Jae-Gwan Park** (*Chonbuk National
University, **Korean Institute of Science and Technology)
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THU-PH-P22
Merging behavior of m-GaN domains grown on m-plane sapphire substrates
Hansub Yoon, Chinkyo Kim (Kyung Hee University)
THU-PH-P23
Dislocation structure in epitaxial lateral overgrowth of m-oriented GaN on msapphire substrates
Sanghwa Lee, Yeonwoo Seo, Hansub yoon, Chinkyo Kim (Kyung Hee University)
THU-PH-P24
Polarity control of m-oriented GaN on patterned m-plane sapphire substrates
Hye-Mi Lee, Chinkyo Kim (Kyung Hee University)
THU-PH-P25
Growth of GaN on quartz substrates
Miyeon Jue, Chinkyo Kim (Kyung Hee University)
THU-PH-P26
Enhancement of solar cell efficiency using InAs/InGaAs sub-monolayer quantum
dot
Im Sik Han*,**, Jong Su Kim*, Sam Kyu Noh**, Jun Oh Kim*** (*Yeungnam
University, **Korea Research Institute of Standards and Science, ***University of
New Mexico)
THU-PH-P27
Enhancement of blue emission efficiency from non-polar InGaN/GaN LED by
surface plasmon effect
Kyoung Su Lee, Dong Uk Lee, Eun Kyu Kim (Hanyang University)
THU-PH-P28
Luminescence properties of Pr3+-doped MAl2S4 (M=Ca,Sr,Ba)
Ruijin Yu*,**,***, Kiwan Jang**, Byung Kee Moon***, Byung Chun Choi***, Jung
Hyun Jeong*** (*Northwest A&F University, **Changwon National University,
***Pukyong National University)
THU-PH-P29
Efficiency Enhancement of Femtosecond Laser Engraved Diffraction Gratings
Using CO2 Laser Polishing
Ik-Bu Sohn*, Hun-Kook Choi*,**, Md. Shamim Ahsan*,***, Deok-Jung*, YoungChul Noh*, Jin-Tae Kim** (*Gwangju Institute of Science and Technology (GIST),
**Chosun University, ***Khulna University)
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THU-PH-P30
The influence of structural imperfection in a ridge-type waveguide with
periodically poled LiNbO3 on SHG efficiency
Jun-hee Park, Tai-young Kang, Jeong-ho Ha, Han-young Lee (Korea Electronics
Technology Institute)
THU-PH-P31
Post-annealing effect on the a-SiCx passivation layer synthesized by RF magnetron
co-sputtering system
Yeun-Ho Joung, Hyun Il Kang, Won Seok Choi (Hanbat National University)
THU-PH-P32
Effect of atmospheric conditions on optical properties of a laser rangefinder
Young Bo Shim, Oh-Jang Kwon, Young-Geun Han (Hanyang University)
THU-PH-P33
Metamaterial absorber with low conductivity
H. Y. Zheng1, Y. J. Kim1, Y. J. Yoo1, J. S. Hwang1, J. Y. Rhee2, J.H.Kang3, K. W.
Kim4, Y. P. Lee1 (1Hanyang University, 2Sungkyun-kwan University, 3Kookmin
University, 4Sunmoon University)

Poster Session III
Ballroom Lobby 16:45 - 18:15
Advanced Oxide Materials
THU-OX-P01
Growth and enhanced superconducting properties of CaIrO3 nanoparticle added
Bi2Sr2CaCu2O8+δ thin films
Jeffrey C. De Vero*, In-woong Hwang*, Alvin Carl L. Santiago**, Jungwon
Chang***, Jinhee Kim***, Roland V. Sarmago**, Jonghyun Song* (*Chungnam
National University, **University of the Philippines, ***Korea Research Institute of
Science and Standards)
THU-OX-P02
Electronic Properties of (Li, Al)-doped ZnO field effect transistors fabricated by
Pulsed Laser Deposition
SU-JAE LEE, CHI-SUN HWANG, JAE-EUN PI, MIN-KI RYU, HIMCHAN OH,
SUNG HAENG CHO, JONG-HEON YANG, SANG-HEE KO PARK, HEE-OK KIM
(ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE)
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THU-OX-P03
Synthesis optimization of low cobalt-Li[Ni0.6Co0.1Mn0.3]O2 as cathode materials for
lithium ion battery
Gi Won Yoo, Tae Jun Park, Cheong Kim, Byung Chan Jang, Su Bin Yang, Jong Tae
Son (Korea National University of Transportation)
THU-OX-P04
Gamma-ray irradiation effects on ferroelectric, dielectric, and impedance
properties of Pb(Zr,Ti)O3 thin films
Byung Hoon Kim, Sun A Yang, Sang Don Bu (Chonbuk National University)
THU-OX-P05
Carrier transport behaviors at the junction of graphene and oxide semiconductor
ChansooYoon*, Sangik Lee*, Inrok Hwang**, Yoonseung Nam*, Kendong Lee*, Bae
Ho Park (Konkuk University, **KIST)
THU-OX-P06
Improvement in resistive switching properties of NiO thin films using ion beam
treatment
Yeon Soo Kim*, Mi Jung Lee*, Sung Moon Hwang**, Jihoon Jeon*, Yoon Seung
Nam*, Sangik Lee*, Chan Soo Yoon*, Taekjib Choi**, Bae Ho Park* (*Konkuk
University, Seoul, 143701, Republic of Korea,
**Sejong University)
THU-OX-P07
Stress effects on Al doped ZnO films prepared by RF sputtering
Chihun Kim*,** ,Taeksoo Ji*, Jinyoung Park*, Byunggue Jung*, Hangju Ko**
(*Chonnam National University, **Korea Photonics Technology Institute)
THU-OX-P08
Effect of Nb addition on microstructure and dielectric properties of BNT ceramics
Julaiporn Chuaysuk, Anuwat Ainnak, Chontira Sangsubun (Thaksin University)
THU-OX-P09
Improvement of Resistive switching properties with controlled electric field
distribution using defective graphene
Keundong Lee1, Inrok Hwang2, Sangik Lee1, Sungtaek Oh1, Dukhyun Lee1, Yoonseung
Nam1, Sahwan Hong1, Chansoo Yoon1, Robert B. Morgan1, Haksung Kim1, Sunae
Seo3, David H. Seo4, Sangwook Lee1, Baeho Park1 (1Konkuk University, 2Korea
Institute of Science and Technology, 3Sejong University, 4Samsung Electronics)
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THU-OX-P10
Synthesis of high sensitivity ferrite magnetic nanoclusters coated with silica as an
MRI contrast agent
Jongeun Kang*,**, Hyunseung Lee*, Young-Shick Hong*, Jae Jun Lee*, Cheongsoo
Park*, Kwan Soo Hong*,** (*Korea Basic Science Institute, **Chungnam National
University)
THU-OX-P11
A study of Cu, Ag single crystal and their mixed crystal on electrostatic levitation
experiments
Yong Chan Cho*, Bum-Su Kim*, Ji Young Kim**, Seunghun Lee**, Geun Woo
Lee***, Se-Young Jeong* (*Pusan National University, **Korea University, ***Korea
Research Institute of Standards and Science)
THU-OX-P12
Real-time Optical Studies of Annealing of Zirconium Oxide Thin Films in
Vacuum UV range
Hyuknyeong CHEON, Ilsin AN (Hanyang University)
THU-OX-P13
Photoinduced hydrophilicity of TiO2/WO3 double layer films
Dongyoung Kim, SungBo Seo, Kang Bae, Sunyoung Sohn,
Hwa-Min Kim (Catholic University of Daegu)
THU-OX-P14
Modification of magnetocaloric effect by Mn-deficient in non-stoichiometric
La0.8Ca0.2MnO3.01
Dwi Nanto*, Nikolay Chebotaev**, Andrey Telegin**, Seong-Cho Yu* (*Chungbuk
National University, **Institute of Metal Physics, UB of RAS)
THU-OX-P15
Tm3+, Yb3+ co-doped ZnGa2O4 phosphor for using the upconvers-ion
Sung Jun Park, Sang Min Lee, Sung Soo Yi, Hee Su Jung, Hyun Min Kim (University
of Silla)
THU-OX-P16
Magnetocaloric effect and critical behavior of Dy-doped La0.8Pb0.2MnO3
T. A. Ho*, T. D. Thanh**, T. L. Phan*, S. C. Yu* (*Chungbuk National University,
**
Vietnam Academy of Science and Technology)
THU-OX-P17
Critical behavior and local structure of non-stoichiometric Nd0.5Sr0.5MnO3 single
crystalline
Dwi Nanto*, Dong-Seok Yang*, Seong-Cho Yu, Sergey Telegin**, Andrey Telegin**
(*Chungbuk National University, **Institute of Metal Physics, UB of RAS)
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THU-OX-P18
Optical characterization of manganese doped SrZrO3
M. H. Cho, Y. S. Lee (Soongsil University)
THU-OX-P19
Dielectric Resonance Effect with Negative Permittivity in La 1.5Sr0.5NiO4+δ Ceramic
Tran Dang Thanh*,**, T. L. Phan*, N. V. Dang***, L. V. Hong**, S. C. Yu*
(*Chungbuk National University, **Vietnamese Academy of Science and Technology,
***Thai Nguyen University)
THU-OX-P20
Growth and in-plane magnetic anisotropy of inverse spinel structured Co 2MnO4
thin films
Taeyeong Koo*, Jaeyeong Kim*, Jonghyun Song** (*Pohang Accelerator Laboratory,
**Chungnam National University)
THU-OX-P21
Resonant X-ray Scattering Study of Spinel Co2MnO4
J. H. Song*, D. S. Lee, and T. Y. Koo** (*Chungnam National University, **Pohang
University of Science and Technology)
THU-OX-P22
Fabrication and property of cement/rice husk ash/ natural rubber latex
composites
Nittaya Jaitanong, Tanapong Chaipunti (Maejo University)
THU-OX-P23
Temperature dependent optical properties of SrTiO3 from spectroscopic
ellipsometry
Mangesh S. Diware, Jae Chan Park, Yuri Kang, Young Dong Kim (Kyung Hee
University)
THU-OX-P24
Effect of calcination temperatures on phase formation and microstructure of CaO
prepared from Wing shell
Suthasinee Kheawmaneenai, Chontira Sangsubun (Thaksin University)
THU-OX-P25
Tunable Upconversion Luminescence of Scheelite Structural Double Tungstate
Jung-Il Lee*, Kyoung Won Cho*,**, Jeong Ho Ryu* (*Korea National University of
Transportation, **Chungbuk National University)
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THU-OX-P26
Structural and ferroelectric properties of polar BiInO 3 thin films on Pt and MgO
substrates grown by pulsed laser deposition
Hye-Jin Jin, Seol Hee Oh, William Jo (Ewha Womans University)
THU-OX-P27
Mechanism of the early and the later stage of the reset process of bipolar
resistance switching Ta/TaOx/Pt capacitors
Sang-Chul Na, Jae-Jun Kim, Min Chul Chun, Da Hee Jin, and Bo Soo Kang (Hanyang
University)
THU-OX-P28
Photoresponse of Pt/Nb:STO Schottky junctions
Yoonjung Kim, Haeri Kim, Dong-Wook Kim (Ewha Womans University)
THU-OX-P29
Fabrication of SiO2 nano-patterns using microwave nanoimprint lithography
Heetae Kim, Je-Hong Choi, Bit-Na Go, Heon Lee (Korea University)
THU-OX-P30
Study on the dielectric functions of GdAlOx/Si films by using vacuum ultra-violet
spectroscopic ellipsometry
Jae Chan Park*, Tae Jung Kim*, Sang Hyub Lee**, Soo Min Hwang**, Nilesh
Barange*, Han Gyeol Park*, Junho Choi*, Young Dong Kim*, Jin Ho Joo** (*Kyung
Hee University, **Sungkyunkwan University)
THU-OX-P31
Magnon scattering in Ga-doped hexagonal HoMnO3 thin films
Ji-Yeon Nam*, Xiang-Bai Chen**, Nguyen Thi Minh Hien*, D. Lee***, T. W.
Noh***, In-Sang Yang* (*Ewha Womans University, **Konkuk University, ***Seoul
National University)
Devices and Applications
THU-DE-P38
Compact Metamaterial Antenna with End fired Radiation Using Hexagon-shaped
Mushroom Structure
Dong Sik Woo, Kang Wook Kim (Kyungpook National University)
THU-DE-P39
Selective electrochemical wet etching for 3D micro electrode structure
Seon-Yong Hwang, Seo Hyun Kim, Dong Keun Lee, Hyun-Beom Shin, Ho Kwan Kang,
Hijung Kim (Korea Advanced Nano Fab. Center)
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THU-DE-P40
Comparison of light output power in GaN vertical light emitting diodes with nano
hole and nano dot patterned n-GaN surface rougheing by nanoimprint
lithography and dry etch
Keun Woo Lee, Hyeong-Ho Park, Shin Keun Kim, Mi Lim Park, Eun Jin Her, Jae Won
Choi, Byung Ou Lee, Hong Min Yoon, Yong Su Lee, Hee Kwan Lee, Woong Sun Lim,
A-Young Moon, Jong Min Kim, Je Hyuk Choi, Ho Kun Sung, Chan Soo Shin, Ho
Kwan Kang, Hi-Jung Kim (Korea Advanced Nano Fab Center(KANC))
THU-DE-P41
Improvement of light extraction efficiency in nonpolar GaN based nano-pillar
LEDs by using self-assembled ITO nanomask
Min Joo Park*, Suk Koo Jung**, Yoon-Ho Choi**, Joon Seop Kwak* (*Sunchon
National University, **LG Electronics Advanced Research Institute)
THU-DE-P42
Optimization of n-contact hole number of vertical blue LEDs for electrical and
optical properties
Chi Gyun Song*, Hyeuk Seo*, Won-Sik Choi**, Tak Jeong** and Joon Seop Kwak*
(*Sunchon National University, **Korea photonics Technology Institute)
THU-DE-P43
Thin Ni film on graphene current spreading layer for GaN-based blue and ultraviolet light-emitting diodes
Jae-Phil Shim, Jung-Hong Min, Chang Mo Kang, Dong-Seon Lee (Gwangju Institute
of Science and Technology)
THU-DE-P44
Fabrication of BHJ polymer solar cells based on P3HT nanowires with fullerene
derivatives
Sung-yoon Joe, Jonghyuk Yim, Huiseong Jeong, Soonil Lee (Ajou University)
THU-DE-P45
Molecular weight effect of polyethylene oxide based shear thinning fluid and its
rheological characteristics for engine mount application
Dae Sung Jang*, Jae Sik Seo**, Jong Min Park**, Kuong Mo Yang**, Hyoung Jin
Choi* (*Inha University, **Hyundai Motor Group)
THU-DE-P46
Carrier transport of InGaN/GaN multiple quantum well solar cells
Sang-Bae Choi, Jae-Phil Shim, Hoon-Il Jeong, Young-Dahl Jho, Dong-Seon Lee
(Gwangju Institute of Science and Technology (GIST))
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THU-DE-P47
Scanning Josephson tunneling microscopy on Bi2Sr2CaCu2O8+δ
S.H. Joo*, J.H. Yoo*, M.S. Park*, G.S. Lee*, J.J. Kim*, I. Lee** ,***, C.K.
Kim**,***, J.C. Davis**,***, J. Lee*,** (*Seoul National University, **Brookhaven
National Laboratory, ***Cornell University)
THU-DE-P48
High index polymer substrates for efficient, low-cost flexible OLEDs
Eunhye Kim, Hyunsu Cho, Seunghyup Yoo (KAIST)
THU-DE-P49
Investigation on Reflective Semiconductor Optical Amplifier for a Light Source of
Fiber Bragg Grating Sensing System
Hong Joo Song*, Jun Ho Lee*, Youngbok Choi** (*Korea Electronics Technology
Institute, **FIBERPIA Co., LTD)
THU-DE-P50
Analysis technique of InGaN/GaN blue LEDs using electrical characterization
D. C. Oh (Hoseo University)
THU-DE-P51
Phase compensation of an alternating multilayer stack consisting of metamaterials and dielectrics
Jonghun Lee, Cherl-Hee Lee (Daegu Gyeonbuk Institute of Science & Technology)
THU-DE-P52
Moving ball analysis on the fluid for the ball moving environment
In He Kang*, Arm Ahn*, Jong Mo Lee*, Munpyo Hong**, Chul Gyu Jhun*, Seongoh
Han*, Byung Seong Bae* (*Hoseo University, **Korea University)
THU-DE-P53
Flash lamp annealing effect on stability of the oxide TFT
Seung Jae Moon, Kyoung Min Yu, So Hyen Jung, Joo yeon Kim, Byung Seong Bae, Eui
Jung Yun (Hoseo University)
THU-DE-P54
LC Lens analysis on the temperature and electric field
Jun Young Hwang, Seong Jae Moon, Jong Mo Lee, Chul Gyu Jeon, Byung Seong Bae
(Hoseo University)
THU-DE-P55
Alternative Gate Dielectrics for Advanced CMOS Technologies
A. Benfdila, A. Lakhlef (The University M. Mammeri)
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THU-DE-P56
Mid-wave Infrared InAs/GaSb T2SL Detector with PIN Structure
H. Lee*, J.H.Whang*, B. Klein**, S. Krishna**, H.S. Kim* (*Chonna-m National
University, **University of New Mexico)
THU-DE-P57
Analytical model for predicting the permeability of micro square pillar arrays
Chan Byon (Yeungnam University)
THU-DE-P58
Encapsulation of OLED Device Using an Metal-Polymer Mixture
Hyun-Su Choi, Kyung-Min Park, Cheol-Hee Moon (Hoseo University)
THU-DE-P59
Growth and Fabrication Method of CdTe and its performance for using radiation
detector
Hyo Jeong Choi*, **, Manhee Jeong**, Han Soo Kim**, Young Soo Kim**, Jang Ho
Ha**, Jong Seo Chai* (*Sungkyunkwan University, **Korea Atomic Energy Research
Institute)
Nanomaterials and Nanodevices
THU-NA-P42
Quantum electrical transport in mesoscopic LaAlO3/SrTiO3 heterostructures
Jung-Won Chang1,2, Jonghyun Song3, Joon Sung Lee1,2, Hyunho Noh1, Sang Keun
Seung3, Lkhagvasuren Baasandorj1,4, Soon Gul Lee2, Yong-Joo Doh2, Jinhee Kim1
(1Korea Research Institute of Standards and Science, 2Korea University Sejong
Campus, 3Chungnam National University, 4University of Science and Technology)
THU-NA-P43
Characteristics of Organic-Inorganic Hybrid Sols from Colloidal Silica and
Multifunctional Organoalkoxysilanes
Hyeonhwa Lee, Hoyyul Park, Dongjun Kang (Korea Electrotechnology Research
Institute)
THU-NA-P44
Temperature and gate dependent electrical conductivity of poly[3, 4ethylenedioxythiophene] thin film
Chanjong Kim*, Jin Sun Jung*, Seong Hun Yu**, Jun Young Lee**, Jinsoo Joo*
(*Korea University, **Sungkyunkwan University)
THU-NA-P45
Nanostructured metal functional layer with to impede a fuel-cladding chemical
interaction (FCCI)
Jee Seung Hyun*, Kang Soo Lee*,**, Young Soo Yoon* (*Gachon University,
**Yonsei University)
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THU-NA-P46
Environmental sensitivity effect of large area CVD grown graphene on Hexagonal
Boron Nitride films
M. W. Iqbal*, M. Z. Iqbal*, Jun Park**, Xiaozhan Jin**, Chanyong
Hwang**, Jonghwa Eom* (*Sejong University, **Korea Research Institute of
Standards and Science (KRISS))
THU-NA-P47
Synthesis of novel α-Fe2O3/carbon composite as an ultrahigh capacity anode
material in lithium ion battery
Nitin Kaduba Chaudhari, Hyean-Yeol Park, Jong-Sung Yu (Korea University)
THU-NA-P48
Highly efficient metal-free phosphorus-doped platelet ordered mesoporous carbon
for electrocatalytic oxygen reduction
Dae-Soo Yang, Jung Ho Kim, Min Young Song, Hyean-Yeol Park, Jong-Sung Yu
(Korea University)
THU-NA-P49
Characterization of TixZn(1-x)Al2O4 thin films by Sol-Gel method for GPS patch
antenna
Wan Nasarudin Wan Jalal, Huda Abdullah, Mohd Syafiq Zulfakar, Mohammad
Thariqul Islam (Universiti Kebangsaan Malaysia)
THU-NA-P50
Optimization of single-walled carbon nanotubes concentration for ZnO-based
dye-sensitized solar cell
Huda Abdullah, Azimah Omar, Izarmarlina Asshaari, Mohd Zikri Razali, Savisha
Mahalingam (Universiti Kebangsaan Malaysia)
THU-NA-P51
Preparation and characterization of (1-x)ZnFe2O4 – xSiO2 thin films for wireless
patch antenna application
Huda Abdullah, Mohd Syafiq Zulfakar, Wan Nasarudin Wan Jalal, Sahbudin Shaari
(Universiti Kebangsaan Malaysia)
THU-NA-P52
Wide-field Raman spectroscopy to characterize 2D materials
Jae-Ung Lee, Hyeonsik Cheong (Sogang University)
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THU-NA-P53
Gamma irradiation effect on the structural, morphology and electrical properties
of Zn-Cu doped PVA nanocomposite thin films for Escherichia coli sensor
Noor Azwen Noor Azmy, Norshafadzila Mohammad Naim, Huda Abdullah (Universiti
Kebangsaan Malaysia)
THU-NA-P54
Raman spectra of few-layer graphene under the influence of excitation energy
The An Nguyen, Jae-Ung Lee, Duhee Yoon, Hyeonsik Cheong (Soga-ng University)
THU-NA-P55
Self-assembled GaN nano-pyramids on m-plane GaN/InGaN nanorod surfaces
Young S. Park*, Kwang S. Kim*, Seung-Woong Lee**, Hyunsik Im**
(*Pohang University of Science and Technology, **Dongguk University)
THU-NA-P56
An efficient scheme for generating amorphous structures
Yong Youn, Youngho Kang, Seungwu Han (Seoul National University)
THU-NA-P57
Ultrafast inter-excitonic dynamics in atomically thin MoS2
Sangwan Sim*, Jusang Park*, Jeong-Gyu Song*, Chihun In*, Yun-Shik Lee**,
Hyungjun Kim*, Hyunyong Choi* (*Yonsei University, **Oregon state University)
THU-NA-P58
Electronic Structure of InP(111)A Semiconductor Surface
Hongsuk Yi (Korea Institute of Science and Technology Information)
THU-NA-P59
Whispering-Gallery-Mode Lasing from GaN Microdisks Grown on Graphene
Microdots
Hyeonjun Baek*, Chul-Ho Lee*,**, Kunook Chung*, Gyu-Chul Yi* (*Seoul National
University, **Columbia University)
THU-NA-P60
Ultrafast biexciton dynamics of multiple-exciton generation in PbS dots
Younghwan Choi*, Sangwan Sim*, Seong Chu Lim**, Young Hee Lee**, Hyunyong
Choi* (*Yonsei University, **Sungkyunkwan University)
THU-NA-P61
Ultrafast control of refractive index in a terahertz graphene metamaterial
Jeongmook Choi*, Seunghoon Lee**, Hyeon-Don Kim**, Bumki Min**, Hyunyong
Choi* (*Yonsei University, **Korea Advanced Institute of Science and Technology
(KAIST))
- 74 -

THU-NA-P62
In situ Characterization of AFM/Raman Spectra of Nanocrystallin-e Ceramics
with Carbon Nanotube
Minghan Li, Young-Hwan Han, Dong-Yeon Lee (Yeungnam University)
THU-NA-P63
Varieties of colors from laterally overgrown microdonut light-emitting diodes
arrays
Youngbin Tchoe*, Janghyun Jo*, Miyoung Kim*, Jaehyuk Heo**, Geonwook Yoo**,
Cheolsoo Sone**, Gyu-Chul Yi* (*Seoul National University, **Samsung Electronics
Co., Ltd)
THU-NA-P64
Modeling and Analysis for Contact Hole Shrink by Directed Self-Assembly
Sang-Kon Kim (Hanyang University)
THU-NA-P65
Optical fiber-utilizing nanowire manipulation method
Pyo Jin Jeon, Sejin Lee, Young Tack Lee, Jin Sung Kim, Kyunghwan Oh, Seongil Im
(Yonsei University)
THU-NA-P66
Functionalization of graphene layers with single-stranded DNA
Yumin Sim, Maeng-Je Seong (Chung-Ang University)
THU-NA-P67
Wall-thickness effects on the strain and crystallites size of
sol-gel-derived lead titanate nanotubes synthesized by spin-coating technique
Jin Kyu Han, Jeon Do Hyun, Jin Ho Kwak, Sang Don Bu (Chonbuk National University)
THU-NA-P68
NOT, NAND, NOR Gate, and SRAM Login and Memory Circuits on an
Identically Long ZnO Nanowire
Young Tack Lee, Pyo Jin Jeon, Ryong Ha, Heon-Jin Choi, Seongil Im (Yonsei
University)
THU-NA-P69
Thermoelectric power in controllable ratio of metallic and semiconducting singlewalled carbon nanotubes film
Min-Kyu Joo*,**, Piao Mingxing**, Junhong Na**, Yun-Jeong Kim**, Urszula
Dettlaff-Weglikowska**, Gyu-Tae Kim** (*IMEP-LAHC, Grenoble INP, **Korea
University)
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THU-NA-P70
Photoluminescence properties of GaN nanorods grown on nano-patterned Si(111)
substrate
Sang-Tae Lee*, Byung-Guon Park*, Kyung-Jin Kim*, Moon-Deock Kim*, Song-Gang
Kim** (*Chungnam National University, **Joong-bu University)
THU-NA-P71
Competition of local orders in disordered phase of Ge2Sb2Te5 and GeSe2:
octahedral versus tetrahedral Ge
Kye Yeop Kim, Seungwu Han (Seoul National University)
THU-NA-P72
Low-frequency noise in multilayer MoS2 transistors with Al2O3 dielectric
passivation
Junhong Na1, Min-Kyu Joo1,2, Minju Shin1,2, Junghwan Huh3, Jae-Sung Kim1,
Mingxing Piao1, Jun-Eon Jin1, Ho-Kyun Jang1, Hyung Jong Choi4, Joon Hyung Shim4,
Gyu-Tae Kim1 (1Korea University, 2Grenoble INP-MINATEC, 3Norwegian University
of Science and Technology, 4Korea University
THU-NA-P73
Enhanced gas sensing properties of SnO2-core/Ga2O3-shell nanowires
Sunghoon Park, Soyeon An, Youngho Mun, Chongmu Lee (Department of Materials
Science and Engineering, Inha University)
THU-NA-P74
Growth of Pb(Zr0.52Ti0.48)O3 nanoparticles on multi-walled carbon nanotubes
Do Hyun Jeon, Jin Kyu Han, Jin Ho Kwak, and Sang Don Bu (Department of Physics,
Chonbuk National University)
THU-NA-P75
Effect of chemically induced defects on the thermoelectric properties of metallic
and semiconducting single-walled carbon nanotubes films
Mingxing Piao*, Minkyu Joo*,**, Junhong Na*, Gyutae Kim*, Urszula DettlaffWeglikowska* (*Korea University, **Grenoble INP)
THU-NA-P76
Fabrication of TeO2-core/ZnO-shell nanorod gas sensors and their UV-enhanced
gas sensing properties
Sunghoon Park, Hyunsung Ko, Soohyun Kim, Chongmu Lee (Inha University)
THU-NA-P77
Study of Hybrid TCF(Transparent Electrode Film) composed of multi-layer
Silver nanowire and Conductive oxide material
Hak-jun Chung*, Ju Hwan Choi*, BumJoo Lee*, Jin-Koog Shin*
Won-Jong, Choi** (*Korea Electronics Technology Institute, **Nanopyxis Co.,
Ltd)
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THU-NA-P78
Thermal properties of Co0.5Zn0.5Fe2O4 nanoparticles for hyperthermia
applications
Sang Joon Lee, Hee Seung Kim, Chul Sung Kim (Kookmin University)
THU-NA-P79
Quantum interference effects in chemical vapor deposited graphene
Nam-Hee Kim*, Serin Park**, Jun Sung Lee*, Jeong-O Lee**, Yong-Joo Doh*
(*Department of Display and Semiconductor Physics, Korea University Sejong
Campus, **NanoBio Fusion Research Center, Korea Research Institute of Chemical
Technology)
THU-NA-P80
Anomalous conductance quantization in InAs nanowire
Hong-Seok Kim*, Young Joon Hong**, T. Fukui**, Yong-Joo Doh* (*Korea
University Sejong Campus, ** Hokkaido University)
Organic Electronics and Photonics
THU-OR-P01
Effect of 1,8-Diiodooctane for PCDTBT-based Organic Photovolta-ics
Zhihai Liu, Eun-Cheol Lee (Gachon University)
THU-OR-P02
Leakage current behavior in MIM capacitor and MISM organic capacitor with
ultra-thin AlOX insulator
Jin-Hyuk Bae*, Min-Hoi Kim** (*Kyungpook National University, ** Hanbat
National University)
THU-OR-P03
Organic Photovoltaic Combined with Quantum Dot for High Power Conversion
Efficiency
Chul Gyu Jhun*, Changbum Moon*, Woo Young Kim*, Sang Hoon Chae*, Jin Cao**,
Chao Ping Chen*** (*Hoseo University, **Shanghai University, ***Shanghai Jiao
Tong University)
THU-OR-P04
Theoretical study of novel porphyrin-based dye for efficient dye-sensitized solar
cell
Dong Yuel Kwon*, Dong Min Chang*, Young Sik Kim* (*Hongik University)
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THU-OR-P05
Hybrid White Organic Light Emitting Diodes with Low Efficiency Roll-off Based
on Blue Fluorescence and Red Phosphorescence
Song Eun Lee*, Ho Won Lee*, Jae Woo Lee*, Seok Jae Lee*,
Ja-Ryong Koo*, Hye Jeong Kim**, Seung Soo Yoon**, Young Kwan Kim* (*Hongik
University, ** Sungkyunkwan University)
THU-OR-P06
Electronic structure of ClAlPc/pentacene/ITO interfaces studied using soft x-ray
spectroscopies
Sang Wan Cho*, Sangho Lee*, Minsoo Kim*, Nari Heo*, Geunjeong Lee*, Kevin E.
Smith** (*Yonsei University, ** Boston University)
THU-OR-P07
Influence of Pentacene Film Thickness on Environmental Stability of Pentacene
Thin-Film Transistors
Xue Zhang*, Dong-Jun Kim**, Jin-Hyuk Kwon**, Jin-Hyuk Bae**, Christopher
Pearson***, Michael C. Petty***, Jaehoon Park* (*Hallym University, **Kyungpook
National University, *** Durham University)
THU-OR-P08
Highly efficient small molecules with thieno[3,4-c]pyrrole-4,6-dione for solution
processed organic solar cells
Yu Jin Kim*, Jong-jin Ha**, Jong-gwang Park**, Soon-Ki Kwon**, Yun-Hi Kim**,
Chan Eon Park* (*Pohang University of Science and Technology, **Gyeongsang
National University)
THU-OR-P09
Electronic transport properties of ferrocene-alkanethiolate molecular electronic
devices on rigid and flexible substrates
Hyunhak Jeong, Dongku Kim, Hanki Lee, Wang-Taek Hwang, and Takhee Lee (Seoul
National University)
THU-OR-P10
Phase Diagram and Correlated Electronic Structures of Hydrocarbon
Superconductors using Dynamical Mean Field Theory
Minjae Kim*, Hong Chul Choi**, Ji Hoon Shim**,***, B. I. Min* (*Pohang
University of Science and Technology, **Pohang University of Science and
Technology, ***Pohang University of Science and Technology)
THU-OR-P11
Gate insulator characteristics of crosslinked poly(4-vinylphenol) in oxide thin-film
transistor
Hyun Sik Chae, Shang Hao Piao, Byung Geun Son, Jae Kyeong Jung, Hyungjin Choi
(Inha University)
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THU-OR-P12
Nuclear magnetic resonance study of the phase transition in a dimesogenic liquid
crystalline compound (KI-5S)
Jun Hee Han*, Jun Su Kim*, Kyu Won Lee*, Se hun Kim**, Cheol Eui Lee* (*Korea
University, **Jeju National University)
THU-OR-P13
Role of transition metal oxides in graphene-based organic optoelectronics
Tae-Seok Lim, Tae-Hee Han, Hong-Kyu Seo, Tae-Woo Lee (Pohang University of
Science and Technology)
THU-OR-P14
Studying carrier transport mechanism of TIPS-pentacene diodes using nonlinear
optical polarization measurement
Moonjeong Bok*, Yongil Jo*, Dai Taguchi**, Mitsumasa Iwamoto**, Eunju Lim*
(*Dankook University, **Tokyo Institute of Technology)
THU-OR-P15
A Chemical Responsive Conjugated Polymer for a Viscosity Sensor in
Microfluidic Chip
Dong Cheul Han*,**, Jin Ju Bae*, Yong Bae Kim*, Giseop Kwak**
(*Gumi Electronics and Information Technology Research Institute, ** Kyungpook
National University)
THU-OR-P16
Study of the Interface of P3HT and PCBM Bilayer formed by Electrospray
Vacuum Deposition
Ji-Hoon Kim, Jong-Am Hong, Dae-Gyeon Kwon, Jihee Jeon, Yongsup Park (Kyung
Hee University)
THU-OR-P17
Metal-free transparent electrode for microcavity organic light-emitting diodes
Hyunsu Cho, Jin Chung, Eunhye Kim, Jaeho Lee, Eungjun Kim, Seunghyup Yoo
(KAIST)
THU-OR-P18
Study of Plasma Treatments to Increase Work Function of Multilayer Graphene
Film
Ji-Hoon Kim, Dae-Gyeon Kwon, Jong-Am Hong, Min-Jae Maeng, Yongsup Park
(Kyung Hee University)
THU-OR-P19
Designing efficient transparent organic light-emitting diodes: emission zone
positioning
Jin Chung, Hyunsu Cho, Eunhye Kim, Jaeho Lee, Seunghyup Yoo (KAIST)
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Spin and Magnetism
THU-SP-P01
Unexpected strong magnetism of Cu doped single-layer MoS2 and its origin
Won Seok Yun*,**, J. D. Lee* (*DGIST, **Lawrence Berkeley National Laboratory)
THU-SP-P02
Fabrication of pure ZnCoO nanowire and evaluation of magnetic properties
mediated by hydrogen
Bum-Su Kim*, Senughun Lee**, Yongchan Cho*, Se-Young Jeong* (*Pusan National
University, **Korea University)
THU-SP-P03
A study on band structure of hydrogen doped ZnCoO
Seunghun Lee*, Ji-Hun Park**, Byeong-Jun Kim**, Yong Chan Cho**, Chul Hong
Park**, Se-Young Jeong** (*Korea University, **Pusan National University)
THU-SP-P04
The phase transformation of FePt films by using activated electron beam
S.Y. KIM, H.N. Lee, Y.K. KIM, T.W. KIM (Sejong University)
THU-SP-P05
Fully controlled quaternary states of a magnetic vortex in an asymmetric
magnetic nanodisk
Hee-Sung Han*, Mi-Young Im**, Peter Fischer**, Ki-Suk Lee* (*Ulsan National
Institute of Science and Technology (UNIST), **Lawrence Berkeley National
Laboratory)
THU-SP-P06
Magneto-focusing effect in a spin-orbit coupled semiconductor system
Taeyueb Kim*,**, Jinki Hong*, Hyuncheol Koo**, Joonyeon Chang**, Sukhee Han**,
Kyungho Shin** (*Korea University, **KIST)
THU-SP-P07
Investigation of the magnetoluminescence in a top-emitting OLED with an
epitaxial thin MgO(001) contact
Nyun Jong Lee*, Eisuke Ito**, Yu Jeong Bae*, Heeyoung Jung***,
Changhee Lee***, Tae Hee Kim* (*Ewha Womans University, ** RIKEN Advanced
Science Institute, ***Seoul National University)
THU-SP-P08
Magnetic Properties and Magnetocaloric Effect at Room Temperature of Ni50xAgxMn37Sn13 Alloys
Tran Dang Thanh*,**, T. L. Phan*, N. H. Dan**, S. C. Yu** (*Chungbuk National
University, **Vietnam Academy of Science and Technology)
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THU-SP-P09
First-principles study of magnetism of lithium fluorosulphate LiMnxFe(1-x)SO4F
Tumurbaatar Tsevelmaa, Dorj Odkhuu, Soon Cheol Hong (University of Ulsan)
THU-SP-P10
Electronic structure calculation of ferromagnetic MnAs and MnAs/GaAs
Purev Taivansaikhan, Dorj Odkhuu, Kwon Oryong, Tumurbaatar Tsevelmaa, Soon
Cheol Hong (University of Ulsan)
THU-SP-P11
Magnetic properties for Zn0.05Fe2.95O4 microparticles
Hyunkyu Kim*, Yong Hui Li**, Chul Sung Kim* (*Kookmin University, **Samsung
Electro-Mechanics)
THU-SP-P12
High frequency properties of Ba2CoZnFe12O22 depend on synthesis condition
Jung Tae Lim, Mi Hee Won, Chul Sung Kim (Kookmin University)
THU-SP-P13
Magnetic properties of FeRh(001) and (011) thin films
Soyoung Jekal, Oryong Kwon, and Soon Cheol Hong (University of Ulsan)
THU-SP-P14
Large negative anomalous Hall effect of Co-doped ZnO by hydrogen injection
Yong Chan Cho*, Seunghun Lee**, Won-Kyung Kim*, Ji Hun Park*, Se-Young
Jeong* (*Pusan National University, **Korea University)
THU-SP-P15
Short-range ferromagnetic order in alloy ribbons Fe-Cr-Si-Nb-(Ag, Cu)
T. L. Phan*, P. Q. Thanh**, N. Chau**, T. A. Ho*, T. D. Thanh***, S. C. Yu*
(*Chungbuk National University, **Vietnam National University, ***Vietnam
Academy of Science and Technology)
THU-SP-P16
Coherently controlled spin precession in YFeO3 using terahertz magnetic field
KIM Tae-heon1, HAMH Sun Young1, HAN Jeong Woo1, KANG Chul2, KEE ChulSik2, JUNG Seonghoon3, PARK Jaehun3, TOKUNAGA Yusuke4, TOKURA
Yoshinori4,5, LEE Jong Seok1 (1Gwangju Institute of Science and Technology (GIST),
2
Advanced Photonics Research Institute (APRI), 3POSTECH, 4RIKEN Center for
Emergent Matter Science (CEMS), 5University of Tokyo)
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THU-SP-P17
Angle resolved photoemission spectroscopy study of Pt3TM (111) (TM=Ni, Co)
Yong Su Kim1,2, S. H. Jeon1, Bonjin S. Mun3, S. Han1, A. Bostwick2, E. Rotenberg2, P.
N. Ross2, V. R. Stamenkovic4, N. Markovic4, A. Walter2, Y. J. Chang2, T. W. Noh1
(1Seoul National University, 2Lawrence Berkeley National Laboratory, Berkeley,
3
GIST, 4Argonne National Laboratory)

THU-SP-P18
Microwave power absorption of oxide capsulated FeCo magnetic nanoparticle
composite
Jinu Kim, Joonsik Lee, Ki Hyeon Kim (Yeungnam University)

December 13 (Fri), 2013
Poster Session IV
Ballroom Lobby 09:00 – 10:00
Advanced Oxide Materials
FRI-OX-P01
Piezoelectric, dielectric and domain configurations of Ni substitution on P(BN)ZT
ceramic
Nittaya Jaitanong*, Arnon Chaipanich** (*Maejo University,**Chiang Mai
University)
FRI-OX-P02
The Effect of Plasma Technique on Structure and Optical Property of Zinc Oxide
Films
S. Narksitipan, P. Chairit (Maejo University)
FRI-OX-P03
Characterization and Optical Property of ZnO Films Prepared by Microwave
Technique
S. Narksitipan, T. Awirut (Maejo University)
FRI-OX-P04
Synthesis of Double-Sided ZnO Nanowires on Graphene/PET Substrate for
Nanogenerator
Ermias Libnedengel Tsege, Dong-Myeong Shin, Seok Hee Kang, Suck Won Hong,
Hyung Kook Kim, Yoon-Hwae Hwang (Pusan National University)
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FRI-OX-P05
Characterization of Electrolytic Plasma processing Coating formed on AZ31 Mg
alloys in NaAlO2 electorlyte
Yeong-Seung Jeong, Byung-Hyun Ahn, Dong-gun Lee, Bon-Heun Koo (Changwon
National University)
FRI-OX-P06
Measurement of graded refractive index of multilayer coatings by using
ellipsometry and spectrophotometry
Wonyoung Kim*, Jai Dong Lim*, Jonghyouk Kim**, Chang Kwon Hwangbo* (*Inha
university, **Samsung Electro-Mechanics)
FRI-OX-P07
Study on SiO2 based anti-corrosive film on Stainless steel for implantable medical
application
Sung-Il Kim, Jin-Tae Kim, Sung-woo Cho, Won-Seok Choi, Yeun-Ho Joung (Hanbat
National University)
FRI-OX-P08
Phonon study with Correlation and the Orbital-selective Peierls Transition in VO2
Sooran Kim, Kyoo Kim, Chang-Jong Kang, B. I. Min (Pohang University of Science
and Technology)
FRI-OX-P09
Charge Order Phases and Spin-Charge Coupling in LuFe2O4
Chang-Jong Kang, B. I. Min (Pohang University of Science and Technology)
FRI-OX-P10
Epitaxial CoxFe3-xO4 thin films on MgO substrate: MBE growth and magnetotransport properties
Quang Van Nguyen*, Duong Anh Tuan*, Yooleemi Shin*, Christian Meny**, Sunglae
Cho* (*University of Ulsan, **Institute of Physics and Chemistry for Materials of
Strasbourg)
FRI-OX-P11
The change of the surface property of high temperature annealed Aluminum
nitride substrate
Min-Sun Kim, Hyun Min Cho (Electronics Technology Institute)
FRI-OX-P12
Effect of ZTO buffer layer on the optical and electrical property of IGZO thin
films
Seung-Hong Kim*, Sun-Kyung Kim*, So-Young Kim*, Dong-Hyuk Choi** Dong-Il
Son**, Daeil Kim* (*University of Ulsan, **Dong-kook Inc.)
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FRI-OX-P13
Influence of Ag interlayer on the properties of IGZO thin films
So-Young Kim*, Sun-Kyung Kim*, Seung-Hong Kim*, Dong-Hyuk Choi**, Dong-Il
Son**, Daeil Kim* (*University of Ulsan, **Dong-kook Inc.)
FRI-OX-P14
Influence of ZnO thickness on the properties of GZO/ZnO thin films
Sun-Kyung Kim*, So-Young Kim*, Seung-Hong Kim*, Dong-Hyuk Choi**, Dong-Il
Son**, Daeil Kim* (*University of Ulsan, **Dong-kook Inc.)
FRI-OX-P15
Dry etching of hafnium-indium-zinc oxide using Cl2/BCl3/Ar gas mixtures
Ho-Kyun Jang*, Yong-Hee Choi*,**, Jun-Eon Jin*, Min-Kyu Joo*,***, and Gyu Tae
Kim* (*Korea University, **Samsung Electronics Co. Ltd., ***IMEP-LAHC, Grenoble
INP)
FRI-OX-P16
Thin film transistors based on self-assembled monolayer modified organic and
oxide semiconductor structures fabricated by an inkjet printing method
Yong Suk Yang*, In-Kyu You*, Sung-Hoon Hong*, Ju-hyeon Park*, Ho-Gyeong
Yun*, Young Hun Kang**, Song Yun Cho**, Changjin Lee** (*Electronics and
Telecommunications Research Institute (ETRI), **Korea Research Institute of
Chemical Technology (KRICT)
FRI-OX-P17
Temperature Dependence in Transparent Conducting Oxide Semiconductor
Teresa Oh (Cheongju University)
FRI-OX-P18
Electronegativity effects in bipolar resistive switching memories based on WO x
films
Jongmin Kim, Duhwan Kim, Hyeonseok Woo, Yongcheol Jo, Hyungsang Kim,
Hyunsik Im (Dongguk University)
FRI-OX-P19
Resistance Switching Characteristic in WOx based ReRAM having Graphene or
h-BN single sheet interfacial layer
Duhwan Kim, Jongmin Kim, Yongcheol Jo, Hyungsang Kim, Hyunsik Im (Dongguk
University)
FRI-OX-P20
Photovoltaic Effect in VO2 film
Juho Jung*, Manil Kang*, Minwoo Chu**, Kyuse Lee**, Sok Won Kim*, Ji-Wook
Ryu*** (*University of Ulsan, **Ilkwang Co,Ltd., ***Kongju National University)
- 84 -

FRI-OX-P21
Zinc oxide nanorods/copper oxide thin film heterojunction for nitrogen monoxide
gas sensor
Hwansu Yoo, Hyojin Kim, Dojin Kim (Chungnam National University)
FRI-OX-P22
Nitrogen monoxide gas sensing properties of transparent p-type copper oxide
nanorod arrays
Soojeong Park, Hyojin Kim, Dojin Kim (Chungnam National University)
FRI-OX-P23
Multi-functional Y2O3 dopped Na flexible metal substrate by solution coating
method
B. M. Kang, R. K. Ko, D. H. Kim, D. W. Ha (Korea Electrotechnology Research
Institute)
FRI-OX-P24
Improvement properties of Pb(Zr0.52Ti0.48)O3 ceramic using BNbT addition
Navavan Thongmee*, Thanuchporn Yeeteng*, Sukanda Jiansirisombo-on**
(*Pibulsongkram Rajabhat University, **Chiang Mai University)
FRI-OX-P25
Comprehensive study of surface morphology evolution induced by thermal
annealing in a-plane ZnO films on r-plane Al2O3 substrates
D. C. Oh (Hoseo University)
FRI-OX-P26
Effects of Nb substitution on the crystal structure and magnetic properties of
(Ru1-XNbx)Sr2(Nd0.67Tb0.67Ce0.66)Cu2O10-δ
H. K. Lee*, Y. I. Kim** (*Kangwon National University, **Korea Research Institute
of Standards and Science)
FRI-OX-P27
Luminescence properties and energy transfer in LiGd9(SiO4)6O2:E u3+ phosphors
K. H. Jang, S. J. Jin, J. J. Shim, Z. Jiang, P. Cai, H. J. Seo (Pukyong National
University)
FRI-OX-P28
Synthesis and Spectroscopic investigation of Dy3+ in La2(WO4)3:Dy3+
J. J. Shim*, K. H. Jang*, C. W. Park**, Z. Jiang *, P. Cai, H. J. Seo* (*Pukyong
National University, **Dong-Eui Institute of Technology)
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FRI-OX-P29
Reduction of negative bias and illumination stress effects in amorphousInGaZnO4 thin-film transistors by dual-gate driving
Suhui Lee, Mallory Mativenga, Sejin Hong, Jin Jang (Kyung Hee University)
FRI-OX-P30
Ultrathin and foldable amorphous oxide semiconductor based circuits
Sejin Hong, Mallory Mativenga, Byung Soon Kim, Jin Jang (Kyung Hee University)
FRI-OX-P31
Effects of Sc-substitution on magnetic order in LuFe2O4
Jinwon Jeong*, Hyun Sook Moon*, Han-Jin Noh*, Sung Baek Kim**, Jae-Young
Kim*** (*Chonnam National University, **Konyang University, *** Pohang
University of Science and Technology)
Nanomaterials and Nanodevices
FRI-NA-P01
Development of ZnO thin film by chemical bath deposition technique for dye
sensitize solar cell
Huda Abdullah, Wee Shen Hoo, Mohd Zikri Razali, Azimah Omar (Universiti
Kebangsaan Malaysia)
FRI-NA-P02
Transient dynamics of the oscillator-strength sum in graphene
Jaeseok Kim*, Seong Chu Lim**, Seung Jin Chae**, Inhee Maeng*, Younghwan
Choi*, Soonyoung Cha*, Young Hee Lee**, Hyunyong Choi* (*Yonsei University,
**Sungkyunkwan University)
FRI-NA-P03
A facile synthesis of biocompatible magnetic particles for biological application
Kyong-Hoon Choi1, Ki Chang Nam2, Hyungbin Son1, Han Sup Uhm3,
Eun Ha Choi3, Bong Joo Park3, Jin-Seung Jung4 (1Chung-Ang University, 2Yonsei
University College of Medicine, 3Kwangwoon University, 4Gangneung-Wonju
National University)
FRI-NA-P04
Influence of synthesis procedure on optical properties in CdS and CdS/CdSe
core/shell quantum dots
Minh Tan Man, Hong Seok Lee (Jeju National University)
FRI-NA-P05
Enhanced stretchability of transparent graphene electrode
Sang-Bong Lee, Chang-Hyun Kim, Hyun-Woo Lee, Chan Kim, Kyung-Min Jo, SangMin Kim, Kyung-Shik Kim, Kwang-Seop Kim, Jae-Hyun Kim (Korea Institute of
Machinery & Materials (KIMM))
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FRI-NA-P06
Silicon oxide nanowires grown on Cu/Si templates by using thermal annealing
Wooyoung Lee, Chinkyo Kim (Kyung Hee University)
FRI-NA-P07
Influence of wetting on optical reflectance spectra of silicon nanowire arrays
Minji Gwon*, Eunsongyi Lee**, Dong-Wook Kim* (*Ewha Womans University,
**University of Manchester)
FRI-NA-P08
Self-fluorescent magnetic nanogels for immune cell tracking as a MR/NIR multimodal imaging agent
Hyun Min Kim*, Hyunseung Lee*, Areum Yeom*, Yong Taik Lim**, and Kwan Soo
Hong*,**
(*Korea Basic Science Institute, **Chungnam National University)
FRI-NA-P09
Withdrawn
FRI-NA-P10
Fabrication of patterned bottom-gate MoS2 nanosheet field-effect transistors
using direct imprint method
Kyunghee Choi, Young Tack Lee, Sung-Wook Min, Hee Sung Lee, Seongil Im (Yonsei
University)
FRI-NA-P11
Tunable catalytic alloying eliminates stacking-faults in compound semiconductor
nanowires
Hoseok Heo, Kibum Kang, Donghun Lee, Moon-Ho Jo (Pohang University of Science
and Technology (POSTECH))
FRI-NA-P12
Electrical properties of the OLEDs depending on the thickness ratio of holeinjection layer to electron-injection layer
Seung-Tae Kim*, Yong-Gil Kang*, Gwi-Yeol Kim*, Jong-Yeol Shin**, Tae-Wan
Kim***, Jin-Woong Hong* (*Kwangwoon University, **Sahmyook University,
***Hongik University)
FRI-NA-P13
A study on atomic layer poly-silicon fabrication for single electron
transistors(SET)
Jae-Hee Lee (Kyungil University)
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FRI-NA-P14
Synthesis and Enhanced Photoluminescence of Novel 3D Flower-Like CaMoO4
Architectures Hierarchically Self-assembled with Tetragonal Bipyramid
Nanocrystals
Ling Li*,**, Hyeon Mi Noh**, Byung Kee Moon**, Byung Chun Choi**, Jung Hyun
Jeong** (*Hubei University, **Pukyong National University)
FRI-NA-P15
Local characterizations of graphene oxide and its reduction process using
electrostatic force microscopy
Huiseong Jeong, Kyung Moon Lee, Y. H. Ahn, Soonil Lee, Ji-Yong Park (Ajou
University)
FRI-NA-P16
Effects of annealing temperature on the formation of pyrochlore phases in
Pb(Zr0.52,Ti0.48)O3 nanotubes and their transformation to perovskite phase by the
additional coating of PbO solution
Sun A Yang, Jin Kyu Han, Do Hyun Jeon, Jin Ho Kwak, Sang Don Bu (Chonbuk
National University)
FRI-NA-P17
Withdrawn
FRI-NA-P18
Synthesis and characterization of poly(acrylic acid) nanogel containing silver nano
particle and their antibacterial properties
Jong-Seok Park, Jong-Bae Choi, Hui-Jeong Gwon, Youn-Mook Lim, Sunng-In Jeong,
Young-Min Shin, Phil-Hyun Kang, Young-Chang Nho (Korea Atomic Energy
Research Institute)
FRI-NA-P19
Emission property of PbTiO3 nanotubes with wall-thickness dependence
ChangHyun Jeon*, JinKyu Han**, SangDon Bu**, YunSang Lee* (*Soongsil
University, **Chonbuk National University)
FRI-NA-P20
Characteristics of the dye-sensitized solar cell using a TiO2 Nanotubes by treated
TiCl4
Jun Hyuk Yang, Chung Wung Bark, Kyung Hwan Kim, Hyung Wook Choi (Gachon
University)
FRI-NA-P21
Electrically Tunable Nanobeam Laser Immersed in Liquid Crystal
Sejeong Kim*, Whimin Kim*, Jaehyun Son*, Yun-Ho Kim**, Bumki Min*, YongHee Lee* (*KAIST,** KRICT)
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FRI-NA-P22
THz emission from Bi2Se2Te topological insulator induced by surface electronic
structure
Hyejin Choi*, Taehyeon Kim*, Youngmoon Kim*, Ju Heyuck Baeck*, Jongseok
Lee**, Soon-Hee Park**, Chul-Sik Kee**, Kwang-Ho Jeong*, Chul-Kang**, Mann–
Ho Cho* (*Yonsei University, **Gwang-ju Institute of Science and Technology)
FRI-NA-P23
Single-, double-, and triple layer MoS2 dielectric properties demonstrated by fieldeffect transistor performance
Sung-Wook Min, Hee Sung Lee, Hyoung Joon Choi, Seongil Im (Yonsei University)
FRI-NA-P24
Robust Preparation of Core-shell Structure Silica/polymer Nanocomposites by
Using Surface-Initiated ARGET ATRP
Thanh Binh Mai, Thi Nga Tran and Kwon Taek Lim (Pukyong National University)
FRI-NA-P25
Temperature dependence of dielectric functions of InSb by parametric
representation
J. Choi, T. J. Kim, H. G. Park, J. Y. Kim, J. C. Park, Y. D. Kim (Kyung Hee
University)
FRI-NA-P26
Effects of heat treatment on thermoelectric properties of cobalt-antimony thin
films
Seungwoo Han*,**, Aziz Ahmed** (*Korea Institute of Machinery and Materials,
**University of Science & Technology)
FRI-NA-P27
Fabrication and characterization of bismuth sodium titanate nanopowers by highenergy ball milling method
Krittiya Thongrod, Chontira Sangsubun (Thaksin University)
FRI-NA-P28
Relaxivities of Hydrogen Protons in an Aqueous Solution of Rod-typed
Manganese Nickel Ferrite Nanoparticles
Yousaf Iqbal*, Hongsub Bae*, Ilsu Rhee*, Sungwook Hong** (*Kyun-gpook National
University, **Daegu University)
FRI-NA-P29
Flexible ferroelectric nonvolatile memory enabled with graphene and PZT
nanomaterials
Wonho Lee, Jong-Hyun Ahn (Yonsei University)
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FRI-NA-P30
Performance of Dye-Sensitized Solar Cells Coated with Phosphors layer
Young Moon Kim, Kyung Hwan Kim, Chung Wung Bark, Hyung Wook Choi (Gachon
University)
FRI-NA-P31
Quenching silicon quantum dots by high magnetic fields
F. Gonzalez-Zalba*, J. Galibert**, F. Iacovella**, D. A. Williams*, T. Ferrus*
(*Hitachi Cambridge Laboratory, **Laboratoire National des Champs Magnétiques
Intenses)
FRI-NA-P32
Electric characteristics of flash memories containing a dielectric layer blocking
formation of filaments
Ju Tae Ryu, Sung Whan Jang, Tae Whan Kim (Hanyang University)
FRI-NA-P33
Facile preparation and optical properties of poly(N-isopropylacrya-mide)-graftTiO2 nanocomposites
Thi Nga Tran, Thanh Binh Mai, Kwon Taek Lim (Pukyong National University)
FRI-NA-P34
Novel emission property in Cu ion doped SrZrO3 nanocrystals
D. J. Lee, M. H. Cho, Y. S. Lee (Soongsil University)
FRI-NA-P35
Manipulating of quantum states with GHz photons in silicon quantum dots and
isolated structures
T. Ferrus*, A. Rossi*, T. Kodera**, T. Kambara**, Oda** and D. A. Williams*
(*Hitachi Cambridge Laboratory, **Tokyo Institute of Technology)
FRI-NA-P36
Fabrications of nanostructures and nanopatterns using carbon nanotubes as a
mask
Woong-bin Yim, Huiseong Jeong, S.J. Park, Y.H.Ahn, Soonil Lee, Ji-yong Park (Ajou
University)
FRI-NA-P37
Synthesis and characterization of photoluminescent nanohybrid of poly(εcaprolactone)-grafted- polyhedral oligosilsesquioxane by combination of ringopening polymerization and click chemistry
Xuan Thang Cao, Kwon Taek Lim (Pukyong National University)
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FRI-NA-P38
Thermoelectric properties of the mixed layer MoX2 (X=S, Se, Te) composite
Jin Hee Kim, Jong-Soo Rhyee (Kyung Hee University)
FRI-NA-P39
Simulation of charge-based qubit dynamics in double quantum dots
J. Mosakowski*, T. Ferrus**, D. A. Williams**, A. Andreev** and C. H. W. Barnes*
(*Cavendish Laboratory, **Hitachi Cambridge Laboratory)
Photonics
FRI-PH-P01
Speckle reduction in laser projection system by a galvo-mirror incorporating a
beam homogenizer
Sunduck Kim, Young-Geun Han (Hanyang University)
FRI-PH-P02
Coherent perfect absorption in epsilon-near-zero film of indium tin oxide
Md. Alamgir Badsha, Jin Joo Kim, Chang Kwon Hwangbo (Inha University)
FRI-PH-P03
Femtosecond Laser Assisted Fabrication of Double-layer Diffraction Gratings
inside Fused Silica Glass
Hun-kook Choi*,**, Md. Shamim Ahsan*, Ik-Bu Sohn*, Young-Chul Noh*, Jin-Tae
Kim** (*Gwangju Institute of Science and Technology (GIST), **Chosun University)
FRI-PH-P04
Effect of Chemical cleaning on Laser Ablation Damage Removal process for iPERC solar cells
Yeon-hee Hwang, Ji-soo Kim, Jong-youb Lim, Ji-sun Kim, Eun-joo Lee (Shinsung
Solar Energy)
FRI-PH-P05
Electrically Driven Nanobeam Laser
Kwang-Yong Jeong*, You-Shin No*, Ju-Hyung Kang*, Soon-Hong Kwon**, MinKyo Seo***, Yong-Hee Lee***, Hong-Gyu Park* (*Korea University, ** Chung-Ang
University, ***KAIST)
FRI-PH-P06
Improvement on Etch Process of The Propagation Efficiency in Ti:LiNbO 3
Optical Waveguide
Jeong-ho Ha, Jun-hee Park, Tai-young Kang, Han-young Lee (Korea Electronics
Technology Institute)
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FRI-PH-P07
Indium tin oxide thin film as an epsilon-near-zero material in near infrared
wavelength
Jin Joo Kim, Chang Kwon Hwangbo (Inha University)
FRI-PH-P08
Effects of Rear Passivation through Aluminium Oxide Layer Annealing on the
Crystalline Silicon Solar Cells
Jong-Youb Lim, Ji-Soo Kim, Yeon-Hee Hwang, Ji-Sun Kim, Eun-Joo Lee (Shinsung
Solar Energy)
FRI-PH-P09
Detection of Fungi and Bacteria Using Terahertz Metamaterials
S. J. Park, J. T. Hong, Y.H. Ahn (Ajou University)
FRI-PH-P10
Optical phonons and stress evolution in GaAs/AlGaAs multiple quantum well
structures
Taegeon Lee*, Heesuk Rho*, Won Jun Choi**, Jin Dong Song**, Sung Jun Park**, Ju
Young Lim**,***, Hyun Ji Oh** (*Chonbuk National University, **Korea Institute of
Science and Technology, *** Korea Photonics Technology Institute)
FRI-PH-P11
Study on the properties of InGaN/GaN green LED with superlattice structure
Jin-young Park*,**, Taeksoo Ji*, Jin-hong Lee** (*Chonnam National University,
**Korea Photonics technology institute)
FRI-PH-P12
Weight sensor application of polarization maintaining PCF
J. W. Lee*, T. G. Noh**, Y. W. Lee**, E. S. Kim* (*Pusan University of Foreign
Studies, **Pukyung National University)
FRI-PH-P13
Effect of additional thermal annealing process on optical and electrical properties
of GaN-based light-emitting diode
Sang-Hyun Han, Jae-Hwan Lee, Ki-Ryong Song, Sung-Nam Lee (Korea Polytechnic
University)
FRI-PH-P14
Optical improvement of GaN-based Light-Emitting Diode by introducing silicon
resin pattern
Man-Su Park, Hyo-Soo Son, Nak-Jung Choi, Hye-Rin Lee, Sung-Nam Lee (Korea
Polytechnic University)
- 92 -

FRI-PH-P15
High performance semipolar (11-22) GaN-based light-emitting diodes by using Si
doping in n-type GaN film
Jae-Hwan Lee, Sang-Hyun Han, Ki-Ryong Song, Sung-Nam Lee (Korea Polytechnic
University)
FRI-PH-P16
Continuously tunable microwave filter based on polarization-differential time
delay
Young Bo Shim, Sunduck Kim, and Young-Geun Han (Hanyang University)
FRI-PH-P17
Babinet's lesson for an optical Yagi-Uda antenna
Chang-Won Lee*, Yeonsang Park*, Jineun Kim*, Young-Geun Roh*, Sangmo
Cheon*, Jong-Ho Choe**, Q-Han Park** (*Samsung Advanced Institute of
Technology, **Korea University)
FRI-PH-P18
Investigation of internal electric field of InAs/GaAs quantum dot solar cell by
photoreflectance spectroscopy
Sung Sik Min*, Geun Hyeong Kim*, Im Sik Han*, Jong Su Kim*, Sam Kyu Noh**
(*Yeungnam University, **Korea Research Institute of Standards and Science)
FRI-PH-P19
Broadband Modulation of Terahertz Waves with Non-resonant Graphene Metadevices
Hyeon-Don Kim, Seung Hoon Lee, Hyunjoo Choi, Byungsoo Kang, Yong Rae Cho,
Bumki Min (Korea Advanced Institute of Science and Technology (KAIST))
FRI-PH-P20
Optical properties of CdZnO/MgZnO quantum well structures with various
applied electric field
Hee Chang Jeon*, Tae Won Kang*, Seung Joo Lee*, Seoung Hwan Park** (*Dongguk
University, **Catholic University of Daegu)
FRI-PH-P21
Sub-wavelength electromagnetic energy vortex in hyperbolic metamaterials
Yong Rae Cho, Seungwoo Lee, Hyeon-Don Kim, Bumki Min (Korea Advanced
Institute of Science and Technology (KAIST))
FRI-PH-P22
Optical properties in continuous tunable cholesteric liquid crystal laser array
Mi-Yun Jeong*, Ki Soo Chung*, Jeong Weon Wu** (*Gyeongsang National
University, **Ewha Womans University)
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FRI-PH-P23
Spontaneous emission enhancement in nanofocused plasmonic modes-single
quantum dot coupled system
Su-Hyun Gong*, Je-Hyung Kim*, Young-Ho Ko*, Christophe Rodriguez*, Jonghwa
Shin*, Yong-Hee Lee*, Le Si Dang**, Xiang Zhang***, Yong-Hoon Cho* (*KAIST,
**Institut Néel, CNRS Grenoble, ***University of California at Berkeley)
FRI-PH-P24
Temperature dependence of p-n junction electric fields in p-i-n GaAs
Sang Jo Lee*, Mo Geun So*, Geun-Hyeong Kim*, Chang Won Sohn*, Im Sik Han*,
Jong Su Kim*, Sam Kyu Noh** (*Yeungnam University, **Korea Research Institute
of Standards and Science)
FRI-PH-P25
Transferred to THU-PH-P33
FRI-PH-P26
Preparation of red (Sr0.8Ca0.2)AlSiN3:Eu2+0.0075 phosphor from powder mixture of
metal nitrides using spark plasma sintering
Trinh Quang Hung, Jin-Oh Jo, Sang Baek Lee, Young Sun Mok (Jeju National
University)
FRI-PH-P27
A widely tunable and switchable dual wavelength erbium-doped fiber laser with
fast response time in C- and L-bands
Seung Bin Ahn, Young-Geun Han (Hanyang University)
FRI-PH-P28
Plasmonic enhancement of Raman spectra of MoS2 layers
Krishna P. Dhakal, Jeongyong Kim (Sungkyunkwan University)
Spin and Magnetism
FRI-SP-P01
Magnetic properties of iron catalyst synthesized by various CO 2 concentration
Sang Joon Lee*, Dong Hyun Chun**, Jung Tae Lim*, Chul Sung Kim* (*Kookmin
University, **Korea Institute of Energy Research)
FRI-SP-P02
Fe-BTC additive effect on carbonyl iron suspension and its magnetorheology
Xue Mei Quan*, Ying Dan Liu**, Hyoung Jin Choi* (*Inha University, **Yanshan
University)
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FRI-SP-P03
Pt layer thickness dependence of effective magnetic field from spin-orbit torques
in Pt/Co/Pt wires
Sang-Cheol Yoo*,**, Soong-Geun Je*, Byoung-Chul Min**, Sug-Bong Choe* (*Seoul
National University, **Korea Institute of Science and Technology)
FRI-SP-P04
Asymmetric field-driven dynamics with chiral ferromagnetic domain walls
Soong-Geun Je*, Duck-Ho Kim*, Sang-Cheol Yoo*,**, Byoung-Chul Min**, KyungJin Lee***, Sug-Bong Choe* (*Seoul National University, **Korea Institute of
Science and Technology, ***Korea Univer-sity)
FRI-SP-P05
Metastability of the low-spin state in Co2+ system and control of the spin-state
transition with minimal Mott physics
Bongjae Kim, Kyoo Kim, B. I. Min (POSTECH)
FRI-SP-P06
Study of magnetic and optical properties in the diluted magnetic semiconductor
Cd1-xVxTe
Younghun Hwang, Youngho Um (University of Ulsan)
FRI-SP-P07
The Noncollinear magnetic structure of the pyrite type MnTe2
Junwon Kim, Kyoo Kim, B. I. Min (POSTECH)
FRI-SP-P08
The first principles study of van der Waals interaction in FeSe superconductor
Heejung Kim, J.N. Kim, J.H. Shim, B.I. Min (Pohang University of Science and
Technology)
FRI-SP-P09
Reversal dynamics of single vortex core driven by azimuthal spin-wave-mode
excitations in soft magnetic disk
Myoung-Woo Yoo, Sang-Koog Kim (Seoul National University)
FRI-SP-P10
Wave modes of collective vortex gyration in coupled-dot-array magnonic crystals
Dong-Soo Han1, Andreas Vogel2, Hyunsung Jung1, Ki-Suk Lee1, Markus Weigand3,
Hermann Stoll3, Gisela Schütz3, Peter Fischer4, Guido Meier2, Sang-Koog Kim1
(1Seoul National University, 2Universität Hamburg, 3Max-Planck-Institut für
Intelligente Systeme, 4Lawrence Berkeley National Laboratory)
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FRI-SP-P11
Magnetic Domain Wall Mobility Controlled by Anisotropy Energy in Pt/Co/Pt
Films
Duck-Ho Kim*, Sang-Cheol Yoo*,**, Kyoung-Woong Moon*,***, Dae-Yun Kim*,
Cheong-Gu Cho*, Byoung-Chul Min**, Sug-Bong Choe* (*Seoul National University,
**Korea Institute of Science and Technology, ***Korea Research Institute of
Standards and Science)
FRI-SP-P12
Exchange bias in Co thin films on GaAs(100)
Yooleemi Shin, Seungmok Jeon, Duong Anh Tuan, Jeongyong Choi, Sunglae Cho
(University of Ulsan)
FRI-SP-P13
Room Temperature Ferromagnetism in C-implanted ZnO thin films studied by Zray Linear Dichroism
Sanjeev Gautam*, Shailendra Kumar**, K. Asokan***, Keun Hwa Chae* (*KIST,
**POSTECH, ***Inter-Univ Acc. Centre)
FRI-SP-P14
The perpendicular magnetic anisotropy of CoFeB using amorphous buffer layer
D.S.Kim*, K.Y.Jung*, Y.J.Jang*, J.M.Kim*, B.C.Lee**, S.Joo***, J. Hong*, K.Rhie*
(*Korea University, *Inha University, ***Korea Research Institute of Standard and
Science)
FRI-SP-P15
Analysis of effective permeability and permittivity of magnetic nanoparticle
composites
Baekil Nam (Kyungnam University)
FRI-SP-P16
Study of Fe nano dot inserted MTJ in low temperature
Y. J. Jang*, D. S. Kim*, Te-ho. Wu**, Chia-Hao Lin**, Byung Chan Lee***, K.
Rhie* (*Korea University, **National Yunlin University of Science and Technology,
***Inha University)
FRI-SP-P17
Manipulation of Spins in Carbon-based Compounds
Jung-Woo Yoo, Mi-jin Jin, Junhyeon Jo, Jungmin Park, Vijayakumar Modepalli (Ulsan
National Institute of Science and Technology)
FRI-SP-P18
Coupled vortex-pair dynamics in trilayer disks of circular shape
Ahmad A. Awad, Sang-Koog Kim (Seoul National University)
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FRI-SP-P19
Investigation of Proton Dynamics in a Ferroelastic (CH3)4NCdCl3 Single Crystal
by 1H NMR Measurements
Jungseok Sim*, Kihyeok Kang*, Hohyoun Kim*, Moohee Lee*, Ae Ran Lim**
(*Konkuk University, **Jeonju University)
FRI-SP-P20
Proton Dynamics in a Ferroelastic K4LiH3(SO4)4 Single Crystal by 1H NMR
Measurements
Hohyoun Kim*, Kihyeok Kang*, Jungseok Sim*, Moohee Lee*, and Ae Ran Lim**
(*Konkuk University, **Jeonju University)
FRI-SP-P21
Effect of deposition order on azimuthal angular dependence of exchange bias field
and coercivity in exchange-biased bilayers
Hyeok-Cheol Choi*, Ki–Yeon Kim**, Chun-Yeol You* (*Inha University, **Korea
Atomic Energy Research Institute)
FRI-SP-P22
Engineering of perpendicular anisotropy of hard L10 FePt /soft CoFeB composite
films by varying soft layer thickness
Sin-Yong Jo*, Hyeok-Cheol Choi*, Ki-Yeon Kim**, Kyujoon Lee***,
Myung-Hwa Jung***, Chun-Yeol You* (*Inha University, **KAERI, ***Sogang
University)
FRI-SP-P23
Interacting magnetic nanoparticles of three dimensional magnetic vortex in
geometrically different configuration assemblies
Min-Kwan Kim, Ha-Youn Lee, Kyoungsuk Jin, Prasanta Dhak, Jae-Hyeok Lee,
Myoung-Woo Yoo, Jehyun Lee, Arim Chu, Miyoung Kim, Ki Tae Nam, Sang-Koog
Kim (Seoul National University)
FRI-SP-P24
Optical properties of Cr-doped CdMnTe studied by spectroscopic ellipsometry
Y. H. Hwang, Y. H. Um (University of Ulsan)
FRI-SP-P25
The temperature dependences of quasi two dimensional electron phonon
interacting system in CdS , ZnS and GaN
S. H. Lee*, J. Y. Sug**, J. H. Lee*, M. K. Choi* (*Donga University, **Kyungpook
National University)
FRI-SP-P26
Thermal properties for Mg0.5Zn0.5Fe2O4 nanoparticles
Minseon Kim, Chul Sung Kim (Kookmin University)
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TS-01

Graphene-Base Electronics for Analog and Digital Appli
cat-ions
Byung Jin Cho
KAIST, Korea
Graphene has attracted much attention for future nanoelectronics due to its superior electrical
properties. Owing to its extremely high carrier mobility and controllable carrier density,
graphene is a promising material for practical applications, particularly as a channel layer of
high-speed FET. Furthermore, the planar form of graphene is compatible with the conventional
top-down CMOS fabrication processes and large-scale synthesis by chemical vapor deposition
(CVD) process is also feasible. Despite these promising characteristics of graphene, much work
still needs to be done in order to successfully develop graphene FET. In addition, analog and
digital applications have different requirements for the graphene devices. In this tutorial, main
challenges in fabrication of graphene FET are discussed, such as the gate dielectric formation,
Dirac voltage control, substrate effect, contact resistance, bandgap issue, doping control,
mobility enhancement, and device structure design suitable for each analog and digital
application. Other applications of graphene for electronic systems are introduced, too.
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TS-02

Metamaterials: a New Frontier of Science and Technology
Xiang Zhang
University of California, Berkeley, U.S.A.
Recent theory predicted a new class of photonic meta structures made of engineered sub
wavelength entities - meta “atoms” and “molecules” which enable the unprecedented optical
properties that do not exist in the nature such as optical magnetism and artificial plasma.
Especially, the predicted superlens made of metamaterials breaks the fundamental diffraction
limit, which may have profound impact in wide range of applications such as nano-scale imaging,
nanolithography, and ultra-density data storage.

I’ll discuss a few recent experiments that demonstrated these intriguing physics. We created the
first bulk optical metamaterials that show the negative refractions. We demonstrated the
superlens and optical cloaking using carefully design of plasmonic materials dispersions. The
recent discoveries on new topological symmetry such as Mobius symmetry in metamaterials
reveals fundamentally new realm of physical properties that do not occur in nature materials. I
will further discuss a new technology based on superlens for nano-scale lithography that may
transform the next generation of nano-manufacturing, along with room temperature plasmon
lasers, a coherent light at single molecular scale.
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Design and synthesis of multi-component colloidal
nanocrystals for catalysis and sensing
A. Paul Alivisatos
Department of Chemistry, University of California, Berkeley
Berkeley, CA 94720-1460, U.S.A.
Today it is possible to make nanocrystals with complex shapes, interconnections and topologies.
This talk will first briefly describe new methods for imaging the growth and assembly of
nanocrystals in the graphene liquid cell, providing new insights into how these materials form.
Secondly, I will show examples of nanocrystal synthesis for a designed purpose : the formation
of a nested system of nanoparticles for use in catalysis, and the synthesis of branched
nanocrystals as a luminescent stress sensor.
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Understandings of Resistance Switching Phenomena from
Fundamental Physics Point of View
Tae Won Noh1,2, Shin Buhm Lee1,2, and Jae Sung Lee2,3
1)
Center for Correlated Electron Systems, IBS, Seoul 151-747, Korea
2)
Dept. of Physics and Astronomy, Seoul National Univ., Seoul 151-747, Korea
3)
School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea
Resistance switching (RS) phenomena refer to reversible resistance changes between two
metastable resistance states driven by external voltages. Recently, there has been a flurry of
investigations into RS due to their inherent scientific interest and potentials for memory
applications [1]. In spite of extensive efforts, the basic mechanisms of RS still remain to be
elucidated. One of the reasons is that RS usually occurs in very dirty materials, where defects
should play important roles. Although several models have been proposed, all of the models
leave unanswered questions. In this talk, I will present two models for RS phenomena, which are
material independent and can be used to make quantitative predictions.
The first model is for unipolar RS, where the corresponding current-voltage (I-V) curves are
quite symmetric and RS can occur at one polarity. We introduced a new kind of percolation
model, called the random circuit breaker (RCB) network model, which allows reversible changes
between two resistance states [2]. This model can describe the formation of conducting channels
due to dielectric breakdown and make quantitative predictions especially for scaling behaviors
[3]. We will show that collective behavior of conducting channels plays an important role in
most aspects of unipolar RS, including the wide distribution of set and reset voltages, scaling
behaviors, and large 1/f noise [4]. We also showed that Joule heating effects also played
important roles and included such effects into the RCB network model [5].
The second model is for bipolar RS, where the corresponding I-V curves are quite asymmetric
and two different polarities are needed for RS. We introduced a quantitative model which can
describe motion of mobile defects under electric field [6]. We will show that oxygen vacancy
migration near the interface region could determine important features of bipolar RS, including
two switching directions of I-V curves [7]. We will discuss the importance of the mobile defects
in the bipolar RS.
[1] Yang et al., Nature Nanotech. 8, 13 (2013), Waser et al., Adv. Mater. 21, 2632 (2009).
[2] Chae et al., Adv. Mater. 20, 1154 (2008).
[3] Lee et al., Phys. Rev. Lett. 105, 205701 (2010).
[4] Lee et al., Appl. Phys. Lett. 95, 122112 (2009).
[5] Chang et al., Phys. Rev. Lett. 102, 026801 (2009).
[6] Lee et al., Appl. Phys. Lett. 98, 033502 (2011).
[7] Lee et al., Appl. Phys. Lett. 102, 253503 (2013).
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Photonics beyond diffraction limit: Plasmon waveguide,
cavities and integrated laser circuits
Xiang Zhang
University of California at Berkeley, U.S.A.
I will discuss recent development in scaling down of photonics. First I will present theoretical
and experimental investigation of passive low loss waveguide using hybrid plasmon design. We
propose a new optical cavity design approach using indefinite medium that has a drastically
different scaling law than conventional microcavities, and discuss its experimental
demonstrations. Finally we will show an active plasmonic laser circuit that integrated with 5 tiny
cavities that multiplexed into a single waveguide-an effort towards integrated photonics at nanoscale.

References:
Rupert F. Oulton, Volker J. Sorger, Thomas Zentgraf, Ren-Min Ma, Christopher Gladden, Lun Dai, Guy
Bartal & Xiang Zhang, "Plasmon lasers at deep subwavelength scale", Nature ,Vol. 461, 629. 2009.
Xiaobo Yin, Ziliang Ye, Junsuk Rho, Yuan Wang, Xiang Zhang, "Photonic Spin Hall Effect at
Metasurfaces", Science, 339, 1405-1407. 2013.
Xiaodong Yang, Jie Yao, Junsuk Rho, Xiaobo Yin, and Xiang Zhang,"Experimental realization of threedimensional indefinite cavities at the nanoscale with anomalous scaling laws", Nature Photonics, 6, 450–
454. 2012.
Volker J. Sorger, Ziliang Ye, Rupert F. Oulton, Yuan Wang, Guy Bartal, Xiaobo Yin, and Xiang Zhang,
"Experimental demonstration of low-loss optical waveguiding at deep sub-wavelength scales", Nature
Communications, Vol. 2, 331. 2011.
Ren-Min Ma, Xiaobo Yin, Rupert F. Oulton, Volker J. Sorger, and Xiang Zhang, "Multiplexed and
Electrically Modulated Plasmon Laser Circuit", Nano Letters, 12 (10), pp 5396-5402. 2012.
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Exploiting Dimensionality and Defect Mitigation to Create
Tunable Microwave Dielectrics with Record Performance
Che-Hui Lee1,2, Nathan D. Orloff3,4, Turan Birol5, Ye Zhu5, Veronica Goian6, Eduard Rocas7,
Ryan Haislmaier2, Eftihia Vlahos2, Julia A. Mundy5, Lena F. Kourkoutis5,11,
Yuefeng Nie5, Michael D. Biegalski7, Jingshu Zhang1, Margitta Bernhagen8,
Nicole A. Benedek9, Yongsam Kim5, Joel D. Brock5, Reinhard Uecker8, X. X. Xi10,
Venkatraman Gopalan2, Dmitry Nuzhnyy6, Stanislav Kamba6, David A. Muller5,11,
Ichiro Takeuchi12, James C. Booth3, Craig J. Fennie5, and Darrell G. Schlom1,11
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Materials Science and Engineering Program, The University of Texas at Austin, Austin, U.S.A.
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The miniaturization and integration of frequency-agile microwave circuits—relevant to
electronically tunable filters, antennas, resonators, phase shifters and more—with
microelectronics offers tantalizing device possibilities, yet requires thin films whose dielectric
constant at GHz frequencies can be tuned by applying a quasi-static electric field. Appropriate
systems, e.g., BaxSr1–xTiO3, have a paraelectric-to-ferroelectric transition just below ambient
temperature, providing high tunability. Unfortunately such films suffer significant losses
arising from defects. Recognizing that progress is stymied by dielectric loss, we start with a
system with exceptionally low loss—Srn+1TinO3n+1 phases—where (SrO)2 crystallographic shear
planes provide an alternative to point defect formation for accommodating non-stoichiometry.
We report the experimental realization of a highly tunable ground state arising from the
emergence of a local ferroelectric instability in biaxially strained Sr n+1TinO3n+1 phases with n ≥ 3
at frequencies up to 125 GHz. In contrast to traditional methods of modifying ferroelectrics—
doping or strain—in this rather unique system increasing the separation between the (SrO) 2
planes bolsters the local ferroelectric instability. This new control parameter, n, can be
exploited to achieve a figure of merit at room temperature that surpasses all known tunable
microwave dielectrics.
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Advances in organic semiconductors for flexible printed
electronics
Bernard Kippelen
Center for Organic Photonics and Electronics,
School of Electrical and Computer Engineering, Georgia Tech, Atlanta, GA, USA
Printed organic electronics, a technology based on organic semiconductors that can be processed
into thin films using vacuum processing or conventional printing and coating techniques, has
been the subject of active research and development over the past decades. A range of solid-state
devices, including organic light-emitting diodes (OLEDs), organic field-effect transistors
(OFETs), photodiodes, and solar cells, have been demonstrated with this new class of materials.
Due to their ability to be processed at low temperature, over large areas, at low cost, organic
semiconductors have experienced an accelerated development in recent years and have the
potential to spawn a new generation of products with thin and flexible form factors. However,
despite a steady progress in performance, many challenges remain and further scientific and
technological advances are required before this emerging technology can unleash its full
potential.
In this talk, we review recent advances both in materials and device architectures in two main
classes of organic semiconductor devices. First, we will present progress in organic lightemitting devices with an unconventional architecture that yield current efficacies of 200 cd/A at
a luminance of 1000 nits and 100 cd/A at 100,000 nits. Next, we will focus on the role of
interfaces in organic photovoltaic devices. We will discuss the limitations of organic solar cells
and why the commonly used device architectures present major challenges. In particular, we will
show that the widely used indium-tin oxide (ITO) electrodes exhibit variations in the work
function that impact device stability. Strategies to control and stabilize the value of the work
function will be presented. Another hurdle is in the limited choice of low work function metals
and their high chemical reactivity when exposed to ambient conditions. Metals such as Ca are
widely used in record-high efficiency organic solar cells but require hermetic packaging. A new
method to produce air-stable low work function electrodes as a substitute for Ca will be
presented. This method is based on surface modification by water-soluble polymers that
physisorb to the surface of various conductors and lead to large surface dipoles that shift the
vacuum level (> 1 eV) reducing the injection or collection barrier for electrons. We will show
that these advances in interface modification can be used to design organic solar cells with novel
architectures that can overcome some of the economic hurdles of current approaches and
accelerate the deployment of these technologies. Finally, we will discuss how to minimize the
environmental footprint of organic electronic technologies.
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Smart Magnon Spintronics
Burkard Hillebrands
Fachbereich Physik and Forschungszentrum OPTIMAS, Technische Universität
Kaiserslautern, 67663 Kaiserslautern, Germany
Spintronics is concerned with the development of devices which exceed the performance and
energy efficiency of charge-based electronics by exploiting the electron's spin degree of freedom.
Spin angular momentum, which is the information carrier in spintronics, can be transferred not
only by the flow of electrons, but also by magnons: the quanta of spin waves (collective
excitations of the spin lattice of a magnetic material). Magnon-based data operations have a great
advantage, since they are not based on the motion of any real particles like electrons in
electronics, and magnons are subject to dissipation to a much lesser degree than electrons.
Magnon spintronics can be implemented in an electric-isolator environment (YIG, yttrium iron
garnet) fully avoiding Ohmic losses.
In my talk I will address the main constructing blocks of smart magnon spintronics devices: (1)
converters between the spin and charge of electrons and magnons, (2) magnon conduits, and (3)
physical phenomena allowing information processing by magnons.
The most promising convertors for magnon spintronics are based on the spin pumping effect,
that transforms spin waves into pure spin currents, and the inverse spin Hall effect, that converts
spin currents into charge currents. Our study addresses YIG-Pt bi-layers. We have shown that
magnons, independent on their wavelength, efficiently contribute to spin pumping and can be
converted into spin and charge currents.
Magnon conduits will be discussed using meso-sized YIG-based and micro-sized Permalloyand Heusler-based magnonic waveguides as examples. Magnetic conduits with periodic variation
of their magnetic properties, magnonic crystals, represent a special type of conduits that allow
for not only the transport of spin information but also its simultaneous processing. Moreover, I
will demonstrate that the utilization of new magnetic materials like Heusler compounds allows
for the fabrication of the magnon conduits with a drastically increased spin-wave free path.
In the final part of my talk I will demonstrate a novel device, the magnon transistor, allowing for
the performance of logic operations in all-magnon circuits. The device is based on a magnonic
crystal enhancing four-magnon scattering of magnons and providing access to direct magnonmagnon controllability. The proof of concept device is made out of an insulator in order to
exclude any motion of free electrons. We demonstrate that the density of magnons flowing from
the transistor's source to it’s drain can be decreased three orders of magnitude by the injection of
magnons into the transistor's gate. Moreover, this magnon current can be manipulated by the gate
magnons having a density hundred times smaller and hence realizing an amplification of the
magnon-carried signals.
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WED-OX-01

Spectroscopy of Correlated Oxide Interfaces and
Heterostructures
Kyle M. Shen
Department of Physics, Cornell University, Ithaca NY 14850 U.S.A.
Engineering interfaces between complex oxides has proven to be a powerful technique for
tuning their electronic and magnetic properties. To fully understand how these interfaces can
control these electronic properties, one requires advanced spectroscopic tools to uncover their
electronic structure. Angle-resolved photoemission spectroscopy (ARPES) is the leading tool for
probing energy and momentum resolved electronic structure. To understand the physics of these
complex oxide interfaces, we have developed an approach which combines state-of-the-art oxide
molecular beam epitaxy with high-resolution ARPES.
I will describe our work on a variety of complex correlated oxide interfaces and thin films
which have emergent electronic and magnetic properties, including superconductivity, colossal
magnetoresistance, and half-metallic ferromagnetism. In particular, I will focus on how these
properties may be manipulated by knobs such as epitaxial strain or dimensional confinement,
and how we can reveal the impact of these parameters on the underlying electronic structure and
quasiparticle interactions using ARPES.

- 110 -

WED-OX-02

Epitaxial oxygen sponges: The good and the bad of
oxygen vacancies in complex oxides
Ho Nyung Lee
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, U.S.A.
Ionic defects, such as oxygen vacancies, in perovskite-based oxides with multivalent transition
metal elements play a central role in the performance of many advanced energy and information
technologies. The latter include solid-oxide fuel cells, rechargeable batteries, oxygen-separation
membranes, memristers, resistive random access memories, and ferroelectric memories. In
electronic devices that utilize the highly insulating nature or the high polarizability of oxides,
oxygen vacancies are the enemies of reliability and functionality due to unwanted doping of
highly mobile charges. One the other hand, the presence of oxygen vacancies or other types of
ionic defects is critically needed in some ionic materials and devices. In this context, perovskite
oxides have attracted lots of attention for ionic and electrochemical applications. However, the
high ionic conduction in perovskite oxides has been achieved only at elevated temperatures.
Such a high temperature operation imposes serious drawbacks, including the thermomechanical
degradation, interdiffusion at the interface, and destruction of the structural integrity. Such
drawbacks eventually degrade device performance, as the redox activity cannot be fully
reversible. Therefore, there have been a lot of efforts to reduce the working temperature for
prolonged, reliable operation of ionic devices. Strontium cobaltites, SrCoO 3-x (SCO), in that
sense, are good candidates due to the fact that mixed ionic and electronic conductivity and good
catalytic activity are offered from the multivalent nature of Co ions. Here, we will present
epitaxial growth of two SrCoO3-x phases, i.e. the ‘brownmillerite’ SrCoO2.5 and the ‘perovskite’
SrCoO3, by pulsed laser epitaxy. Results from a systematic study with x-ray diffraction, x-ray
absorption spectroscopy, x-ray magnetic circular dichroism, SQUID, and PPMS will be
presented, comparing the structural and physical properties between two phases. In particular,
based on in situ XRD and spectroscopic ellipsometry measurements under various ambient, we
will show that those two phases can be topotactically reversible via reduction and oxidation
processes at drastically reduced temperatures as low as 200 oC, which may lead to the discovery
of new oxygen membranes and cathode materials for high performance energy storage.
The work was supported by the U.S. Department of Energy, Basic Energy Sciences, Materials
Sciences and Engineering Division.
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Ferroelectricity in HfO2-Based Films
Cheol Seong Hwang
Seoul National University, Korea
T.B.A.
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Emerging Oxide Nanowires: Creation Concept and
Their Promises for Novel Nanoscale Devices
Takeshi Yanagida
ISIR-Sanken, Osaka University, Osaka, Japan
Self-assembled one-dimensional “Nanowires” have attracted much attention due to not only the
fundamental interests in nanoscale-confided physical properties but also novel nano-device
applications, where existing nanomaterials have not been applicable. Nanowires are attracting the
interests of researchers from diverse research communities ranged from physics, chemistry,
material science, electrical engineering, chemical engineering and others. Group VI and III-V
compounds nanowires have demonstrated their great promises for exploring fundamental physical
properties at nanoscale and also the feasibility of diverse nano-device applications. Although metal
oxides exhibit their rich variety of physical properties including photo catalysts, ferroelectric,
ferromagnetic, high-Tc superconducting, memristive switching, which are hardly attainable to
other materials, compared with group VI and III-V compounds nanowires, the feasibility of
functional oxide nanowires has been strongly limited due to the absence of fabrication method for
various transition metal oxide nanowires.
Here we demonstrate i) “Creation Concept” for well-defined oxide nanowires via vapor-liquidsolid (VLS) mechanisms, and ii) the memristive switching phenomena within a single oxide
nanowire down to 10 nm scale. We have succeeded to fabricate a well-defined single crystalline
metal oxide nanowire by controlling precisely formation environments. When comparing with MD
simulations as to VLS growth, the importance of material transport via the metal catalysts has been
found. Especially, we have 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. Next, we have
constructed highly stable RS junctions comprised of Pt/single oxide nanowire /Pt. The nanowire
memristor exhibited the endurance up to 108 by utilizing self-assembled nanowires and welldefined nano-gap electrodes. In addition, information as to the memristive switching including the
carrier type for memristive switching and the spatial switching location, have been extracted by the
present nanowire memristor, which had been buried in conventional memristors. We believe that
the presented approaches by utilizing self-assembled oxide nanowire/metal junctions offer an
important system and platform for investigating not only nanoscale confined physical properties of
transition metal oxides but also exploring exciting novel nano-devices with other electric materials,
which had not been possible.
Related Our Recent Publications: [1] J. Am. Chem. Soc., 131, 3434 (2009), [2] Appl. Phys. Lett., 94,
242902 (2009), [3] Appl. Phys. Lett., 95, 133110 (2009), [4] Appl. Phys. Lett., 95, 053105 (2009), [5] Appl.
Phys. Lett., 96, 073110 (2010), [6] Nano Lett., 10, 1359 (2010), [7] J. Am. Chem. Soc., 132, 6634 (2010),
[8] Phys. Rev. E, 82, 011605 (2010), [9] Appl. Phys. Lett. 97, 016101 (2010),[10] Appl. Phys. Lett., 98,
053107 (2011), [11] Nano Lett., 11, 2114 (2011), [12] Phys. Rev. E, 83, 061606 (2011), [13] J. Am. Chem.
Soc., 133, 12482 (2011), [14] Appl. Phys. Lett., 99, 193105 (2011).[15] J. Am. Chem. Soc., 134, 134567
(2012), [16] Nano Lett., 12, 5684 (2012), [17] J. Phys. Chem. C, 116, 24367 (2012), [18] J. Phys. Chem.
C, 117, 1197 (2013), [19] Phys. Rev. E, 87, 012405 (2013),[20] Sci. Rep. 3, 1657 (2013), [21] ACS Nano,
7, 3029 (2013), [22] Adv. Mater., 25, 5893 (2013) [23] J. Am. Chem. Soc., 135, 7033 (2013)
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Recent advances of single-molecule biophysics of ATP
synthase
Hiroyuki Noji
Department of Applied Chemistry, The University of Tokyo, Japan.
F1-ATPase is a part of ATP synthase and a nanometer-sized rotary motor protein in which the
rotor subunit rotates against the surrounding stator ring upon ATP hydrolysis reaction(1). In cells,
F1-ATPsae binds to Fo motor to form the whole complex of ATP synthase(2). The most
prominent feature of F1-ATPase that discriminates it from other molecular motors is the
extremely high energy conversion efficiency; F1 can convert the most of chemical energy of
ATP hydrolysis into the torque generation. Due to such high energy conversion efficiency, F1ATPase can operate in the reverse way; it synthesizes ATP when its rotation is mechanically
reversed(3).
Since the establishment of the single-molecule rotation assay of F1(4), the fundamental features
of the rotary dynamics and the most parts of the coupling reaction scheme of F1 have been
revealed(1). However, the molecular mechanism of the torque-generation has remained elusive.
In this presentation, I will introduce our recent singlemolecule manipulation experiment that revealed that
the chemical equilibrium constants and reaction rate
constants of ATP-binding and ATP-cleavage are
largely modulated upon the rotation(5). The
determined angle-dependency of the reactions showed
that F1-ATPase generates much larger torque upon
ATP-binding process than in ATP-cleavage process. I
will also discuss the results based on a 2D reaction
coordinate model that is similar to the Sumi-Markus
model. Then, I will introduce our unpublished data on
the single-molecule rotation assays with ATP analog
substrates or mutant F1’s to interrogate which part of
ATP (adenine ring, ribose, and phosphoester) is
responsible for torque generation.
References
1. Okuno, D., R. Iino, and H. Noji. 2011. Rotation and structure of FoF1-ATP synthase. J Biochem
149:655-664.
2. Watanabe, R., K. V. Tabata, R. Iino, H. Ueno, M. Iwamoto, S. Oiki, and H. Noji. 2013. Biased
Brownian stepping rotation of FoF1-ATP synthase driven by proton motive force. Nat Commun 4:1631.
3. Rondelez, Y., G. Tresset, T. Nakashima, Y. Kato-Yamada, H. Fujita, S. Takeuchi, and H. Noji. 2005.
Highly coupled ATP synthesis by F1-ATPase single molecules. Nature 433:773-777.
4. Noji, H., R. Yasuda, M. Yoshida, and K. Kinosita, Jr. 1997. Direct observation of the rotation of F1ATPase. Nature 386:299-302.
5. Watanabe, R., D. Okuno, S. Sakakihara, K. Shimabukuro, R. Iino, M. Yoshida, and H. Noji. 2012.
Mechanical modulation of catalytic power on F1-ATPase. Nat Chem Biol 8:86-92.
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Microfluidic chip calorimeter and its application for cell
biology
Jihye Kim*,**, Joonyoung Koh*, **, Wonhee Lee*, **
* Graduate School of Nanoscience and Technology, KAIST, Daejeon, 305-701,
Republic of Korea
** KAIST Institute for the Nanocentury, Daejeon, 305-701, Korea
Microfluidic chip calorimeters can provide real-time, high-throughput thermal measurements
with minimal sample volume, which will greatly reduce the time and cost for broad range of
applications (e.g., cell based assay, biomolecular reaction library). However, it has been
challenging for chip calorimeters to provide both high sensitivity and precise samplemanipulation capabilities. One of the breakthroughs was made by vacuum-insulation of thin-film
microfluidic system. In the previous research vacuum-insulated parylene microfluidics enabled
measurements of the heat of reaction from pL scale samples with a few nW resolution. Parylene
microfluidic system provides excellent thermal properties and physical strength to build a highsensitivity calorimeter, however conventional fabrication technique has problems of long
fabrication time and contamination from residual photoresist. We overcame these problems by
molding and bonding parylene layers with initiated chemical vapor deposition (iCVD) of
polymer bonding layers. We improved temperature resolution using a vanadium oxide (VOx)
based thin-film thermistor, which has a high temperature coefficient of resistance (TCR). The
improved microfluidic chip calorimeter can be especially useful for monitoring cell growth and
metabolic rate changes due to controlled stimuli.

This work was supported by the National Research Foundation of Korea(NRF) grant funded
by the Korea government(MSIP) (No. NRF-2012R1A2A2A03046642)
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Fabrication methods and applications of DNA
nanostructures
Sung Ha Park
Department of Physics and Sungkyunkwan Advanced Institute of Nanotechnology
(SAINT), Sungkyunkwan University, Suwon, 440-746, Korea
In the field of structural DNA nanophysics, researchers create artificial DNA sequences to
self-assemble into target molecular nanostructures. The well understood Watson–Crick basepairing rules are used to encode assembly instructions directly into the DNA molecules which
provide basic building blocks for constructing functionalized nanostructures with two major
features: self-assembly and self-align. In this talk, we present on self-assembled various DNA
nanostructures. 1D and 2D periodically patterned nanostructures utilizing several distinct DNA
motifs such as cross tiles, double crossover tiles as well as single-stranded tiles will be discussed
with unique design schemes and characteristics. We also discuss new development methods for
DNA nanostructure fabrication such as Angle Control Scheme (ACS), Surface Assisted Growth
(SAG) and Dry & Wet Method (DWM). At the end of the talk, we address applications of DNA
nanotechnology which will show feasibility to construct various physical devices and
biological/chemical sensors with DNA nanostructures.

Fig 1. (Left and middle) AFM images of DNA rings and a nano lattice made of
DNA molecules, (right) a field effect transistor with DNA nanostructures
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Self-assembled nucleic acid microstructures for biomedical
applications
Jong Bum Lee
Department of Chemical Engineering, University of Seoul, Seoul, 130-743, Korea
The safe and effective delivery of nucleic acid drugs is a critical and challenging issue that
impacts clinical translation of RNA or DNA as a therapeutic. To date, several delivery
strategies have been investigated that involve encapsulation of nucleic acid drugs using lipid
nanoparticles, cationic complexes, inorganic nanoparticles, nanostructures and dendrimers.
Despite these advances, the development of an appropriate delivery system is still a crucial issue,
along with the instability of nucleic acids and relatively ineffectual encapsulation process of
drugs for real medical applications. Here we report a new materials concept that combines
carrier and cargo: nucleic acid polymers that essentially assemble to form their own means of
delivery – nucleic acid-based microstructures. A new method for creating polymerized DNA or
RNA is used to generate pre-programmed polymeric DNA or RNA sequences that spontaneously
assemble into nanoscale pleated sheets that form a sponge-like RNA microsphere and DNA
hydrogel. These nucleic acid biomaterials are applicable for delivering small interference RNA
or small drugs such as chemotherapy drugs.
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Distributive and processive exonucleases characterized by
single molecule FRET
Sangmi Jee, Jungmin Yoo, and Gwangrog Lee
School of life Sciences, Gwangju Institute of Science and Technology, Gwangju
500-712, Korea
DNA exonucleases catalyze numerous essential biological processes such as DNA replication,
recombination, and repair. Their catalytic behaviors can be classified into either distributive or
processive. However, the molecular basis governing the different activities has not been well
understood yet. Here we used single molecule fluorescence resonance energy transfer (FRET) to
examine the characteristics of distributive and processive enzymes at the single molecule level.
The activities of exo-nuclease III and  exo-nuclease are investigated and dissected into two
phases upon binding: initiation and degradation. The initiation of exo-nuclease III is independent
of protein concentration, but its degradation is protein-concentration dependent. The
concentration-independence of initiation suggests that the functional catalytic form is monomeric
whereas the concentration-dependence of degradation is an evidence of a distributive behavior.
In contrast, the initiation of  exo-nuclease shows a concentration-dependence, suggesting the
functional form is an oligomer. We also examine how the three enzymatic sites of  exonuclease are coordinated during degradation and find that they work linearly, suggesting working
one active site at a time. We further examine the operation mechanism of multi-catalytic sites.
When some of three catalytic sites are inactivated by increasing calcium to the fixed magnesium
concentration, the degradation rate decreases nonlinearly, indicating an ordered sequential
operation mechanism of three active sites. We also find that the tendency of backtracking on
ssDNA increases when the degradation rate slows down.
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Spin waves in magnetic nanostructures
J. B. Ketterson,a J. Sklenar,a S. J. Lee,a I. Nevirkovets,a V. S. Bhat,b B. Farmer,b J.
Woods,b J. T. Hastings,c L. E. De Long,b and O. Heinonend,a
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Department of Physics, Northwestern University, Evanston, IL, 60201, USA,
Department of Physics, University of Kentucky, Lexington, KY, 40506, USA
c
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Lexington, KY 40506, U.S.A.
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Physical Science and Engineering, Argonne National Laboratory, Argonne,
IL, 60439, U.S.A.

The emerging field of magnonics seeks to engineer localized and propagating spin waves in
ferromagnetic materials at the nanoscale. As an example, certain wavelengths can then be
coupled to directly and more exotic spin excitations can be explored. We will present results on
thin film ferromagnetic systems fabricated directly using e-beam lithography, or by deposition
on self-assembled colloidal crystal templates. Two examples belonging to these categories are
artificial quasi-crystal lattices (as seen below) and thin films in which the height is periodically
modulated by an underlying colloid. Methods of excitation include meanderlines and uniform
or patterned strip lines. In this connection we have studied direct wave vector coupling in
patterned strip lines on top of permalloy. More recently we studied the influence of the spin
Hall effect, and its inverse, on spin wave generation and detection using patterned Ta strips on
YIG. In all systems to be presented, spin wave excitations are probed using a broadband
ferromagnetic resonance (FMR) spectrometer. Micromagnetic simulations are used to uncover
the microscopic origin of the observed excitations within the geometrically modified magnetic
films. Magnetic force microscopy is also used to study the static magnetization profile.
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Printable Ion-gel Gate Dielectrics for High-performance
Graphene Transistors
Jeong Ho Cho
SKKU Advanced Institute of Nanotechnology (SAINT) and Center for Human
Interface Nano Technology (HINT), School of Chemical Engineering,
Sungkyunkwan University, Suwon 440-746, Korea
A high-performance low-voltage graphene field-effect transistor (FET) array was fabricated on a
flexible polymer substrate using solution-processable, high-capacitance ion gel gate dielectrics.
The high capacitance of the ion gel, which originated from the formation of an electric double
layer under the application of a gate voltage, yielded a high on-current and low voltage operation
below 3 V. The graphene FETs fabricated on the plastic substrates showed a hole and electron
mobility of 203 ± 57 and 91 ± 50 cm2/Vs, respectively, at a drain bias of -1 V. Moreover, ion gel
gated graphene FETs on the plastic substrates exhibited remarkably good mechanical flexibility.
This method represents a significant step in the application of graphene to flexible and
stretchable electronics.

Fig. 1. Schematic diagram of the transparent and stretchable graphene transistor array.
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Carbon nanotube-based plastic electronics
Yutaka Ohno
Department of Quantum Engineering, Nagoya University, Nagoya 464-8603,
Japan
Flexible and stretchable electronics are attracting much attention because of the variety of
possible new applications from flexible e-papers though sensors and medical devices having an
affinity with human body. Among various kinds of electronic materials, carbon nanotube thin
films have advantages in flexibility, stretchability, performance, and cost because of the
excellent electronic and mechanical properties and processability. Their optical transparency also
attractive to realize transparent electron devices.
In my presentation, I will talk about recent progresses on flexible electronics based on carbon
nanotube thin films, including our recent works on flexible and stretchable devices based on
carbon nanotube thin films will be introduced, including capacitive touch sensors, [1] highmobility carbon nanotube thin-film transistors (TFTs) and integrated circuits (ICs), [2] all-carbon
ICs demonstrating excellent stretchability and mouldability [3], high-mobility TFTs fabricated
with high-speed flexographic printing technique [4].

Reference
[1] N. Fukaya et al. (submitted)
[2] D.-M. Sun et al., Nature Nanotech. 6, 156 (2011).
[3] D.-M. Sun et al., Nature Commun. 4, 2302 (2013).
[4] Higuchi et al., Appl. Phys. Express 6, 085101 (2013)
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Carbon nanotubes as nanoscale mass conduits
Hyung Gyu Park
Mechanical and Process Engineering, ETH, Zurich, CH-8092, Switzerland
Researchers have been inspired by the novel fluid properties of carbon nanotubes (CNTs) for
well over a decade now, with their analogies to various biological pores. I will begin this
presentation with an overview of some of the earliest findings from literature on water confined
inside the pores of CNTs. These include the formation of novel phases of ice, water wires, and
associated rapid transport, resembling some of the early findings with aquaporins protein
channels.
I will then discuss the experimental efforts of the last nine years to attempt to validate some of
the modeling predictions of water confined in CNTs. This includes various routes to
manufacturing of CNT membranes and spectroscopic studies for obtaining structural and
dynamic information of water and hydrated ions near CNT interfaces. Also included are
challenges to producing CNT membrane at scale for advanced separation applications. The lead
applications I will cover are nanofiltration and reverse and forward osmoses. Among the
challenges here are control over the physical properties of the CNTs during synthesis and the
functionalization of CNTs into the desired membrane architecture.
Finally, I will cover some of the emerging developments in this field in the last few years.
These encompass the development of microfabricated devices to measure flow through
individual CNTs and to detect the passage of species ranging from DNA molecules to individual
hydrated ions. Such platforms can allow researchers to determine how material structures such as
diameter and length could impact nanoscale transport properties of CNTs.
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Electronic structure of epitaxial graphene and its interaction
with semiconductor and metal substrates
Karsten Horn
Department of Physical Chemistry, Fritz Haber Institute of the Max Planck Society, Berlin,
Germany
The discovery of graphene has opened a new chapter in solid state physics. Materials science,
surface and nano science, solid state physics and even quantum electrodynamics meet in a most
surprising way in graphene. Much has been learnt in about graphene’s physical properties in the
short time since the discovery of its unique electronic properties in 2005. The talk will try to
show what has been learnt about graphene’s electronic structure from angle-resolved
photoelectron spectroscopy experiments, with particular emphasis on the shape of the bands at
the Dirac point, for graphene on both semiconductors and metals. The well known Dirac cone,
and changes induced in it by graphene’s interaction with the substrate, with adsorbates, or
through many body processes can be examined in detail. An important aspect is the possibility to
induce ambipolar doping by chemical means. Emphasis will be laid on the analysis of the
spectral function of graphene in terms of the coupling of the photohole to elementary excitations
such as phonons and plasmons, and the effect of defects (such as small rotational domains) on
the shape of the Fermi surface and the scattering rate. A wealth of new graphene-related system
can be prepared by intercalating different metals in between graphene and a substrate. The
interaction with ferromagnetic metals will also be covered; these systems have received
particular attention because of a possible use of graphene as a spin filter. This and related
experiments show that graphene is ideally suited to study solid state physics in a true 2D material,
and an abatement of the storm of activities around this material is not expected any time soon.

In close collaboration with the groups of Thomas Seyller, University of Chemnitz, Germany, and Eli
Rotenberg, Advanced Light Source, Lawrence Berkeley Laboratory, California 94720, USA
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High quality graphene synthesis and its application to high
performance electronic devices
Byung Jin Cho, Jeong Hun Mun
Dept. of Electrical Eng., KAIST, 291 Daehak-Ro, Daejeon 305-701, Korea
Graphene for electronic device applications requires much high quality compared to other
applications. The quality of graphene prepared by conventional CVD process and wet transfer
does not meet such requirements in terms of defect density, amount of wrinkles, and doping
concentration, etc. In this talk, we introduce a new method for graphene synthesis for fewer
wrinkle formation on a catalyst metal. The method utilizes a reduced graphene oxide (rGO)
interfacial layer between the metal film and the wafer substrate. The rGO interlayer releases the
residual stress of the metal thin film and thereby suppresses stress-induced metal grain growth.
This technique makes it possible to use much thinner nickel films, leading to a dramatic
suppression of RMS roughness (~3 nm) of the metal surface even after high temperature
annealing. It also endows excellent control of the graphene thickness due to the reduced amount
of total carbon in the thin nickel film. The synthesized graphene layer having negligible amount
of wrinkles exhibits excellent thickness uniformity (91% coverage of monolayer) and record
high carrier mobility of ~15000 cm2/V·s from CVD grown graphene. The MOS transistor
performance using the graphene grown by this new method will be further discussed in this talk.
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Silicon thermoelectric device
Moongyu Jang*,**
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Korea
Thermoelectric device interconverts thermal gradient and electricity for power generation or
cooling. Traditionally, Bi2Te3 semiconductor has been widely used as thermoelectric material.
On the contrary, silicon has been considered as the impropriate material due to high thermal
conductivity property. However, recent research revealed the possibility of silicon as
thermoelectric material by incorporating nanotechnology.
In this work, silicon manufacturing process based top-down approach is adopted to implement
the n-/p-leg included silicon thermoelectric device. The 50 nm width n- and p-type silicon
nanowires (SiNWs) are manufactured using a conventional photolithography and ion
implantation methods on 8 inch silicon wafer. For the evaluation of the Seebeck coefficients of
the silicon nanowires, heaters and temperature sensors embedded test pattern is fabricated. Also,
bulk structured silicide/silicon samples are manufactured for massive power generation
applications . The highest Seebeck coefficients are -170 uV/K and 153u V/K and the highest
power factors are 2.77 mW/mK2 and 0.65 mW/mK2 for n- and p-type SiNWs, respectively. For
silicide/silicon bulk sample, Seebeck coefficients are higher than 200 uV/K.
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Graphene Heterostructures for High-Performance Devices
Jinseong Heo
Graphene Group, Samsung Advanced Institute of Technology(SAIT), Korea
Recently, a new concept device of graphene heterojunction field effect transistors has been
developed. In such devices, inevitable large leakage current due to the absence of bandgap in
graphene is effectively switched off to give current on and off ratio more than 1,000,000.
Dramatically increased on and off ratio is attributed to barrier modulation between graphene and
semiconductor by exploiting workfunction tunability of graphene. In this talk, I would like to
review graphene heterojunction transistors including graphene barristor and heterostructures of
layered two-dimensional materials and discuss future prospects toward graphene-based high
performance devices.
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Transport through suspended graphene devices
Alberto F. Morpurgo
DPMC & GAP, University of Geneva, Geneva, CH1211, Switzerland
The experimental investigation of the intrinsic transport properties of graphene requires that all
extrinsic sources of disorder affecting this material are eliminated. Disorder is caused mainly by
most other materials, like the supporting substrate or adsorbates, that are in direct contact with
graphene itself. Therefore, eliminating this disorder requires that graphene is suspended on top of
a gate electrode and properly cleaned. The realization of suspended graphene devices represents
an important breakthrough that has been demonstrated a few years ago, and that has led to a
number of remarkable observations. In this talk, after a general introduction to the problem and
to work done in the past, I will discuss progress on suspended graphene devices that is resulting
from research done in our laboratory. This includes the investigation of suspended graphene
ribbons, and, more recently, the realization of very high quality multi-terminal devices. First
experiments on this new type of multi-terminal devices have allowed the direct observation of
ballistic transport, and of the fractional quantum Hall effect in bilayer graphene. An unexpected
result is the occurrence of a fractional quantum Hall state at an even denominator filling factor
1/2.
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Flexible energy devices by use of graphene electrodes
Jong-Hyun Ahn
School of Electrical and Electronic Engineering, Yonsei University, Seoul
120-749, Korea
The integration of graphene films that exhibit outstanding electrical, optical and mechanical
properties with reliable inorganic materials makes them attractive for applications in high
performance, flexible electronics. Although several recent studies report the fabrication of
flexible organic material-based devices using graphene, significant challenges still remain in the
integration of graphene films with inorganic materials for high performance, flexible energy
devices. In this talk, we present a route to fabricate flexible energy harvesting devices by
combined use of inorganic materials, such as PbZrxTi-1xO3 ribbons and graphene films which
provide an intrinsic stretchability and optical transmittance. The resulting devices presented
stable operation without a serious change in electronic properties under high strain.
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Heterointegration of Ge/Si Nanowires and III-V FinFETs on
Silicon
Shadi A. Dayeh
Department of Electrical and Computer Engineering
University of California San Diego, California, 92093, U.S.A.
In the pursuit of realizing sub-10 nm transistor channel lengths in homogenous and
heterostructured materials, nanoscale defects and heterointerfaces can significantly impact the
formation of alloyed metal contacts conventionally used in CMOS devices. Similar reactions to
those involved in the formation of such contacts can in turn be tailored to integrate III-V
materials to Si, in various forms and dimensions, in a top-down CMOS compatible process. We
utilize in-situ transmission electron microscopy to unveil new observations on the detailed
formation of such alloys and interfaces at an atomic scale by capturing single nucleation events
during the reaction of Ni with Si, Ge and Ge/Si core/shell nanowires. While homogenous
nucleation in NixSi and NiyGe nanowires is favored1), heterogeneous nucleation at crystalline
surface grains and stacking faults, as well as at body twin boundaries2), which may arise during
expitaxial regrowth, becomes dominant and modify the source/drain interface profile and posing
limits to the shortest achievable channel lengths. The reaction in heterostructured Ge/Si
core/shell nanowires advances with disproportionate extensions, typically with Ni yGe lagging
behind NixSi. We have developed a process that allows simultaneous advancement of both fronts
in heterostructured Ge/Si core/ shell nanowires and achieved channel lengths as short as 2 nm in
a Ge/Si core/shell nanowire.3)
In bulk and on planar surfaces, the reaction between Ni and Si is well controlled and understood.
We have utilized this reation to integrate dielectric-capped InGaAs layers to Si and fabricated
InGaAs FinFETs directly on Si for the first time 4). The heterogeneous integration process was
implemented on either flat Ni layers or on patterned Ni electrodes. When the underlying Si
substrate was capped with a dielectric layer and patterned Ni leads were deposited atop, the
reaction between Ni and InGaAs have resulted in direct wafer-bonded and self-aligned InGaAs
channels on dielectric on Si.
This presentation will overview fundamental material science aspects relevant to these hetero
reactions and interfaces and discusses their transport properties and the opportunities they offer.
1)

Wei Tang, Shadi A. Dayeh, S.T. Picraux, Jianyu Huang, and King-Ning Tu, Nano Letters 12, 3979, 2012.
Wei Tang, S.T.Picraux, J.Y.Huang, A.M.Gusak, K.-N.Tu, and S.A.Dayeh, in press, Nano Letters, 2013.
3)
Binh-Minh Nguyen, Yang Liu, Wei Tang, and Shadi A. Dayeh, in preparation, 2013.
4)
Xing Dai, Yoontae Hwang, Binh-Minh Nguyen, Cesare Soci, and Shadi A. Dayeh, in preparation, 2013.
2)
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Majorana fermions in semiconductor nanowiresuperconductor hybrid quantum devices
H. Q. Xu*,**
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**Key Laboratory for the Physics and Chemistry of Nanodevices and Department
of Electronics, Peking University, Beijing 100871, China
We report on the observation of the signatures of Majorana fermions in superconductorsemiconductor quantum dot-superconductor hybrid devices. The devices are made from high
crystal-quality InSb nanowires and superconductor Nb contacts. The InSb nanowires are known
to have excellent physical properties [1-3] and have therefore been considered as one of the most
promising material systems for realizing topological superconductor systems in which Majorana
fermions can be created. In a fabricated device, an InSb nanowire quantum dot is formed
between the two Nb contacts by Schottky barriers. Due to the proximity effect, the InSb
nanowire segments covered by superconductor Nb contacts turn to superconductors with a
superconducting energy gap Δ* [4]. Under an applied magnetic field larger than a critical value
for which the Zeeman energy in the InSb nanowire is Ez ~ Δ*, the entire InSb nanowire is found
to be in a nontrivial topological superconductor phase, supporting a pair of Majorana fermions,
and Cooper pairs can transport between the superconductor Nb contacts via the Majorana
fermion states. This transport process will be suppressed when the applied magnetic field
becomes larger than a second critical value at which the transition to a trivial topological
superconductor phase occurs in the system. This physical scenario has been observed in our
experiment [4]. We have also found that the measured zero-bias conductance for our hybrid
devices shows a conductance plateau in a range of applied magnetic fields in quasi-particle
Coulomb blockade regions [4]. Our work provides a simple, solid way of detecting Majorana
fermions in solid state systems and should greatly stimulate Majorana fermion research and
applications.
The author acknowledges collaborations with Mingtang Deng, Chunlin Yu, Guangyao Huang,
Marcus Larsson, and Philippe Caroff for this work.
References
[1] H. A. Nilsson, P. Caroff, C. Thelander, M. Larsson, J. B. Wagner, L.-E. Wernersson, L. Samuelson,
and H. Q. Xu. Nano Lett. 9, 3151–3156 (2009).
[2] H. A. Nilsson, O. Karlström, M. Larsson, P. Caroff, J. N. Pedersen, L. Samuelson, A. Wacker, L.-E.
Wernersson, and H. Q. Xu. Phys. Rev. Lett. 104, 186804 (2010).
[3] H. A. Nilsson, P. Samuelsson, P. Caroff, and H. Q. Xu, Nano Lett.12, 228-233 (2012).
[4] M. T. Deng, C. L. Yu, G. Y. Huang, M. Larsson, P. Caroff, and H. Q. Xu, Nano Lett. 12, 6414−6419
(2012); arXiv:1204.4130 (2012).

- 130 -

THU-NA-02

Catalyst-free growth of high quality graphene on amorphous
oxides and Ge semiconductor nanowires
Hee Cheul Choi
Department of Chemistry, Pohang University of Science and Technology
(POSTECH), San 31, Hyoja-Dong, Nam-Gu, Pohang 790-784, Korea
Many applications of graphene especially for the fabrication of electrical devices require
physical placement of graphene on dielectric substrates. Several strategies developed for the
graphene device fabrication include 1) mechanical exfoliation of graphene on a dielectric
substrate followed by fabrication, 2) graphene growth on metal catalysts by chemical vapor
deposition (CVD) process followed by transferring it onto dielectric substrates and fabrication,
3) dispersion of reduced graphene oxides (RGOs) on dielectric substrates followed by fabrication,
etc. To utilize the intrinsic high charge carrier mobility of graphene, however, a direct synthesis
of graphene by CVD on dielectric substratse is highly demanding. In this presentation, I will
introduce our recent experimental results demonstrating successful direct growth of graphene on
various substrates without using metal catalyst, thus excluding complex transfer process to
secure the quality of graphene by excluding impurities that are accompanied during the transfer
process. Direct metal catalyst-free CVD growths of graphene have succeeded on dielectric
substrates including sapphire, quartz, and hexagonal boron nitride (h-BN). The metal-free CVD
process has been also successfully applied to Ge nanowires (Ge NWs), by which individual Ge
NWs wrapped with few layer graphenes are produced in high quality. The hetersostructures of
graphene on Ge NW has been applied to Li ion battery by employing them as an anode, which
exhibit higher cell recyclability at high C rate than the cases of bare Ge NW and solutionprocessed RGO-Ge NW composites. The detailed surface analysis elucidating the mechanism of
graphene nucleation and growth propagation on various substrates in the absence of metal
catalyst will be also discussed.
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Hot Electron-driven Chemical Reactions on MetalSemiconductor Nanostructures
Jeong Young Park
Center for Nanomaterials and Chemical Reactions, Institute of Basic Science
Graduate School of EEWS, KAIST, and, Daejeon, 305-701, Korea
It is known that a pulse of high kinetic energy electrons (1-3 eV) in metals can be generated
after surface exposure to external energy, such as in the absorption of light or in exothermic
chemical processes. These energetic electrons are not at thermal equilibrium with the metal
atoms and are called “hot electrons”. In this talk, I will outline the recent research activities to
develop the energy conversion devices based on the hot electron. It was shown that the
chemicurrent or hot electron flows were well correlated with the turnover rate of CO oxidation or
hydrogen oxidation separately measured by gas chromatography, suggesting the intrinsic relation
between catalytic reaction and hot electron generation [1-2]. We found that photon energy can be
directly converted to hot electron flow through the metal-semiconductor interface of Pt/TiO2 [3].
We showed that hot electron flow generated on a gold thin film by photon absorption (or internal
photoemission) is amplified by localized surface plasmon resonance [4]. Finally, the influence of
the flow of hot charge carriers on the chemistry at the oxide-metal interface and the turnover rate
in the chemical reaction on the cases of Pt-CaSe-Pt nanodumbbells and Pt/GaN substrates will be
discussed [5].
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Ion gated transistors
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** RIKEN Center for Emergent Matter Science, Wako 351-0198, Japan
Ion gated transistors based on a variety of semiconductors are reviewed. In conventional filed
effect transistors (FETs), charge carriers are accumulated at the channels by application of gate
voltages though solid gate dielectrics. The solid gate dielectrics can be replaced with electrolytes,
which are ionically conducting, but electrically insulating. In this device, which we call ion gated
2
and the gate coupling is extremely
large. Consequently, the operation voltages of the transistor are dramatically lowered and the
maximum accumulated carrier density is enhanced up to 1 x 10 15 cm-2.
The first outcome of the ion gated transistor was obtained in organic transistors with the high
transconductance and low operation voltage below 1 V [1]. Furthermore, the ambipolar transistor
operation was realized by the application of gate voltages ( ~2 V) which is equal to the band gap
of semiconductors [2]. These features became possible due to the large gate capacitance of
electrolytes.
Ion gated transistors turned out to be applicable to a broad range of materials, including
inorganic materials, such as oxide, and chalcogenides. In these materials, electric field induced
phase transitions such as superconductivity [3, 4], ferromagnetism [5], and Mott-Hubbard
transitions [6] are demonstrated. Such activities indicate that ion gated transistors have a big
promise for new functionalities in ion gated transistors.
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Materials and applications of high-mobility organic
transistors
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Achieving high response speed is essential in advanced applications for large-area electronics.
To display in a large area, driving transistors need to be faster with larger number of pixels for
example. Even for RFID tags, whose size should be relatively small, large-area printing is the
most expected way to reduce their prices for common distribution. In this presentation, we report
on recently developed solution processes for inch-size single-crystalline films of high-mobility
organic semiconductor to provide a platform for high-speed integrated circuits.
We disclose method for continuously growing large-domain organic semiconductor crystals to
fabricate multi-array high-mobility organic transistors. We used a new organic semiconductor
material, 3,11-didecyldinaphtho[2,3-d:2′,3′-d′]benzo[1,2-b:4,5-b′] dithiophene (C10-DNBDT).
This material exhibits excellent mobilities of up to 16 cm 2/Vs for single-crystal transistors. We
have previously developed a method for creating highly crystalline organic semiconductor films
using an edge to control the shape of an attached droplet, so that the thickness of the liquid
gradually decreases as the distance from the solid edge increases. This method controls the
direction of the crystal growth through the asymmetrical evaporation of the solvent, and allows
continuous uniform crystalline films to be formed. The present method is basically a
modification of the edge-casting technique for producing much larger domains. A mobile solid
blade edge was used to hold an organic semiconductor droplet in a rectangle, so that levelcontour lines of the liquid-gas boundary, measured from horizontal surface of the substrate, were
parallel to the edge of the blade. The rectangular droplet was kept the same size by replenishing
the organic semiconductor solution at the same rate as the solvent evaporation. As a result, largedomain crystal films were grown continuously to several inches in size. Square crystals greater
than 3 × 2 cm2 in size were obtained, and arrays of TFTs were prepared to examine the OFET
performance. X-ray diffraction (XRD) measurements were used to determine the crystallinity of
the single-crystalline thin films.
5x5 arrays of transistors were fabricated on the single-domain crystal so that the average
mobility was 7.5 cm2/Vs and the maximum value reached 9.5 cm 2/Vs. For demonstration, a
liquid-crystalline display is fabricated. Because of the high mobility each pixel is actually driven
with 480-Hz frequency (8 times normal speed).
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New Small Molecule Organic Thin-Film Transistors and
Photo-Excited Charge Collection Spectroscopy Probing on
the Devices
Seongil Im
Dept. of Physics, Yonsei University, Seoul 120-749, Korea
Small molecule pentacene has attracted much attention from researchers in its solid crystalline
thin-film form for the last decade, since the pentacene organic thin-film transistors (OTFTs)
show decent p-channel mobilities (0.1~5 cm2/V s) resulting in such a variety of functional
devices as display drivers, logic inverters, ring oscillators, and even image pixels. Following
solid pentacene films, other p-type small molecules were reported to circumvent such drawbacks
of pentacene layer as ambient or photo-induced instabilities, which have been main concerns of
display industry. Indolo[3,2-b]carbazole and DNTT are the examples, but any photostabilityrelated reports have hardly been made. In the present work, we utilized another new small
molecule, 8,16-dihydrobenzo[a]benzo[6,7]indolo[2,3-h]carbazole (heptazole; C26H16N2) which
has almost the same HOMO level as that of pentacene but with a higher HOMO-LUMO gap of
~2.95 eV, to fabricate a photostable small molecule-based OTFT. The field-effect mobility of
our new OTFT turns out to be ~0.21 cm2/V s which is lower than that of the pentacene OTFT on
the same dielectric layer, however it certainly displays good photostability under visible
illuminations unlike pentacene devices when we characterize the heptazole OTFT under photoexcited charge collection spectroscopy. Taking advantages of such photostabilities, we now
fabricated an image sensor pixel where our heptazole-based OTFT and photo-detecting
pentacene Schottky diode are coupled. Besides the photostability benefit, the heptazole-based
OTFT could play as an electrical component of logic inverter, conveniently coupled with a
pentacene-based device again since both OTFTs could use Au in common for the source/drain
and device interconnection. Transfer curves and inverter operations from the new OTFT are
demonstrated as shown in Fig. 1, coupled with pentacene OTFT.

Fig. 1 Transfer curves from pentacene (red) and new OTFTs (black), which respectively play as load and
driver in a logic inverter. A maximum voltage gain was ~5 at -7 V operation.
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From single organic transistors to functional circuits
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We are developing a vacuum-based approach for the roll-to-roll production of flexible organic
electronic circuits. Metal electrodes and interconnects and organic small molecules are readily
deposited under vacuum. The key process is the vacuum deposition and subsequent
polymerisation of the monomer tripropyleneglycol diacrylate (TPGDA) to form the insulating
gate dielectric [1,2] of bottom-gate, top contact thin film transistors (TFTs). The active
semiconductor in our TFTs is the high-mobility, organic small molecule dinaphtho [2,3-b:2',3'-f]
thieno[3,2-b]thiophene (DNTT). A thin (~20-30 nm) polystyrene buffer layer applied to the
TPGDA prior to semiconductor deposition improves both the performance and stability of TFTs.
The presentation will describe the progress being made in the fabrication of (a) reproducible
TFTs with an almost 100% yield on PEN substrates allowing parameter extraction using
Silvaco’s UOTFT software package, (b) inverters and NAND/NOR logic gates and (c) 7-stage
ring oscillators operati
DD = -60
V. The oscillators continue to function even when VDD is reduced to -14 V albeit at the much
reduced frequency of ~130 Hz. Such behaviour is reproduced in circuit simulations undertaken
using Silvaco’s Gateway software package and model cards derived from TFT parameterisation.
Examples will be given of how simulations can be used to identify parasitic effects that
compromise circuit performance.

This work is funded by an Engineering and Physical Sciences Research Council (UK), Flagship
Grant from the Innovative electronic-Manufacturing Research Centre (IeMRC).
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Reduction of surface plasmon and waveguide losses in
organic light-emitting diodes by use of nanostructure
Dong-Young Kim, Chung Sock Choi, Jin Yeong Kim, Danbi Kim,
Kyung Cheol Choi
Electrical Engineering, KAIST, Daejeon, 305-701, Korea
Organic Light-Emitting Diodes (OLEDs) have begun to be commercially used for large area
TV displays due to recent progress in studies of materials and devices. While the achievement of
higher efficient display device is a great important issue to ensure success in information display
business, the power efficiency of OLEDs is limited due to their low out-coupling efficiency. The
out-coupling efficiency in conventional OLED structure is around 20 %, and large portion of
light losses occur in the forms of waveguide mode and surface plasmon mode. The trapped
surface plasmon and waveguide losses can be extracted to the air by the nanostructure when the
grating period of nanostructure meets the Bragg scattering condition. In this work, we introduce
two methods making quasi-periodic nanostructure with tungsten trioxide (WO3) to reduce
surface plasmon and waveguide losses. The first method is to fabricate WO3 nanostructure via
colloidal lithography using polystyrene (PS) nano-particles. We apply this nanostructure
fabrication method to the RGB OLEDs and transparent OLEDs, respectively. Every nanostructured OLEDs show out-coupling enhancement at the calculated wavelength without
affecting of optical clarity and transmittance. The second method is to fabricate WO3 nanoislands based on wet-etching process with self-aggregated Ag mask to remove angular
dependency. By using SEM images of WO3 nano-islands, we can calculate the periodicity of
nano-islands which is approximately 400 nm. This periodicity satisfies the Bragg scattering
condition and we can improve EQE and power efficiency by extracting trapped surface plasmon
and waveguide losses. No angular dependency of emission and CIE coordinate is observed due
to broad range of Bragg scattering condition.
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THU-PH-01

Graphene Plasmonics and Graphene-Based Metamaterials
F. Javier García de Abajo
ICFO-ICFO-The Institute of Photonic Sciences, Mediterranean Technology Park,
Av. Carl Friedrich Gauss 3, 08860 Castelldefels (Barcelona), Spain
We discuss recent advances in the study of plasmons in graphene and graphene-related
metamaterials. In particular, we show that plasmons in graphene can be used to achieve electrical
modulation of light in a robust, solid-state environment. Plasmons in polycyclic aromatic
hydrocarbons, which can be regarded as small versions of graphene, are also shown to exhibit
remarkable tunability and strong plasmonic response, thus revealing their potential for the new
field of molecular plasmonics. Quantum effects in these systems, ranging from nonlocality to the
discreteness of the electronic transitions involved, are shown to lead to exciting new physics and
a wealth of potential applications, including a new paradigm for the design of molecular
metamaterials.
Graphene has been shown to be capable of sustaining plasmons at mid-infrared frequencies
when it is electrically charged, for example via electrostatic gating [1-3]. This provides a robust
tool for modulating the frequency of plasmons and the optical response of suitably structured
materials. The modulation can be realized at ultrafast speeds in a compact, integrable, solid-state
environment. The range of tunability covers a wide spectral range in the infrared, down to a
measured wavelength of 3.7 microns [3]. Efforts to extend this range further towards the visible
are underway, for example via intense doping of graphene. Graphene-related materials are also
being considered.
In this work, we examine the recent progress made in graphene plasmonics and we explore
potential applications to new classes of metamaterials. In particular, we discuss tunable complete
optical absorption [4], ultrastrong coupling of optical emitters and graphene metasurfaces [5],
and a new approach towards tunable, visible-range metamaterials based upon the use of
molecular building blocks [6].
References
[1] J. Chen et al., “Optical nano-imaging of gate-tunable graphene plasmons”, Nature, vol. 487, 77-81
(2012).
[2] Z. Fei et al., “Gate-tuning of graphene plasmons revealed by infrared nano-imaging”, Nature, vol.
487, 82-85 (2012).
[3] Z. Fang et al., “Gated tunability and hybridization of localized plasmons in nanostructured
graphene”, ACS Nano, vol. 7, 2388-2395 (2013).
[4] S. Thongrattanasiri, F. H. L. Koppens and F. J. García de Abajo, “Complete optical absorption in
periodically patterned graphene”, Phys. Rev. Lett., vol. 108, 047401 (2012).
[5] I. Silveiro, A. Manjavacas, S. Thongrattanasiri and F. J. García de Abajo, “”, New J. Phys., vol. 15,
033042 (2013).
[6] A. Manjavacas, F. Marchesin, S. Thongrattanasiri, P. Koval, P. Nordlander, D. Sánchez-Portal and
F. J. García de Abajo, “Tunable molecular plasmons in polycyclic aromatic hydrocarbons”, ACS Nano,
DOI: 10.1021/nn4006297.

- 138 -
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Nano confocal spectroscopic imaging of 2D nanostructures
Jeongyong Kim
Dept. of Energy Science and the IBS Center for Integrated Nanostructure Physics,
Sungkyunkwan University, Suwon 440-746, Korea
We performed confocal spectral imaging with nanoscale spatial resolution to study organic
and inorganic 2-D nanostrucures. Organic rubrene molecules forming a π-conjugated structure
has been the subject of active research due to its high carrier mobility and efficient luminescence
suggesting promising photonics applications. We obtained the spatial distribution of absorption
spectra and absorption coefficients in sub-micron spatial resolution from organic rubrene single
nanoplate and thin films, which showed a strong dependence on the incidence angle and the
illumination polarization, indicating the anisotropic absorption characteristics of the rubrene
nanoplates.
2-dimensional MoS2 shows interesting optical properties that strongly depends on the layer
number. We used the absorption, Raman, PL spectral mapping with correlated AFM
measurement of MoS2 which may provide a insight to electronic energy structures of MoS 2 that
dramatically modifies with the layer number. We also decorated the MoS 2 layers with plasmonic
Ag nanoparticls, which showed a larger influence on optical properties especially to thicker
MoS2 layers.
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Fig 1. (a) Absorption spectral imaging of rubrene nanoplate. (b) Raman image of Ag-decorated MoS2
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THU-PH-03

Quantum Nanophotonics and Nanomechanics with Diamond
Marko Loncar
School of Engineering and Applied Sciences, Harvard University, U.S.A.
T.B.A.
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THU-PH-04

Novel mode-locking technology based on carbon
nanostructures
Fabian Rotermund
Department of Physics & Division of Energy Systems Research, Ajou University,
Suwon 443-749, Korea
Low-dimensional carbon nanostructures such as carbon nanotubes (CNTs) and graphene have
been successfully employed as efficient passive switching devices for mode-locking ultrafast
solid-state lasers in a wide spectral range between 800 and 2500 nm [1-3]. While the widely used
semiconductor saturable absorber mirrors (SESAMs) provide a narrowband applicability and
require complex manufacturing processes with post-treatments to decrease response times,
saturable absorbers (SAs) based on carbon nanostructures exhibit broadband absorption with
large ultrafast nonlinearities and require relatively simple fabrication processes. Depending on
electronic transitions of semiconducting nanotubes, single-walled CNT SAs (SWCNT-SAs) can
be readily applied in a broad spectral range throughout the near-infrared from about 800 up
to 2000 nm, while graphene shows a great potential as ultrafast saturable absorbers applicable in
an ultrabroad spectral range far beyond 2000 nm due to its point bandgap structure. In the
present talk, important optical characteristics of SWCNT- and graphene-based SAs and recent
progress on SWCNT and graphene mode-locked solid-state lasers operating at different
wavelengths between 800 and 2500 nm will be presented.

[1] J. H. Yim, W. B. Cho, S. Lee, Y. H. Ahn, K. Kim, H. Lim, G. Steinmeyer, V. Petrov, U. Griebner, and F.
Rotermund, Appl. Phys. Lett. 93, 191106 (2008).
[2] W. B. Cho, J. H. Yim, S. Y. Choi, S. Lee, A. Schmidt, G. Steinmeyer, U. Griebner, V. Petrov, D.-I.
Yeom, K. Kim, and F. Rotermund, Adv. Funct. Mater. 20, 1937 (2010).
[3] W. B. Cho, J. W. Kim, H. W. Lee, S. Bae, B. H. Hong, S. Y. Choi, I. H. Baek, K. Kim, D.-I. Yeom, and
F. Rotermund, Opt. Lett. 36, 4089 (2011).
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Sensing the Earth with Fiber Optics
Zuyuan Joey He
Shanghai Jiao Tong University, China
T.B.A.
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FRI-PH-02

Optical bio-imaging using complex disordered materials
Wonshik Choi
Department of Physics, Korea University, Seoul, 136-713, Korea
“Turbidity” caused by multiple light scattering in complex disordered materials interrupts the
propagation of waves, and thus undermines optical imaging. For example, translucent biological
tissues, a kind of complex materials, exhibiting optical turbidity have posed limitations on the
imaging depth. In this talk, I will describe the counterintuitive finding that optical turbidity,
rather than being a hindrance to imaging, can in fact dramatically improve both the spatial
resolution and the field of view of the target images. As an immediate biomedical application of
the developed technique, we demonstrated that the spatial resolution of an endoscopic imaging
can be enhanced with the use of complex disordered materials.
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WED-SP-01

The Giant Spin Hall Effect, and Spin Torque Phenomena in
Multilayer Ferromagnetic/Normal Metal Nanostructures
Robert Buhrman
Cornell University, U.S.A.
The recent discovery that a charge current flowing through a high atomic number (e.g. Pt, Ta, or
W) thin film micro- or nano-strip can exert a quite substantial spin torque on an adjacent thin
film magnetic material has great potential for spintronics applications. For example the antidamping spin transfer torque that results from the transverse spin current that can be efficiently
generated via the giant spin Hall effect (SHE) in these high Z materials by a longitudinal
electrical current has been demonstrated to reversibly switch the magnetization direction of inplane magnetized nano-magnets, to induce persistent microwave magnetic oscillations in such
nano-magnets, and to facilitate the high speed manipulation of domain walls in magnetic nanostrips. The deterministic switching of the magnetization direction of ultra-thin magnetic layers
with perpendicular magnetic anisotropy has also been achieved, and attributed by various groups
to either the spin torque arising from the spin Hall effect, or to the field-like torque arising from a
different, interfacial, spin-orbit interaction, or to a combination of both. Here I will first report
recent results from our studies of this giant SHE and related spin torque phenomena, including
investigations into the characteristics and quantitative strength of the SHE in the aforementioned
and other high Z thin film materials, and into the fundamental role that the interfacial spinmixing conductance plays in determining the effectiveness of the SHE for exerting strong antidamping spin torques on the adjacent ferromagnet. I will also summarize results from an
investigation of the spin-orbit torques found in a variety of NM/FM/Oxide device configurations
as determined using three different techniques that have recently been utilized to quantitatively
measure the magnitude and the sign of these torques: DC bias measurements, second-harmonic
AC signal measurements, and spin-torque ferromagnetic resonance (ST-FMR). I will discuss the
variation in the apparent character of the spin-orbit torques as indicated by these different types
of measurements, and as found in different materials configurations and as affected by the
modification of the electrical and magnetic properties of the multilayer structures.
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WED-SP-02

Current-induced domain wall motion: spin transfer torque
v.s. spin Hall torque
Teruo Ono
Institute for Chemical Research, Kyoto University, Uji, 611-0011, Japan
Electrical displacement of a domain wall (DW) is a prospective method for information
processing in new type of magnetic non-volatile memories and logic devices [1].
When a magnetic DW is driven by electric current via adiabatic spin torque, the theory
predicts a threshold current even for a perfect wire without any extrinsic pinning [2]. We have
shown that this intrinsic pinning determines the threshold current, and thus that the adiabatic spin
torque dominates the DW motion resulting in DW motion along electron flow, in a
perpendicularly magnetized Co/Ni system sandwiched by a symmetric capping and seed layers
[3-5].
Recently, the effect of structural inversion asymmetry (SIA) on current-induced DW dynamics
has been studied by many other groups. We observed DW motion to the current direction even in
Co/Ni system by introducing SIA [6]. I will also show results of systematic investigation by
changing thickness of Co/Ni layer and discuss the contribution of adiabatic spin transfer torque
and spin Hall torque in the current-induced DW motion.
This work was partly supported by a Grant-in-Aid for Scientific Research (S) and "Funding
program for world-leading innovative R & D on science and technology" (FIRST program) from
the Japan Society for the Promotion of Science.

[1] A. Yamaguchi et al., Phys. Rev. Lett. 92 (2004) 077205.
[2] G. Tatara & H. Kohno, Phys. Rev. Lett. 92 (2004)086601.
[3] T. Koyama et al., Nature Materials 10 (2011) 194.
[4] D. Chiba et al., Appl. Phys. Express 3 (2010) 073004.
[5] T. Koyama et al., Nature Nanotechnology 7 (2012) 635.
[6] T. Koyama et al., Appl. Phys. Express 6 (2013) 033001.
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WED-SP-03

Theoretical study on magnetic interfaces subject to spinorbit coupling
Kyung-Jin Lee
Dept. of Mat. Sci. & Eng., Korea University, Seoul 136-701, Korea
The interfacial spin-orbit coupling combined with in-plane currents gives field-like and
damping-like spin torques [1,2]. Previous studies [1] have investigated these spin-orbit spin
transfer torques in the cases where the Rashba spin-orbit coupling is either much larger or much
less than the sction
perpendicular to the current-flow and the interface normal. Ab initio calculations, however, show
that the interfacial spin-orbit coupling is comparable to the exchange coupling at the interface
because of proximity effects. Here, we investigate the angular dependence of spin-orbit spin
transfer torques for cases in which the energies are comparable. For a two-dimensional freeelectron model, we find that Rashba spin-orbit spin torques acquire nontrivial angular
dependence as the spin-orbit coupling becomes comparable to the s-d exchange interaction. This
nontrivial angular dependence can be understood from Fermi surface distortion. These freeelectron calculations are in qualitative agreement with experimental measurements for
AlOx|Co|Pt [3] and MgO|Co|Pt [4], suggesting that the spin-orbit coupling at the interface is
non-negligible in comparison to the exchange interaction there. This work has been done in
collaboration with M. D. Stiles, H.-W. Lee, K.-W. Kim, P. M. Haney and A. Manchon.

[1] K. Obata and G. Tatara, PRB 77, 214429 (2008); A. Manchon and S. Zhang, PRB 78, 212405 (2008).
[2] X. Wang and A. Manchon, PRL 108, 117201 (2012); K.-W. Kim et al., PRB 85, 180404(R) (2012); D.
A. Pesin, A. H. MacDonald, PRB 86, 014416 (2012).
[3] K. Garello et al., arXiv:1301.3573.
[4] K.-S. Lee et al., paper in preparation.
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THU-SP-01

New perspectives on controlling domain walls in magnetic
devices
Henk Swagten, Jeroen Franken, Mark Herps, Reinoud Lavrijsen,
Pascal Haazen, Elena Murè, Bert Koopmans
Department of Applied Physics, Eindhoven University of Technology,
5600 MB Eindhoven, The Netherlands
In domain-wall (DW) devices with perpendicular magnetic anisotropy (PMA) using e.g.
ultrathin Co, a number of exciting phenomena have been observed very recently with great
promises for new solid-state memory devices, such as racetrack memory and magnetic random
access memory (MRAM).
From DW depinning experiments on ion-irradiated Pt / Co / Pt wires, we have shown that the
Spin Hall Effect (SHE) provides a radically new mechanism for moving DWs by an electric
current [1]. By recent measurements of the DW resistance in these wires, the dominant role of
the chirality of DWs for the efficiency of the SHE could be verified. Moreover, from these
resistance and depinning data it was found that we can tune the Dzyaloshinskii–Moriya
Interaction (DMI) by changing the structural inversion asymmetry in Pt / Co / Pt and
Pt / Co / Al2O3. Finally|, we will speculate on the perspective of these and other recent results for
generating exciting new physics, as well as for their potential application in nanoelectronics.

[1]P.P.J. Haazen, E. Murè, J.H. Franken, R. Lavrijsen, H.J.M. Swagten, B. Koopmans, Nature Materials
12, 299 (2013)
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Magneto-diode: principle and application to chameleon
processor
Sungjung Joo1,2, Taeyueb Kim1,2, Sang Hoon Shin3, Ju Young Lim3, Jinki Hong2,
Jin Dong Song3, Joonyeon Chang1, Hyun-Woo Lee4, Kungwon Rhie2, Suk Hee
Han1, Kyung-Ho Shin1 and Mark Johnson5
1

Spin Convergence Research Center, KIST, Seoul 130-650, South Korea.
Department of Display and Semiconductor Physics, Korea University, Sejong
339-700, South Korea.
3
Nano Photonics Research Center, KIST, Seoul 130-650, South Korea.
4
Department of Physics, Pohang University of Science and Technology, Pohang
790-784, South Korea.
5
Naval Research Laboratory, Washington DC 20375, USA.
2

Chameleon processor provides novel functions such as programmable logic operation and
non-volatile built-in memory. We introduce a new semiconductor magneto-electronic device that
could be a good candidate of chameleon process [1]. It can offer excellent fan-out if combined
with low power spintronic devices. Operation of our modified avalanche diode is based on
magnetoconductance that depends on Lorentz force deflection of carriers in a magnetic field and
subsequent recombination. The device can be characterized as a current switch with ON and
OFF states. In this talk, we describe our prototype devices, which have demonstrated
magnetoconductance ratios of more than 500% in a magnetic field of 1,000 Oe.
We then discuss feasibility for integrated avalanche diode logic devices in which the magnetic
field is provided by the local fringe field of a patterned ferromagnetic film with nanometer
dimensions. We provide estimates of the characteristics of a model cell scaled to a feature size of
about 100 nm and predict that an appropriately designed cell will have current gain.

[1] S. Joo, et al. Nature 494, 72 (2013).
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Non-Destructive Nano-Patterning by Low Energy Proton
Irradiation
Sanghoon Kim, Soogil Lee, Jungho Ko, Jangyup Son, Minseok Kim, and
Jongill Hong
Materials Science and Engineering, Yonsei University, Seoul, 120-749, Korea
Irradiation of ions, such as N, Ar, and Xe, with high energies has attracted much attention
because it is able to pattern ferromagnetic films by destroying the structure of layers or interfaces
without additional complicated processes, such as etching, filling, and planarization. Recently,
ion irradiation methods can be also used to produce a domain wall pinning center in
ferromagnetic nanowire devices, important for controlling a domain wall, in addition to much
success in magnetic patterning for films. Hence, the method proved itself to be widely applicable
for magnetic devices due to its procedure simpler than other conventional techniques’. It has,
however, succeeded at doing so only at the expense of inflicting inevitable damage on those
structures, which has rendered them unusable for applications.
In this presentation, we demonstrate that local transformation from an oxidic paramagnetic
Co3O4/Pd superlattice to a metallic ferromagnetic Co/Pd superlattice can be non-destructively
induced by low-energy proton irradiation. Magnetic patterns created by proton irradiation have
no noticeable unwanted defects commonly observed in previous works. The Co/Pd superlattice
patterned by the proton irradiation also shows strong perpendicular magnetic anisotropy due to
its creative and non-destructive nature. We show that the patterned superlattice with 10 nm in
diameter secures thermal stability of ~70 kBT for 10 year data retention. We believe that our
method can make a significant breakthrough in the field of nano-patterning not only for magnetic
but also for other applications since the metallic or oxidic regions in complex material systems
can be locally phase-transformed in a nanometer-scale. The non-destructive proton-irradiation
method will provide a powerful way to design novel nano-devices composed of superlattices or
other complex structures.
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Probing current-driven magnetodynamics on the nano-scale
M. Tsoi
Physics Department, University of Texas at Austin, Austin, Texas 78712, USA
Current-driven magnetodynamics attract considerable attention due to nano-scale control and
high-speed characteristics they may offer to the next generation of spintronic devices, e.g. in
magnetic memory and microwave technologies. For instance, the spin-transfer torque (STT)
phenomenon [1-3] can be used to drive magnetodynamics on the nano-scale that enables, e.g.
ferromagnetic resonance (FMR) studies in sample volumes smaller by a factor of 1000 compared
to conventional resonance techniques.
In our experiments we use nano-scale point contacts to produce extremely high-density ac
(microwave frequency) and dc currents and study their influence on magnetodynamics in
magnetic thin films and multilayers. Here a time-dependent STT associated with the microwave
current drives magnetization into resonance and enables STT-driven ferromagnetic [4] and
parametric [5] resonances. Due to its nonlinear nature, parametric excitation grows up
significantly faster than the forced excitation and may result in a faster switching of
magnetization and, therefore, an increased speed (and reduced power) of logic and memory
devices based on STT (e.g. STT-MRAM).
We demonstrate a new method for FMR detection where the point contact acts as a high-speed
nano-scale bolometer which monitors the resonance via a rectified voltage across the contact [6].
In our experiments we detect both rectified signals and absorption of microwaves that allows for
a direct comparison of the electrical detection with conventional FMR schemes. By using a highbandwidth sampling oscilloscope we detect the microwaves reflected from the contact and
exploit the FMR response in the time domain: the microwave frequency, amplitude and phase
are monitored as a function of applied magnetic field.
In collaboration with H. Seinige, C. Wang, and T. Staudacher. This work was supported in part
by NSF grant DMR-1207577.

[1] J. C. Slonczewski, J. Magn. Magn. Mater. 159, (1996). [2] L. Berger, Phys. Rev. B 54, 9353 (1996).
[3] M. Tsoi et al., Phys. Rev. Lett. 80, 4281 (1998). [4] T. Staudacher, M. Tsoi, J. Appl. Phys. 109,
07C912 (2011). [5] C. Wang, H. Seinige, M. Tsoi, J. Phys. D: Appl. Phys. 46, 285001 (2013). [6] H.
Seinige, C. Wang, M. Tsoi, to be published.
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WED-KF-01

Understanding disordered-network forming materials via
first-principles molecular dynamics
Carlo Massobrio
CNRS-UDS Strasbourg, France
The talk will be devoted to a survey of what has been done, by using first-principles molecular
dynamics, to characterize the structure of disordered network-forming materials containing Ge
and Se within a wide range of GexSe(1-x) compositions [1-9]. Whenever needed, explicit
reference to analogous systems (Si xSe(1-x), GexS(1-x)) will be made. By taking as a starting point
the case of liquid and glassy GeSe 2, we will show under which conditions the structural motifs
inherent in the topology of these networks can be correlated to the presence of intermediate
range order. A strong methodological emphasis will be put on relevant details of the density
functional scheme playing a crucial role in conferring a predictive power to our models. Changes
in bonding character will be analyzed in terms of structural and electronic properties, with a
focus on the presence of defects and their correlation to electronic localization effects.

[1] S. Le Roux, A. Bouzid, M. Boero, C. Massobrio, Phys. Rev. B 86, 224201 (2012).
[2] A. Bouzid, C. Massobrio, J. Chem.Phys. 137, 224201 (2012).
[3] K. Sykina, E. Furet, B. Bureau, S . Le Roux, C. Massobrio, Chem. Phys. Lett. 547, 30 (2012).
[4] M. Micoulaut, S . Le Roux, C. Massobrio, J. Chem.Phys. 136, 224504 (2012).
[5] M. Bauchy, M. Micoulaut, M. Celino, S. Le Roux, M. Boero, C. Massobrio,
Phys. Rev. B 84, 054201 (2011).
[6] S. Le Roux, A. Zeidler, P.S. Salmon, M. Boero, M. Micoulaut, C. Massobrio,
Phys. Rev. B 84, 134203 (2011).
[7] M. Kibalchenko, J.R. Yates, C. Massobrio, A. Pasquarello, Phys. Rev. B 82, 020202(R) (2010).
[8] M. Micoulaut, R. Vuilleumier, C.Massobrio, Phys. Rev. B 79, 214205 (2009).
[9] C.Massobrio, M. Celino, P.S. Salmon, R.A. Martin, M. Micoulaut, A. Pasquarello,
Phys. Rev. B 79, 174201 (2009).
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Why bromine squares off palladium? An ab initio study of
brominated palladium and its nanomorphology
Su-Hyun Yoo*, Ji-Hwan Lee*, Bernard Delley**, and Aloysius Soon*,***
* Department of Materials Science and Engineering, Yonsei University, Seoul,
120-749, Korea
** Condensed Matter Theory, Paul-Scherrer-Institut., Villigen, 5232, Switzerland
*** School of Physics, The University of Sydney, Sydney, 2006, Australia
Palladium (Pd) is an important metal catalyst for industrial processes and commercial devices
due to its outstanding catalytic performance and product selectivity in structure-sensitive
chemical reactions. Recently, it has been experimentally proven that cubic-shaped nanoparticles
of Pd can be synthesized using bromine (Br) additives, allowing it to deviate from its naturally
occurring truncated-octahedral shape. In this work, the explicit nanomorphology of Pd under a
Br environment is theoretically predicted based on first-principles density-functional theory
calculations. For this, we have surveyed a wide range of Pd surfaces and facets, including the
low-index surfaces (001), (011), and (111), as well as the high-index facets (210), (211), (311),
and (331). We first calculate their surface Gibbs free energy as a function of the Br chemical
potential, and using our DFT-derived surface energies, we then systematically trace the
morphological evolution of the Pd nanocrystal shape which is expressed through the GibbsWulff theorem. In addition, to further understand the impact of Br additives on the various Pd
surfaces and facets, we also calculate their electronic structure (e.g. work function changes) and
attempt to provide a detailed atomic-scale analysis of the drastic morphological changes
observed in Pd nanocrystals under the influence of a Br environment.
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Accessing the physico-chemical properties of nano-objects:
an overview using first principles molecular dynamics
Sébastien LE ROUX1,¤, Mauro BOERO2 and Carlo MASSOBRIO2
Institut de Physique et Chimie des Matériaux de Strasbourg
(1) Département des Matériaux Organiques,
(2) Département de Chimie des Matériaux Inorganiques,
23 rue du Loess, BP43, F-67034 Strasbourg Cedex 2, France
The computer modeling activities developed at the DMO department of IPCMS focus on 3 main
research topics: molecular electronics, renewable energies and energy storage. Each one of these topics
represents a major challenge in nowadays theoretical and applied research.
Specifically, we aim at understanding the molecular organization of organic surfaces, interfaces or layers
used in present micro-electronics and next-generation nano-electronics as a template on which deposition
of nano-objects and functionalization processes are expected to realize devices for post-scaling molecular
electronics. Using first-principles molecular dynamics (FPMD) simulations we study the properties of
nickel-phthalocynanine (NiPc) surfaces which have the peculiarity of presenting a self-organization in
monomolecular layers of different heights and that can potentially accommodate in an ordered way other
nano-objects. This can provide a template for innovative nanofabrication and discloses new perspectives
in the realization of non-metallic substrates.
A second issue on which we focus at DMO is the design of new photo-voltaic materials. In this context,
DFT-based computer simulations are used as a virtual laboratory to pre-select molecular building blocks
to provide a guideline to experimentalists in the chemical synthesis.
Coming to the third issue, in the field of energy storage we are exploring the advantages of using
fullerene metal-intercalated C60 molecules as catalytic supports in Proton Exchange Membrane Fuel Cell
(PEMFC). In this case our computational approaches allow to understand the aggregation phenomena
between metallic atoms and C60 molecules at the atomic scale level in [M-C60]n n ϵ [1-3] and M= Pt, Pd
systems.
In my presentation I shall give an overview of my activities in each one of these three research lines and a
brief introduction to the computational methodologies used to conduct this type of computer experiments.
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Atomic structure and topological insulating property of GeSb-Te compounds
Jeongwoo Kim, Jinwoong Kim, and Seung-Hoon Jhi
Department of Physics, Pohang University of Science and Technology
(POSTECH), Pohang 790-784, Republic of Korea
Ge-Sb-Te (GST) alloys have extremely fast atomic rearrangements between amorphous and
crystalline structures and, in association, drastic changes in electrical conductivity and optical
reflectivity. Despite extensive research in both measurements and calculations, underlying
mechanisms for the fast phase transition and detailed atomic structures during the transition are
still unknown. Recently, new aspects of electronic interactions such as metal-insulator transition
or topological insulating property, rather than stochastic processes presumably responsible for
atomic movements, are proposed to understand the behavior of GST alloys. Using firstprinciples calculations, we study possible pathways of metastable FCC GST to acquire
topological insulating property upon atomic exchange of cations, Ge and Sb. Also, starting from
the hexagonal structure in the Kooi–De Hosson sequence, we propose the atomic structure of
metastable GST that stabilizes the FCC structure energetically.
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Nanotechnology through first-principles calculations: the
impact of molecular dynamics approach
Carlo Massobrio
CNRS-UDS Strasbourg, France

The structure of isolated and/or supported
clusters is quite often not accessible even
to the most advanced experimental
techniques, leading to interpretations of
collected data very close to mere
conjectures. Due to the predicting power
of FPMD, fully reliable optimized
structures can be obtained as well as the
interplay with the bonding properties. In
this talk we shall focus on two specific
examples. In the first, we address the
issue of thermal stability in Si-dopes
fullerenes, obtained by replacing an
increasing amount of C atoms with Si
atoms, without altering the total number
of atoms (60) forming the cage. We shall
demonstrate that the account of
temperature is of paramount importance
to draw conclusion and the stability of
these doped clusters. In a second example,
we address the issue of deposition on
surfaces for a prototypical molecule
(ferrocene) expected to play a major role in the construction of nanoscale devices.
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Instability mechanisms in amorphous oxide semiconductors:
peroxide AX and metal-metal bond DX
Ho-Hyun Nahm* and Yong-Sung Kim**
*Center for Functional Interfaces of Correlated Electron Systems, Institute for
Basic Science, Department of Physics and Astronomy, Seoul National University,
Seoul 151-747, Korea
**Korea Research Institute of Standards and Science, Daejeon 305-340, Korea;
Department of Nano Science, University of Science and Technology, Daejeon 305350, Korea
Amorphous oxide semiconductors (AOS) have high electron mobility even in the room
temperature sputtered amorphous phase, and AOS-based thin film transistors (TFT) have great
importance in high-resolution large-area flat-panel display applications. However, the facing
bottleneck of the oxide-based displays is no more than the instability problem under bias and/or
illumination stresses. By negative bias and illumination stress (NBIS) or only by illumination
stress (IS), the threshold voltage of the AOS TFT is largely negative-shifted, while by positive
bias stress (PBS), the threshold voltage is positive-shifted. In this study, we investigate the
instability mechanisms of the AOS based on first-principles calculations. For NBIS and IS
instabilities, the peroxide defect formation driven by the excited holes is proposed. For PBS
instabilities, the metal-metal bonding formation by the excited electrons is suggested. The
peroxide defect acts as a hole-trap center in AOS, which can be characterized as an AX center,
and the metal-metal bonding is an electron-trap center characterized as a DX center. The AX
center formation should be suppressed in liquid crystal displays (LCD), which are under severe
NBIS condition, and the DX formation should be controlled in organic light emitting diode
(OLED) displays, which are under severe PBS condition, for successful application of the oxidebased displays.
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Ab initio approach to understand and improve phase-change
memory
Kye Yeop Kim*, Eunae Cho**, and Seungwu Han*
* Department of Materials Science and Engineering, Seoul National University,
Seoul, 151-744, Korea, South
** Samsung Advanced Institute of Technology, Samsung Electronics Corporation,
Yongin-Si, Gyeonggi- Do 446-712, Korea, South
The phase change materials such as Ge2Sb2Te5 are known for the fast (~1 ns) and reversible
phase changing properties between crystalline and amorphous phases. These materials have been
used in optical memory devices such as rewritable DVDs. More recently, the material is
extensively studied for its application to the electrical non-volatile memory named as phasechange random access memory (PRAM) which is a strong contender to replace the current flash
technology. In order to overcome various technical issues that arise with the device scaling, it is
critical to understand the microscopic structure and dynamics in various material states (liquid,
amorphous, meta-stable and stable crystalline phases) that are cycled in PRAM cell. However,
due to the non-periodic nature of amorphous phase, the conventional spectroscopic methods are
not so useful in investigating amorphous materials. The first-principles molecular dynamics
(FPMD) simulations, on the other hand, have greatly expanded its application scope over the last
decade with ever faster computational resources and algorithmic developments. FPMD is
particularly useful in studying phase-changing materials because it can directly simulate the
phase change phenomena.
In this presentation, I will introduce our recent studies on the phase-change materials. I will
first discuss the liquid and amorphous structures of Ge 2Sb2Te5 which is still not fully understood.
The as-deposited amorphous Ge2Sb2Te5 is known to satisfy 8-N rule experimentally, which is at
variance with the melt-quenched structure obtained from the simulation. To overcome this
discrepancy, we employ hybrid functional for the exchange-correlation energy and alternative
MD simulations. The influence of various external parameters such as pressure and dopants will
be also discussed.
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Anabaena Sensory Rhodopsin: a natural photoswitch studied
by ultrafast transient absorption spectroscopy and
fluorescence quantum yield measurements
A. Cheminal*, S. Y. Kim**, J. Léonard*, H. Kandori***, Kwang-Hwan Jung**,
S. Haacke*
*Institut de Physique et Chimie des Matériaux de Strasbourg & Labex NIE, University of
Strasbourg – CNRS, UMR 7504, 67034 Strasbourg, France
** Department of Life Science and Institute of Biological Interfaces, Sogang University,
Shinsu-Dong 1, Mapo-Gu, Seoul 121-742, South Korea
***Department of Materials Science and Engineering, Nagoya Institute of Technology,
Showa-ku, Nagoya 466-8555, Japan
Anabaena sensory Rhodopsin (ASR) is a transmembrane retinal-binding protein expressed by the
cyanobacterium Anabaena that can accomodate two stable isomeric forms, of retinal (alltrans/15-anti (AT) and 13-cis/15-syn (13C)). The isomer content depends strongly on
illumination conditions: light intensity and color [1]. Remarkably, after prolonged structural
relaxation in the dark, the retinal content is 97 % AT.
We defined a precise protocol for dark-adaptation, and light-adaptation with orange and blue
LED's, and studied the ultra-fast photochemistry with a pump-probe experiments, and the steadystate fluorescence in conditions that do not perturb the isomer ratio. High performance liquid
chromatography allows to determine the isomer ratio, in ground and excited states and to
calculate the each contribution in the respective spectral or kinetic data. A quantitative analysis
of the excited state decays shows that 13C ASR decays even faster than previously reported
(<100fs). AT-ASR has a bi-exponential decay, much like in Bacteriorhodopsin (bR) [3]. The
fluorescence quantum yields of ASR and bR retinal isomers are in good agreement with
measured average lifetimes. A detailed analysis shows that the average radiative rate of 13C
isomers is 60 % higher than the one of ATs, which is related to a dynamic change of the
transition dipole moment as a function of isomerization angle [4].

Figure: a: transient absorption kinetics of ASR excited state, b: ASR photocycle, c: Steady state
fluorescence as a function of light-adaptation.
[1] Y. Wada et al., Chem. Phys. Lett. 2008, 453, 105 – 108.
[2] A. Wand et al., JACS 2011, 133, 20922 - 20932.
[3] A. Strambi et al., PNAS 2010, 107, 21322 - 21326.
[4] A. Cheminal et al., Chem Phys. Lett, 2013, in press.
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New type of monovalent-cation pumping rhodopsins and
their application
Ah Reum Choi, So Young Kim, Se Hwan Kim, Kwang-Hwan Jung
Department of Life Science and Institute of Biological Interfaces, Sogang
University, Seoul, 121-742, Korea
Microbial rhodopsins are retinal-binding seven transmembrane proteins. The most well-known
function of microbial rhodopsins is light-driven proton pumping and production of ATP using
proton motive force, as exemplified by bacteriorhodopsins (BR), proteorhodopsins (PR), and
some fungal and algal homologs. Recently, one of the mutations in Anabaena sensory rhodopsin
(ASR) showed inverse proton activity. Here we report on a new type of rhodopsin, which
actively and efficiently pump sodium/lithium ions. This cation-pumping rhodopsin was found
from marine flavobacterium, where it co-exists with a PR-like proton pumping rhodopsin in the
genome. In addition, we found these homolog sequences in a number of microbial and algal
species and environmental samples. This type of rhodopsin has a new proton acceptor residue
instead of Asp85 (in BR). The photocycle is fast as typical pumping rhodopsins and pKa is
around 5.6. This results demonstrate that, similar to F/V-ATPases, proton-pumping rhodopsins
can have sodium/lithium-pumping activities, expanding the realm of membrane bioenergetics.
[This research was supported by NRF-2011-220-C00057]

Fig. Cation pumping scheme in the cell
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Trajectory and optical properties control of Light Induced
Self-Written optical waveguides
Loïc Mager*, Mohamed Ben Belgacem*,**, Mohamed Gargouri**, Kokou Dodzi
(Honorat) Dorkenoo*, Alberto Barsella*
* Institut de Physique et Chimie des Matériaux de Strasbourg (IPCMS), UMR7504,
CNRS-Université de Strasbourg, 23 rue du Loess, B.P. 43, 67034 Strasbourg
CEDEX 2, France
** Laboratoire de l’État Solide, Groupe Télécommunication Optique, Faculté des
Sciences de Sfax, B.P. 1171, 3000 Sfax, Tunisia
The photopolymerization process is usually accompanied by an increase of the refractive
index that depends on the intensity distribution of the actinic light. As a consequence, the light
propagating in the material may undergo self-focusing and solitonic propagation just as in a Kerr
medium. A significant difference is that here the modification of the refractive index is
irreversible, the propagation of a spatial soliton leaves a permanent trace acting as an optical
waveguide. These structures are referred in the literature as light induced self-written optical
waveguides (LISW).
Considering these properties, this method can be used for the manufacture of integrated
optical circuits in a photopolymer matrix without using the conventional microlithography
techniques.
Through this process, it is possible to create various types of optical waveguides (single mode
or multimode) and some optical functions (electro-optic, fluorescence...) can be implemented by
adding optically active molecules in the initial formulation. Since, the propagation of the LISW
guides is straight and the construction of complex devices asks for more complex trajectories.
We propose here two ways to modify the path of the LISW guides in the material, using the preexposure of the material and the interaction between multiple inscribed waveguides.
Finally, the work on the trajectory control pointed out that the general model for the LISW
presented in the literature is not able to fully describe the propagation in our material. We show
that the diffusion of the different chemical species has to be taken into account to give a more
accurate image of the LISW construction. Accordingly, we have developed a model for the
material including the diffusion and we successfully simulated the different observed behaviors.
This work allows a much better understanding of the construction of LISW optical waveguides
and suggests new solution for the trajectory control and the optimization of the self-written
channels.
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Highly enhanced light extraction from surface plasmonic
loss minimized organic light-emitting diodes
Jung-Bum Kim, Jeong-Hwan Lee, Chang-Ki Moon, Sei-Yong Kim and
Jang-Joo Kim.
Department of Materials Science and Engineering, Seoul National University,
Seoul 151-742, South Korea
Light extraction of organic light emitting diodes (OLEDs) has been an important issue in order
to increase the external quantum efficiency (EQE) of the devices for displays and solid-state
lighting, because 70%~80% of the emitted light is confined in the substrate (substrate mode), in
the organic layer and in the transparent electrode (waveguide mode), or lost by absorption and
surface plasmon polaritons of the metal electrode (absorption and SP mode). Among them, the
absorption and SP losses by the metal electrode(s) in bottom and top emission OLEDs cannot be
avoided, therefore we need to minimize them in OLEDs to increase the EQE.
Here we report a metal-free OLED with an extremely high EQE, achieved by reducing the SP
and intrinsic absorption loss, where the transparent indium zinc oxide (IZO) and indium tin oxide
(ITO) layers were used as the top and bottom electrodes, respectively. To extract the confined
light inside the device, a high refractive index light extraction pattern was additionally fabricated
on the transparent top electrode using a simple evaporation method and a micro lens array
(MLA) sheet was attached on the bottom side of the glass substrate, as shown in Fig. 1a. As a
result, the EQE of the device increased from 18.2% to 47.3% by using both microstructures, and
this was additionally enhanced to 62.9% by attaching an index-matched hemisphere lens instead
of the MLA on the glass substrate to extract the remaining light guiding losses inside of the
device.

Reference
Jung-Bum Kim , Jeong-Hwan Lee , Chang-Ki Moon , Sei-Yong Kim , and Jang-Joo Kim, Adv. Mater.
2013, 25, 3571–3577
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Self-organized semiconducting polymers for organic
electronics
Yiming Xiao1, Danli Zeng1, Emmanuelle Lacaze2, Benoit Heinrich3, Bertrand
Donnio3, Daniel Guillon3, Martin Brinkmann4, David Kreher1, André.-Jean Attias1,
Fabrice Mathevet1
1
Lab. de Chimie des Polymères, UPMC-CNRS, Ivry sur Seine, 94200, France
2
Institut des NanoScience de Paris, UPMC-CNRS, Paris, 75005, France
3
Département des Matériaux Organiques, IPCMS, Strasbourg, France
4
Institut Charles Sadron, 23 rue du Loess, Strasbourg, France
The self-organization of pi-conjugated organic materials forming highly ordered
supramolecular architectures has been extensively investigated in the last two decades in view of
optoelectronic applications. Indeed, the control of both the mesoscopic and nanoscale
organization within thin semiconducting films is the key issue for the improvement of charge
transport properties and achievement of high charge carrier mobilities. In this context, we
endeavored to investigate the self-organization of a side-chain liquid crystal (SCLC)
semiconducting polymer where (i) the backbone is a pi-conjugated polymer and (ii) the side
groups are pi-conjugated discotic mesogens.
Here we describe the design and synthesis of columnar side-chain liquid crystal homo and
alternating (co)polymers with triphenylene mesogens
as side groups, and well-defined regioregular
Columnar
mesogenic
polythiophene as backbone.
groups
In this work, we will give the details on the
synthesis, structural characterization and morphology
pi-conjugated
studied by POM, DSC, X-ray diffraction and AFM.
polymer
Moreover, their photophysical properties and the
preliminary charge transport results will also be
depicted in view of applications for organic optoelectronics.
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Microstructure of Organic Semiconductors Controlled by
Solution Processing
Dr Ji-Seon Kim
Department of Physics & Centre for Plastic Electronics, Imperial College London,
UK
Organic semiconductors such as small molecules and conjugated polymers have been
demonstrated as the active material in light-emitting diodes, transistors and photovoltaic cells.
While innovation in new organic semiconductor materials and solution-processing techniques
continues to improve the performance of organic devices, further research is required to gain
crucial insights into the fundamental relationships between structure and optoelectronic
properties and inform future design strategies. To achieve this goal, two main challenges must be
overcome: (1) establishing an accurate and robust control over the microstructure of organic thin
films and (2) developing techniques to characterise the thin-film properties at a sufficiently high
resolution. In this talk, I will discuss the key advances on our understanding in these two main
challenging areas. First, I will introduce a simple solution-deposition technique to print organic
semiconductors in thin films with controlled structure and morphology. Second, I will
demonstrate Raman spectroscopy as one of the most valuable structural probes for organic
semiconductor thin films. Raman spectroscopy is a non-destructive technique which delivers
valuable chemical and structural information, together with optical properties of materials with
sub-micrometer spatial resolution from surface films as well as from buried layers in the devices.
I will show some examples of our Raman studies performed on various organic microstructures
in thin films and devices [1-6], addressing the application of non-resonant, resonant and
polarized Raman spectroscopy to the characterisation of reaction, composition, crystallinity and
orientation of molecules.

References
[1] James et al., ACS Nano (2013) http://dx.doi.org/10.1021/nn403073d
[2] Wood et al., J. Chem. Phys. (2013) DOI: 10.1063/1.4816706
[3] Tsoi et al., ACS Nano, 6(11), (2012), 9646-9656.
[4] Tsoi et al., J. Am. Chem. Soc., 133, (2011), 9834-9843
[5] James et al., ACS Nano 5 (12), (2011), 9824-9835
[6] Kim et al., J. Am. Chem. Soc., 130, (2008), 13120-13131
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Ambipolar charge transport in a quinoidal oligothiophene
derivative
Jean-Charles Ribierre,
Center for Organic Photonics and Electronics Research, Kyushu University,
Fukuoka, 819-0395, Japan
CMOS organic logic circuits will become an essential component of low cost flexible
electronics. The two major difficulties in developing truly organic CMOS technology are the
lack of high performance stable n-type organic field-effect transistors (OFETs) and the
patterning of n- and p-type organic semiconductors on the same substrate. Spatial and selective
tuning of the ambipolar charge transport properties is a promising method to realize purely
CMOS logic circuits based on ambipolar organic materials
Here, we report on the reversible majority carrier type conversion in solution-processed OFETs
based on the quinoidal oligothiophene derivative [QQT(CN)4]. As-prepared QQT(CN)4 OFETs
show an ambipolar p-type dominant behavior. These devices can be converted into n-type by
either thermal annealing or laser irradiation. A combination of experimental techniques including
x-ray diffraction and absorption spectra measurements will provide important insights on the
processes involved in this conversion. The results will demonstrate the essential role played by
film morphology on the optical and charge transport properties of QQT(CN)4 thin films. Finally,
we will report on the realization of ultraflexible organic electronic devices including CMOS
logic gates and ferroelectric memory transistors.

Figure 1: Response of a solution-processed CMOS inverter based on the quinoidal oligothiophene
derivative [QQT(CN)4].

- 164 -

Poster Sessions
Advanced Oxide Materials
Biophysics and Biotechnology
Devices and Applications
Nanomaterials and Nanodevics
Organic Electronics and Photonics

Photonics
Spin and Magnetism

- 165 -

⋯⋯⋯⋯
⋯⋯⋯⋯
⋯⋯⋯⋯
⋯⋯⋯⋯
⋯⋯⋯⋯
⋯⋯⋯⋯
⋯⋯⋯⋯

166
257
276
364
521
554
614

WED-OX-P01

Electron density study on the hydrogen impurity in ZnO
Ji Hun Park*, Seunghun Lee**, Bum-Su Kim*, Yong Chan Cho*, Chikako
Moriyoshi***, Yoshihiro Kuroiwa***, Chul Hong Park**** and Se-Young Jeong*
* Dept. of Cogno-Mechatronics Engineering, Pusan National University, Miryang, 627706, Korea
** The Institute of Basic Science, Korea University, Seoul, 136-713, Korea
*** Dept. of Physical Science, Hiroshima University, Higashi-Hiroshima, 739-8526,
Japan
**** Dept. of Physical Education, Pusan National University, Busan, 627-706, Korea
Hydrogen is the smallest chemical element that can be easily incorporated into a substance;
recently, the hydrogen impurity doping has received much attention due to its important role in
determining the physical properties of materials [1–4]. Zinc oxide is one of representative
materials of which hydrogen greatly enhances electrical conductivities. According to a
theoretical calculation by Van de Walle [1], hydrogen is located at stable positions in ZnO, such
as bond-center (BC) or anti-bonding (AB) site, where hydrogen acts as a shallow donor (H+).
Considerable efforts have been made to demonstrate the existence and the role of hydrogen,
based on electron paramagnetic resonance, infrared spectroscopy, and Raman spectroscopy [2].
Nevertheless, there is still a lack of clear evidence.
In this study, based on electron density analysis using the maximum entropy method (MEM),
we directly observed hydrogen atoms and their interaction with adjacent atoms, which is
possibly related with an enhancement of electrical characteristics. Electron density analyses
using synchrotron radiation (SR) and the MEM were reported that they could sufficiently
provide information on hydrogen impurities [3–4]. In our experiment, SR powder diffraction was
carried out by the large Debye-Scherrer camera at beam-line BL02B2 (SPring-8, Japan), and the
MEM calculation was performed using ENIGMA. According to hydrogen injection, electron
density could be changed mainly due to two reasons; namely, hydrogen incorporation and its
electronic interactions with neighboring atoms. We directly observed electron density of
hydrogen atoms at several sites, which well agreed with the theoretical prediction [1].
Furthermore, the displacements of lattice atoms, so-called lattice relaxations, were observed,
which gives evidence for the interaction of hydrogen with neighboring atoms. These results are
expected to not only show experimental proof of hydrogen impurities in ZnO, but also provide a
novel technique to investigate hydrogen impurities in a material.
[1] C. G. Van de Walle, Phys. Rev. Lett. 85, 1012 (2000).
[2] A. Janotti and C. G. Van de Walle, Rep. Prog. Phys. 72, 126501 (2009).
[3] T. Noritake et al. Appl. Phys. Lett. 81, 2008 (2002).
[4] S. Hiroshi et al. Angew. Chem. 117, 2017 (2005).
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Effects of the high-energy electron-beam irradiation on the
superconducting transition properties of YBCO grain
boundary junctions
Sung Hoon Leea, Hye-Won Kimb, Byungnam Kimb, and Byung-Chul Leeb, SoonGul Leea,*
a
Department of Applied Physics, Graduate School, Korea University, Sejong City
339-700, Korea
b
Radiation Integrated System Research Division, Korea Atomic Energy Research
Institute, Daejeon 305-353, Korea
We have studied effects of the high-energy electron-beam irradiation on the critical transport
properties of YBCO grain boundary junctions. The types of the grain boundary junctions studied
were bicrystals and step-edges. Unpatterned films and microbridges were also prepared for
comparison. We used the electron-beam energy of 0.2 to 1 MeV and the radiation dose of 0 to
1017 e/cm2 with the samples water-cooled in air. We measured the transition temperature Tc, the
current-voltage characteristics, the critical current, and the normal-state resistance Rn. At the
beam energy of 1 MeV, as the dose was increased, the critical current of the grain boundary
junctions increased to a maximum at 1015 e/cm2 and then decreased rapidly to zero at 1017 e/cm2.
On the other hand, films and microbridges showed a monotonic gradual decrease with increasing
dose. The radiation effect on Tc was negligible and the Rn variation within 40 % showed no
systemicity. For 500 keV and lower energy, superconductivity of the samples were severely
degraded and vanished at 200 keV even for the lowest dose used, 10 14 e/cm2. Details of the
results and discussion will be presented.

†

This work was supported by the National Research Foundation of Korea (NRF) grant funded by
the Korea government (MEST) (NRF-2012M2B2A4029304)
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Physical and Chemical Treatment to Improve the Purity of
the Silica and Preparation of Si Using a Thermite
Na-Ri Yeom*, Yong-Hyun Lee*, Seon-Hui Eom**, Sang-Yeop Park**
* Eco-Materials Division, 21-28, Palgoe1nonggongdanjigil, Yeongwoleup,
Yeongwolgun, Gangwondo, Korea 230-884
** Eco-Materials Division, 21-28, Palgoe1nonggongdanjigil, Yeongwoleup,
Yeongwolgun, Gangwondo, Korea 230-884
It is very important to raise over 98.5 wt.% the purity of silica for manufacturing
metallurgical-grade silicon. In present study, the silica sand which is obtained from Yeongwol
was mineralogically analyzed. Based on the results, a novel process to separate impurities from
the silica sand was developed, which consisted of pulverization, classification and
centrifugalization steps. Then, silica sand contained impurities removed through chemical
process consisted of acid and base. Using the process, high-grade silica sand concentrate
containing over 98.5 wt.% SiO2 was prepared.
In order to make metallurgical-grade silicon, high-grade silica, carbon, CaF2, KClO3 and Al
powders were mixed. The metallurgical-grade silicon obtained with a thermite reaction was
carried out in a HCl to impurities removal. Using a thermite reaction, metallurgical-grade silicon
concentrate containing over 95 wt.% Si was prepared. Metallurgical-grade silicon was then
analyzed by going through the following analysis ; the recovery rate of the silicon obtained
though the chemical processing, particle size analyses, XRD, XRF and ICP.

Si

Al

Ca

Fe

S

Mg

95.12

4.19

0.61

0.04

0.03

0.02

Table 1. Chemical composition of Si using a Thermite reaction (wt.%)
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Growth of ZnO nanosheets using oxygen annealing of Zn
nanosheets
Jong-Hyun You and Jong-Hwan Yoon
Department of Physics, Kangwon National University, Chuncheon, Gangwon-do
200-701, Korea
Dye-sensitized solar cells (DSSCs) based on oxide semiconductors, such as TiO2, have
recently emerged as a promising approach to efficient solar energy conversion at a low cost. The
most successful DSSCs were based on a TiO2 film. However, the conversion efficiency has been
limited by energy loss due to recombination between electrons and either the oxidized dye
molecules or electron-accepting species in the electrolyte during the charge transport processes
due to the lack of a depletion layer on the TiO2 surface and becomes more serious when the film
thickness increases. To understand and solve this issue, ZnO-based DSSC technology alternative
to TiO2 is considered as one of the most promising materials for DSSCs.
In this work we present a simple method to fabricate porous ZnO nanosheets on arbitrary
substrates at low temperatures. The nanosheets were fabricated by annealing Zn film composed
of Zn nanosheets in oxygen chemical vapors produced using conventional plasma-enhanced
chemical vapor deposition (PECVD). It was found that porous ZnO nanosheets were formed
above 280 oC, and that its pore size and porosity could be also controlled by varying growth
conditions. For the typical nanosheets grown at 380oC, it was found that the ZnO nanosheets
were shown to have a wurtzite hexagonal structure with a mean thickness of about 5 nm, a
porosity of 6.7%, and a mean pore diameter of about 13.3 nm. The results have shown that the
method has high potential for DSSCs applications due to higher surface-to volume ratio of
porous ZnO nanosheet. A possible mechanism for the growth of ZnO nanosheets will be
presented.
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Effect of Calcination Temperature on Optical Bandgap in
Doped Bismuth Titanates
Jun Young Han and Chung Wung Bark
Department of Electrical Engineering, Gachon University, Seongnam, Gyeonggi
461-0701, Korea
Recently, complex oxide materials are emerging again as candidates for the opto-electronic
device application such as photovoltaic devices and photo detectors. However, most of complex
oxides have much wider bandgap than the materials which are commercially available for
photovoltaic cells. Therefore, engineering the bandgap of complex oxides is a key factor for
developing more efficient oxide photovoltaic cells that have stronger solar light absorption.
This study examined the effects of chemical doping and different calcination temperature
(300~900℃) on Bi4Ti3O12 based oxides synthesized using a solid reaction method. The influence
of cobalt substitution for the titanium atoms in Bi 3.25 La0.75Ti3O12 and the effect of calcination
temperature induced band structure were investigated by the powder X-ray diffraction,
Ultraviolet-visible spectroscopy and photoluminescence measurement.
These powders were characterized structurally by X-ray diffraction. From the powder X-ray
diffraction patterns, it is found that high-calcination temperature in samples can break their
crystallographic symmetry, however, calcined at 700℃ in samples were maintained their
original structure, orthorhombic symmetry, owing to the structural uniqueness of the Aurivillius
phase. The Ultraviolet-visible spectroscopy results show that the decrease of optical band gap
form the absorption spectra of bismuth titanate based powders. These results show that cobalt
atoms were responsible to decrease the optical band gap in bismuth titanate based powder. In
addiction, calcined at 700℃ in samples were found to have a significant band-gap reduction.
The simple alloying approach to control bandgap could be applied to other complex oxides
materials such as other Aurivillius phase materials for use in emerging oxide opto-electronic and
energy applications.
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Au-catalyzed growth of silica nanowires and growth
mechanism
Jong-Hwan Yoon
Department of Physics, Kangwon National University, Chuncheon, Gangwon-do
200-701, Korea
The metal-assisted growth technique is widely employed for fabricating one-dimensional (1-D)
nanostructures, such as nanowires (NWs). Using this method, NW growth has typically been
understood on the basis of a conventional vapor-liquid-solid (VLS) process, first proposed by
Wagner and Ellis [1], but the detailed growth mechanism still remains controversial.
In this work we report silica nanowires (NWs) grown using a thick Au film as a catalyst, and
suggest an alternative vapor-liquid-solid mechanism for NW growth. The silica NWs were
grown by high-temperature annealing of silicon substrates coated with an Au film of either 20
nm or 60 nm thick in a N2 ambient. Numerous Au particles were found to be inside the NWs, as
shown in Fig. 1, unlike NWs with a single Au particle at their top, which plays a role in leading
the growth of NWs. It is suggested that the results are attributed to the push-up growth of NW by
continued formation of silicon oxide on the top and/or side surfaces rather than at the underneath
of eutectic liquid Au-Si alloy suggested in the conventional vapor-liquid-solid process.

Fig. 1. SEM image of silica nanowires grown using a Au film of 60 nm thickness.

[1] R. S. Wagner and W. C. Ellis, Appl. Phys. Lett. 4, 89-90 (1964).
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The Effects of Sintering Temperature on Thermoelectric
Properties of CuAl0.9Fe0.1O2
Aparporn Sakulkalavek* and Rungnapa Thonglamul
*Department of Physics, Faculty of Science, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok, 10250 Thailand
CuAl0.9Fe0.1O2 thermoelectric materials were prepared by solid state reaction. The mixture of
high purity grade Cu2O, Al2O3 and Fe2O3 powder was sintered at 1000 °C, 1050 °C, 1100 °C and
1200 °C for 48 h in air. The microstructure of samples was investigated by XRD and SEM. The
density of sintered samples was measured by Archimedes method. The XRD results indicated
that the single phase of CuAl0.9Fe0.1O2 was obtained after sintering for 48 h. The density of
samples increased with the increasing sintering temperature. SEM observation revealed that
many small pores were dispersed in the sintered sample. Thermoelectric power, electrical
conductivity and thermal conductivity were measured as a function of temperature (100 °C < T <
800 °C). It was found that the density and porosity of the sintered sample effectively affect to
thermoelectric properties.
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Fig 1. XRD spectrum and SEM image of CuAl0.9Fe0.1O2 thermoelectric materials sintered at 1050 °C
for 48 h.
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Ferromagnetic properties depending on Ru-Ru distance in
SrRuO3 thin films
Bowha Lee*, O-Ung Kwon*, Ran Hee Shin*,**, William Jo**,
and Chang Uk Jung*
* Department of Physics, Hankuk University of Foreign Studies, Yongin, 449-791,
Korea
** Department of Physics, Ewha Womans University, Seoul, 120-750, Korea
SrRuO3 (SRO) has received great attention due to its low resistivity and good chemical stability.
Strain effect is one of the key issues for ferromagnetic properties in SRO thin films. The strain
can induce the changes of ferromagnetic transition temperature, magnetic easy axis, and so on.
The previous reports have mainly focused on buckling angle of Ru-O-Ru bonding as the origin
of physical property changes while the change of Ru-Ru neighborest neighbor distance has not
received major attention yet. We would like to figure out the effects of the Ru-Ru distance on its
physical properties in epitaxial SRO thin films.
We tried to change the Ru-Ru distance by using different strain direction. High quality epitaxial
SRO thin films were grown on SrTiO3 (STO) (001) and (111) substrates. We designate the films
as “the SRO001 film” and “the SRO111 film”, respectively. STO (111) substrate is one of the best
to study physical properties depending on the Ru-Ru distance. In the SRO111 film, 8 Ru ions at
the corner of cubic were transformed to rhombohedron by compressive strain. Then, the Ru-Ru
distance (next nearest neighbor) should be reduced while the distance of nearest neighbor Ru-Ru
was unchanged. However the distance of nearest neighbor Ru-Ru does change for “the SRO001
film”.
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Eu-doped BiFeO3 multiferroics : synthesis and
characterizations
Ngo Thu Huong1, 2, Duong The Bao1, Luu Hoang Anh Thu 1, Viacheslav Shaidiuk
2
, Nguyen Hoa Hong2
1
Faculty of Physics, Hanoi University of Science, 334 Nguyen Trai, Thanh Xuan,
Hanoi, Viet Nam.
2
Nanomagnetism Laboratory, Department of Physics and Astronomy, Seoul
National University, Seoul 151-747, Korea.
Abstract: BiFeO3 (BFO) is a promising multiferroic material due to its high ferroelectric (about
1100 K) and antiferromagnetic (about 650 K) ordering temperatures. BiFeO 3 exhibits G-type
antiferromagnetism due to the local spin ordering of Fe 3+. Substituting partially Bi by RareEarth (RE) is supposed to be one of the ways to enhance magnetization of BFO. Eu 3+ was
used to dope partially (from 1 to 3% at.) for Bi in BFO ceramics in order to verify the idea. It is
shown that even though the doping modified the structural parameters and size of grains, no
significant improvement in magnetic properties was observed. All bulk samples of Eu-doped
BFO are paramagnetic at room temperature. Even if there is some possibility that in the thin
film form of the same compositions, a larger magnetic moment can be obtained, it seems that in
comparison to Ho and Sm doping cases, Eu3+ doping should be less advantageous if one expects
to get ferromagnetism in the RE-doped BFO. In the Eu doped-BFO ceramics, it looks like that
the amount of Fe3+ is much favored than that of Fe2+.
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Irradiation Induced Electronic Structure Modifications in
ZnO Thin Films: X-ray Absorption Spectroscopic Study
Sanjeev Gautam*, Keun Hwa Chae*, Jonghan Song*, K. Asokan**
* Advanced Analysis Center, Korea Institute of Science and Technology (KIST),
Seoul 136-791, South Korea
** Inter University Accelerator Centre, Aruna Asaf Ali Marg, New Delhi 110-067,
India
Ion beam modification, such as ion beam mixing, ion implantation, and ion irradiation, can not
only produces materials with desired properties but also helps in understanding the fundamentals
of ion-solid interactions [1]. ZnO has become a promising candidate for applications in
ultraviolet (UV) optoelectronic devices because of its wide band gap and a large exciton binding
energy at room temperature. Hence a controlled modification in the ZnO electronic structure
could make a device useful. We report the modifications in the electronic structure of ZnO thin
films induced by swift heavy ion (SHI) irradiation investigated using Near edge X-ray absorption
fine structure (NEXAFS) spectroscopy. ZnO thin films of about 350 nm thickness are deposited
by radio-frequency (rf) magnetron sputtering method. These highly (002) oriented thin films
were irradiated with 120 MeV Au-ion, 100 MeV O-ion and 45 MeV Li-ion beams separately
with various ion-beam fluence ranging from 1×1011 to 5×1012 ions/cm2. High resolution X-ray
diffraction and NEXAFS spectroscopy at O K-edge and Zn L-edges indicate significant changes
in the electronic structure with different ion-beam and increase in the fluence. The NEXAFS
measurements provide direct evidence of modifications in the unoccupied density of states,
which is very sensitive to the ion-beam used.

Reference:
[1] D. K. Shukla, Ravi Kumar, S. Mollah, R. J. Choudhary, P. Thakur, S. K. Sharma, N. B. Brookes, and
M. Knobel, Phys. Rev. B 82(2010) 174432.
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Structural properties of epitaxially grown PbVO3 thin films
by pulsed laser deposition
S. H. Oh*, R. H. Shin*, and W. Jo*
* Department of Physics, Ewha Womans University, Seoul, Korea
Noncentrosymmetric magnetic material has attracted a great deal of attention as potential
multiferroics because their lack of inversion symmetry is linked to the ferroelectric activity.
PbVO3 (PVO) having perovskite-type tetragonal structure with space group P4mm is the most
interest material among upper material group because PVO has large tetragonality (c/a=1.23)
compared with PbTiO3 (c/a = 1.06) [1, 2]. PVO is known to have the antiferromagetic order
and to have remnant polarization of 152 μC/cm 2 [3]. In this study, we investigated the
crystallographic properties and structural distortion of PVO thin films and clues of polarization
switching. The epitaxial PVO thin films were deposited on pseudo-cubic LaAlO3 (001) and
cubic SrTiO3 (001) substrate by pulsed laser deposition under mixed argon and oxygen ambience.
The relation between tetragonality and ferroelectric polarization of highly distorted PVO films is
demonstrated using x-ray diffraction and piezoelectric microscopy. If co-existance of
antiferromagnetism and ferroelectricity in PVO is confirmed, PVO is a new multiferroic material
which has many merits for the next generation electronic devices.

[1] A. A. Belik et al., Chem. Mater. 17, 269 (2005)
[2] R. B. chanchenko et al., Chem. Mater. 16, 3267 (2004)
[3] Y. Uratani et al., Japan. J. Appl. Phys. 44, 7130 (2005)
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Rietveld analysis and multiferroic properties of Bi and Fe
co-doped BaTiO3
D. H. Kim, M. Y. Lee, Y. M. Kwon and B. W. Lee
Department of Physics, Hankuk University of Foreign Studies, Yongin, Gyeonggido 449-791, Korea
BaTiO3 has been known as a classical ferroelectric material with Curie temperature(T c) at 120oC
and it belongs to a tetragonal structure at room temperature[1]. It has been reported that the
substitution of Bi ion in Ba2+ site (Ba1-xBixTiO3) resulted a maximum in dielectric constant at x =
0.05[3]. The structure of Ba1-xBixTiO3 was reported to be a tetragonal phase[2,3]. On the other
hand, the Fe-doped BaTiO3 was reported to have a magnetic ordering, where the Fe ions
substitute the Ti4+ site[4-6]. The tetragonal phase is merged with a hexagonal phase at dopant
concentration less than 10%[4]. Although the Fe doping can induce the ferromagnetism in
BaTiO3, the ferroelectricity is suppressed since a hexagonal phase is not ferroelectric[4,7]. The
dielectric properties of Bi and Fe co-doped BaTiO3 have been reported by Kumar et al[8-10].
However the structural, magnetic and ferroelectric properties of Bi and Fe co-doped BaTiO3
have not been investigated yet.
We prepared Ba0.95Bi0.05Ti1-xFexO3 (0 ≤ x ≤ 0.1) ceramics via solid-state reaction. We used
GSAS+EXPGUI to do the Rietveld structural refinements. The microstructure of these ceramics
was examined by using a transmission electron microscope(TEM), The high-resolution
transmission electron microscope(HRTEM) and selected area electron-diffraction(SAED). The
magnetic and ferroelectric properties were measured using vibration sample magnetometer and
ferroelectric tester.
We found that the tetragonal phase is observed for x ≤ 0.07. Introducing the Fe doping in
Ba0.95Bi0.05TiO3 ceramic makes the lattice constant c increases, whereas the lattice constant a
decreases. The magnetic hysteresis loop at room temperature is obtained for x = 0.07, whereas
for x = 0 and 0.05 show diamagnetic and paramagnetic properties, respectively. The polarization
versus electric field curve shows the ferroelectric behavior for x = 0.07, indicating the
multiferroic properties exist in Ba0.95Bi0.05Ti0.93Fe0.07O3 ceramic.
Reference
[1] M. M. Vijatović, J. D. Bobić, and B. D. Stojanović, Science of Sintering 40, 155 (2008).
[2]N. Vittayakorn, J. Appl. Sci. Res. 2(12), 1319 (2006).
[3]X. P. Jiang, M. Zeng, K. W. Kowk, and H. L. W. Chan, Key Engineering Materials 334-335, 977 (2007).
[4]S. Y. Qiu, W. Li, Y. Liu, G. H. Liu, Y. Q. Wu, and N. Chen, Trans. Nonferrous Met. Soc. China 20,
1911 (2010).
[5]F. Lin, D. Jiang, X. Ma, and W. Shi, Physica B 403, 2525 (2008).
[6]F. Lin, D. Jiang, X. Ma, and W. Shi, J. Magn. Magn. Mater. 320, 691 (2008).
[7]G. P. Du, Z. J. Hu, Q. F. Han, X. M. Qin, and W. Z. Shi, J. Alloys Compd. 492, L79 (2010).
[8]M. Mahesh Kumar, K. Srinivas, and S. V. Suryanarayana, Appl. Phys. Lett. 76, 1330 (2000).
[9]M. Mahesh Kumar, M. B. Suresh, and S. V. Suryanarayana, J. Appl. Phys. 86, 1634 (1999).
[10]M. Mahesh Kumar, M. B. Suresh, S. V. Suryanarayana, G. S. Kumar, and T. Bhimasankaram, J. Appl.
Phys. 84, 6811 (1998).
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Crystal structure of
(Ru0.75Cu0.25)(Sr1.47Ba0.2Nd0.33)(NdCe)Cu2O10- compound
Ho Keun Lee*
* Department of Physics, Kangwon National University, Chuncheon, 200-701
Republic of Korea
The crystal structure of a Nd-based (Ru0.75Cu0.25)(Sr1.47Ba0.2Nd0.33)(NdCe)Cu2O10- compound
has been studied by using neutron diffraction data collected at 295 K and 65 K. The Rietveld
refinements of the data show that the rotation angle of the RuO6 octahedraon away from the
crystallographic c-axis increases and the tilt angle of the RuO6 octahedraon decreases upon
cooling. It is also observed that the oxygen vacancies are located on both the O(1) site of the
RuO6 basal planes and the O(4) site of the fluorite-type (Nd,Ce)O2- block. The magnetization
data showing paramagnetic behavior are discussed in conjunction with the refined structural
properties of the compound.

Fig. 1. Crystal structure of (Ru0.75Cu0.25)(Sr1.47Ba0.2Nd0.33)(NdCe)Cu2O10-
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The magnetic field dependence properties of electron
phonon interacting system under Circularly Oscillating
Fields in GaN and ZnO
S. H. Lee*, J. Y. Sug**, J. T. Lee*, J. H. Park*
* Depa. of Electrical Engineering, Donga University, Busan, 604-714, Korea
**Depa. of Physics, Kyungpook National University, Daegu 702-701, Korea
We investigated the quantum optical transition properties of GaN and ZnO, in qusi 2-Dinensinal
Landau splitting system, based on quantum transport theory. It is well known the Landau
Splitting system(LSs) is that the electronic state in a crystal, in the presence of static magnetic
field applied along the z-axis, is quantized in the x–y plane. We use the projected Liouville
equation method with the Equilibrium Average Projection Scheme (EAPS). The merit of using
EAPS is that the quantum response function and the scattering factor formula can be obtained in
a one-step process by expanding the quantum transport theory. The optical power absorption
spectrum of the transitions measured in experiments is directly related to the electric
conductivity tensor, and the spectrum’s linewidth to its line-shape function. Hence, it is
important to obtain an explicit expression of the line-shape function for a given confining
potential system on the basis of a theoretical formulation. Recently, we suggested a more precise
procedure of expanding and application of EAPS in Low-dimensional electron systems with the
moderately weak coupling approximation. Theoretical studies of cyclotron transitions in quasitwo-dimensional quantum-well structures have been in active progress over the last several years.
Using the equilibrium density projection schemes (EDPS), in this paper, we will derive the
integrodifferential equation of a dynamic variable, and obtain a response function in FourierLaplace transformed space. We will expand the linear scattering factors in a series form.
Through the continuous approximation of quantum state integration, we obtain final result of the
dynamic value and scattering factor functions in integration form. We analyze the absorption
power and line widths of GaN and ZnO, through the numerical calculation of the theoretical
result in the Landau Splitting system.
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Effects of nano porosity for the optical properties of single
ZnO nanorod
Guru P Neupane*, Min Su Kim*, Ju Bok Lee*, Krishna P Dhakal*, Jeongyong
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Republic of Korea
ZnO nanorods (NRs) were grown from chemical process and optical properties were studied
from single NR before and after the formation of nano porous structures by annealing at high
temperature (500 °C) in argon gas atmosphere. We used high resolution confocal microscope for
photoluminescence (PL) measurement from the single NR.
PL enhancement in both the near-band-edge emission (NBE) (20 %) and the deep-level emission
(DLE) (31 times) was observed in single ZnO NR after the annealing which may be due to the
formation of nano porous structure in the single NR. In addition, we also observed largely blue
shifted (~50 nm) DLE after the annealing, this could be effect of oxygen vacancy formation
during the annealing throughout the NR. Details will be presented.

Fig 1. Confocal scanning image of same ZnO NR before and after annealing and normalized PL spectra
of corresponding NRs.
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Han-Koo Lee, J.-Y. Kim, J.-S. Kang*,1
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**Department of Biotechnology and Bioinformatics, Korea University, Chungnam
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+
Pohang Accelerator Laboratory (PAL), POSTECH, Pohang 790-784, Korea
Molecule-based nanoparticles, such as ferritins and Prussian Blue analogue (PBA) nanoparticles,
are studied to understand the physics of their magnetic phenomena. Ferritin is a primary
intracellular iron (Fe)-storage protein that stores and releases Fe in a controlled fashion.
An[B(CN)6]m∙xH2O Prussian Blue analogues, where A and B are transition-metal ions, show the
photo-induced spin transition and various characteristic magnetic properties depending on their
transition metal ions. In this work, we have studied the electronic structures of the
biomineralized Helicobacter pylori ferritin (Hpf) and PBA nanoparticles of MCo[Fe(CN)6]H2O
(M=Na, K, Rb) by employing soft x-ray absorption spectroscopy and soft x-ray magnetic
circular dichroism. We have determined the valence and spin states of transition-metal ions in
these bio-nanoparticles. This work shows that the valence states of Hpf and PBA nano-particles
play an important role in determining their magnetic properties.
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Effects of the substrate temperature on the zinc-tin-oxide
films deposited by radio frequency magnetron sputtering
Ik-Jae Lee, Nark-Eon Sung, and Yong-Duck Yun
Pohang Accelerator Laboratory, Pohang University of Science and Technology,
Pohang, 790-784, South Korea
Zinc-tin-oxide (ZTO) films were grown by radio frequency sputtering on glass substrates at
various substrate temperatures. The effects of substrate temperature on the characteristics of the
ZTO films were studied using X-ray diffraction, Hall effects and UV–visible transmittance
measurements. The ZTO films were amorphous and maintained their stable amorphous state up
to a substrate temperature of 350°C. With increasing substrate temperature, the ZTO films
underwent an amorphous-to-crystalline phase transition. The Hall mobility of the films was in
the range of 22.7-23.5 cm2/V s in the amorphous phase and 15.4-19.6 cm2/V s in the crystalline
phase. The average transmittance of the ZTO films in the visible region was ≥ 85%. This
research was supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) founded by the Ministry of Education, Science and Technology
(2011-0022268).

Fig 1. XRD diffraction patterns of ZTO thin films deposited on glass substrates by RF magnetron
sputtering at various substrate temperatures.
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Strain-induced metal-insulator transition in LaTiO3 thin
films
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LaTiO3 is one of the representative Mott insulators where strong electronic correlations create a
gap in the electronic density of states. Recently, this material has been attracting wide interest
due to the finding of metallic behavior at the LaTiO 3/SrTiO3 interface. The interface metallicity
has been attributed to the electron transfer from LaTiO 3 to SrTiO3. In this presentation, we
discuss the effects of epitaxial lattice strain on the electronic properties of LaTiO 3 thin films. We
carried out transport and core-level x-ray photoemission spectroscopy (XPS) experiments on
fully strained LaTiO3 thin films grown on GdScO3 (11) and SrTiO3 (001). The LaTiO3 thin film
on GdScO3 has the lattice constants nearly the same with those of the bulk crystal but the film on
SrTiO3 is compressively strained. The resistivity of LaTiO 3/GdScO3 and LaTiO3/SrTiO3 showed
insulating and metal-like behaviors, respectively. The La 4d XPS data of the two films were
found to be nearly identical but the Ti 2p and O 1s XPS results showed discernible differences,
i.e., shift of the main peaks. These results suggest that the contrasting transport behavior of the
two films might be related to the changes in the Ti-O bond due to the epitaxial strain.
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Modulation of threshold voltage by various plasma
treatments in amorphous InGaZnO thin film transistors
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2. IMEP-LAHC, Grenoble INP, Minatec, CS 50257, 38016 Grenoble, France
Amorphous Indium Gallium Zinc Oxides (a-IGZO) have attracted much attention as an active
channel layer of switching thin-film transistors (TFTs) in display panel due to its high field effect
mobility, high transparency, uniformity and low processing temperature. However, the shift of
the threshold voltage (Vth) induced by external stress such as gate bias, temperature, light and
current flow is still one of the issues to be resolved. In this study, we investigated the effects of
plasma treatments on the Vth in various gas environments such as oxygen, nitrogen and argon.
Moreover, X-ray photoelectron spectroscopy (XPS) and X-ray diffraction spectroscopy (XRD)
analysis were carried out to find out the origins of the V th shifts in a-IGZO. Finally, we found
that it was closely involved in the changes of the carrier concentration associated with oxygen
vacancies on the surface. Additionally, the relationship between the field effect mobility and Vth
were discussed based on the experimental results.
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Charge transfer and optical properties of VO2/ZnO
nanorods
Min Su Kim, Guru P. Neupane, Ju Bok Lee, Jeongyong Kim
Department of Energy Science, Sungkyunkwan University, Suwon 440-746,
Republic of Korea
Nanocomposites composed of vanadium dioxide (VO2) and zinc oxide (ZnO) were prepared
and examined by temperature-dependent photoluminescence (> 300 K) (TD-PL), scanning
electron microscopy, X-ray diffraction, and Hall-effect measurements to investigate their optical,
structural and electrical properties. ZnO nanorods with diameters of 120 nm and lengths of 3 µm
were prepared by hydrothermal method. VO2 particles were covered on the nanorods sol-gel
method. In the TD-PL, energies and intensities of near-band edge emission peaks for the
nanorods were decreased with increasing temperature to 60 oC. By further increasing
temperature, however, the intensities were increased while the energies were incessantly
decreased following Varshni's empirical equation, which is due to charge transfer from the
particles to the nanorods above metal-insulator transition temperature.
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Switchable Schottky diode characteristics induced by
electroforming process in Mn-doped ZnO thin films
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We investigated the asymmetric current-voltage (I-V) characteristics and accompanying
unipolar resistive switching of pure ZnO and Mn(1%)-doped ZnO (Mn:ZnO) films sandwiched
between Pt electrodes. After electroforming, a high resistance state of the Mn:ZnO capacitor
revealed switchable diode characteristics whose forward direction was determined by the
polarity of the electroforming voltage. Linear fitting of the I-V curves highlighted that the
rectifying behavior was influenced by a Schottky barrier at the Pt/Mn:ZnO interface. Our results
suggest that formation of conducting filaments from the cathode during the electroforming
process resulted in a collapse of the Schottky barrier (near the cathode), and rectifying behaviors
dominated by a remnant Schottky barrier near the anode.
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Effect of gas adsorption and charge writing on transport
property of LaAlO3/SrTiO3
Haeri Kim1, Seon Young Moon2, Shin-Ik Kim2, Seung-Hyub Baek2, and Ho Won
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1
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Department of Materials Science and Engineering, Seoul National University,
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High mobility and two-dimensional conduction behaviors were observed at LaAlO3/SrTiO3
(LAO/STO) heterointerface. Lots of experimental and theoretical works have been followed to
achieve complete understanding of the fascinating phenomena. We used scanning probe
microscopy (SPM) to investigate how the ambient gas and charge writing using biased tip could
influence the work function and resistance of the LAO/STO heterointerface. We could
understand the ambient dependence based on the gas adsorption/desorption and subsequent
carrier transfer processes. Also, we studied how the charge writing affected the surface potential
and resistance of the LAO/STO interface. Quantitative comparison of the measured data and
those from the models suggested that no single model could explain the charge writing induced
resistance change.

4

Fig 1. Sheet resistance(left) and work function(right) measured in four kinds of gas ambient.
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Kelvin probe force microscopy studies of VO2 thin films during
metal-insulator transition
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3
School of Advanced Device Technology, University of Science and Technology,
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VO2 undergoes the structural phase transition from the monoclinic phase to the tetragonal phase
as well as metal-insulator transition (MIT) near the room temperature. The magnitude of the
resistivity change is over 4 orders during the transition. Due to these reasons, many researchers
have investigated the exact mechanism of MIT during several tens of years. However the origin
is still under debate. Therefore, we investigated the nanoscopic characterizations of the MIT
phenomena of VO2 using Kelvin probe force microscopy (KPFM). KPFM enable us to
investigate local electronic structure of a sample via its work function. We used a home-made
sample holder, which enabled us to measure the resistance of the sample while varying the
temperature during the KFPM experiments. Such simultaneous measurements allowed us to
investigate links between nanoscopic electronic structures and macroscopic transport behaviors.
The work function exhibited abrupt change from 4.88 eV to 4.70 eV at the MIT temperature.
Also we observed coexistence of metallic and insulating phases at intermediate temperatures.
The full width half maximum (FWHM) of histogram of the work function did not change much
during MIT. This suggests that band-bending at the domain boundaries should influence the MIT
behaviors.
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Effect of the pre-heating condition on the formation of
lightweight aggregate
Yooteak Kim*, Chang Sub Jang
* Department of Materials Engineering, Kyonggi University, Suwon 443-760,
Republic of Korea.
This study was conducted to evaluate the feasibility of using bottom ash and dredged soil from
power plant and EAF dust as primary materials for the production of ALA. To prevent abnormal
pore growth in artificial lightweight aggregate due to vigorous bloating process, pre heating and
kerosene addition as proper additive agent were investigated. When the specimens were pre
heated at 400℃, absorbed water and interlayer water in the specimen was leased before sintering
process, cracks and breakage were prevented, so that the quality of artificial lightweight
aggregate was increased. However, when the specimens were pre heated at 700℃, more carbon
dioxide and/or mono-oxide was generated from the carbonation and gas was leased outside.
Ratio of carbon content to iron oxide content was important factor to explain bloating
mechanism. Low content or high content of carbon was not efficient in bloating of the specimens.
In other words, there would be an optimum carbon and iron oxide ratio existing, which could
bloat the specimen maximally. Kerosene as proper additive agent which was added to the
specimens, gas was generated during sintering process and bloating effect was observed on the
artificial lightweight aggregate. As a result, abnormal water absorption drift was suppressed and
water absorption rate was controlled to a certain range.
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Magneto-caloric properties of La0.7Ca0.3Mn1-xNbxO3
compounds
J.S. Hwang(a), K.S. Kim(a) *, B.S. Kang(b), J.S. Lee(c) and S.C. Yu(a)
(a)
Dept. of Physics and BK21 Physics Program, Chungbuk National University,
Cheongju, 361-763, Korea
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380-701, Korea
(c)
Department of Precision Mechanical Engineering, GangneungWonju National
University, Wonju 220-711 Gangwon Korea
The magneto-caloric effect and magnetization behavior have been analyzed in the La0.7Ca0.3Mn1xNbxO3 (x=0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07) compound. Polycrystalline samples were
prepared by standard solid-state reaction in a stream of 5% H2/Ar gas. The temperature
dependence of the magnetization was measured with a commercial vibrating sample
magnetometer (VSM) at various temperatures from 100 K to 300 K in fields up to 10 kOe. The
Curie temperature is decreasing with increasing of Nb concentration from 270 K to 120 K. The
values of magnetic entropy change, ΔSM are increased slightly with increasing Nb content from
x=0.0 to 0.03 and then decreased. The substitution of Nb for Mn affects the lattice and modify
the bond length and bond angle, which thereby change the strength of magnetic interactions. The
magnetic entropy change is believed to be due to changes in the microstructure of the samples.
The enhancement of the larger magnetic entropy seems to favor the increase of magnetic order,
which changes the magnetic part of the entropy of a solid around the magnetic ordering
temperature. In this work, the values of magnetic entropy change will be explained that how to
be changed with increasing Nb content. The magnetic entropy change phenomenon in this
perovskite compound is safely pointed to be attributed to an abrupt jump in magnetization
associated with ferromagnetic to paramagnetic transition at the Curie temperature.
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Much attention has been paid to the rare earth (RE) ions doping luminescence materials for
developing novel optical devices such as solid state lasers, fiber amplifiers, displays, lightings,
and biosensors. Among all the RE ions, Eu3+ is usually adapted as a red emitting center thanks to
it’s unique 4f6 structure that Eu3+ can be activated by ultraviolet rays or cathode rays effectively
and emit high purity color of the red light.
In recent years, Eu3+ activated tungstate materials may be a new phosphors for white LED
excited by nearly ultraviolet which can realize NUV to red light high efficient transformation.
In this paper, we prepared the Eu3+-doped CaWO4 nanophosphors with different doping
concentrations and temperatures by high-energy ball milling method. The phase structure and
morphology were investigated by X-ray diffraction (XRD) and scanning electron microscope
(SEM). In addition, the Eu3+ concentration dependencies of photoluminescence properties were
studied systematically. The study results indicate that the red emission of Eu 3+ 5D0–7F2 transition
(617 nm) in the samples can be effectively excited by 397nm near-UV light and 465 nm blue. So
the CaWO4:Eu3+ red phosphors may have a potential application for white light emitting diodes.
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In the last decades, rare earth doped luminescent materials have caught much attention owing to
their applications in various fields, such as optoelectronics, fiber amplifiers, solid-state lasers and
phosphors. The rare earth ions are characterized by a partially filled 4f shell that is shielded by
5s2 and 5p6 orbitals. The emission transitions yield sharp lines in the optical spectra. Because
rare earth ions have the same electric charge and similar radius, they can be easily replaced by
each other in the host, which always leads to efficient phosphors with special optical properties.
Molybdates, such as Li3Ba2Y3(MoO4)8, Y2(MoO4)3, Gd2MoO6 and SrMoO4 are suitable host for
many rare earth ions doping. For the molybdate system Gd xMoyOz, there are many compounds.
Among them, the photoluminescence properties of Eu 3+ doped Gd2Mo2O9, Gd2Mo3O12 and
Gd2MoO6 phosphors have been investigated as optical materials. It is well known that
concentration quenching often takes place at higher doping content. It is very meaningful to
investigate the mechanism of this kind of non-radiative energy transfer between doping ions.
In this study, we prepared Eu3+ doped Gd2MoO6 phosphors. Gd2MoO6:Eu phosphor powders
were synthesized by using the sol-gel method, and then the powder was annealed at a gradually
decreased temperature from 900 to 1300 °C. The structures and spectra of the as-prepared
phosphors were characterized by powder X-ray diffraction and photoluminescence
measurements, respectively. The phosphor shows efficient absorption of near-ultraviolet (NUV)
light, and it also exhibits excellent performance in emission intensity and color purity compared
with the commercial phosphor in current use. This red-emitting material may be applied as a
promising red component for the NUV excited white diode.
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Recently, White light-emitting diode (LED) has been more attention due to its merits in energy
saving capability, long operation lifetime and environment friendly characteristics. The
commercial white LED is fabricated with a blue-emitting GaN chip coated with a yellow
phosphor YAG:Ce3+. However, white light by generation of blue GaN combined with YAG:Ce 3+
phosphor exhibit low color rendering index due to two color mixing. Furthermore, it is hard to
find other suitable phosphors excited at 460nm efficiently. Eu 2+ activated strontium aluminate is
considered to be a useful phosphor due to the high quantum efficiency, long persistent
phosphorescence and great thermal and chemical stability.
In this study, Eu2+ doped SrAl2O4 has been synthesized at sintering temperature of 1400 ºC with
various content of H3BO3 flux. The structural and luminescent properties of the phosphor
powders were investigated by X-ray diffraction (XRD), field-emission scanning electron
microscopy (FE-SEM), photoluminescence excitation and emission spectra (PL). SrAl2O4: Eu2+
phosphors with x mol% H3BO3 showed pure monoclinic phase and exhibited the broad green
emission with a maximum intensity at 520nm.
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Upconversion is a process that generating higher energy emission from low energy of incident
light. Many trivalent rare earth ions such as Er 3+, Tm3+ and Pr3+ are doped as emission and
absorption centers in these materials. Among the rare earth ions, Er 3+, Yb3+ are very attractive.
Yb3+ have broad absorption band of 850nm~1100nm. When Yb3+ was excited by laser diode,
upconversion luminescence of Yb3+generate in visible range. When Er3+ attach to Yb3+, they
generate effective energy transfer, because of agreement in emission range of Yb 3+ and
absorption range ofEr3+.
In this study, Yb3+, Er3+ doped GdVO4 was synthesized by solid reaction method. The starting
materials are Gd2O3 (99.9%), V2O5 (99.6%) ,Yb2O3 (99.9%), Er2O3 (99.99%).The mixture of
materials made in the way of ball milling for 10h. In all the samples we use the same Er 3+
concentration, and vary the Yb3+ concentration from 1 to 15 mol%. Finally, all the samples were
heated at 1000℃,1100℃and 1200℃ for 10h.The structure of the synthesized materials were
analyzed by X-ray diffraction pattern (XRD) and the field emission scanning electron
microscopy (FE-SEM) of GdVO4:Er3+, Yb3+. And then, upconversion luminescence spectrum
was measured by 975 nm laser diode. Under 975nm laser diode excitation, the GdVO4:Dy3+
powder show the intense green upconversion emission, which is 2H11/2, 4S3/2 →4I15/2. The X-ray
diffraction patterns of GdVO4:Er3+,Yb3+is shown thatthe sample have been successfully
synthesized. The field emission scanning electron microscopyis shown that the sample particle
size is about 900nm~1000nm.
Energy diagram use to examine for upconversion mechanism. And Pump power dependence use
to confirm two photon absorption process for green. The application of upconversion phosphor is
upconversion laser, 3D displays, medical and diagnostic test, increase of efficiency in solar cell.

- 194 -

THU-OX-P01

Growth and enhanced superconducting properties of
CaIrO3 nanoparticle added Bi2Sr2CaCu2O8+δ thin films
Jeffrey C. De Vero*, In-woong Hwang*, Alvin Carl L. Santiago**, Jungwon
Chang***, Jinhee Kim***, Roland V. Sarmago**, Jonghyun Song*
* Department of Physics, Chungnam National University, Daejeon, 305-764,
South Korea
** National Institute of Physics, University of the Philippines, Quezon City, 1101,
Philippines
*** Korea Research Institute of Science and Standards, Daejeon, 305-340, South
Korea
We successfully grow CaIrO3 (Ca-113) added Bi2Sr2CaCu2O8+δ (Bi-2212) thin films using
pulsed laser deposition (PLD) with ex-situ post heat treatment. The Ca-113 nanoparticles were
first deposited on top of MgO (100) substrate followed by the deposition of Bi-2212 layer to
investigate its effects on the superconducting properties and microstructure of Bi-2212 thin films.
The laser pulses were changed from 450 to 1,800 to control the density of Ca-113 nanoparticles
on Bi-2212 matrix. The composite films were then subjected to ex-situ heat treatment in ambient
air at 890°C for 15 minutes to involve partial melting and then rapidly quenched to room
temperature. Finally, all films were subsequently annealed at 850°C for 5 hours. X-ray
diffraction analysis indicated highly epitaxial c-axis orientation for both pure and Ca-113 added
Bi-2212 thin films without any impurity phase. At low density of Ca-113, the superconducting
critical temperature increases up to Tc-onset = ~102 K and Tc-zero = ~90 K compared to pure Bi2212 with Tc-onset = ~95 K and Tc-zero = ~80 K. However, further increase in the amount of Ca-113
significantly reduces Tc-zero to ~66 K. The addition of CaIrO3 also results in the expansion of
lattice volume. These results indicate that Ca-113 nanoparticles at small amount is compatible to
Bi-2212 and thus enhance the superconducting properties of Bi-2212 thin film.
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Thin film transistors (TFTs) based on wide bandgap amorphous oxide semiconductors, including
zinc tin oxide (ZTO), indium gallium zinc oxide (IGZO), indium zinc oxide (IZO), and indium
zinc tin oxide (IZTO) represent a major advance in the field of thin film electronics. In particular,
IGZO is one of the most promising channel materials because of its high carrier mobility, good
TFT performance, low processing temperature, excellent environmental stability, and high
transparency. There is a need for an eco-friendly semiconducting oxide material and TFTs that
do not contain rare materials, such as In and Ga.
In this work, we demonstrate the feasibility of amorphous (Li, Al)-doped ZnO thin film
transistors. The (Li, Al)-doped ZnO thin films for display backplane TFT applications were
deposited using pulsed laser deposition (PLD). Their structural and electronic properties are
studied using XRD, SEM and field effect measurements. The effect of oxygen pressure and
annealing temperature on the performance of (Li, Al)-doped ZnO thin film transistors are
investigated. The performance parameters of devices, such as field effect mobility, threshold
voltage, subthreshold swing, and ratio of on-to-off drain current, are found to depend on the
working oxygen pressure and annealing temperature.
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LiCoO2 is the most widely used cathode material in commercial lithium secondary batteries. but
the resource of cobalt is poor and it is expensive. Therefore, extensive researches have been
carried out over the past 10 years to find alternative cathode materials for lithium ion secondary
batteries. Recently, a transition-metal oxide LiNi1−x−yCoxMnyO2 with similar layered structure to
that of LiCoO2 has attracted significant attention as a potential substitute for LiCoO2 for its lower
cost, less toxicity, good rate capability, better thermal stability and cycling performance, and
higher practical reversible capacity. Among them, in case of Li[Ni 0.6Co0.2Mn0.2]O2 and
Li[Ni0.5Co0.2Mn0.3]O2 has the structural safety and electrochemical properties of the best.
However, recently, research to reduce the cost by reducing the cobalt content has been actively.
So, In the study, we prepared layered Li[Ni 0.6Co0.1Mn0.3]O2 cathode materials by hydroxide coprecipitation method. These materials exhibit low cobalt content and uniform spherical
morphology. The effect of synthesis conditions on the composition, particle size, morphology
and electrochemical properties of the obtained Li[Ni 0.6Co0.1Mn0.3]O2 cathode materials was
investigated.
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Ferroelectric materials have been widely used in commercial field including transducers,
sensors, and non-volatile memory devices because of their outstanding physical properties.
Especially, their high degree of radiation hardness can make them promising candidates for the
device application in space application, military system, and nuclear-reactors. However, despite
this high radiation hardness of the ferroelectric materials, the radiation-induced degradation of
ferroelectric properties has been extensively studied, because it is to get the good performance
during the total lifetime of the ferroelectric devices. In this work, we investigated gamma (γ)
irradiation effects on ferroelectric, dielectric, and impedance properties of Pb(Zr,Ti)O 3 (PZT)
thin films. PZT thin films were prepared on the Pt/Si substrates by using a sol-gel method with
spin-coating process. PZT sol-gel solution was deposited on a substrate and spin-coated with a
rotation speed of 3000 rpm. Then, it was dried at 200 °C for 2 min. and pyrolized at 400 °C on
the different hot plates following the high temperature final annealing process. The prepared
PZT thin films were subjected to gamma radiation with various total doses from 0 Mrad to 30
Mrad. There were no noticeable morphological and structural changes in PTO and PZT films
before and after irradiation. As a total dose increases upto 30 Mrad, about 17 % of the remanent
polarization value decreased and the dielectric constant also decreased much about 850 to 580.
This degradation behavior of polarization and dielectric properties can be explained by the
pinning of domain walls by some radiation-induced defects. We also measured impedance of the
PZT films and analyzed the impedance data by using equivalent circuits to study on the
contributions of radiation-induced defects in the electrical property changes after irradiation.
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Graphene is considered as one of the most promising candidates for future nano-electronics due
to excellent electronic properties. Therefore over the past few years, transistors are fabricated
using the graphene. However satisfactory on/off current ratio in graphene based transistors has
been impossible to obtain due to lack of band gap. According to a previous report,[1]
considerable on/off current ratio can be achieved in a transistor (barristor) with a
graphene/siliconjunction whose barrier height is controlled by gate voltage.
In this work, we fabricated a barristor with a variable junction of graphene and Al-doped ZnO
(AZO). We can expect that the work function of graphene can be modulated by gate voltage and
thus appreciable on/off current ratio is obtained in the non-silicon transistor. In addition, a
transparent thin film transistor is anticipated due to atomic-scale thickness of graphene and wide
band-gap of Al-doped ZnO.

References
[1] Heejun Yang,JinseongHeo, Seongjun Park, Hyun Jae Song, David H. Seo,
Kyung-EunByun, Philip Kim, InKyeongYoo, Hyun-Jong Chung, Kinam Kim,
Science. 336, 1140 (2012).
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Resistive switching phenomena have attracted much interest due to its potential application for
next generation non-volatile memory devices. Although many researches have been conducted
for real application, their some drawbacks, such as poor operation voltage distribution and too
high reset current, are remained as critical obstacles. To solve the problems by finding their
switching phenomena, the filament formation/rupture hypothesis is widely used, however,
microscopic mechanisms for the formation/rupture of filaments are still veiled. Especially, the
fundamental characteristics of conducting filaments were rarely investigated so far.
We deposited NiO thin films with reactive DC magnetron sputtering method on Pt/Ti/SiO2/Si
substrates at 500°C. Various sized patterns were fabricated by using conventional
photolithography technique, and then Pt electrodes were deposited with sputtering method.
These capacitor structures show typical unipolar resistive switching behaviors. Before depositing
top electrodes, we have treated NiO surface by using Ar + ion beams with various conditions.
Although Ar+ ion bombardment did not cause obvious thickness change of the film, fundamental
properties of the Pr/NiO/Pt capacitor such as initial resistance, breakdown voltage, and operation
voltage distribution, have been drastically changed. We believe that variations of nickel-oxygen
bonding in the vicinity of NiO surface played important roles in such changes and thus optimized
Ar+ ion bombardment condition would improve resistive switching properties.
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Zinc oxide is a typical transparent conducting oxide with a number of great characteristics such
as large band gap, low dielectric constant and large exciton binding energy, which find various
applications in sensor, transducer, heaters and defrosters, solar cells, semiconductor, LED and
transparent electrodes. In this paper, we report upon an investigation into the effect of RF sputter
power on the stress of Al doped zinc oxide (AZO) films deposited on glass substrates. The AZO
film was sputtered at fixed Ar gas ration (15sccm) under 0.0052~0.0054pa working pressure
while varying the RF power in the range of 200W to 1400W (200 units). The stress in the film
was evaluated by measuring the radius curvature using the X-ray diffraction’s (XRD) omega
scan. Moreover, the optical and electrical characteristics of the AZO films were examined in
conjunction with the change in film curvature that appears to be dependent of the RF power.

Fig 1. XRD patterns of AZO film with different RF power
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This research studies a fabrication of bismuth sodium titanate (BNT) powders and effect of
Nb2O5 addition on structure and properties of BNT ceramics. The powders were synthesized via
high-energy ball milling for 2 hours by a mixed–oxide process and calcined at 500-800C for 2
hours at a heating/cooling rate of 5C/min. After that, The BNT/xNb ((Bi0.5Na0.5)1-x/2(Ti1xNbx)O3) powders were prepared using x = 0, 1, 3 and 5 mol%. The mixture was calcined at
800C. The powders were then pressed and sintered at different temperatures for 2 hours. Further
ceramics were investigated in terms of chemical composition, microstructure, physical and
electrical properties.
The results show that the rhombohedral perovskite-BNT phase was obtained in BNT
nanopowders at the calcination temperature of 800C. The particle size was 100 to 200 nm. BNT
ceramics were sintered at temperatures ranges of 1050 to 1200C for 2 hours at a heating/cooling
rate of 5C/min. The results show that the grain size and relative density increase with increase
in the sintering temperature. Further the largest relative density of the BNT ceramics is 96.45%
theoretical density at sintering temperature of 1200C. For the study of BNT/xNb ceramics were
prepared using x = 0, 1, 3 and 5 mol%. The ceramics was sintered at temperatures of 1200C for
2 hours. The results show that the relative density increases with increase Nb 2O5 from 0 to 3
mol%, whereas the grain size decreases with increase adding Nb 2O5 from 1 to 5 mol%. In
addition, the dielectric constant increases with increasing Nb2O5 content.
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Historically, industries of semiconductor have been occupied by Si based devices with abrupt
development of electrical societies. It made keep people’s eye on movable digital world with
investigating of kind of portable memories such as USB called flash memory and so on.
Unfortunately, These revolution thing faced limitation in its speed, operation power, and density
due to principle of device operation such as tunneling effect. Need to improve abilities of
memory device based with Si caused to propose next generation nonvolatile memory known as
ReRAM (Resistive Random Access Memory). In this device, unipolar switching device which is
one of well-known studies about principle of ReRAM switching principle is explained by
formation of conducting filaments in device by thermally damage come from electric field
distribution on surface of insulator layer. However, ReRAM has been interrupted to application
by critical weakness of it which is poor resistance switching performance. It results in writing
wrong information which is attributed to switching voltages (V set and Vreset) fluctuation. To
improve switching properties, we suggest graphene. In this experiment, we introduce a new
ReRAM device using defective-graphene to control electric field distribution effectively caused
stable switching voltage values.
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Magnetic nanoparticles (MNPs), as magnetic resonance (MR) contrast agents (CAs), have been
the subject of extensive research fields over the past decades. The size of the MNPs varies
widely, and influences their physicochemical and pharmacokinetic properties. The MNPs made
by the co-precipitation method are intrinsically water-soluble but have relatively wide particle
size distribution. Size-controlled water-soluble MNPs provide us a lot of possibilities in MRI
contrast agents, cell sorting and labeling applications. Low sensitivity of MRI is the one of main
issues to be overcome today. One of the ways to endure the limitation of the low sensitivity is by
increasing T2 relaxivity (r2), which has been studied widely. As T2 relaxivity increases, not only
the MR sensitivity is increased, but also dose amounts of the CAs can be reduced in in vivo MR
imaging, leading to a reduction of biotoxicity of the CAs. Fe 3O4 MNPs by an aqueous solution
co-precipitation method were synthesized. The MNPs were separated into four sized groups by
centrifugation with different g values. Among the four groups, we selected one group and made
it aggregated to nanoclusters by control pH value. Finally, the nanoclusters were coated with
silica. The shapes and size distributions of the silica-coated nanoclusters (SCNCs) were
measured by transmission electron microscopy (TEM), and T 2 relaxivity of the SCNCs was
measured by using a 4.7 T MRI.
This study showed the synthesis of the iron oxide MNPs by co-precipitation method and the
regulation of MNPs' size by centrifugation method. Moreover, pH-dependent MNPs were
successfully coated with silica, providing nanocluster and improving T 2 relaxivity.
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In fundamental and applied materials sciences, the levitation system makes it possible to realize
the scientifically significant experiments by providing contactless material synthesis and
characterization. In particular, the electrostatic levitation (ESL) system combined with high
power laser is considered as the leading–edge system in material science due to the its ability
processing independently heating and levitation control. Base on the ESL, there have been
tremendous researches for the most of metal elements with high melting temperature. However,
in spite of tremendous research in ESL there have not been reports for the melting of the gold,
silver and copper that are all the highest conductive elements among all earth element and belong
to Group 11 in periodic table. This is mainly due to the mysterious missing of levitation stability
before melting and the uncontrollable situation commonly happened in all world-wide ESL
experiments.
In this presentation, we focused on the irregular contributions of charges at grain boundaries
which could be responsible for electron emission during heating. Here, using the grain-free
single crystal grown by Czochralski method, we succeeded in the continuous and stable heating
above melting points of Ag and Cu single crystals and even Ag1-xCux mixed crystal using ESL.
Previously, we found the enhancement of conductivity in mixed crystals with increasing doping
contents which is contradictory to conventional phenomena in alloy. In ESL experiments of the
Ag1-xCux (x=0.01, 0.02, 0.03, 0.10) mixed crystals, we report the increase of high temperature
specific heat (Cp) proportional to x, that could reveal the relation between lattice modification
and conductivity enhancements in metal crystals.
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Multichannel spectroscopic ellipsometer is developed which can operate in 4.0-8.3 eV range and
this system is integrated into vacuum chamber in which processing is carried out. We employed
this instrument for real-time studies of the crystallization of zirconium oxide thin film. Fig. 1
shows the ellipsometric spectra collected in every 3 s during annealing experiment. Data clearly
show the phase transition during annealing, which is not detectable with a conventional real-time
spectroscopic ellipsometer. To the best of our knowledge, this is the first in situ study performed
by realtime vacuum uv spectroscopic ellipsometry. We describe the system in detail and we
show the analysis results of realtime data.

Fig 1. Evolution of the ellipsometric parameter, Psi, of zirconium oxide thin film collected in real-time
during annealing experiment.
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The photoinduced hydrophilicity of TiO2/WO3 double layer films fabricated by using a
conventional RF-magnetron sputtering method were evaluated. the photoinduced hydrophilic
reaction of the TiO2 surface was enhanced by the presence of WO3 under the TiO2 layer by
irradiation of a 10W cylindrical fluorescent light bulb. However, when the TiO2 and WO3 layers
were separated by an insulating layer, the surface did not become highly hydrophilic under the
same light bulb. The enhanced photoinduced hydrophilic reaction can be explained by the charge
transfer between TiO2 and WO3 layers. It is found that TiO2/WO3 double layered films may be
applied as coatings on indoor products requiring antifogging and self-cleaning properties because
the films produce a highly hydrophilic surface even with indoor lights.

Fig 1. Changes in water contact angles of the films (A), (B), (C), and (D) under (a) 0.1mW/cm 2 UV light
irradiation and (b) a fluorescent light bulb with
UV intensity of 10 μW/cm2.
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Here, we have investigated an MCE of Mn-deficient polycrystalline La0.8Ca0.2MnO3.06 (LCMO)
and La0.8Ca0.2Mn0.975O3.01 (LCM0.975O) samples, which were prepared by a solid-state reaction
method. Magnetic properties were measured by means of a vibrating sample magnetometer
(VSM). Figure 1 shows thermo-magnetization curves, M(T), for Mn-deficient samples with TC ~
154 K for LCM0.975O and TC ~ 192 K for LCMO. Maximum entropy change of Mn-deficient
LCM0.975O (-ΔSM max = 0.67 Jkg–1K–1) decreases significantly compared to the maximum
entropy change of LCMO (-ΔSM max = 1.34 Jkg–1K–1) under external field of 10 kOe as shown
in Fig. 2. H/M versus M2 curve shows that both cases exhibit second order magnetic phase
transition. Interestingly enough, M(T) curve, we find that the magnetization of Mn-deficient
LCM0.975O increases than the case of LCMO under low applied fields less than 100 Oe but
decreases under high applied fields greater than 7 kOe, which is considered to be caused by
excessive Oxygens. Moreover, the maximum entropy change of Mn-deficient LCM0.975O
decreases than that of LCMO as well as the TC without changing the second order behavior of
the magnetic.

Fig 1. M(T) curve for polycrystalline (a)
La0.8Ca0.2Mn0.975O3.01 and (b) La0.8Ca0.2MnO3.01
under an applied field of 100 Oe. Insets are
temperature-dependent magnetization under an
applied field of 0.7 T.

Fig. 2 Entropy change for polycrystalline
La0.8Ca0.2MnO3.01 (solid circle) and
La0.8Ca0.2Mn0.975O3.01 (open circle) under an applied
field of 1.0 T.
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Department of Material science & Engineering University of Silla, Busan, Korea
ZnGa2O4:REx3+ (RE=Tm, Yb) phosphor powders were synthesized by solid state reaction.
Phosphor powder were measured by using the X-ray diffractometer(XRD-6,000, Shimadzu)
using the Cu-Kα radiation(λ=0.1540596 nm). Particle sizes of crystal and surface shapes were
investigated by a FE-SEM(field emission-scanning electron microscopy, Hi-tachi S4300).
Photoluminescence excitation (PLE) and Photoluminescence (PL) spectrum were measured
Fluorescence spectrometer(FS-2, Scinco) used having a luminous source from Xenon lamp at
room temperature. In the presence of Yb3+ ions, the emission is also achieved by near infrared
excitation through a typical upconversion process under 976 nm. The suitability of material in
increasing the efficiency of silicon solar cell has been realized. This phosphor show that for
co(Tm3+, Yb3+) doped samples one emission from the each activator which is obtained the
blue(Tm3+) emission.
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Magnetocaloric effect and critical behavior of Dy-doped
La0.8Pb0.2MnO3
T. A. Ho*, T. D. Thanh**, T. L. Phan*, and S. C. Yu *,a
*
Department of Physics, Chungbuk National University, Cheongju 361-763, Korea
**
Institute of Materials Science, Vietnam Academy of Science and Technology, Hanoi,
Vietnam
We studied the magnetocaloric effect and critical behavior of a perovskite manganite
(La0.9Dy0.1)0.8Pb0.2MnO3 prepared by solid-state reaction. A large magnetic entropy change,
which is calculated from M(H) has been observed. Around the ferromagnetic-paramagnetic (FMPM) phase transition temperature of TC ≈ 246 K (the Curie temperature), the magnetic entropy
change (ΔSm) reaches a maximum value (denoted as |ΔSmax|), which is about 1.1 J.kg-1.K-1 under
an applied magnetic field change of 10 kOe. Detailed studies and analyses around the FM-PM
phase transition region demonstrate the sample undergoing a second-order magnetic phase
transition. Basing on the modified Arrott plot method, we have determined the critical
parameters (TC, β, γ, δ) in the low magnetic field region (H max = 10 kOe) with TC = 246.7 K, β =
0.546 ± 0.01, γ = 1.221 ± 0.178, δ = 3.3 ± 0.01. Comparing to the standard models, β value in our
work is close to those expected for the mean-field theory (β = 0.5). This result reflects an
existence of long-range ferromagnetic order in (La0.9Dy0.1)0.8Pb0.2MnO3. Together with the
temperature dependences of the saturation magnetization (MS), the remanent magnetization (Mr)
and variations of the coercivity (HC) for (La0.9Dy0.1)0.8Pb0.2MnO3 compound have been also
assessed to figure out the physical picture taking place in the system.
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Critical behavior and local structure of
non-stoichiometric Nd0.5Sr0.5MnO3 single crystalline
Dwi Nanto1, Dong-Seok Yang2 and Seong-Cho Yu1, Sergey Telegin3 and Andrey
Telegin3
1

2

Dept. of Physics, Chungbuk National University, Cheongju, 361-763, Korea
Physics Division, School of Science Education, Chungbuk National University,
Cheongju 361-763, Korea
3
Institute of Metal Physics, UB of RAS, Yekaterinburg, 620990, Russia

Here we study in detail critical behavior of non-stoichiometric Nd0.5Sr0.5MnO3 (NSMO). By
using the modified Arrott plot method, the critical parameters were obtained to be TC  267.05
K, β =0.488 ± 0.007, γ = 1.005 ± 0.048 as shown in Fig. 1. The values of β obtained is close to
expected the mean-field theory (β = 0.5). Such the results demonstrate an existence of
ferromagnetic long-range order in non-stoichimetric NSMO system. To find out other
perspective, we perform local structure study around the central atom of Mn by using extended
X-ray absorption fine structure (EXAFS) measured at Pohang Accelerator Laboratory (PAL),
South Korea as shown in Fig. 2. More detail discussion interestingly important to have
explanation in such non-stoichimetric single crystalline NSMO.

Fig. 1. MS (T) and 0-1(T) curves, together with the
fitting curves based on the critical laws.

Fig. 2. Photon energy absorption of
Nd0.5Sr0.5MnO3 non-stoichimetric compare to
Mn-foil.
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Optical characterization of manganese doped SrZrO3
M. H. Cho and Y. S. Lee
Department of physics, Soongsil University, Seoul 156-743, Republic of Korea
The Mn ion doping has been widely utilized for improving the dielectric property and inducing
new magnetic/optical property of d0 band insulators. We newly synthesized Mn-ion doped
SrZrO3 (SrZrO3:Mn) in the solid state reaction method, and investigated their emission property
with 325 nm photo-excitation. Our emission spectra show several sharp modes near 700 nm,
which are the 2E → 4A2 transition with the zero-phonon line at 676 nm and the associated side
bands for the doped Mn4+ ions. Strong temperature dependence in these emission modes might
be related to the dielectric behavior in this material. We also discuss the electronic structure of
SrZrO3:Mn from absorption and excitation spectra.
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Dielectric Resonance Effect with Negative Permittivity in
La1.5Sr0.5NiO4+δ Ceramic
Tran Dang Thanha,b,†, T. L. Phana, N. V. Dangc, L. V. Hongb, and S. C. Yua,*
a
Department of Physics, Chungbuk National University, Cheongju 361-763, Korea
b
Institute of Materials Science, Vietnamese Academy of Science and Technology,
18-Hoang Quoc Viet, Hanoi, Vietnam
c
Department of Physics, College of Science, Thai Nguyen University, Thai
Nguyen, Vietnam
A polycrystalline sample of La 1.5Sr0.5NiO4+δ was prepared by solid-state reaction. X-ray
diffraction proved the sample to be a single phase in a tetragonal structure (space group:
I4/mmm). By using an Iodometric titration method to determine non-stoichiometric oxygen
concentration (δ) in La1.5Sr0.5NiO4+δ, it was found to be δ = -0.017, which corresponds to a
doping level of nh = x + 2δ = 0.466. A strong increase of magnetization on M(T) curve at below
spin ordering temperature (TSO ~ 100 K) was observed. M(H) curves show very small magnetic
moments, which proves the weak ferromagnetic in La1.5Sr0.5NiO4+δ. The dependence of dielectric
constant on frequency and temperature, ε(ω, T) = ε'(ω, T)+ iε''(ω, T), was investigated in the
frequency range of 1 kHz - 13 MHz. Around room temperature, the maximum of the real part (ε')
is higher than 105. Particularly, there is an abnormal dependence of the permittivity on frequency.
Depending on temperature, a dielectric resonance can take place at about 500 kHz or 8 MHz.
Interestingly, we have observed the dielectric-resonance effect with a negative permittivity. Such
the feature is very similar to that observed in left handed materials. The fitting of experimental
data of dielectric constant around the resonance frequency to the equations associated with an
equivalent circuit of RLC series proves that La1.5Sr0.5NiO4+δ belong to a multiferroic material.
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Growth and in-plane magnetic anisotropy of inverse spinel
structured Co2MnO4 thin films
Taeyeong Koo*, Jaeyeong Kim*, and Jonghyun Song**
* Pohang Accelerator Laboratory, Pohang 790-784, South Korea
** Department of Physics, Chungnam National University, Daejeon, 305-764,
South Korea
Co2MnO4 thin film, which crystallize in inverse spinel structure, is a strong candidate of
multiferroics which also can be used in various technical applications due to their thermal,
optical, electrical and magnetic properties. In the present work, we report on the growth of
epitaxial Co2MnO4 thin films on Nb-doped SrTiO3(100) (Nb-STO(100)) and Nb-doped
SrTiO3(110) (Nb-STO(110)) substrate using Pulsed Laser Deposition and their magnetic
characteristics. Both Co2MnO4 thin films grown on Nb-STO(100) and Nb-STO(110) substrates
have double domains with different lattice constants. The temperature dependence of
magnetization for both samples showed same magnetic Curie temperatures of ~175K with the
negative value of magnetization in zero-field-cooled mode whereas it turned to positive in fieldcooled mode. For Co2MnO4(001)/Nb-STO(100) thin film, magnetic hysteresis loops showed
isotropic behavior on the in-plane of the sample surface. However, interestingly,
Co2MnO4(110)/Nb-STO(110) film exhibit a large in-plane magnetic anisotropy even with cubic
crystal structure. These observations indicate that the magneto-crystalline energy plays an
important role in determining the spin structure of Co 2MnO4 thin films. In this presentation, we
discuss the correlation between the crystal orientation and magnetic anisotropy of Co 2MnO4 thin
films.
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Resonant X-ray Scattering Study of Spinel Co2MnO4
J. H. Song*, D. S. Lee, and T. Y. Koo**
* Department of Physics, Chungnam National University, Daejeon, 305-764,
** Department, Pohang Accelerator Laboratory, Pohang University of Science and
Technology, Pohang 790-784, Korea
X-ray resonant enhancement of a forbidden reflection in the ferrimagnetic inverse spinel
Co2MnO4 single crystal is presented. Anisotropic X-ray scattering results near the K absorption
edges of Co and Mn including azimuthal angle dependence are explained to result from the
anisotropic tensor character of X-ray susceptibility. Calculations including the various multiple
transition channels such as E1-E1, E1-E2, and E2-E2 with two polarization projections are
compared with the experimental data. The effect of magnetic long range order is also discussed
with temperature dependence of resonant reflection.
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Fabrication and property of cement/rice husk ash/ natural
rubber latex composites
Nittaya Jaitanong and Tanapong Chaipunti
Program in Materials Science, Faculty of Science, Maejo University,
Chiang Mai, 50290, Thailand
The physical and mechanical properties of Portland cement (PC)- natural rubber latex (NRL)rice husk ash (RHA) composites have been investigated. The latex per cement ratios that use in
this experiment are 0, 0.10, 0.15 and 0.20 by weight of cement. Portland cement (PC) was
partially replaced with rice husk ash at 20% by weight of binder. The rice husk ash was ground
for 180 minutes before using. Water cement ratio equal of 0.5 (by weight not include water in
latex). Nonionic surfactant was added in cement before mixed with natural rubber latex. In
addition, to provide latex from natural rubber latex, the ammonia solution is added into natural
rubber. The specimens were packing into an iron mold which sample size of 5x5x5 and 4x4x14
cm3 respectively. Moreover, the PC-NRL-RHA composites were cured in water for 3, 7 and 28
days at room temperature before measurement. Then, physical properties, mechanical
properties (compressive strength and flexural strength) and microstructure were studied.
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Temperature dependent optical properties of SrTiO3 from
spectroscopic ellipsometry
Mangesh S. Diware, Jae Chan Park, Yuri Kang, Young Dong Kim
Nano-Optical Property Laboratory and Department of Physics, Kyung Hee
University, Seoul 130-701, Republic of Korea
SrTiO3 is a member of perovskite family with ideal cubic structure which makes it a most
promising candidate as a substrate for high-k and superconducting materials.
We report a study on the temperature dependence of dielectric function ε spectra of SrTiO3
single crystal, performed by spectroscopic ellipsometry in the energy range 0.74 to 6.42 eV. Data
were measured as a function of temperature from 300 to 674 K. The ε of SrTiO3 is described by
a Tauc-Lorentz oscillator model and a surface over-layer by a Bruggeman effective medium
approximation with 50% substrate and 50% void. The critical-point (CP) energies were obtained
from numerically calculated second energy derivative of the measured data. A red-shift in the CP
structure followed by a broadening is observed. This study could be helpful in designing better
multilayer structure for high performance oxide electronics and also in understanding interface
physics of these multilayers.
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Effect of calcination temperatures on phase formation and
microstructure of CaO prepared from Wing shell
Suthasinee Kheawmaneenai, Chontira Sangsubun*
* Department of Physics, Faculty of Science, Thaksin University, Phatthalung,
93110, Thailand
The objective of this research is to study effect of calcination temperatures on phase formation
and microstructure of Wing shell. Wing shell powders were prepared by a high-energy ball
milling method. After the powders was calcined at different temperatures ranging from 5001000C. Results show that X-ray diffraction pattern had confirmed the presence of CaO
phase after calcined at 1000 C. The microstructure and chemical composition was investigated
using scanning electron microscopy and energy dispersive X-ray spectrometer. The results of
energy dispersive X-ray found that the powder of Wing shell after calcined at 1000 C contained
mainly Ca and O (fig.1).

Fig 1. SEM micrograph and EDX spectrum of Wing shell powder was calcined at 1000 C.
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Tunable Upconversion Luminescence of Scheelite Structural
Double Tungstate
Jung-Il Lee*, Kyoung Won Cho*,**, Jeong Ho Ryu*,***
* Department of Materials Science and Engineering, Korea National University of
Transportation, Chungju, Chungbuk 380-702, Korea
** Department of Advanced Materials Engineering, Chungbuk National University,
Cheongju, Chungbuk, 361-763, Korea
*** Regional Innovation Center, Korea National University of Transportation,
Chungju, Chungbuk 380-702, Korea
In recent years, research on upconversion (UC) materials, particularly the lanthanide-doped UC
phosphors, have attracted much attention because of their unique properties that can convert low
energy such as infrared (IR) radiation to high energy such as visible or UV light. In particular,
white UC luminescence has been extensively studied, because white luminescent UC phosphors
can replace conventional lighting sources in optical devices and three-dimensional backlighting
for color displays. Also, white UC phosphors can be used as bio-medical probes with extended
simultaneous detection, a capability unmatched by conventional bio-labeling.
In this work, we report the intense white UC luminescence of Tm3+ and Ho3+ co-doped scheelite
structural double tungstate (NaLa(WO4)2) crystals. Yb3+ ions are co-doped as sensitizer ions for
improving the UC emission efficiency. The color index of white UC emission is modulated by
controlling the blue, green, and red components depending on the doping concentrations of Tm 3+
and Ho3+ ions. Polycrystalline Tm3+ and Ho3+ co-doped scheelite structural double tungstate
(NaLa(WO4)2) phosphors were prepared by a solid state reaction method. The effects of Ho 3+,
Tm3+, and Yb3+ ions on the photoluminescence (PL) of the scheelite structural double tungstate
(NaLa(WO4)2) and possible UC mechanism are discussed in detail.
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Structural and ferroelectric properties of polar BiInO3 thin
films on Pt and MgO substrates grown by pulsed laser
deposition
Hye-Jin Jin1, Seol Hee Oh2, and William Jo*
* Department of Physics, Ewha Womans University, Seoul, 120-750, Korea
Polar oxide BiInO3 (BIO) attracts intention because it is a potential multiferroic at room
temperature and forms morphotrophic phase boundary with PbTiO3. Epitaxial growth of the BIO
thin films was explored on a variety of crystal substrates by pulsed laser deposition. In early
studies, BIO thin films were deposited on Pt(111)/Ti/SiO 2/Si substrates. Phase formation and
dielectric properties of the films were investigated. Ferroelectric domains of the BIO films on
metal substrates were investigated by piezoresponse force microscopy. With the optimized
growth conditions, BIO films were in-situ grown on MgO(100) crystal substrates, of which the
lattice constant (a = 4.21 Å ) are well-matched with the lattice constants of BIO (a = 5.954 Å and
b = 8.386 Å ) [1]. From x-ray diffraction, the as-grown BIO films exhibited c-axis oriented
growth with in-plane alignment of 45 degree rotating twins. Structural changes in lattice
parameters and distortion of the oxygen octahedral of the BIO films are discussed.
[1] A. A. Belik et al., Chem Mater. 2006, 18, 1964-1968.
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Mechanism of the early and the later stage of the reset
process of bipolar resistance switching Ta/TaOx/Pt
capacitors
Sang-Chul Na, Jae-Jun Kim, Min Chul Chun, Da Hee Jin, and Bo Soo Kang
Department of Applied Physics, Hanyang University, Ansan, 426-791, Korea
There has been a lot of interest paid to resistance switching phenomena due to its potential
application to non-volatile memory devices. The switching between high resistance state and low
resistance state could be repetitively triggered by electrical voltage bias. The switching
mechanism of resistance switching oxide films is thought to be related to oxygen vacancies,
possibly in a nano-structure of conducting channels. However, it is not easy to directly observe
the conducting channels. Furthermore, the switching process occurs abruptly while the voltage is
applied.
In this work, we applied voltage pulses with pulse width of 2 s to bipolar switching Ta/TaO x/Pt
thin film capacitor cells in order to investigate the transition from HRS to LRS, called the reset
process. The resistance and capacitance of the switching cell were measured in the intermediate
states during the transition by increasing the number of pulses. An analysis of the resistance and
the capacitance based on a simple model is used to explain the early and the later stage of the
reset process.
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Photoresponse of Pt/Nb:STO Schottky junctions
Yoonjung Kim, Haeri Kim, and Dong-Wook Kim*
Department of Physics, Ewha Womans University, Seoul, 120-750, Korea
We investigated spectral photo-response of Pt/Nb-doped SrTiO3 (Nb:STO) single-crystal
junctions, showing bipolar resistive switching (RS) behaviors. Both of the forward and reverse
transport characteristics of the junction exhibited clear distinction when the sample is illuminated.
Such results might be signatures of interfacial trap states: capture and emission of the carriers to
the trap states would cause reversible change in interface potential profile. This study will
provide us clues to understand how the trap states contribute to the RS mechanism of the
metal/oxide Schottky junctions.
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Fabrication of SiO2 nano-patterns using microwave
nanoimprint lithography
Heetae Kim, Je-Hong Choi, Bit-Na Go, and Heon Lee*
* Department, Department of Materials Science and Engineering, Korea University,
Seoul 136-713, Republic of Korea
SiO2 nano-patterns were fabricated with microwave nanoimprint lithography in which
nanopatterning process and microwave heating are performed simultaneously in a single
chamber. Moth-eye patterns and blanket thin film of SiO2 layers were formed on glass substrate
as a function of microwave heating time. Optical properties of moth-eye, pillar, and patterned
sapphire substrate (PSS) patterns were measured. XRD peak intensity of SiO2 thin film by
microwave heating was not increased much compared to XRD peak intensity without microwave
heating since the microwave heating does not affect much the structure of SiO2 nanoparticles.

Fig 1. SEM images of moth-eye, pillar, and patterned sapphire substrate (PSS) pattern on glass
substrate. Moth-eye pattern of (a) top view and (c) side view. Pillar pattern of (b) top view and (d) side
view.
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Study on the dielectric functions of GdAlOx/Si films by using
vacuum ultra-violet spectroscopic ellipsometry
Jae Chan Park1, Tae Jung Kim1, Sang Hyub Lee2, Soo Min Hwang2, Nilesh
Barange1, Han Gyeol Park1, Junho Choi1, Young Dong Kim1, and Jin Ho Joo2
1
Nano-Optical Property Laboratory and Department of Physics, Kyung Hee
University, Seoul 130-701, Korea
2
School of Advanced Materials Science and Engineering, Sungkyunkwan
University, Suwon 440-746, Korea
Rare earth oxides are promising materials for complementary metal-oxide-semiconductor (CMOS), logic,
and memory semiconductor application as high-k gate layers. GdAlOx (GAO) is a candidate for
implementation material, contributing to continuous performance enhancement for semiconductor
applications. To properly design devices, the complex dielectric function values are important factors.
However, the optical properties of GAO deposited by sol-gel processing have not been reported so far. In
this work, we present dielectric functions of GAO films deposited by the sol-gel method as a function of
the film thickness and post-annealing temperature.
The GAO precursor solutions were prepared by ratio of Gd:Al = 5:5 with different mole concentrations of
0.1-0.4 M in order to control the film thickness. The solutions were deposited by spin coating, dried on a
hot plate, and then sintered at 400oC for 2 h in ambient air. Post-annealing was performed with rapid
thermal anneal (RTA) for 1 min in N2 ambient to determine the annealing temperature dependence of the
dielectric properties of the GAO.
The pseudodielectric functions were measured in the range of 1.12 to 6.5 eV and 6.5 to 8.5 eV by general
spectroscopic ellipsometry (SE) and vacuum ultra-violet SE, respectively, at room temperature. The
dielectric functions of GAO layer were best represented by the Tauc-Lorentz dispersion model with
multilayer calculation using the four-phase model (ambient/GAO/SiO2/Si). The changes of dielectric
functions of the films with various film thickness and annealing temperature were clearly observed.
Figure 1 shows dielectric function at several annealing temperatures. Also, we observed an increase of the
film thickness with mole concentration, and demonstrated that the GAO film thickness can be controlled
in nano-scale by varying the mole concentration. Our results are expected to be useful for optimizing the
properties of GAO as a material for printed electronics.
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Fig. 1. (a) Real and (b) imaginary parts of dielectric function of GAO films at various annealing
temperatures.
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Magnon scattering in Ga-doped hexagonal
HoMnO3 thin films
Ji-Yeon Nam1, Xiang-Bai Chen2,*, Nguyen Thi Minh Hien1, D. Lee3, T. W. Noh3,
and In-Sang Yang1,*
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3
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Seoul 151-747, Korea
We present a study of magnon scattering in hexagonal manganite HoMn 1–xGaxO3 thin films
through temperature dependent polarized Raman spectroscopy. As Ga concentration increases (0
to 10%), the magnon energy shows negligible shift, while the magnon intensity shows about
50% drop. Our discussion suggests that the magnon scattering in HoMn1–xGaxO3 could only be
excited in the Mn-Mn domain: the magnon energy is still determined by the intrinsic Mn-Mn
interaction, while the magnon intensity is affected by both Ga concentration and the number of
neighbors of Ga ion. From the temperature dependent magnon scattering, Néel temperatures of
HoMn1–xGaxO3 thin films are deduced optically, and Ga dependence of Néel temperature is
discussed.
-

Keywords: magnon, hexagonal manganite; Ga doping; Raman scattering; Néel temperature
Poster Presentation, Oxides/Magnetic Materials
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Piezoelectric, dielectric and domain configurations of Ni
substitution on P(BN)ZT ceramic
Nittaya Jaitanong*, and Arnon Chaipanich**
* Program in Materials Science, Faculty of Science, Maejo University,
Chiang Mai, 50290, Thailand
** Department of Physic and Materials Science, Faculty of Science, Chiang Mai
University, Chiang Mai, 50200, Thailand
In the present study, the effect of nickel doping on the piezoelectric and dielectric properties of
lead bismuth niobate zirconate titanate, P(BN)ZT solid solution were investigated. P(BN)ZT
powder doped with nickel nanoparticle in the composition of (1-x) PBNZT–xNi when x = 0.00,
0.02, 0.04, 0.06, 0.08 and 0.1 percent by mole. P(BN)ZT doped with nickel powder were
calcined at 900 ºC for 2 h and sintered at the temperature range of 1150 -1250ºC for 2 h with
heating/cooling rate of 5 ºC/min. The dielectric constant (r) and the dielectric loss tangent (tan)
of all ceramics were measured at room temperature using LCR meter. The piezoelectric
properties (d33) of all ceramics were measured at room temperature using d33 meter. The micro
and nano-domain structure was clearly observed by piezoresponse force microscopy (PFM).
From the results, it can be seen that the piezoelectric properties and domain observation of
P(BN)ZT ceramics with doped nickel nanoparticle change significantly with increasing nickel
additive content in the system.
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The Effect of Plasma Technique on Structure and Optical
Property of Zinc Oxide Films
S. Narksitipan and P. Chairit
Program in Materials Science, Maejo University, Chiangmai, 50290, Thailand
In present research, the effect of plasma technique on the structure and properties of zinc oxide
(ZnO) films were investigated. ZnO films were prepared on glass substrates by thermal
evaporation. Zn(CH3COO)22H2O and NH4OH were used for precursor, which was placed in a
crucible and evaporated at temperature of 500oC and for 60 min. Then, plasma was discharged at
30 MHz and 100 W under atmospheric pressure. The voltage of 5 KV was supplied in the system
for plasma deposition on ZnO films for 15-60 min. The effects of plasma on the structure of ZnO
films were studied. Crystal structure, element compositions and morphology of ZnO films were
characterized by x-ray diffraction (XRD), energy dispersive x-ray spectroscopy (EDS) and
scanning electron microscopy (SEM), respectively. Moreover, optical property of ZnO was
analyzed by using UV-VIS spectrophotometer. It was found that XRD spectra of evaporated
ZnO films were hexagonal structure and strong diffraction peak was observed at around 36 o and
this peak showed a strong orientation along (101) plane. Both of Zn and O elements were
detected by EDS. ZnO films surface had micro-flake morphology and small particles were
clumped with increasing in the plasma time.

Acknowledgements: Funding for this research was provided by Office of the Higher Education
Commission, Thailand and the Office of Agricultural Research and Extension Maejo University,
Thailand.
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Characterization and Optical Property of ZnO Films
Prepared by Microwave Technique
S. Narksitipan and T. Awirut
Program in Materials Science, Maejo University, Chiangmai, 50290, Thailand
In this research, zinc oxide thin films were deposited on cleaned glass substrate by spray
pyrolysis using zinc acetate dehydrate [Zn(CH3COO)22H2O] was as the starting materials to
prepare zinc oxide thin films via microwave technique. The advantages of microwave technique
are fast, simple, low cost and clean. The different preparative parameters such as microwave
power and deposition time on the crystal structure and property of ZnO films were investigated.
The crystal structure, phase compositions and morphology of zinc oxide thin films were
characterized by X-ray diffraction (XRD) and Field emission electron microscopy (FE-SEM),
respectively. Moreover, optical properties of zinc oxide thin films were studied by UV-VIS
spectrophotometer.
Acknowledgements: The authors gratefully acknowledge the Office of Agricultural Research
and Extension, Maejo University and Faculty of Science, Maejo University for funding support
this research.
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Synthesis of Double-Sided ZnO Nanowires on
Graphene/PET Substrate for Nanogenerator
Ermias Libnedengel Tsege, Dong-Myeong Shin, Seok Hee Kang, Suck Won Hong,
Hyung Kook Kim☨and Yoon-Hwae Hwang *
Department of Nano-Materials Engineering & BK 21 Nano Fusion Technology
Division,
Pusan National University, Miryang, 627-706, Korea
Recently, ZnO-graphene composite nano materials have attracted a great attention due to their
enhanced electrical, chemical and mechanical properties such as electron mobility, strength and
flexibility for applications in the field of photocatalyst, field emission, gas sensors and pH
sensors. In this study, preheating hydrothermal method was used to prepare a double sided,
vertically aligned, ZnO nanowire on graphe/PET substrates. SEM images of the prepared ZnOgraphene composite materials showed that the formation of double sided, ZnO nanowire
structure was more preferred to grow on graphene deposited on PET than glass substrate. Also,
SEM images showed that double sided ZnO nanowire was grown on both side of graphene/PET
substrate starting from 12hr growth time. Making all the other growth parameters constant the
length of the top and bottom of the double sided nanowires was found to directly depend on the
hydrothermal growth time. This newly found composite nanomaterial has a promising
application for fabrication of nano devices such as nanogenerators and biosensors.
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Characterization of Electrolytic Plasma processing
Coating formed on AZ31 Mg alloys in NaAlO2 electorlyte
Yeong-Seung Jeong1, Byung-Hyun Ahn1, Dong-gun Lee1,Bon-Heun Koo1
* School of Nano & Advance material engineering, Changwon National University,
Changwon, 641-773, Korea
In this work, We carried out experiment to confirm effect of composition on properties of
AZ31 Mg alloys coating prepared by EPP. Coatings were made in NaAlO2 + NaOH based
electrolyte with Na2SiF6, NaNO3 and NaF under the hybrid-voltage (DC260V + AC200V) for
30min. The X-ray diffraction (XRD) results showed that the coating formed in silicate
electrolyte was mainly composed of MgO and MgAl 2O5. Scanning electron microscopy (SEM)
micrographs reveals that coatings prepared in Na2SiF6 electrolyte had structure like pancake on
the surface and coatings formed in NaNo3 and NaF electrolytes have many pores over the surface.
The observed micro-hardness of coating layers is over 1100Hv, which is much larger than that of
the original AZ31 magnesium alloy without electrolytic plasma processing. (NIPA-2013-H030113-2009), (2012H1B8A2026212)

Fig 1. Surface & cross-section of the ceramic coatings prepared with different composition of Na 2SiF6,
NaNO3 and NaF
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Measurement of graded refractive index of multilayer
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In this study, we measured the graded refractive index of TiO2 and SiO2 multilayer stack as
shown in Figure 1(a) by ellipsometry and spectrophotometry. TiO 2 and SiO2 multilayer stack are
fabricated on bare glass substrate by using the electron beam evaporator. Figure 1(b) shows the
measured and calculated ellipsometric Ψ and Δ as a function of wavelength at incident angles
60°, 65° and 70°. We can see a good agreement between the experimental data and calculated
variation in Ψ and Δ values using the two fit parameters: thickness and refractive index as shown
in Fig. 1(b). The calculated Ψ and Δ values by using only the fit parameter thickness is not good
agreement with experimental data. The calculated index and thickness of each TiO2 and SiO2
layers were applied in the Essential Macleod software to simulate the reflectance spectra. The
simulated reflectance spectra were good agreement with the measured reflectance spectrum in
Fig. 1(c). Usually, the Ψ and Δ values were calculated by using the fit parameters reflectance or
transmittance and the thickness. However, we used both thickness and refractive index as fit
parameters in the present work. This method will very helpful to design a broadband multilayer
coating.
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Study on SiO2 based anti-corrosive film on Stainless steel for
implantable medical application
Sung-Il Kim*, Jin-Tae Kim*, Sung-woo Cho*, Won-Seok Choi** and Yeun-Ho Joung*
* Department of Electronics and Control Engineering, Hanbat National University,
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In this paper, we present an anti-corrosive effect of SiO2 based coating material which is
developed at Wellture Fintech, Korea. The material was made of a mixture of several materials
(SiO2, Li, K etc.) in water. The pH, viscosity and density of the mixture were 11.4, 1.4 cP and
1.1 g/cm3, respectively. After the mixture had been cured at 200 - 300 ◦C, the liquid mixture was
changed into a SiO2-abundant solid film. We have prepared a specimen of stainless steel (SS316L). After solvent based cleaning process, we have coated the SiO 2 film on half of the sample.
Then the specimen has been immersed in the urine of human being to see corrosive effect in the
liquid. As shown in the figure 1, uncoated portion of the sample has been oxidized in 3days. But
the film coated sample portion has been kept intact after 10days. Biocompatibility of the coated
samples was tested by MEM test with 10% horse serum. The results shows that cell viability is
higher than 85%. Moreover, SiO2 film has 9H hardness and 5B adhesion properties. The film
also has treated with torsion of 45degree to check lamination of the film. Up to angle,
delamination of the film is unperceivable. We pursue further experiment and manufacturing of
the material for implantable medical devices, such as stent, housing of pacemaker, and sensors.

(a)

(b)

Fig 1. Corrosion testing of Stainless steel in Urine. (a) 0 hour and (b) 10days after immersion in urine.
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Phonon study with Correlation and the Orbital-selective
Peierls Transition in VO2
Sooran Kim*, Kyoo Kim, Chang-Jong Kang, B. I. Min
Department of physics, Pohang University of Science and Technology,
To explore the driving mechanisms of the metal-insulator transition (MIT) and the structural
transition in VO2, we have investigated phonon dispersions of rutile VO2 (R-VO2) in the DFT
and the DFT+U (U : Coulomb correlation) band calculations. We have found that the phonon
softening instabilities occur in both cases, but the softened phonon mode only in the DFT+U
describes properly both the MIT and the structural transition from R-VO2 to monoclinic VO2
(M1-VO2). The present ab-initio phonon dispersion calculations clearly demonstrate that the
Coulomb correlation effect plays an essential role of assisting the Peierls transition in R-VO2 and
producing the spin-Peierls ground state in M1-VO2.
Keywords:
VO2, Phonon, Metal-insulator transition, Coulomb correlation
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Charge Order Phases and Spin-Charge Coupling in
LuFe2O4
Chang-Jong Kang*, and B. I. Min*
* Department of Physics, PCTP, Pohang University of Science and Technology,
Pohang 790-784, Korea
Charge order phase in LuFe2O4 is studied based on the density functional theory. We have
calculated two suggested charge order phases by Angst et al. and de Groot et al. extensively.
Compared to experimental data, charge order phase suggested by Angst et al. gives the best
coincidence, and has the lowest energy. We also have studied the spin-charge coupling effect in
LuFe2O4 by giving two different magnetisms, ferromagnetism and ferrimagnetism. We have
found that the spin-charge coupling effect is significant in LuFe 2O4.
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Epitaxial CoxFe3-xO4 thin films on MgO substrate: MBE
growth and magneto-transport properties
Quang Van Nguyen1, Duong Anh Tuan1, Yooleemi Shin1, Christian Meny2, and
Sunglae Cho1*
1
Department of Physics, University of Ulsan, Ulsan 680-749, Korea
2
Institute of Physics and Chemistry for Materials of Strasbourg, UMR 7504 UDSCNRS, Strasbourg, 67034, France
Giant magnetoresistance (GMR), tunneling magnetoresistance (TMR), and magnetic randomaccess memory (MRAM) are currently active areas of research. Magnetite, Fe 3O4, is predicted to
possess as half-metallic nature,  100% spin polarization (P), and has a high Curie temperature
(TC ~ 850 K). On the other hand, Spinel ferrite CoFe 2O4 has been widely studies for various
applications such as magnetorestrictive sensors, microwave devices, biomolecular drug delivery,
and electronic devices, due to its large magnetocrystalline anisotropy, chemical stability, and
unique nonlinear spin-wave properties. Here we have investigated the magneto-transport
properties of epitaxial CoxFe3-xO4 thin films. The epitaxial CoxFe3-xO4 (x = 0; 0.4; 0.6; 1) thin
films were successfully grown on MgO (100) substrate by molecular beam epitaxy (MBE). The
quality of the films during growth was monitored by reflection high electron energy diffraction
(RHEED). From temperature dependent resistivity measurement, we observed that the Werwey
transition (1st order metal-insulator transition) temperature increased with increasing x and the
resistivity of film also increased with the increasing x up to 1.6 Ω-cm for x =1. The
magnetoresistance (MR) was measured with magnetic field applied perpendicular to film. A
negative transverse MR was disappeared with x = 0.6 and 1. Anomalous Hall data will be
discussed.
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The change of the surface property of high temperature
annealed Aluminum nitride substrate
Min-Sun Kim and Hyun Min Cho
* Display components and materials research center, Korea Electronics
Technology Institute, Seungnam, 463-816, Korea
According to highly focused on high-power light emitting diode (LED) lighting, many
researchers have been interested in thermal conductive materials. Since aluminum nitride (AlN)
ceramics are attractive dielectric material for microelectronic packaging and electronic substrate
due to its high thermal conductivity, because of these reason, low dielectric constant and good
matching of thermal expansion coefficient with that of silicon.
Unfortunately, AlN substrate is very sensitive materials for semiconductor process such as metal
deposition, photo-lithography, etching process, etc. Therefore, we focused on Al 2O3 substrate
properties because Al2O3 substrate is very friendly with patterned metal thin film (good adhesion
property) and easily applied to fabrication process. We annealed AlN substrate 900℃, 1000℃,
11000℃ respectively. Since N atom is changed to O atom when AlN material is annealed high
temperature, surface of AlN sample is change to Al 2O3. We measured thermal properties,
adhesion test, SEM, EDSn and surface morphology.
Acknowledgement
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Effect of ZTO buffer layer on the optical and electrical
property of IGZO thin films
Seung-Hong Kim*, Sun-Kyung Kim*, So-Young Kim*, Dong-Hyuk Choi**
Dong-Il Son**, Daeil Kim*
*School of Materials Science and Engineering, University of Ulsan, Ulsan,
680-749 Republic of Korea
**Dongkook Inc., Ulsan, 683-370 Republic of Korea
Transparent and conducting IGZO thin films (90-70 nm thick) were deposited by RF magnetron
sputtering onto ZTO (10-30 nm thick) coated glass substrate to consider the effect of ZTO buffer
layer on the optical and electrical properties of IGZO/ZTO films.
In X-ray diffraction (XRD) pattern, although all the films prepared in this study show the
amorphous phase, IGZO 90 nm / ZTO 10 nm bi-layered films have the lower resistivity of
1.15Ⅹ10-2 Ωcm than that of the another films prepared in this study.
From the observed experimental results, it can be concluded that 10 nm thick ZTO film is
effective buffer layer to enhance the optical transmittance and electrical conductivity of IGZO
films.
Acknowledgment
This research was financially supported by the Ministry of Education (MOE) and National
Research Foundation of Korea (NRF) through the Human Resource Training Project for
Regional Innovation (NRF-2013H1B8A2032122).
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Influence of Ag interlayer on the properties of IGZO thin
films
So-Young Kim*, Sun-Kyung Kim*, Seung-Hong Kim*, Dong-Hyuk Choi**,
Dong-Il Son**, Daeil Kim*
*
School of Materials Science and Engineering, University of Ulsan, Ulsan, 680749, Korea.
**
Dongkook Inc., Ulsan, 683-370 , Korea
IGZO/Ag/IGZO films which have different thickness of Ag interlayer were deposited by RF and
DC magnetron sputtering on glass substrate at room temperature and then the variation of
structural, optical and electrical properties of the films were investigated with X-ray diffraction,
UV-Vis. spectrometer, Atomic Force Microscope, and Hall effect measurements, respectively.
As deposited IGZO films show the optical transmittance of 84.2 % in visible wave length region
and electrical resistivity of 2.02×10-2 Ω cm, while the optical and electrical properties of
IGZO/Ag/IGZO films were varied with a thickness of Ag inter layer. In figure of merit,
IGZO/Ag/IGZO films with 15 nm thick Ag interlayer show the higher performance of 1.46×10 -2
Ω-1 than that of the IGZO single layer films (8.90×10-5 Ω-1). From the observed results, it is
supposed that the optical and electrical properties of the IGZO
films can be improved by the Ag intermediated layer.
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Influence of ZnO thickness on the properties of GZO/ZnO
thin films
Sun-Kyung Kim*, So-Young Kim*, Seung-Hong Kim*, Dong-Hyuk Choi**, DongIl Son**, and Daeil Kim*
*
School of Materials Science and Engineering, University of Ulsan, Ulsan, 680190, Korea
**
Dongkook Inc., Ulsan, 683-370, Korea
100 nm thick Ga doped ZnO (GZO) thin films were deposited by RF magnetron sputtering onto
ZnO (10, 20 and 30 nm thick) coated PET substrate to study the influence of film thickness on
the optical transmittance and electrical resistivity of the films.
As increase the thickness of ZnO buffer layer in GZO/ZnO bi-layered films, grain size, surface
roughness and optical transmittance in visible wave length region was increased. GZO films with
20 nm thick ZnO buffer layer show the higher figure of merit of 4.35×10-5 Ω-1 than that of the
another films prepared in this study.
"This research was financially supported by the Ministry of Education (MOE) and National
Research Foundation of Korea(NRF) through the Human Resource Training Project for
Regional Innovation (No. NRF-2013H1B8A2032122)."
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gas mixtures
Ho-Kyun Jang*, Yong-Hee Choi*,**, Jun-Eon Jin*, Min-Kyu Joo*,***, and Gyu
Tae Kim
* School of Electrical Engineering, Korea University, Seoul, 136-701, Korea
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*** IMEP-LAHC, Grenoble INP, Minatec, CS 50257, 38016 Grenoble, France
In this study, the etching characteristics of a stacked amorphous hafnium-indium-zinc oxide (aHIZO) with a photoresist mask in inductively coupled chlorine, boron trichloride and argon
(Cl2/BCl3/Ar) plasma were investigated. The etching behaviors of HIZO were analyzed with
account for a source power and a bias power. With increased the concentration of BCl3 in
Cl2/BCl3/Ar chemistry, the etch rate of HIZO film was gradually increased until Cl2 was fully
evacuated. Moreover, to explain the etching mechanism systematically, various measurements
were employed such as AFM (Atomic Force Microscopy) and XPS (X-ray Photoelectron
Spectroscopy) depending on the portion of Cl2/BCl3. It was turned out that BOx and BOClx
radicals from BCl3 plasma could activate the etching reactions of the HIZO thin films, which
resulted in increasing the etch rate and smoothing the etched surface morphology, respectively.
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Thin film transistors based on self-assembled monolayer
modified organic and oxide semiconductor structures
fabricated by an inkjet printing method
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** Korea Research Institute of Chemical Technology (KRICT), 141 Gajeong,
Yuseong, Daejeon 305-600, Korea
We have fabricated thin-film transistors (TFTs) based on self-assembled monolayer modified
organic and indium zinc oxide (IZO) semiconductors by an inkjet printing method. The
influences of the thickness and annealing temperature of printed organic and IZO channels on
transistor performance were investigated. The thickness of semiconductor layers inkjet-printed
using organic and IZO solutions varied as depending on the heated substrate temperature. The
insertion of a self-assembled monolayer into the interface between Ag source-drain metal and
semiconductor resulted in an improvement in the electric properties of TFTs, as shown in Fig. 1.
Ink-jet printing conditions were carefully controlled to maximize device performance. The
interface topologies of the so formed TFTs were investigated by a scanning electron microscope,
an atomic force microscope, and an optical microscope, etc.

Fig1. IV characteristics of IZO TFTs with a HDT SAM treatment.
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Korea
This letter discusses the positive minority carrier behavior in amorphous indium-gallium-zincoxide (a-IGZO). The a-IGZO was prepared by radio frequency magnetron sputter with various
deposition times, and annealed at 150 oC. The films were analyzed by the Hall effects and
researched the correlation between the emission and the variation of the carrier concentration
after annealing. The carrier concentration generally decreased after annealing, because of the
lowering of ionization energy due to the recombination of electron holes pair. The conduction
mechanism of n type amorphous indium-gallium-zinc-oxide (a-IGZO) changed from the
negative majority carriers to the positive minority carriers. In the mechanism of majority carrier,
the mobility was inverse proportion to the carrier concentration. However, the mobility was
proportion to the carrier concentration in the minority carrier conduction mechanism. The
highest mobility was obtained at the annealed film 10 with the highest carrier concentration.
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Electronegativity effects in bipolar resistive switching
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ReRAM (Resistive Random Access Memory), the next generation nonvolatile memory, can be
classified into unipolar type (Resistive switching depends on the amplitude of the applied voltage)
and bipolar type (Resistive switching depends on the polarity of the applied voltage).
WOx films which show a bipolar resistive switching (RS) behavior are grown on Pt substrates by
using RF-magnetron sputtering technique. Al, Cu, Pt, whose electronegativities are different, are
deposited as a top electrode. Their electronegativities are 1.61 for Al, 1.90 for Cu and 2.28 for Pt.
In order to clarify the influence of different electronegativities of the top electrodes on resistive
switching characteristics and time-dependent switching dynamics, we investigate electrical RS
characteristics and On↔Off switching time.
We clearly demonstrate that electronegativity of the electrodes plays a key role in determining
the RS and switching time. We propose RS and switching time models based on the role of the
electronegativity at the interface.
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Resistance Switching Characteristic in WOx based ReRAM
having Graphene or h-BN single sheet interfacial layer
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Seoul 100-715, Republic of Korea
Resistive Random Access Memory, in which resistance state is switched by external electric
field, is highly expected to be the next generation memory device due to its non-volatility, simple
device structure, and the easy scale-down possibility.
Here, We present resistive switching phenomena in Al/ WO x /Al capacitor structures. In order to
clarify the effect of the interface formed by the Al top electrode and WOx on resistive switching
characteristics, we insert graphene or h-BN single sheet between the Al top electrode and the
WOx film.
We fabricated WOx films which show a bipolar resistive switching behavior on Al/Si substrates
using a RF-magnetron sputtering technique. And then, we transfer graphene or h-BN single sheet
on the WOx layer. Finally, we have grown the Al top electrode using shadow mask.
We investigate resistive switching memory performance including endurance and retention. We
clearly demonstrate that different interfacial properties between the electrode and the switching
oxide medium play a key role in the resistive switching characteristics. We propose resistive
switching model based on experimental results.

- 244 -

FRI-OX-P20

Photovoltaic Effect in VO2 film
Juho Jung*, Manil Kang*, Minwoo Chu**, Kyuse Lee**, Sok Won Kim*,a, and JiWook Ryu***
*Department of Physics, University of Ulsan, Ulsan, 680-749, Republic of Korea
**Goyeon-ri, Ungchon-myeon, Ulju-gun, Ulsan, 689-871, Republic of Korea
*** Department of Physics, Kongju National University, Kongju, 314-701,
Republic of Korea
Of all the vanadium oxides, the transition temperature (Tc=68 ◦C) of VO2 is closest to room
temperature and undergoes a metal-insulator transition (MIT) from a high temperature metallic
rutile (R) phase to a low temperature insulating monoclinic (M1) one. Owing to its outstanding
characteristic, VO2 has been intensely investigated to be applying for electronic or optical
devices.
In order to investigate the photo-electric property in VO2 film grown by a sputtering method, the
currents generated by the light irradiation and nonirradiation were measured as functions of the
bias voltage and the temperature. The photovoltaic effect in VO2 film was discussed by
analyzing the current difference with the bias voltage and the temperature.

Fig 1. Current as a function of temperature with and without light (non bias voltage).
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Because of the extraordinarily versatile properties of zinc oxide (ZnO), which is among the most
promising oxide semiconductors, and numerous areas of possible applications of ZnO
nanostructures including nanorods, much effort has been devoted to fabricating ZnO
nanostructures and ZnO nanostructure-based devices. Meanwhile, recent anthropogenic
ecological crisis and atmospheric degradation are urgently demanding relevant gas sensors for
detecting various air pollutants. We try to fabricate a novel sensitive p-n heterojunction gas
sensor structure composed of a p-type oxide semiconductor copper oxide (CuO) thin film and ntype ZnO nanorods, expecting that the formation of electron depletion layers in the p-CuO and nZnO could increase the adsorption of a target gas. Here our attention is focused on the detection
of the nitrogen monoxide (NO) gas which is one of the most dangerous gases.
ZnO nanorods presented here have been grown by hydrothermal method at low temperatures,
using a ZnO nanoparticle seed layer deposited on transparent indium tin oxide substrate by
sputtering method. A CuO thin film has subsequently been sputtered onto ZnO nanorods to
fabricate p-n heterojunctions, the formation of which has been confirmed by the current-voltage
characteristics. The heterojunction structures have been characterized with scanning electron
microscopy (SEM) and X-ray diffraction (XRD). From the gas sensing response measurements
for various NO gas concentrations in dry air at several working temperatures, it has been found
that ZnO nanorods/CuO thin film p-n heterojuction gas sensors shows quite good NO gas
sensing properties, leading to conclude that this type of hetrojunction sensing device can be
applied to several different sensing applications.
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We report here the nitrogen monoxide (NO) gas sensing properties of transparent p-type copper
oxide (CuO) nanorods synthesized by hydrothermal method at low temperatures, using a CuO
nanoparticle seed layer deposited on indium tin oxide substrate by sputtering method. We have
synthesized polycrystalline CuO nanorods with a thickness of 200-300 nm and a width of 30-50
nm for three controlled molarity of 1:1, 1:2, and 1:4 between copper nitrate trihydrate
(Cu(NO3)2·3H2O) and hexamethylenetetramine (C6H12N4). The synthesized CuO nanorod
structures have been characterized with X-ray diffraction (XRD) and scanning electron
microscopy (SEM). From the gas sensing measurements for NO gas in dry air, we have found
that the gas sensors based on CuO nanorod arrays synthesized under the hydrothermal condition
of 1:2 molarity shows the best gas sensing response to NO gas. These CuO nanorod gas sensors
have exhibited a highly sensitive response to NO gas with a maximum sensitivity as high as
about 600% for 10 ppm NO in a dry air at an operating temperature of 100 °C. The CuO nanorod
gas sensors have also shown a reversible and reliable response to NO gas at a range of operating
temperatures. These results would indicate some promising applications of the p-type oxide
semiconductor CuO nanorods as sensing materials for several types of gas sensors, including p-n
junction gas sensors.
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Multi-functional Y2O3 dopped Na flexible metal substrate
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In this study, we manufactured flexible metal substrate with Y2O3 dopped Na buffer layer by
repeated solution coating method which is simple, environmentally friendly and low cost. Y 2O3Na coating surface has multi-functional properities such as high surface planarization, diffusion
barrier, surface hydrophile property and large surface area by fine wrinkles.
The Y2O3 films wrinkle increased with increasing the Na concentration in solution, and the
surface became smoother with increasing the number of coating cycles. Using this process we
have achieved from 1 nm to 5 nm RMS roughness from a starting roughness of over 31 nm on 5
μm areas. It was found that a hydrophilic coating film. The result is expected to be utilized as
SLG(soda lime glass) substrate of flexible CIGS solar cell.

Fig 1. SEM images of surface morphology of the metal tape
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This study aims to combine these superior characteristics of PZT and BNbT together in the form
of
bulk
ceramics.
The
ceramic
in
PZTBNbT
system
with
formula
(1x)Pb(Zr0.52Ti0.48)O3xBi3.99 Ti2.97Nb0.03O12 (when x = 0, 0.03, 0.05, 0.07, 0.10, 0.15 and 0.20)
were prepared by a solid-state mixed-oxide technique and sintered at 1000 C for 4 h with a
heating/cooling rate of 5 Cmin-1. Phase formation and microstructure were studied using X-ray
diffraction (XRD) and scanning electron microscope (SEM), respectively. Dielectric properties
were studied with an automated dielectric measurement system, LCZ-meter. Ferroelectric
properties were measured by a Sawyer-Tower circuit. XRD analysis showed that complete solid
solutions occurred for all compositions. Perovskite phase with tetragonal crystal structure and
corresponding lattice distortion was observed. SEM micrographs of ceramic surfaces showed
that all compositions had equiaxed grains. Dielectric and ferroelectric properties of these samples
showed that the addition of small amount of BNbT improved in dielectric and ferroelectric
properties.
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induced by thermal annealing in a-plane ZnO films on rplane Al2O3 substrates
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Korea
The author reports on the evolution of the surface morphology induced by thermal annealing in
various ambients of N2, O2, and Ar over a wide temperature range of 500 – 1200 oC in a-plane
(11-20) ZnO films grown on r-plane (1-102) Al2O3 substrates grown by molecular-beam epitaxy.
The surface morphology is evolved with the increase of annealing temperature as a sequence of
stripe pattern, column formation, columnar growth, and elongated pit formation, which is similar
to the reported data in c-plane ZnO films. However, the x-ray linewidth abruptly decreases at a
relatively low annealing temperature region and then saturates, while in c-plane ZnO films it
does not change at the low temperature region and decreases gradually with the increase of
temperature at a relatively high temperature region. Those behaviors are also closely related to
surrounding gases. In this work, based on reliable results, a comprehensive mechanism for the
surface morphology evolution of a-plane ZnO films is proposed.

Surface morphology evolution as a function of annealing temperature in N 2 ambient.
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The effects of Nb substitution on the crystal structure and magnetic properties of (Ru1xNbx)Sr2(Nd0.67Tb0.67Ce0.66)Cu2O10-δ

compounds have been investigated by using X-ray powder

diffraction and magnetization measurements. The magnetization measurements showed that the
Nb substitution yields to a decrease in the weak ferromagnetic component of the field-cooled
magnetization, as well as a decrease in the magnetic ordering temperature. The Rietveld
refinement of the X-ray diffraction data revealed that both the a and c lattice parameters increase
and the RuO2 bond length along the c-axis decreases as the Nb content increases. The magnetic
properties are discussed in connection with the local structural changes in Ru sublattice induced
by the Nb substitution.
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LiGd9(SiO4)6O2:Eu3+ phosphors
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of Korea
Europium doped LiGd9(SiO4)6O2 phosphors were synthesized by solid-state reaction method
and their luminescence properties are investigated by optical and laser-excitation spectroscopy.
The structural characteristic was investigated by X-ray powder diffraction analysis. The single
phases of the LiGd9(SiO4)6O2 phosphors were confirmed. In the excitation spectra of
LiGd9(SiO4)6O2:Eu3+ phosphors, the lines emission are observed at 255, 276 and 314 nm due to
the 8S7/2 → 6DJ, 8S7/2 → 6IJ and 8S7/2 → 6PJ transitions. The emission line at 314 nm due to the
Gd3+ 6PJ → 8S7/2 transition decreases with increasing Eu3+-concentration in LiGd9(SiO4)6O2
indicating the energy transfer occurs from Gd3+ to Eu3+ ions. The difference in excitation and
emission spectra in LiGd9(SiO4)6O2:Eu3+ phosphors are discussed in relation with energy transfer
from Gd3+ to Eu3 + ions.
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Fig 1. The excitation and emission spectra of LiGd9(SiO4)6:Eu3+ phosphors.
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Synthesis and Spectroscopic investigation of Dy3+ in
La2(WO4)3:Dy3+
J. J. Shim*, K. H. Jang*, C. W. Park**, Z. Jiang *, P. Cai and H. J. Seo*
*Department of Physics and Interdisciplinary Program of Marine-Bio, Electrical
and Mechanical Engineering, Pukyong National University,
Busan 608-737, Republic of Korea
**
Department of Radiological Technology, Dong-Eui Institute of Technology,
Busan 614-715, Republic of Korea
Dysprosium-doped La2(WO4)3 phosphors were synthesized by solid-state reaction method and
luminescence properties are investigated by optical and laser-excitation spectroscopy.
Differential thermal analysis (DTA) was applied to trace the reaction processes. The structural
characteristic was investigated by X-ray powder diffraction analysis. Excitation and emission
spectra together with time-resolved spectra were obtained in the temperature region 15 – 300 K.
The strong excitation band due to the ligand to metal ion charge transfer (CT) transition of
WO42- in La2(WO4)3 is observed in the UV region. The excitation peaks at 327, 354, 368, 389,
429, 454 and 475 nm correspond to the transitions from the 6H15/2 ground state to 6P3/2, 6P7/2, 6P5/2,
4
K17/2, 4G11/2, 4I15/2 and 4F9/2 states of Dy3+, respectively. The strongest excitation line is observed
at 354 nm due to the 6H15/2 – 6P7/2 transition. The emission under excitation of the WO4 band is
observed at around 500 nm with bandwidth of about 150 nm at 15 K. However, the WO42emission is quenched rapidly with increasing temperature from 150 K and then nearly no
emission is observed at room temperature. The temperature dependence of decay time of the
WO42- emission shows the quenching behavior same as that of the luminescence intensity. The
WO42- emission intensity is significantly reduced by doping with Dy3+ ions indicating that
efficient energy transfers occurs from the WO42- excitation state to the Dy3+.
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Reduction of negative bias and illumination stress effects in
amorphous-InGaZnO4 thin-film transistors by dual-gate
driving
Suhui Lee, Mallory Mativenga, Sejin Hong, and Jin Jang
Advanced Display Research Center, Department of Information Display, Kyung
Hee University, Dongdaemun-gu, Seoul 130-701, Korea
We demonstrate a significant improvement of the instabilities induced by negative bias and
illuminations stress (NBIS) in amorphous indium-gallium-zinc-oxide (a-IGZO) thin-film
transistors (TFTs) by use of dual-gate TFTs with top and bottom gates that are driven
simultaneously (dual-gate driving). Fig. 1 shows the transfer characteristics of a-IGZO TFTs
before and after NBIS stress. It is evident that the threshold voltage shift of the TFT under dualgate driving (Fig. 1(b)) is much smaller than that of the TFT under single-gate driving (Fig. 1(a)).
This presentation will explain the dynamics behind the reduction of the NBIS effect under dualgate driving.
-5

(a)

-8
-9

Before NBIS
After NBIS

-10
-11
-12
-13
-14
-15

Dual Gate

-6

Log Drain Current (A)

Log Drain Current (A)

-7

-5

Single Gate

-6

-7

(b)

-8
-9
-10

Before NBIS
After NBIS

-11
-12
-13

-10

-5

0

5

10

15

-14
-15

Gate Voltage ( V )

-10

-5

0

5

10

15

Gate Voltage (V)

Fig 1. Transfer characteristics of a-IGZO TFTs before and after NBIS. During NBIS, a bias voltage of -20
V was applied simultaneously to the top and bottom gate for 1 h. The spectrum and intensity of the light
used were white and 10,000 nit, respectively. All measurements were performed at room temperature.
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Ultrathin and foldable amorphous oxide semiconductor
based circuits
Sejin Hong, Mallory Mativenga, Byung Soon Kim, and Jin Jang.
Department of Information Display, Advanced Display Research Center, Kyung
Hee University, Seoul, 130-701, Korea
We present transparent and foldable thin-film transistor (TFT)-based circuits fabricated on
plastic substrates. The TFTs employ ~ 5 nm thick amorphous-indium-gallium-zinc-oxide (aIGZO) as the active layer. Fig. 1(a) is an image of the fabricated sample – showing its optical
transparency. Fig. 1(b) and (c) show the sample attached to a bending test device, in the flat state
and at a folding angle of 90°, respectively. As will be shown in the presentation, the TFT-circuits
perform well after repeated folding. The presentation will also cover key fabrication process
steps and possible applications, including zero-bezel active matrix displays.

(a)

(b)

(c)

Fig 1. (a) Image of a fabricated sample of foldable transparent a-IGZO TFT-based circuits on a plastic
substrate. (b) The sample attached by scotch tape to a bending test machine in the flat state. (c) The
sample attached by scotch tape to a bending test machine at a folding angle of 90°.
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Effects of Sc-substitution on magnetic order in LuFe2O4
Jinwon Jeong*, Hyun Sook Moon*, Han-Jin Noh*, Sung Baek Kim**, Jae-Young
Kim***
* Department of Physics, Chonnam National University, Gwangju, 500-757, Korea
** Advancement for College Education Center, Konyang University, Chungnam,
320-711, Korea
***Pohang Accelerator Laboratory, Pohang University of Science and Technology,
Pohang 790-784, Korea
We have studied the correlation between the structural distortion and the magnetic ordering in
single crystalline (Lu,Sc)Fe2O4 (Sc=0.0, 0.05, 0.1, 0.3) by using x-ray diffraction (XRD),
magnetization measurements, and x-ray magnetic circular dichroism (XMCD) spectroscopy. The
Rietveld analysis of the XRD patterns revealed that substitution of Sc ions for Lu ions induces
elongation of the unit cell with the decrease of the unit cell volume, but the magnetization and
XMCD measurements show that the magnetic properties hardly depend on the Sc concentration.
This indicates that the magnetic ordering pattern is quite stable against compression along the inplane direction.
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Resistive pulse sensing of DNA translocation using polymer
coated nanocapillary
Yeoan Youn*, Joo Hyoung Kim*, and Kyung-Hwa Yoo*
* Department of Physics, Yonsei University, Seoul, 120-749, Republic of Korea
We describe a rapid and low-cost method to detect λ-DNA translocation using
polyethylenimine (PEI) coated quartz nanocapillary. Quartz nanocapillaries with a pore size of
~20 nm were utilized because they could be much more easily fabricated than solid nanopores.
However, compared to solid nanopores, glass nanocapillaries had larger pore sizes, so a selfassembled layer of PEI was coated on the surface of quartz nanocapillary. After modification of
quartz nanocapillary with PEI, the ionic conductance was reduced and the stability of ionic
conductance was improved. As a result, the amplitude and dwell time of DNA translocation
through polymer coated capillary increased, demonstrating that PEI coated nanocapilary is a
useful tool to study DNA translocation.

Figure 1. Merged scattered plot showing the dwell time and event current of λ-DNA through bare &
PEI coated nanocapillary. Translocation event through bare & PEI coated one is depicted in inset.
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A carbon nanotube metal semiconductor field effect
transistor-based biosensor for detection of amyloid-beta
in human serum
Jeseung Oha, Gu Yooc, Young Wook Changa, Hyung Joon Kima, Joachim Josed,
Sumgyun Yi b, Eosu Kime, Jae-Chul Pyunc and Kyung-Hwa Yooa,b
a
Nanomedical Graduate Program, b Department of Physics, c Department of
Materials Science and Engineering, Yonsei University, Seoul, 120-749, Republic
of Korea.
d
Insttuite of Pharmaceutical and Medical Chemistry, University of Muenster,
Muenster, Germany.
e
Department of Psychiatry, Institute of Behavioral Science in Medicine, Yonsei
University College of Medicine, Soule 120-749, Republic of Korea
We have developed a carbon nanotube(CNT) film-based biosensor with a metal semiconductor
field effect transistor structure(MESFET). A gold top gate was deposited on the middle of the
CNT channel and probe antibodies were immobilized on the gold top gate with an antibodybinding protein, protein G or Escherichia coli outer membrane(OM) with autodisplayed Zdomains of protein A. These CNT-MESFET biosensors exhibited a higher sensitivity than the
CNT –FET biosensor with probe antibodies immobilized using a chemical linker, since the
orientation of immobilized antibodies was controlled by the antibody-binding proteins. In
addition, nonspecific binding was effectively inhibited by E. coli OM. Using the CNT-MESFET
biosensors with E. coli OM containing Z domain, we detected amyloid-β(Aβ) in human serum,
one of the biomarkers for early diagnosis of Alzheimer's disease. Aβ at the level of 1pg/mL in
human serum could be measured in real-time and without labeling, which was lower than a limit
of detection for plasma Aβ using an enzyme-linked immune sorbent assay .These results
suggested that our CNT-MESFET biosensors might be applicable for an early diagnosis of
Alzheimer's disease.
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Targeting multifunctional gold nanoparticles for rheumatoid
arthritis treatment
Sun-Mi Lee*, Hyung Joon Kim*, Jeseung Oh*, You-Jung Ha**,
Soo-Kon Lee**, Yong-Beom Park**, Kyung-Hwa Yoo*,***
* Nanomedical Graduate Program, Yonsei University, Seoul 120-749, Korea
** Devision of Rheumatology, Department of Internal Medicine, Institute for
Immunology and Immunological Disease, College of Medicine, Yonsei University,
Seoul 120-752, Korea
*** Department of Physics, Yonsei University, Seoul 120-749, Korea
Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by synovial
inflammation in multiple joints within the penetration depth of near-infrared (NIR) light. When
combined with NIR irradiation, we have developed arginine-glycine-aspartic acid (RGD)attached gold (Au) half-shell nanoparticles containing methotrexate (MTX) for the treatment of
rheumatoid arthritis (RA), where MTX is the most widely used disease modifying anti-rheumatic
drug for the treatment of RA, and RGD peptide is a targeting moiety for inflammation. Upon
NIR irradiation, heat is locally generated due to Au half shells, and the drug release rate is
enhanced, delivering heat and drug to the inflamed joints simultaneously.
These nanoparticles containing a much smaller dosage of methotrexate (MTX), where MTX is
the most widely used disease modifying anti-rheumatic drug for the treatment of RA, These
nanoparticles showed greater therapeutic effects than that of a conventional treatment with MTX
solution in collagen-induced arthritic (CIA) mice (1/930 of MTX solution). This novel drug
delivery system is a good way to maximize therapeutic efficacy and minimize dosage-related
MTX side effects in the treatment of RA.
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Synchrotron x-ray bio-imaging of natural and synthetic
bone grafts materials in an aqueous environment
Yong-Gun Kim
Department of Periodontology, School of Dentistry, Kyungpook National
University, Samduk 2Ga, Jung-Gu, Daegu, 700-412, Republic of Korea
Jun Young Han and Chung Wung Bark *
Department of Electrical Engineering, Gachon University, San 65, Bokjeong-dong,
Sujeong-gu, Seongnam, Gyeonggi-do, 461-701, Republic of Korea
Bone graft materials in dentistry must have osteoinductive and osteoconductive abilities, which
depend on microstructural characteristics, such as, total porosity, particle size, micro channels,
and absorption. These characteristics have been observed using various imaging techniques, such
as, optical microscopy and scanning electron microscopy (SEM) and X-ray microtomography
(XMT, also known as micro CT) using a lab radiation source or a synchrotron source. However,
most imaging techniques cannot provide images in a water, even though graft materials in vivo
are invariably in contact with different water-based fluids. Synchrotron x-ray imaging is an
effective modality for high-resolution investigations of small objects in dentistry and medicine.
In addition, one of the biggest merits of synchrotron x-ray imaging, as opposed to electron-based
imaging, is that it allows sample microenvironments to be controlled as x-ray beams easily
penetrate air and water. In this report, we used the synchrotron x-ray imaging technique to
provide in-situ images of various bone substitute materials in aqueous environments. We
observed internal microstructural images of bone substitute materials in real-time in 0.9% saline
solution and interactions between bone substitute materials and saline, that is, hydration patterns
and bone substitute expansion.
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Graphene and multiwall carbon nanotube composite
electrode for electrochemical DNA sensing
Jianfeng Li* and EunCheol Lee**
*Department of BioNano Technology, Gachon University, Gyeonggi 461-701,
Republic of Korea
**Department of Nano-Physics, Gachon University, Gyeonggi 461-701,
Republic of Korea
A grapheme (GR) and multi-walled carbon nanotube (MWCNT) electrode has been developed
for sensitive detection of DNA. DNA sensing is very important in this era for many diseases that
are related to the DNA damage. In our work, we constructed our electrode by fabricating GRMWCNT composite on glass slide assisted by PDMS. The as-designed DNA sensor provided a
convenient, robust and biocompatible platform with large surface area for DNA immobilization.
The electrode biosensor can discriminate the sequence mismatches between target and probe
DNA. The sensitivity can be almost 20% for DNA detection. Our fabricated electrodes are
promising for application to biosensors, environmental sensors for detecting heavy metals, and
drug delivery system.
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Graphene and multiwall carbon nanotube composite
electrode for electrochemical DNA sensing
Jianfeng Li* and EunCheol Lee**
*Department of BioNano Technology, Gachon University, Gyeonggi 461-701,
Republic of Korea
**Department of Nano-Physics, Gachon University, Gyeonggi 461-701,
Republic of Korea
A grapheme (GR) and multi-walled carbon nanotube (MWCNT) electrode has been developed
for sensitive detection of DNA. DNA sensing is very important in this era for many diseases that
are related to the DNA damage. In our work, we constructed our electrode by fabricating GRMWCNT composite on glass slide assisted by PDMS. The as-designed DNA sensor provided a
convenient, robust and biocompatible platform with large surface area for DNA immobilization.
The electrode biosensor can discriminate the sequence mismatches between target and probe
DNA. The sensitivity can be almost 20% for DNA detection. Our fabricated electrodes are
promising for application to biosensors, environmental sensors for detecting heavy metals, and
drug delivery system.
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Development of tumor-specific T1 MR contrast agent in
metastatic liver cancer model
Eun-Joong Kim1, Hyunseung Lee1, Areum Yeom1,2, Sankarprasad Bhuniya1, Hyun
min Kim1, and Kwan Soo Hong1,2
1

2

Division of MR Research, Korea Basic Science Institute, Cheongwon 363-883, Korea
Graduate School of Analytical Science and Technology, Chungnam National University,
Daejeon 305-764, Korea

Gadolinium (Gd)-based contrast agents have been used extensively in clinical magnetic
resonance imaging (MRI) due to safety concerns and sensitivity. The Gd 3+ ion allows proximal
water protons to increase the longitudinal relaxation rate, which results in enhancing the
brightness in T1-weighted MR image. Initially, we developed the water soluble uridine-based
paramagnetic self-assembled amphiphilic molecules (LGds) with DTPA binding site and
measured the water proton relaxivities at 3 different magnetic fields. Furthermore, a modified
liposomal Gd contrast agent (LGCA) was constructed to improve the cell viability. LGCAtreated liver cells showed significantly lower cytotoxicity, compared to bare LGd compounds. In
vivo T1-weighted MR imaging of LGCA showed dramatically effective in liver tissue, resulting
in more than 1.5 times increase of contrast-to-noise ratio (CNR) upto 1.5 hour after tail vein
injection. Moreover, T1 contrast was specifically enhanced in tumor region of liver tissue at 5
hours post-injection in liver metastatic mouse model. This study indicates that a novel lipidbased T1 contrast agent, LGCA, can be used as a tumor-specific T1 MRI contrast agents with
paramagnetic amphiphile and high relaxivity.

- 263 -

THU-BI-P07

In-situ imaging ellipsometry study on the collapsed fatty acid
with various compression rates
S. Y. Hwang, T. J. Kim, J. Choi, J. Y. Kim, Y. R. Kang, and Y. D. Kim
Nano Optical Property Laboratory and Department of Physics, Kyung Hee
University, Seoul, 130-701, Korea
We used in-situ imaging ellipsometry (IE) to monitor the morphology of collapsed films of
arachidic acid molecular layers at the air/water interface with the various rates of molecular area
compression. To observe the structure of collapsed monolayer which is inherently
inhomogeneous, we used IE method which can determined the different optical properties with
spatial resolution. All the IE experimental were carried out at room temperature (21C) and the
incidence angle and the wavelength are set to 53.20 (Brewster angle at pure water) and 633 nm,
respectively. The rate of molecular area compression is changed from 0.23 ~ 0.94 Å 2/min and
Langmuir isotherm is shown in Fig. 1. The IE images of multilayer domains in the collapsed
region with compression rate 0.23, 0.69, and 0.94 Å 2/min are also shown in Fig. 1. The drastic
changes of multilayer domains can be observed successfully by in-situ IE images. The structure
of the collapsed films changes sensitively depending on the history of compression due to the
collapse of the monolayer proceeds through metastable states away from equilibrium.

Fig. 1. Langmuir isotherms and in-situ IE images at 10.5 Å 2.
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A Single Molecular Theranostic for Cancer Therapy and
Diagnosis
Sankarprasad Bhuniya,a Sukhendu Maiti,b Eun-Joong Kim,a Hyunseung Lee,a Jong
Seung Kimb,* and Kwan Soo Honga,*
a
Division of MR Research, Korea Basic Science Institute, Cheongwon, 363-883,
Korea
b
Department of Chemistry, Korea University, Seoul, 136-701, Korea
In recent years, targeted drug delivery systems have been extensively investigated in an effort to
improve chemotherapy treatment regimens. Nevertheless, this has made it difficult to establish
precisely when, where, and how the pharmaceutically active payload is delivered to a cell or
organ. Real-time information on drug release would enable in vivo kinetic studies of the release
process. Therefore, DDSs that instantaneously report on the release of their active drug could be
of great benefit, especially if the reported signal could be detected in a non-invasive manner. On
the other hand, imaging the molecular expressions of disease may help in early detection, thus
facilitating more effective early therapy or lifestyle change and in later stages; this approach may
also help in characterizing different plaques for the purpose of treatment guidance or assessing
the response to therapy.
Herein described “all in one” synthetic strategy1 based theranostic prodrug 4. It comprises
biotinylated rhodol as diagnosis tool which linked with the phenolic position of
chemotherapeutic agent SN-38 through self-immolative spacers that include disulfide bonds. In
the presence of abundant thiols in tumor cells, the dislufide linkage was cleaved to release SN-38
and concomitantly fluorescence turned on. Confocal microscopic experiments reveal that 4 is
preferentially taken up by biotin receptor reached HeLa/A549 cells rather than normal cells
NIH383 cells. In additio to that cell lysate analysis revealed the SN-38 release in cellular milieus.
This prodrug exhibits selective anti-canceer effects toward biotin receptor-positive cell lines.
Furthermore, in vivo ﬂuorescence imaging upon intravenous injection of the prodrug conﬁrms
that the prodrug 4 is selectively taken up by tumor tissue in comapred to the other organs.
Therefore, our theranostic prodrug 4 could provide a powerful new strategy for tumor targeted
drug delivery, which can be easily monitored by cellular and in vivo ﬂuorescence imaging.
This theranosticnanomedicines can also be used to facilitate (pre-) clinical efficacy analysis, to
prescreen patients, and to realize the potential of personalized medicine.
Reference
1. M. H. Lee, J. Y. Kim, J. H. Han, S. Bhuniya, J. L. Sessler, C. Kang, J. S. Kim, J. Am. Chem. Soc. 2012,
134, 17560
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Folate-based Near-infrared Fluorescent Theranostic
Gemcitabine Delivery
Hyunseung Lee*, Eun-Joong Kim*, Young Shick Hong*, Jongeun Kang*, HeeJeong Jeong*, Hyun Min Kim*, Jong Seung Kim**, Kwan Soo Hong*
* Division of MR Research, Korea Basic Science Institute, Cheongwon, 363-883,
Korea
** Department of Chemistry, Korea University, Seoul 136-701, Korea
A series of Cy7s (1-3) derivatives bearing carbamate ethyl disulfide group and gemcitabine, an
anticancer drug, have been newly synthesized. Their disulfide bonds are readily cleaved by
various thiols including glutathione, to result in a subsequent decomposition of the carbamate
into amine followed by release of the active gemcitabine, which can be monitored by the
fluorescence changes. In biological experiment, prodrug 1 is preferentially up-taken by folatepositive KB cells over folate-negative A549 cells via receptor-mediated endocytosis to release
gemcitabine causing cell death and to emit fluorescence in endoplasmic reticulum. Moreover,
it is selectively accumulated in the KB cells which were treated to mice by dorsal subcutaneous
injection. This DDS is a new theranostic agent, wherein both therapeutic effect and drug uptake
can be easily monitored at the subcellular level, by in vivo and in vitro fluorescence imaging.
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Effective detection of binding reaction of EGFR protein and
EGFR aptamer using total internal reflection ellipsometry
Y. R. Kang, J. C. Park, S. Y. Hwang, N. S. Barange, M. S. Diware, and Y. D. Kim
Nano-Optical Property Laboratory and Department of Physics, Kyung Hee
University, Seoul, 130-701, Korea
The development of highly sensitive biosensor is important for the study on the interaction
among bio-molecules such as antigen and antibody based on the biotechnology and drug
development. The typical analytic techniques are the gel electrophoresis using the mobility as the
weight of molecules, fluorescent microscopy using attached fluorescent to a label, and label free
technique such as surface plasmon resonance (SPR) and spectroscopic ellipsometry (SE).
In this work, we studied the interaction between epidermal growth factor receptor (EGFR)
protein and EGFR aptamer. We performed the total internal reflection ellipsometry (TIRE)
measurement which is combined with the analytic ability of SE and the high surface sensitivity
of SPR.
In general, the most common symptoms in a number of cancer patients include the overexpression and over-activity of EGFR that is receptor to recognize epidermal growth factor on
cell surface and to promote cell growth and division. It has a great potential for diagnosis of the
cancer to detect EGFR proteins more sensitively. Therefore, we carry out the experiment to
detect these EGFR proteins using the aptamer which is an oligonucleotide with high affinity and
selectivity for various target compounds.
TIRE system can be used for detecting changes on the surface such as the binding reaction of
protein and aptamer on the gold surface. We believe that our work can be used as a bio-sensor
with high sensitivity and apply to various proteins, enzymes, and biomolecules.
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Analysis of the degree of inflammatory lesions by in vivo
time course MRI with magnetic nanoparticles in myocarditis
rat model
Hyeyoung Moon*,**, Heejeong Jeong*, Jongeun Kang*,***, Su Jung Hwang*,
Jee-Hyun Cho*, and Kwan Soo Hong*,**,***
*Division of MR Research, Korea Basic Science Institute, Cheongwon 363-883,
Korea
**University of Science and Technology, Daejeon 305-350, Korea
***Graduate School of Analytical Science and Technology, Chungnam National
University, Daejeon 305-764, Korea
We investigated whether in vivo cardiac MRI combined with magnetic nanoparticles (MNPs)
could quantify the degree of myocardial inflammation in the experimentally induced myocarditis
rat model.
The MNPs were synthesized by co-precipitation method. These particles were coated with SiO2
for increasing the biocompatibility and stability, and conjugated with PEG for extending the
blood-half life time than other similar sized nanoparticles. The MNPs were injected via tail vein
into experimentally induced myocarditis rats. During 24 hrs, we consecutively performed in vivo
cardiac MR imaging and then extracted the hearts for histological study. We acquired the
contrast to noise ratio (CNR) values from the time series MR imaging results. The CNR values
were decreased by MNPs engulfed by immune cells (especially macrophages). In other words,
the CNR values were decreased in proportion to the infiltrated immune cell contents in the
inflammatory lesions. We divided the inflammatory lesions into three degrees (normal tissues,
weak inflammatory lesions, and severe inflammatory lesions) along with H&E and
immunohistochemistry staining results. In our experiments, the CNR values were decreased
following the degree of inflammation in the hearts. We could show that CNR changes of the in
vivo time course cardiac MRI combined with MNPs decrease as the degree of the inflammatory
lesions. We expect that the in vivo MNP-combined time course MRI could detect the
inflammation sites and predict the inflammatory progress as noninvasive method.
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Structure and mechanical properties of water buffalo horn
Panta Surakamhang, Chontira Sangsubun*
* Department of Physics, Faculty of Science, Thaksin University, Phatthalung,
93110, Thailand
Many studies have been reported in field of biological materials due to their novel
structures and mechanical properties that are often outstanding, considering the weak
constituents from which they are assembled. For the most part, this interest has focused on
teeth, bones, hooves and horns, elucidating the relationship between structure and mechanical
properties. Such as, antlers and horns are known to be impact resistant. Thus, designs based
on these microstructures could be stronger and tougher than their natural counterparts,
because the components would be synthetic engineering materials.
Therefore, this
researchaims to investigate the microstructure and mechanical properties of the water buffalo
horn in
Phatthalung province, Thailand. The microstructure and chemical composition was
investigated using scanning electron microscopy and energy dispersive X-ray
spectrometer, respectively. Results show that the fracture surfaces of the water buffalo
horn has a rippled shape in each layer. The tensile properties and Young’s modulus were
systematically measured by universal testing machine. The results show that mechanical
properties of water buffalo horn at 2 years old were : average tensile strength 92.5518.24 MPa,
average Young’s modulus 3.500.59 GPa and average hardness 15.530.49 HV, respectively.
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Development of a Capacitance Sensor for Analysis of EGFR
Expression on Cell Membrane
Dong-Myeong Shin1, Yong-Cheol Shin2, Jong-Ho Lee2, Tae Hyun Kim3, DongWook Han2, Jong-Man Kim3,
Hyung Kook Kim1, Yoon-Hwae Hwang1,*
1: Department of Nanomaterials Engineering & BK21 Nano Fusion Technology
Division, Pusan National University, Miryang 627-706, Korea.
2: Department of Nanomedical Engineering, Pusan National University, Miryang
627-706, Korea.
3: Department of Nanomechatronics Engineering, Pusan National University,
Miryang 627-706, Korea.
Cellular signaling is a complex system of communication that governs important biological
functions. Research of cell signal pathways helps us to understand the underlying cellular
activities. Epidermal growth factor receptor (EGFR) signaling controls a variety of biological
functions including cell proliferation, differentiation, and apoptosis. Usually, cancer cells have
the over-expressed EGFRs on their cell membrane. In order to analyze the expression level of
EGFR on the cell membrane, we develop a capacitance sensor that can measure the time
dependent capacitance of 5 biological cells. Utilizing HT1080 fibrosarcoma cell line, L-929
fibroblast cell line, nHDF dermal fibroblast primary cell, MC3T3 preosteoblast cell line and
MG63 osteosarcoma cell line as model celluar system, we found that the capacitance difference
depends on the expression levels of EGFR when we put the EGF which can bind to EGFR on the
cell membrane. Therefore, our capacitance sensor shows a possibility for developing cell-based
capacitance technique. Based on our results, we suggest the “proof-of-concept” that the cellbased capacitance sensor can measure the expression level of the EGFR on cell membrane.
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Development of a method to measure DNA length with high
precision.
Il Buem Lee, Hae Jun Jung, Seok-Cheol Hong*
Department of Physics, Korea University, Seoul, Korea
Magnetic tweezers are one of the most versatile single-molecule manipulation techniques. The
technique permits us to study conformational dynamics of bio-molecules such as DNA in the
presence of mechanical controls. To gain quantitative information about molecular conformation,
it is important to measure the length of DNA molecules. For this goal, we developed a method to
measure the length of DNA tether molecules using video images recorded with a CCD camera.
In the method, we utilize the fact that the diffraction ring pattern from a bead of interest changes
as the bead moves along the optic axis. To analyze the ring pattern, we take the following
procedures: First, we deposit reference beads on the sample chamber that serve as fiducial
markers for position measurements. Second, we eliminate some fixed speckles from video
images by subtracting a background image from raw images. By doing so, we obtained much
cleaner images, which enabled us to measure the x- and y-coordinates of the center of magnetic
beads at high precision. Third, we acquire the diffraction ring pattern of the bead by taking the
central profiles (along x and y directions) of the bead images. By collecting such profiles with
well-defined vertical (z) steps of the bead positions, we generate a look-up table of bead image
profiles. Finally, we can determine the length of DNA (or the position of the magnetic bead of
interest) for any arbitrary sample by comparing the profile from this sample to the profiles in the
look-up table.

“This work was supported by NRF 2012R1A1A2021736.”
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Nanostructure Substrate-Based Laser Scanning Cytometry
for Quantitation of Circulating Tumor Cells
Sang-Kwon Lee*,***, Dong-Joo Kim**, Gil-Sung Kim**, Won-Yong Lee*, and Rong
Fan***
*
Department of Physics, Chung-Ang University, Seoul 156-756, Korea
**
Department of Semiconductor Science and Technology, Chonbuk National
University, Jeonju 561-756, Korea
***
Department of Biomedical Engineering, Yale University, New Haven, CT 06520,
USA
Immuno-functionalized nanowire arrays are demonstrated as a superior material to capture rare
cells from heterogeneous cell populations. The laser scanning cytometry method enables largearea, automated quantitation of captured cells and rapid evaluation of functional cellular
parameters at the single cell level. This integrated technology was tested for capturing human
lung carcinoma cells spiked at various cell densities and shows a four-fold enhancement in
capture efficiency as compared to the planar substrate-based conventional imaging cytometry. In
the settings of complex biospecimens such as tumor cells mixed with white blood cell lines or
even spiked in the whole peripheral blood mononuclear cell pool as well as red-blood cells
(RBC)-lysed patient whole, the nanowire substrate yields excellent capture efficiency and
reasonably good cell purity. This platform may enable informative functional analysis of
captured rare cells in situ for potential sub-classification of CTCs, a key step towards the
identification of true metastasis-initiating cells. This nano-enabled platform holds great potential
for studying the biology of rare CTCs and for differential diagnosis of cancer progression and
metastasis. Herein, we integrate a nanowire substrate that serves as an efficient cell capture tool
and laser scanning cytometry that works for quantitative, automated characterization of captured
rare cells to yield an integrated, nanoenabled platform for informative analysis of CTCs.
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Lithium ions destabilize i-motif structure
Sung Eun Kim*, Il-Buem Lee*, Changbong Hyeon**, and Seok-Cheol Hong*,**†
* Department of Physics, Korea University, Seoul, 136-713, Korea
** School of Computational Sciences, Korea Institute for Advanced Study, Seoul
130-722, Korea
At the end of human chromosomes, a special DNA sequence is frequently found and thought to
play important roles in protecting their termini from nucleases. The cytosine-rich sequence was
known to form a folded quadruplex structure named i-motif. It has been shown that the i-motif
structure can be formed in acidic conditions and further stabilized by the presence of monovalent
cation.
In order to examine the nano-scale conformational transition of the cytosine-rich sequence and
the effect of the aforementioned chemical factors on the transition at the molecular level, we
utilized the single-molecule FRET technique.
Based on the well-resolved FRET efficiency values, we clearly distinguished the folded i-motif
structure from unfolded extended forms and were able to construct the population of the two
states under various chemical conditions such as pH ranging from 6.0 to 6.4 and three different
cations (Li+, Na+, and K+) ranging from ~ 30 mM to 500 mM. We also checked the length
dependence of cytosine repeats.
We found that the i-motif structure is more easily formed in lower pH conditions. Surprisingly,
Li+ appears to destabilize the i-motif structure, which is in sharp contrast with other
physiological monovalent cations. We discuss a possible physico-chemical principle behind the
phenomena.
In summary, we gain insight into the formation of the i-motif structure and demonstrate that
single-molecule FRET technique is a versatile tool to investigate nano-scale conformational
transition occurring to non-canonical DNA structures.
“This work is supported by NRF2012R1A1A2021736”
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Simultaneous detection of biomolecular interactions and
topography using optical tweezers
Seungjin Heo, Kipom Kim, and Yong-Hoon Cho
Department of Physics and Graduate School of Nanoscience & Technology,
KAIST, Daejeon 305-701, Republic of Korea
We developed optical tweezers which are able to map multiple factors simultaneously, including
the topography and biomolecular interactions, for example rupture force [1]. To track the
position of the probe bead and to determine contact position with the sample surface, we adopted
a video analysis method using the diffraction pattern of monochromatic light passing through the
probe bead. To demonstrate the capability of the microscope, we report the simultaneous
measurement of the molecule distribution of DNA oligonucleotides on the surface, the binding
strength of DNA hybridization between the bead and surface, and the topography of the smooth
molded surface. Finally we verify that rupture force is dependent with variable sodium chloride
concentration using our instrument.

Fig 1. (a) Schematic of the optical tweezers. (b) Schematic of the inside the sample cell. (c) Typical
image of the diffraction pattern acquired by the CCD camera
[1] “Simultaneous detection of biomolecular interactions and surface topography using photonic force
microscopy”, S. Heo et al, Biosensors and Bioelectronics, 42, 106(2013)
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Poly(acrylic acid)/Polyethylene glycol hygrogel prepared by
gamma-ray irradiation for mucosa adhesion
Jong-Seok Park, Jong-Bae Choi, Hui-Jeong Gwon, Youn-Mook Lim, Sunng-In
Jeong, Young-Min Shin, Phil-Hyun Kang, Young-Chang Nho
Advanced Radiation Technology Institute, Korea Atomic Energy Research
Institute, 1266 Sinjeong-dong Jeongeup-si Jeollabuk-do, 580-185, Rep. of Korea
A buccal delivery system provides a much milder environment for drug delivery compared to an
oral delivery which presents a hostile environment for drugs, especially proteins and
polypeptides owing to acid hydrolysis. Local delivery in an oral cavity has particular
applications in the treatment of toothaches, periodontal disease, and bacterial infections.
poly(acrylic acid) (PAA) and its crosslinked commercial powder forms, usually show strong
mucoadhesive properties. However, PAA alone has limitations as a mucoadhesive drug carrier
owing to its high water solubility, which may be dissolved before the drug is delivered across the
membrane. The aim of the present study is to develop a suitable PAA-based mucoadhesive
which might have potential for the localized prolonged delivery of active agents into an oral
cavity. In this experiment, PAA and polyethylene glycol (PEG) were selected for preparing the
bioadhesive hydrogel adhering to mucosal surfaces using a radiation process.
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Measurements of dose distribution using a multichannel
fiber-optic dosimeter during chest X-ray examination
W. J. Yoo*, S. H. Shin*, D. Jeon*, S. Hong*, H. I. Sim*, S. G. Kim*,
K. W. Jang* and B. Lee*
* School of Biomedical Engineering, Research Institute of Biomedical Engineering,
Konkuk University, Chungju, 380-701, Korea
A multichannel fiber-optic dosimeter (MC-FOD) was fabricated for real-time and remote
dosimetry with respect to X-ray beam used in diagnostic radiology. To obtain the absorbed dose
distribution on the chest phantom, we measured the scintillating light signals at each measuring
point simultaneously. Since the intensity of the X-ray beam is affected by the angle of the anode
in the X-ray tube (i.e., hill effect), the absorbed dose distribution is not uniform throughout the
beam irradiation field on the chest phantom, as shown in Fig. 1. In this study, we demonstrate
that the entrance surface dose (ESD) at the center of an X-ray beam field can be inferred by the
absorbed dose obtained at the edge, and this approach makes it possible to circumvent the image
artifacts during chest X-ray examination.

Fig1. Measurement of a dose distribution on the chest phantom using an MC-FOD

“This research was supported by National Nuclear R&D Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and future
Planning (No. 2013004348 and No. 2013050171).”
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Effects of sulfur diffusion on local current transport and
exciton recombination in CdS/CuInxGa1-xSe2 heterojunctions
G. Y. Kim1, A. R. Jeong1, J. R. Kim1, W. Jo1,*, H. J. Jo2, D.-H.Kim2, and J.-K.
Kang2
1
Department of Physics, Ewha Womans University, Seoul, 120-750, Korea
2
Daegu Gyeongbuk Institute of Science and Technology (DGIST), Daegu, 711-873,
Korea
Cu(InxGa1-x)Se2 (CIGS) is one of the most promising thin-film solar cells. In the solar cell
structures, CdS is being used as an n-type buffer layer compatible to the CIGS thin-film solar
cell. CdS is of much interest because of easy formation of p-n heterojunction with CIGS and
good transparency in visible light. CIGS thin films were grown by co-evaporation. The CdS nlayers were grown by using solution method chemical bath deposition method based on CdSO 4
(0.015 M), thiourea (1.5 M) and NH4OH. The mixtures maintain for 18 minutes at 65 oC. This
method was aimed to obtain CdS films with several ten nm thickness. It could help to solve
partial grain coverage and pinholes. In this way, CdS thin films have been deposited onto CIGS
absorber layer. After deposition, the heterostructures thin films were annealed on 200 oC on a hot
plate for 5 minutes. We investigated influence of sulfur diffusion on electron transport in the
annealed CdS-CIGS heterostructures with atomic force microscopy. Local surface potential and
conduction properties were investigated by Kelvin probe force microscopy and conductive
atomic force microscopy, respectively. Band alignment and exciton separation are explained
with surface potential variation and charge conduction near grain boundaries. From secondary
ion mass spectrometry, it is found that sulfur from CdS diffuses into the CIGS layer. Changes of
the local conductivity of CdS layers are described by the alterations of composition induced by
the annealing.

Fig. 1. CdS/CIGS heterostructures with sulfur diffusing into grain boundaries.
soda-lime glasses.
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WED-DE-P03

In-situ B doped Ge growth on a Si(001) by UHV-CVD
Keun Woo Shin*, Sewoung Oh*,** Won-Kyu Park** and Euijoon Yoon*
*Department of Materials Science and Engineering, Seoul National University,
Korea
**Korea Advanced Nano-Fab Center, Korea
Multi-junction solar cells (MJSCs) based on III-V materials are promising candidates in order to
obtain high conversion efficiency above 30%. Typically, MJSCs are composed of GaInP, GaAs
and Ge which have similar lattice constant but different bandgap. It is expected that highefficiency MJSCs can be fabricated on the substrate with large area by replacing Ge substrate
with Si substrate. However, when Ge layer is first grown on Si substrate, 4.2% lattice mismatch
between Ge and Si results in rough surface and/or generation of threading dislocations.
Furthermore, doping in Ge layer is required to use Ge layer as a bottom cell. In this study, Ge
layers were grown on Si(001) substrate using two-step method and B2H6 was introduced during
Ge growth to obtain p-type Ge layer.
Ge layers were grown on Si(001) substrates using UHV-CVD. By using two-step method, pure
Ge layers with flat surfaces were successfully grown on Si. The quality of Ge was improved by
increasing thickness. The threading dislocation density in Ge layer was 4.3 x 10 8 cm-2 when 900
nm-thick Ge layer was grown. For the application of Ge layer to MJSCs, in-situ B doping was
performed to grow p-type Ge layers during the Ge growth at 500 oC by varying the B2H6 flow.
As the B2H6 flow increases from 1 to 3 sccm, surfaces were roughened with island formations.
The increase of B2H6 flow raised both hole and boron concentration in Ge increase from 8.26 x
1018 to 3.03 x 1019 cm-3 and from 1.05 x 1019 to 4.15 x 1020 cm-3, respectively. The difference
between hole and boron concentrations means that there exist deactivated borons in Ge layer.
The segregation of deactivated B might be the origin of the surface roughening. We could obtain
flat p-Ge layers with the hole concentration of 8.26 x 1018 cm-3 by controlling the B2H6 flow.
Finally, n-p junction was formed with junction depth was 180 nm in Ge layer by diffusion of P
during GaInP growth.
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WED-DE-P04

Multi-step plasma etching process of InSb
for the fabrication of highly photosensitive diodes
Chulkyun Seok*, Minkyung Choi**,Sehun Park*, Jinwook Jung*,
Yongjo Park***, and Euijoon Yoon*
* Department of Materials Science and Engineering, Seoul National University,
Seoul, Korea
** Department of Physics, Ewha Womans University, Seoul, Korea
*** Energy Semiconductor Research Center, Advanced Institutes of Convergence
Technology, Suwon, Korea
Indium-antimonide (InSb) photodetectors with p-n junctions formed by epitaxial growth with insitu doping show the lower dark current and the higher operating temperature (100K) compared
to the conventional InSb diodes made by ion implantation. To fabricate a device using InSb
epitaxial layer, a plasma etching process is necessary. By-products and ion-induced damages on
the etched surface cause the increase of dark current. Thus, smooth etched surfaces and flat mesa
sidewalls with low defects are required in order to make highly sensitive mid-infrared sensors
with low dark current and high detectivity (D*).
In this study, to minimize these ion-induced defects, the multi-step plasma etching process of
InSb was investigated using a gas mixture of Ar and N2. Pure Ar ion beam etching showed 10
times higher etch rate (100 nm/min) than that of N 2 ion beam etching. However, ion-induced
damages remained on the etched surface after etching process. On the other hand, as shown in
Fig. 1, even though pure N2 plasma etching had low etch rate, relatively flat surface was obtained
with lower root-mean-square (RMS) roughness (0.6 nm) than that of Ar ion etching (1.9 nm).
Combining two method, as shown in Fig. 2, the multi-step plasma etching process was
sequentially performed at pure Ar, Ar:N2=1:1, Ar:N2=1:2, and pure N2 ambient. When we
gradually increased the amount of N2 gas flow during etching process, RMS roughness
decreased from 1.9 to 0.4 nm. Furthermore, Raman analysis of InSb after plasma etching
confirmed that multi-step plasma etching process was more effective in reducing the ion-induced
damages. To show the enhancement of electrical properties when we used the multi-step ion
beam etching, properties of the InSb photodiode will be addressed.
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WED-DE-P05

Conducting filament evolution in forming-free Pt/TaOx/Pt
resistance switching devices
Chunli Liu, C. U. Jung, and B. W. Lee
Department of Physics, Hankuk University of Foreign Studies, Yongin, 449-791,
Korea
The resistive switching (RS) behavior in various oxide thin films has been an active research
topic in the field of non-volatile memory devices. TaOx is a promising candidate for realizing
practical resistive random-access memory (RRAM). In this work, we discuss the conducting
filament evolution process in forming free Pt/TaOx/Pt RRAM devices. Amorphous TaOx thin
films were deposited using pulsed laser deposition. The deposition temperature was found to
have direct effect on the composition of the oxide thin film, which induces different currentvoltage characteristics. TaOx thin films with an appropriate percentage of Ta sub-oxides showed
forming-free switching behavior due to their low resistances in the as-deposited state. Comparing
the relationships between the current and resistance during the RS, we proposed different
evolution processes of the conducting filaments in forming-required and forming-free RRAM
devices.
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Determination of the shape and length of LYSO:Ce to
optimize a small-sized fiber-optic gamma detector
S. Hong*, S. H. Shin*, D. Jeon*, H. I. Sim*, S. G. Kim*, W. J. Yoo*,
K. W. Jang*, J.-Y. Park* and B. Lee*
* School of Biomedical Engineering, Research Institute of Biomedical Engineering,
Konkuk University, Chungju, 380-701, Korea
We fabricated a small-sized fiber-optic gamma detector to measure the inherent energy spectra
of various radioactive isotopes in narrow places. To determine the adequate size of the ceriumdoped lutetium yttrium orthosilicate (LYSO:Ce) crystal with a high energy resolution, the energy
spectra were obtained by measuring the scintillating light generated from the square type (3 x 3
mm2) and the round type (ϕ 3 mm) of LYSO:Ce crystals with different lengths of 5, 10 and 15
mm. As experimental results, we measured the variations of gamma energy spectrum for the
specific radioactive isotope according to the shape and length of the LYSO:Ce crystals. In
addition, the inherent photopeaks were successfully observed.

Fig 1. Energy spectra for 60Co measured by using a fiber-optic gamma detector
“This research was supported by Basic Science Research Program through the National
Research Foundation of Korea(NRF) funded by the Ministry of Science, ICT and future
Planning(No. 2012045539).”
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Enhancement of CIGS Solar Cells Efficiency by Antireflection Coating of Teflon AF
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An anti-reflection (AR) layer of Teflon AF was deposited on the front surface of Cu(In,Ga)Se2
(CIGS) solar cell with the structure of grid/TCO/ZnO/CdS/Cu(In,Ga)Se 2/Mo/glass using the spin
coating method. This AR layer improved the front surface reflection, which resulted in high
efficiency of the CIGS solar cell. The thickness of the Teflon AF layer was varied to determine
the thickness that gave the highest transmittance of incident light into the active absorber of the
CIGS solar cell. The optimum thickness of the Teflon AF layer was found to be 100 nm at 600
nm. CIGS solar cells with a Teflon AF layer of 100 nm were constructed and their efficiency
compared with those of solar cells without a Teflon AF layer. The Teflon AF layer enhanced the
efficiency of the solar cells from 8.29% to 10.12%.

Figure 1. Efficiency of CIGS solar cells with and without a Teflon AF layer.
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The Study on broad directivity characteristic of
piston transducer with finite baffle
Qin Lei*, Wang Li-kun*, Liu Jing-jing, Zhang Bin and Long Dan
* Research Center of Sensor Technology, Beijing Information Science &
Technology University, Beijing, 100101, China
Researching on directivities of piston like sound source is widely used on transducer design.
Almost all the time, the baffle of transducer has been considered as an infinite baffle. But
condition with finite baffle is much more close to the actual situation. This research is focus on
the piston like transducer with finite baffle.
Transducer with large directivity and high transmitting sensitivity is designed and fabricated. It
is a sandwich transducer with composite horn and it has a finite baffle. A novel model
considering the dimension of baffle is deduced, the directivity of transducers are calculated
under different conditions. The computations of models agree with the experimental data well.
The maximum transmitting voltage response level of the sandwich transducer is 143dB(1V/μPa)
and the directivity is up to 99°(-3dB) at the resonance frequency of 75.6kHz.

Fig 1. Schematic diagram of piston transducer with finite baffle.
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Spatially Resolved Characterizations of Electrical and
Optical Properties in Cu2SnZnS4 Solar Cells
Dahyun Nam*, Mungunshagai Gansukh*, Dae-Ho Son** Dae-Hwan Kim**, KeeJeong Yang**, Jin-Kyu Kang**, Hyeonsik Cheong*
* Department of Physics, Sogang University, Seoul, 121-742, Korea
** Green Energy Research Division, DGIST, Daegu, 711-873, Korea
Cu2ZnSnS4 (CZTS) thin film solar cells have been attracting much interest recently for they have
favorable properties as an absorber layer, such as a high absorption coefficient and an ideal band
gap energy for a single junction solar cell. Moreover, they are made of earth-abundant materials,
which is advantageous for reaching the grid parity. Most of the studies so far concentrated on
growth methods to reach a higher efficiency, and macro-properties such as Voc, Jsc, and
conversion efficiency have been the focus. In this study, we focus on their micro-properties
which might help understand the macro-properties.
We carried out micro-photoluminescence (PL), micro-Raman, and micro-laser beam induced
current (LBIC) measurements in order to study the local properties in CZTS solar cells. An area
of 15 × 15 μm2 close to the top electrode was chosen to minimize lateral carrier diffusion in
LBIC measurements. The PL and Raman scattering measurements were also carried out on the
same area in order to find correlations among three measurements. Moreover, we compared solar
cells with different efficiencies in order to find correlations between local properties and the total
efficiency.
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Observation of fractal quantum Hall effect in artificially
stacked CVD grown graphene bilayer
Muhammad Zahir Iqbal1, Muhammad Waqas Iqbal1, Xiaozhan Jin2,
Chanyong Hwang2, Jonghwa Eom1
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Department of Physics and Graphene Research Institute, Sejong University, 143747, Seoul, Korea
2
Center for Advanced Instrumentation, Korea Research Institute of Standards and
Science (KRISS), 305-340, Daejeon, Korea
The exceptional electronic properties of graphene stem from linear dispersion relation and
chiral nature of charge carries, originating from its honeycomb lattice structure. The electrical
transport such as quantum Hall effect in single and Bernal stacked bilayer graphene has been
explored to a large extent. However, it is interesting to probe the electronic transport properties
of artificially stacked graphene layers [1,2], which are compared with naturally existent Bernal
stacked bilayer graphene. Here, we address the electrical transport properties of chemical vapor
deposition grown graphene on Cu foil. The two layers were formed by subsequently transferring
a graphene layer to one on SiO2. Raman spectroscopy is also used to investigate structural
characteristics of artificially stacked graphene bilayer. The quantum Hall effect of artificially
stacked graphene bilayer were observed at low temperatures. However, clear plateaus started to
appear from 4T and became clearer at higher magnetic fields and Shubnikov-de Hass (SdH)
oscillations were observed at different back gate voltages. Our study initiates understanding of
interactions between artificially stacked graphene layers.

[1] B. Fallahazad, Y. Hao, K. Lee, S. Kim R. S. Ruoff, E. Tutuc, Phys. Rev. B., 85, 201408(R) (2012).
[2] D-H. Chae, D. Zhang, X. Huang, K.v. Klitzing., Nano Lett., 12, 3905 (2012).
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Threshold voltage modeling of novel display device based on
fast-moving ball actuator
Mun Pyo Hong*, Jongmo Lee**, Chul Gyu Jhun**, Ho Won Yoon*, Byung
Seong Bae**, and Seungoh Han***
* Department of Display and Semiconductor, Korea University, Sejong, 339-700,
Korea
** New IT Engineering College, Hoseo University, Asan, 336-795, Korea
*** Fusion Research Lab, Hoseo University, Asan, 336-795, Korea
We clarified the underlying physics and thereby developed threshold voltage model of novel
display device based on a fast-moving ball actuator (FMBA) as shown in Fig. 1. The proposed
threshold voltage modeling starts from considering all the related forces of Coulomb,
dielectrophoretic (DEP), frictional, and van der Waals’ adhesive forces, where frictional force
consists of vertical Coulomb and DEP forces, buoyance, and gravity. Considering 3-dimensional
geometric effect, Coulomb and DEP forces were analyzed through numerical simulations while
all the remaining forces were analytically modeled. As a result, DEP force, buoyance, and
gravity were concluded negligible compared to Coulomb force and van der Waals force. With
the developed threshold voltage model of Eqn. (1), the required driving voltage was calculated as
39.54V which matched well to the experimental result of 40V.

Fig 1. All the forces involved in the operation of FMBA-based display device.
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The flexible solar cells with Cu(In,Ga)Se2 absorber grown on
polyimide by using Se thermal cracker
Soo-Jeong Park1,2, Woo-Jung Lee1, Dae-Hyung Cho1, Jae-Hyung Wi1, Won-Seok
Han1, Yousuk Cho3, Jong-man Yoon3, Yong-Duck Chung1,2**
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University of Science and Technology, Daejeon, 305-350, Republic of Korea
3
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The flexible Cu(In,Ga)Se2(CIGS) thin-film solar cells have some advantages such as high
specific power (W/kg) and compatibility with roll-to-roll deposition process which is significant
for lowering manufacturing costs [1]. Among the several flexible substrates, the most promising
candidates are stainless steel and polyimide film. In comparison with stainless steel, polyimide
has the beneficial characteristics of electrical insulation enabling direct monolithic
interconnections and the absence of metallic impurities diffusing into CIGS layer. On the other
hand, the process temperature of CIGS layer on polyimide substrate is considerably lower (<
500oC), which requires the adjustment of process variables to deposit CIGS layers.
In this study, we chose the polyimide substrate for flexible CIGS thin-film solar cells. The Mo
layer was deposited by varying process pressure and then residual stress of polyimide was
measured to find out the most stable state of Mo layer on polyimide. Additionally Mo:Na layer
was deposited between Mo layer and polyimide for the supply of Na elements. The CIGS
absorber was deposited on Mo layer at growth temperature below 500 oC by using Se thermal
cracker to improve reactivity of Se. The fabricated solar cell achieved the best efficiency of
10.76% without anti-reflection coating at cracking zone temperature of 800oC.

[1] M. Pagliaro, G. Palmisano, R. Ciriminna, Flexible Solar Cells, WILEY-VCH Verlag GmbH & Co.
KGaA, Weinheim, 2008.
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Complementary Resistance Switching behavior of antiserially combined ZnO/SnO2 double-layered thin films
Jinsung Choi , Hyun Cheol Song, Yunki Kim, and Ranju Jung*
* Department of electrical and biological physics, Kwangwoon University, Seoul,
139-701, Korea
The resistive switching memory (RRAM) is applied to the crossbar array structure for high
integration, but sneak paths were an inherent disadvantage of it. To resolve that problem a
complementary resistance switching (CRS) device was suggested, which combines two bipolar
RRAMs anti-serially to exhibit the same high resistance independent of each resistance state of
RRAMs.1 We prepared the capacitive structure of ZnO/SnO2 double-layered thin film by plasma
laser deposition, which shows reversible and bistable bipolar resistance switching behaviors.
Then ZnO/SnO2 double-layered films are combined anti-serially as depicted in Fig.1, and CRS
behavior is investigated.

Fig 1. Anti-serially combined ZnO/SnO2 RRAMs.

1

Eike Linn, et al. Nat. Mater. 9, 403 (2010)
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CuInGa precursor thin film deposition by single target
sputtering for CIGS solar cell applications
Jeong Dae Suh
Future Technology Research Department
Electronics and Telecommunications Research Institute,
218 Gajeongno, Daejeon City, 305-700, Rep. of KOREA
The Cu-based chalcopyrite semiconductors such as CuInGaSe were intensively studied for
compound thin film solar cell applications due to their outstanding electro-optical properties. A
variety of vacuum based thin film fabrication methods were typically applied to prepare CIGS
thin films such as multi-source evaporation, sputtering, chemical vapor deposition, etc. Recently,
CuInGaSe thin film preparation by using metallic alloy single sputtering target materials were
actively studied for low cost and simple thin film solar cell fabrication methods. In this
deposition process, smooth metallic precursor deposition is important for the high quality
CuInGaSe absorber layer fabrication. In this study, we have deposited and characterized the
CuInGa metallic precursor layers by using CuInGa metallic alloy sputtering targets. The
crystalline microstructure and composition of CuInGa precursor thin films analyzed by X-ray
diffraction and energy dispersive analysis showed the smooth CuInGa layer and In- rich
agglomerate islands on the smooth layer. The effect of the sputter power and pressures on the
CuInGa precursor thin film properties were systematically investigated.

This research was supported by the MOTIE (No.10033436), Rep of KOREA.
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Effect of the multiple quantum well and barrier thickness
variation on the efficiency of AlGaN-based deep-ultraviolet
LEDs
Su Jin Kim*, Kyeong Heon Kim*, Jae Hoon Lee*, Ho Young Chung*, Kie Young
Woo*, Sukwon Kim*, Byeong Ryong Lee*, and Tae Geun Kim*
* School of Electrical Engineering, Korea University, Seoul, 136-701, Korea
The design of multiple quantum well (MQW) structure with varied thicknesses of well and
barrier layers is proposed and investigated in detail to improve internal quantum efficiency (IQE)
in AlGaN based Deep-UV Light Emitting Diodes (LEDs) by SimuLED simulation program. We
proposed MQW structures with the thicknesses of QWs are increased from 2 to 4 nm with a step
of 1 nm and those of the QBs decrease from 7 to 3nm with a step of 2 nm along the growth
direction in active region. The simulation results indicated that the proposed structure would be
effective in enhancing the hole injection efficiency as well as the having uniform carrier
distribution, which caused by polarization field. Consequently, we found that optimized structure
has the same forward voltage (8.85 V at 20 mA) as compared with standard structure, but the
IQE of the optimized structure is higher than the standard structure. Furthermore, the light
output power of optimized structure was improved by a factor of 1.33 at 20mA compared with
those of the standard structure.

Fig 1. Schematic of AlGaN MQWs region: (a) standard structure, (b) structure A, (c) structure B and
(d) structure C. (e) radiative recombination rates and (g) output power and forward voltage for the
standard structure, structure A, structure B and structure C.
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Organic light-emitting diodes (OLEDs) have attracted much attention due to their potential
applications in full-color flat panel displays, back-light sources for liquid-crystal and solid-state
lighting. To achieve high electroluminescent (EL) efficiency, the optimization of device
structure is of great importance. In this study, 4,4’,4”-tris(N-(2-naphthyl)-N-phenylamino)triphenylamine (2-TNATA), used as a hole injection (HIL) material in OLEDs, is placed as a
thin interlayer between indium tin oxide (ITO) electrode and a hole transporting layer (HTL) in
the OLED devices. By using TNATA as a HIL, the EL performances of OLED devices were
significantly increased.

- 291 -

WED-DE-P17

Thermodynamic behaviors of the ferrofluid in a thin
channel with magnetic field and geometric configuration
Dong-Yeon Lee *, Jae-Hyeong Seo**, Moo-Yeon Lee **
* School of Mechanical Engineering, Yeungnam University, 214-1, Dae-dong,
Gyeongsan-si, Gyeongsanbukdo, 712-749, Republic of Korea
** Department of Mechanical Engineering, Dong-A University, Hadan 840, Sahagu, Busan, Republic of Korea
The objective of this study is numerically investigated thermodynamic behaviors of the
ferrofluid with nano-sized magnetic particles in a thin channel. Numerical model to simulate the
heat transfer characteristics the ferrofluid as the non-newtonian fluid were derived the governing
equations using Maxwell and magnetization equations. The developed model with mesh
sensitivity analysis was validated the existed data and analyzed with the variation of the
composition of magnetite, aspect ratio, and inclination of the channel. As a result, the optimized
inclined angle of the channel and the magnetite composition of the ferrofluid were observed. In
addition, the average and local Nusselt numbers were considered varying with the magnetic
intensity.

Fig 1. Analysis of the effect on the inclination of channel filled with the ferrofluid under fixed
magnetic field

- 292 -

WED-DE-P18

Thermal properties of fiber-optic radiation sensor for
gamma-ray detection in high temperature conditions
D. Jeon*, K. W. Jang*, W. J. Yoo*, S. H. Shin*, S. Hong*, H. I. Sim*,
S. G. Kim*, and B. Lee*
* School of Biomedical Engineering, Research Institute of Biomedical Engineering,
Konkuk University, Chungju, 380-701, Korea
A fiber-optic radiation sensor was fabricated using a Cerium-doped Silicate Yttrium Lutetium
(LYSO:Ce) scintillator crystal and a silica optical fiber to detect gamma-rays accurately in
elevated temperature conditions as shown in Fig. 1. Throughout this study, LYSO scintillator
was employed due to its high light yield (32,000 Photons/MeV), fast decay time (≤47 ns) and
high detection efficiency. Since the light yield of LYSO crystal varies with its
thermoluminescence (TL), the TL should be eliminated by heat annealing process. In this study,
we obtained the TL curve of LYSO by increasing the temperatures up to 140°C. Also, the almost
TL of LYSO was eliminated by the heat annealing process.

(a)
(b)

Fig 1. (a) Experimental setup, (b) Measured TL of LYSO with and without gamma-ray irradiation

“This research was supported by National Nuclear R&D Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and future
Planning (No. 2013004348 and No. 2013050171).”
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Fundamental Research of Cerenkov Radiation Sensor Based
on Optical Glass for Detecting Beta-ray
J. Kim*, K. W. Jang*, S. H. Shin*, W. J. Yoo* and B. Lee*
* School of Biomedical Engineering, Research Institute of Biomedical Engineering,
Konkuk University, Chungju, 380-701, Korea
In this study, a Cerenkov radiation sensor for detecting low-energy beta-particles was fabricated
using various Cerenkov radiators such as CaF2, BaF2, SiO2, LaF3 and Al2O3 optical glasses.
Since the refractive index of transparent dielectric determines the Cerenkov threshold energy
(CTE), the intensity of Cerenkov radiation varies according to the refractive indices of Cerenkov
radiators. Therefore, we measured the intensities of Cerenkov radiation induced by beta-rays
generated from radioactive isotopes as a function of refractive indices of Cerenkov radiators.
Also the electron fluxes were calculated for various Cerenkov radiators using Monte Carlo NParticle (MCNP) codes to determine the relationship between the intensities of Cerenkov
radiation and the electron fluxes.

(a)

(b)

Fig 1. (a) Experimental setup for detecting low-energy beta-particles using a variety of Cerenkov
radiators; (b) Calculated electron fluxes using MCNP code

“This research was supported by National Nuclear R&D Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and future
Planning (No. 2013004348 and No. 2013050171).”
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WED-DE-P20

Recessed-gate GaN-based MOSFET having dual dielectric
for high power electronics application
Young Jun Yoon*, Hee-Sung Kang*, Jae Hwa Seo*, Young Jae Kim*,
Eou-Sik Cho**, Seongjae Cho**, Jung-Hee Lee*, and In Man Kang*
* School of Electronics Engineering, Kyungpook National University, Daegu, 702701, Republic of Korea
** Department of Electronics Engineering, Gachon University, SeongnamDaero,
Soojung-gu, Seongnam, Kyunggi, 461-701, Republic of Korea
Gallium nitride (GaN) is regarded as a promising wide bandgap semiconductor for high power
electronics application due to various strengths such as high saturation velocity and large critical
electric field. We have investigated a recessed-gate GaN-based MOSFET having dual dielectric
for high current performance by using device simulator. While the recessed-gate structure has
high threshold voltage for driver circuit design, it has low current drivability as a weakness.
MOSFET having dual dielectric that consists of Al 2O3 and HfO2 can improve the current
performance due to the high dielectric constant of HfO 2. As shown in Fig 1, MOSFET having
dual dielectric achieves high drain current (ID) and transconductance (gm) than MOSFET having
single dielectric (Al2O3) with same oxide thickness. It is confirmed that the proposed device has
strong potential for high power electronics application.

Fig 1. Drain current (ID) and transconductance (gm) as a function of gate voltage (VG) for GaN-based
MOSFET with dual dielectric (Al2O3 and HfO2) and single dielectric (Al2O3)
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WED-DE-P21

Improve the transparency of liquid crystal display with
various transparent conducting films
Yong Un Jung, Seungwon Shin, Seong Jun Kang*
Department of Advanced Materials Engineering for Information and Electronics,
Kyung Hee University, 1 Seocheon-dong, Giheung-gu, Yongin-si, Gyeonggi-do
446-701, Republic of Korea
We report the improved transmittance of typical twisted nematic liquid crystal displays (LCDs)
with various transparent conducting films based on graphene and carbon nanotube. Graphene
films were synthesized via chemical vapor deposition and transferred onto glass substrates, then
used to fabricate typical twisted nematic LCD cells. Also, the hybrid structures of graphene,
carbon nanotube and Ag grid were prepared to fabricate LCD. LCD cells using graphene as
transparent electrodes exhibited optical transmittances 7.7% higher than LCD cells fabricated
using conventional conducting layers based on indium tin oxide (ITO) films. The device
characteristics of LCD cells based on graphene electrodes, such as threshold voltage and voltage
holding ratio, were comparable to those of conventional LCD cells based on ITO electrodes. On
the other hand, the device properties of LCD based on carbon nanotube were not as good as the
properties of LCD based on indium-tin-oxide films. However, LCD cells using hybrid
transparent conducting films using carbon nanotube and Ag grid showed comparable
performance to conventional LCD cells. These results suggest that transparent conducting films
based on carbon nanomaterials are promising electrodes for the LCD.
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WED-DE-P22

Flexible White Organic Light-Emitting Diodes With MultiMetal Electrode and New Combination of Heteroleptic
Iridium Compound
Ho Won Lee*, Hyung Jin Yang*, Jae Eun Yi*, Jun Keun Choi**,
Young Kwan Kim*, and Yunkyoung Ha*
* Department of Information Display, Hongik University, Seoul, 121-791,
Republic of Korea
** Department of Chemical Engineering, Hongik University, Seoul, 121-791,
Republic of Korea
Transparent electrodes and heteroleptic Iridium complexes have attached tremendous
scientific interest for organic light-emitting diodes (OLEDs) because they have each advantage
that transparent electrode can replace to indium-tin-oxide (ITO), which has structural defects or
diffusion of indium into organic layer, and heteroleptic iridium complexes have high luminescent,
quantum yield, and great device performance. Therefore, we suggest that flexible white OLEDs
with semitransparent Ni/Ag/Ni multi-metal layers and new combination of iridium complexes as
an orange phosphorescent emitter were possible. Various types of flexible white OLEDs were
fabricated by following structures; deposition of Ni/Ag/Ni semitransparent electrode as an anode
on polyethylene terephthalate (PET) substrate/4,4’ -bis[N-(napthyl)-N-phenyl-amino]biphenyl
(NPB, 50 nm) as a hole transporting layer/N,N′-dicarbazolyl-3,5-benzene (mCP, 10 nm) as an
electron and triplet exciton blocking layer/emitting layers (various condition in fixed 30 nm)
using mCP, iridium(III) bis[(4,6-difluorophenyl)-pyridinato-[N,C2]picolinate (FIrpic) as a blue
host and dopant, respectively, and 4,4’-bis (carbazol-9-yl)biphenyl (CBP), Iridium compound as
a red host and dopant, respectively. We demonstrate that flexible white OLEDs with ITO-free
electrode and new orange phosphorescent have a potential of stable electrical and optical
characteristics.

- 297 -

WED-DE-P23

Analysis of electrical characteristic of plated contact for
high-efficiency silicon solar cell
Jisoo Kim*, Jong-Youb Lim, Yeon-Hee Hwang, Ji-sun Kim, Eun-Joo Lee and Ho
Sik Kim
* R&D center, Solar cell division. Shinsung Solar Energy, Seongnam-city,
Gyeoggi-do, 463-020, Korea
Currently, the trend of the silicon solar cell industry is decreased the wafer thickness and
metal pastes consumption to reduce the cost. Silver (Ag) paste using Screen-printing is relatively
high cost. To make matters worse the contact fired Ag gives conductivity two to three times
lower than pure Ag. Otherwise Copper is a promising material in terms of conductivity and cost.
Nickel/Copper (Ni/Cu) plated contact is regard as the next generation of metallization and
substitute conventional screen printed Ag front contacts. The plating has some advantages - lowcost, low-waste and self-aligned process. In this paper we investigated the front side
metallization for laser doping (LD) solar cell, especially focus on the optimization of light
induced plating (LIP) process. In addition we used optimized condition and compared the
performance of contact resistance with a Ni/Cu plated contact and Ag screen printing by using
the transmission line model (TLM).
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WED-DE-P24

Least material optimization of electronics cooling devices
Chan Byon*
* School of Mechanical Engineering, Yeungnam University,
Gyeongsan, 712-749, Republic of Korea
In this study, the least material optimization of electronics cooling device is conducted
analytically and experimentally. An analytic method for predicting the thermal resistances of fin
array and heat sink base is presented. The presented analytic method is shown to predict the
experimental results well within 5%. Based on the analytic results, a method for minimizing the
height of natural convective heat sinks is proposed. The minimum heat sink height is shown to
increase as the targeted thermal resistance decreases. As the heat source localization intensity
increases, both the minimum fin height and substrate thickness are shown to increase. The
minimum heat sink height increases as the ambient temperature increases when the radiation heat
transfer is eliminated, while it is nearly independent from the ambient temperature when the
radiation heat transfer is augmented.
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WED-DE-P25

Effects of surface etching treatment in Cu2ZnSnSSe4 thin
films studied by Raman scattering spectroscopy
Nguyen Thi Thu Trang*, Hae-Young Shin*, Ju Ri Kim*, Gee Yeong Kim*,
William Jo* and Seokhyun Yoon*
*Department of Physics, Ewha Womans University, Seoul, 120-750, Korea
The quaternary semiconductor Cu2ZnSnSSe4 (CZTSSe) has attracted attention as possible
absorbing material for thin-film solar cell due to high optical absorption coefficient (>104 cm -1)
and has earth abundant and low cost elements. In this study, we present Raman scattering studies
of CZTSSe thin-films with 38 % efficiency, grown on Mo coated soda lime glass substrates by
co-sputtering method and selenization. The surfaces of the CZTSSe thin- films were etched with
a various conditions of KCN etching (concentration, time, and temperature etc.). We used
Raman scattering spectroscopy, that is a very useful tool to study elementary excitations, to
investigate CZTSSe. In our studies, optical phonon modes of CZTSSe thin films before and after
etching were studied by using macro- and micro- Raman spectroscopy. We observed
conventional Raman peaks of CZTSSe, second phase peaks of CZTSSe and peaks associated
with MoSe2 as well. We observed change of Raman modes of CZTSSe thin films before and
after etching. To compare, the microscopic electronic property of our sample are measured by
KPFM and C-AFM. From these results, we can suggest that Raman scattering spectroscopy can
be used to identify the influence of treatment affects to photovoltaic efficiency of CZTSSe solar
cells.
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WED-DE-P26

The simple logic circuit using dual gate a-InGaZnO thin film
transistor
Seung Hee Nam*, Pyo Jin Jeon**, Young Tack Lee**, Syed Raza Ali Raza** and
Seongil Im**
* R&D Center, LG Display, Paju 413-811, Korea
** The Institute of Physics and Applied Physics, Yonsei Unversity, Seoul 120749, Korea
Logic circuit with dual gate amorphous (a)-InGaZnO thin-film transistors (TFTs) was realized
using the electrical control on top gate electrode without any structural and chemical treatment. By
applying different voltage bias to the top gate electrode, the threshold of TFT was controlled and a
depletion load inverter was achieved. And we could improve the inverter gain by combining the dual
gate on the driver TFT. Also we realized a NOR logic circuit using this dual gate TFT structure,
one as load-TFT and the other having a top and bottom gate terminal as two inputs of NOR.
Fabricated simple structure logic circuits have good static and dynamic characteristics.
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Fig 1. (a) Inverter circuit with a dual mode driver TFT (inset), which displays a transfer curve
with phighly improved subthreshold swing performance (b) The improved subthreshold swing led
to increased voltage gain of ~15 in this inverter, compared to the previous case of Fig. 2(b) (see the
inset).

Fig.2. (a) NOR logic circuit using our top gate approach with passivation dielectric (inset) VTC
curves obtained from the circuit; VTOP= 3V for load resistance. VA and VB were independently
applied as the dual gate voltages to control the driver TFT for NOR function. (b) Output dynamics of
our NOR gate circuit. Only when the VA = VB = 0 V, the driver channel is closed resulting in 5 V
outut.
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Electrical phase transition by charged carrier injection
generated by photoelectron emission
Kyuwook Ihm
Beamline research division, Pohang Accelerator Laboratory, PohangDepartment,
790-784, Korea
We show a set-up of poly(4,4’-aminotriphenylene hexafluoroisopropylidenediphthalimide) (6FTPA PI)/Al sample in which holes are injected by photoelectron emission process instead of
direct charge carrier injection via metal electrode. In this process, an irreversible electrical phase
transition of 6F-TPA PI is found in contrast to the Al/6F-TPA PI/Al structure, leading to a writeonce-read-many behavior. The photoelectron spectroscopy results measured before and after the
switching process revealed that the irreversible electrical phase transition of 6F-TPA PI is
attributed to the chemical modification of the carbonyl group in phthalimide moiety.

Fig 1. Novel set-up in which holes are injected by photoemission process.
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WED-DE-P28

Characterization of multi-channel fiber-optic radiation
sensor for HDR brachytherapy source
S. H. Shin*, K. W. Jang*, D. Jeon*, S. Hong*, H. I. Sim*, S. G. Kim*,
W. J. Yoo* and B. Lee*
* Research Institute of Biomedical Engineering, School of Biomedical Engineering,
Konkuk University, Chungju, 380-701, Korea
In this study, we have fabricated a multi-channel fiber-optic radiation sensor (MFORS) using
organic scintillators for high-dose rate (HDR) brachytherapy dosimetry. Using the MFORS, we
measured dose distributions for HDR brachytherapy source (Ir-192) as a function of position in a
PMMA phantom and the results were compared with those using the Gafchromic EBT films. As
a result, the dose distribution obtained using MFORS was almost similar with that using the EBT
film. It is expected that MFORS can be effectively used as a dosimeter in HDR brachytherapy
due to its variety of advantages such as real-time monitoring, high-resolution measurement,
tissue equivalence and convenience of use.

Fig 1. Experimental setup for measuring dose distribution for HDR brachytherapy source

“This research was supported by National Nuclear R&D Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and future
Planning(No. 2013004348). This research was supported by Basic Science Research Program
through the National Research Foundation of Korea(NRF) funded by the Ministry of Science,
ICT and future Planning(No. 2012045539). ”
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WED-DE-P29

Feasibility of fiber-optic Cernkov radiation sensor using
wavelength shifting fiber for radiotherapy dosimetry
K. W. Jang*, S. H. Shin*, D. Jeon*, S. Hong*, H. I. Sim*, S. G. Kim*,
W. J. Yoo*, and B. Lee*
* School of Biomedical Engineering, Research Institute of Biomedical Engineering,
Konkuk University, Chungju, 380-701, Korea
In this study, a fiber-optic Cerenkov radiation sensor was fabricated using a wavelength
shifting fiber (WSF) and a plastic optical fiber (POF) to measure relative doses of therapeutic
radiation beams. Also, the Monte Carlo N-particle transport (MCNPX) simulation was
conducted to determine the relationship between electron fluxes over Cerenkov threshold energy
and energy deposition of gamma-rays. At last, relative depth doses of therapeutic gamma-rays
generated from a Co-60 machine were obtained using the fiber-optic Cerenkov radiation sensor.
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Fig 1. (a) Experimental setup, (b) Measured Cerenkov radiation according to water depth

“This research was supported by National Nuclear R&D Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and future
Planning (No. 2013004348). Also this research was supported by Basic Science Research
Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Science, ICT and future Planning (No. 201245539).”
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Sensing Properties for Extremely Low Level H2 Gas
based on Pd Nanogap and a-IGZO TFT Devices
Jin Sung Kim*, Young Tack Lee*, Seung Hee Nam*, Pyo Jin Jeon*, Hwaebong
Jung**, Byungjin Jang**, Wooyoung Lee** and Seongil Im*
* Institute of Physics and Applied Physics, Yonsei Univ., 134 Shinchon, Seoul,
120-749, Korea
** Department of Materials Science and Engineering, Yonsei University, Seoul,
120-749, Korea
H2 detection is very interesting research field in green energy industry for safety. However,
reading the detection at low H2 content was not easy at all. In this study, we demonstrate thinfilm based Pd nanogap which has been used as extremely low level H2 sensor with stable aIGZO thin-film transistor (TFT).
As a result of Pd connection to the a-IGZO TFT source, it acts as an analogue variable resistor
depending on the H2 content. Our inverter type sensor circuit enhances the H2 induced signal
visibility and sensing speed in a sense of output voltage, clearly resolving a minimum H2 content
of 0.05 %.
When the nanogap-based Pd sensor was connected to the a-IGZO TFT gate, an even lower H2
content of less than 0.05 % was visibly detected through gate voltage shifts.
More and advanced details will be discussed in the meeting.

Fig 1. Schematic of H2 measurement system, voltage dynamic curve (resistor type) and transfer curves
(capacitor type) with sensing phenomenon.
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THU-DE-P01

Fabrication and evaluation of lens module using molded
chalcogenide-glass for thermal security camera
Du Hwan Cha, Yeon Hwang, Jeong-Ho Kim, Dong-Sik Kim
and Hye-Jeong Kim*
Ultra-precision Optics Research Center, Korea Photonics Technology Institute
(KOPTI), Gwangju, 500-779, South Korea
Although the development of small formats (640x480 pixel arrays) and amorphous silicon
microbolometers has greatly decreased detector cost, another important component of a thermal
camera has not evolved significantly-the optic. Aspherical lenses used in the thermal imaging are
typically made using the costly single-point diamond turning(SPDT) process of expensive
single-crystal materials (Ge and ZnS, etc). As a potential solution to this problem, it has been
studying in recent years that both the use of chalcogenide glass as a material and using a molding
process to generate the aspherical surface of the optic.
This paper reports on the fabrication of a lens module using molded chalcogenide-glass lens for
thermal security camera. The moldability of chalcogenide glass was characterized through
transcription properties of the mold’s surface. Form error, roughness and decentration for each
surface of the lens were measured to evaluate the molded chalcogenide-glass lens. In addition
both IR transmittance and x-ray diffraction patterns of the molded chalcogenide-glass lens were
evaluated to verify the compositional and structural stability of the glass material under the given
molding conditions.

Fig 1. The finished lens and lens module
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THU-DE-P02

Structurally stabilized LiNi0.5Mn1.5O4 with enhanced
electrochemical properties through nitric acid treatment
Ji Su Chae*,* *, Jun Soo Park*, Won-Sub Yoon**, Sun-Min Park*, Kwang Chul
Roh
* Energy Efficient Materials Team, Korea Institute of Ceramic Engineering &
Technology, 233-5, Gasan-dong, Geumcheon-gu,
Seoul 153-801, Republic of Korea
** Department of Energy Science, Sungkyunkwan University, Suwon 440-746,
Republic of Korea
We demonstrate the effects of reduced cation ordering on the electrochemical properties of
LiNi0.5Mn1.5O4. LiNi0.5Mn1.5O4 is treated with nitric acid to reduce the degree of cation ordering.
Nitric acid treatment induces partial oxidation of Ni 2+ to Ni3+ as confirmed by X-ray
photoelectron spectroscopy (XPS). Thanks to this oxidation, the 16d octahedral site in
LiNi0.5Mn1.5O4 is quite void of cation ordering and its structure is partially changed to more
disordered spinel engaged in Fd3m. This structural change is accompanied by significantly
enhanced electrochemical performances in rate capability as well as cyclic retention. Actually,
nitric acid treated LiNi0.5Mn1.5O4 can deliver about 87 % of the initial capacity (129 mAh g-1)
even after 100 cycles even at 55 C°.

Fig 1. Schematic illustration of the structural changes induced in LiNi0.5Mn1.5O4 by the nitric acid
treatment.
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Observation of adhesive forces of artificial contaminants on
rubber and metal surfaces by atomic force microscopy
Nuri Lee* , W. Jo*, W. K. Jung** and B. K. Lee**
*Department of Physics, Ewha Womans University, Seoul 120-750, Korea
**Samsung Electronics Co., Ltd., Suwon 443-742, Korea
We report adhesive forces of artificially prepared contaminants which are crucial to determine
the performance and durability of home appliances. The contaminants were coated on rubber
and metal surfaces and treated with a variety of eliminating process including heating, blowing
by carbon dioxide, and reaction with surfactants. Atomic force microscopy (AFM) was used
for measurement of surface topography and force-distance curves of the samples. After the
treatments, the surface roughness of the samples showed substantial changes. In particular,
temperature was found to be critical for improve the surface roughness. To quantify the
scouring process, we applied force-distance curve measurement. The measurement has been
already successfully used to monitor interaction of attached molecules and objects on the surface.
From our extensive quantifications, adhesive forces of the contaminants on the surface were
characterized. From the studies, we are able to propose a new and practical scheme that is
useful for clean surface in the home appliances.
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Figure 1. 3-D images (a) as-prepared rubber surface with artificial contaminants and (b) surface after
heating treatment
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THU-DE-P04

Optical touch sensing in FTIR planar waveguide sensor
surface for touch interaction applications
Jeong Dae Suh, Joo-Haeng Lee and Ahyun Lee
Electronics and Telecommunications Research Institute,
218 Gajeongno, Daejeon City, 305-700, Rep. of KOREA
An optical touch image sensor was produced using planar waveguide plate for touch screen
applications. The touch sensing surfaces were consisted of planar layered structures. The touch
contact surface was consisted with thin transparent planar waveguide plate and infrared light
emitting diode. Touch contact images were detected by using infrared optical detection cameras.
When the object comes to contact with the planar waveguide surface, the total internal reflection
of the infrared light in the planar waveguide are frustrated. The resulting bright spot of optical
blobs on the contact area of the planar waveguide surface can be detected by the effect of
frustrated total internal reflection (FTIR). In this study, in order to achieve precise optical touch
detection, we characterized the optical blobs according to the planar waveguide sensor
parameters.

Acknowledgement:
This research was supported by the Rep. of KOREA government fund (No.10041743).
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Synthesis and Electrochemical Properties of
Li0.33MnO2 Nanorods as Positive Electrode Material
for 3 V Lithium Batteries
Mok-Hwa Kim*, Min-Young Cho*, Won Seop Kang**, Kwang-Bum Kim*, SunMin Park**, Kwang Chul Roh**
* Department of Materials Science and Engineering, Yonsei University, Seoul
120-749, Republic of Korea
** Energy & Environmental Division, Korea Institute of Ceramic Engineering and
Technology, Seoul 153-801, Republic of Korea
In this study, one-dimensional Li0.33MnO2 nanorods were synthesized by a solid state reaction
using γ-MnO2 as a precursor. γ-MnO2 was prepared under different reaction times by a redox
process. The HR-TEM results showed that the diameter and length of the Li 0.33MnO2 nanorods
are 5–20 nm and about 200 nm, respectively. The Li 0.33MnO2 nanorods delivered a discharge
capacity of 157 mAh g−1 at 1 C, and retained 97% of their initial capacity over 30 cycles. Good
rate performance was also observed, with discharge capacities of 201 and 133 mAh g −1 at 0.1 C
and 2 C, respectively. The morphology of the nanorods could increase their electrochemical
properties, resulting in higher capacity and rate performance.
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THU-DE-P06

Leakage Current Reduction in N-Channel Germanium
MOSFET through Point Defect Healing Process
Hyun-Wook Jung, SeJong Oh and Jin-Hong Park
School of electrical and electronic engineering, Sungkyunkwan University,
Suwon, 440-746, Korea
Due to the fundamental scaling limit of Si CMOS devices, new materials are needed to improve
the device performance. Germanium with higher carrier mobility and lower fabrication
temperature compared to Si has been considered as one of the promising materials. However,
high drain-substrate junction leakage current is still plaguing the successful integration of Ge nMOSFET. In order to resolve this high leakage problem, we recently reported the point defect
healing phenomenon in Ge n+/p junction, also suppressing diffusion and loss of n-type dopants
[1][2].
In this paper, we demonstrate n-channel Ge MOSFET with (1) n+/p source/drain junctions
improved by the point defect healing process using various furnace annealing condition and (2)
W/SiO/Ge gate stack. First, the degree of dopant activation and electrical properties of n +/p
junction diodes are investigated by ECV/SIMS/I-V measurements. In addition, thermal stability
of W/SiO/Ge gate stack is examined by gate leakage current. Finally, the leakage current
reduction in Ge n-channel MOSFET is confirmed by ID-VG/ID-VD analyses.

REFERENCES:
[1] Woo-Shik Jung et al., “Fluorine passivation of vacancy defects in bulk germanium for Ge metaloxide-semiconductor field-effect transistor application,” Appl. Phys. Lett., vol. 101, pp. 072104, 2012.
[2] Jaewoo shim et al., “Effects of Thermal Annealing on In Situ phosphorus-Doped Germanium n+/p
Junction,” IEEE Elec. Dev. Lett., vol. 34, pp. 15, 2013.
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A development of PECVD system with SiN films
decomposition for improvement of silicon solar cell
conversion efficiency
Jae-Hee Lee
Dept. of Semiconductor, Kyungil University, Kyungsan, 712-701, Korea
Recent progress has demonstrated that microcrystalline hydrogenated silicon (μc-Si:H) is an
attractive material for the active layer of thin film solar cells. Efficiencies of up to 12% have
been demonstrated on entirely microcrystalline p-i-n cells with no sign of light-induces
degradation. Due to the lower absorption coefficient of μc-Si:H for visible light (as compared to
hydrogenated amorphous silicon, a-Si:H), this material requires a thick solar cell (the i-layer
thickness is usually between 2 and 6 μm) to absorb the useful part of the solar spectrum. From
spectral response measurements and I-V characteristics, diffusion plays an important role for the
charge collection. The contribution of the scattering of the various interfaces was determined by
matching the measured and the simulated quantum efficiency (QE) properties.
In our works, we designed and made small area and large area shower head in plasma enhanced
chemical vapor decomposition (PECVD) system. Also, we designed and made small area and
large area heater part in PECVD system. The SiN films are deposited for anti-reflection function
in silicon solar cells. The optical properties of the SiN films are measured. We decided the
optimum decomposition conditions of SiN films for silicon solar cells. We will discuss the
microscopic SiN growth mechanism and the optical properties of the SiN films related to the
experimental results for improvement of silicon solar cell conversion efficiency of silicon solar
cell conversion efficiency.
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The aim of this experimental study is to improve the deposition efficiency of the diamond films
after pre-treatment of substrates using plasma surface treatment at atmospheric pressure. The
substrate was treated by dielectric barrier discharge (DBD) source, where 2kW power with argon
gas were supplied to produce plasma. After plasma surface treatments, substrates were
investigated by analysis of contact angle and surface roughness. Increasing surface free energies
was shown after plasma surface treatments.
Through plasma enhanced chemical vapor deposition (PECVD), diamond films on the substrates
treated by a DBD source as the pretreatment of diamond were deposited by a DC arc plasmatron
with experimentally optimal parameters.
Surface conditions and crystal structure of Synthesis diamond films were checked by atomic
force microscopy (AFM), Scanning electron microscope (SEM) and X-ray diffractometer (XRD).
Also, to investigate the hardness of the deposited diamond films, nano-indentation method was
used.
As results, by applying plasma surface treatments as pretreatment of diamond deposition,
diamond films such as growth rate, surface roughness and others were improved in comparison
with untreated substrates.

- 313 -

THU-DE-P09

Graphene transistor for sensing biomaterials
Hyun Cheol Song*, Jinsung Choi*, Jaewon Cho*, Yunki Kim*, Un-Jung Kim**, and
Ranju Jung*
* Department of electrical and biological physics, Kwangwoon University, Seoul,
139-701, Korea
** Samsung advanced institute of technology, Gyeonggi-do, 446-712, Korea
Graphene transistor was fabricated by using graphene as a channel layer. Graphene surface
having a few layers is modified by plasma exposure to employ functionality. Plasma effectively
alters the surface chemistry of graphene to facilitate the adsorption of biomaterials on it.
Chemical states and structural change of graphene surface are investigated by x-ray
photoelectron spectroscopy, Raman spectroscopy, atomic force microscopy, and contact angle
measurement. Plasma-treated graphene transistor shows enhanced sensitivity for adsorption of
biomaterial.
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We investigated low temperature silicon epitaxy by sputtering deposition for applications in
microelectronics.
The crystalline silicon films were grown at the substrate temperatures of ~350℃ by bias DC
magnetron sputtering on Si wafer where a boron doped p-type target was used on p-type silicon
wafers. The bias voltages to the substrate were controlled for epitaxial growth of the silicon films
and the low-energy process. Its influence on the structural properties of the deposited silicon
films was investigated. As results we obtained high quality crystalline silicon thin films at the
bias voltage of -20V with low temperature process.
For analysis of the influence of bias voltages on the structural properties of the silicon films, we
compared the changes of the optical properties of the films using the spectroscopic ellipsometry.
The epitaxial structural properties of the deposited films were observed by atomic force
microscope (AFM), scanning electron microscopy (SEM), transmission electron microscopy
(TEM) and electronic properties were analyzed by Hall effects measurements system.

Fig 1. High magnified TEM images and SAED patterns of the Si films
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Cu2ZnSn(S,Se)4 (CZTSSe) is drawing considerable interest for thin film solar cells. It has
a direct band gap and a high absorption rate. CZTS and CZTSe have bandgap energies of 1.5 eV
and 1.0 eV, respectively. By controlling the composition ratio of S and Se, bandgap tuning may
be possible. It is also made of earth abundant and non-toxic components. But the efficiency of
CZTSSe solar cells is not yet enough for commercial use.
The ideal stoichiometric ratio of Cu,Zn,Sn,(S,Se) is 2:1:1:4. But most of the CZTSSe cells with
efficiencies higher than 8% are non-stoichiometric: Cu/(Zn+Sn)=0.8 and Zn/Sn=1.2. The
optimal growth condition for CZTSSe is sensitive to composition ratio of the elements.
Secondary phases such as ZnS, ZnSe, Cu2SnS3 and Cu2SnSe3 usually exist even in high
efficiency samples. The underlying reasons why Cu poor and Zn rich conditions give high
efficiency and the role of secondary phases in these samples are not yet clear. In this study we
tried to understand the influence of Zn ratio on CZTSSe thin films.
CuS, SnS and ZnS metallic precursors deposited by sputtering method followed by selenization
were used to make CZTSSe thin films. To study the Zn composition dependence, the thicknesses
of CuS and SnS were fixed and the ZnS thickness was varied from 330 nm to 365 nm. It is
possible to identify CZTSSe and its secondary phases by using Raman Spectroscopy. We used
different kinds of lasers to match the resonant Raman conditions f
or important secondary
phases. Also micro-Raman mapping was performed to investigate the spatial distribution of
secondary phases.

- 316 -

THU-DE-P12

Cholesteric Liquid Crystal Combined with Quantum Dot
for High Reflectance
Chul Gyu Jhun*, Changbum Moon*, Woo Young Kim*,
Byung Seong Bae *, Jin Cao**, and Chao Ping Chen***
* Department of Optoelectronics Display Eng., Hoseo University,
Asan, 336-795, Korea
* Research Center for Convergence Technology, Hoseo University,
Asan, Chungnam, 336-795, Korea
** Key Laborary of Advanced Display and System Applications,
Shanghai University, Shanghai, 200072, China
*** Department of Electronic Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China
The structure of cholesteric liquid crystal (CLC) undergoes a helical distortion which is lefthanded or right-handed. By the right-hand CLC layer, Left-handed polarized light is reflected
and vice versa. The reflectance of the single CLC layer is theoretically limited to 50% because
light that is circularly polarized in only direction is reflected.
In this paper, we demonstrate the optical characteristics of CLC layer combined with quantum
dot. The coupling effects between the selective reflection by the CLC layer and the fluorescence
from the quantum dot are discussed.
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Metal alloys have attracted many interests for functional materials such as electronic circuits,
cutting edge aerospace and medical industry, and Bitter magnet for high magnetic field
experiment requiring a good electrical conductivity as well as mechanical hardness and tensile
strength.
However, the electrical characteristics of metal crystals have not been intensively investigated.
As the lateral dimension of conductors approaches the nanoscale regime, larger electrical
resistivities compared to those of the bulk material are caused by the contributions of surface and
grain boundary (GB) scattering. Recently, we reported that the grain-free single crystal copper
showed the reduction of 9% in electrical resistivity and also that the resistivity could be further
reduced by the enhancements of crystallinity.[Y. C. Cho. et al. Crystal Growth & Design. 10
(2010) 2784 and M. Ajmal, et al. Cryst. Eng. Comm, 14 (2012) 1463]
In this study, we show that metal impurity doping can even enhance the electrical conductivity.
Impurity doped metal mixed crystals (MxAg1-x) were grown by Czochralski method and the
structures of the grown mixed crystals were carefully studied and the conductivity of the crystals
were measured in the function of the doping contents. In general, metal alloys have larger
resistivity than its pure metals, but the electrical resistivity of our mixed crystals rather decreases
in a certain contents of doping. In order to explain the abnormal behavior, a variety of
mechanisms were investigated like the change of the electronic structure and the phonon density
of states in which the Boltzmann transport and the Bloch-Grüneisen equation were examined,
respectively.
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Direct solar to electrical energy conversion is possible with thermoelectric power generators. We
explore the potential of thermoelectric power generators to generate electricity directly using
solar energy. The power generator consists of Fresnel lens, thermal collector, thermoelectric
device and heat sink. Solar thermal energy is concentrated by using Fresnel lens.
Optimal design was carried out to make high temperature difference between upper and lower
plate of thermoelectric device. Performance evaluation for the thermoelectric generator was
conducted. Open circuit voltage and power output of thermoelectric power generators were
measured with temperature difference. The maximum power output and efficiency were
estimated. Maximum power output for the matched load was over 3.0 W with 312 ℃
temperature drop across thermoelectric device.

Fig 1. Open voltage with solar radiation
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We demonstrated the fabrication and properties of flexible strain sensors using thin singlecrystalline silicon nano membrane on polyimide substrate for high resolution sensing devices.
Developed pressure sensors integrated with inorganic thin film transistor have been proposed for
robot’s fingertip or E-skin. Silicon ribbons with a thickness of 260 nm and doping concentration
of ~1 x 1019 /cm3 with boron, were transferred onto flexible substrate by using dry transfer
method. We have successfully fabricated a high sensitive and flexible tactile sensor with 8 x 8
arrays by forming electrodes and encapsulating the device. Polyimide film with an inorganic
transistor based driving circuits is processed to form flexible structure, which is possible to be
bent by 2.5 mm radius. The device shows gauge factors of 56, uniformity with a standard
variation of 0.28, linearity of < 0.1 %, and hysteresis of < 0.2 %. These properties are
comparable to those of conventional strain gauge, and this flexible pressure sensor will be
possible in the near future to show their benefits by integrating diverse system.
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Recently DNA (deoxyribonucleic acid) has been studied as one of the interesting candidates
for future electronic materials due to biodegradability, low toxicity, and its own physical and
chemical properties. Since DNA has poor solubility in typical organic solvent, it can hardly be
deposited on substrate for channel or gate dielectric layer, except few cases where DNA polymer
dielectric showed unstable electrical properties in its thin-film transistor applications. In contrast,
DNA-base small molecules such as guanine, cytosine, adenine, and thymine, which are
constructing components of DNA polymer, can be readily deposited by thermal evaporating
system to be patterned by conventional method (i.e. shadow mask). Among the four molecules,
guanine has the highest melting point of 360 oC and density of 2.2 g/cm3. As a result, only
guanine could endure following ALD (Atomic Layer Deposition) process which was operated at
150 oC and 10-4 Torr. Here, we report on charge-injection properties using DNA-base and ALDgrown Al2O3 hybrid gate insulator with amorphous IGZO (In-Ga-Zn-O) semiconducting active
layer. By Fowler-Nordheim tunneling mechanism, electrons can be transferred from IGZO
channel to DNA-base layer by positive voltage pulse on the gate, the threshold voltage of our
transistor resultantly became controllable. So, further application such as logic gates and nonvolatile memory was finally achieved.
Au
Al2O3

Ti/Au

Guanine
Al2O3
a-IGZO

Ti/Au

Substrate

Fig 1. Device schematic of our transistor using DNA-base/Al2O3 hybrid gate insulator.
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Phase change materials, mainly Te-based chalcogenide alloys have been extensively used to
apply for non-volatile memory device. The weakness of materials based on the phase change
phenomena is that the switching bit suffers from stress caused by density difference between the
amorphous and the crystalline states. In this study, the failure mechanism of reversibility in
Ge2Sb2Te5 (GST) film was analyzed microscopically based on transmission electron microscopy
and ab initio density functional theory (DFT). The densification accompanying phase
transformation under fast ramping rates induces two deformation behaviors: phase separation
and void formation. In the disorder–order transition, the disordered domain of GST is
dominated by low viscosity while approaching the supercooled region, which induces phase
separation to compensate for the densification. However, coexisting cubic and hexagonal
phases show void formation around the interfaces with some phase separation. The DFT
calculation shows that the polymorphic transition, a fast, martensitic transformation between the
cubic and hexagonal phases, induces a vacancy cluster at the interface. In the tensile stress
state, void growth can be easily driven from the vacancy cluster as the nuclei for compensating
for densification.
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Recently, graphene has attracted considerable attention for flexible devices which has its good
electrical and optical properties. Multilayer stacking and wet chemical doping methods are used
to improve the electrical conductivity of graphene electrodes. However, it has limitation on
stability because wet chemical dopants attached to graphene and can react with moisture and
oxygen in air, which leads to deteriorate in sheet resistance as time passes.
In this study, we investigate the physical doping method of graphene and demonstrated organic
solar cell (OSC) devices with these graphene electrodes. After doping process, the sheet
resistance of graphene was effectively reduced until 70Ω/sq., and reached 2.07% of efficiency
which is higher than pristine graphene. This approach would provide a great opportunity to
developing graphene based flexible optoelectronic devices.
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Recent advances in information technology require high density, high speed, and low-power
nonvolatile memory to store and process more information. Resistive random access memory
(RRAM) has attracted much attention due to its superior characteristics as one of the most
promising next-generation nonvolatile memory devices. Among various materials for RRAM,
polymer thin films are of particular interest because of its low cost, good scalability, easy process,
and flexibility, but uniformity and long-term stability issues remain to be addressed. To realize a
highly uniform and reliable polymer RRAM, we have investigated the memory characteristics of
polymer films by the initiated chemical vapor deposition (iCVD) process, which provides a
solvent-free, low-temperature, and damage-free deposition of highly uniform polymer films on
various substrates. iCVD polymer RRAM devices show two kinds of switching mechanisms, i.e.
creation and rupture of nanofilaments and oxygen drift in the interface region, depending on the
electrode materials. In addition, we introduced a multilayer graphene films as a barrier electrode,
which suppresses the diffusion of metal ions through the polymer films and reduces the large
out-of plane resistance. By inserting the multilayer graphene barrier, we could successfully
reduce the reset current and the power consumption of RRAM devices.
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Chemical activation using alkali compounds such as KOH and NaOH is a widely used method
for obtaining activated carbon materials with high specific surface areas and well developed
porosity. In this work, we operated KOH activation to Reduced graphene oxide(RGO) in order to
form high surface area and well developed porosity. RGO dispersed and soaked in aqueous KOH
solution for 20h. The powder obtained after vacuum filtration of the excess KOH was then dried.
Activation process was carried out in a vertical furnace under flowing argon gas. The
supercapacitor performance of the activated-RGO was measured and yielded a specific
capacitance of 132 F/g as obtained at a current density of 5 A/g. Working voltage used from 1 V
to 3 V. The activated-RGO electrode showed good cycle performance of 88% at a current
density of 2.8 A/g after 100cycles. At the result, it is believed that KOH activation process,
which is already commercially demonstrated for activated carbons (ACs), may allow the scale up
of the production of activated-graphene-based materials for high-performance energy storage
devices within a short period.
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The hierarchically organized nanostructures have been fabricated by growing SnO 2 nanoparticles
on FTO/glass substrate via laser ablation method. The cauliflower-like clusters consisting of
agglomerated nanoparticles are deposited and aligned with respect to substrate with large
internal surface area and open channels of pores. The morphology change of SnO2
nanostructured films is investigated as a function of oxygen working pressure in range of 100
mTorr to 500 mTorr. The nanostructured scaffold prepared at oxygen working pressure of 100
mTorr exhibits optimal PEC performance. A 34% increase in photocurrent density is observed in
Ti:Fe2O3-SnO2 nanostructured photoanode as compared to Ti:Fe 2O3 flat photoanode with the
same amount of Ti:Fe2O3 sensitizer deposited. The larger surface area and longer electron
lifetime in Ti:Fe2O3-SnO2 nanostructured photoanode lead to improvement of
photoelectrochemical performance.
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The effect of post-deposition treatments in flowing nitrogen and sulfur atmosphere on properties
of sprayed Cu(In,Al)S2 (CIAS) solar cell absorber layers were studied. These films were
characterized by XRD, Raman, EDX, optical and electrical measurements. Result of Raman
spectrum analysis indicated that the as-sprayed CIAS films were observed to be grown with
chalcopyrite (CH) structure and Cu-Au (CA) structure mixed. After the heat treatment in sulfur
atmosphere crystallinity was improved for all films. The heat treatment in sulfur atmosphere at
400oC for 30 min increased the CH content up to 61 % and decreased the FWHM of A1 Raman
mode of CH down to 12,75 cm-1, confirming the formation of CIAS films with better crystal
quality. In the other hand, the performances of the solar cell glass/ZnO:In/In2S3/CIAS/Me,
realized with as-sprayed and heat treatment CIAS films, were also presented.
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This letter discusses the positive minority carrier behavior in amorphous indium-gallium-zincoxide (a-IGZO). The a-IGZO was prepared by radio frequency magnetron sputter with various
deposition times, and annealed at 150 oC. The films were analyzed by the Hall effects and
researched the correlation between the emission and the variation of the carrier concentration
after annealing. The carrier concentration generally decreased after annealing, because of the
lowering of ionization energy due to the recombination of electron holes pair. The conduction
mechanism of n type amorphous indium-gallium-zinc-oxide (a-IGZO) changed from the
negative majority carriers to the positive minority carriers. In the mechanism of majority carrier,
the mobility was inverse proportion to the carrier concentration. However, the mobility was
proportion to the carrier concentration in the minority carrier conduction mechanism. The
highest mobility was obtained at the annealed film 10 with the highest carrier concentration.
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We determined the carrier diffusion lengths in TiO 2 nanoporous layers of dye-sensitized solar
cells by using scanning photocurrent microscopy. Here we excite the photogenerated carriers
directly on TiO2 layers by using a ultraviolet laser at 355 nm, with and without the sensitizing
dyes. This enable us to address the carrier dynamics in the nanoporous layers without being
obscured by the issues associated with the charge transfer from the light-absorbing dyes.
The diffusion length were found to be relatively larger (120 − 140 μm) when we illuminate
above-band-gap of TiO2 materials than that of the visible illumination (80 − 90 μm). It is likely
that the deep surface states saturate due to the large amount of photo-generated carriers,
suppressing the recombination loss effects. In particular, we measured the diffusion lengths for
the TiO2 layers (without sensitizing dyes) annealed at different temperatures from 300 to 500 °C.
We determined the temperature for the efficient charge transport of the photo-generated carriers
(~ 400 °C) although the higher temperature is still needed for removing the residual binding
molecules. Most importantly, we found a strong correlation between the carrier diffusion length
and the cell efficiency, which proved that improvement in the diffusion length is the crucial
factors for optimizing device performance. Our work will provide an importatn guideline for
optimzing various contemporary and future photovoltaic devices based on the nanoscale
materials and structrures.
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CdS films used as window layer in CdS/CdTe solar cells need to undergo an annealing process
to promote grain growth and recrystallization. However, oxides including CdO and CdSO4 are
partially formed on the surfaces of the films when they are annealed in air. Due to these oxides,
the shunt resistance and fill factor of the CdS/CdTe solar cells are quite decreased. An annealing
treatment with a CdCl2 coating protected the CdS film from oxidation during air annealing. Also,
it resulted in the recrystallization of the CdS film. In this work, we studied the effect of the
CdCl2 annealing treatment of CdS films on the performance of CdS/CdTe solar cells. Samples of
CdS/CdTe solar cells with CdCl2 coating annealed and air annealed CdS films were prepared. To
investigate the structural and electrical properties of surface treated CdS films and CdS/CdTe
solar cells, XRD(x-ray diffraction), XPS(x-ray photoelectron spectroscopy), AFM(atomic force
microscopy) and SEM(scanning electron microscopy) measurements were carried out. A
conversion efficiency of 11.7 % was recorded.

Fig 1. O 1s peak of XPS spectra for CdS thin films
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Although ultraviolet light-emitting diodes (UV-LEDs) have many advantages compared with
mercury UV lamp, they have relatively low efficiency; thus, most of the electrical power in the
UV-LED is dissipated as heat. UV-LED is used as an array type in practical applications due to
its low optical output power, and optical design and thermal analysis are important in the array
module for a sterilizer. In this work, we designed the optical and thermal characteristics of a 275
nm UV-LED array and fabricated a UV-LED module for a sterilizer. Based on simulation, the
optimized distance between UV-LEDs for illumination uniformity and junction temperature was
14 mm. Specifically, the illumination uniformity and junction temperature in the 14 mm UVLED space were 0.8 and 45.5º, respectively. We also fabricated the UV-LED array module and
compared it with the simulation results. The simulation and measurement results were consistent.
To obtain the sterilization effect of the fabricated UV-LED array module, sterilization
experiment was conducted on three kinds of bacteria: E. coli, C. albicans, and K. pneumonia.
After UV exposure time of 5 min, the sterilization effects on E. coli, C. albicans, and K.
pneumonia were 99.9%, 99.9%, and 98.4%, respectively.

Fig 1. Optical and thermal distribution of UV-LED array module
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Two-dimensional cobalt-based composites grown on Ti plates were synthesized using
electrochemical precipitation by controlling pH. The Co 3O4/Co(OH)2 electrode synthesized at
pH 6.5 exhibited quite high electrical conductivity, interesting electrochemical properties and a
maximum specific capacitance of 627 F g -1. The pseudocapacitive properties of cobalt-based
composites were investigated using cyclic voltammetry (CV) in a 1 M KOH electrolyte solution.
The oxidation and reduction peak currents were measured during cycling between −0.2 and 0.4
V. The peaks associated with Co3O4, CoOOH, and Co(OH)2 were found in the XRD spectra for
the cobalt-based composites. The morphologies of the cobalt oxide/hydroxide exhibited a
mixture of 2D hexagonal platelets. The structure and morphology of synthesized cobalt oxides
are strongly dependent on pH. The results suggest that cobalt-based composites are an effective
strategy for high energy pseudocapacitor.
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CuInxGa1−xSySe2−y (CIGSSe) thin film based solar cells have gained growing research interest
due to their high energy conversion efficiency and competitive fabrication cost. CIGSSe
materials have additional advantage to adjust to their band gap energies to optimize the energy
conversion efficiency. Very recently, many researchers have tried to develop solution process
rather than vacuum thin film deposition techniques, to reduce the fabrication cost. Thus, it
becomes important to analyze roles of the defects in new kinds of cells.
We have carried out electrical investigations of solution-processed CIGSSe thin film solar cells
to specify the major trap states and their roles in photovoltaic performance. In particular, we
have used the temperature-dependent transport characterizations and admittance spectroscopy. In
this presentation, we will introduce some interesting examples to clearly reveal the influence of
the surface defects and interfacial layers on the electrical characteristics of the cells. Based on
this study, we can suggest strategies to further improve the photovoltaic performance.
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Germanium (Ge), which has lower fabrication temperature and higher carrier mobility than
Silicon (Si), is one of the suitable channel materials to realize monolithic three-dimensional
integrated circuits (3D-ICs). In order to successfully integrate the 3D-ICs, both high quality poly
crystalline germanium on insulator and low temperature crystallization process for protecting the
underlying devices are required. Recently, Solid-phase crystallization (SPC), metal-induced
crystallization (MIC), and laser annealing (LA) techniques were widely researched to obtain high
quality poly crystalline Ge in relatively low temperature. Our group also revealed the effect of
metal induced crystallization (MIC) using various metals [1] and the electrical properties of
crystallized Ge films, including carrier type, concentration, and mobility [2]. However, the effect
of metals (such as, In and Sn) with very low melting point have not yet been studied on MIC, in
terms of obtaining high quality poly crystalline Ge film and enabling more thermal margin than
conventional metal.
In this paper, we demonstrate the MIC on amorphous Ge films using In and Sn which have very
low melting points, respectively 300 °C and 450 °C. X-ray diffraction (XRD) and transmission
electron microscope (TEM) is performed to confirm the degree of crystallization. Additionally,
secondary ion mass spectroscopy (SIMS) and 4-point probe are also used to investigate the
electrical properties of crystallized Ge films.

REFERENCES:
[1] Park et al., "Metal-induced dopant (boron and phosphorus) activation process in amorphous
germanium for monolithic three-dimensional integration," Appl. Phys. Lett., 106, 074510
(2009)
[2] Jung et al., "Electrical Properties of Phosphorus-doped Polycrystalline Germanium formed
by Solid-Phase and Metal-Induced Crystallization," J. Alloys. Compd., 561, 231-233, (2013)
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2
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AlSb is a promising material for optical devices, particularly for Sb-based high-electron-mobility
transistors. Advantages include the high electron mobility, reduced operating voltages, and
power dissipation at high speed. Therefore, AlSb offers critical potential for many applications
such as laser diode, quantum-well laser, and heterojunction bipolar transistors. Although
theoretical calculations predict that mobility can reach up to 70,000 cm2/Vs, observed mobility is
less than half of this value. This discrepancy is expected to be a consequence of defects such as
surface and interface imperfections. Therefore, it is important to assure the quality of sample in
real time.
In this work, we study molecular beam epitaxy growth of AlSb layer which is about 1.5 µm thick
on semi-insulating (001) GaAs substrates. Real-time monitoring of the growth was performed
with a rotating-compensator spectroscopic
ellipsometry (SE) with a charge-coupled device
detector in the energy range of 0.74 - 6.48 eV.
We also monitored the RHEED pattern during the
growth. The (2×4) pattern of GaAs changed to
3D pattern, which was caused by the glomerulate
Al on surface. After starting laminar growth of
AlSb, the (1×3) pattern appeared and stayed.
These changes of RHEED pattern were in
agreement with the SE signal change, as shown in
Fig. 1. Particularly, large oscillation pattern after
0.8 min indicates the continuation of laminar
growth of AlSb with high quality. This
observation shows the importance and the
sensitivity of SE as a real-time monitoring method
for the film growth. These results can provide a
useful database for Sb-based optoelectronic
applications and devices.
Fig. 1. The ellipsometric parameter
ε2 obtained at 1.12 eV during AlSb
growth on GaAs
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Efficient determination of critical dimensions from optical
data using a Green-function approach
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1
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2
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Rigorous coupled-wave analysis (RCWA) is the most widely used method for determining
critical dimensions (CDs) from light reflected from or transmitted by a sample. However, the
RCWA methodology has three major drawbacks: convergence is poor, instabilities grow
exponentially, and long computation times are required. Recently, a novel Green-function
method (GFM) was proposed for determining CDs. In applications to three-dimensional
gratings, the GFM reduces computation times by an order of magnitude. However, to achieve
needed accuracy, the structure must be divided into many layers, reducing efficiency. Here, we
show that the situation can be improved by another order of magnitude by simply performing the
interpolation to second order. We compare the efficiency of our 2 nd-order approach with that of
1st-order calculations by obtaining the ellipsometric parameters  and
for the lamellar grating
nd
of Fig. 1. The 2 -order GFM is not only faster but has better accuracy than the 1 st-order GFM,
consistent with Fourier-based estimates. By reducing errors we achieve the same accuracy with
significantly fewer layers, thereby further increasing speed. In-situ metrology of critical
dimensions is now a viable option.

Fig. 1. Simulation sample consisting of a quartz substrate and a chromium ridge.
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Influential of surface etchingtreatment on local electricaland
optical properties of high efficient
(>8%)Cu2ZnSn(S,Se)4thin-films
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Trang1,Seokhyun Yoon1, Dae-Ho Son2, Dae-Hwan Kim2, and Jin-Kyu Kang2
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Department of Physics, EwhaWomans University, Seoul, 120-750, Korea
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Cu2ZnSnSSe4 (CZTSSe) is emerged as a promising material for thin-film solar cell because of
non-toxic, inexpensive and earth abundant. So it is suitable for an absorber layer in compound
thin-film solar cells. The CZTSSe thin-films were grown by stacked sputtering and subsequent
selenization process in a furnace. CZTSSe thin-films with a variety of the conversion efficiency
from 3 to 8% were presented.The best efficiency of the CZTSSe cells is measured at 8.06 %,
which is the second highest among the samples grown by sputtering process.The surface of the
CZTSSe thin-films wereetched by KCN (KCN(s) + 90% H2O → K(+) + OH(-) + HCN) with a
various conditions (concentration, time, and temperature etc.), which is known as beneficial to
removal of second phases in chalcogenide compounds. Influence of the surface treatment on
local electrical properties is investigated by using Kelvin probe force microscopy (KPFM) and
optical properties are investigated by using Raman spectroscopy.Direct mapping of surface
potential on the CZTSSe surface leads to a connection with topological changes and fresh monophase grains before and after the etching process. Consequently, the ratio of positive potential
values increase at grain boundaries. It might be influence on improvement of device
performancesbecause of effective separation of electron-hole pair.

Fig. 1.Topography, surface potential and line profile images ofbefore and after etching on CZTSSe thinfilms
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Electrical effect of Ti diffusion in IGZO TFTs
Myung-Hoon Lim1, Joong-Heum Jung1, Seung-Ha Choi1,2, and Jin-Hong Park1,*
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Amorphous indium gallium zinc oxide (α-IGZO) is a very attractive channel material for thin
film transistors because of its superior electrical and physical properties such as high mobility,
low off-current, flexibility and optical transparency compared to amorphous silicon (α-Si).
However, it is currently difficult to achieve integration of α-IGZO TFTs to the industry because
of electrical instability caused by environment gas, external light and thermal annealing.
Especially, thermal annealing process at about 500 °C can cause intermixing problem between
source/drain electrodes and α-IGZO [1].
In this paper, we systematically investigate the diffusion phenomenon of Ti diffusion
phenomenon in α-IGZO TFTs. The degree of Ti diffusion into α-IGZO was controlled by
varying annealing temperature. During the annealing process, the existence of Ti in IGZO
increases the number of oxygen vacancy working as electron-donating site and finally makes
IGZO to be more conductive. The electrical properties of IGZO TFTs where Ti is differently
diffused are investigated through ID-VG measurement. In addition, we also address the device
instability issues according to drain bias stress.

REFERENCES:
[1] Hosono et al., “Factors controlling electron transport properties in transparent amorphous
oxide semiconductors,” J. Non-Cryst. Solids, 354, 2796-2800 (2008)
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Material Analysis of the grown C(Z)T Crystal for Radiation
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Han Soo Kim*, Manhee Jeong, Young Soo Kim, Dong Jin Kim,
and Hyo Jeong Choi
Korea Atomic Energy Research Institute, Daejeon, 305-353, Korera
Room-temperature semiconductor radiation detectors such as CdZnTe (CZT) and CdTe are
being developed and grown world-wide due to their high performance as a gamma-ray detector.
A 2” CZT and CdTe crystals were grown by a 6-zone low-pressure (LP) Bridgman furnace at
Korea Atomic Energy Research Institute (KAERI). To increase resistivity, indium and chlorine
were doped with three doping rate (5 ppm, 7 ppm, 10 ppm in case of CZT and 500 ppm, 1000
ppm, 2000 ppm in case of CdTe), respectively. Crystallographic analysis such as twin boundary,
dislocation and micro-grain, were performed by using proper etching solution. ICP-MS analysis,
XRD and etch-pit density were also performed with respect to location along with ingot and
doping concentrations. Electrical characteristic was also measured. In this study, correlation
between I-V and various parameters, such as location along with ingot and doping
concentrations were discussed. And material analysis was also correlated and addressed.

Fig. 1. The CdZnTe crystal grown by Low pressure Bridgman Furnace.

Fig. 2. I-V characteristics of the grown C
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Wide Temperature Range Hall Measurements in
AlGaN/GaN HEMT Devices on Silicon Wafer
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AlGaN/GaN high electron mobility transistor (HEMT) devices have potential application of
substituting silicon for power transistor device, because of their high mobility (i.e. >1000
cm2/V∙S) at room temperature. In this report, we established wide temperature-range Hall
measurement system to study temperature dependence of charge mobility in the AlGaN/GaN
HEMT devices. We combined two kinds of cryostats, LinKam (HFS600E-PB4, 80 K ~ 900 K)
and Closed-cycled cryostat (CCS-22, 8 K ~ 350 K) with commercial Hall measurement system
(Ecopia, HMS-2000). We used van der Pauw method with two permanent magnets for obtaining
charge mobility and carrier concentration. We discuss the temperature dependences of mobility
and carrier concentration in AlGaN/GaN HEMT devices. We compare AlGaN/GaN HEMT
devices, which have different surface defect density densities, to investigate the influence of
surface defect density on the temperature behavior of mobility and carrier concentration.

Fig 1. Schematic geometry of AlGaN/GaN high electron mobility transistor device on Si(111) wafer.
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Enhanced bandwidth of microstrip antenna using parasitic
mushroom-like metamaterial structure for multi-robot
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The meta-materials (MTM) with simultaneously negative permittivity and permeability have
received considerable attention in the scientific and engineering communities. Some researchers
have described MTMs as effective homogeneous structures that can be modeled by transmission
lines (TLs) of composite right/left-hand (CRLH) structures under the condition that the average
cell size be smaller than the guided wavelength. A general CRLH TL unit-cell consists of a
series capacitance and a shunt inductance, as well as a series inductance and a shunt capacitance.
In this paper, for multi-robot cooperative navigation with a leader and a follower robot, the
broadband design of a microstrip patch antenna on a mushroom-like metamaterials structure
(MTM) is presented and experimentally studied. A parasitic MTM close to the microstrip patch
gets excited through gap-coupling thereby making a resonance frequency. By designing the
resonance frequency of the MTM adjacently to the antenna frequency, the presented antenna can
achieve 240 MHz of the bandwidth enhancement, which is about 2 times the bandwidth of a
conventional patch antenna without the MTM. The experimental results of each range
measurement showed the transmission error rate less than 3.6%.

(a)

(b)

Fig 1. (a) Structure; (b) Equivalent circuit of the presented antenna
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A compact and broadband hexagon-shaped mushroom based antenna using epsilon negative
(ENG) metamaterial is presented. Fig. 1 shows the geometry of the proposed simple mushroom
structure metamaterial antenna with end fired radiation patterns. The proposed antenna is
implemented by utilizing a composite right-and left-handed (CRLH) transmission line which
consists of a hexagon-shaped radiator on mushroom structure. The ground on the bottom plane
and input microstrip line are used as reflector for end fire radiation. Using simple unit cell
mushroom radiator, the preliminary FDTD simulations reveal that the frequency bandwidth is
more than 59% and gain is more than 9 dBi with end fired radiation characteristic.

Fig 1. Geometry of the proposed metamaterial antenna
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Selective electrochemical wet etching for 3D micro electrode
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A large area electrode provides energy storage device with enhanced performance such as high
energy density and rapid operation speed. Especially, 3D electrode structure is suitable for ultracapacitors and rechargeable batteries. An electroplating process is generally used to fabricate
multi-layer metal film due to its high film quality and non-vacuum process. In addition, selective
wet etching process is used to form skeleton metal structure to increase reaction area of the
electrode.
In this study, 3D metal electrode was fabricated by using electrochemical wet etching process.
Photolithography was done on silicon substrate which was deposited with Au seed-layer by
electron beam evaporator. And then, multi layer Ni/Cu electroplating was performed on the
substrate. After PR strip process, electrochemical wet etching process was applied in diluted
H2SO4 solution. As a result, Cu layer showed high etch rate, and 3D metal structure was
successfully obtained.

Fig 1. FE-SEM images of Ni/Cu stacked 3D electrode structure.
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The external quantum efficiency of GaN vertical LEDs is restricted by the large refractive index
difference between GaN and the surrounding air. So various techniques used to increase light
extraction, including normal method of KOH wet etching, LLO laser roughening, photonic
crystals, patterned substrates. Among these methods, KOH wet etching method is generally used
because of the easiness of process. But this KOH wet etching method is not only the lack of
uniform hexagonal cone shape but the lack of process repeatability by the slight difference of
epitaxial growth circumstance and by the difference of KOH’s concentration. In contrast,
nanoimprint lithography and dry etching method is suitable for large-area and high-throughput
nanopatterning.
In this work, four types of LEDs are fabricated and compared. Samples labeled as “Flat LEDs”
were without any surface roughening. Samples labeled as “Wet LEDs” were roughened by KOH
wet etching. Samples named as “Dry LEDs(nano hole)” were roughened by nanoimprint
lithography and dry etching with nano hole patterned mold. Samples labeled as “Dry LEDs(nano
dot)” were roughened by nanoimprint lithography and lift off , and final dry etching with the
same nano hole patterned mold.
Fig 1. Schematic diagrams of
(a) Flat LED, (b) Wet LED,
(c) Dry LED(nano hole),
(d) Dry LED(nano dot)
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In this paper, fabrication of nonpolar a-plane GaN-based nano-pillar LED structures by using
self-assembled ITO-based nano-dots as etching mask has been investigated. The results show
that nonpolar a-plane GaN-based nano-pillar LED structures with diameter of ~300 nm can be
fabricated over the entire 2 inch wafer by using ITO-based nano-dots as the etch mask. We also
demonstrate electrical pumping of the nonpolar a-plane GaN-based nano-pillar LED with a
polyimide layer as a passivation of sidewall of the nano-pillars.
The GaN based LED structures were grown by metal organic chemical vapor deposition
(MOCVD) on the r-plane sapphire substrate. A SiO2 layer was deposited on the top surface of
the LED samples using a plasma-enhanced chemical vapor deposition (PECVD) system and then
an indium tin oxide (ITO) layer was deposited onto the SiO 2 layer using an electron beam
evaporator. The sample with the ITO/SiO 2 layers was dipped into a wet solution. The SiO2 layer
was then etched using the tin oxide clusters as an etching mask After the patterning of the SiO2
layer, the etching mask of the oxide cluster was removed using a commercial ITO wet etchant.
Next, The LED sample was then etched using the SiO2 clusters as an etching mask. Details of the
nano-pillars formation process were given in. By using Indium tin oxide as the etch mask and
followed by dry etch mask, nano-pillars with diameter ~300 nm can be uniformly fabricated over
the entire 2 inch wafer. We will present the electrical and optical properties the fabricated
nonpolar a-plane GaN-based nano-pillar LED.
This work was supported by the National Research Foundation of Korea (NRF) grant funded by
the Korea government (MEST) (No. 2011-0017325) and was also supported by the WCU
program at Sunchon National University.
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In recent years, Light-Emitting Diodes (LEDs) are widely used in various applications such as
traffic signals, backlight module for displays and general lighting. However, insulating substrate
used in conventional lateral LEDs have a droop effect and thermal reliability problem.
Nevertheless, vertical type GaN-LEDs have attracted interest due to their higher light emission
efficiency, high-power and uniform current spreading. In this work, we report on the fabrication
and characterization of GaN–based vertical type LEDs with various n-contact hole patterned
using one hole type vertical LED and twenty-three hole type vertical LEDs, where n-GaN
etching is done using ICP (Inductively Coupled Plasma). Experimental results show that the
typical I-V and L-I characteristics of two kinds of vertical type LEDs, and the one hole type
vertical LEDs decrease in the electrical and optical performance. Future investigations on the
fabrication and characterization of five and eleven hole type vertical LEDs will be carried out to
optimize the performance.

Fig 1.(a) I-V characteristics of the one hole type vertical LEDs and twenty-three hole type vertical
LEDs, (b) Light output powers of the one hole type vertical LEDs and twenty-three hole type vertical
LEDs

- 346 -

THU-DE-P43
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Graphene, a promising transparent conductive material, has intrigued many researchers for its
potential use in applications in optoelectronic devices, including light emitting diodes (LEDs)
and solar cells. In particular, considerable efforts have been dedicated to use graphene as a
transparent electrode, in place of indium tin oxide (ITO), for GaN-based LEDs due to
tremendous advantages such as ultra-high transparency from ultraviolet (UV) to infrared (IR)
wavelengths, high conductivity, low cost, and ease of large-scale production.
Here in, we introduced a thin nickel (Ni) film onto graphene as a current spreading layer for
GaN-based blue and ultraviolet (UV) light emitting diodes (LEDs). The thin Ni film was
confirmed to improve the electrical properties of the graphene by reducing the sheet and contact
resistances. The advantages of Ni on graphene were more remarkable in UV LEDs, in which the
operation voltage was reduced from 13.2V for graphene alone to 7.1 V. As a result, UV LEDs
with Ni on graphene showed a uniform and reliable light emission, at ~83% of
electroluminescence of indium tin oxide.

Fig 1. (a) I-V characteristics and (b) Electroluminescence of UV LEDs with graphene (GR), Ni on
graphene (Ni on GR), and ITO
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Fabrication of BHJ polymer solar cells based on P3HT
nanowires with fullerene derivatives
Sung-yoon Joe, Jonghyuk Yim, Huiseong Jeong, Soonil Lee*
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Bulk heterojunction (BHJ) polymer solar cells are the devices based on a blend of a polymeric
electron donor (D) and an electron acceptor (A). In the BHJ device, the active layer consisting of
the D and A materials provides sufficient D/A interface for photo-generated exciton
dissociations. It is important to control over the interface and nanomorphology of the active layer
for acquiring highly efficient the BHJ solar cells. In particular, control of the nanoscale phase
separation between the D and A domains, enhancement of molecular ordering of the donor
polymers, and an increase in the percolation of acceptor molecules are critical factors that
determine BHJ device properties. In this work, to fabricate efficient BHJ solar cells, we
introduced self-assembled P3HT nanowires (NWs) into the BHJ solar cell architectures, in which
phenyl-C61-butyric acid methyl ester (PCBM) or indene-C60 bisadduct (ICBA) were used as
acceptors. The self-assembled P3HT NWs-based BHJ solar cells showed higher power
conversion efficiency (PCE) by careful optimization of the active-layer thickness and thermal
annealing conditions.
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thinning fluid and its rheological characteristics for engine
mount application
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We examined rheological properties of shear thinning poly ethylene oxide (PEO) solution for
vehicle engine mount application. The polymer solutions with different molecular weight and
weight fraction were prepared by dissolving PEO in ethylene glycol solvent. Molecular weight
of PEO was confirmed via gel permeation chromatography. Their rheological properties were
suspensions were measured via both steady-state and dynamic experiments were different weight
fractions of PEO solutions by using a rotational rheometer with a double gab (DG 26.7, Physica,
Stuttgart, Germany) measuring system. Experimental results indicated that these suspensions
show an abrupt decrease in the complex viscosity beyond a critical dynamic shear rate.
Furthermore this decrease is reversible. However, during the high-frequency dynamic oscillation
test, it was observed that the shear thinning occurred only when an apparent critical shear strain
was reached.
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Carrier transport of InGaN/GaN multiple quantum well
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We studied the carrier transport in InGaN/GaN multiple quantum well (MQW) solar cells
varying the indium compositions of MQWs as shown in Fig 1(a). The InGaN/GaN MQW solar
cells with higher indium composition shows deteriorated device performances with reduced J sc
and FF as shown in Fig 1(b). We concluded that the reduced J sc and FF originated from
difficulties in the carrier transport by lower tunneling rate due to higher indium composition in
QWs. Larger potential barrier height and stronger piezoelectric fields by higher indium
composition in MQWs significantly reduced the tunneling and were considered to be the main
obstacles in carrier transport. In addition, due to the lower tunneling rate, the recombination of
the InGaN/GaN MQW solar cells with higher indium compositions became dominant even under
reverse bias. decreased tunneling rate

Fig 1. (a) Device Schematics of InGaN/GaN MQW solar cells (b) J-V Characteristics of
InGaN/GaN MQW solar cells.
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We report realization of Scanning Josephson Tunneling Microscopy (SJTM) on
Bi2Sr2CaCu2O8+δ (BSCCO) using BSCCO tip at 4K. Josephson junction is created by attaching a
small piece of BSCCO to the tip in situ. Current-voltage characteristics show I-V characteristic
typical of Josephson junction and Zero Bias Conductance Peak (ZBCP) was observed which
agree with the thermally fluctuated phase diffusion model. We estimated IcRN values at different
RN and although they are smaller than the theoretical values calculated using AmbegaokarBaratoff theory (AB theory), they are proportional to the known gap size, Δ. We demonstrated
Spectroscopic Imaging Scanning Josephson Tunneling Microscopy (SI-SJTM) by creating
spatial maps over 200Åⅹ200Å on BSCCO.
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High index polymer substrates for efficient, low-cost flexible
OLEDs
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Organic light emitting diodes (OLEDs) have drawn increasing attention with successful
settlement in display market and are now being regarded as a promising candidate for nextgeneration lighting sources. Although there were numerous studies to achieve high efficiency in
OLEDs, the outcoupling enhancement is still among the critical issues because light loss
originating from layers with different refractive index is virtually inevitable. The generated light
undergoes diverse loss channels such as surface plasmon modes, waveguide modes (=optical
modes corresponding to the light guided in organic/ transparent conductive oxide (TCO) layers ), and
substrate modes.
In this study, we utilize low-cost high refractive index polymer substrates and show that it can
effectively convert light significant portion of light that would otherwise couple to waveguide
modes into substrate-confined modes without using expensive high-index specialty glasses. The
inherent light scattering properties of the proposed high-index polymer substrates are shown to
extract those substrate-confined optical modes efficiently into air, providing a simple way to
improve the outcoupling efficiency of OLEDs. The proposed idea is demonstrated in red
phosphorescent
OLEDs
based
on
bis(2-(2’-benzothienyl)-pyridinato3
N,C ’)iridium(acetylacetonate) (Ir(btp)2(acac)). The OLEDs fabricated on the high index
polymer substrate showed enhanced external quantum efficiency and power efficiency compared
to control devices fabricated on clear PET films by factor of ca. 2. Trans-scale optical simulation
combining incoherent scattering domain and coherent wave-optic domain is used to explain the
observed enhancement in a quantitative manner.

Figure 1. Device performance of OLEDs based on clear PET substrates (circle) and those on the proposed
high-index substrates (square): (a) Current density (J) –voltage (V)- luminance (L) characteristics; (b)
external quantum efficiencies (EQE) vs. L; and (c) power efficiency (PE) vs. L.
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for a Light Source of Fiber Bragg Grating Sensing System
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Reflective semiconductor optical amplifiers(RSOAs) are demonstrated as a light source of fiber
Bragg grating(FBG) sensing system, which is one of optically sensing methods to detect the
physical parameters such as temperature and strain. In the system, Bragg wavelengths backreflected from FBG sensing part represent the quantitative values of physical parameters. The
key sensing principle is to detect the Bragg wavelength-shift induced by the change of physical
parameter. Light source in the system is vital to generate Bragg wavelength and its type is
determined by the wavelength detection method. Compared to the other types of broadband light
sources, RSOAs have the advantages of cost-effectiveness, compact size and high optical power
of signals. Basically, the properties of Bragg wavelength with the information of physical
parameters are specified by the interaction between RSOA and FBG sensing part. In this paper,
FBG conditions-dependent RSOA optical properties are discussed in details. Also, the
dependence of the optical output signals on the multiplexer(MUX) and tap coupler between
RSOA and FBG was investigated. Using the RSOA, FBG sensing system was manufactured and
characterized for measuring performance of physical parameters.
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Analysis technique of InGaN/GaN blue LEDs using
electrical characterization
D. C. Oh
Department of Defense Science and Technology, Hoseo University,
Asan, 336-795, Korea
The author has an extensive study about InGaN/GaN blue LEDs using electrical characterization.
It is a very useful method in the evaluation of compound semiconductor materials and devices,
because of the outstanding merit that can derive physical information very near to actual device
operation. The current GaN technology needs new techniques to overcome various
technological limitations. In this work, the analysis techniques of InGaN/GaN blue LEDs using
current-voltage (I-V) meausrement, capacitance-voltage (C-V) measurement, frequency
dependence of capacitance, depth profiling of carrier density, photocapacitance (PHCAP), and
admittance spectroscopy (AS), and optical admittance spectroscopy (OAS), are introduced.

C-V and AS characteristic curves of InGaN/GaN blue LED
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Phase compensation of an alternating multilayer stack
consisting of meta-materials and dielectrics
Jonghun Lee, Cherl-Hee Lee*
* Robotics Research Division, Daegu Gyeonbuk Institute of Science & Technology,
Daegu, 711-813, Korea
The meta-materials (MTM) have received considerable attention because of some extraordinary
property that the Poynting vector of a plane wave is in the opposite direction of the phase
velocity at certain frequencies. Since the MTM has a phase difference with conventional
dielectrics, an alternating multilayer formed by the MTM and dielectrics can decrease a phase
delay and even compensate the phase difference.
In this paper, an alternating multilayered stack with an arbitrary thickness is studied to
decrease the phase delay between MTM slabs and dielectric slabs. We study the propagation
characteristics of electromagnetic waves in one-dimensional periodic structures composed of
alternating multilayer stack with meta-materials and dielectrics, especially, the dispersion
equation, dispersion curves, and transmission and reflection ratio by transfer matrix method.
Using the boundary conditions, the tangential components Ey, and Hz are continuous at all
boundaries, and the new dispersion equation of guided modes can be obtained. In this alternating
periodic structure, we can achieve some of interesting features of decreasing phase delay that can
be used as a phase compensator.

(b)
(b)
Fig 1. (a) Structure; (b) Phase delay of an alternating multilayer stacks
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Moving ball analysis on the fluid for the ball moving
environment
In He Kang, Arm Ahn, Jong Mo Lee, Munpyo Hong*, Chul Gyu Jhun, Seongoh
Han**, and Byung Seong Bae
Department of Display Engineering, Hoseo University, Asan, Chungnam 336-795,
Korea
*Department of Display and Semiconductor Physics, Korea University, Sejong,
Chungnam 339-700, Korea
**Fusion Research Lab, Hoseo University, Asan, Chungnam 336-795, Korea
We proposed moving ball of around 10 to 20 micron diameter ball for the display application.
The ball moves by the electric field in the fluid. The fluid influence the ball movement by the
drag force.
For the display application, it’s necessary to control the ball moving with appropriate voltage
for the easy driving of the display. And of course the ball moving with fluid which is filled into
gap between two sheets responds to the electric field between two electrodes as shown in Fig. 1.
Ball moving response to the electric field was investigated under various conditions.

Fig. 1. Ball moving under electric bias.

Fig. 1. Ball moving under electric bias.
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Flash lamp annealing effect on stability of the oxide TFT
Seung Jae Moon**, Kyoung Min Yu*, So Hyen Jung*, Joo yeon Kim* and Byung
Seong Bae*,**, Eui Jung Yun***
*Dep.of Semiconductor and Display Engineering, Hoseo University, Asan, Chungnam 336-795,South
Korea
**College of New IT Engineering, Hoseo University, Asan, Chungnam 336-795, South Korea
***College of New IT Engineering and Department of System Control Engineering, Hoseo University,
Asan 336-795, Korea
bsbae3@hanmail.net

Oxide TFT was fabricated on the P-type wafer with 3000 Ǻ of SiO2. We deposited IGZO
(Indium Gallium Zinc Oxide) layer on the wafer by RF magnetron Sputter. And then, Using the
furnace the samples that were produced in this way was annealed at 450 ℃. We have
investigated Xenon (Xe) flash lamp annealing (FLA) effect on the stability of IGZO TFT. We
investigated the effect of the flash lamp as varying the power of the lamp. And also we
investigated the effect of the temperature and shot numbers of the flash lamp. At last, a metal
layer for source and drain electrode was deposited on the IGZO layer by the thermal evaporation.
We measured the bias stress and light illumination effect on the transfer curves. Figure 1 shows
the bias stress effect on the transfer characteristics of each other.

(a)
(b)
Fig 1. the bias stress effect on the transfer characteristics of each other.
(a) 6kW 1shot, (b) 8kW 3shot
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LC Lens analysis on the temperature and electric field
Jun Young Hwang, Seong Jae Moon, Jong Mo Lee, Chul Gyu Jeon, and Byung
Seong Bae
Department of Display Engineering, Hoseo University, Asan, Chungnam 336-795,
Korea
Liquid crystal (LC) is a material for the flat panel display. LC is a large birefringence material
and the LC molecule reacts to the electric field, which results in different optical property.
Since the non-glass type 3D display needs lenticular lens especially for the large size panel, it is
necessary to build the lens in front of the display panel. Since the resolution decrease for the
lenticular lens 3D, it is necessary to change to non-lenticular type for high resolution during 2D
display.
LC which is filled in the gap between two sheets responds to the electric field generated by two
electrodes. LC response to the electric field, which enable the on and off control of the lens. The
choice of appropriate materials for the curved surface and the LC is important for the well driven
on-off function of the lens. Since the electric property of the LC depends on the temperature,
lens property also depends on the temperature. With the fabricated LC lenticular lens and
investigated the temperature and voltage dependence of the lens property.

Fig 1. The lens structure for the on-off control of lens.
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Alternative Gate Dielectrics for Advanced CMOS
Technologies
BENFDILA, A. LAKHLEF
MICROELECTRONICS AND NANOTECHNOLOGY RESEARCH GROUP, MNRG,
FACULTY OF ELECTRICAL ENGINEERING & COMP SCIENCES
THE UNIVERSITY M. MAMMERI BP 17 RP DZ 15000, TIZI-OUZOU ALGÉ RIA
*ICTP-UNESCO-IAEA, TRIESTE ITALY
CMOS technology products have seen a sustained exponential decrease in size and cost and a
similar increase in performance and level of integration over the last thirty years (known as
Moore's Law). The Silicon Roadmap is laid out for the next ten years. After that, either
economical or physical barriers will pose a huge challenge.
It has been noticed that gate oxide leakage is increasing with reducing thickness and SiO2 is
running out of atoms for further scaling. The interfaces between the gate and the dielectric as
well as the dielectric and the silicon are of critical importance as device performances are
strongly related to. Hence, Top-Down design approach widely used in Microelectronics is no
more feasible. It should be substituted by the Bottom-Up approach. The most active field of
research is the fabrication and characterization of individual components that could replace the
macroscopic silicon components with nanoscale systems. The physics and technology of the
different dielectric structures used as nanometric gate dielectric constitutes the main challenge of
today advances.
The present work describes the new developments in the gate dielectric structure, physics and
technology and trheir impact on the interface dielectric-Si and Gate-dielectric. This interface
structure has impact on device structure and configuration. High k materials are used and
resulted in effective gate oxide thickness that will comply with gate field and capacitance
requirements.
Different gate materials and their electric characteristics are shown in Fig.1.

Many gat dielectric structures have been used. Starting from different materials, introduction of
gate stack structures have been used. However, the interface problems are to be investigated
“The present paper deals with the advances of alternative gate dielectrics mainly high k and
nanooxides that are candidate for gate dielectrics of advanced CMOS technology. The interface
of Nanooxides has shown different properties as compared to classical ones.”
Keywords: Gate oxide High k materials, Stack dielectrics, characterization, nanotransistors.
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Mid-wave Infrared InAs/GaSb T2SL Detector with PIN
Structure
H. Lee*, J.H.Whang*, B. Klein**, S. Krishna**, H.S. Kim*
*Physics, Chonnam National University, Kwangju, 500-757, South Korea
** Center for High Technology Materials, Department of Electrical and Computer
Engineering, University of New Mexico, Albuquerque, 87106, USA
The high performance infrared detectors are widely used for a variety of industry, terrestrial
surveillance and military applications operating in the 3~12μm wavelength range. The mid-wave
type II superlattice (T2SL) detector based on the PIN structure is grown by the molecular beam
epitaxy (MBE) on a p-type GaSb substrate. The detector structure consists of type p type GaSb
(200nm) and graded doped layer (~60nm, p type) by the 50 periods of 10ML InAs/10ML GaSb.
Then, a 1.9um thick non-intentionally doped absorber layer is grown by the periods of the 10ML
InAs/10ML GaSb. The device structure is terminated by the graded doped layer (~30nm, n type)
and the top contact layer (~190nm, n type doped) by the 30 periods of the 10ML InAs/10ML
GaSb.
Mesa device is formed using the dry etching and wet etching. The side wall of the mesa is
passivated using the Si3N4 to block the leaky current flow on the mesa side wall. The Ti/Pt/Au is
deposited as an ohmic contact material. The Kronig-Penny model is used to calculate the band
structure. The fabricated device shows a 50% cut off wavelength at 5.6μm under the 77K and
shows the band gap shrinking as the function of the temperature.

Fig 1. The spectral response of the T2SL detector depending on the wavelength.
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Analytical model for predicting the permeability of micro
square pillar arrays
Chan Byon*
* School of Mechanical Engineering, Yeungnam University,
Gyeongsan, 712-749, Republic of Korea
In this study, an analytic model for predicting the permeability of the micro square pillar arrays
is developed with taking into account the effect of meniscus curvature. In the model, two
representative types of arrays are considered: the quadratic array, and the hexagonal array. The
obtained analytic results agree well with the numerical results within the error of 3% over the
range of parameters commonly found in microfluidic applications (0.06 < d* < 0.6 and 0.2 < H*).
Based on the analytic results, the effects of the nondimensional parameters (nondimensional
pillar diameter, nondimensional pillar height, and the contact angle) on the nondimensional
permeability of pillar arrays are investigated. The meniscus curvature is shown to affect the
permeability significantly particularly when the contact angle is small or the pillar height is low.
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Encapsulation of OLED Device Using an
Metal-Polymer Mixture
Hyun-Su Choi*, Kyung-Min Park* and Cheol-Hee Moon**.
* Display Engineering, Hoseo University, Asan City, Chungnam 336-195,
Republic of Korea
Encapsulation process of the OLED device is a critical issue which directly affects the
reliability and lifetime. Thin film encapsulation is most general, but it consists of alternate
stacking of the organic and inorganic layers, which requires a high cost and a long process time.
Moreover, blocking characteristics from the moisture and oxygen are not so good due to
the structural imperfectness of the organic thin film layers. Therefore, it is strongly needed to
develop a new encapsulation process for OLED device. In this study, we are to develop an
encapsulation process using a metal-polymer mixture. Figure 1 is a schematic drawing which
shows the concept of the new encapsulation method of this study. For a metal part, low melting
point allay (LMPA) will be used to enable encapsulation process below 150℃, which will play a
role of barrier from the moisture and oxygen. On the other hand, polymer is required to provide
the adhesion strength and fill in the voids and small cracks at the interface between the substrate
and metal layer. To realize this idea, metal and polymer should be separated each other to form a
double layer structure as shown in Figure 1. We have done basic experiments using the metalpolymer mixture and found some possibility as a new encapsulation method for OLED sealing
process.

Substrat
e
Polyme
r

meta
l

Fig 1. Concept of the new encapsulation process in this study.
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Growth and Fabrication Method of CdTe and its
performance for using radiation detector
Hyo Jeong Choi*, **, Manhee Jeong**, Han Soo Kim**, Young Soo Kim**, Jang
Ho Ha**, Jong Seo Chai*
* WCU Department of Energy Science, Sungkyunkwan University, Suwon, 440746, Republic of Korea,
** Advanced Radiation Detection Instrument & Sensor Lab, Korea Atomic Energy
Research Institute, Jeongeup, 580-185, Republic of Korea
CdTe crystal ingot doped with 2000ppm of Cl was grown by Low Prossure Bridgman method
at KAERI. Semiconductor detector dedicated radiation detection sensor was fabricated with
7(W) x 6.5(D) x 2(H) mm from CdTe ingot. In this paper, properties of fabricated CdTe detector
were observed through three kinds of experiments which are X-ray diffraction, I-V characteristic
and Spectrum measurements in order to calculate charge mobility-lifetime products and energy
resolution. Resistivity was obtained by Keithley 6517A high precision electrometer as 1.134 x
1011Ωcm. Mobility-lifetime products for electrons and holes were 3.137 x 10 -4 cm2/V, and 4.868
x 10-5 cm2/V, respectively. And, we achieved 16.8% energy resolution at 59.5keV from Am-241
alpha source.

Fig 1. Energy spectrum of CdTe by using 241Am alpha source with various voltages
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Effect of TiO2 paste thickness on energy conversion
efficiency of dye-sensitized solar cells
Young-Hun Kim*, In-Kyu Lee*, Jong-Ho Kang**, Myung-Hyun Lee**, NamIhn Cho***, Yong-Wun Jang****, Deuk Yong Lee****
* Materials Engineering, Korea Aerospace University, Goyang, 412-791, Korea
** Energy and Environmental Division, KICET, Seoul, 153-801, Korea
*** Electronic Engineering, Sun Moon University, Asan, 336-708, Korea
**** Biomedical Engineering, Daelim University, Anyang, 431-715, Korea
Dye-sensitized solar cells (DSSCs) were synthesized using a 0.25 cm 2 area TiO2 nanoparticle
layer as electrode and platinum (Pt) as counter electrode. The TiO 2 nanoparticle layer was
screen-printed on fluorine-doped tin oxide glass (FTO). The Pt counter electrode and the
ruthenium dye anchored electrode were then assembled as a function of thickness of TiO 2
nanoparticle layer, was observed at short circuit current
density (Jsc) of 14.68 mA·cm , open circuit voltage (Voc) of 0.72V, fill factor (FF) of 63.0%,
and energy conversion efficiency (η) of 6.65%.
2

Current density / mA cm 2

-2

20
16

12 m
14 m
16 m
18 m
20 m
22 m

6.65%
6.49%

12
8
4
0
0.0

0.2

0.4

0.6

0.8

Voltage / V

Fig 1. Effect of TiO2 nanoparticle layer thickness on the photocurrent density versus voltage
characteristics of DSSCs
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Superlubricous Graphene Nanoflake Oscillator on
Graphene Nanoribbon: Molecular Dynamics Study
Sun-Young Kim, Jeong-Won Kang*
Department of Computer Engineering, Korea National University of
Transportation, Chungju, 380-702, Republic of Korea
The superlubricity of graphite has been investigated. When fabricated as mechanical
components of nano-machines, the properties of friction and energy dissipation regarding
graphene are extremely important since they can severely affect the performance and energy
consumption of the devices. Graphene is also expected to be an ideal lubricant for
microelectromechanical systems (MEMSs) and nanoelectromechanical systems (NEMSs), for
which traditional lubricants can no longer function normally. Using superlubricous graphene
nanoflake, we present the possible schematics of nanoscale graphene-flake shuttle-memory,
discuss its basic principles, and investigate the energetic and the dynamic properties via
classical molecular dynamics simulations.
ACKNOWLEDGEMENT: 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 (2012R1A1A1042640).

Fig 1. MD results. Motions of graphene nanoflake on graphene nanoribbon
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Electronic structure and band alignment of zinc nitride,
Zn3N2
Su-Hyun Yoo*, Aron Walsh**, David O. Scanlon***, Aloysius Soon*,****
* Department of Materials Science and Engineering, Yonsei University, Seoul,
120-749, Korea
** Centre for Sustainable Chemical Technologies and Department of Chemistry,
University of Bath, Bath, BA2 7AY, United Kingdom
*** Department of Chemistry, Kathleen Lonsdale Materials Chemistry,
University College London, London, WC1E 6BT, United Kingdom
**** School of Physics, The University of Sydney, Sydney, 2006, Australia
Zinc nitride (Zn3N2) is a promising candidate for optoelectronics applications due to its high
electron mobility and high electrical conductivity. It is also thought that Zn3N2 can be used
as a starting material to achieve p-type conductivity in ZnO-based oxide homojunctions. In
this work, the electronic structure of bulk Zn3N2 is studied using density-functional theory
(DFT) with different approximations to the exchange-correlation functional, ranging from
(semi-)local functionals to the quasiparticle G0W0 approach. We predict a bandgap in the
range of 0.9 ∼ 1.2 eV, reconciling the scattered values reported in experiments, and a
remarkably low work function (ionisation potential) of 4.2 eV for the (111) surface.
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Non-monotonic magnetoresistance in two-dimensional
electron systems
Y.-T. Wang*, T.-P. Woo*, S.-T. Lo*, Gil-Ho Kim**, C.-T. Liang*,**
* Department of Physics, National Taiwan University, Taipei 106, Taiwan
**School of Electronic and Electrical Engineering, Sungkyunkwan University,
Suwon 440-706, Korea
The connection between non-monotonic magnetoresistance (MR) and electron-electron
interaction (EEI) correction in weakly disordered two-dimensional electron systems (2DESs)
in the ballistic regime
where kB, T,
are the Boltzmann constant,
temperature, scattering time, and the Planck constant, respectively, is studied. A transition of
conductivityσat zero magnetic field from the insulator regime
to a metallic
regime
is observed. The MR shows a maximum, and with increasing T, the
position of the MR maximum in B increases, as shown in Fig 1(a) for both GaAs-based
(sample A) and GaN-based (sample B) 2DESs. Figure 1 (b) shows a transition of
conductivity from the insulator phase to a metallic phase. Our data, together with the similar
work on Si- and GaAs-based 2DESs, suggest that the EEI plays an important role in such
non-monotonic MR effect and temperature dependence of the resistance [1].
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Figure 1 (a) MR measurements at various temperatures T. The arrows indicate the positions of the
MR maxima. (b) R(T) data at various magnetic fields B for Sample B.
[1] G. Zala, B. N. Narozhny, and I. L. Aleiner, Phys. Rev. B 65, 020201 (2001).
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Superconducting transition properties of grain boundaries
in MgB2 films
Sung-Hak Honga, Sung Hoon Lee, and Soon-Gul Lee*
Department of Applied Physics, Graduate School, Korea University, Sejong
City 339-700, Korea
A grain boundary in unconventional superconductors with a relatively short coherence length
is a major factor limiting the lossless-current-carrying capacity of superconducting
transmission lines on the one hand, but also a clue to the development of Josephson elements
on the other. Intergrain interface, the width of which is of a non-negligible fraction of the
coherence length, suppresses the order parameter and thus plays a bottleneck of supercurrents.
In light of its importance, we have investigated critical properties of the naturally-formed
grain-boundaries of MgB2 films. In case of MgB2, the lattice parameters (a = 0.309 nm, c =
0.352 nm) is much less than the superconducting coherence length (   5 nm), thus
theoretically the grain interface of the size of the lattice parameter is not expected to play as a
weak link. This is in clear contrast to YBCO with not only a short coherence of the same size
as the lattice parameter but a d-wave nature. However, in our study on the focused-ion-beam
(FIB) patterned intergrain nanobridges, the critical transport properties showed a wide
spectrum from an extremely strong-coupled case to a weak-coupled Josephson junction
characteristics. We made MgB2 nanobridges crossing single grain boundaries by using an
FIB etching technique. Nominal width and length of the bridges were ~100 nm. We studied
current-voltage characteristics, the temperature-dependent critical current and the normal
state resistance. Detailed experimental results and discussion will be presented.

†

This research was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF2013R1A1A4A01004759)
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Graphene Nanoflake Shuttle Memory: Molecular
Dynamics Study
Sun-Young Kim1, Ki-sub Kim2*, Jeong-Won Kang1,3*
1. Department of Computer Engineering, Korea National University of
Transportation, Chungju, 380-702, Republic of Korea
2. Department of Chemical and Biological Engineering, Korea National
University of Transportation, Chungju, 380-702, Republic of Korea
3. Department of Transportation System Engineering, Graduate School of
Transportation, Korea National University of Transportation, Uiwang-si,
Gyeonggi-do 437-763, Republic of Korea
We present the possible schematics of nanoscale graphene-flake shuttle-memory, discuss its
basic principles, and investigate the energetic and the dynamic properties via classical
molecular dynamics simulations. Graphite flake surface, where the nanoscale grapheneflake’s stage of activity takes place, has a dumbbell shape, and a nanoscale graphene-flake is
placed on its surface. The van der Waals interactions between the graphene-flake and the
patterned graphite make the bistable potential energy wells in the larger surface area regions
of the patterned graphite, and then the graphene-flake keeps its seat on one of the bistable
positions, which is the place where the binary data is archived. Since the movable grapheneflake can be also shuttled between the bistable states through the narrow passageway, this
proposed nano-graphene-flake shuttle-memory can be utilized fro nanoscale switchable
nonvolatile memory.
ACKNOWLEDGEMENT: This research was supported by the MSIP (Ministry of Science,
ICT and Future Planning), Korea, under the CITRC (Convergence Information Technology
Research Center) support program (NIPA-2013-H0401-13-2011) supervised by the NIPA
(National IT Industry Promotion Agency.
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Synthesis and Thermoelectric Properties of RzFe4-xCoxSb12
(R: Yb, La, Ce) Skutterudites
Kwan-Ho Park*, Soonil Lee*, Won-Seon Seo*, Il-Ho Kim**
* Energy and Environmental Materials Division, Korea Institute of Ceramic
Engineering and Technology, Seoul 153-801, Korea
** Department of Materials Science and Engineering, Korea National
University of Transportation, Chungju, Chungbuk 380-702, Korea
Filled skutterudites are promising materials for thermoelectric power generation from
industrial waste heat and the exhaust gas of automotive vehicles. RM4X12 (R: alkaline,
alkaline earth, rare earth elements, M: Fe, Ru, Os, Co, Rh, Ir, and X: P, As, Sb) is used as a
typical formula for filled skutterudite. The rattling effect of filler atoms (R) in the skutterudite
structure can satisfy the PGEC (phonon glass and electron crystal) concept, i.e., phonon
blocking and electron transmitting approach to improve the thermoelectric figure of merit
(ZT). In this study, rare-earth-filled skutterudites RzFe4-xCoxSb12 (R: Yb, La, Ce) were
prepared, and their transport and thermoelectric properties were examined. A specimens
showed p-type conduction and exhibited a degenerate semiconductor behavior. R0.9Fe3CoSb12
had lower electrical conductivities and higher Seebeck coefficient values compared with
RFe4Sb12, which means that Co leaded to charge compensation through electron donations.
All specimens had positive Hall coefficients, and the carrier concentration was decreased by
charge compensation with Co substitution. Thermal conductivity of R0.9Fe3CoSb12 was lower
than that of RFe4Sb12 due to decreased carrier concentration as well as lattice scattering
induced by substitution of Co for Fe sites. Yb-filled and La-filled skutterudites enhanced the
thermoelectric figure of merit through charge compensation with Co. However, in the case of
Ce-filled skutterudites, the charge compensation with Co could not improve the
thermoelectric figure of merit. The charge compensation was required for Yb 2~3+ and La3+
ions to stabilize skutterudite phases, but it was not needed for Ce 3~4+ ions to employ as fillers.
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Thermoelectric Properties of I-doped Bi2Te2.85Se0.15 Solid
Solutions
Go-Eun Lee*, Il-Ho Kim*, Young-Soo Lim**, Won-Seon Seo**, Byeong-Jun
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Thermoelectric conversion efficiency is evaluated as the dimensionless figure of merit,
defined as ZT = α2σTκ-1, where α is the Seebeck coefficient, σ is the electrical conductivity, T
is the absolute temperature and κ is the thermal conductivity. Therefore, superior
thermoelectric materials should have a high Seebeck coefficient, a high electrical
conductivity and a low thermal conductivity. Thermoelectric materials such as bismuth
telluride, lead telluride, silicon-germanium alloy, skutterudite are known to have excellent
thermoelectric performance, and bismuth telluride is suitable materials at room temperature.
Bi2Te3 and Bi2Se3 form a homogeneous solid solution, and thereby the thermal conductivity
can be reduced by phonon scattering. The figure of merit can also be improved by doping to
control the carrier concentration. In this study, Bi2Te2.85Se0.15:Im (m = 0.0 - 0.045) solid
solutions were prepared by encapsulated melting and hot pressing. The electrical conductivity
was improved due to an increase in carrier concentration with increasing I content, and the
lattice thermal conductivity was reduced because I atoms have an effect on the regularity of
the crystal structure. The undoped solid solution showed the carrier concentration of
7.37×1019 cm-3, the power factor of 2.1 mWm-1K-2 and the figure of merit of 0.56 at 323 K.
The figure of merit(ZT) was improved due to an increase in the power factor by I doping, and
the maximum ZT was obtained as 0.90 at 423 K for Bi 2Te2.85Se0.15:I0.005.
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Higher manganese silicides (HMS: MnSi 1.72-1.75) are regarded as promising p-type
thermoelectric materials for application to intermediate-temperature thermoelectrics together
with n-type Mg2Si, because of their low cost and abundant constituent elements,
environmental friendliness, and high temperature oxidation resistance. Four types of HMS
have been reported: Mn11Si19 (MnSi1.72), Mn15Si26 (MnSi1.73), Mn27Si47 (MnSi1.74), and
Mn4Si7 (MnSi1.75) and these phases are referred to as the Nowotny chimney-ladder phases,
which possess a tetragonal crystal structure with an almost equal a-axis and an unusually long
c-axis. In this study, Cr-doped HMS, MnSi1.73:Crx (x = 0, 0.005, 0.01, 0.02, 0.03) were
prepared by solid-state reaction and hot pressing. X-ray diffraction analysis and Rietveld
refinement confirmed the synthesis of MnSi 1.73. It was confirmed that Cr atoms were soluble
into the HMS structure because the lattice constant increased with increasing Cr content (x),
and the solid solubility limit of Cr was estimated as x = 0.01. All specimens showed p-type
conduction and exhibited degenerate semiconductor characteristics at all temperature
examined (323 – 823 K). The Seebeck coefficient decreased and the electrical conductivity
increased by Cr doping. Dimensionless thermoelectric figure of merit ZT was obtained as
0.36 at 823 K for MnSi1.73:Cr0.005 and MnSi1.73:Cr0.01, because the power factor was increased
and the thermal conductivity was decreased by Cr doping.
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Design of single- and dual-layer absorber stack for
extreme ultraviolet lithography and actinic defect
inspection.
Jai Dong Lim, Wonyoung Kim, Chang Kwon Hwangbo
Department of Physics, Inha University, Incheon, 402-751, Republic of Korea
Extreme ultraviolet lithography (EUVL) mask should have a high reflectance contrast
between the absorber stack and highly reflecting mirror stack. Recently, various materials
such as TaN, TaBN, and ITO have been studied as high-absorbance materials. For sub 10-nm
nodes, mask defects can be detected using actinic inspection technology, which reviews
defects at 13.5-nm. Hence further reduction in the thickness of the absorber layer, to prevent
the geometric shadow effect in the exposure step and actinic inspection, is challenging.
In the present work, we designed new absorber stacks with low thicknesses and high
reflectance contrasts at 13.5-nm wavelength for use in binary masks (BIM) and actinic defect
inspection. Figure 1(a) shows the two layers on a blank mirror coated with a multilayer stack.
The optimum thickness of the absorber stack was calculated using the transfer matrix. Figure
1(b) shows a 2D contour plot of the reflectance of the [Ag/SnTe] double-layer absorber stack
as a function of the thicknesses of the Ag and SnTe layers. The minimum reflectance was
6.06 × 10-6 % at d1 = 2.06 nm and d2 = 29.65 nm. We expect that the new designs will be
helpful in making high-absorbance BIMs for EUVL and actinic inspection.

Fig 1. (a) Schematic of a dual-layer absorber stack. (b) 2D contour plot of the reflectance of the [Ag/SnTe]
dual-layer absorber stack as a function of the thicknesses of the Ag and SnTe layers.
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Dielectric Constant Engineering of Carbon Nanotube
Films for THz Applications
J. T. Hong, Ji-Yong Park, Soonil Lee, and Y. H. Ahn*
Department of Physics and Division of Energy Systems Research,
Ajou University, Suwon 443-749, Korea
Single-walled carbon nanotube (SWNT) has been studied extensively to develop useful
functional materials based on their fascinating mechanical, optical, and electronic properties.
In particular, composites and thin films of SWNT have lately attracted a great deal of
attention for potential application as advanced flexible engineering materials.
In this work, we demonstrate the fabrication of plasmonic and metamaterials devices,
operating in the terahertz frequency range, by using highly conductive, SWNT network films.
We fabricated various patterns on the SWNT films using photolithography or laser machining
techniques, whose resonance behaviors are determined by geometric parameters such as the
periodicity of the array patterns or the shape of the individual elements. The excellent
mechanical properties of SWNT films enabled us to fabricate free-standing and highly
flexible devices. More importantly, by using post-processings such as chemical treatments
and nanoparticle coatings, we were able to engineer the dielectric constants of the SWNT
films, such as enhancing or degrading the conductive properties. As a result of the postprocessings, the resonant peak of the plasmonic devices was suppressed or retrieved, which is
not achievable in conventional metal films. In particular, we were able to control the
metamaterials resonances, implying the possibility of fabricating tunable optoelectronic
devices, without changing the device structures.
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Study on the dielectric functions of InxAl1-xP alloys by
ellipsometry
H. G. Park1, S. Y. Hwang1, D. E. Aspnes1,2, Y. D. Kim1, E. H. Lee3, S. H. Shin3,
J. D. Song3, C.-T. Liang4, and Y.-C. Chang4
1
Nano-Optical Property Laboratory and Department of Physics, Kyung Hee
University, Seoul, 130-701, Korea
2
Department of Physics, North Carolina State University, Raleigh, NC, 27695, U. S. A.
3
Center for Opto-Electronic Convergence Systems, Korea Institute of Science
and Technology, Seoul, 136-791, Korea
4
Research Center for Applied Sciences, Academia Sinica, Taipei, 115, Taiwan
Ternary InAlP alloys are attractive semiconductor materials for optoelectronic devices
such as light-emitting diodes because of the high electron mobility, smallest refractive index
and largest band gap of any arsenic or phosphorus based alloy which is lattice matched to
GaAs. To understand the electronic properties of these alloys as well as those of related
materials, and for engineering design, information about their bulk dielectric functions ε = ε1
+ iε2 is necessary. InxAl1-xP alloy films (x = 0.186, 0.310, 0.475, 0.715, and 0.810) about
1.2 μm thick were grown by molecular beam epitaxy (MBE). We minimized overlayer
effects by performing wet-chemical etching and sprayed the high-purity N2 during the
process to prevent reoxidation. Figure 1 shows
the best <ε2> result of In0.475Al0.525P film after
25
E
chemical etching procedure to remove overlayers.
In
Al
P
Thus, we obtained accurate intrinsic bulk
20
dielectric function data from 1.5 to 6.0 eV. We
15
also analyze the critical point (CP) energies of
InxAl1-xP alloys from numerically calculated
10
second derivatives, and compared with electronic
5
band-structure calculations using the linear
BrM & NH4OH
augmented Slater-type orbital (LASTO) method.
Methanol
0
Raw data
As a result, we could identify the CP energies (E1,
E1+Δ1, E0, E0+Δ0, E2, and E2) and exhibit a
2
3
4
5
6
crossing of the E0' and E2 CP structures with
E (eV)
increasing In-composition. We believe that these
results will be useful in a number of contexts,
Figure 2. The imaginary part <ε2> for
In0.475Al0.525P film after chemical etching
including the design of optoelectronic and highprocedure to remove overlayers.
speed electronic device applications based on
InAlP.
2

<2>

0.475
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Large valley-polarization of anisotropic Dirac fermions in
SrMnBi2
Y. J. Jo*, Joonbum Park**, Man Jin Eom**, E. S. Choi***, W. Kang****, Jun
Sung Kim**
* Department of Physics, Kyungpook National University, Daegu 702-701,
Korea
** Department of Physics, Pohang University of Science and technology,
Pohang 790-784, Korea
*** National High Magnetic field Laboratory, Tallahassee, Florida 32310, USA
**** Department of physics, Ewha University, Seoul 120-750, Korea
A study of the interlayer magnetoresistivity of the layered Dirac materials, SrMnBi 2 will be
presented. The angular dependent magnetoresistivity oscillations are observed over the full
range of magnetic field orientations in three dimensions. When the magnetic field is applied
along the in-plane, coherent interlayer peak appears. When the magnetic field rotates in the
plane, 4-fold symmetry exists and the in-plane anisotropy value can be extracted by using the
analytical formula and FWHM of the peak. This large valley-polarization is due to
anisotropic warping on Dirac fermions in SrMnBi2.

Fig 1. 3D mapping of interlayer magnetoresistivity of SrMnBi2 at 14 T and 1.6 K
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Study of Nano-patterned Crystalline Silicon Solar cell for
Light Trapping
Yunae Cho1, Minji Gwon1, Eunsongyi Lee2, Dong-Wook Kim1,*,
and Joondong Kim3
1
Department. of Physics, Ewha Womans University, Seoul, Korea
2
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3
Department of Electrical Engineering, Incheon National University,
Incheon, Korea
We have fabricated and investigated photovoltaic characteristics of crystalline Si solar
cells with nano-patterned surface. The patterns are fabricated by conventional
photolithography and dry-etching processes. We performed FDTD simulations to understand
the influence of the patterned surface on the optical properties of the cells. The
electromagnetic field distribution in the cells clearly shows that the patterned structure
improves optical absorption near the surface of the Si absorber. We compare measured
photocurrent with calculated ones obtained from the FDTD simulation. Such comparison
reveals key factors to improve the optical absorption and energy-conversion efficiency of the
patterned Si solar cells.
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Enhancement of mechanical and electrical properties of
nanocarbon hybrids composites of carbon nanotubes and
graphene oxide with polyurethane
Dong Hun Yi, Hye Jin Yoo, Jae Whan Cho
Department of Organic and Nano System Engineering,
Konkuk University, Seoul, 143-701, Korea
The nanocarbon hybrids composites were prepared by incorporating the thin-walled carbon
nanotubes (TWCNT) and reduced graphene oxide (RGO) in the hyperbranched polyurethane
(HBPU) matrix. Different loading concentration of TWCNT and RGO was used individually
and combined in the HBPU matrix after sonication, and their nanocomposite films were
prepared by solvent casting method. The highly branched structure of HBPU was found to be
very effective for enhancing dispersion of TWCNT and RGO. The remarkable synergistic
effect between TWCNT and RGO was obtained in robust mechanical, highly thermal, and
electrical conducting properties. It is ascribed that the long and tortuous TWCNT can bridge
adjacent RGO and inhibits their aggregation. Acknowledgement: This work was supported by
the National Research Foundation of Korea (NRF) grant funded by the Korea government
(MEST) (No. 2012R1A2A2A01015155, R11-2005-065).
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Electrical characteristics of soluble conducting polymerfunctionalized graphene
S. R. Madeshwaran, Hye Jin Yoo, Jae Whan Cho
Department of Organic and Nano System Engineering,
Konkuk University, Seoul, 143-701, Korea
The soluble conducting polymer-functionalized graphene oxide was synthesized by
covalently functionalizing graphene oxide with poly(3-thiophene acetic acid) (PTAA)
copolymer. The functionalized graphene oxide was confirmed by Fourier-transform infrared
spectroscopy, 1H-nuclear magnetic resonance spectroscopy, and X-ray photoelectron
spectroscopy. The PTAA-functionalized graphene oxide showed good electrochemical
properties and stable solubility in organic solvents. For the functionalized graphene oxide, we
found good electroactive actuation behavior at the applied voltage of 1 to 4 V. It is mainly
attributed to the enhanced electrochemical performance of the functionalized graphene oxide.
Acknowledgement: This research was supported by Basic Science Research Program through
the National Research Foundation of Korea (NRF) funded by the Korea government (MEST)
(R11-2005-065, 2012R1A2A2A01015155).
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MoS2 nanosheet-based nonvolatile memory transistors and
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Hee Sung Lee*, Seongil Im*
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Korea
Two-dimensional nanosheet materials have been studied with much attention in view of their
applications to future nanoelectronics. Very recently, molybdenum disulfide (MoS 2) appeared
to overcome the dilemma of graphene as an alternative nanosheet material. Unlike graphene,
MoS2 nanosheet has a large bandgap of 1.2~1.8 eV.
We fabricated two kinds of device using various layered-MoS2. First, top-gate nonvolatile
memory field-effect transistors with single- to triple-layered MoS2 nanosheets adopting a
ferroelectric polymer P(VDF-TrFE) was demonstrated. This nonvolatile memory FET with
single-layer MoS2 channel exhibited little degradation in its retention properties as measured
up to 1000 s maintaining ~5x103 as program/erase ratio and also displayed high mobility of
220 cm2/V∙s.
Next, we demonstrated top-gate photo-detectors based on a few-layered MoS2 nanosheet with
a transparent ITO gate electrode. Our devices with triple MoS 2 layers exhibited excellent
photo-detection capabilities for red light while those with single and double-layer turned out
to be quite useful for green light detection. The photo-electric probing on working transistors
demonstrates that single-layer MoS2 has a significant energy bandgap of 1.8 eV, while those
of double- and triple-layer reduce to 1.65 and 1.35 eV, respectively.

Fig 1. Electrical properties of photo detector and nonvolatile memory transistor.
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Growth properties of carbon nanowalls according to the
reaction gas ratios
Sung Yun Kim and Won Seok Choi,*
Department of Electrical Engineering, Hanbat National University,
Daejeon 305-719, Korea
Graphite electrodes are used for secondary batteries, fuel cells, and super capacitors.
Research is underway to increased the reaction area of graphite electrodes used cabon
nanotube (CNT) and porous carbon. CNT is limited to device utilization in order to used a
metal catalyst by lack of surface area to improve. In contrast carbon nanowall (CNW) is
chemically very stable. In addition, is excellent a mechanical strength and large surface area.
As well as the highest surface density among carbon-based nanostructures. So this paper,
Microwave plasma enhanced chemical vapor deposition (PECVD) system was used to grow
carbon nanowall (CNW) on Si substrate with methane (CH4) and hydrogen (H2) gases. To
find the growth mechanism of CNW, we have changed the gas ratios. The vertical and
surficial conditions of the grown CNWs according to the gas ratios were characterized by a
field emission scanning electron microscopy (FE-SEM) and Raman spectroscopy
measurements showed structure variations.
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Epitaxial Growth of Bi2Se3 films grown on Bi/Ge (111)
Seungyeon Kim, Hyungjoon Shim, and Geunseop Lee*
Department of Physics, Inha University, Incheon 402-751, South Korea

The compound semiconductor Bi2Se3 is at the center of intensive research on a new state of
matter known as topological insulators. Recently, growing Bi2Se3 on various substrates by
using molecular beam epitaxy has been actively in progress. On a Si(111) surface, a
representative semiconductor surface, Bi2Se3 films grown by co-depositing Bi and Se on the
ß-√3-Bi surface on the Si (111) 7ⅹ7 surface have been reported to be highly crystalline and
smooth at the surface. In this surface, the Si(111) 7ⅹ7 substrate recovers to a bulkterminated 1ⅹ1 structure underneath the 1 monolayer (ML) Bi adatoms and forms an abrupt
interface, which is essential for the ideal epitaxial growth. In this work, we used another
semiconductor surface, Ge(111), to grow epitaxial Bi2Se3 films. A Bi/Ge(111) surface has a
similar ß-√3-Bi surface with 1ML Bi adatoms, and its (1ⅹ1) lattice constant of 4.0 Å is
closer to that of the Bi2Se3 (4.14 Å ) than the Si(111) (3.84 Å ). The grown films were
characterized by using XRD, XPS and STM. Peak positions in the XRD data as well as the
chemical composition determined with XPS measurement coincide well with those expected
for the Bi2Se3 crystal. Single-step heights of 1nm and the lattice constant of 4.14 ±0.2 Å
measured from STM images confirmed the formation of the Bi2Se3 surface. All these results
evidence that the Bi2Se3 films grown on ß-√3-Bi/Ge(111) surface have high crystallinity.
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Thermoelectric Properties of Mg2Si1-xGex Prepared by
Solid-State Reaction
Sin-Wook You*, Il-Ho Kim*
* Department of Materials Science and Engineering, Korea National University
of Transportation, Chungju, Chungbuk 380-702, Korea
Mg2BIV (BIV = Si, Ge and Sn) and its solid solusions have a favorable complex of physical
and chemical properties and could be a good base for the development of new efficient
thermoelectrics. There are some reasons as environmental constraints, the abundance of
constituent elements as well as the low densities (2–3.6 g/cm3) that make these thermoelectric
materials particularly appealing compared to PbTe or CoSb 3, used in the same temperature
range. In this study, a solid-state reaction with elemental Mg, Si and Ge was performed to
obtain Mg2Si1-xGex (0 ≤ x ≤ 1) solid solutions, and the resulting powder was consolidated by
hot pressing. Phase transformation was analyzed by using XRD. Electronic transport
properties (Hall coefficient, carrier concentration and mobility) and thermoelectric properties
(Seebeck coefficient, electrical conductivity, thermal conductivity and dimensionless figureof-merit) were examined. The electrical conduction changed from n-type to p-type at room
temperature when x ≥ 0.7 due to intrinsic properties of Mg2Ge. For all specimens, the
electrical conductivity increased and the absolute value of the Seebeck coefficient decreased
with increasing temperature. The thermal conductivity was reduced by phonon scattering due
to solute Ge atom. Mg2Si0.7Ge0.3 and Mg2Si0.5Ge0.5 has the low thermal conductivity of 2.23.5 W/mK at all temperatures examined. The improvement of thermoelectric figure of merit
is expected if the carrier concentration is optimized by effective doping.
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Reflection resonance switching in metamaterial twisted
nematics cell
Y. U. Lee, J. Kim, J. H. Woo, E. Y. Choi, E. S. Kim, and J. W. Wu
Ewha Womans University Department of Physics, Seoul 120-750, KOREA
Electric switching of reflection resonances at near-IR spectral range is experimentally
demonstrated in a reflective metamaterial twisted nematic liquid crystal cell. Reflective
metamaterial composed of nano-sized double-split ring resonator aperture is fabricated by a
focused ion beam milling. Two-fold rotational symmetry of double-split ring resonators
allows for two orthogonal polarization-dependent reflection resonances in the reflective
metamaterial. With an external voltage of 10V across 12μm cell gap, a full switching is
achieved between two reflection resonances. Dynamic measurements show the time constants
of switch-on and switch-off are in the order of 100ms and 10ms, respectively.

Fig. 1. Schematics of a reﬂective metamaterial twisted mematics cell are shown, when
(a) no external voltage is applied and (b) an AC voltage is applied. Vertical polarization
of an incident beam experiences different reﬂective resonances upon reﬂecting from the
metamaterial bottom alignment layer.
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Ab initio Study on Oxygen- and Fluorine-DrivenPartially
Unzipped Carbon Nanotubes
Hyung-June Lee*, Gunn Kim** and Young-Kyun Kwon*
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Kyung Hee University, Seoul, 130-701, Korea.
**Department of Physics and Graphene Research Institute,
Sejong University, Seoul, 130-701, Korea.
Unzipping carbon nanotubes (CNTs) is a promising route to produce semiconducting
graphene nanoribbons(GNRs). Using first principles, we explore the structural and electronic
properties of partially unzipped CNTs (PUCNTs) driven by oxygenation and fluorination.
Our study shows that metallic CNTs with a small pinhole made by 6 O or 6 F guest atoms
preserve their metallic characteristics and exhibit many localized states in the valence band
originating from 2p orbitals of guest atoms. As, however, more guest atoms are added to open
the pinhole wider, the PUCNT becomes semiconducting with a gap open at the Fermi level.
We also investigate the quantum electronic transport properties of these two types of
PUCNTs using Green’s function approach within a ballistic scheme. We find that there is a
carrier charge depletion region on the back side of the open part resulting in the conductance
dips, which blocks some of the conduction channels.

Fig 1. Geometry and Electronic band structures of PUCNTs and (5,5) SWCNT
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Adsorption and diffusion properties of lithium on layered
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Seoung-Hun Kang and Young-Kyun Kwon*
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Hee University, Seoul, 130-701, Korea

Kyung

We investigate the interaction of Li with layered CrS 2 structures and its diffusion
properties using ab-initio calculations based on the density functional theory (DFT)
supplemented with van der Waals interaction. To find whether layered CrS2 can be used as an
anode material in Li-ion battery, we thoroughly explore the diffusion paths and barriers of Li
atoms inside the layered CrS2 bulk structures as well as on a free-standing single-layer of
CrS2. We find that Li atoms exhibit almost free intra-layer diffusion, while inter-layer
diffusion is difficult to occur. We also estimate the Li-capacity of the CrS2 by evaluating the
binding energy and the energy gain of the Li while intercalating more Li atoms until the Li
binding energy and energy gain becomes smaller than 1.6 eV, Li cohesive energy per atom.
We find that CrS2 can have larger Li-capacity than graphite, which is a widely-used anode
material, implying that layered CrS2 may be a good candidate for Li-ion battery electrodes.

Fig. 3 Binding energy, Eb, of Li as a function of Li content, x, for single-layer and bulk structure of
CrS2, Lix(CrS2)1Cr
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Dye-sensitized solar cells (DSSCs) have been intensively studied since their discovery in
1991. A DSSC is composed of an electrode made of a dye-adsorbed nanoporous TiO2 layer
on a fluorine-doped tin oxide (FTO) glass substrate, redox electrolytes, and a counter
electrode. One of the ways to increase the efficiency of DSSC is to enhance the harvest of
light. Many synthetic dyes have been synthesized and employed to improve the harvest of
light and increase photocurrent production by DSSCs; however, even the best dyes (e.g.N719) only absorbs in the wavelength range 400–800 nm, and most of the ultraviolet
wavelength are not used.
In this work, phosphor is introduced to the TiO2 photoelectrode of a DSSC to improve light
harvesting, photovoltage, photocurrent production, and solar conversion efficiency by a
conversion-luminescence process. Moreover, it is possible to further increase the conversion
efficiency of the DSSC.

Fig. 1 DSSC structure of phosphor mixed TiO2
photoelectrode.
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Photoluminescence Properties of V2O5 Nanorods with
Growing Methods
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Vanadium pentoxide (V2O5) is the most stable compound in the V-O systems and exhibits
highly anisotropic electrical and optical properties due to its orthorhombic structure. Owing
to its outstanding chemical, electronic, and thermal properties, the nanostructured-V2O5 such
as nanowires, nanorods, and nanocrystals have been considered to be promising for electronic
and optical devices. Since the nanostructured-V2O5 has interesting properties that are very
different from bulk, effective approaches to grow the nanostructures have been widely
developed.
There are several methods, including chemical and physical processes, for growing
nanostructures of V2O5. We report an electron beam irradiation and a thermal oxidation
method to form V2O5 nanorods, and the photoluminescence (PL) properties with temperature
are investigated. Also, the properties are compared.

Fig 1. Comparison of PL spectra for V2O5 nanorods grown by an electron beam irradiation and a
thermal oxidation methods.

This work was supported by Priority Research Centers Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (2009-0093818).
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Growth of carbon nanotubes with diameter and density
control
Seung-Woong Lee*, Won Chel Choi**, Seok-Beom Yoon***
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**Soft-Epi Incorporation, Gyeonggi 449-863, Korea
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Controlling the diameter and density of carbon nanotubes (CNTs) has been emerging as a
challenge in order to apply field emission devices. Therefore, many research groups have
suggested a variety of ways to control the diameter and density.
In this work, we proposed and applied a embedded catalyst method instead of conventional
laminated catalyst method in order to control the size and density of CNTs more precisely
and effectively. This method enables not only reducing one process step but also controlling
density and size of CNTs by adjusting amount of catalyst metal in the sputtering target and
adjusting rf power during sputtering process. The density and size of CNTs grown by thermal
chemical vapor deposition are successfully controlled with the amount of Fe in the catalyst
embedded thin film and the rf-power during the sputter process, respectively. From the
Raman spectra, it was confirmed that SWCNTs with a size distribution of 0.95~1.80 nm were
synthesized and the size of CNTs was getting larger with increasing the rf sputtering power.

Fig.1 The schematic of catalyst embedded thin film consisted of a catalytic material, Fe, and
supporting material for CNTs growth, Al2O3, respectively.

Acknowledgement- This research was supported by Basic Science Research Program
through the NRF funded by Ministry of Education (NRF-2011-0024378).
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Strain-induced metal-semiconductor transition in lowdimensional γ-graphyne
Hyun Soo Lee, Seoung-Hun Kang, Sora Park, Chang-Sun Lee, and YoungKyun Kwon
Department of Physics and Research Institute for Basic Sciences, Kyung Hee
University, Seoul, 130-701, Korea
Using first-principles calculations, we study the interplay between structural and electronic
properties of 1D single wall γ-graphyne nanotubes (γGNTs) consisting of hexagonal carbon
rings and acetylenic linkages. We first identify the equilibrium structures of various γGNTs
classified in terms of chirality similar to carbon nanotubes, and calculate their Young’s
moduli to be a few hundreds in GPa, which are smaller than those of CNTs, but they are still
sufficiently strong compared to steel. We find that the axial strain significantly modify the
electronic structures of γGNTs, which are intrinsic semiconductors with direct band gap
(0.6~0.7 eV) independent of their chirality and diameter. The most intriguing changes occur
in armchair γGNTs, where semiconductor-metal transition under compression, while the band
gaps of zigzag γGNTs become smaller due to both compressive and tensile strains. To
explain the origin of such electronic structure modifications, we examine changes in the band
structures of 2D γ-graphyne layer under the strains and match them in γGNTs using the zonefolding scheme.

Fig. 4. (a) Structure and the band structures (solid lines) of (b) unstrained and (c) compressed (ε=0.9)
(6,0) GNT. Dashed lines in (c) are obtained from the compressed (ε=0.9) 2D graphyne sheet using the
zone-folding scheme for comparison.
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Gate bias stress-induced electrical instability of MoS2 field
effect transistors
Kyungjune Cho, Woanseo Park, Tae-Young Kim, and Takhee Lee
Department of Physics and Astronomy, Seoul National University, Seoul 151747, Korea
Recently, molybdenum disulfide (MoS2) has attracted a lot of attention due to its intriguing
electrical properties compared to the substantioal limitaions of graphene in electronic
transistors [1]. We investigated the gate bias stress effects of multi-layered MoS2 field effect
transistors (FETs) with a back-gated configuration. When a positive (negative) gate bias
stress was applied to the device, the current decreased (increased) and the threshold shifted in
the positive (negative) gate bias direction. The electrical instability of the MoS 2 FETs can be
significantly influenced by the electrical stress type, relative sweep rate, and stress time in an
ambient environment. These phenomena can be explained by the charge trapping due to the
adsorption or desorption of oxygen and/or water on the MoS2 surface with a positive or
negative gate bias, respectively, under an ambient environment. This study will be helpful in
understanding the electrical-stress-induced instability of the MoS2-based electronic devices
and will also give insight into the design of desirable MoS2 devices for electronics
applications [2].

Fig 1. MoS2 FET device and its electrical data

[1] B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti and A. Kis, Nat. Nanotechnol. 6, 147
(2011).
[2] K. Cho, W. Park, J. Park, H. Jeong, J. Jang, T.-Y. Kim, W.-K. Hong, S. Hong, and T. Lee, ACS
Nano, in press (2013).
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The discovery of 2-dimensional layered semiconducting transistors offers unique possibility
of next generation transparent electronics. Recently, 2D layered chalcogenides (such as MoS2,
WS2, MoTe2, etc.) possess desirable characteristics including a high mobility (>50 cm2V− 1s−
1
), large bandgap (~1.35 eV), optical transparency due to 2D crystal likely graphene, and
amenability to large-area growth technique. However, a relatively high Schottky barrier
between 2D crystal and transparent electrodes (ITO, IZO) could be a key challenge to
integrate 2D MoS2 crystal into a high performance transparent transistor, where MoS 2
intrinsically exhibits an electron affinity of 4.0 eV, but transparent ITO, IZO source-drain
electrodes have a relatively higher work function of 4.9~5.2 eV. In order to perform lower
Schottky barrier, the selective pulse-laser annealing is carrying out, keeping an intact IZO
electrical property. In this paper, we demonstrate the first demonstration of the fully
transparent TFTs based on 2D MoS2 crystal with IZO source/drain electrodes. The
nanosecond laser annealing helps the enhancement of transistor performance matrix, such as
4 times increase of mobility, lower subthreshold slope. Figure (b) shows that the optical
transmittance of fully transparent 2D layered MoS2 transistors is ~80 %. These results
suggest new opportunities for a potential transparent electronics using transparent MoS 2
transistor with IZO contacts.
Figure. (a) Schematic view of a fully
transparent MoS2 transistor including a
SiO2 dielectric (300nm), patterned IZO
(300nm) electrodes with local back-gated
structure. (b) Optical transmittance spectra
of a fully transparent MoS2 transistor. (c)
Transfer characteristics of the MoS2
transistor before and after laser annealing.
Device
mobility
is
extracted
as
4.5cm2/V·sec. (d) Output characteristics of
the MoS2 transistor before (open circle)
and after (solid circle) laser annealing.
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Rigid Carbon Nanofoam as a High Capacity Li-ion Anode
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Using ab inito density functional calculations, we investigate the adsorption and diffusion
properties of Li atoms on a new carbon nanostructured material which could be applied as a
new anode material for the Li-ion battery. We focus on a special carbon nanofoam structure
consisting of schwarzite structures with local negative Gaussian curvature as the core parts
and (4, 4) CNT segments as the interconnection parts. We find various adsorption sites for Li
atom with relatively large binding energies (≥ 2.00 eV) considering the geometries of the
nanofoam structure. Based on these adsorption sites, several diffusion paths and energy
barriers are determined on the outside and inside surfaces of the nanofoam structure. It is
found that Li atoms can diffuse almost freely with low energy barriers inside and outside of
the nanofoam. Furthermore, we evaluate the energy gain tendency as well as the volume
expansion while adding Li atoms to estimate the Li-capacity of the system which is an
important characteristic of anode materials. Our results show that the carbon nanofoam
structure would be better as an anode material than graphite in Li capacity and volume
expansion.

Fig 1. Diffusion paths and energy barriers of Li atom along the path on the outside(①) and the
inside(②, ③) of carbon nanofoam structure.
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Nonvolatile nanocomposite floating gate memory devices
utilizing self-assembled Au nanoparticles in a polystyrene
gate dielectric layer
Dong Yeol Yun*, Zhou Yang*, Nam Hyun Lee*, Hak Seong Kim**, Sang
Wook Lee**, and Tae Whan Kim*
*Department of Electronics and Computer Engineering, Hanyang University,
Seoul 133-791, Korea
**Department of Physics, Konkuk University, 143-701, Seoul, Korea
Nonvolatile nano floating gate memory devices utilizing organic/inorganic hybrid
nanocomposites have emerged as potential candidates in next generation memory devices due
to their excellent charge storage, reliability, and similar to the commercialization memory
devices [1, 2]. Among the various hybrid nanocomposite materials, the metal nanoparticles
embedded in a polymer matrix with a high molecular degree have been currently receiving
considerable attention because of their interesting characteristics and simple fabrications in
nonvolatile memory devices, such as self formation, charge storage, solution process, and
spin-coating method. Even though some studies on nonvolatile memory devices with metal
nanoparticles embedded in a polymer layer have been performed, studies concering a nano
floating gate with self-assembled Au nanoparticles in a polystyrene (PS) matrix have not
been conducted yet.
This paper presents data for the existence of the Au nanoparticles self-assembled due to the
thermal energy and the electrical stabilities of nonvolatile floating gate memory devices
utilizing the hybrid nanocomposite consisting of the Au nanoparticles. Capacitance-voltage
curves for the Al/Au nanoparticles bmbedded in PS layer/p-Si device at different sweep
voltages clearly showed hysteresis behaviors. Atomic force microscope with an non-contact
mode showed the size of the Au nanoparticles of the self-formation dependent on the
temperature. The charge retention data of the nonvolatile memory devices utilizing the Au
nanoparticles exhibited excellent devices performances.
“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 (2013-016467)”.
[1] D. Y. Yun, J. M. Son, T. W. Kim, S. W. Kim, and S. W. Kim, Appl. Phys. Lett. 98, 243306
(2011).
[2] T. Z. Jie, L. Rong, and Y. Jiang, Chin. Phys. B 22, 067702 (2013).
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Facile synthesis of free-standing silicon membranes by
using three-dimensional nanoarchitecture for Anodes of
lithium ion batteries
Fan Xia*, Sungwoong Kim*, Jung Min Lee*, and Won Il Park*
* Department of Materials Science and Engineering, Hanyang University, Seoul
133-791, Korea
We demonstrate a facile method for synthesizing a novel Si membrane structure with good
mechanical strength and three-dimensional (3D) configuration that is capable of
accommodating the large volume changes associated with lithiation in lithium ion battery
applications. The membrane electrodes demonstrated a reversible charge capacity as high as
2414 mAh/g after 100 cycles at current density of 0.1 C, maintaining 82.3% of the initial
charge capacity. Moreover, the membrane electrodes showed superiority in function at high
current density, indicating a charge capacity >1220 mAh/g even at 8 C. The high
performance of the Si membrane anode is assigned to their characteristic 3D features, which
is further supported by mechanical simulation that revealed the evolution of strain
distribution in the membrane during lithiation reaction. This study could provide a model
system for rational and precise design of the structure and dimensions of Si membrane
structures for use in high-performance lithium ion batteries.

Fig 1. Low-magnification TEM of Si membrane, side view TEM images of single hexagonal walls
and proposed schematic based on analysis and Charge/discharge capacity and Coulombic Efficiency
at rate of 0.1 C for 100 cycles.
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Dispersion and rheological property of acryl binder slurry
for separator in lithium-ion battery
Jung Hyun Kim1, Seung Hyuk Kwon1, Hyoung Jin Choi1,*, Joo Sung Lee2
1
Department of Polymer Science and Engineering, Inha University, Incheon,
402-751, Korea
2
Battery R&D, LG Chem, Daejeon, 305-738, Korea
A separator of the lithium-ion battery is important in preventing igniting problem from the
increased temperature during its operation, of which it is generally consisted of polyolefin
type polymers such as polypropylene and polyethylene. The safety of separator could be
increased and improved when the separator is reinforced by adding inorganic materials such
as Al2O3 and SiO2. In this study, we focus on CR-V(cyanoresin, Shin-Etsh) based slurry to
disperse inorganic materials uniformly. The acryl binder containing ethyl acrylate,
acrylonitryl, N,N-dimethyl acrylamide, and acrylic acid is a typical substitution due to its
relatively low cost. The acryl binders were blended with different ratio slurries and then
rheological properties of the slurries were examined using a rotational rheometer.
Dispersibility and rheological properties of the Al 2O3 dispersed slurries were also measured.
When the ratio of acrylic acid in slurry increased, its rheological properties were also
increased. On the contrary, the sedimentation of slurries was decreased.
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Electronic Structures of Native Defects and Impurities in
Single Layer MoS2
Ji-Young Noh*, Minkyu Park**, Yong-Sung Kim**, and Hanchul Kim*
* Department of Physics, Sookmyung Women’s University, Seoul, 140-742,
Korea
** Korea Research Institute of Standards and Science, Daejeon, 305-340, Korea
Single layer MoS2 has attracted great attention recently due to its possible application of
large-area high speed thin film transistors. The MoS2 structure is formed from the stacking of
covalently bonded S-Mo-S layers, and each layer is bounded to each other by the weak van
der Waals forces. Thus, a single layer can be easily exfoliated. The single layer MoS2 has
large electron mobility up to ~200 cm 2V-1S-1 (in HfO2/MoS2/SiO2) and high current on/off
ratio of ~108. The band structure of MoS2 changes from a 1.3 eV indirect band gap to a 1.9
direct bandgap(optical) from bulk to single layer. In this work, we have carried out firstprinciples calculations on the atomic and electronic structures of the single layer MoS 2 with
various native point defects (VS, VMo, Si, Moi) and substitutional doping (XS, XMo), and
investigated the formation energies and transition levels of the defects with charged defect
correction. We found the S-related native defects (VS and Si) have low formation energy, and
their concentrations are expected to be high in thermal equilibrium. However, they act as
deep trap centers for electron and holes, thus their carrier ability is not strong. The Re and Nb
at Mo site are found to be an efficient n-type and p-type dopant.
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Lipid coated Mg0.22Mn0.12Fe2.66O4 Ferrite Nanoparticles for
in-vivo Hyperthermia Agent Applications
Minhong Jeun, Sung-Wook Park, Jong-Wook Lee, Mintai P. Hwang, and Kwan
Hyi Lee
Center for Biomaterials, KIST Biomedical Research Institute, Seoul 136-791,
Korea
Recently, interest towards in-vivo hyperthermia therapy via nano-sized ferrite particles, a
modality of malignant cancer treatment, has been dramatically increased due to their
promising biotechnical advantages. In this study, AC magnetically-induced heating
characteristics, bio-compatibility, and magnetic properties of both uncoated and coated
Mg0.22Mn0.12Fe2.66O4 ferrite nanoparticles are investigated under different applied magnetic
field and frequencies to confirm the feasibility of Mg0.22Mn0.12Fe2.66O4 ferrite nanoparticles as
an in-vivo hyperthermia agent in nano-medicine.
The nano-sized Mg0.22Mn0.12Fe2.66O4 ferrite particles (mean diameter: ~ 6.5 nm) are
synthesized by a HTTD (high temperature thermal decomposition) method and they are
coated with lipids to form a colloidal suspension. The particle size and crystal structure is
investigated using transmission electron microscopy (TEM) and X-ray diffraction (XRD),
respectively. The magnetic properties are studied using a vibrating sample magnetometer
(VSM) and a physical property measurement system (PPMS), and the AC magneticallyinduced heating characteristics are investigated using an AC coil-capacitor system. Finally,
Alamar Blue and Picogreen assays are used with HEMA-LP (melanocyte) and HPDE (human
pancreatic duct epithelial) cell lines to assess the in-vitro biocompatibility of the
nanoparticles.
Herein, we report on the high magnetically-induced heating temperature (~ 97 oC) and high
biocompatibility of the nanoparticles, and demonstrate their feasibility towards in-vivo
hyperthermia applications in nano-medicine.
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Surface modification of inorganic black particles
by PMMA for electrophoretic display
W. J. Ahn, S. D. Kim, H. J. Choi*
* Department of Polymer Science and Engineering, Inha University, Incheon,
402-751, Korea
Electrophoretic display technology has attracted attention for its readability, flexibility and
wide range of applications. This method is based on the principle of electrophoresis that the
charged particles in a low dielectric medium can move toward the electrode under an applied
electric field. In this study, inorganic black particles (black 444, Cu2Cr2O5) were modified
with polymer by dispersion polymerization to improve their dispersion stability in a medium
oil. Poly(methyl methacrylate) was used as a shell material and positively charged with 1vinylimidazole in order to enhance the electrophoretic mobility.
The morphology and shape of composite particles were characterized by both scanning
electron microscopy and transmission electron microscopy. Thermal properties and chemical
structure of the samples were investigated by thermogravimetric analysis and Fourier
transformation infrared spectroscopy, respectively. In addition, electrophoretic mobility and
zeta-potential of the black 444/PMMA/1-vinylimidazole particles in Isopar-G medium were
measured using an electrophoretic light scattering apparatus. Based on the results, we could
confirm that the particles are modified well and their positive charge increases compared to
that of pristine black 444.
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Lattice Thermal Conductivity of Graphene and Silicon
from Non-Equilibrium Molecular Dynamics Simulation
Minkyu Park*, **, Sun-Chul Lee*, Yong-Sung Kim*,**
*
Korea Research Institute of Standards and Science, Daejeon 305-340, Korea
**
Department of Nano Science, University of Science and Technology, Daejeon
305-350, Korea
We calculated lattice thermal conductivity (ᴋ) of graphene and bulk silicon using large-scale
classical molecular dynamics simulations. For graphene, there has been an issue on the ᴋ
value. Balandin’s group first reported the ᴋ of suspended graphene, which is as high as about
6000 W/mK [1], Geim et al. argued that it was overestimated and reported around 600
W/mK [2], and Shi’s group reported about 3000 W/mK [3]. Until recently, there have been
also extensive theoretical efforts to obtain a reliable value of ᴋ of graphene. For silicon,
recent experiments have measured the ᴋ of silicon in the range of 140-150W/mK rather
unambiguously using Raman or micro-resistance thermometry techniques [4-5]. However,
theoretical calculations have given a relatively wide range of 150-250W/mK depending on
the methodologies [4,6].
We performed micro-meter scale atomic simulations to obtain the macroscopic diffusive
lattice thermal conductivity limit of suspended graphene and silicon. Particularly, we have
considered isotope and amorphous structural effects for silicon. Even for 10 μm length of
graphene, which is a typical length of graphene in experiments that measure the thermal
conductivity, we find there is still a finite-size effect on the lattice thermal conductivity.

[1] A. A. Balandin et al. Nano Lett., 8, 902 (2008).
[2] C. Faugeras et al., ACS Nano 4, 1889 (2010).
[3] S. Chen et al., ACS Nano 5, 321 (2011).
[4] A. J. H. McGaughey et al., Phys. Rev. B 81, 214305 (2010)
[5] G. Chen et al., Phys. Rev. Lett. 107, 095901 (2011)
[6] C. Weng et al., Nanotechnology 17, 3909 (2006)
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Optical Study of Twisted Bi- and Tri-Layer Graphene
Byung Cheol Park*, Jangyup Son**, Jongill Hong** and Jae Hoon Kim*
* Department of Physics, Yonsei University 50 Yonsei-ro,
Seodaemun-gu, Seoul 120-749, Korea
** Department of Materials Science and Engineering, Yonsei University 50
Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea
We investigated optical properties of arbitrarily twisted bilayer and trilayer graphene
samples in comparison with that of monolayer via a combination of THz and FTIR
spectroscopy. We observed a gradual change in the transmission and optical conductance in
the THz regime in contrast to the reversed transition related with a strong absorption in the
MIR region. From Drude-Lorentz model analysis, we confirmed that the free carrier
properties are modified by the interlayer coupling variation controlled by the stacking manner
while unexpected spectral features such as the absorption around 200 meV appears.
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Optical Properties of Metal Ion Modified 2D Tile Based
Double Crossover Crystal DNA Nanostructures
Taewoo Ha*, Sreekantha Reddy Dugasani**, Bramaramba Gnapareddy**,
Kyujin Choi*, Byeonghoon Kim**, Sung Ha Park**, Jae Hoon Kim*
*Department of Physics, Yonsei University 50 Yonsei-ro,
Seodaemun-gu, Seoul 120-749, Korea
** Department of Physics and Sungkyunkwan Advanced Institute of
Nanotechnology (SAINT), Sungkyunkwan University, Suwon 440-746, Korea
We have studied the energy band gap and optical transitions of divalent metal ion (Cu2+, Ni2+,
Zn2+ and Co2+) modified DNA (M-DNA) double crossover (DX) crystals fabricated on fused
silica by the substrate assisted growth (SAG) method. The energy band gap of our M-DNA
between the highest occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) ranges from 4.67 to 4.98 eV as judged by optical transitions. The
doping of metal ions initially shift the optical band gaps to a higher energy, later bringing it
down close to the pristine case while the onset energy of the second optical absorption band
evolves with doping in a different way in contrast to the optical band gap.
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Controlling Hysteresis and Phase Transition on In/Si(111)
surface
Yujin Jeon *, Hyungjoon Shim *, Jonghoon Yeo*, and Geunseop Lee*
* Department of Physics, Inha University, Incheon, 402-751, Korea
In/Si(111)-4×1 surface is known to quasi-1D metallic chain at room temperature and
transform into insulating 8×2 phase at low temperature [1]. The transition order as well as its
nature has been heavily debated. Recently, a study using ultrafast electron diffraction with
optical excitation suggested that the transition is of the first order [2]. To test its contention,
we carried out low-energy electron diffraction (LEED) experiment. We observed the
hysteresis in the 4×1-8×2 structural transition of the In/Si(111) surface, which is more direct
evidence for the first-order transition. By introducing oxygen and indium adsorbates on the
In/Si(111)-4×1 surface at room temperature, both the hysteresis width (δT) and the phase
transition temperature (Tc) could be tuned: Oxygen increases the Tc and decrease the δT,
whereas indium decreases the Tc and no change in δT. The effect of impurities on this firstorder phase transition will be discussed.

[1] H. W. Yeom, S. Takeda, E. Rotenberg, I. Matsuda, K. Horikoshi, J. Schaefer, C. M. Lee, S. D.
Kevan, T. Ohta, T. Nagao, and S. Hasegawa, Phys. Rev. Lett. 82, 4898 (1999)
[2] Simone Wall, Boris Krenzer, Stefan Wippermann, Simone Sanna, Friedrich Klasing, Anja
Hanisch-Blicharski, Martin Kammler, Wolf Gero Schmidt, and Michael Horn-von Hoegen, Phys. Rev.
Lett. 109, 186101 (2012)
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Excitation dependence of photocurrent in graphene
photodevices on hexagonal boron nitride
Sun Keun Choi*, Minjung Kim*, Ho Ang Yoon**, Sang Wook Lee**, and
Hyeonsik Cheong*
* Department of Physics, Sogang University, Seoul, 121-742, Korea
** Division of Quantum Phases and Devices, School of Physics, Konkuk
University, Seoul, 143-701, Korea
Graphene has generated enormous interest due to its high carrier mobility and zero bandgap
which opened possibilities to create innovative next generation devices [1]. Recently,
heterostructure devices of graphene with other 2D crystals such as h-BN, MoS2 and WS2,
have attracted substantial interest owing to possibilities for enhanced device performances [2].
Especially, graphene supported on h-BN generally has better structural quality and higher
carrier mobility compare to that on commonly used SiO 2 substrates [3]. The lack of charged
centers in h-BN is considered to be responsible for such improvements. In this study, we
prepared graphene samples on h-BN by the dry transfer method [3] and fabricated metalgraphene-metal photodevices. We have studied the dependence the photocurrent on the
excitation energies of 2.81 eV (441.6 nm), 2.33 eV (532.0nm), 2.41 eV (514.5 nm) and 1.96
eV (632.8 nm).

[1] M. Freitag et al., Nat. Photonics 7, 53 (2013)
[2] L. Britnellet et al., Science 340, 1311 (2013)
[3] C. R. Dean et al., Nanotechnology 5, 722 (2010)
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Thermometry for Dirac fermions in graphene
F.-H. Liu*, C. Chuang**, C.-S. Hsu*, S.-T. Lo*, L.-I. Huang**, T.-P. Woo*,
Y. Fukuyama***, Y. Yang****, R. E. Elmquist****, C.-T. Liang*****, **
* GIAP, National Taiwan University, Taipei 106, Taiwan
** Department of Physics, National Taiwan University, Taipei 106, Taiwan
*** National Institute of Advanced Industrial Science and Technology (AIST),
Tsukuba, Ibaraki, Japan
**** National Institute of Advanced Industrial Science and Technology (NIST),
Gaithersburg, MD 20899, USA
***** School of Electronic and Electrical Engineering, Sungkyunkwan
University, Suwon 440-706, Korea
We use both the zero-magnetic field resistivity and the phase coherence time determined
by weak localization as independent thermometers for Dirac fermions (DF) in multilayer
graphene. In the high current (I) regime, there exists a simple power law TDF  I~0.5, where
TDF is the effective Dirac fermion temperature for epitaxial graphene on SiC, as shown in Fig
1 (a). In contrast, TDF  I~1 in exfoliated multilayer graphene (see Fig. 1(b)). We shall discuss
possible reasons for the different power laws observed in these multilayer graphene systems.
Our experimental results on DF-phonon scattering may find applications in graphene-based
nanoelectronics.

3

(a) Epitaxial multilayer graphene

4

Weak localization
Zero-field resistance
exponent = 0.54
exponent = 0.48

lnTDF

2

(b)

3

Exfoliated multilayer graphene
Weak localization
Zero-field magnetoresistance
exponent = 0.87
exponent = 0.91

1
2

0

0

1

2

3

4

5

6

1.5

2.0

2.5

3.0

3.5

4.0

lnI

lnI

Fig. 1 lnTDF vs lnI for (a) epitaxial and (b) exfoliated multilayer graphene
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Spiky Magnetoplasmonic Supraparticles: Mechanism and
Their Optical and Biomedical Applications
Hongjian Zhou, Jaebeom Lee
* Department of Cogno-Mechatronics Engineering, Pusan National University,
Busan, 609-735, Republic of Korea
Here, we present a study of the mechanism of formation for a case of complex spiky formed
on different core particles that led us to conclusion that nanoparticles (NPs) with concave
geometries can be, in fact, supraparticles (SPs) produced via self-assembly of smaller convex
integrants. This mechanism is exemplified by the vivid case of spiky SPs formed via the
attachment of small and faceted Au NPs on smooth Au-coated iron oxide (Fe3O4@Au) seeds.
The diameter and surface roughness of the resulting spiky SPs is governed by the availability
of the small faceted Au NPs. The theoretical calculations of energies of primary interactions
– electrostatic repulsion and van-der Waals repulsion elaborated for this complex case –
confirm experimental observation and self-limiting mechanism of SP formation. When
combined with spiky geometry such bi-functional magnetoplasmonic SPs can serve as unique
platform for optoelectronic devices and biomedical applications.

Fig 1. Schematic for preparation of spiky Au-coated magnetic SPs
(NP sizes are not in scale).
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Improved adhesion of dielectrics on graphene by pretreatment and thermal cycling
Jae Ho Jeon, Sahng-Kyoon Jerng, Jae Hong Lee, Hyun Ji Cha, Nak Jun Kim,
Yong Seung Kim, Seung-Hyun Chun*
Department of Physics, Sejong University, Seoul 143-747, Korea
The growth of dielectrics on graphene is important for the application of graphene to
electronics. However, the standard atomic layer deposition (ALD) method has produced
unsatisfactory results. To improve the microstructure of thin Al 2O3 layer grown by ALD on
transferred graphene, we studied the effect of pre-treatment and thermal cycling. We found
that the application of organic polymer film helped the increase of coverage. Furthermore,
discrete ALD process resulted in a better uniformity. No significant change was observed in
the Raman spectra, which indicated that the graphene remained intact during the process.
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2-dimensonal TiO2 nanostructures fabricated using laser
interference lithography
Jung Yeon Ahn, Haeng Yun Jung, Tae Un Kim, Hyun Chul Ki, Doo Gun Kim,
Hwe Jong Kim, Dong Yeul Lee, and Seon Hoon Kim
Titanium dioxide (TiO2) have attracted much attention because of their low cost, non-toxicity,
stability, and potential applications in sensors, photocatalysis, and photovoltaic cells.
Various fabrication methods for periodic TiO2 nanostructures have been studied due to
improve performance and to take remarkable properties at the nano-scale. These include
various nano-patterning technologies, such as e-beam lithography, nano-sphere lithography,
nano-imprinting, laser interference lithography (LIL), and so on. Among them LIL turned
out to be a cost-effective, relatively simple and rapid method to fabricate one and two
dimensional (2-D) periodic nanostructures in large areas.
In this study, the TiO2 nanostructures were fabricated by reactive ion etching system through
2-D nano-patterns using LIL. First, TiO2 thin film of 30 nm thickness was deposition on
glass substrate by Ion beam assisted deposition system, then 2-D nano-pattern was formed on
the sample using by LIL. Finally the thickness and pitch of the TiO2 nanostructures were
30 and 300 nm, respectively. The structural and optical properties of the 2-D TiO2
nanostructures were studied using scanning electron microscopy, x-ray diffractometer, and
spectrophotometer.

Fig 1. a) Schematic diagram and b) SEM image of 2-D nano-pattern on TiO2/Glass.
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White Light Emitting ZnSe:Mn Nanocrystals for QD-LED
Byung Kwan Song, Sang Min Lee and Cheong-Soo Hwang*
Department of Chemistry, Dankook University, Yongin-Si, Gyonggi-Do, Korea
In this study, white-light-emitting ZnSe:Mn nanocrystals were synthesized via two different
pathways. First, a hydrophobic ZnSe:Mn nanocrystal was prepared by a thermal
decomposition reaction of organometallic precursors such as diethyl zinc, manganese (II)
cyclohexabutylate, and elemental selenium dispersed in TOP (n-trioctylphosphine) solvent.
Second, a hydrophilic ZnSe:Mn nanocrystal was synthesized in aqueous solvent using a polar
surface capping molecule, mercaptopropionic acid (MPA). The obtained ZnSe:Mn
nanocrystals were optically characterized by UV/Vis and room-temperature solution PL
spectroscopy. The further obtained powders were characterized by XRD, HR-TEM, EDXS,
and ICP-AES analyses. The solution PL spectra showed two broad emission peaks at 445 and
572 nm, and the white light is produced by combining those complementary color emissions.
In this lab, further application studies such as fabrication of electronic illumination devices
like LEDs using the obtained ZnSe:Mn nanocrystals are in progress.
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Photocatalytic and Biological Activities of Aminoacids
Capped ZnS:Mn Nanocrystals
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An orange light emitting manganese ion doped zinc sulfide nanocrystallite, ZnS:Mn, is of
special interest due to its high quantum efficiency and colloidal stability at ambient
temperature, which are critical properties required to be applied for general photo-voltaic and
electro-luminescence devices. In this study, Water-dispersible ZnS:Mn nanocrystals were
synthesized by capping their surfaces with conventional aminoacid molecules. The resulting
surface modified ZnS:Mn nanocrystals were optically characterized by UV-Visible and room
temperature photoluminescence (PL) spectroscopies. Further physical characterization works
were performed by XRD, HR-TEM, EDXS, FT-IR, and ICP-AES analyses. Photocatalytic
activities of the prepared ZnS:Mn nanocrystals were evaluated by their degradation ability of
methylene blue (MB) molecules under UV light irradiation in ambient temperature conditions.
Degree and rate of the degradation were measured and calculated by using UV-Visible
absorption spectroscopy. In addition, cytotoxic effects of the surface modified ZnS:Mn
nanocrsystals over the growth of wild type E. coli were investigated by OD 600 methods.
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Thickness dependent Raman and PL measurements for
MoS2 thin films
Jaesung Park*, Jae-Ung Lee*, Hyeonsik Cheong*
* Department of Physics, Sogang University, Seoul, 121-742, Korea
We performed thickness dependent Raman and photoluminescence (PL) measurements for
MoS2 thin films up to 7 layers. The measured spectroscopic features correlated with the
number of layers. The thickness of MoS2 thin films are confirmed by atomic force
microscope (AFM). The known thickness value for the monolayer MoS 2 (0.7 nm) is used to
estimate the number of layers. In the Raman spectrum, two main peaks are observed for the
in-plane (E12g) and out-of-plane (A1g) vibrational modes. The peak position and intensity ratio
depend on the thickness [1], which can be used to characterize the number of layers. At low
frequency (< 100 cm ), the interlayer shear and breathing modes are also observed [2].
When we used 1.96 eV as the excitation energy, additional peaks were observed due to
resonant processes. We investigated the variations of these peaks as a function of thickness.
In PL measurements, due to direct-indirect band gap transition, we observed the shift of peak
position from 1.2 eV to 1.96 eV as a function of the thickness [3]. These thickness dependent
spectroscopic features reflect the changes of phonon and electronic structures in MoS 2 thin
films.

[1] Changgu Lee et al, ACS nano. 4, 2695(2010).
[2] Yanyuan Zhao et al, Nano Lett. 13(3), 1007(2013).
[3] Kin Fai Mak et al, Phys. Rev. Lett. 105, 136805(2010).
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Effect of electrical and optical properties of p-type
transparent conducting Zn/SnO2/Zn thin films prepared
by RF Sputtering
Sung-Jae Kim1, Keun-Young Park1, Ho-Je Cho1, Tae-Kwon Song1
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2
Photovoltaic and Optoelectronic device center, Korea Photonics Technology
Institute(KOPTI), Gwangju, 500-779, South Korea
Transparent p-type conducting Zn/SnO2/Zn multilayer films were successfully fabricated on
quartz glass substrates by radio frequency(RF) sputtering using Zn(99.99%) and
SnO2(99.99%) targets. The influence of Zn layer thickness on electrical and optical properties
of the tri-layer film was investigated. Then the deposited films were annealed at various
temperatures for thermal diffusion. The effect of annealing temperature(350~500℃) and
time(1~8hours) on electrical and optical properties of Zn/SnO 2/Zn multilayer thin films was
studied. X-ray diffraction, The micro image, Hall effect and optical property were checked by
FESEM, Hall effect measurement and UV–Visible Spectrophotometer.
(NIPA-2013-H0301-13-2009), (2012H1B8A2026212)
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Fabrication of nano-imprint stamps by laser interference
lithography
Byung Gue Jung*,**, Chi Hun Kim*, Jin Young Park*, Tae Un Kim**,
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**Photonic-Bio Research Center, Korea Photonics Technology
Institute, Gwang-ju, 500-779, South Korea
The nano-structures can be applied to wide areas such as solar cell, LED, bio-sensor,
diagnostics, catalysis, and optical storage media. Recently, the shape-controlled nanostructures have been researched extensively to enhance the photo-electric conversion
efficiency. In this study, the nano-imprint stamps for solar cell is proposed and demonstrated.
A 500 nm SiO2 film is deposited onto a Si substrate. The periodic nano patterns are regularly
fabricated on the SiO2 thin film by laser interference lithography using two step exposure
processes. The nano-pattern was developed with periodic arrangement of opening window.
Then, A 10 nm Cr film is deposited onto SiO2 layer by e-beam evaporator. After lift-off
process, the nano-imprint stamps are fabricated using RIE etching and were shown in figure 1.
Here, the nano-imprint stamps are also fabricated using wet etching process. Such stamps are
enabling components for enhancing the photo-electric conversion efficiency and can be used
widely because of a cost-effective and fast fabrication for 3D nano-imprint stamps.

Fig. 1. Nano-imprint stamps
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Large-area nanofiber transistors based on highly aligned
metal oxide nanofibers
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One-dimensional nanostructures of various metal oxide materials have attracted enormous
attention recently. This interest has come not only from the point of view of their
fundamental scientific interest, but also from their potential applications in a variety of
functional devices. Nanostructured metal oxides have potential applications in nanoelectronics, optical, sensor and magnetoelectronic devices due to the physical properties of
their electronic structure.
In spite of the many benefits of metal oxide nanostructures, a reliable process for large-scale
and controlled structures of highly-aligned nanofiber parallel arrays must be developed
because inorganic nanofibers are mostly grown vertically on substrates and thus have been
transferred to the target substrates. For high performance nano-electronics and various
applications, nanofibers should be fabricated directly on the device substrate without
requiring any additional transfer process.
Here we fabricated lateral aligned inorganic semiconducting nanofiber transistors using
highly aligned ZnO and IGZO nanofibers, which was fabricated using high-speed
electrohydrodynamic nanowire printing (ENP). With ENP, metal oxide nanofibers can be
aligned on the device substrate in a direct, continuous, and controllable manner.
We investigated the ZnO and IGZO nanofiber properties by varying the preparation
conditions. And we can improve the crystallinity and electrical conductivity of ZnO
nanofibers by adding the ZnO nanoparticle additive. We believe that our approach to generate
controlled metal oxide nanofibers will be a promising strategy in the field of flexible and
transparent nano-electronics.
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In this study, we investigated the mechanical characteristics of amorphous indium-galliumzinc-oxide (a-IGZO) and graphene-based thin-film transistors (TFTs) which were designed
multiple-composite nano-layers. In general, the nano-sized thickness of thin-film transistors
showed sensitivity against thermally loaded stresses. Especially, a-IGZO and graphene-based
TFTs obtained different deformation states under thermal gradient, because of the different
coefficients of thermal expansion (CTE) with materials of various compositions. So, the
influence of thermal stress in the modeled TFTs with different active layers such as a-IGZO
and graphene was numerically investigated in this work using a commercial code, COMSOL
Multiphysics. The density distributions of stress and strain energy on each layer of the device
and the deformed shapes with various operating conditions were graphically depicted.
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RGD peptide-displaying M13 virus/PLGA nanofibers for
enhancing behaviors of neural cells and myoblasts
Yong Cheol Shin*, Jong Ho Lee*, Oh Seong Jin*, Eun Ji Lee*, Lin Hua Jin*,
Chuntae Kim**, Jin-Woo Oh**, Suck Won Hong*, Dong-Wook Han*
*Department of Cogno-Mechatronics Engineering (WCU), **Department of
Nanomaterials Engineering, College of Nanoscience & Nanotechnology, Pusan
National University, Busan 609-735, Korea
Extracellular matrices (ECM) are network structures that paly an essential role in regulating
cellular growth and differentiation. In this study, novel nanofiber matrices were fabricated by
electrospinning M13 virus and PLGA, and shown to be structurally and functionally similar
to natural ECM. A genetically engineered M13 virus was constructed to display RGD
peptides on its surface. It was revealed that RGD peptide-displaying M13 virus/PLGA
nanofiber matrices could enhance the behaviors of neural cells and myoblasts (Fig. 1), having
excellent biocompatibility and suitable physicochemical characteristics. This result suggests
that RGD-M13 virus/PLGA nanofiber matrices have potentials to serve as tissue engineering
scaffolds.

Fig 1. Multiphoton fluorescence microscopic image of C2C12 myoblasts cultured on RGD-M13
virus/PLGA nanofiber matrices [green: anti-M13 virus antibody-FITC, red: F-actin labeled with
rhodamine phalloidin (TRITC) and blue: DAPI for cell nucleus counterstaining].
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Ink-jetting and rheological behavior of silica particle
suspension
Wen Ling Zhang*, Hyoung Jin Choi*, Jung-Kook Go**, Kye-Si Kwon***
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**Department of Electrical & Robot Engineering, Soonchunhyang University,
Asan, 336-745, Korea
*** Department of Mechanical Engineering, Soonchunhyang University, Asan
336-745, Korea
Inkjet printing technology is getting more attention from electronic industry to household
because of its high accuracy and relatively low cost due to the decreased processing steps
compared to the conventional direct-write technologies. In this study, we demonstrate
experimental results of ink-jetting behaviors of the silica particles with different size from
amorphous nanoparticle to mono-dispersed microspheres. The rheological properties were
also investigated for all of the silica particles solutions. The shear stress increased linearly
with the increasing shear rate, which is the typical Newtonian fluid behavior as shown in Fig.
1. In addition, the shear stress increased with the decreasing particle size, potentially due to
the enhanced particle interaction in the smaller particle solutions.

Fig. 1. Stress vs. shear rate for silica particles solutions (5wt%, particle concentration)
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SPM Study of CVD-Grown Graphene on h-BN Film
Min Wang1, Minwoo Kim1, Dorj Odkhuu2, Noejung Park2, Won-Jun Jang3, SeJong Kahng3, Young Jae Song1, Sungjoo Lee1
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3
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As an ideal substrate for graphene, hexagonal boron nitride (h-BN) has been utilized and
studied extensively by transfer technique, which still has a high chance to have impurities at
the graphene/h-BN interface. Here we present our Scanning Tunneling Microscopy (STM)
and Spectroscopy (STS) study for atomic and electronic structure of CVD-grown graphene
on h-BN film. High resolution STM image shows perfect honeycomb lattice structure of
graphene on top surface and Moiré pattern indicating the structural interference patter with
the underlying h-BN crystal. Non-disturbed electronic structure of graphene on h-BN film is
also confirmed by spatially-resolved STS measurements, which show very sharp and
symmetric V shape with a Dirac point at Fermi level. To confirm the graphene growth
mechanism on h-BN film/Cu foil, careful Atomic Force Microscopy (AFM) and Kelvin
Probe Force Microscopy (KPFM) measurements were performed on different thickness of hBN film on a SiO2 substrate to unveil the catalytic origin of graphene growth on h-BN/Cu.
These experimental results can explain the thickness dependence on the quality and coverage
of graphene CVD-grown on h-BN/Cu.
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The field emission properties of MWCNT yarn
Hyun Suk Kim*, Edward Joseph D. Castro**, Yong Gyoo Hwang** and
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**Division of Microelectronics and Display Technology, Wonkwang University,
Iksan, Korea
MWCNT yarn was investigated for field emission characteristics and its contribution in the
x-ray generation. The dry spinning method was used to fabricate MWCNT yarn from super
MWCNTs, which was fabricated by MW-PECVD. The field emission behavior of the
MWCNT yarn follows the Fowler-Nordheim model. Also, the MWCNT yarn has a
significant field emission capability in both diode and the triode x-ray generation structure
compared to a MWCNT. The low-voltage-field emission of the MWCNT yarn can be
attributed to the field enhancing effect of the yarn due to its shape and the contribution of the
high-aspect-ratio nanotubes that protrude from the sides of the yarn. Observations of the use
of filters on the development of x-ray images were also demonstrated. The amount of
exposure time of the samples to the x-ray was also manipulated. The MWCNT yarn can be a
good candidate for use in the low voltage field emission application of x-ray imaging.
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An Investigation of The Effects of Néel and Brown
Relaxation on AC Magnetically-Induced Heating
Characteristics of Superparamagnetic Nanoparticles
Minhong Jeun and Kwan Hyi Lee
Center for Biomaterials, KIST Biomedical Research Institute,
Seoul 136-791, Korea
Herein, the AC magnetically-induced heating characteristics of various viscous ferrofluids
with either soft ferrite (Fe3O4) or hard ferrite (CoFe2O4) superparamagnetic nanoparticles
(SPNPs) are investigated to empirically and physically interpret the effects of "Néel
relaxation loss" and "Brown relaxation loss " on the AC magnetically-induced heating
temperature behaviors and total AC heat generation power of fluidic ferrite SPNPs.
Fe3O4 and CoFe2O4 SPNPs are synthesized using a high temperature thermal decomposition
(HTTD) method. The two SPNPs are then coated with silica to disperse in viscous fluids
whose viscosity (η) was varied from 1 × 10-3 to 4 × 10-3 Pa·s using agar powder. The AC
magnetically-induce heating temperature (TAC,mag) characteristics including specific loss
power (SLP) of the silica coated Fe3O4 and CoFe2O4 SPNPs are investigated by using an AC
solenoid coil-capacitor system. The applied frequency, and the magnetic field during
measurement are fixed at 111 kHz, and 140 Oe, respectively.
We report that the contribution of Brown relaxation loss to the total AC heating power, Ptotal,
and the specific loss power (SLP) is severely affected by the surrounding environment (or invivo environment) while the contribution of Néel relaxation loss to the P total is independent of
the variation of surrounding environment. Furthermore, all the theoretical and experimental
results strongly suggested that highly efficacious intracellular hyperthermia modality can be
achieved by enhancing the Néel relaxation loss rather than the Brown relaxation loss of SPNP
agents in ferrofluids.
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The Effect of Sintering Pressure on the Microstructure
and Properties of Nanocrystalline Magnesium Alloy in
Spark Plasma Sintering
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We reported that degassing treatment prior to sintering was a critical step in the spark plasma
sintering (SPS) of magnesium alloy [1]. Many studies also have showed that particle
boundaries in powders could be easily removed with the increase of sintering temperature.
Nevertheless, microstructural evolution and mechanical properties of a nanocrystalline Mg6%Al alloy, as a function of sintering pressure combined with degassing treatment and
sintering temperature has not yet been systematically investigated.
In this study, microstructural evolution and mechanical properties of a nanocrystalline Mg6%Al alloys was investigated to determine the effect of sintering pressure combined with
degassing treatment and sintering temperature. The Mg-6%Al powder was produced with
high energy ball milling in argon atmosphere to obtain a nanocrystalline structure, and then
the vacuum degassing process was followed to remove contaminants.
From this experiment, it is found that bonding strength among particles has been enhanced
with increasing sintering pressure. Particle boundaries and porosities over sintering pressure
of 110Mpa within the temperature range of 510-530ºC were completely removed, and high
strength and ductility are obtained. However, grain coarsening and hardness reduction occur
when the sintering are performed with the pressure over 110Mpa at 540℃.
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Crumpled graphene-metal oxide composite prepared by a
spray pyrolysis and application as anode material for
lithium-ion batteries
Seung Ho Choi and Yun Chan Kang*
* Chemical Engineering, Konkuk University, 1 Hwayang-dong, Gwangjin-gu,
Seoul 143-701, Korea
Transition metal oxides such as MoO3, NiO, and Fe2O3 are considered promising anode
materials for lithium ion batteries (LIBs) because of their high theoretical capacities, but all
suffer from poor cycle performance as a result of their poor conductivities and large volume
expansions during the cycling process. The fabrication of these composites makes it possible
to overcome the intrinsic charge transport limitations of metal oxides, and facilitates a faster
electron transport rate between nanosized metal oxides and the current collector. In this study,
a continuous one-pot method was applied to synthesize crumpled graphene-metal oxide
composite powders from the stable graphene oxide colloidal solutions with metal salts in a
few seconds and their electrochemical properties as anode materials for lithium ion batteries
were investigated. The crumpled graphene structure with highly-dispersed metal oxide
nanocrystals showed superior electrochemical properties than bulk metal oxide.
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Effect of volume fraction of NiO on the properties of solid
oxide fuel cell anode sintered by spark plasma sintering
Byung Ju Song*, Ka Ram Kim*, Yong Suk Yang*, Hye Sung Kim*
* Dept. of Nano Fusion Technology
Pusan National University, Miryang-si, 627-706, Korea
The effect of volume fraction of NiO on the electrical and mechanical properties in solid
oxide fuel cell anode, sintered by Spark plasma sintering was investigated. YSZ/NiO
composite powders with the NiO amounts of 30, 40, 50% were synthesized by high energy
ball milling for 10h, and then high speed vibration mixing was followed a graphite pore
former for 30min. The sintering was performed in the temperature range of 1000º-1300ºC for
5min. under 12MPa.
Porous structure such as porosity, pore size, and pore distribution, and contiguity of different
phases constituting were confirmed by 3D-phase image analysis.
It was found that the pore former contributed to the increase of open-porosity, but electrical
conductivity and hardness were remarkably decreased when the pore former were exceeded
over certain amount. The temperature and composition dependence of electrical conductivity
was explained, based on the distribution of particle size, porosity, and density of different
phases.
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Optical-Physical Properties in amorphous InGaZnO
Transparent Conducting Oxide Semiconductor
Teresa Oh
Semiconductor Engineering, 36 Naeduckdong Sangdangku, Cheongju South
Korea
The optical-physical properties of amorphous InGaZnO(a-IGZO) grown on p-Si wafer were
presented. a-IGZO was prepared by the RF magnetron sputtering system. The characteristic
of a-IGZO was strongly influenced by the amount of oxygen gas flow rates. The mobility of
a-IGZO film was increased with increasing the oxygen gas flow rate. The resistivity of aIGZO was also related to the mobility of a-IGZO, and the mobility increased at the sample
with low resistivity. The relationship between the concentration and the mobility was so weak
in a-IGZO film. The electric characteristic of a-IGZO TFTs showed that it is an n-type
semiconductor.
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Fig. 1. PL spectra of a-IGZO depending on the temperature.
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Si/Ge/AlGaAs heterojunction high hole mobility transistor
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In this work, a high hole mobility transistor (HHMT) is designed and its performances are
evaluated by device simulations. The proposed device utilizes Ge as the intrinsic channel
material owing to its genuinely high hole mobility (~1,900 cm 2/V·s) and employs
Si/Ge/AlGaAs heterojunction to effectively form a two-dimensional hole gas (2DHG) as well
as to secure the silicon compatibility. A high drive current of 35 μA/μm was obtained from a
device with 500-nm channel length at an operating condition of VGS = VDS = -0.5 V (Fig. 1),
which reveals that the proposed HHMT has a strong potential for low-operating-power (LOP)
applications; maximum oscillation frequency (fmax) was extracted to be 45 GHz (Fig. 2).
Acknowledgment This work was supported by the Center for Integrated Smart Sensors
funded by the Ministry of Science, ICT & Future Planning as Global Frontier Project (CISS2012M3A6A6054186).

Fig. 1. Transistor output characteristics.
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Fig. 2. High-frequency characteristics.

THU-NA-P22

Enhancement of CdSe/ZnS Quantum Dots-based LED
by Core-Shell Modification
Sang-Won Lee*, Byoung-Ho Kang**, Ju-Seong Kim*, and Shin-Won Kang*,†
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Kyungpook National University, Daegu, 702-701, Republic of Korea
**
GUMI Electronic & Information Technology Research Institute,
Gumi, 730-070, Republic of Korea
We performed the analysis of QD based LED for defect at interface between Core/Shell QD
which used the gradient structure shell QD (CdSe/Cd1-xZnxSe1-ySy/ZnS, G-QD) and single
structure shell QD (CdSe/ZnS, S-QD), respectively. Generally, QD has highly potential
barrier as well as defect between core and shell. However, because the G-QD has potential
barrier of step function, it can more easily confine electron-hole pair (EHP) and can reduce
defect between core and shell. Therefore, we fabricated QD based LED with G-QD, S-QD,
respectively and performed characterize analysis such as brightness, electrical component,
efficiency and color coordinate.

Fig 1. Schematic diagram of QDs-LED by gradient shell and single structure shell QDs

“This work was supported by the National Research Foundation of Korea(NRF) grant
funded by the Korea government(MSIP) (No. 2008-0062437)”
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Temperature-dependent thermal conductivity of 2D
Bi2O3-Bi thin films using 3- method
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In last decades, there has been great interest in thermoelectric (TE) effects for application in
alternative clean energy sources. For the evaluation of their thermoelectric performances, the
efficiencies of thermoelectric (TE) devices can usually be quantified by a dimensionless
figure of merit (ZT) or the power factor. ZT is defined as S2σT/κ, and the power factor is S2σ,
where S is the Seebeck coefficient, σ is the electrical conductivity, κ is the thermal
conductivity, and T is the absolute temperature. High-performance thermoelectric materials
with high ZT values should have a large Seebeck coefficient, high electrical conductivity, and
low thermal conductivity. Recently, several researchers have alternatively studied twodimensional (2D) thin films to overcome 1D-nanostructured materials where the thermal
properties are highly depending on their dimensionality and morphology. Here, we report on
thermal conductivity of Bi2O3–Bi thin films (650 nm in thickness) at the temperature range of
10 – 300 K thin films using three-omega method. By measuring the temperature-dependent
thermal conductivity of Bi2O3–Bi thin films, we realized that the thermal conductivities of
the thin films are greatly reduced compared to that of bulk Bi materials. It was determined to
be ~0.5  0.8 W/mK, which was almost 10 – 12 times lower values compared to that of bulk
Bi materials, in the temperature range from 10 to 300 K. We also observed that the thermal
conductivity increased with increase of film thickness and well fitted with theoretical model
calculation based on Callaway model.

[Figure] Thermal conductivities of Bi2O3-Bi thin films prepared at different deposition temperature,
250 and 300℃, as a function of applying current at 300 K in 3- method.
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Properties of p-type transparent conducting
SnO2/Zn/SnO2 multilayer thin films deposited by RF
Sputtering
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Transparent p-type conducting a sandwich structure SnO2/Zn/SnO2 multilayer thin films
deposited on quartz substrate have been prepared by Rf sputtering method using SnO2
(99.99%) and Zn (99.99%) targets. In order to study the effect of thermal diffusing
temperature and time on the structural, electrical and optical performances of SnO2/Zn/SnO2
multilayer thin films, the deposited films were annealed at different temperatures for different
durations, respectively. X-ray diffraction results show that all p-type conducting films
possessed polycrystalline SnO2 with tetragonal rutile structure. The Hall effect and optical
property were checked by Hall effect measurement and UV–Visible absorption spectra. As
increasing annealing temperature, the transmittance (%) and energy band (E g) increase.
Especially, SnO2(200nm)/Zn(25nm)/ SnO2(200nm) multilayer thin films, Hall effect results
indicate that 450℃ for 1h were the optimum annealing temperature for the resistivity (Ω·cm)
with a relatively high hole concentration of 3.24×10 21(cm-3) and a low resistivity of
8.49×10-3 (Ω·cm). (NIPA-2013-H0301-13-2009), (2012H1B8A2026212).
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We report on thermal conductivity of 2D Bi thin films with high-density ordered nanoscopic
pores, which were prepared by nanosphere lithography technique we have developed
previously. The large-scale nanoporous 2D Bi thin films were principally prepared by e-beam
evaporation of pure Bi metal with a polystyrene layer mask (200 – 750 nm in diameter) and
followed by a reactive ion etching. The thermal conductivity of nanoporous Bi thin film was
measured by four-point-probe 3-omega method [1] at the temperature range of 10 K – 300 K.
By measuring the temperature-dependent thermal conductivity of nanoporous Bi thin films
with different pore sizes, we realized that the thermal conductivities of the nanoporous Bi
thin films are greatly suppressed compared to that of bulk Bi materials and also found the
pore size is highly depending on the thermal conductivity of the nanoporous films. The
estimated thermal conductivity was to be ~ 0.4 – 0.6 W/m∙K at the temperature range of 10 to
300 K. To further ensure the temperature dependence of the thermal conductivity in
nanoporous thin film, we performed theoretical calculation based on the relation time model
of the thin films predicted by Callway in 1959. We then found that the theoretical model was
well matched with observed thermal conductivity of nanoporous Bi thin films.

[Figure] SEM images of size-reduced PS of 200, 290, and 750 nm, respectively and porous Bi thin
films using PS of 200, 290, and 750 nm, respectively
[1] D. G. Cahill, Rev. Sci. Instrum. 61, 802 (1990).
[2] J. Callaway, Phys. Rev. 113, 1046 (1959).
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We have investigated contact properties of thermally annealed bulk MoS 2 with various metals.
Pristine bulk MoS2 was thermally processed with H2 or N2 gas at 300 and 400 °C. Four
different metals, Au, Ni, Ti or Al, were fabricated on the MoS 2 films as electrodes by using a
thermal evaporator. Temperature dependence of current-voltage characteristics were
investigated in order to figure out junction properties between MoS2 and metals.
Hall-effect measurements at room temperature reveal that MoS 2 film annealed with H2 and
N2 gases shows n-type and p-type respectively. Au shows good ohmic contact characteristics
from 300 K to 20 K for all the samples. Non-ohmic I-V curves are observed when Ni, Ti, and
Al are used. Quantitative modeling is used to extract effective potential barriers.
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First-principles study of variations in the electronic
structure of carpetlike graphene nanoribbon and sheet
Kyung-Ah Min, Dongchul Sung, Junga Ryou, Gunn Kim, and Suklyun Hong*
Department of Physics and Graphene Research Institute, Sejong University,
Seoul 143-747, Korea
Graphene, when deposited on a supporting substrate with a step edge, may be deformed in
the presence of step edges of the substrate. To investigate the variations in the local electronic
structure near the step region, we perform first-principles calculations for the carpetlike
graphene nanoribbon and two-dimensional carpetlike graphene sheet. We find that weak
modulation occurs in the local density of states (LDOS) between flat and step regions.
Interestingly, when electric field is applied to the two-dimensional carpetlike graphene sheet,
striking variations in the LDOS are shown. We discuss the dependence of the direction and
the magnitude of applied electric field on the spatial variation in the LDOS. We expect that
this predicted DOS modulation could be verified by the STM experiment.
This research was supported by Nano·Material Technology Development Program
(2012M3A7B4049888) and EDISON Program (2012M3C1A6035305) through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and Future
Planning (MSIP).
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Novel hybrid silicone coating solution as a capping layer for ZnO nanowire (NW) based
nanogenerators (NGs) has been developed for improving contact between ZnO NW and
solution. Typical NGs employ polymethyl methacrylate (PMMA) as capping layer, which
exhibits unreliable performance due to insufficient contact between vertical ZnO NW and
PMMA. One of the main disadvantages of the hybrid coating solution is crack formation in
capping layer, which results in increase of resistance and degradation of power generation.
In this work, we enhanced a flexibility of the hybrid capping layer to improve power
generation of ZnO NG while maintaining their resistances. The flexibility of hybrid silicone
coating solution was controlled by reducing silizane ratio in bare coating solution. ZnO NWs
with capping layer were fabricated by spray coating method. NGs were comprised of a CNTAg top electrode, a ZnO NW array infiltrated with improved flexibility of hybrid silicone
coating solution, a AZO/ITO bottom electrode, and polyethylene terephthalate (PET)
substrate. Power generation of the ZnO NG is measured by using a picoammeter, an
oscilloscope, and was confirmed surface condition with FE-SEM.
The measurement results suggest that the more flexible capping layer of NG, the less
surface resistance we have. The improved flexibility of hybrid silicone coating solution was
expected to serve as a catalyst to enhance the stability of ZnO NW. Power generation from
the NGs also is likely to increase with the increase of flexibility of capping layer.
A

B

Fig 1. A) SEM images of a ZnO NW array infiltrated with a hybrid silicone coating solution. B) SEM
images of a ZnO NW array infiltrated with improved flexibility of hybrid silicone coating solution
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The hexagonal boron nitride (h-BN) sheet is a two-dimensional material such as graphene
sheet. However, h-BN sheet has a wide band gap unlike graphene. Since the growth of h-BN
sheet is important for its nanodevice application, many experimental groups recently studied
the growth of single BN layer on the copper substrate by chemical vapor deposition (CVD)
method. To understand the very initial stage of h-BN growth on the copper surfaces, we have
performed density functional theory calculations. We investigate several adsorption sites of a
boron or nitride atom on the Cu surfaces. Then, by increasing the number of adsorbed B and
N atoms, we study formation behaviors of BN rings on the surface. We find that the
formation of BN rings in triangular shape is most favorable. On the basis of the theoretical
results, we discuss the growth mechanism of the h-BN layer on the copper surfaces.
This research was supported by Nano·Material Technology Development Program
(2012M3A7B4049888) through the National Research Foundation of Korea (NRF) funded by
the Ministry of Science, ICT and Future Planning (MSIP), and Basic Science Research
Program (2010-0020207) through NRF funded by the Ministry of Education (MOE).
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We have set up a scanning tunneling microscope (STM) with a light-detection capability
operated at variable temperatures. For the collection of the tunneling–induced light, we used
an optical fiber (diameter=600μm), which can be approached close to the tunneling junction
by motorized XYZ-motion manipulator. Using a camera was found to be efficient to optimize
the position of the optical fiber to detect the lights during the tunneling, especially for
detecting the low-intensity lights. The tunneling-induced light emitted from Ag films grown
on a Si(111)-7×7 surface was successively detected for spectra and photon mapping at both
room temperature (~300K) and liquid-nitrogen temperature (~90K). For the test, the
dependence of the peak position in the light emission spectra as a function of the bias voltage
and the tunneling currents was examined. We also observed that the peak positions in the
emission spectra changes depending on the Ag morphologies (thin film or cluster).
Interpretation of the photon emission spectra and quantitative discussion will be made based
on calculations using a previously reported theory for light emission from STM.

- 434 -

THU-NA-P31

High performance of printed Ag electrode for flexible thin
film transistors
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* Electronics and Telecommunications Research Institute (ETRI), 138 Gajeong,
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The printed electronics is an emerging research technology which has advantages of a costeffective, large-area manufacturing, suitable for flexible electronic devices. Mostly, Ag
material is used as a printed electrode ink material, but for getting a high conductivity of Ag
ink based electrode, it is necessary of the annealing step of high temperature (200°C) for Ag
sintering.
In this paper, we demonstrate the highly conductive printed silver electrode by chemical
process at room temperature. The Ag electrode was fabricated on SiO2/Si substrate by ink-jet
printing. The Ag dispersion in octane was used as a printing Ag ink. After fully drying the
solvent of the Ag ink, the thiol capped Ag electrode was converted to short ligand capped Ag
electrode using solid ligand exchange method at room temperature. After ligand exchange,
the highly conductive Ag electrode was obtained without any annealing process. We also
fabricated solution based IGZO thin film transistors with chemically transformed Ag ink
electrode, and obtained the high performance electrical property of with mobility without any
annealing process.
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Surface dependence of electrical properties in the freestanding GaN substrates fabricated by hydride vaporphase epitaxy and self-separation technique
D. C. Oh
Department of Defense Science and Technology, Hoseo University,
Asan, 336-795, Korea
The author reports on the surface dependence of electrical properties in the single-crystalline
GaN substrates, fabricated by hydride vapor-phase epitaxy and self-separation technique. It
is found that the grown face and the lift-off face of the same bulk have the different
conduction mechanisms. The lift-off face exerts higher conductivity than the grown face,
which is ascribed to the residual donor-type structural defects on the lift-off surface generated
during the self-separation process. On the other hand, at the room-temperature region the
lift-off face has larger electron concentration than the grown face, and at the low-temperature
region below 30 K both the faces have a very high electron concentration of the same amount,
which is larger than that of room temperature. Moreover, in the electron density vs.
temperature relationship, the free-standing GaN substrates show a tendency to be similar to
the GaN films attached to Al2O3 substrates, where electron concentration slowly decreases
with the decrease of temperature and it rapidly increases below 125 K. In terms of the twoband model of conduction-band (CB) and defect-band (DB), we propose that the electron
transport of free-standing GaN substrates is determined by the competition of CB conduction
and DB conduction, depending on temperature and grown/lift-off faces: i) at the range of
room temperature, the CB conduction and the DB conduction simultaneously contribute to
the total electron transport mechanism - in the lift-off face the CB conduction is larger than
the DB conduction, but in the grown face the CB conduction is comparable to the DB
conduction; and ii) at the range of low temperature, only the CB conduction dominates the
total electron transport mechanism, irrespective of the grown/lift-off faces.
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Uni-directional light propagation in GaN/InGaN coreshell nano- and micro-rod
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KAIST, Daejeon, 305-701, Republic of Korea
Recently uni-directional light propagation in optical component is a significant area of
interest for all-optical computing and devices. Energy-graded GaN/InGaN core-shell nanoand micro-rods (NMRs) is the one of the possible structures in which can obtain the unidirectional light propagation. The shape of the GaN NMR becomes tapered due to the
insufficient supply of Ga source in the upper part of NMR with pulsed-flow injection of
precursors at the lower V/III ratio and the higher pressure than the normal growth condition
when the length of the GaN NMR is much longer than the surface diffusion length of Ga
adatom. [1] The GaN/InGaN core-shell structure was grown via depositing the InGaN/GaN
multi quantum wells (MQWs) on our tapered GaN NMR. The thickness of MQWs on GaN
core NMR increases along the growth direction due to the almost constant volume growth
rate. The emission peak of QW is shifted to longer wavelength along the growth due to the
weak confinement effect due to the thicker QW of upper part of GaN NMR as shown in Fig.
1. Because of the continuous shrink of the band-gap of QW on our NMR along the growth
axis, an uni-directional emission is observed to the direction of the bottom of NMRs. This is
in conatrast to conventional core-shell NMRs with the bi-directional emission caused by the
waveguide effect without any light absorption along the growth axis. The structural
properties were investigated by high-angle annular dark field scanning transimssion electron
microscopy and scanning electron microscopy. The optical characterization was carried out
by cathodoluminescence and micro-photoluminescence. Detailed structural and optical
characteristics of various NMR samples will be given.

[1] S. M. Ko et al., Crystal Growth & Design 12, 3838 (2012).
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Inverse charging in Al-based nanoparticle floating gate
memory device
Jong-Hwan Yoon
Department of Physics, Kangwon National University, Chuncheon, Gangwondo 200-701, Korea
Nonvolatile memory structures based on nanoparticle floating gate have received
considerable attention in realizing devices with smaller size, faster operating speed, and
larger storage capacity. In particular, floating gates based on metallic nanocrystals[1, 2] offer
additional advantages over semiconducting nanocrystals, namely, a reduction in spurious
effects caused by traps at the nanocrystals/oxide interface and an enhancement in charge
storage capacity and retention time. As a result, floating gates based on various metal
nanocrystals, such as Au, Ag, Pt, and Co, have been extensively studied.
In this work, we first present the fabrication and memory properties of floating gate with Albased nanoparticles, which are grown by thermal annealing of a sandwich structure
comprised of a thin Al film sandwiched between two silicon dioxide layers. Memory
properties were studied on a metal-oxide-semiconductor (MOS) capacitor with Al-gate
electrode. Capacitance-voltage (C-V) measurements are shown to have a pronounced
clockwise C-V hysteresis, opposite to that usually observed in other metal floating gates. This
C-V characteristic is due to electron trapping in Al floating gate which was dominantly
injected from the top gate electrode through Fowler–Nordheim tunneling. Large memory
window and stable retention, suitable for nonvolatile memory applications, are also observed.
Possible explanations will be presented, including a detailed band diagram.

[1] Z. Liu, C. Lee, V. Narayanan, G. Pei and E. C. Kan, IEEE Trans. Electron Devices, 49, 1606
( 2002).
[2] Z. Liu, C. Lee, V. Narayanan, G. Pei and E. C. Kan, IEEE Trans. Electron Devices, 49, 1614
(2002).
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It has been considered that in nanotechnology in general, the Top-Down design approach
widely used in Nanoelectronics is no more feasible for future CMOS Technology. It should
be substituted by the Bottom-Up approach. The most active field of research is the fabrication
and characterization of individual components that could replace the macroscopic silicon
components with nanoscale systems is the Carbon Nanotube Field Effect Transistor CNFET.
The physics and technology of the different nanotransistor technologies constitute the main
challenge of today advances.
The present work describes the new developments in Nanoelectronics, both physical and
technological aspects, and the impact on the nanotransistor developments and configurations.
This device will shape the future developments in the field. The major problems treated are
electronic transport.
The major transistors that will be treated in this paper are the Silicon nanotransistor,
NanoSiFET in its different configurations and the Carbon Nanotube transistors.
The objective of this work is to show the impact of the nanotransistor technologies on the
future advanced integrated circuits and integrated electronics.
The Moore’s law will be revisited to show what needs to be done for this era of beyond
CMOS technology.
The next figure shows a typical nanotransistor buil on new materials basically
semiconductors.
Nanotube and nanowires based nanotransistors are shown in the next figure.
The present paper deals in details with some case study of the above mentioned challenges
and the integration problems as well as nanomaterials that are candidates for the New
Advanced CMOS Technology
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Ultrafast terahertz probe of carrier dynamics
in individually-aligned silicon nanowires
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We employ optical pump terahertz (THz) probe spectroscopy to investigate the carrier decay
dynamics in well aligned silicon nanowires (SiNWs). Parallel THz polarization along the
SiNW axis reveals slower decay dynamics with increasing pump fluence due to the trap
saturation. However, initial fast decay followed by the slow recombination is observed when
the THz polarization is perpendicular to the SiNW axis. Here, the decay rate exhibits an
increasing feature with growing the pump fluence. This peculiar decay aspect is the
consequence of Auger dynamics involving strong carrier-carrier scattering within the
conduction band. Moreover, we observed enhanced carrier lifetime when the SiNW surface is
passivated by silicon dioxide. It represents the Auger kinetics assisted by the surface trap,
which plays an important role in developing NW-based optoelectronic devices.

Fig 1. Normalized transient transmissions for parallel and perpendicular THz polarization are
displayed in (a) and (b), respectively. The inset shows fitting decay constants vs. pump fluences.
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Improvement of electrical degradation on graphene/n-Si
Schottky diode after annealing treatment
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Recently, many research groups have intensively studied on graphene devices due to high
electrical conductance and mechanical strength. Especially, the development of graphene/nsilicon heterojunction solar cell is one of the main works for renewable energy harvesting.
However, the graphene-based Schottky junction solar cells should need more study on the
enhancement of power conversion efficiency and reliability. Therefore, the improvement of
electrical degradation phenomena of graphene device is very important key for the realization
of device reliability. In this report, we have thermally annealed graphene-transferred n-Si
substrate at the temperature range of 200 - 500℃. To indentify the electrical characteristics of
graphene-based Schottky diode as a function of air storage duration up to 7 days, we have
also analyzed Schottky barrier height (SBH), ideality factor (IF), and sheet resistance.
Furthermore, Raman spectroscopy and X-ray photoelectron spectroscopy (XPS) were used to
probe the graphene/n-silicon interface for determining the critical cause of the electrical
degradation.

Fig 1. The electrical characteristics (a-b) and the sheet resistance (c) of two different graphene
Schottky diode as a function of air storage duration up to 7 days.
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Dopant induced room temperature ferromagnetism in
wurtzite ZnS:Ni mesoporous hollow nanospheres
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Department of Physics, Hankuk University of Foreign Studies, Yongin, 449-791,
Korea
Wurtzite Zn1-xNixS (x=0.00, 0.01, 0.02, 0.03, 0.04 and 0.05) mesoporous hollow nanospheres
were successfully synthesized by via a versatile hydrothermal method at low temperature.
The as synthesized hollow nanospheres are uniform, monodispersed with homogeneous size
and spherical shape. X-ray diffraction and X-ray photoelectron spectroscopy studies conﬁrm
that the Ni ion substituted in ZnS host lattice without altering the crystal structure. The
emission spectra of doped and un-doped samples contain a broad UV emission band covering
the range of 350-650 nm. The Gaussian fitting emission bands for undoped ZnS exhibits
three intense emissions at 445, 480 and 530 nm. In Ni doped samples, in addition to the pure
ZnS peaks one more emission peak was observed at around 550 nm. As the Ni doping
concentration increases this peak shifts towards higher wavelength maximum up to 560 nm
for 5 at.% Ni doping. Room temperature magnetization studies indicate that the undoped ZnS
nanospheres yielded only diamagnetism, and doped samples exhibits ferromagnetism
indicating that the ferromagnetism is indeed due to the Ni 2+ dopants. The intrinsic
ferromagnetism and multi color emissions of these hollow nanospheres promise a great deal
of potential applications in spintronic as well as photoluminescence devices.
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Back-gate bias dependence of photocurrent in a junction
between ABA- and ABC- stacked tri-layer graphene
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Tri-layer graphene has two stacking orders, ABA (Bernal) and ABC (Rhombohedral)
stacking, which have different electronic band structures. Tri-layer graphene with both ABA
and ABC stacking are sometimes observed among mechanically exfoliated tri-layer graphene
samples. The photocurrent in the tri-layer graphene with both ABA and ABC stacking has
not yet been investigated. We observed that photocurrent is generated in a junction between
ABA- and ABC- stacked tri-layer graphene by measuring simultaneously the photocurrent
and the Raman spectra of the tri-layer graphene to identify the exact position of the
photocurrent and the ABA/ABC junction. In order to investigate the mechanism of the
photocurrent in the junction, we studied back-gate bias dependence of the photocurrent in the
ABA/ABC junction in tri-layer graphene. In addition, we measured the photocurrent at a
junction between single- and bi- layer graphene for comparison.
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Synthesis and Fabrication of PANI-Ag-Cu Nanocomposite
Thin Films for E. Coli Contamination Sensor
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b
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PANI-Ag-Cu nanocomposite was prepared by chemical oxidative polymerization of aniline
monomer in the presence of nitric acid. PANI-Ag-Cu thin films were deposited on the glass
substrate using spin coating technique. The films were characterized using XRD, AFM, FTIR,
UV-vis spectroscopy and TEM. The performance of the sensor was conducted using I-V
measurement to obtain the change in current of the film before and after incubation with E.
coli bacteria in water. The peaks in XRD pattern confirm the presence of Ag and Cu
nanoparticles in face centered cubic structure. AFM image shows the surface roughness of
PVA-Ag-Cu films decrease when the concentration of Cu increased. FTIR analysis indicates
the formation of chemical bonding between Ag nanoparticles, Cu nanoparticles and PANI
chains. The absorption band from UV-visible spectroscopy shows high peaks at about 418
nm and 572 nm which indicate the present of Ag and Cu nanoparticles respectively. TEM
images of PANI-Ag-Cu films show non-agglomerated spherical silver and copper
nanoparticles. I-V measurement indicates that the change in current of the films increases
with the presence of E. coli. The sensitivity on E. coli increases for the sample with high
concentration of Cu.
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Quantum electrical transport in mesoscopic
LaAlO3/SrTiO3 heterostructures
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We report the fabrication and electrical measurements for LaAlO 3/SrTiO3 (LAO/STO)
heterostructures having various lateral sizes. When the sample size is reduced to the submicrometer range, the magnetoconductance (MC) curve deviates from classical parabolic
behavior. Instead, negative MC behavior appears with superimposed conductance
fluctuations, which is attributed to weak antilocalization and universal conductance
fluctuations, respectively. Using the Maekawa-Fukuyama model, the spin-orbit scattering and
phase coherence lengths are estimated from the MC data, which are dependent on the gate
voltage and temperature. Our comprehensive study shows that LAO/STO heterointerfaces
provide a useful platform to explore quantum coherent transport of strongly correlated
electrons.
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Characteristics of Organic-Inorganic Hybrid Sols from
Colloidal Silica and Multifunctional
Organoalkoxysilanes
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We studied the properties of organic-inorganic hybrid coatings prepared by silicate sols. Sols
were synthesized by a sol-gel process using nano silicate and silanes in variation with the
kind of silane at different reaction time. Hybrid sols were prepared by a two step reaction.
Coatings of hybrid sols were fabricated on glass substrates by spin-coating process.
Physical and chemical properties of sol solutions and coatings were investigated. To observe
the stability of sol solutions viscosity and transmittance were measured with respect to
reaction time and kind of silanes. Surface properties of coatings such as thermal stability,
contact angle and surface roughness were investigated in order to understand the behavior of
five kinds of colloidal silica/silane sol solutions. In addition, surface modification of silica
was investigated by a FT-IR spectrometer.
The viscosity of sol solutions increased with increasing functional group of
organoalkoxysilane. Thermal degradation temperature increased with increasing the amount
of inorganic components. The contact angle of coatings using trifunctional alkoxysilanes
increased with decreasing the length of alkyl chain. The contact angle of coatings using
silica/TMOS sol was increased gradually with increasing reaction time.
KEYWORDS
Colloidal Silica, Organoalkoxysilanes, Hybrid Sols
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We fabricated poly[3,4-ethylenedioxythiophene] (PEDOT) spin-coated thin film transistors
(TFTs) with 4-probe electrodes. The active PEDOT layer was prepared by in-situ
polymerization method using EDOT(3,4-ethylenedioxythiophene) as a monomer and
FTS(ferric p-toluenesulfonate) as an oxidant and dopant source. Using AFM, the thickness of
the PEDOT layer was measured to be about 500 nm. We dipped the PEDOT-based TFTs in
0.5 M NaOH solution for 10 min for de-doping, and compared the electrical conductivity (σdc)
with the doped PEDOT-based TFTs. The σdc of the dedoped PEDOT film was reduced by
5~10 times. We also measured the temperature dependent σdc (2 K ≤ T ≤ 300 K) of both
doped and dedoped PEDOT thin films using 4-probe patterns. The doped PEDOT thin films
showed a metallic behavior at low temperature while the dedoped PEDOT thin films showed
insulating behavior. The resistance measured by I-V characteristics of the doped and dedoped
PEDOT thin films was increased when the negative gate bias was applied.
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Nanostructured metal functional layer with to impede a
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Nanostructured metal functional layers (MFL) on a surface of interlayer inserted between
metal fuel and clad have been coated as a barrier layer to impede stability degradation of clad
due to fuel-clad chemical interaction (FCCI) during nuclear reactor operation in the sodiumcooled fast reactor (SFR), one of the fourth generation (GEN-IV) nuclear power plant. In this
study, inter-diffusion between rare earth metals and interlayer with the MFL was investigated
since chemical behaviors of rare earth materials are very similar to that of high burn-up
metallic fuels. The different diffusion behaviors between rare earth metals and interlayer in
single and multilayered MFL were caused by difference of diffusion path in the
microstructure of the MFL. Difference of diffusion path induced, as shown in Fig.1, by
differences in grain size of single layered MFL the gives rise to a different effect on the FCCI.
Much inhibition in the inter-diffusion causing FCCI was found in the multilayered MFL and
the coarse grain structure of the single layered MFL. These results revealed that MFL is
highly effective in suppressing FCCI.

Fig. 1. Schematic of diffusion path in small and large grains of vanadium metal single layer
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It is very important to retain the high mobility of graphene for electronic device applications.
The mobility of graphene on Si/SiO2 substrates are highly affected due to dangling bonds and
charge trapping. An alternate way to preserve the intrinsic properties of graphene is by
transferring it on hexagonal boron nitride (h-BN) to reduce the substrate effect. A high I2D/IG
ratio of Raman peak intensities is observed on to h-BN film. The effect of thermal annealing
is also investigated onto an h-BN film, Si/SiO2 substrate and the graphene sandwich between
h-BN films. The magneto-transport measurements of CVD grown graphene on h-BN film
show quantum Hall plates at 9T. Electrical transport measurements revealed that graphene/hBN devices exhibit high mobility 13330 cm2/V.S and restraint of charged impurities as
compared to Si/SiO2 substrate. This work demonstrates the capability of large-area growth of
h-BN and the transfer of graphene on the h-BN film with an impurity free interface can be
used for large scale graphene-based devices with high motilities.
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Synthesis of novel α-Fe2O3/carbon composite as an
ultrahigh capacity anode material in lithium ion battery
Nitin Kaduba Chaudhari, Hyean-Yeol Park, and Jong-Sung Yu
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We report a novel facile low temperature hydrothermal method using glycine to synthesize αFe2O3 nanoparticles and Vulcan carbon (VC)-supported α-Fe2O3 nanocomposite [1].
Formation of complex between glycine and iron metal ions retards iron oxide nucleation
process at early stage of reaction, resulting in uniform dispersion of the iron oxide with
smaller particle size. The small α-Fe2O3 nanoparticles (NPs) are highly dispersed on the
commercial carbon black VC to form an iron oxide-carbon nanocomposite. The as-prepared
α-Fe2O3/VC composite exhibits a high specific capacity of 1200 mAh g-1 as an anode
material for lithium battery, significantly improving anode performance. The excellent
performance observed with the α-Fe2O3/VC nanocomposite electrode is ascribed to welldispersed small iron oxide particles regulated by the novel glycine-assisted approach and the
presence of a carbon support [2,3]. In particular, remarkably, the activity of the α-Fe2O3/VC
nanocomposite is much higher than combined sum of respective values of the bare α-Fe2O3
NPs and supporting VC, indicating strong favourable synergistic interaction between α-Fe2O3
and VC in the composite.
References
1. N. K. Chaudhari, H. C. Kim, C. S. Kim, J. Park and J.-S. Yu, CrystEngComm. 14, 2024-2031
(2012).
2. S. Inamdar, H.-S. Choi, M.-S. Kim, K. N. Chaudhari and J.-S. Yu, CrystEngComm. 14, 7009-7014
(2012).
3. M.-S. Kim, B. Fang, J. H. Kim, D. Yang, Y. K. Kim, T.-S. Bae and J.-S. Yu, J. Mater. Chem. 21,
19362-19367 (2011).
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ordered mesoporous carbon for electrocatalytic oxygen
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Platinum-free electrocatalysts are considered as the most plausible solution for successful
commercialization of fuel cell technology. In this direction, various heteroatom-doped carbon
nanostructures have attracted particular attraction. In this study, novel phosphorus-doped
platelet ordered mesoporous carbon (P-pOMC) is developed for the first time as metal-free
electrocatalyst for alkaline oxygen reduction reaction. The P-pOMC is synthesized by
nanocasting method using platelet ordered mesoporous silica as template. Various
characterizations reveal that the P-pOMC materials have covalently bound P atoms with
carbon framework for facilitation of ORR and also have very high surface area with uniform
distribution of short mesoporous channels for unhindered mass transfer. Combination of P
doping and excellent surface properties empowers the newly-developed P-doped platelet
OMC catalyst to show high ORR activity nearly equal to that of state of the art Pt catalyst
along with superior long-term stability and excellent methanol tolerance.
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Characterization of TixZn(1-x)Al2O4 thin films by Sol-Gel
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The need for miniaturization and weight reduction of GPS patch antenna have forced
scientists to search for new microwave dielectric materials. A sol-gel method was used to
prepare TixZn(1-x)Al2O4-based microwave dielectric ceramics thin films (x = 0.00, 0.10, 0.20
& 0.30) and fabricate GPS patch antenna.
The phases of ZnAl2O4 and TiO2 co-exist with each other and form a two-phase system,
which is confirmed by the X-ray diffraction (XRD) patterns and the fourier transform
infrared (FTIR) spectra analysis. The addition of titanium (TiO2) was increased the crystallite
size, grain size, surface roughness and apparent density. The material with a higher density
tend to increase dielectric constant (  r ), which is suitable for miniaturization of GPS patch

Return Loss (dB)

antenna. As the TiO2 content increases, the  r values increased linearly. Finally, a GPS patch
antenna was successfully fabricated using the Ti0.30Zn0.70Al2O4 material. The performance
(return loss analysis) and operating frequencies of a GPS patch antenna was measured using
PNA series network analyzer. The result shows that a patch antenna resonates at frequency of
1.570 GHz and gives the return loss bandwidth less than -10 dB (-34.5 dB), which is meets
the requirements of GPS application.
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Fig 1. Photograph of (a) fabricated GPS patch antenna and (b) return loss measurement
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Optimization of single-walled carbon nanotubes
concentration for ZnO-based dye-sensitized solar cell
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Zinc oxide (ZnO) and acid-treatment single-walled carbon nanotubes (SWCNTs) were
prepared by chemical bath deposition (CBD) method. The concentration of the carbons was
varied from 0.1 wt % to 0.5 wt %. Structural and morphological analysis of ZnO-SWCNTs
photoanode thin films were conducted by X-ray diffractometer (XRD), Atomic Force
Microscopy (AFM), Transmission Electron Microscopy (TEM). XRD analysis indicated that
the crystallite size of ZnO-SWCNTs varies from 16 nm to 28.6 nm. AFM results indicated
very rough surface of ZnO-SWCNT thin films with root means square values increased
linearly from 25 nm to 41 nm at different concentrations of SWCNTs. TEM results measured
the inner and outer diameter of the SWCNTs. The optimum concentration of 0.3 wt %
SWCNTs was found producing the highest photocurrent density, Jsc of 12.3 mA/cm2, opencircuit voltage, Voc of 0.29 V , fill factor, FF of 0.43 and power conversion efficiency, η of
1.51 %. Incorporation of SWCNTs has enhanced the electron transport inside the ZnO
photoanode.
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Zinc ferrite (ZnFe2O4) is a microwave dielectric materials that can be used as a dielectric
substrate for patch antenna in wireless application. Therefore, polycrystalline thin film of (1x)ZnFe2O4 – xSiO2 with compositions of x = 0.00, 0.05, 0.10 and 0.15 have been prepared
using sol-gel method.
The morphology and strucutral of the samples were analyzed using AFM and XRD analysis.
AFM images shows the surface roughness of produced samples. The analysis shows that the
surface roughness was increased as the compositions of x increased where average surface
roughness around 40 nm. XRD analysis was used to analyze the crystallization of the samples.
The dominant peak has been observed with indices miller (311) at 35 ° and indicate the phase
formation of cubic structure. The average crystallite size, D for dominent peak has been
calculated with average size to be around 40 nm. It is found that the dielectric permittivity
value εr decreased as the frequency was applied to samples. The performance of the patch
antenna was measured using network vector analyzer. The frequency range was used about 2
– 3 GHz. The results showed that the patch antenna that was fabricated was resonated at
frequency 2.39 GHz and give the value of return loss is less than -10 dB which is good
requirement for wireless patch antenna application.
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Wide-field Raman spectroscopy to characterize 2D
materials
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We report the wide-field Raman spectroscopy to investigate 2D materials. Raman
spectroscopy has been widely used to characterize 2D materials, such as graphene, hBN, and
MoS2. From the Raman spectra, we can distinguish compositions, the number of layers, and
other external effects (strain, doping, temperature, etc.) of the sample. A typical size for a
mechanically exfoliated sample is from tens to hundreds of micron. But due to limited beam
consume a lot of time. In contrast to conventional confocal Raman systems, the wide-field
Raman system has advantages for fast and large area investigation. A shaped laser beam with
the size of few-hundreds micron was shone onto a sample, only a specific wavelength is
transmitted through a band pass filter and imaged onto EMCCD.
We exfoliated graphene, hBN, and MoS2 on SiO2/Si substrates. The optical contrast images
of these materials are difficult to distinguish. But in wide-field Raman system, by changing
the band pass wavelength, we can distinguish the samples within a few seconds. This
demonstrates that the wide-field Raman system provides a useful platform to characterize 2D
materials.
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Gamma irradiation effect on the structural, morphology
and electrical properties of Zn-Cu doped PVA
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The effect of gamma irradiation on fabricated Zn-Cu doped PVA nanocomposite thin films
for determination of Escherichia coli has been investigated. Thin films of Zn-Cu doped PVA
were exposed to 60Co γ-radiation source at difference dose rate, ranging from 0 to 30 kGy at
room temperature. The structural, morphological and electrical properties of the sample were
investigated using X-ray diffraction (XRD), Atomic force microscopy (AFM), UV-visible
spectroscopy, and Current-voltage (I-V) measurement. The X-ray diffraction (XRD) spectra
have been performed to see the formation of crystal phases of all pure Zn-Cu thin films. The
diffraction patterns reveal good crystalline quality and indicate that crystallization of the ZnCu doped PVA films strongly depends on radiation dose. The roughness of the thin films
surface which can be seen by conducting Atomic force microscopy (AFM) measurement
became smoother as the gamma radiation increased. The optical band gap, determined from
the absorbance spectra, showed the band gaps of the thin films are in the range of 3.8-4.0 eV.
The presence of Escherichia coli as a bacterial contamination in water was identified by
measuring the changes of conductivity of thin films using current–voltage (I-V) measurement.
The sensitivity of the sensors has been observed to be high at higher radiation dose.
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Raman spectra of few-layer graphene under the influence
of excitation energy
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Mono- and few-layer graphene which has distinctive physical properties with high carrier
mobility, has attracted a great deal of interest for applications in semiconductor devices.
Since Novoselov and Geim successfully established the mechanical exfoliation method for
producing single and multilayer graphene in 2004, the interest in graphene-based
technologies has been growing. Especially, further studies in Raman spectroscopy have
demonstrated that the number of layers [1] as well as the stacking order of graphene [2] can
be distinguished. Moreover, it has been shown that not only the number of layers have
enormous impact on the peak shape of some Raman modes such as the 2D mode [1] and N
mode [3], but also the excitation energy has some significant influence. Consequently, the
correlation between the Raman spectra of multilayer graphene and the excitation energy is of
interest.
We examined the number of layers in graphene using micro-Raman spectroscopy and atomic
force microscopy (AFM) to understand the variations in the Raman spectrum. Various
Raman features of few-layer graphene of thickness from 1 to 5 layers with different stacking
orders were observed. The investigated features include the G and 2D bands and combination
Raman modes in the range from 1450 to 2000 cm−1. We repeated the measurements using 5
different excitation sources with energies of 1.96, 2.33, 2.41, 2.54 and 2.81 eV.

References
[1] Duhee Yoon et al. JKPS 55 (3), 1299~1303 (2009)
[2] Chun Hung Lui et al. Nano Letters 11, 164-169 (2011)
[3] Felix Herziger et al. Physical Review B 85, 235447 (2012)
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It is well known that III-nitride structures with (0001) surface orientation have pyroelectric
and piezoelectric properties, leading to strong electric fields which is leading a shift of
emission energy and reduce quantum efficiency because of the spatial separation of electronand hole- wavefunctions in quantum wells. One way to avoid these detrimental effects of the
internal field is to grow the material on the (1100) oriented m-plane. In practice,
implementation of GaN nanostructures grown on the (1100) oriented m-plane substrate such
as nonpolar (1-100) and semipolar (11-22) planes is challenging, as high-quality crystalline
m-plane GaN substrates are hardly obtained.
In this study, we demonstrate a novel method for the production of self-assembled GaN nanopyramids on the m-plane of periodically strained GaN/InGaN multi quantum disks by using
rf-PAMBE. The crystalline structure of GaN nano-pyramids was confirmed by SEM and
TEM. Strain distribution and relaxation were simulated along the growth and in-plane
directions of the nano-pyramids and experimental cathodoluminescence studies on a single
pyramid were done. The cathodoluminescence measurements on the nano-pyramids show
that the emission energy red-shifted compared with that of the nanorods, corroborating the
strain relaxation of the nano-pyramids. Observations of the uniform distribution and
localization of these nano-pyramids show the possibility of further tuning their size and
density by controlling periodically strained nanorod surfaces. These nano-pyramids grown on
an m-plane substrate may find many important applications in the future development of
optical nano-devices based on nitride materials.
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An efficient scheme for generating amorphous structures
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Recently, amorphous material has been receiving much attention both theoretically and
practically due to varied material properties that are particular distinguishing features unlike
crystalline materials. In order to generate the amorphous structure theoretically, various
methods have been used; melt-quench method based on molecular dynamics (MD) is the
most favored method because it resembles experimental melt-quench procedure. Since the
interatomic force fields are not known in many cases, the ab initio approach based on the
density functional theory (DFT) is a popular method of choice. However, the computational
cost of DFT-MD is too expensive and typical supercells comprise only about 100-200 atoms.
For more realistic modeling of amorphous structures, it is critical to simulate on the large cell.
In this work, we propose a new method to generate the amorphous structure using the local
geometry obtained from DFT-MD. Amorphous structures do not have long-range order but
they have short-range order at the atomic length scale because of the chemical bonding. By
considering the local order such as coordination number, bond length, and the type of the
bonded atom, we were able to generate a reasonable amorphous structure with much smaller
computational cost than conventional melt-quench method. To improve the medium-range
order, an annealing simulation is carried out below the melting point. We compare the final
structures obtained by this procedure with melt-quenched structures for various types of
materials, and they are in good match with the melt-quenched structures.
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Ultrafast inter-excitonic dynamics in atomically thin MoS2
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We present ultrafast pump-probe spectroscopy exploring exciton dynamics in atomically thin
MoS2. Temporally and spectrally resolved experiments are performed to investigate the
interaction of two important direct-gap excitons, namely A and B excitons, and associated
their broadening kinetics. The two excitons show strongly correlated inter-excitonic dynamic,
in which the remarkable blue-shifted excitonic absorption originates from the internal A-B
excitonic interaction. The complex spectral response near band-edge is determined by the
collision-induced excitonic linewidth broadening; the broadening of the B-exciton lowers the
spectral amplitude of the A exciton. Resonant excitation at the B-exciton energy reveals that
exciton-exciton scattering plays a more important role in determining the broadening kinetics
than the exciton-free carrier scattering.

Fig 1. (a) Simplified band structure of MoS2. The two arrows are the direct-gap exciton transitions,
namely the A (gray arrow) and B (black arrow) excitons. (b) Spectrally resolved differential
transmission spectra for several pump-probe time delays. Two arrows indicate the red-shifts (blueshifts) of transmission (absorption) spectra for both A and B excitons.
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Electronic Structure of InP(111)A Semiconductor Surface
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We present a first-principles theoretical study of the relative formation energies and the
electronic states of the InP(111)A-(
surface. The energetically most favorable
reconstruction has a Phosphorus trimer on the surface. This surface exhibits metallic band
character. The stability of this structure is attributed to the balance between the electron
counting rule and the minimization of local distortion in the surface region. Our results for
simulated scanning tunneling microscope images confirm the experimental interpretation of
bright protrusions on the Phosphorus trimers.

Fig 1. (a) Simulated scanning tunneling microscope images of the P trimer model for unoccupied
states for an energy interval of 2.0 eV above the c
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Whispering-Gallery-Mode Lasing from GaN Microdisks
Grown on Graphene Microdots
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The fabrication of optoelectronic devices on unconventional substrates such as silicon,
amorphous glass, plastics, and metals would permit the creation of large-sized flexible
displays and complex optoelectronic circuits. Espercially, monolithic integration of
compound semiconductor photonic devices with silicon (Si)-based electronic circuits would
create a new field combining electronics with photonics, facilitating intra- and inter-chip
communications. Accordingly, tremendous efforts have been made related to direct growth of
films on such substrates. However, those films have been of poor quality because of
mismatches in lattice constants and thermal expansion coefficients between the film and the
substrates. This has made it difficult to fabricate sophisticated devices such as a laser which
requires significantly better material quality. The challenging issue facing heteroepitaxial
growth can be resolved using an appropriate intermediate layer. Recently, intermediate layers,
such as titanium and graphene, were used to improve the quality of gallium nitride (GaN) thin
films grown on amorphous substrates, which enabled the fabrication of light-emitting diodes
(LEDs).1, 2 For sophisticated devices such as a laser, however, better structural and optical
qualities of the materials prepared on graphene films are still required.
Here, we present a novel approach to grow high-quality GaN microdisks on graphene dots
via epitaxial lateral overgrowth (ELOG) for laser applications.3 Highly crystalline GaN
microdisks having hexagonal facets were grown on amorphous silicon oxide layers formed
on Si using micro-patterned graphene films as a nucleation layer. Cathodoluminescence
spectroscopy and transmission electron microscope analyses showed that ELOG of GaN
enhanced the material quality. The microdisk having hexagonal facets showed whisperinggallery-mode lasing with a Q-factor of 1200 at room temperature. The approach presented
here for growing high-quality GaN microdisks, even on an amorphous silicon oxide layer,
using patterned, transferable graphene films offers a promising and general route to
fabricating high-quality light sources and photovoltaic and electronic devices on various
substrates.
Reference
1.K. Chung, C.-H. Lee, and G.-C. Yi, Science 330, 655-657 (2010).
2.K. Chung, S. I. Park, H. Baek, J.-S. Chung, and G.-C. Yi, NPG Asia Mater. 4, e24 (2012).
3.H. Baek, C.-H. Lee, K. Chung, and G.-C. Yi, Nano Lett. 13, 2782-2785 (2013).
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We present ultrafast spectroscopic measurements of the early emergence of multiple-exciton
generation (MEG) in PbS QDs via probing the ground-state biexciton transients. Early
emergence of MEG is evidenced via transient Stark shift and quasi-instantaneous linewidth Γ
broadening of the biexciton, which provide direct experimental evidence for the ultrafast
MEG nature occurring before the intra-band energy relaxation.

Fig 1. a,b, Spectrally-resolved photo-induced absorption spectra the probe range from 0.78 to 1.08
eV measured at (a) Δt = 400 fs and (b) 2 ps are shown for the 1.66Ex pump and for the 3.3Ex pump
with two different excitation density N 0 . Γ at 400 fs is larger than Γ at 2 ps. c, Γ broadening linearly
increases with increasing the total number of excitons. d, Γ for 3.3Ex pump rapidly decreases due to
the early emergence of MEG.
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Ultrafast control of refractive index in a terahertz
graphene metamaterial
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Modulation of refractive index has attracted substantial attention in the field of holographic
imaging systems and data storage as well as for numerous photonic applications such as
various transparent nonlinear crystals and light-sensitive materials. However, materials in
nature have been limited in small index contrast and slow recovery response due to highnonlinearities. Therefore, promising alternatives to the natural materials for ultrafast index
modulation with large contrast are highly desirable.
We present an ultrafast dynamics of THz graphene-metamaterial hybrid devices, where the
refractive index and the conductivity are largely modulated by electrical and optical methods.
Unprecedentedly large modulation of refractive index and the pump-induced negative
conductivity are investigated by an ultrafast time-resolved optical-pump THz-probe
spectroscopy with varying gate voltage.

Fig 1. Schematic rendering (a) of a graphene metamaterial and the results of refractive index
control by electrical (b) and optical (c) methods.
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AFM/Raman Spectra is known to be successfully applied to various materials including
cellulose fibres. This technique presents a non-destructive tool for studying various surfaces
that are often hardly visualized by other techniques. AFM is applicable to structural studies of
nanoceramics/CNT, until recently TEM/SEM has been commonly used for the study of
nanoceramics/CNT. The AFM has several advantages over TEM/SEM such as true 3D
imaging, working under atmospheric pressure and the possibilities to scan in controlled
environment in situ. Severals dense nanocrystalline ceramics such as hydroxiapatite (HA),
HA/CNT, ZrO2/CNT with grain sizes below 100 nm were obtained by Spark Plasma
Sintering technique and investigated by Raman spectroscopy, nanoindentation in order to
obtain information of the assessment of the morphological features and 3D topography of
CNTs in a simple and non-destructive way.
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Varieties of colors from laterally overgrown microdonut
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We studied the fabrication and electroluminescent (EL) characteristics of GaN/In xGa1-xN
micro donut-shaped light-emitting diode (LED) microarrays. For the fabrication of micro
donut LED array, GaN/In xGa1-xN single quantum well (SQW), Al xGa1-xN electron blocking
layer (EBL) and p-GaN were conformally deposited on the position and morphology
controlled n-GaN micro donut array grown on the patterned GaN/c-sapphire substrates by
selective area epitaxy. Different from previously reported nanostructure rod or pyramid LEDs,
these microdonut structure LEDs have additional inner sidewall facets on their inner circle.
Noting the fact that indium composition varies over the multifacetted GaN/In xGa1-xN
microstructures, having additional inner sidewall facets implies that we can obtain more
varieties of colors. The TEM-EDS measurement actually revealed that the inner and outer
sidewall facets of the microdonut LED can have different QW thickness and compositions.
The EL and CL characteristics show that these microdonut LEDs exhibit various colors
between green and blue from respective positions. The structural analysis and the origin of
the EL peaks are also discussed.
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Modeling and Analysis for Contact Hole Shrink by
Directed Self-Assembly
Sang-Kon Kim
Department of Applied Physics, Hanyang University, Ansan, 426-791, Korea
In terms of the diffraction limit, the semiconductor industry has been stand at the crossroads
of a decision on the next generation lithography (NGL) technology. The extreme ultraviolet
(EUV) lithography is undergoing a phase of intense research for at least the 22 nm and 15 nm
commercial technology nodes. The x-ray lithography and the massively parallel e-beam
lithography have not proved to be cost effective for mass production. The double exposure
lithography and the double pattering lithography (DPL), the extendible techniques of the
current 193 nm wavelength immersion lithography, have been researched. In fine patterning
process, the pattern shrink process technique is indispensable in addition to pitch shrink. The
resist shrink is necessary not only the optical lithography such as the 193nm immersion and
the extreme ultraviolet lithography (EUVL), but also the directed self-assembly of block
copolymers. The resist shrink can be achieved by using the lower beam, thermal heating, and
directed self-assembly.
In this paper, the fundamental understanding of the phenomenology of the shrinkage trends is
described, including how the shrinkage behaves differently for different sized and shaped
features. The 1-D (dimension) and 2-D model of shrinkage is developed. The simulation
results are compared experimental results to validate this model.
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Optical fiber-utilizing nanowire manipulation method
Pyo Jin Jeon*, Sejin Lee*, Young Tack Lee*, Jin Sung Kim*, Kyunghwan Oh*,
Seongil Im*
* Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749,
Republic of Korea
Semiconducting nanowires (NWs) have been extensively studied as active channels for
several kinds of electrical devices. For such NW electronics, it is important to manipulate and
assemble the nanowires, so various assembly methods have been introduced for the past few
years. In this work, we reported another novel method to precisely align the NWs in air
ambient, which is using a tapered optical fiber tip and ethylene-vinyl acetate (EVA)
copolymer. A heating power of ~40 mW was estimated to generate at the taper tip by IR laser
light transmitted through the fiber, so that the EVA copolymer might become sticky enough
to grab a dispersed ZnO nanowire. The attached nanowire can be lifted and transported to a
purposed location.
As an application of such ZnO manipulation, two different ZnO NWs were aligned parallel to
be used as active channels for D-mode and E-mode NW FETs, which respectively have
negative and positive threshold voltages (VTH). Fabricating a depletion load inverter with the
two NW FETs, we achieved a high voltage gain of ~50 from the inverter. As another
application, we also attempted a serial alignment of NWs to fabricate a resistive load inverter.
More details would be discussed in the meeting.

Fig 1.These figures illustrate the alignment processes and show the fabricated NW devices
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We have synthesized functionalized graphene layers using direct dispersion of graphite
flakes with single-stranded DNA in distilled water. The synthesized graphene-DNA
complexes were investigated using Raman spectroscopy, atomic force microscope (AFM),
transmission electron microscope (TEM), and time of flight secondary ion mass spectrometry
(TOF-SIMS). Raman spectra exhibited typical G-band and 2D-band signatures of graphene
layer at ~1590cm-1 and ~2700cm-1, respectively. TOF-SIMS result shows that graphene
layers were successfully functionalized with single-stranded DNA. Monolayer and multilayer
graphenes were identified by measuring layer thicknesses using AFM and by analyzing
electron diffraction patterns from TEM measurements.

Fig. 1. TEM image of a functionalized graphene layer (left) and its electron diffraction pattern (right)
where the inset shows the diffraction peak intensity along the red dotted line.
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The synthesis of low-dimensional ferroelectrics is of crucial importance nowadays both from
fundamental point of view such as size effect and toroidal ordering, and industrial
applications such as high-density memory techniques. The ferroelectric nanotubes, especially,
have unique physical properties due to their tubular geometry with a high surface-to-volume
ratio which might influence the structural property such as strain in crystal lattice. The lattice
strain affects the 2θ peak position, intensity, and broadening of the Bragg peaks, depending
on their geometry. The nanotube has a non-uniform strain which can cause broad Bragg
peaks. The strain in the nanotubes is known to be calculated using the Williamson-Hall plot
equation. However, the strain of the ferroelectric nanotubes has not yet observed. In this work,
we synthesized PbTiO3 nanotubes (PTO-NTs) with a 420 nm in diameter, fine-tuned wallthickness at interval of 10 nm. The wall thickness was successfully controlled from 10 to 70
nm by adjusting conditions of spin coating, solution molarity. The XRD patterns show that
PTO-NTs have several diffraction peaks indicating polycrystalline with pure perovskite phase
without any secondary phases. Based on the XRD analysis, we found that crystallites size of
the (001) reflection increases from 6.22 to 10.46 nm, the strain increases from 2.6 % to 4.6 %
as the wall thickness of PTO-NTs increase from 10 to 70 nm. The change of strain can be
introduced by surface tension of crystallites, morphology of crystallites, and interstitial
impurities. From these results, increasing the strain is evident that the morphology of
crystallites is crucial factor for the change of the strain in nanotubes. We will discuss the
relationship between the strain and morphology of the nanotubes.
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We demonstrate logic and static random access memory (SRAM) circuits using a 100 umlong and 100 nm-thin single ZnO nanowire (NW), which used as a channel material of fieldeffect transistors (FETs).
NW FETs are thus arrayed in one dimension to consist of NOT, NAND, and NOR gate logic,
and SRAM circuits. Two respective top-gate NW FETs with Au and ITO were connected to
form an inverter (the basic NOT gate component) since the Au gates lead to enhanced mode
FETs while the ITO gates does to depletion mode due to their work function difference.
Our inverters showed a high voltage gain of 22 under 5 V operational voltages, drawing all
other devices to successful operation. We thus conclude that our long single NW approach is
quite promising to extend the field of nano-electronics
NOT gate
NOT gate

NAND gate
NAND gate

NOR gate
NOR gate

SRAM
(Flip-flop)
SRAM

1-D electronics

Fig 1. Device schematic of 1D integrated circuit with a long single ZnO NW
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Thermoelectric power (TEP) of single-walled carbon nanotubes (SWCNT) film was
investigated in terms of precisely modulated ratio of metallic SWCNTs (m-SWCNTs) and
semi-conducting SWCNTs (s-SWCNTs). To accomplish this accurately, m-SWCNTs and sSWCNTs were prepared respectively by a density gradient ultra centrifugation method. The
TEP with respect to different ratios of s-SWCNTs were measured and it turned out that the
TEP of pure s-SWCNTs film (90V/K) was found to be much enhanced compared to that of
pure m-SWCNTs film (13V/K). By assuming the quasi-zero dimension of junction area
and relatively small tunneling coefficient at the inter-junctions between SWCNTs, this
discrepancy could be successfully explained by the junction effect between SWCNTs. Finally,
a numerical simulation of the TEP considering on junction effects was carried out, which was
well matched with the experimental results.

Fig 1. Seebeck Coefficient with different ratios of m-SWCNTs and s-SWCNTs
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We demonstrate the selective area growth (SAG) of GaN nanorods (NRs) on nano-patterned
Si(111) substrate by plasma assisted molecular beam epitaxy. GaN NRs were grown by
varying the growth parameters namely growth temperature, N 2 plasma power and Ga flux.
Under the similar experimental conditions, GaN NRs grown on patterned Si(111) substrate
showed improved size homogeneity and optical properties compared to GaN NRs grown on
non-patterned Si(111) substrate. Photoluminescence spectra of SAG GaN NRs exhibited
emission peaks corresponding to neutral donor bound excitons (D OX), donor-acceptor pair
(DAP) and yellow luminescence (YL) bands at 3.477 eV, 3.280 eV and 2.245 eV respectively.
Unlike DOX, both DAP and YL bands showed strong dependence on growth conditions.
Results demonstrate that VGa-involved defects acts as deep acceptors and are responsible for
the observed defect emissions in GaN NRs.

Fig 1. SEM images of GaN NRs grown on (a) non-pattern, (b) patterned Si, and (c)
photoluminescence of sample (b).
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Phase change materials such as Ge 2Sb2Te5 and GeSe2 are key materials used in rewritable
phase-change optical memories and phase-change random access memories. The
understanding on the local order in amorphous structures would be not only fundamentally
stimulating but also technologically important to resolve various technological obstacles.
There have been several studies in this direction, but unfortunately there is serious
discrepancy between first-principles results and the extant experimental observations. This is
closely related to description of electron-electron interaction by semilocal functionals which
tend to favor octahedral Ge atoms. Being similar to the crystalline bonding geometry, the
octahedral Ge atoms lead to more delocalized electrons. However, in disordered systems such
as liquid and amorphous phase, the electrons at band edges are inherently localized and
chemistry-based functionals such as BLYP or Hatree-Fock can be more valid.
In this presentation, we discuss on the liquid and amorphous structures of Ge 2Sb2Te5 and
GeSe2 studied with molecular dynamics simulations using various exchange-correlation
functionals such as PBE, BLYP, and HSE06 with various mixing parameters. We confirm the
previous conclusion that the PBE functional results vary from the experimental data as
mentioned above. On the other hand, the hybrid functionals significantly increase the
population of t-Ge atoms and the liquid structures are in much better agreement with
experiment compared to results with semilocal functionals.
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We fabricated the Al2O3 passivated multilayer MoS2 (~ 16 nm thickness) field-effect
transistors in a back-gate configuration. In order to diagnose the quality of the interface
between the MoS2 and the gate dielectrics (SiO2), the low-frequency noise (LFN)
measurements were carried out depending on the gate voltages. As a result, at the higher gate
voltages, the noise properties of the multilayer MoS 2 followed the carrier number fluctuation
(CNF) model which is related to the charge trapping/detrapping in the gate dielectrics. In the
relatively low gate voltage region, the Hooge mobility fluctuation (HMF) model and another
CNF model were introduced to explain the bulk conduction and the another channel induced
by the Al2O3 layer on top of the MoS2, respectively. These results can give some hints to
understand the interface quality and the passivation effects in the multilayer MoS 2 transistors.

Fig 1. Low-frequency noise characteristics of the multilayer MoS2 FETs
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SnO2-core/Ga2O3-shell nanowires were synthesized by the one-step thermal evaporation of a
mixture of SnO2, GaN and graphite powders. The NO2 gas sensing properties of the multiple
networked SnO2-core/Ga2O3-shell nanowires were examined. The multiple networked SnO2core/Ga2O3-shell nanowire sensors showed a response of ~715% to 5 ppm NO2 at 300oC.
This response value is more than 5 times larger than that of bare SnO2 nanowire sensors and
more than 17 times higher than those obtained by the SnO2-core/ZnO-shell nanofibers at the
same NO2 concentration. The significant enhancement in the response to NO 2 gas by
sheathing SnO2 nanowires with Ga2O3 can be explained on the basis of the space-charge
model.
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Growth of Pb(Zr0.52Ti0.48)O3 nanoparticles on multi-walled
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Carbon nanotubes (CNTs) have attracted extensive attention because they have been used as
a support material for the stabilization of metal oxide nanoparticles (MO-NPs) and they
exhibits high chemical, thermal resistance and surface-to-volume ratio. In recent years, the
hybrid nanocomposites composed of CNTs and ferroelectric MO-NPs have received a
substantial interest due to their potential applications to electromagnetic wave absorbers and
ferroelectric field-effect transistors. The electrical properties of the nanocomposites are
known to be governed by how to growth the nanoparticle on the MWCNTs. However,
analysis of an atomic scale bonding near the interface of ferroelectrics NPs and CNT is not
yet reported. To investigate the interface in atomic scale, we controlled the size of the
Pb(Zr0.52Ti0.48)O3 (PZT) NPs on the MWCNTs through mole concentrations of sol-gel
solution and analyzed the morphological, structural, and compositional properties of the
hybrid materials composed of multi-wall CNTs (MWCNTs) and PZT NPs, where the PZT
NPs were grown directly onto the MWCNTs surface. The MWCNTs are functionalized by
HNO3/H2SO4 mixed solution which can produce defects including carboxylic groups (COOH), facilitating the bonding between the metal oxide and the surface of MWCNTs. The
hybrid nanocomposites were prepared by an injection method of the PZT sol-gel solution into
the PTFE syringe filter including the functionalized MWCNTs. As shown in a high resolution
transmission electron microscopy image and selected area electron diffraction rings indicate
that the PZT NPs are polycrystalline consisted of tetragonal phase. We observed that the
diameter of PZT NPs in the hybrid materials increased with increasing concentrations of PZT
solution from 0.05 to 0.30 M. We also found Ti-deficient layers between PZT NPs and
MWCNTs, which is crucial factor for the formation of the PZT NPs on the MWCNT. This
Ti-deficient layer at the interface may be originated from the reducible property of the TiO2
formed during crystallization process of the PZT perovskite.
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We prepared and characterized the thermoelectric properties of the thin films with electronic
type separated single-walled carbon nanotubes (SWCNTs): metallic and semiconducting
films. With no significant difference of the electrical conductivities, the thermoelectric power
(TEP) of semiconducting SWCNT (s-SWCNT) thin films was measured to be 90V/K,
which is several times higher than that of metallic SWCNT (m-SWCNT) (10V/K). 4bromobenzene diazonium tetrafluoroborate (4-BBDT), a typical diazonium salt, was used to
generate defects on the surface of SWCNTs through chemical bonding which changes the
hybridization of carbon atom from sp2 to sp3. Such microscopic origin of the change was
identified using UV-vis-IR and Raman spectroscopy. As a result, the TEP of m-SWCNT
networks appears to be more sensitive than that of s-SWCNT networks on the chemically
induced defect, whereas, a similar progressive degradation of electrical conductivity occurs
with increasing 4-BBDT reagent concentration, leading to almost non-conductive networks
on both types of thin films.

Fig. 1. Electrical conductivity and Seebeck coefficient of type separated SWCNT networks with
and without chemical treatments
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TeO2-core/ZnO-shell nanorods were synthesized by a two–step process comprising thermal
evaporation of Te powders and atomic layer deposition of ZnO. Scanning electron
microscopy images exhibit that the core-shell nanorods are 50 - 150 nm in diameter and up to
a few tens of micrometers in length, respectively. Transmission electron microscopy and Xray diffraction analysis revealed that the cores and shells of the core-shell nanorods were
polycrystalline simple tetragonal TeO2 and amorphous ZnO, respectively. This study
examined the effect of the encapsulation of TeO2 nanorods with ZnO on ethanol gas sensing
properties. Multiple networked TeO2-core/ZnO-shell nanorod sensors showed the response of
228% at an ethanol concentration of 1,000 ppm at room temperature under ultraviolet (UV)
illumination. This response value is ~6 times larger than that of pristine TeO2 nanorod
sensors at an ethanol concentration of 1,000 ppm. In addition, the underlying mechanism for
the enhanced gas sensing properties of TeO2-core/ZnO-shell nanorod sensors under UV
illumination is discussed.
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composed of multi-layer Silver nanowire and Conductive
oxide material
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Transparent electrode material is at the heart of the most material composed of various
elements that make up electronic devices at such as Display and Solar cell. Especially,
Indium Tin Oxide (ITO) can be applied to variety of display components and electronics at
such as flexible displays, smart windows, LCD and OLED, touch panels, solar cells, etc.
However, ITO films cannot meet the requirements for low cost electronics device due to
expensive raw materials. In recent years, several candidates to replace ITO films are heavily
being investigated for transparent conductive material with surface resistance 100Ω/□ or
less, more than 85% transmission, and providing high adhesion as well as high heat resistance.
In this study, we was investigated for Hybrid transparent electrode film (TCF) to replace ITO
film and simultaneous can have flexibility.
Transparent electrodes for hybrid materials were investigated which consists mixed layer
structure between the conductive oxide layer and inserted silver nanowires, in which,
conductive oxide materials used are ITO, GZO, GAZO etc. and made in the form of target.
Silver nanowires were applied to form a networked structure for backbone in these hybrid
transparent electrodes.
On the Glass substrate, conductive oxide layer was deposited by reactive plasma sputtering of
about 30-50 nm and on top of the conductive oxide film silver nanowires was coated by
printing method. Finally, the 30-50 nanometer conductive oxide film deposited on silver
nanowires layer to form hybrid multi-layer structure. Silver nanowires inserted between the
transparent electrode films formed Hybrid TCF (transparent conductive film).
Characterizations of transparent electrodes were analyzed for surface resistivity and
transmittance, surface flatness by using 4-point probe, UV-Vis, SPM, SEM.
Acknowledgement : This research was financially supported by the Ministry of Trade,
Industry & Energy(MOTIE), Korea Institute for Advancement Of Technology(KIAT) and
Honam Institute of Regional Program Evaluation through the Leading Industry Development
of Economy Region and supported by the Ministry of Trade(project No. R0002275)
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The Co0.5Zn0.5Fe2O4 nanoparticles were prepared by high temperature thermal
decomposition method. The crystal structure was determined to be cubic spinel with space
group Fd-3m and the lattice constant (a0) of 9.01 Å from Rietveld refinement analysis. Based
on the Scherrer equation and SEM, the average size of nanoparticles was obtained to be 10
nm. The magnetic properties were characterized using a vibrating sample magnetometer
(VSM). The saturation magnetization (Ms) and coercivity (Hc) of the nanoparticles were 78.7
emu/g and 21.0 Oe, respectively. To confirm thermal property, the nanoparticles were
measured by magneTherm device at physiological safe range of frequency and amplitude.
The self-heating temperature of nanoparticles determined to be 104, 119 ℃ at 50, 112 kHz
and 25 mT, respectively. [1,2] In addition, we obtained Mössbauer spectra of nanoparticles at
various temperatures ranging 4.2 to 700 K. Specific absorption rate (SAR) of nanoparticles
depend on magnetization and spin canting angle.

Fig 1. The self-heating temperature of solid state nanoparticles at 50, 112 kHz and 25 mT.
Reference
[1] C. Martinez-Boubeta at al., Scientific reports. 3, 1652 (2013)
[2] J. Lee at al., Nature Nanotechnology. 6, 7 (2011).
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Chemical vapor deposited graphene (CVDG) is expected to be a promising candidate for the
development of graphene-based electronics on a large scale. Since monolayer graphene
provides an ideal platform to explore quantum coherent transport of two-dimensional electron
gas, it is necessary to confirm the quantum transport of the CVDG at low temperature. Here
we report magnetoconductance data obtained from the nano-patterned CVDG. At low
temperatures below 40 K, magnetoconductance increases with magnetic field near zero field,
which is attributed to the weak localization effect. Temperature, gate voltage, and magnetic
field orientation dependences of the weak localization effect are discussed as well.
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Ballistic one-dimensional electronic transport in semiconductor nanowire plays an important
role in creating topological state. Here we report conductance quantization in an InAs
nanowire as a hallmark of such one-dimensional transport. The InAs nanowires were grown
by the metal-organic vapor phase epitaxy method on graphene and contacted with 100-nmthick cobalt electrodes using e-beam lithography technique. At low temperature below T = 20
K, three-terminal device of the InAs nanowire exhibits quantized conductance steps with a
unit of e2/h as a function of back gate, where e is the electron charge and h is the Planck’s
constant. Magnetic field, temperature and bias voltage dependence of the conductance steps
are discussed as well.
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ZnO thin films have been prepared on ITO substrates by the sol gel method using Zinc
acetate dehydrated, isopropanol and being stabilized using diethanolamine. ZnO is deposited
on substrates by using chemical bath deposition technique with four different concentration
of ZnO are prepared (0.05M, 0.10M, 0.15M and 0.20M). The ZnO thin films wear annealing
at temperature of 200 oC for 2 hours in air. The characterization of the ZnO layer is carried
out by X-ray Diffraction (XRD), Ultraviolet-Visible Spectroscopy (UV-VIS), and Scanning
Electron Microscopy (SEM). The XRD showed the structural properties of ZnO thin films are
crystalline hexagonal wurtzite structural. The SEM images show that the surface morphology
of the ZnO thin films are nanoporous and the porosity is dependent on the concentration of
ZnO. The UV-Vis analysis showed the optical property of the ZnO layer and the energy band
gap is being obtained from UV-Vis analysis.
Keywords : ZnO, thin films, sol gel, nanoporous, chemical bath depositon
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We investigate the ultrafast zero balance of the oscillator-strength sum rule in single-layer
graphene. Here, we employed both ultrafast terahertz and optical spectroscopy to directly
monitor the transient oscillator-strength balancing between quasi-free low-energy oscillators
and high-energy Fermi-edge ones.

Fig 1. a, Pump-induced real (Δσ1/σ0) and imaginary (Δσ2/σ0) conductivity changes (red circles) with
respect to probe photon energy at low-energy THz range and the corresponding conductivity fits
(black lines). b, Δσ1/σ0 at high-energy Femi-edge. The conductivity spectra are fitted by a hot-Fermi
distribution function (black lines). Blue-shift of the zero crossing is clearly visible showing a rapid
dynamics of the hot-carrier cooling (arrows). c, The numerical fits to the integral of measured
conductivity dynamics. The transient oscillator strengths are precisely balanced (gray squares).
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Fe3O4 nano- and microspheres have been investigated extensively as ferrofluids, colored
pigments, high-density magnetic recording media, chemical sensors, electrophotographic
developers and theranostic materials in biological areas. Especially, they possess unique
nanoscale size-dependent physical and chemical properties that can be controlled in a manner
that is not possible in the corresponding bulk materials. When these tiny materials are
introduced into biological systems, their small size and physicochemical properties enable
them to operate as probes and delivery vectors suitable as candidates for the next generation
of diagnostic and therapeutic techniques. Therefore, knowledge about Fe 3O4 nano- and
microspheres and health impact is essential before these materials can be used in real clinical
settings. In this study, various sizes of magnetic particles are designed and synthesized by
simple chemical process for biological application. Microstructure and magnetic properties of
the magnetic particles are investigated by FE-SEM, TEM and VSM. Biocompatibility study
of these particles is also confirmed using a recommended method by the document of ISO
10993-5 for evaluating the cytotoxicity of biomaterials.

Fig 1. FE-SEM images of the synthesized Fe3O4 nanoparticles
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Interest in quantum dots (QDs) has been stimulated by their novel optical and electronic
properties associated with quantum confinement effects, and their potential technological
importance for applications. The broad absorption spectrum and narrow emission band of the
QDs would be tunable by changing their size. Progress made in the synthesis of fluorescent
QDs, the path of direct solution chemical has been widely used for synthesis of QDs because
of this method allows us to create QDs have a narrow size distribution.
In this work, we have investigated the possibility of manufacturing the CdS and CdS/CdSe
core/shell QDs by means consequential growth of CdS and CdSe. The post-heat treatment
process is used as second stage to obtain high uniform of the products for enhancing the
quantum efficiency. In addition, the influences of shell on absorption and photoluminescence
spectra at room temperature are investigated and discussed.

Fig 1. UV-Vis absorption spectra of the CdS QDs at different post-heat temperatures.
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Necessity of new materials with good stretchability as well as high transparency and
electrical conductivity is rapidly growing in the field of flexible and stretchable electronics.
Graphene has been regarded as the most promising material due to its extraordinary strength
together with high electrical conductivity and optical transparency. However, graphene
grown by chemical vapor deposition (CVD) suffer from low stretchability due to its intrinsic
defects and overlapped grain boundaries.
In this work, we demonstrate transparent graphene electrodes with enhanced stretchability.
CVD-grown graphene is patterned using O2 plasma and transferred layer-by-layer onto
flexible substrates such as PET, PDMS and eco-flex. The electromechanical properties of
graphene electrodes are measured using the in-situ tensile tester which is integrated with an
atomic force microscope (AFM) and an electrical measurement system. The topography and
lateral force microscope (LFM) images on graphene electrodes are utilized to reveal the
mechanics of enhanced stretchability of patterned multilayered graphene on polymeric
substrates during tensile deformation. Especially, the mechanical damage on graphene
depending on electrical resistance and strain were visualized with high contrast in AFM and
LFM images. The graphene electrode with enhanced stretchability could broaden the
applications of graphene electrode in the field of stretchable electronics.
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SiO2 nanowires were grown on Cu/Si templates and the growth mechanism was investigated.
Cu films were sputtered on Si(111) substrates, and subsequent thermal annealing of them
produced nanowires with the spherical nanodroplet at the end of each nanowire. It turns out
that the formation of CuSi nanoparticles in Si matrix played an important role in growing
SiO2 nanowires. In this work, the spontaneous formation mechanism of CuSi nanoparticles,
which served as a catalyst, was investigated by utilizing transmission electron microscopy
and energy dispersive x-ray spectroscopy.
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The optical and field distribution characteristics of silicon nanowires (SiNWs) periodic arrays
have been simulated using finite differential time domain (FDTD) method to provide an
actual wetting status on nanostructures. Reflectance spectra of the SiNWs (diameter: 40 nm,
period: 90 nm, and length: 420 nm), obtained by the simulation, show clear dependence on
the amount of the medium surrounding the SiNWs. Such dependence can be understood
based on interference effect, where the whole system of the medium and SiNW array can be
regarded as single effective medium. The impact of the nanowires periodicity and wire
diameter also has been studied. Our results provide some design guideline for contact angle
measurements and surface wettability.
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Fig 1. Reflectance spectra of SiNWs (diameter: 40 nm and period: 90 nm) in different surrounding
medium
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Magneto-fluorescent nanoparticles have a great potential for cell tracking that can possibly
monitor labeled cells by MR/optical dual mode imaging. We described self-fluorescent highrelaxivity T2-weighted MRI contrast agent as a novel type of MR/optical multimodal
imaging nanoprobe via electrostatic assembly and crosslinking of biocompatible
polyelectrolytes based on MnFe2O4 nanoparticles without external fluorophores. Multi-core
property of ionic assembled magnetic nanogels showed high relaxivity, which r 2 value of the
self-fluorescent nanogels was 382.6 (Fe+Mn)mM −1 s−1 , and fluorescence maximum
peak at λ em=553 nm and smooth shoulder peak at λem=510 nm. The MR/optical multimodal
imaging modalities of the γ-PGA/MnFe2O4/PLL(PEG) nanogels used for molecular imaging
of dendritic cells, which are commonly used in clinical trials to induce tumor-specific
immunity. We confirmed that a bright fluorescence signal (in optical) and darkening effects
(due to the shortening of T2 in MRI) in cellular level. Furthermore, the nanogels also showed
high performance in the visualizing of dendritic cells migrated to lymphnode in vivo by both
MRI and optical imaging.
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Recently, a transition metal dichalcogenide, molybdenum disulfide (MoS 2) has attracted
much attention, since it shows a good carrier mobility, large intrinsic bandgap, and optical
properties. MoS2 nanosheets have initially been prepared by the exfoliation method. The
CVD growth of MoS2 sheets were reported and the transfer of those sheets onto other
arbitrary substrates were also attempted, although any studies on direct imprint of MoS2 are
only a few.
We used direct imprint method using polydimethylsiloxane (PDMS) to exfoliate and transfer
MoS2 nanosheet. That enables the fabrication of patterned bottom-gate MoS2 nanosheet fieldeffect transistors (FETs) on any substrates. We actually fabricated the direct printing MoS2
FETs on SiO2/P+-Si and glass substrates. And we controlled threshold voltage of our FETs by
modulating MoS2 thickness on patterned bottom-gate and gate length. So we could
demonstrate quite an ideal logic inverter by connecting the depletion and enhancement mode
MoS2 FETs.

Fig 1. (a~c) Schematic illustration of direct imprint method and 3D and optical microscopy top views
of (d) imprinted flake on gate electrode and (e) a bottom-gate MoS2 FET.
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Planar defects in compound (III-V and II-VI) semiconductor nanowires (NWs), such as twin
and stacking faults are universally formed during the catalytic NW growth, and they
detrimentally act as static disorders against coherent electron transport and light emissions.
Here we report a simple synthetic route for planar-defect free II-VI NWs by tunable alloying,
i.e. Cd1-xZnxTe NWs (0≤x≤1). It is discovered that the eutectic alloying of Cd and Zn in Au
catalysts immediately alleviates interfacial instability during the catalytic growth by the
surface energy minimization, and forms homogeneous Zinc Blende crystals as opposed to
unwanted Zinc Blende/Wurzite mixtures. As a direct consequence of the tunable alloying, we
demonstrated that intrinsic energy band-gap modulation in Cd1-xZnxTe NWs can exploit the
tunable spectral and temporal responses in light detection and emission in the full visible
range.
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Organic Light-Emitting Diodes (OLEDs) have attracted much attention as a next generation
displays, which are able to replace the current existing technology. OLEDs can be applied to
flat-panel display with a proper choice of emissive materials and have various advantages.
OLEDs emit characteristic light by a recombination process of injected electrons and holes
when the voltage is applied to the device which is made of several organic layers between the
anode and cathode. It was firstly found in single crystal. Recently, it has been reported on the
improvement of efficiency of the OLEDs by introducing thin layer of some carbonate
materials of alkali metal. ITO is widely used as a transparent electrode, but many problems
have been still pointed out. We are continuously studying on the improvement of operating
characteristics and efficiency of the device with a use of teflon amorphous fluoropolymer
(Teflon-AF) by improving the interface between the metal electrode and the organic layer.
In order to improve the efficiency of OLED which is one of the next generation displays, we
have studied the electrical characteristics of the device depending on the thickness ratio of the
hole-injection layer to the electron-injection layer. Teflon-AF was used as the hole-injection
material, and alkali-metal carbonates of Li2CO3 and Cs2CO3 were used as the electroninjection materials. To obtain a proper thickness ratio, we manufactured the four types of
devices with the thickness ratio of 1 : 4, 2 : 3, 3 : 2, and 4 : 1. The results of electrical and
optical properties showed that the device with the thickness ratio of 4 : 1 is more appropriate.
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Single electron devices (SEDs) proposed by Averin and Likharev based on Coulomb
blockade of tunneling are very attractive for the next generation integrated electronics. At
room temperature, Coulomb blockade of tunneling by Yano et al. indicate the future of single
electron transistors(SET). The poly-silicon channel width and gate length are 100nm. The
lateral grain size is 10nm or less. This poly-silicon was deposited as amorphous silicon and
crystallized at 750℃ by annealing. Nanocrystalline silicon was made by magnetron rf
sputtering technique or microwave plasma decomposition method. Photoluminescence
phenomena appear in nanocrystalline silicon at room temperature. S. Tiwari etc made
memory devices based on nanocrystalline silicon.
In our study, we made hydrogenated amorphous silicon films by PECVD at substrate
temperature 250℃. SiH4 and H2 gases are used for hydrogenated amorphous silicon films.
The hydrogenated amorphous silicon films are annealed by electric furnace. The substrates
are (111) p-type crystalline silicon. The a-Si:H film thickness are 300Å. From Raman
spectra and XRD pattern, amorphous phase and crystal phase are mixed before thermal
annealing. The proportion of phases does not change at low temperature thermal annealing.
The 520cm peak starts to appear and increased after high temperature annealing. The 520cm
peak intensity is increased with the annealing time. The surface roughness of poly-crystalline
silicon is decreased from 10Å to 8Å with the annealing time. The grain size and density of
poly-crystalline silicon change with the annealing temperature and annealing time. We will
discuss the crystallization mechanism and the crystal nucleation related to the experimental
results.
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Synthesis and Enhanced Photoluminescence of Novel 3D
Flower-Like CaMoO4 Architectures Hierarchically Selfassembled with Tetragonal Bipyramid Nanocrystals
Ling Lia, b,*, Hyeon Mi Nohb, Byung Kee Moonb, Byung Chun Choib,
Jung Hyun Jeongb,**
a
Ministry-of-Education Key Laboratory for the Synthesis and Applications of
Organic Functional Molecules, Hubei Collaborative Innovation Center for
Advanced Organochemical Materials, Hubei University, Wuhan 430062, China
b
Department of Physics, Pukyong National University, Yongso-ro 45, Nam-Gu,
Busan 608-737, Republic of Korea
β-cyclodextrins (β-CDs) are cyclic oligosaccharides that consist of covalently linked seven
glucopyranoside units. The exterior of β-CDs is sufficiently hydrophilic to impart β-CDs
water solubility. With hydrophilic exterior and hydrophobic interior, it can form
supramoleculars inclusion complexes with many kinds of guests, such as organic molecules,
inorganic ions and coordination compounds by weak interaction processes. Although the
hydroxyl group was also known to mediate compatibility with an inorganic-oxide matrix
through hydrogen bonding, to the best of our knowledge, only a few of papers reported the
effects of β-CDs on the synthesis and construction of nanostructured inorganic oxides.
In our work, Novel 3D flower-like architectures hierarchically self-assembled with tetragonal
bipyramid nanocrystals and enhanced photoluminescence of CaMoO 4 synthesized by βcyclodextrin-assisted methods was reported. For comparison, four different methods were
used to prepare CaMoO4. The samples were characterized by powder X-ray diffraction
(XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and
photoluminescence (PL). Dumbbell superstructural CaMoO4, flower-like CaMoO4 selfassembled with rough ball mesocrysals, octahedral single CaMoO 4 crystals, and flower-like
products self-assembled with octahedral crystals were obtained by precipitated, precipitatedhydrothermal, β-cyclodextrin-assisted precipitated, and β-cyclodextrin-assisted precipitatedhydrothermal methods, respectively. CaMoO4 samples synthesized by β-cyclodextrin-assisted
methods showed enhanced photoluminescence.
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Local characterizations of graphene oxide and its
reduction process using electrostatic force microscopy
Huiseong Jeong*, Kyung Moon Lee**, Y. H. Ahn*, Soonil Lee*, and Ji-Yong
Park*
*Department of Energy Systems Research, Ajou University, Suwon 443-749,
KOREA
**Department of Physics, Ajou University, Suwon, 443-749, KOREA
Graphene oxide (GO) is a two-dimensional (2D) nanomaterial, which is modified by oxygencontaining functional groups. GOs are applicable for supercapacitor, OLED, and organic PV
cells. Furthermore, Reduced-GO (rGO), without oxygen functional groups, can be applied to
transparent electrodes and field-effect transistors with similar optical and electrical properties
to graphene. Characterizations of GO and rGO are usually carried out using XPS, Raman
spectroscopy, and electrical conductivity measurements, which typically are unable to
investigate local differences and changes.
In this study, we utilize electrostatic force microscopy (EFM) to investigate local differences
and changes of conductance in individual GO and rGO nanosheets at various stages of
chemical and thermal reduction process by controlling reduction time and temperature,
respectively. We found inhomogeneous oxidation states in GO nanosheets and could monitor
the various changes inside individual nanosheets of GO as they recover electrical
conductivity with reduction.
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Effects of annealing temperature on the formation of
pyrochlore phases in Pb(Zr0.52,Ti0.48)O3 nanotubes and
their transformation to perovskite phase by the additional
coating of PbO solution
Sun A Yang, Jin Kyu Han, Do Hyun Jeon, Jin Ho Kwak, and Sang Don Bu*
Department of Physics, Chonbuk National University, Jeonju, 561-756, Korea
The fabrication of ferroelectric nanotubes has been realized by applying templates such as
porous template such as Si, polymer, and anodic alumina. Among them, the porous anodic
alumina membrane (PAM) can easily adjust their parameters such as pore size, height, and
inter-pore distance by changing anodization conditions. The structure of PAMs also maintain
in high temperature crystallization treatment due to their relatively high thermal resistance.
However, the PAMs may produce the ferroelectric nanotubes with pyrochlore phase of about
10 % and lead-deficient stoichiometry although they are less influence to their electrical
property. In this work, we examined the effects of annealing temperature on the formation of
pyrochlore phases in the Pb(Zr0.52,Ti0.48)O3 (PZT) nanotubes fabricated by using PAMs
anodized in phosphoric acid. We also demonstrated the transformation of pyrochlore phases
to perovskite phase by additional coating of PbO solution on the PZT nanotubes. It was
observed that the PZT ions diffuse into the inner layer of PAM, consisting of relatively pure
alumina, by x-ray photoemission spectroscopy analysis and energy-dispersive x-ray
spectroscopy-line profile. Especially, Pb ions are more diffuse than Zr and Ti ions into the
inner layer of PAMs. In order to compensate the Pb loss, we carried out the additional coating
of PbO solution on the PZT nanotubes with pyrochlore phases. The ratio of perovskite phase
in the PZT nanotubes increased linearly with increasing the coating number of PbO solution,
which means that the pyrochlore phases of PZT nanotubes are effectively transformed to the
perovskite phase of the PZT nanotubes. These results show that the additional coating of PbO
solution may play a role in enhancement of perovskite phase in the ferroelectric nanotubes
when the PAMs are used as templates.
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Synthesis and characterization of poly(acrylic acid)
nanogel containing silver nano particle and their
antibacterial properties
Jong-Seok Park, Jong-Bae Choi, Hui-Jeong Gwon, Youn-Mook Lim, Sunng-In
Jeong, Young-Min Shin, Phil-Hyun Kang, Young-Chang Nho
Advanced Radiation Technology Institute, Korea Atomic Energy Research
Institute, 1266 Sinjeong-dong Jeongeup-si Jeollabuk-do, 580-185, Rep. of
Korea
Nanogels are internally cross-linked particles of sub-micrometer size made of hydrophilic
polymers and are considered a distinct type of macromolecules, compared with linear and
branched polymers or macroscopic gels. Silver nanoparticles (Ag NPs) have attracted much
attention for centuries due to their unique optical properties, electrical conductivities,
oxidative catalysis, and antibacterial effect. In this study, we studied a method of radiation
induced synthesis of nanogels containing silver nanoparticle, which allows us to obtain
tailored intra-molecularly crosslinked macromolecules of independently chosen molecular
weight and dimensions. Thus, we report the possibility of applying the prepared nanogels
using poly(acrylic acid) through electron beam irradiation for potential application as
biomaterials.
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Emission property of PbTiO3 nanotubes with wallthickness dependence
ChangHyun Jeon*, JinKyu Han**, SangDon Bu**, and YunSang Lee*
* Department of Physics, Soongsil University, Seoul 156-743, Republic of
Korea
** Department of Physics, Chonbuk National University, Jeonju 561-756,
Republic of Korea
We report on the optical property of the PbTiO3 nanotubes (NTs) fabricated by using a
template-directed method that integrated the sol-gel and the spin-coating techniques. The free
standing NTs were prepared by removing the alumina membrane template with wet/dry
etching after the deposition of NTs. The wall thickness (tw) of NTs were varied from 15 to 80
nm with the outer diameter fixed to 420 nm. We observed yellow/green emission near 2.3 eV
for all NTs, which may originate from oxygen vacancy. The emission intensity increased
dramatically with decreasing temperature (T). While the lowest T intensity was bigger with
decreasing tw, the estimated activation energy hardly changed with tw. We also found that the
peak position of the emission shifted to higher energy with the decreasing tw. We discuss our
findings in relation to the geometry of our PbTiO3 NTs.
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Characteristics of the dye-sensitized solar cell using a TiO2
Nanotubes by treated TiCl4
Jun Hyuk Yang*, Chung Wung Bark*, Kyung Hwan Kim*
and Hyung Wook Choi*
* Department of Electrical Engineering, Gachon University, SeongNam -Si,
461-701, Korea
Dye-sensitized solar cells have been intensively studied since the discovery of them in 1991.
however, a number of problems remain to be solved in order to enhance their efficiency. In
particular, one of the main limiting factors is the electron recombination that occurs due to
contact between the transparent conductive oxide and the redox electrolyte.
In this work, we report an improvement in the photovoltaic characteristics of dye-sensitized
solar cells by using a TiCl4 treated TiO2 Nanotube. The introduction of TiO2 nanotube, with a
much more open structure, allows the polymer electrolyte to penetrate easily inside the film,
increasing the interfacial contact between the nanotube/dye and the electrolyte.
In addition, a suitable amount of TiCl 4 in the film could provide a large surface area for dye
adsorption. Therefore, It is well known that the photocurrent of DSSC is correlated directly
with the number of dye molecules, with more dye molecules adsorbed leading to more
incident light being harvested, as well as a larger photocurrent. It is expected that the
photoelectrical performance of the DSSC can be improved.

Fig 1. Photoelectrode of DSSC
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Electrically Tunable Nanobeam Laser Immersed in Liquid
Crystal
Sejeong Kim*, Whimin Kim*, Jaehyun Son**, Yun-Ho Kim***, Bumki Min**,
Yong-Hee Lee*
* Physics, KAIST, Daejeon, 305-701, Korea
** Mechanical Engineering, KAIST, Daejeon, 305-701, Korea
*** Advanced Functional Materials Research Group, KRICT, Daejeon, 305-600,
Korea
Spectral tunability is one of the key attributes required in integrated photonic platform.
Photonic devices can be made tunable by using materials such as chalcognide, liquid crystal,
or oxidized layer. Among these materials, liquid crystal has very large electro-optic
coefficient and is commonly used.
In this study, spectral tuning of 6.5 nm is achieved from 1-D nanobeam laser immersed in
nematic liquid crystal. Electric field is applied by using lateral electrodes whose spacing can
be controlled lithographically. The lateral electrode enables high electric field with small bias
across the nanobeam. In the experiment, the maximum electric field was 1.92 V/μm. Transfer
printing techniques are employed to place nanobeams between electrodes with sub-micron
precision.

Fig 1. Schematic of the nanobeam and lateral electrodes.
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THz emission from Bi2Se2Te topological insulator induced
by surface electronic structure
Hyejin Choi1, Taehyeon Kim1, Youngmoon Kim1, Ju Heyuck Baeck1, Jongseok
Lee2, Soon-Hee Park2, Chul-Sik Kee3, Kwang-Ho Jeong1, Chul-Kang3, MannHo Cho1*
1
Institute of Physics and Applied Physics, 50 Yonsei-ro, Seodaemun-gu, Yonsei
University, Seoul 120-749, Republic of Korea
2
Department of Physics and Photon Science 123 Chemdan-gwagiro (Oryongdong), Buk-gu, Gwangju 500-712, Republic of Korea
3
Advanced Photonics Research Institute, Gwangju Institute of Science and
Technology, Gwangju, 500-712, Republic of Korea
We demonstrate that a terahertz (THz) wave can be generated from the (001) surface of
single crystalline Bi2Se2Te1 thin film using the 790nm femtosecond pulses. The multilayer
films composed of alternate layers of Bi and Se (Te) ([Bi3Te9]n/[Bi3Se9]n,) were fabricated by
controlling the layered thickness within atomic scale using thermal evaporation techniques.
The as-grown thin film is amorphous phase, p-type THz polarity. However, annealed thin
film is single crystalline Bi2Se2Te1, n-type THz polarity. It is because of Se and Te vacancies
behave as electron donor site, resulting in n-type characteristics. THz polarity is coincident
with major carrier type by Hall measurement. In a topological insulator, the generated THz
power strongly depends on built-in electric fields at the surface. Moreover, the intrinsic
charge inhomogeneity in the vicinity of the surface and, as a result, band-bending effects
were reported. Consequently, both photo-Dember effect and surface depletion effects are
possible mechanism for THz emission in Bi 2Se2Te1 single crystal thin film.
In summary, we show that fabrication of Bi 2Se2Te1 single crystal thin film through the
thermal evaporator on Si substrate. We observed efficient THz emission from the surface
charge by using the femtosecond laser pumping of a topological insulator Bi 2Se2Te1. This
work gives useful information for the surface electrons in topological insulator.
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Single-, double-, and triple layer MoS2 dielectric
properties demonstrated by field-effect transistor
performance
Sung-Wook Min*, Hee Sung Lee*, Hyoung Joon Choi*, and Seongil Im*
* Department of Physics, Yonsei University, Seoul 120-749, Korea
After the scotch tape process of grapheme, 2-dimensional materials have been extensively
studied. The representative material, graphene attracted great attention of many groups due to
its excellent mobility, and several physical phenomena. But until now, the meV-range
bandgap makes its application for semiconductor device challenging. Meanwhile, MoS2 has
shown good electrical, and optical properties.
The thickness dependence of MoS2 properties also has been studied by many groups. We
fabricated single-, double-, and triple-layer MoS2 based, top gate field effect transistors
(FETs) by applying high-k material Al2O3, and metal gates, and measured their electrical
properties.
While a single-layer based FET showed mobility of ~170 cm 2/Vs with of subthreshold swing
(SS) of 90 mV/dec, double- and triple-layer FETs performed only mobilities with ~25 and
~15 cm2/Vs, and SS of 0.5 and 1.1 V/dec, respectively.
This result may be attributed to the dielectric constant increase, with respect to MoS 2
thickness, which could weaken the effect of high-k material.

Fig 1. (a) The transfer and (b) linear mobility curves of 1, 2, and 3 layer MoS2 top gate FETs with 40
nm-thin Al2O3 dielectric. The inset shows 2D schematic of our top gate devices.
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Robust Preparation of Core-shell Structure Silica/polymer
Nanocomposites by Using Surface-Initiated ARGET
ATRP
Thanh Binh Mai, Thi Nga Tran and Kwon Taek Lim
Department of Image Science and Engineering, Pukyong National University,
Busan, 608-802, Republic of Korea
The polymeric nanocomposites with well-defined core-shell nanostructure have gained
increasing scientific interest due to their potential for advanced devices in variety of practical
multi-disciplines. Generally, the composites of inorganic fillers and polymers could be
obtained by simple physical blending. Nevertheless, the physical absorption of polymer onto
inorganic nanoparticles is not strong enough to achieve the efficient processing of materials
as well as stable performance of devices. Alternatively, stable chemical bond between surface
and polymer chains has expected to overcome the notorious drawbacks of physical approach.
In this discussion, we presented a robust route for preparation of core-shell structure
nanocomposites composed of silica nanoparticles and poly(methyl methacrylate) by taking
advantages of surface-initiated ARGET ATRP. The core-shell structure of as-synthesized
nanocomposites was demonstrated by electron microscopies including TEM and FE-SEM. In
addition, the colloid stability of the nanocomposites was found to be remarkably improved as
a consequence of existence of polymer layer stabilizers.
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Temperature dependence of dielectric functions of InSb
by parametric representation
J. Choi, T.J.Kim, H.G.Park, J.Y.Kim, J.C.Park and Y.D.Kim
Nano-Optical Property Laboratory and Department of Physics, Kyung Hee
University, Seoul, 130-701, Korea
InSb is a promising material for optical devices, particulary for high-frequency and
nonlinear-optical applications. In device processing, the complex dielectric functions
of InSb should be known as a continous function of temperature for engineering
high-performance devices. However no analytic representation of these dielectric functions as
a function of temperature has yet been reported.
Here, we report the parameters required to calculate and represent over the energy range of
0.74 to 6.46 Ev and the temperature range from 31 to 675 K using parametric model (PM).
The PM has the advantages of better representing the physics and avoiding unphysical
assumptions. The dielectric functions of InSb are modeled as a sum of energy-bounded
Gaussian-broadened polynomials and poles. The parameters were extracted by fitting the
spectra with the parametric model. The dependence of temperature is achieved by assuming
that the model parameters are fitted by polynomial and we are therefore able to specify the
dielectric functions of InSb for arbitrary temperature in the specified spectral range. These
results are expected to be useful in many contexts, including the in-situ growth control and
the design of high-frequency electronic devices based on InSb.
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Fig 1. Imaginary part of dielectric function of InSb
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Effects of heat treatment on thermoelectric properties of
cobalt-antimony thin films
Seungwoo Han*,**, Aziz Ahmed**
* Department of Nano Mechanics, Korea Institute of Machinery and Materials,
Daejeon, 305-343, South Korea
** Department of Nano Mechatronics, University of Science & Technology,
Daejeon, 305-343, South Korea
The growing concern over increasing energy cost and environmental pollution associated
with fossil fuel sources has headed up as a social problem and has stimulated the search for
cleaner, more sustainable energy source. Among the viable technologies, thermoelectric
energy devices have many advantages, such as a long operating lifetime, solid-state operation,
and zero emissions.
Among thermoelectric materials, Co-Sb alloy have excellent thermoelectric properties in the
temperature range 500~900K. As the Co-Sb base materials are low cost and eco-friendly
compare with Te base materials.
In this study, n-type Co-Sb thin films were developed for thermoelectric applications at
higher temperature. Co-Sb thermoelectric thin film on Si/SiO2 substrates have been deposited
by co-sputtering. Co and Sb Composition ratio were controlled and in order to enhance
thermoelectric properties of Co-Sb films. After deposition, effects of heat treatments on
thermoelectric properties of Co-Sb thin films were investigated.
Co-Sb thin films were analyzed using X-ray diffraction, field emission–scanning electron
microscopy (FE-SEM) and energy dispersive X-ray spectroscopy (EDS). Co-Sb thin films
were measured electrical properties and Seebeck coefficient with temperature.
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Fabrication and characterization of bismuth sodium
titanate nanopowers by high-energy ball milling method
Krittiya Thongrod, Chontira Sangsubun*
* Department of Physics, Faculty of Science, Thaksin University, Phatthalung,
93110, Thailand
Lead-based piezoelectric ceramics with a perovskite structure based on lead zirconate titanate
(PZT) are widely used for actuators, sensors and microelectronic devices. However, the
toxicity of lead oxide and its high vapor pressure during calcination and sintering process
cause a serious pollution and environmental problems. To reduce and eliminate lead pollution
and replace PZT-based ceramics, lead-free piezoelectric materials have been studied.
Recently, piezoelectric properties and high Curie temperatures based on bismuth sodium
titanate derivatives have been considered to be an excellent candidate.
In this study, nano-sized bismuth sodium titanate (Bi0.5Na0.5TiO3) powders were synthesized
via a high-energy ball milling for 30, 60, 90, 120 and 150 minutes, followed by calcination
process at temperature between 600 and 800 C for 2 hours. X-ray diffraction (XRD) results
showed the single Bi0.5Na0.5TiO3 phase started at temperature above 700 C. Scanning
electron microcopy revealed that the grain size of the powder samples were ball milled for
150 minutes with an average size smaller than 200 nm (fig.1).

Fig 1. SEM micrograph of Bi0.5Na0.5TiO3 powders was ball milled for 150 minutes.
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Relaxivities of Hydrogen Protons in an Aqueous Solution
of Rod-typed Manganese Nickel Ferrite Nanoparticles
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Manganese nickel ferrite nanoparticles were synthesized using the coprecipitation method
and were coated with PEG. TEM (transmission electron microscope) pictures showed that the
synthesized nanoparticles were rod-shape with an average width of 5 nm and length of 17 nm.
The bonding status of PEG on the nanoparticle surfaces was checked using a Fourier
transform infrared spectrometer (FTIR). The XRD showed that the nanoparticles have spinel
ferrite structures. The T1 and T2 relaxation times of the hydrogen protons in aqueous
solutions of the coated nanoparticles were determined using nuclear magnetic resonance
spectrometer showing that manganese nickel ferrite nanoparticles were applicable as both T 1
and T2 MRI contrast agents.

Fig. TEM images of coated nanoparticles.
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Flexible ferroelectric nonvolatile memory enabled with
graphene and PZT nanomaterials
Wonho Lee1, and Jong-Hyun Ahn1
School of Electrical & Electronic Engineering, Yonsei University, Seoul, 120749, Korea
Flexible electronics became remarkable part owing to their broad range of applications such
as flexible cell phone, smart card, biomedical sensor and RFID tags. Especially flexible data
storage system is essential to these kinds of flexible electronic applications. Organic materials
and graphene based flexible nonvolatile memories have been developed owing to their good
flexibility, but their relatively poor electrical characteristics and reliability limit the utility of
these approaches. [1]
In this talk, we present the flexible nonvolatile memory device based on inorganic materials
and graphene on a plastic substrate. The single layer graphene grown by CVD methods is
used as a channel and PZT films formed using sol-gel methods a high remnant polarization
(Pr) of 30 μC/cm2 and a coercive voltage (Vc) of 3.5 V under a voltage loop over ± 11 V.
The graphene-based FET with a PZT film on a plastic substrate presents an on/off current
ratio of 6.7, a memory window of 6 V.
Anti-ferroelectric effects generated from a charge trapping by water, impurities and defects at
the interface between graphene and PZT usually disturb the ferroelectric performance of PZT
dielectric and cause the clockwise polarization to the device. [2,3] These anti-ferroelectric
effects were suppressed by electrolyte treatment. [4,5] Finally devices show the clockwise
direction of hysteresis, reliable retention and cycling properties. In addition, devices show
well operation in bended states of bending radii up to 9mm. The devices exhibited
remarkable mechanical properties and were readily integrated with plastic substrates for the
production of flexible circuits. This approach suggests that graphene based FeFET with PZT
films on a plastic substrate can be an alternative option for flexible nonvolatile memory
device.

[1] Y.-J. Doh and H.-C. Yi, Nanotechnology,21, 105204(2010).
[2] E. Song et al., Appl. Phys. Lett., 99, 042109 (2011).
[3] X. Hong et al., Appl. Phys. Lett., 97,033114 (2010).
[4] F. Chen et al., Nano letts., 9, 1621 (2009).
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Performance of Dye-Sensitized Solar Cells Coated with
Phosphors layer
Young Moon Kim 1, Kyung Hwan Kim 1, Chung Wung Bark 1, Hyung Wook
Choi 1,
*1 Department of Electrical Engineering Gachon University,1342 Seong
namDaero, Sujeong-Gu, Seongnam-Si, Gyeonggi-Do, Korea, 461-701
Considerable effort has been devoted to the study of dye-sensitized solar cells (DSSCs) since
they were first reported by Gratzel and O’Regan in 1991. Generally, N-719 absorbs only
visible light in the wavelength range 400–700 nm; therefore, it does not allow utilization of
most of the solar infrared ray. If the infrared ray could be converted into the visible light by
conversion luminescence, which can then be reabsorbed by the dye in DSSCs, the amount
solar irradiation utilized could be increased; this would effectively enhance the DSSC
photocurrent. To improve the harvesting of the incident light, we used phosphors in DSSCs.
The efficiency of DSSCs can be enhanced by increasing the quantity of light absorbed by
them. As a result, the efficiency of DSSCs with phosphor layers was higher than that of the
bare cells. In this paper, the efficient performance and characterization studies of DSSCs
coated with phosphor layers are discussed.

Fig 1. Structure of DSSC
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Quenching silicon quantum dots by high magnetic fields
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Recent progress in single ion implantation and in electron beam lithography below 10 nm
have led to an increasing interest towards the development and the study of single atom
devices, with the aim on either implementing quantum computing or realising high-frequency
single electron pumps. However the fabrication of such device is still challenging. Here we
present a preliminary attempt to use very high pulsed perpendicular magnetic fields to quench
a doped silicon quantum dot to a single donor.
Magnetic field and temperature dependencies of the conductivity demonstrate the
competition between the metallic-like behaviour of the leads and the insulating character of
the quantum dot (metal to insulator transition). At sufficiently high fields, localization is
enhanced in the quantum dot and the effective dot diameter becomes controlled by the
magnitude of the applied field. In the low temperature regime, strong influence of localizing
centres is observed below 39 T (weak localization and blockade effects). At 39 T, the
magnetic field length becomes comparable to the Bohr radius. Above, the quantum dot is
successfully quenched to a single donor leading to a drastic decrease in conductivity.

Fig.1 : Left : magnetoresistance at different temperatures (a) and observed metal to insulator transition
(b); Right : three type of regimes observed at low temperature (a) and conductivity dependence in
source-drain bias and magnetic field showing the critical field at 39 T where quenching occurs (b)
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Electric characteristics of flash memories containing a
dielectric layer blocking formation of filaments
Ju Tae Ryu, Sung Whan Jang, and Tae Whan Kim*
Department of Electronics and Computer Engineering, Hanyang University,
Seoul 133-791, Korea
Flash memories have attracted a great deal of interest because of their potential applications
in nonvolatile memory devices. The advantages of the flash memories are a high writing
speed, a low program voltage, a simple structure, and a good retention. Even though studies
concerning flash memories with various structures have been extensively performed to
enhance electrical characteristics, investigations concerning the effect of the inserted
dielectric layer on the electrical characteristics of the flash memories have not been
conducted yet. However, conventional flash memories containing a polycrystalline silicon
floating gate have several problems of the short channel effect, the large leakage current, and
the disturbances of the program characteristics due to the decrease of the device size.
This paper reports data for the improvement of the electric characteristics of the flash
memories containing a dielectric layer. The distributions of the conductivity filaments for the
flash memories were calculated by using a fully three-dimensional technology computer
aided design tool. The current variations of the flash memories were investigated by the
random formation of the conductivity filament. The inserted dielectric layer of the flash
memories decreased the forming region of the conductivity filament. The electrical
characteristics of the flash memories were improved due to a decrease in the variation of the
conductivity filament distribution.
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 (2013-016467).
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Facile preparation and optical properties of poly(Nisopropylacryamide)-graft-TiO2 nanocomposites
Thi Nga Tran, Thanh Binh Mai and Kwon Taek Lim
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Busan, 608-802, Republic of Korea
In this study, the successfully fabrication of hybrid titanium dioxide (TiO 2) nanoparticles
(NPs) conjugated with thermo-responsive poly(N-isopropylacrylamide) (PNIPAm) and their
thermal, optical properties were reported. Surface-initiated single electron transfer living
radical polymerization (SI SET-LRP) of N-isopropylacrylamide (NIPAm) was manipulated
rapidly in aqueous solution at ambient temperature from the surface of α-bromoisobutyrate
functional TiO2 NPs by using Cu(0) wire/N, N, N’, N’’, N’’-pentamethyldiethylenetriamine
(PMDETA) as the catalyst. The as-prepared PNIPAm-g-TiO2 nanocomposites exhibit a
particular dispersion effect at ambient temperature in aqueous solution due to the
hydrophilicity of the grafted PNIPAm. Interestingly, the optical properties of the
nanocomposites were found to be tunable by the shift of external temperature.

Fig 1. The thermo-responsive behavior of as-prepared PNIPAm-g-TiO2 nanocomposites.
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Novel emission property in Cu ion doped SrZrO3
nanocrystals
D. J. Lee, M. H. Cho, and Y. S. Lee
Department of Physics, Soongsil University, Seoul, 156-743, Republic of Korea
Transition metal ions are one of the most interesting impurities for electronic materials. They
introduce deep levels in the gap region of the host material and the optical properties of the
material are influenced by the formation of the deep levels. Motivated by this, we
investigated the optical properties of the Cu-ion doped SrZrO3 (SrZrO3:Cu) nanocrystals
(NCs) with variation of the crystallinity degree by the high temperature annealing.
Polycrystalline SrZrO3:Cu NCs were prepared in the combustion method, and the doping
concentration of Cu ions were varied up to 5 %. We observed new photoluminescence signals
near 600 nm and 800 nm with light excitation from a 325 nm laser source for our NCs. As the
crystallinity is enhanced and the grain sizes of NCs increase, these new emissions develop
gradually. We measured the absorption spectra of the SrZrO3:Cu NCs and found that the
formation of the mid-gap state identified in the spectra is closely related to the new emission
modes. We compare our findings with the case of the bulk samples.
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Manipulating of quantum states with GHz photons in
silicon quantum dots and isolated structures
T. Ferrus1, A. Rossi1, T. Kodera2, T. Kambara2, Oda2 and D. A. Williams1
1
Hitachi Cambridge Laboratory, J. J. Thomson Avenue, CB3 0HE, Cambridge,
UK
2
Quantum Nanoelectronics Research Centre, Tokyo Institute of Technology, 2-121, Ookayama, Meguro-ku, Tokyo, 152-8552 Japan
With the aim of implementing quantum computation, two types of addressing are currently
being used. The first consists in sending a train of voltage pulses to metallic gates in order to
implement unitary gate operations. This allows a direct and easy access to the qubit but may
incur fabrication and integration issues in large-scale architectures. Alternatively, photons
could be used. In this case, scalability to multi-qubits is reduced to frequency multiplexing.
However, this requires an appropriate coupling between electrons and the incoming photons.
The past few years we have been developing CMOS-compatible devices (silicon quantum
dots and isolated double quantum dots) as well as methods that allow qubits manipulation by
the use of GHZ photons in silicon dots at temperatures as high as 4.2 K. In particular, we
observed specific frequencies in the GHz range at which photons induce electron tunneling
between a pair of localized states across the tunnel barrier of a quantum dot. Similar method
is applied successfully to an electrically isolated double quantum dot carrying charge qubit
states. The observation of photon-induced Rabi oscillations in such a system at 4.2 K with a
T2

Fig 1. Coulomb blockade shifts induced by 1 and 2 electron tunneling triggered by GHz photon
absorption in a QD (left); Rabi oscillations with increasing microwave power at 4.2 K.
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Fabrications of nanostructures and nanopatterns using
carbon nanotubes as a mask
Woong-bin Yim, Huiseong Jeong, S.J. Park, Y.H.Ahn, Soonil Lee, Ji-yong
Park
Division of Energy Systems Research, Ajou University, Suwon 443-749 Korea
In this study, we fabricated nanostructures and nanopatterns using carbon nanotubes (CNT)
as an etch mask utilizing big differences in sputtering yields between CNTs and polymers
such as poly(methyl methacrylate) (PMMA) with Ar ions.
Single-walled carbon nanotubes (SWCNTs) are synthesized by thermal chemical vapor
deposition and transferred to PMMA films by the transfer printing method. When the PMMA
film with SWCNTs is subject to Ar plasma, SWCNTs act as an etch mask protecting PMMA
region underneath due to the different sputtering yields between SWCNT and PMMA. In this
way, one-dimensional nanowalls with the width comparable to that of SWCNTs can be
formed on the PMMA film. The aspect ratio of nanowalls can be controlled by the diameter
of SWCNTs, power and exposure time of Ar plasma. We investigated the formation of
nanowalls by atomic force micrsocopy, Raman spectroscopy, and electron microscopy. We
can also fabricate nanowires and nano-gaps in various materials using such nanostructured
patterns.
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Synthesis and characterization of photoluminescent
nanohybrid of poly(ε-caprolactone)-grafted- polyhedral
oligosilsesquioxane by combination of ring-opening
polymerization and click chemistry
Xuan Thang Cao, and Kwon Taek Lim
Department of Imaging System Engineering, Pukyong National University,
Busan 608-737, Korea
A novel photoluminescent nanohybrid of poly(ε-caprolactone) (PCL), polyhedral
oligosilsesquioxane (POSS) and terbium ions (Tb 3+) was synthesized by the combination of
ring-opening polymerization (ROP), click chemistry, and coordination chemistry. Initially,
the acetylene functionalized PCL was prepared by ROP of ε-caprolactone, followed by
esterification of the hydroxyl groups using succinic anhydride. Meanwhile, azide-substituted
POSS (POSS-N3) was prepared by the reaction of chloropropyl-heptaisobutyl-substituted
POSS with NaN3. The click reaction of alkyne-PCL and POSS-N3 using CuBr/PMDEAT as a
catalyst afforded POSS-g-PCL which was coordinated with Tb3+ ions in the presence of 1,10phenanthroline (Phen). The structure and properties of the nanohybrids were investigated by
FT-IR, 1H NMR, XRD, EDS, SEM, TEM, and TGA analyses. The data indicate the
coordination of Tb3+ ions with POSS-g-PCL nanohybrids. The gel permeation
chromatography analysis of POSS-g-PCL further suggests the preparation of nanohybrids by
the combination of ROP and click chemistry. The POSS-g-PCL-Tb3+-Phen complexes
showed four emission bands with high fluorescence intensity centered at 489 nm, 546 nm,
586 nm and 623 nm with excitation at 328 nm. The stability of POSS-g-PCL-Tb3+-Phen
complexes under UV irradiation was high, and no leaching effect was observed.
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Thermoelectric properties of the mixed layer MoX2 (X=S,
Se, Te) composite
Jin Hee Kim1, Jong-Soo Rhyee1
1
Department of Applied Physics, Kyung Hee University, Yongin 446-701,
Korea
The metal dichalcogenide MoX2 (X=S, Se, Te) have attracted attention due to the extremely
high mobility even though it has a large band gap. Recently, from the calculation by
Boltzmann transport, a mixed layer by the MoX2 can form metallic surface state by the
change of the band structure. To investigate this result, MoSe 2 and MoTe2 were mixed and
sintered by hot press sintering. From the XRD measurement parallel to the press direction, we
observed preferred orientation along the (00l) direction. Previous studies of the bulk MoX 2
compounds showed very low sample density with 60~70 % of theoretical density. We can
successfully synthesize the high density MoX2 compounds about the theoretical density by
vibration-high pressure sintering method. The electrical resistivity is decreased in the mixed
layered MoSe2/MoTe2 composite comparing with pristine compounds of MoSe 2 and MoTe2.
In addition, thermal conductivity is decreased by phonon scattering at the mixed layer surface
of the MoSe2/MoTe2 composite.
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Simulation of charge-based qubit dynamics in double
quantum dots
J. Mosakowski1, T. Ferrus2, D. A. Williams2, A. Andreev2 and C. H. W. Barnes1
1Thin Film Magnetism Group, Cavendish Laboratory, J. J. Thomson Avenue, CB3
0HE, Cambridge, United Kingdom
2Hitachi Cambridge Laboratory, J. J. Thomson Avenue, CB3 0HE, Cambridge,
United Kingdom
Quantum computation offers ways of solving problems which are unreachable for
conventional computers [1]. The basic unit of quantum computation is the qubit and double
quantum dots (DQDs) are of great interest as candidates for implementing solid state qubits.
One of their greatest advantages is long coherence time of the electrons confined in the dots.
The use of geometrically isolated structures (with the detectors coupled capacitively) improves
the electrical isolation of the dots from the rest of the system, however, it makes the detection
process more challenging [2].
In our research, we have computationally modelled the dynamical behaviour of an electron in
a 2D quantum dot using the time-dependent Schrödinger equation and the finite difference
method. Starting with spatial and temporal discretisation of the system and using Taylor's
theorem allows to convert the problem into a finite set of equations, which then can be solved
iteratively over time to investigate the dynamics of the particle. This method proves to be
highly convergent, stable and accurate. In particular, total electron probability is conserved [3].
Using this 2D solver, any electron evolution can be modelled as well as any time-dependent
potential to control it. It is also possible to investigate how finite raise (fall) times of the
controlling pulses affect the quality of the oscillation, in particular its amplitude [Fig. 1].

Fig. 1. Amplitude measurement for
various detunings and raise times.

[1] M. A. Nielsen and I. L.
Chuang, Quantum Computation and
Quantum Information (Cambridge
University Press, Cambridge, 2000).
[2] T. Ferrus, A. Rossi, M. Tanner, G. Podd,
P. Chapman and D. A. Williams, Detection
of
charge motion in a non-metallic silicon
isolated double quantum dot, New Journal
of
Physics 13 (2011) 103012.
[3] Jon J. V. Maestri, Rubin H. Landau and
Manuel J. Páez, Two-particle Schrödinger
equation animations of wave packet–wave
packet scattering, American Journal of
Physics 68, 12 (2000).
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An effective way to form multi-stacked ferroelectric layers
by solution-process and its application to transistor for
nonvolatile memory
Won-Yong Lee*, Woo Young Kim**, and Jin-Hyuk Bae*
* School of Electronics Engineering, Kyungpook National University, Daegu,
702-701, Republic of Korea
** Department of Mechanical Engineering, Korea Advanced Institute of Science
and Technology (KAIST), Daejeon, 305-701, Republic of Korea
In a solution-process, multiple-stacked-layer structures which are definitely required in
organic based electronic devices are difficult to fabricate because the use of an additional
solvent may dissolve the previously deposited organic films or change the physical and
chemical characteristics of the interface of the bottom layers. To solve these difficulties,
selection of the solvent must be done carefully. As the complexity of devices increases, the
possibility of choosing an appropriate solvent decreases. This study demonstrated a new
method to fabricate ferroelectric polymer multilayered films. The main idea behind the
multilayered structure is to manipulate the solubility of the solution. The solubility can be
fine-tuned by adding a tiny amount of insoluble solvent. Therefore, a composition of wellknown solvents represents a new chance to fabricate organic devices easily. We applied this
technique to fabricate a functional ferroelectric gate dielectric layer to be used in nonvolatile
memory applications. The ferroelectric dielectric fabricated through multiple coatings in a
pentacene field-effect transistor showed superior performance in terms of the ON/OFF ratio,
subthreshold swing, and saturated mobility due to the spontaneous planarization of the
ferroelectric dielectric layer.
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Ultrafast spin-polarized exciton dynamics in conducting
polymer polyaniline
Soonyoung Cha*, Jaemoon Yang**, Inhee Maeng*, Seung Jae Oh**, YongMin Huh**, and Hyunyong Choi*
* School of Electrical and Electronic Engineering, Yonsei University, Seoul
120-749, Korea
** Department of Radiology, YUMS-KRIBB Medical Convergence Center,
College of Medicine, Yonsei University, Seoul 120-752, Korea
The conducting polymer polyaniline (PANI) has a wide range of optoelectronic
applications due to its unique electronic and optical characteristics. The nature of the charge
type that governs its non-equilibrium optical response has been barely understood; a number
of studies have debated the nature of photo-generated charge type in PANI, whether it is
governed by polarons or excitons. Here, we report experimental studies that the charge
relaxation dynamics of PANI are dominated by excitons. Utilizing ultrafast spin-resolved
pump-probe spectroscopy, we observed that the charge dynamics in PANI exhibits a spin
Pauli-blocking phenomenon. Our investigations reveal that there is no spin-flip process
involved in the charge relaxation, providing compelling evidence of an exciton-dominated
photo-response in PANI.

Fig 1. (Left) Schematic of the experiment and differential transmission data. (Right) Time-resolved signal for
spin-independent (S+) and spin-dependent (S-) pump-probe data. Inset indicates Pauli-blocking effect.
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Effects of thermal annealing on the fluorescence and
amplified spontaneous emission properties of
pentafluorene thin film
E.Y. Choi*, L. Mager**, A. Barsella**, T.T. Cham*, M. Uchiyama***,
T. Aoyama***, D. Pitrat****, Koukou D. Dorkendoo**, A. Fort**, C. Andraud****,
J.W. Wu* and J-C. Ribierre*,*****
*
CNRS-Ewha International Research Center, Department of Physics,
Ewha Womans University, Seoul, 120-750, Korea
**
Institut de Physique et Chimie des Matériaux de Strasbourg (IPCMS), CNRSUniversité de Strasbourg, Strasbourg, 67034, France
***
Elements Chemistry Lab., RIKEN, Wako, 351-0198, Japan
****
CNRS-Lyon, Ecole Normale Supérieure de Lyon, Lyon, 69007, France
*****
Center for Organic Photonics and Electronics Research (OPERA),
Kyushu University, Fukuoka, 812-8581, Japan
Fluorene derivatives are a very promising class of materials for organic light-emitting and
laser devices. In this work, we investigate the influence of a thermal treatment on the
photophysical properties of pentafluorene thin films. Annealing of the films at 100 °C for 1
hour was found to cause a 7 nm blue-shift in both the photoluminescence (PL) and the
amplified spontaneous emission (ASE) spectra. In parallel, the PL efficiency, the ASE
threshold and the laser gain measured in the nanosecond regime by the conventional variable
strength length technique were not significantly modified by the thermal treatment. The
results suggest that the observed photophysical behavior is due to a molecular rearrangement
upon annealing[1]. Overall, this work indicates a scope for color adjustment of pentafluorene
blue light-emitting diodes and lasers without affecting their efficiencies and demonstrates the
strong potential of this fluorene derivative for organic optoelectronic applications.
[1] J.C. Ribierre et al., Org. Electr. 10, 803 (2009).
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A study of relationship between cracks and environmental
conditions in a solution-processed organic transistor
Jin-Hyuk Kwon*, Gyeong-Tae Park*, Jae-Hyun Kim*, Ji-Hoon Jung*, DongWook Kim**, Jong Sun Choi**, Jaehoon Park***, and Jin-Hyuk Bae*
* School of Electronics Engineering, Kyungpook National University, Daegu,
702-701, Korea
** Department of Electrical, Information and Control Engineering, Hongik
University, Seoul, 121-791, Korea
*** Department of Electronic Engineering, Hallym University, Chuncheon,
200-702, Korea

Organic thin-film transistors (OTFTs) have attracted considerable attention due to their
potential for various electronics. Compared with conventional vacuum-processed OTFTs,
solution-processed OTFTs have unique advantages of large-area and cost-effective. However,
for the solution-processed OTFTs, mobility, one of key parameters determining the device
performance, is relatively low. In order to increase the mobility in solution-processed OTFTs,
many approaches have been reported. In this regard, it is recently reported that cracks are
found to be inevitably occurred and the generated cracks severely deteriorates the electrical
performances in solution-processed OTFTs. Although crack is extremely important to
understand the underlying mechanism for enhancing the electrical properties, a clear picture
of how the cracks are affected on the device performance has not been fully explored so far.
In this work, we investigate the physical relationship between cracks and environmental
conditions in a solution-processed organic thin-film transistor in a view point of electrical
properties. Since the crack can differently act according to environmental conditions, the
electrical performances of transistors are more likely to be affected by the types of external
environments.
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Hybrid effect of rubrene nanorod with CdSe/ZnS
quantum dots : Application to optical waveguiding
Woo-Sung Moon1, Eun Hei Cho1, Jeongyong Kim2, Jinsoo Joo1
1
Department of Physics, Korea University, Seoul 136-713, Korea
2
Department of Energy Science, SungKyunKwan University, Suwon 440-746,
Korea
jjoo@korea.ac.kr
We investigate the optical waveguiding characteristics of luminescent organic rubrene (5, 6,
11, 12-tetraphenyltetracene) nanorod (NR) hybridized with CdSe / ZnS coreshell quantum
dots (QDs). The rubrene NRs were synthesized by physical vapor transport. The optical and
structural properties of rubrene NR were investigated using UV/Vis absorption,
photoluminescence (PL) spectra and HR-TEM images. For the hybrid NR, the attached area
of QDs with various light-emission properties on the NR was precisely controlled. The output
(i.e., waveguided) laser confocal microscope (LCM) PL spectra as a function of propagation
distance were measured with different input positions on a rubrene NR-QDs hybrid system.
The waveguided emission intensity of rubrene NR-QDs hybrid system was changed by
optical properties of the attached QDs and different laser excitation wavelength. The results
could be explained by an energy transfer effect between rubrene NR and QDs.
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In situ photoemission measurements of interfacial
electronic structures between poly(3,4ethylenedioxythiophene) polystyrenesulfonate and
indium–tin oxide
Soohyung Park, Junkyeong Jeong, Younjoo Lee, Jisu Yoo, Gyeongho Hyun,
Yeonjin Yi*
Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749,
Republic of Korea
Poly(3,4-ethylenedioxythiophene) polystyrenesulfonate (PEDOT:PSS) is the most widely used
buffer layer to improve the hole transport because of its superior properties such as high conductivity,
transparency and printability. Especially, indium-tin oxide (ITO)/PEDOT:PSS is a typical anode in
polymer light emitting diode and organic photovoltaic cells. However, a “pristine” interfacial
electronic structures between ITO and PEDOT:PSS is not clearly understood. It is due to the
incompatibility between ultra-high vacuum (UHV) measurement system for photoemission and
solution process for the formation of PEDOT:PSS film. Vacuum electrospray deposition was
proposed to overcome such limitations [1]: Step-by-step deposition of ultrathin PEDOT:PSS layer is
possible in UHV, thus the initial interface formation can be investigated with in situ photoemission
measurement.
In this study, ultraviolet photoelectron spectroscopy measurements were performed to figure
out pristine valence density of state of PEDOT:PSS and interfacial electronic structure between
PEDOT:PSS and ITO. We also found that the work function of PEDOT:PSS can be altered
significantly from its pristine value even in dry nitrogen atmosphere. This work function change
should be considered for the fabrication of PEDOT:PSS film in environment-controlled glove box.
[1] S. Park, Rev. Sci. Instrum. 83, 105106 (2012)
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Impedance analysis of carbon nanotube incorporated AC
polymer electroluminescence devices
Beomhee Won*, Eunji Bae**, SeGi Yu**
* Department of Physics, Sungkyunkwan University, Suwon, 440-746, Korea
** Department of Physics, Hankuk University of Foreign Studies, Yongin
Organic light emitting displays (OLEDs) are widely researched recently, due mainly to the
successful commercialization of TVs and mobile devises. Polymer-based OLEDs are cwidely
investigated with a focus on the so-called roll-to-roll process. To improve the devices, there
have been numerous researches such as, by modifying the structures of devices, synthesizing
new organic materials, and combining low-dimensional nanostructures. Carbon nanotubes
(CNTs) have been naturally examined by inserting them at the emitting layer or at the
electrode layer. Although the device performances of polymer OLEDs with CNTs in the
emitting layer were improved, the currents were increased substantially. It could be caused by
the network formation by CNTs through percolation of CNTs. Therefore, it is crucial to
modify the characteristics of CNTs, which does not contribute to the leakage current. The
first step to control the CNTs is to maintain the concentration of CNTs below the critical
concentration of the percolation. Here, alternating current (AC) CNT-incorporated OLEDs
were investigated--cyanoethyl pullulan (CRS) was used as a dielectric material, and poly[2methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) was used as an emitting
material. CNTs were intermixed with MEH-PPV by varying the concentration of CNTs,
which was compared with a reference sample (an OLED without CNTs). By using the
modified CNTs, the brightness of the CNT-organic composited devices was roughly 20~50%
brighter than the reference device and the current was reduced more than 40%. To explain
this behavior of percolation-related CNT networking, impedance analysis was performed for
the devices and model parameters were obtained. The detailed results will be presented at the
conference.

- 527 -

WED-OR-P08

Bias-stress effect in a 6,13-bis(triisopropylsilylethynyl)pentacene thin-film transistor with a solution-processed
polymeric insulator
Jae-Hyun Kim*, Gyeong-Tae Park*, Dong-Seok Song*, Dong-Wook Kim**,
Hyunji Shin**, Jong Sun Choi**, Jaehoon Park***, and Jin-Hyuk Bae*
* School of Electronics Engineering, Kyungpook National University, Daegu,
702-701, Korea
** Department of Electrical, Information and Control Engineering, Hongik
University, Seoul, 121-791, Korea
*** Department of Electronic Engineering, Hallym University, Chuncheon,
200-702, Korea
Because of the good solubility in typical solvents, 6,13-bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene) has been widely studied as an organic semiconductor material.
In addition, since solution-processes have comparative merits compared with conventional
vacuum-processes, many research groups on producing organic thin-film transistors have
reported a structure of TIPS-pentacene onto a solution-processed polymeric gate insulator
layer. Recently, for the case of TIPS-pentacene on a polymeric insulator, the electrical
properties have been dramatically improved, the mobility even reaches a comparable level to
vacuum-processed pentacene-inorganic insulating layer used case. However, for the biasstability issue, the fundamental aspects of the bias stress effects in TIPS-pentacene used
transistors with a polymeric insulator have not been fully studied and understood so far.
In this work, we will report the bias-stress effect on the electrical properties in a TIPSpentacene transistor with a polymeric gate insulator. For more concrete study, two types of
bias stresses, one of which is negative voltage toward stress and the other is positive voltage
toward stress were differently applied to our devices.
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Femtosecond transient absorption measurement of energy
transfer in discotic side-group liquid crystal polymers
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Fukuoka, Japan
Discotic liquid crystal molecules are noted for its self-organization property to achieve
high charge transport mobility in organic opto-electronic application. Energy transfer from
donor (D) to acceptor (A) in discotic mesogen triphenylene-perylene dyad (D-A) or triad (DA-D) is examined both in solutions and films by femtosecond transient absorption
measurement. Ti:Sapphier regen. amplifier laser system with 5kHz was employed. 325nm
pumping, fourth harmonics of 1300nm optical parametric amplifier, excites electrons in D,
and dynamics of energy transfer from D to A is monitored by probing with a white
continuum ranging 500nm-760nm. In Fig.1, we note two distinct features. Initial increase in
absorption exhibits an on-set time behavior with time constant, order of 10ps, associated with
the energy transfer from the excited state of D to the excited state of A. The remaining
transient absorption is related to the decay time, order of 1ns, of excited state of A.

Fig 1. Transient absorption spectrum of triad solution
with 325nm pumping and 700nm probe.
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Ultrafast charge separation dynamics at the
C60/GaAs(001) interface studied by time-resolved 2-photon
photoemission
Jeong Won Kim*, Heungman Park**, Xiaoyang Zhu**
* Korea Research Institute of Standards and Science, Daejeon 305-340, Korea
** Department of Chemistry, Columbia University, New York, NY 10027, USA
A typical structure of conventional hybrid photovoltaics consist of a polymer (or small
molecule) light absorber on n-type nanoparticles of wide band-gap semiconductors, such as
TiO2 and ZnO. If one uses a low bandgap inorganic semiconductor instead, light absorption
by both organic and inorganic materials may enhance solar energy harvesting. A basic
question about these hybrid solar cells is how charge carriers behave dynamically across the
organic/inorganic semiconductor interface. Using a model system of C60/GaAs(100) interface,
we probe charge separation by times-resolved 2-photon photoemission spectroscopy and
ultraviolet photoelectron spectroscopy. When a clean GaAs(001) surface is photoexcited
across the bandgap, electron cooling and charge separation occur on ~ 1ps time scales, as
controlled by the space charge field. At the C60/GaAs(100) interface, the energy level of the
C60 lowest unoccupied molecular orbital (LUMO) is very close to the GaAs conduction band
minimum (CBM) and electron transfer from photo-excited GaAs to localized C60 LUMO
becomes a competitive channel. The competition of charge separation channels through
delocalized or localized processes determines the rate of charge separation at the hybrid
interface.
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Effect of Inserting Hole Injection Layer in Organic Light
Emitting Diodes: Numerical Approach
Hyeongi Lee*, Youngwook Hwang**, Taeyoung Won***
* **, *** Department of Electrical Engineering, Inha University,
Incheon, 402-751, Korea
,

We discussed numerical study on multilayer Organic Light Emitting Diodes (OLEDs)
device which has the thin CuPc layer for hole injection layer (HIL). We used S-TAD
(2,2′,7,7′-tetrakis-(N,N- diphenylamino)-9,9′-spirobifluoren) for hole transfer layer, S-DPVBi
(4,4'-bis (2,2'- diphenylvinyl) -1,1'- spirobiphenyl) for Emission layer and Alq3 (Tris (8hyroxyquinolinato) aluminium) for electron transfer layer. We varied lowest unoccupied
molecular orbital (LUMO) and highest occupied molecular orbital (HOMO) of the thin CuPc
layer. Thereby we made five OLED devices. The first one is the reference device which HIL
has 5.3 eV of HOMO level and 3.8eV of LUMO level. The next one is the tri-layer device
which doesn’t have HIL. Another is the four layer device which has 4.5eV of LUMO level.
Finally, we varied HOMO level of HIL as 5.4 eV and 5.5 eV, these two device also used for
our simulation. In this paper, we simulated carrier injection, transportation and recombination
of these five devices. Thereby we showed the effect of HIL, as well as we demonstrated that
the characteristic of these devices has been improved by a thin layer of CuPc between the
anode and HTL.

Fig 1. Model structure of this work
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Stress induced increase of low frequency noise signal in
Blue organic light emitting devices
Yun Jeong Kim*, Gyu Tae Kim*
* Electrical Engineering, Korea University, Seoul, 136-701, South Korea
Influence of increased traps at the interface between the hole transport layer (HTL) and the
emission layer (EML) was analyzed statistically, using various electrical methods. For
comparison study, two kinds of organic light emitting diodes (OLEDs) were fabricated by
small molecule vapor deposition method. One of device has been kept in pristine condition
before undergoing electrical investigation. On the contrary, the other OLED was subjected to
ambient degradation, so here we called it stressed OLED. It was expected that the
performance of stressed OLED was affected by increase of interfacial defects between the
HTL and the EML.
The current level of stressed OLED was reduced and the charge balancing point of stressed
sample was shifted to the higher value of voltage by an ambient stress. Interestingly, the
intensity and the slope of a low- frequency noise in the stressed OLED were clearly higher
than those of pristine device. Consequently, the effect of interfacial traps in the degraded
OLED was made evident by the various electrical analysis.

Fig 1. Frequency dependence of the spectral power density for pristine and stressed OLED
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Ru(II) Complexes with TPA Derivatives as a Donor for
Dye-Sensitized Solar
Dong Min Chang*, Dong Yuel Kwon*, Young Sik Kim**
*Department of Information Display, Hongik University, Seoul, 121-791, Korea
** Department of Science, Hongik University, Seoul, 121-791, Korea
Novel heteroleptic ruthenium(Ⅱ) complexes [Ru(ppd)(tctpy)]+, [Ru(ppd-TPA)(tctpy)]+
and [Ru(CF3-ppyd-TPA)(tctpy)]+ were designed and theoretically investigated to increase
the molar absorptivity, where the ppd was 2-(3-(pyridin-2-yl)phenyl)pyridine, the tctpy was
4,4′,4″-tricarboxy-2,2′:6′,2″-terpyridine, the TPA was triphenylamine and the ppyd was 2phenyl-6-(pyridin-2-yl)pyridine. The density functional theory (DFT) and time-dependent
DFT (TD-DFT) calculations were performed to gain an insight into the factors responsible
for photovoltaic properties of dye sensitizer. It is shown that an absorption spectrum of
[Ru(ppd-TPA)(tctpy)]+ with TPA as a electron-donating group was red-shifted and
broadened compared to [Ru(ppd)(tctpy)]+, however the HOMO of [Ru(ppd-TPA)(tctpy)]+
was not properly positioned to react with I-. Therefore, the CF3 as an electron-withdrawing
group for stabilization of the HOMO was introduced at the HOMO moiety of [Ru(ppdTPA)(tctpy)]+. As the result, the HOMO of [Ru(CF3-ppyd-TPA)(tctpy)]+ was not only
stabilized by CF3 group but also maintained an intense and broad absorption spectrum
above 550 nm. Owing to the additional CF3-ppyd-TPA, [Ru(CF3-ppyd-TPA)(tctpy)]+ had a
broad absorption spectrum and high photovoltaic efficiency compared to other dyes.
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Numerical Analysis on Organic Light Emitting Diodes
Having a Bottom Mirror Layer
Youngwook Hwang, Hyeongi Lee, Taeyoung Won*
* Department of Electrical Engineering, Inha University, Incheon, 402-751,
Korea
In this paper, we report a theoretical study on the electronic-optical properties of the
organic light emitting diodes (OLEDs) devices. We employ the multilayer structure which
consists of N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)benzidine (TPD) as a hole trasport
layer (HTL) and tris(8-hydroxyquinolinato)aluminum (Alq3) as an electron transport layer
(ETL). The bottom mirror which enhances the efficiency of devices and is composed of a
distributed Bragg reflector (DBR) is inserted between ETL and substrate. The DBR
comprise two materials with refractive index difference. Our simulation revealed that the
insertion of the bottom mirror play a critical role in the emission property. We can observe
that the chromaticity of device is changed whether the bottom mirror is presented. The
modification results in enhanced emission compared to the basic OLED devices.

Fig 1. Schematic diagram illustrating the multilayer structure under this work
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Effect of 1,8-Diiodooctane for PCDTBT-based Organic
Photovoltaics
Zhihai Liu* and Eun-Cheol Lee**
* Department of Bio-Nano Technology, Gachon University, Gyeonggi 461-701,
Republic of Korea
** Department of Nano-Physics, Gachon University, Gyeonggi 461-701,
Republic of Korea
Organic photovoltaics (OPVs) have been rapidly developed during last two decades. In this
study, we used 1,8-diiodooctane (DIO) as a solvent additive in poly[N-9'-heptadecanyl-2,7carbazole-alt-5,5-(4',7'-di-2-thienyl-2',1',3'-benzothiadiazole)] (PCDTBT)-based OPVs and
improved the power conversion efficiency (PCE) by 20.9%. Fill factor (FF) and open-circuit
voltage (Voc) were improved by 18.4% and 5.3%, respectively, but short-circuit-current
density (Jsc) was decreased by 3.7%. The improved phase separation in the active layer
induced efficient charge dissociation and thus improved FF. The enhanced Voc was caused by
the reduced charge recombination. The best sample in this study had a PCE of 6.27%, with a
highest Voc value of 939 mV for PCDTBT-based OPVs with an ordinary structure.
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Leakage current behavior in MIM capacitor and MISM
organic capacitor with ultra-thin AlOX insulator
Jin-Hyuk Bae*, Min-Hoi Kim**
* School of Electronics Engineering, Kyungpook National University, Daegu,
702-701, Republic of Korea
**School of Global Convergence Studies, Hanbat National University, Daejeon,
305-719, Republic of Korea
We report on the current behavior of metal-insulator-metal (MIM) capacitor and metalinsulator-semiconductor-metal (MISM) organic capacitor with ultra-thin AlOX insulator. The
electrical characteristics of the MIM and MISM capacitor were investigated by the currentvoltage measurement or capacitance-voltage measurement. The leakage current of MIM
capacitor shows the asymmetric behavior in which the magnitude of the leakage current in the
negatively biased electric field is larger than that in the positively biased electric field. In
contrast, in the MISM organic capacitor, the positively biased electric field leads larger
leakage current than the negatively biased electric field. In the MIM capacitor, the Fermi-level
alignment induced by the difference of the work functions of the top and bottom electrodes
allows the asymmetric leakage current behavior of the MIM capacitors. In contrast, the type
of organic semiconductor dominantly determines the leakage current behavior of the MISM
capacitors. It is found that Fowler-Nordheim tunneling and direct tunneling is observed in the
positive and negative applied electric field, respectively in the MISM capacitors.
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Organic Photovoltaic Combined with Quantum Dot
for High Power Conversion Efficiency
Chul Gyu Jhun*, Changbum Moon*, Woo Young Kim*, Sang Hoon Chae**,
Jin Cao***, and Chao Ping Chen****
* Department of Optoelectronics Display Eng., Hoseo University,
Asan, 336-795, Korea
** Department of Electronics Eng., University, Hoseo University,
Asan, 336-795, Korea
*** Key Laborary of Advanced Display and System Applications,
Shanghai University, Shanghai, 200072, China
**** Department of Electronic Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China
Organic photovoltaic (OPV) cells have received considerable attention from both academia
and industry due to the demand for inexpensive and renewable energy sources.1, 2 The OPV
devices with desirable properties such as low weight, mechanical flexibility, and potential low
production cost are being considered for next-generation solar cells. However, their power
conversion efficiency (PCE) is limited to about 7%. For the practical application, there have
been many researches to improve the PCE.3, 4
In this paper, we propose an OPV device combined with quantum dot materials. We
demonstrate the energy transfer phenomenon by the fluorescence from quantum dot.
Experimental results are also discussed.
Reference
1. S. Beaupré, P.-L. T. Boudreault and M. Leclerc, Adv. Mater., 22 E6, 2010
2. M. Helgesen, R. Sondergaard and F. C. Krebs, J. Mater. Chem., 20 36, 2010
3. B. Wang, S.-W. Tsang, W. Zhang, Y. Tao and M. S. Wong, Chem. Commun., 47 9471, 2011
4. S. Jung, K.-Y. Kim, Y.-I. Lee, J.-H. Youn, H.-T. Moon, J. Jang and J. Kim, Jpn. J. Appl. Phys. 5
122301, 2011
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Theoretical study of novel porphyrin-based dye for
efficient dye-sensitized solar cell
Dong Yuel Kwon*, Dong Min Chang*, Young Sik Kim**
*Department of Information Display, Hongik University, Seoul, 121-791, Korea
** Department of Science, Hongik University, Seoul, 121-791, Korea
In this study, four novel porphyrin-based dye sensitizers with triphenylamine (TPA) and
TPA-like moiety as electron donating group, ethyne and thiophen as π-conjugation linker, and
cyanoacetic acid with thiophen as anchoring part (dye1, dye2, dye3, dye4) were designed, and
theoretically investigated comparing with the recent best dye (YD2-o-C8). To gain insight
into the factors responsible for photovoltaic performance, we used density functional theory
(DFT) and time-dependent density functional theory (TD-DFT) calculations. Due to the
different HOMO and LUMO level of donating group and anchoring part and the extension of
π-conjugation length between donating group and porphyrin, the absorption spectra of the
dyes were more red-shifted and broader than YD2-o-C8, so the dyes would give good
photovoltaic properties for dye-sensitized solar cells (DSSCs).

(a)

(b)

Fig 1. The molecular structure of dyes: (a) YD2-o-C8, (b) dye1, dye2, dye3, and dye4
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Hybrid White Organic Light Emitting Diodes
With Low Efficiency Roll-off Based on Blue Fluorescence
and Red Phosphorescence
Song Eun Lee*, Ho Won Lee*, Jae Woo Lee*, Seok Jae Lee*,
Ja-Ryong Koo*, Hye Jeong Kim**, Seung Soo Yoon**,
and Young Kwan Kim*
* Department of Information, Hongik University, Seoul, 121-791, Korea
** Department of Chemistry, Sungkyunkwan University,
Suwon, 440-746, Korea
White organic light emitting diodes (WOLEDs) are drawn tremendous attention and are
expected to important the next generation wide commercial applications in displays and solidstate lighting due to their merits of thinness, light weight, and environmental friendliness.[1]
In this work, we investigated efficient Hybrid WOLEDs by two complementary colors by
mixing containing blue fluorescent and red phosphorescent emitters individually, which used
different hosts in emitting layer (EML). We fabricated several hybrid WOLEDs, have various
EML structures with blue fluorescent emitter doped in 2-methyl-9,10-di(2naphthyl)anthracene (MADN) and red phosphorescent emitter doped in 4,4’-bis (carbazol-9yl)biphenyl (CBP). The device structures are indium-tin-oxide (ITO, 180 nm) as an anode,
4,4’-bis[N-(napthyl)-N-phenyl-amino]biphenyl (NPB, 50 nm) as a hole transporting layer,
1,3,5-tris(N- phenylbenzimidazole-2-yl)benzene (TPBi, 40 nm) as an electron transporting
layer, lithium quinolate (Liq, 2 nm) as an electron injection layer, and aluminum (Al, 100 nm)
as a cathode.
References
[1] B. D’Andrade, M. Thompson, S. Forrest, Adv. Mater. 14, 147, (2002).
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Electronic structure of ClAlPc/pentacene/ITO interfaces
studied using soft x-ray spectroscopies
Sang Wan Cho*, Sangho Lee*, Minsoo Kim*, Nari Heo*, Geunjeong Lee*,
Kevin E. Smith**
* Department of Physics, Yonsei University, Wonju, 220-710, Korea
** Department of Physics, Boston University, Boston, 02215, USA
The interfacial electronic structure of a bilayer of chloroaluminum phthalocyanine (ClAlPc)
and pentacene grown on indium tin oxide (ITO) has been studied using synchrotron radiationexcited photoelectron spectroscopy. The energy difference between the highest occupied
molecular orbital (HOMO) level of the pentacene layer and the lowest unoccupied molecular
orbital (LUMO) level of the ClAlPc layer (EDHOMO – EALUMO) was determined and compared
with that of C60/pentacene bilayers. The EDHOMO – EALUMO of a heterojunction with ClAlPc
was found to be 1.4 eV, while that with C60 was 1.0 eV. This difference is discussed in terms
of the difference of the ionization energy of each acceptor materials. We also obtained the
complete energy level diagrams of ClAlPc/pentacene/ITO and C60/pentacene/ITO,
respectively.
This work was supported in part by the National Science Foundation (NSF) under Grant No.
CHE-0807368 and Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (2013R1A1A4A01011392).
Experiments were performed at the NSLS, which is supported by the U.S. DOE.
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Influence of Pentacene Film Thickness on Environmental
Stability of Pentacene Thin-Film Transistors
Xue Zhang*, Dong-Jun Kim**, Jin-Hyuk Kwon**, Jin-Hyuk Bae**,
Christopher Pearson***, Michael C. Petty***, and Jaehoon Park*
* Department of Electronic Engineering, Hallym University, Chuncheon, 200702, Korea
** School of Electronics Engineering, Kyungpook National University, Daegu,
702-701, Korea
*** School of Engineering and Computing Sciences, Durham University,
Durham, DH1 3LE, United Kingdom
Organic thin-film transistors (TFTs) have attracted considerable attention from both
academia and industry because of their potential for low-cost manufacture and compatibility
with glass or plastic substrates. Nevertheless, poor environmental stability of these transistors
is still problematic for full-scale applications in commercial electronics. Previous studies on
this topic highlighted the detrimental effects of atmospheric moisture and oxygen in and
around the conducting channel of the transistor. On the other hand, the correlation between
the thickness of an organic semiconductor layer and the TFT reliability has not been clearly
understood yet. In this work, we investigated the influence of the pentacene film thickness on
the environmental stability of pentacene TFTs. Experimental results showed that the
characteristic variations in threshold voltage and field-effect mobility, which were examined
in air and under a vacuum, got exacerbated in cases of thicker pentacene films. This will be
discussed, including further analyses on trapped charges in the bulk of the pentacene film.
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Fig 1. Mobility variations in pentacene TFTs under different measuring environments.
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Highly efficient small molecules with thieno[3,4-c]pyrrole4,6-dione for solution processed organic solar cells
Yu Jin Kim*, Jong-jin Ha**, Jong-gwang Park**, Soon-Ki Kwon**, Yun-Hi
Kim*** and Chan Eon Park*
* POSTECH Organic Electronics Laboratory, Department of Chemical
Engineering, Pohang University of Science and Technology, Pohang, 790-784,
Republic of Korea
** School of Materials Science & Engineering and Research Institute for Green
Energy Convergence Technology (REGET), Gyeongsang National University,
Jin-ju, 660-701, Republic of Korea
***Department of Chemistry & Research Institute of Natural Science,
Gyeongsang National University, Jin-ju, 660-701, Republic of Korea
Two small molecules named BT-TPD and TBDT-TTPD with thieno[3,4-c]pyrrole-4,6-dione
(TPD) unit have been designed and synthesized for solution-processed bulk-heterojunction
solar cells. The thermal, electrochemical, optical, charge transport, and their photovoltaic
characteristics were investigated. These compounds exhibit strong absorption at 460-560 nm
and low HOMO levels (-5.36 eV). Field-effect hole mobilities of these compounds are 1.7 7.7ⅹ10-3 cm2 V-1s-1. Small molecule organic solar cells based on the blends of these molecule
donors and PCBM acceptor display power conversion efficiencies as high as 4.62 % under the
illumination of AM 1.5G, 100 mW cm-2.
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Electronic transport properties of ferrocenealkanethiolate molecular electronic devices on rigid and
flexible substrates
Hyunhak Jeong, Dongku Kim, Hanki Lee, Wang-Taek Hwang, and Takhee Lee
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea

Molecular electronics in which individual molecules or molecular layers are utilized
as active electronic device components has been widely studied for a miniaturized device
alternative of conventional solid state-based electronics [1]. As an example, it has been
recently reported that the molecular junctions based on alkyl molecules with ferrocene
moiety exhibited asymmetric electronic properties and were implemented as a half-wave
rectifier [2]. Such works may propose the possibility of molecule-based electronic circuits,
for instance, an AC to DC converter.
Here, we studied the redox-induced electronic transport properties of ferrocenealkanethiolate molecules using a conducting polymer-interlayer (PEDOT:PSS) device
structure. We observed asymmetric electrical transport properties, which arise due to the
existence of ferrocene moiety. In particular, we observed abnormal electrical characteristics
that the current in the junction decreased with increasing temperature at high temperatures
(> ~220 K) and when a large positive bias (> ~0.6 V) was applied to the ferrocene endgroup side. This behavior is attributed to the redox process of the ferrocene moiety in the
molecular junction. We also fabricated the same molecular junctions on flexible device
substrates and demonstrated consistent electrical characteristics (i.e., asymmetric currentvoltage characteristics and abnormal temperature dependence) under various bending
configurations. Our study suggests the importance of consideration of intrinsic molecular
reactions especially redox process when we try to organize robust functional molecular
devices. And also this work provides a way toward the practical implementation of
functional molecular devices with unconventional flexible configurations.

[1] H. Song, M. A. Reed, and T. Lee, Single molecule electronic devices. Adv. Mater. 23, 1583
(2011).
[2] C. A. Nijhuis, W. F. Reus, A. C. Siegel, G. M. Whitesides, A molecular half-wave rectifier. J.
Am. Chem. Soc. 133, 15397 (2011).
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Phase Diagram and Correlated Electronic Structures of
Hydrocarbon Superconductors using Dynamical Mean
Field Theory
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Pohang, 790-784, Korea
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We have investigated correlated electronic structures and the phase diagram of both
superconducting and non-superconducting electron-doped hydrocarbon solids, using the
dynamical mean-field theory. We have found that the ground states of hydrocarbon
superconductors (electron-doped picene and coronene) are multi-band Fermi liquid, while that
of non-superconducting electron-doped pentacene is single-band state in the proximity of the
metal-insulator transition. The size of level splitting of occupied molecular-orbitals plays a
key role in producing the superconductivity of electron-doped hydrocarbon solids. The multiband nature of hydrocarbon solids boosts the superconductivity through the enhanced density
of states at the Fermi level.
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Gate insulator characteristics of crosslinked poly(4vinylphenol) in oxide thin-film transistor
Hyun Sik Chae*, Shang Hao Piao*, Byung Geun Son**, Jae Kyeong Jung**,
Hyungjin Choi*
* Department of Polymer science and Engineering, Inha University, Incheon,
402-751, Korea
** Department of Material Science and Engineering, Inha University, Incheon,
402-751, Korea
Polymeric gate insulator becomes important in thin film transistor industries especially
because of its flexibility and processibility. In this study, we focus on an organic thin film
gate insulator of cross-linked poly(4-vinylphenol) (PVP) using PVP and poly(melamine-coformaldehyde)(PMF). To investigate effects of varying the weight ratio PVP to PMF of the
insulator on the electric properties of TFTs. PVP films were fabricated using a spin coating
method and then examined for a gate dielectric application of the oxide thin film transistor
(OTFT). The fracture and surface morphologies of the gate dielectrics were characterized with
atomic force microscope and the film thickness was measured with scanning electron
microscope. Various OTFT characteristics such as capacitance and leakage current
measurements were carried out using an Aglient4155C and Agilent E4980A, respectively.
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Nuclear magnetic resonance study of the phase transition
in a dimesogenic liquid crystalline compound (KI-5S)
Jun Hee Han1, Jun Su Kim1, Kyu Won Lee1, Se hun Kim2, Cheol Eui Lee1*
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2
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2

H and 13C nuclear magnetic resonance (NMR) spectroscopy has been employed to study
the smectic-A to nematic phase transition in a dimesogenic liquid crystal (KI-5S) in the
temperature range of 408 to 471 K. As a result, order parameters for the phase transition were
obtained from the 2H and 13C NMR lineshape and chemical shift measurements, indicating
that the phase transition is of a first order with a mixed phase region between 452 and 459 K.
It is thus shown that NMR can yield wealthy information on the fluidic smectic phases,
probing variation of the layer displacement undergoing a smectic to nematic phase transition.

Fig. 1. Order parameters for the liquid crystalline phase transition obtained by deuterium
(left) and carbon (right) NMR lineshape and chemical shift measurements.
.
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Role of transition metal oxides in graphene-based organic
optoelectronics
Tae-Seok Lim, Tae-Hee Han, Hong-Kyu Seo and Tae-Woo Lee*
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Science and Technology, Pohang, Gyungbuk 790-784, Republic of Korea
Although graphene is emerging as one of the most promising materials for replacing
conventional indium-tin-oxide (ITO) anode in organic light-emitting diodes (OLEDs), the
practical application has been limited because of its relatively low work function (WF)
(~4.4eV) compare with ITO (~4.8eV). The low WF of graphene increases hole injection
barrier between graphene anode and overlying organic layers. This energy barrier for carrier
injection between graphene anode and organic layer can hamper hole injection and causes
poor device performance of OLEDs. In this paper, we demonstrates that the transition metal
oxide (TMO) such as molybdenum and tungsten trioxide (MoO3, WO3), vanadium pentoxide
(V2O5) can improve hole injection from graphene anode by employing TMO films as
interlayer between the graphene anode and hole transporting organic materials (e.g. NPB).
Current-voltage and dark-injection space-charge-limited-current (DI-SCLC) measurements
were used to characterize the graphene-based hole-only devices with TMO interlayer. We also
calculated the hole injection efficiency of various kinds of hole injection contacts. The
calculated hole injection efficiency as a function of electric field was significantly improved
compared to those with conventional hole injection materials. Our results demonstrate TMO
interlayer effectively reduce the hole injection barrier at graphene interface between electrode
and organic layer and the potential of graphene-based high-performance flexible organic optoelectronics.
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Organic electronics has been driven by the expectation to realize new applications, such as
flexible light sources, large area displays, low-cost printed integrated circuits, plastic solar
cells and so forth. As a result, many investigations have been carried out. However,
understanding of organic device physics is still not satisfactory, owing to the dielectric nature
of active organic layers, the complexity of interfaces, the presence of carrier traps, etc.
In this presentation, we discuss the Maxwell-Wagner effect model analysis of organic
devices and time-resolved optical second harmonic generation (TR-EFISHG) measurement
that is available for directly probing carrier motion in organic devices. In more detail, we
analyze the organic device property by using the Maxell Wagner model on the basis of
dielectrics physics. We then employ the TR-EFISHG measurements to directly probe the
space charge field distribution in organic devices, and also to visualize carrier motions. In
experiment, bi-layer metal-insulator-metal diodes, e.g., Au/TIPS-pentacene/PI/ITO diodes,
are used and the carrier motion in the diodes are measured by the TR-EFISHG measurement.
The results are discussed in terms of the current-voltage and capacitance-voltage
characteristics. We conclude that the TR-EFISHG measurement is very helpful for studying
the device performance in terms of carrier injection and transport.

Fig. 1 TR-EFISHG response for the
ITO/PI/TIPS-pentacene/Au diodes at
time t = 0.5 s, and 25 ms under stress
biased conditions.
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The development of efficient chemosensors based on the conjugated polymers has been the
central focus of a large number of recent research programs. One of the hottest issues in
petrochemical(refinery), biomedical, and automobile engineering is to accurately and
conveniently determine the viscosity of organic solvents, Especially in the biomedical field,
these sensors have the potential to be used as diagnostic tools for disease detection.
Unlike conventional batch-type solution or film-based sensors, micro-fluidic detection
systems provide several unique features including minimal quantities of samples and reagents,
large interfacial areas, relatively fast molecular diffusion, and the capability of continuous
analysis. Despite these attractive properties, the application of the fluorescent conjugated
polymers to micro-fluidic sensor systems has been exceptionally rare.
Diphenylacetylene polymer derivatives, has an excellent FL response to external stimuli of
various (bio)-chemicals. The FFV of this polymer film is about 0.26. When contacted to
various organic solvents such as alcohol and hydrocarbon liquids, this polymer film shows a
significant swelling-induced emission enhancement(SIEE). In addition, these polymers have
the viscosity sensitivity for various types of fluids.
The ultimate goal of this study is to develop a high-quality fluorescent conjugated polymer
based fluidic chip sensor for measurement of viscosity. The molecular affinity between sensor
and media should be considered to accurately evaluate the viscosity sensitivity of the sensor
material. To our knowledge, this is the first study to evaluate the viscosity sensitivity of a
fluorescent conjugated polymer for various types of fluids in microfluidic chip.
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We investigated interface of poly(3-hexylthiophene) (P3HT) and C61-butyric acid
methylester (PCBM) by using photoelectron spectroscopy (PES). These are the most widely
used materials for bulk heterojunction (BHJ) organic solar cells due to their high efficiency.
To study the interface between these materials, which is related with high efficiency of the
device, gradual deposition system of polymer materials was required in high vacuum
condition. In this work, electrospray vacuum deposition (EVD) technique was carried out to
deposit P3HT and PCBM in high vacuum conditions. EVD allows us to form polymer thin
films onto ITO substrate in a step-wise manner directly from solutions and to use PES without
exposing the sample to the ambient condition. We discuss the relation between Voc of
P3HT:PCBM solar cell and HOMO-LUMO energy offset obtained in this study.

Fig 1. Evolution of UPS spectra as a function of increasing PCBM on spin-coated P3HT.
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Organic light-emitting diodes (OLEDs) have been attracting a lot of attention and have
successfully entered into commercial markets in display and lighting. In display applications,
in particular, microcavity structures were proven useful in improving the color gamut and
efficiency of OLEDs. To obtain reflection required for microcavity effect, thin metal
electrode is typically adopted instead of common transparent conductive oxides (TCOs).
We here explore microcavity OLEDs based on a simple metal-free transparent electrode.
High-reflection (HR) thin-film coating using dielectric mirrors may also enable microcavity
OLEDs without use of metal; but in this work we demonstrate microcavity OLEDs by
exploiting the large refractive index (n) contrast between indium zinc oxide (IZO, n~2) and
and conductive low-index layer PEDOT:PSS (n~1.5), which is well known hole injection
layer. The proposed microcavity OLEDs exhibit external quantum efficiency (EQE) as large
as 24%, showing an improvement over that of control devices using only IZO as a transparent
electrode (Fig.1). Modeling results based on a full rigorous optical simulation are presented
that elucidate changes in various optical modes upon inclusion of the low-index PEDOT:PSS
layer.

Fig. 1. External quantum efficiency (EQE) vs. luminance (L) of OLEDs with
IZO/PEDOT:PSS electrodes and those with IZO electrodes.
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We investigated change of the electronic structure, chemical states and elements ratio in
graphene film by using photoelectron spectroscopy (PES). The graphene electrode has
attracted considerable interest due to its possible applications in flexible organic light emitting
diodes (F-OLEDs). However, to use the graphene for OLEDs, sufficient increase of work
function is required, that is related with hole injection barrier. Plasma treatment is one of the
most widely used method in OLEDs to increase the work function of the anode such as
indium tin oxide (ITO). In this work, we used the plasma treatment, which is generated by
various gas types such as O2, Ar, and N2, to increase the work function of the graphene film.
From these results, we discuss the relation among the change of work function, plasma power,
plasma treatment time and gas types.

Fig 1. Evolution of UPS spectra and work function value
as a function of plasma treatment time.
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Transparent organic-light emitting diodes (TrOLEDs) are of interest because of their
potential use for “pervasive” displays in various future applications. TrOLEDs based on top
thin-metal transparent electrodes have been particularly popular as deposition of thin metal
films can be done by thermal evaporation in such a way that underlying organic layers are not
damaged. Due to the limited transmittance of thin metal films, it is critical to secure a way to
control the transmittance of thin metal films in such TrOLEDs; in that respect, a dielectric
capping layer on top of a thin metal has been proven useful in controlling the transmittance of
the top electrode and thus overall device transparency and performance. Many studies
reported to date, however, have been concentrating only on the thickness optimization of
dielectric capping layers. Here we show, based on a rational design strategy, that it is critical
for a change in capping layer thickness to be accompanied by a careful positioning of
emission layer (EML), due to a concomitant change in optical phase upon reflection from top
electrodes. Green phosphorescent TrOLEDs based on tris[2-phenylpyridinato-C2,N]
iridium(III) (Ir(ppy)3) is fabricated with two different capping thicknesses. With optimal EML
position, efficiency enhancement is demonstrated in these TrOLEDs without any significant
transmittance losses. Experimental results are compared with a rigorous optical simulation.

Fig 1. (a) Calculated reflection phase shift of thin-metal/ dielectric capping layer system (b)(c)
Transmittance and external quantum efficiency (EQE) of Tr-OLEDs under study
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To improve the light extraction efficiency in the AlGaInP-based vertical LEDs (V-LEDs),
nano-pillar structures were fabricated by inductively coupled plasma etching(ICP) using selfassembled indium tin oxide(ITO) dots as an etching mask. The ITO dots were made by
adjusting the wet etching conditions to the as-deposited ITO film. In this paper, we report VLEDs with nano-pillar structures capable of improving the light extraction efficiency. To
verify the influence of nano-pillar structures in V-LED devices, we compare LEDs having
conventionally surface-roughened structures and nano-pillar structures.

Fig 1. SEM images of (a) conventionally surface-roughened structures and nano-pillar
structures having a different size of (b) 100 nm, (c) 200nm, and (d) 300nm, respectively.
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Efficiency Improvement of Reflective 590nm AlGaInP
Light Emitting Diode Using n- Current Spreading Layer
Hyung Joo Lee*, Young Dae Cho*, Young Jin Kim*, Seong Un Kim*, Choong
Hun Lee**, Jae Hoon Kim**, Hwa Sub Oh***, and Su Chang Ahn***
* CF Technology Division, AUK Corporation, Iksan, 513-5, Korea
** NGIRT, Wonkwang University, Iksan, 570-749, Korea
*** Equipments & Facility Service Team, KOPTI, Gwangju, 500-779, Korea
In this work, efficiency improvement of reflective 590-nm AlGaInP light emitting diode
(LED) with n- current spreading layer (CSL) was investigated. During epitaxial growth, nAlGaAs material used as n- CSL was inserted between AlGaInP LED structures and
absorbing substrate. After wafer bonding process, the n- AlGaAs layer was located on top
layer of reflective 590-nm AlGaInP LED. At an injection current of 60mA, the reflective
AlGaInP LED chip with n- AlGaAs top layer shows a higher output power of 20mW
compared to the 17mW output of conventional one. The increment of output power was
attributed to increase of current spreading effect by insertion of n- AlGaAs layer.

Fig 1. Comparison of the L-I characteristic curve on 590-nm reflective AlGaInP LED chip
without (a) and with (b) n- current spreading layer.
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Multi-plasmon-induced perfect absorption at the third
resonance in metamaterial
P. V. Tuong*, J. W. Park*, Y. J. Kim*, Y. J. Yoo*, K. W. Kim**, J. Y. Rhee***,
and Y. P. Lee*
* Department of Physics, Quantum Photonic Science Research Center and RINS,
Hanyang University, Seoul 133-791, South Korea
** Sunmoon University, Asan, Korea
***Sungkyunkwan University, Suwon, Korea
Achievement of perfect absorption has played a significant role in recent metamaterial
research because of their potential applications to real devices. In this work, we numerically
and experimentally investigated a strategy for the property enhancement of the conventional
metamaterial absorber which includes periodic metal cut-wires at the front separated from the
metal plane at the back by a dielectric layer. The third resonance of the meta-atom, which was
induced by the magnetic multi-plasma, was exploited to yield the perfect-absorption (PA)
peak by manipulating the structural parameters [Fig. 1]. The electromagnetic properties were
examined in comparison with the conventional strategy for the first resonance. By taking full
advantage of higher frequency of the multi-plasmonic resonance, the PA was demonstrated
even in mid-infrared and visible regimes.

Fig 1. (a) Spectrum covering the absorption in two kinds of modes. PA results for (b)
single-plasmon and (c) multi-plasma modes.
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Enhanced charge-collection efficiency of backside
illuminated dye-sensitized solar cells using TiO2 nanotube
arrays
Kang-Pil Kim*, Sang-Ju Lee*, and Dae-Kue Hwang*
* Green Energy Research Division, Daegu-Gyeongbuk Institute of Science and
Technology (DGIST), Daegu, 711-873, South Korea
The dye-sensitized solar cells (DSSCs) are widely expected as the promising alternative to
silicon solar cells due to their low cost and simple fabrication. DSSCs based on nanoparticular
TiO2 photoelectrode using F-SnO2 (FTO) coated glass substrate have shown the light-toelectricity conversion efficiency over 10%. But, TiO2 nanoparticle structure has many trap
sites, which hinder the transport of electrons, to happen the charge recombination at the
contact interface among TiO2 nanoparticles. To overcome these disadvantages, the many
studies for one-dimensional nanostructure TiO2 photoelectrode such as TiO2 nanotube,
nanowire, nanorod to provide a direct path of electrons have carried out. Generally, TiO2
nanotube based DSSCs show the lower efficiency than TiO2 nanoparticle based DSSCs. In
case of the TiO2 nanotube photoelectrode formed by anodizing of Ti foil, the efficiency of
DSSCs decreases by reducing of the light intensity because an electrolyte absorbs light
incident to a counter electrode side (back illumination). In this study, we have introduced the
TiO2 nanotube photoelectrode implanted in Ti foil to improve the efficiency of TiO2 nanotube
based DSSCs. TiO2 nanotube DSSCs implanted in Ti foil showed approximately 35 %
improvement in efficiency compared to TiO2 nanotube DSSCs stood on Ti foil. TiO2
nanotube DSSCs implanted in Ti foil increases the contact region between TiO2 nanotube and
Ti foil. Therefore, the charge collection efficiency is improved and the contact resistance is
decreased. TiO2 nanotube DSSCs implanted in Ti foil are an effective and simple fabrication
method to enhance an efficiency of DSSCs using Ti foil. Finally, we achieved an efficiency of
5.7 % by use of TiO2 nanotube DSSCs implanted in Ti foil.
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Lift-off of epitaxial layer upon high temperature regrowth
of porous n-GaN
Jin-Ho Kang, Mohamed Ebaid, Seung-Min Lee, Sang-Wan Ryu
Department of Physics, Chonnam National University, Gwangju 500-757,
Korea
GaN based light emitting diode (LED) grown on sapphire substrate have inherent
problems as the lattice and thermal mismatches between GaN and sapphire. Furthermore the
presence of sapphire which had thermal and electrical insulating properties does cause several
problems. Therefore lift off of a GaN epitaxial layer from sapphire substrate is a critical
process for vertical LED. To develop thermal lift-off, we study the shape transformation of
nano-pores (NPs) in GaN during high temperature regrowth, which is significant especially
for manufacturing vertical LED process.
A 2-μm-thick n-GaN (n = 5×1018 cm-3) was grown on a sapphire substrate by metal organic
chemical vapor deposition. Then n-GaN was electrochemically etched in 0.3 M oxalic acid at
various voltages to produce cylindrical and ramified etching shapes of NPs. GaN was
regrown over both types of NPs of similar etch depth (~1.4-μm) and the evolution of pore
shape was monitored by scanning electron microscope.
After the regrowth of 0.5-μm-thick GaN over cylindrical and ramified pores, NPs were
transformed into circular or spherical voids to reduce surface free energy. Small and nonaligned spherical voids were formed from the ramified pores while well aligned spherical
voids were made from the cylindrical pores. It seemed that the spherical voids were
connected to each other with the growth time. To obtain GaN film on noting membrane, 2μm-thick GaN was regrown over cylindrical porous GaN. Most of voids were coalesced so
that the top GaN layer could be easily lifted-off from the substrate.
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Ultra-fast carrier lifetimes of vapor-liquid-solid grown
GaN/InGaN multi-quantum well coaxial nanorods
Mohamed Ebaid, Jin-Ho Kang, Seung-Min Lee and Sang-Wan Ryu
Department of Physics, Chonnam National University, Gwangju, 500-757, Korea
Luminescence and carrier dynamics of GaN/InGaN multi-quantum well coaxial nanorods
(MCNRs) was studied by means of photoluminescence (PL), cathodoluminescence (CL) and
time-resolved PL (TRPL). It was revealed that the growth temperature of InGaN greatly
influenced the luminescence and carrier dynamics. Controllable emissions with efficient carrier
confinement were realized after adjusting a very small temperature gap between successive GaN
and InGaN growths. The PL of as-grown MCNR ensembles revealed an intense blue emission
with intensity that increased with the reduction of temperature gap and a broad emission at
longer wavelengths. CL measurements of several single nanorods, showed that this broad
emission was due to the wetting layer formed unintentionally during the growth of GaN core
nanorods and not contributed in the blue emission of MCNRs. Carrier dynamics was studied by
TRPL, where ultrafast recombination rates were identified and attributed to the efficient radial
confinement and the growth in non-polar direction. The temporal decay profiles of the probed
samples showed a bi-exponential decay. The radiative and non-radiative lifetimes were
calculated by fitting the PL decay data by using stretched exponential function and internal
quantum efficiency. Fitting results showed that carrier kinetics within the InGaN quantum well
were very sensitive to the growth temperature gap between quantum barrier and quantum well.

(a)

Fig 1. (a) SEM image of as-grown MCNRs and (b) CL of single nanorod showing no defect
related yellow luminescence.

- 559 -

THU-PH-P07

Low-threshold photonic band-edge lasers in square-lattice
Iron nail array
Jae-Hyuck Choi*, Jin-Kyu Yang**, Soon-Hong Kwon***, You-Shin No*,
Min-Soo Hwang*, and Hong-Gyu Park*.
* Department of Physics, Korea University, Seoul, 136-713, Korea
** Department of Optical Engineering, Kongju National University, Gongju,
314-701, Korea
*** Department of Physics, Chung-Ang University, Seoul, 156-756, Korea
We report the experimental demonstration of an optically pumped photonic crystal laser that
consists of 20×20 iron nail array structures. To fabricate the iron nail array, photonic crystal
patterns were defined on poly(methyl-methacrylate) (PMMA) using electron-beam
lithography and InGaAsP/InP rods were formed as a result of Cl2-assisted ion beam etching.
The InP sacrificial layer underneath InGaAsP slab was selectively and partially etched by a
diluted HCl:H2O (3:1) solution. To excite photonic band-edge modes, the lattice constant and
rod diameter of the iron nail array were set to be 650 and 450 nm, respectively. The thickness
of the iron nail is ~275 nm. The fabricated structures were optically pumped using a 980 nm
pulsed laser diode at room temperature. The pump beam is focused with a microscope
objective lens (NA=0.55) and light emitted from the cavity structure is collected by the same
lens onto either a charge-coupled device (CCD) or a monochromator. A thermal effect of the
photonic crystal lasers is insignificant due to pulsed pumping. The lasing mode is identified as
a band-edge mode from measurements of the spectrum, mode image, and polarization state, as
well as agreement with numerical simulations based on the plane-wave-expansion and finitedifference time-domain methods. In addition, we measured low threshold of ~90 μW from the
photonic crystal band-edge laser.
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Measurement and analysis of photo-voltaic effects in GaNbased blue and green light-emitting diodes
Hyun-Joong Kim, Geun-Hwan Ryu, Won-Bo Yang, and Han-Youl Ryu
Department of Physics, Inha University, Incheon 402-751, Korea
Photo-voltaic effects in GaN-based blue and green light-emitting diodes (LEDs) are
investigated to study carrier transport characteristics in InGaN quantum wells (QWs). A laser
diode (LD) emitting at 405 nm was used as the illumination source to excite carriers only in
QW active layers. Figure 1 shows the current-voltage (I-V) characteristics as the current of
illuminated 405-nm LD increases from 4 to 16 mW. From Fig. 1, the fill factor (FF) of LED
samples is deducted. FFs of the blue and the green LED are obtained to be ~0.7 and ~0.3,
respectively. Lower FF for the green LED implies the inefficient carrier transport in green
QWs due to the higher In composition in QWs of the green LED. Higher series resistance of
the green LED can also be responsible for the lower FF. In addition, FFs are found to
decrease as the LD pump power increases. This behavior can also be interpreted by the carrier
transport characteristics. Understanding the carrier transport properties in GaN/InGaN-based
QW structures is important for the application of nitride materials to photo-voltaic devices.
Fig. 1. I-V curves of LEDs as the power of illuminated 405-nm LD increases from 4 to16 mW
(a) blue LED, (b) green LED
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Effect of CH4/H2 ratio on characterization of diamond film
grown by a microwave PECVD
Sangjoon Lee*, Hyunil Kang*, Won Seok Choi*, Yeun-Ho Joung**, Jaehyeong
Lee***
*
Department of Electrical Engineering, Hanbat National University, Daejeon
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05-719, Korea. 2 Department of Electronics and Control Engineering, Hanbat
National University, Daejeon, 305-719, Korea.
***
School of Information and Communication Engineering, Sungkyunkwan
University, Suwon, 440-746, Korea
In this work, diamond films were prepared by microwave plasma enhanced chemical vapor
deposition (PECVD) system which includes a DC bias system to enhance nucleation of the
film. The films were synthesized on Si wafers with different ratio of methane (CH4) and
hydrogen (H2) gases. We have studied effect of CH4 to H2 ratio on structural and optical
properties of the diamond films. Thickness and surface profile of the film were characterized
by field emission scanning electron microscopy (FE-SEM). Raman and X-ray diffraction
(XRD) were used to investigate the structural properties of the diamond films. Refractive
indexes as function of CH4 / H2 ratio were measured using an ellipsometer.
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Effect of the thickness of the p-and n-type poly-Si layer on
photovoltaic efficiency of a solar cell based on
a carbon fiber
Min-Seok Yoon, Young Bo Shim, and Young-Geun Han
Department of Physics, Hanyang University
17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea
The miniature and flexible solar cells have been attracting considerable attention in a
variety of applications, such as wireless sensor network and robots. In comparison to rigid
solar cell panels, miniature and flexible solar cells can be applied to irregular objects or
embedded into portable devices and clothes. During recent year, macro lengths, microndiameter hairlike solar cells based on carbon fiber have been developed. Since the solar cells
based on carbon fiber are lightweight, thin, and flexible, they can be easily integrated in a
curved form, suitable for portable applications. However, the solar cells based on carbon fiber
are suffered from low solar cell efficiency (0.04%) due to un-optimized photovoltaic structure.
In this paper, the effect of the thickness of the p-and n-type poly-Si layer on the
photovoltaic efficiency of a solar cell based on a carbon fiber is analyzed. The solar cell
efficiency can be enhanced by changing the thickness of the p-and n-type poly-Si layers
because of the strong depdendence of the recombination rate between electrons and holes pair
on the thickness of the p- and n-type poly-Si layers. The photovoltaic efficiency of the solar
cell based on a carbon fiber is improved to be 9.7% when the thickness of the p- and n-type
poly-Si layers are 40 and 0.1 m, respectively.
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Fig 1. Scheme of a solar cell based on a carbon fiber (a) and the solar cell efficiency
changes as a function of the thickness of p- (b) and n-type poly-Si layers (c), respectively.
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Improvement of axial resolution and swept rate
in swept source optical coherence tomography
based on a interleaving technique
Sunduck Kim, Hyung-Jong Lee*, Jun-Kyu Seo*, and Young-Geun Han
Department of Physics, Hanyang University
17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea
*Chemoptics Inc.
Tunable and wavelength swept lasers have many important applications such as highresolution spectroscopy, gas sensors, WDM optical communication technology, swept source
optical coherent tomography (SS-OCT). In order to realize the wavelength swept laser, optical
fiber lasers have been introduced mainly because the swept laser can be readily realized with
the gain medium and wavelength sweeping filter. In 2006, Huber reported the Fourier domain
mode locking (FDML) laser for the high speed SS-OCT by matching the optical delay line
with the filter driving frequency. For increasing the swept rate further, Huber proposed a
buffered FDML laser by buffered stages composed of delay lines and couplers in 2006.
However, the FDML laser has drawbacks such as a large size of the laser, and a high cost for
the implement, which makes the realization of a portable OCT difficult. Therefore, it is
necessary to develop a novel swept laser configuration with broad bandwidth and high swept
rate for the SS-OCT
In this paper, a signal interleaving method based on external cavity lasers (ECLs) for the
improvement of resolution and swept rate in the SS-OCT is experimentally investigated. The
proposed swept laser is composed of ECLs that can control the lasing wavelength by using
thermo-optic effect of the polymer Bragg grating. By using the interleaving technique in
wavelength domain, the SS-OCT achieved 2 times higher axial resolution, while by the
interleaving technique in time domain, the SS-OCT obtained 5 times higher swept rate.
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Fig 1. (a) Swept laser using an interleaving technique in time and wavelength domain and
(b) OCT system based on an interleaving technique
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Analysis of temperature sensitivity of
a microfiber Mach-Zehnder interferometer
Sung-Jae Kim, Min-Seok Yoon, and Young-Geun Han
Department of Physics, Hanyang University
17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea
Microfibers have been receiving much attention in fiber-optic sensors because of their
many advantages, such as compactness, electromagnetic immunity, and strong evanescent
field support. To improve the performance of the fiber-optic sensing probes, microfibers have
been implemented to configure a Mach-Zehnder interferometer (MZI) with high sensitivity to
external perturbation change, such as temperature. In this paper, we analyze temperature
sensitivity of a microfiber MZI with and without a polymer overlay. After fabricating a
microfiber with a diameter of ~10 m, we coat it with a low-refractive-index polymer (PC373) with high thermo-optic and thermal expansion coefficients to increase temperature
sensitivity of the microfiber MZI. The temperature sensitivity of the microfiber MZI with a
polymer overlay should be improved to be seven times higher than that without a polymer
overlay in spatial frequency domain. The thermal properties of the polymer overlay, such as
thermo-optic effect, thermal expansion effect, and photo-elastic effects are analyzed.
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Fig 1. (a) Experimental scheme, (b) spatial frequency spectrum of a microfiber MZI with a
polymer overlay and (c) spatial frequency shift as functions of temperature
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Improvement of spectral resolution by controlling
radiational loss in plasmonic hydrogen sensor
Tae-Woo Lee, Da Eun Lee, Soon-Hong Kwon,
Department of Physics, Chung-Ang University, Seoul, 156-756, Korea
A variety of method has been developed to detect flammable gases like hydrogen. For
compact and portable devices, more sensitive and smaller-sized sensors are required. Recent
studies on the plasmonic cavity with small footprints enable developments of the ultrasmall
hydrogen sensor. Previous plasmonic hydrogen sensors have used the wavelength shifts of the
plasmonic resonances originated from changes of the dielectric functions and the crystal
lattice volumes when palladium (Pd) absorbs hydrogen [1]. However, large metallic
absorption loss of Pd causes considerably broad linewidth of resonance peak, which
determine the spectral resolution of the sensor. In order to reduce the absorption loss, a cavity
structure consisting of palladium and gold particles has been proposed [2]. On the other hand,
since a plasmonic resonance has radiational loss as well as metallic absorption loss, it is also
necessary to suppress the radiational loss for narrowing the linewidth of the resonance.
In this work, we suggest a new cavity structure based on a metal-insulator-metal waveguide
and show the reduction of the linewidth of the cavity mode by considering the absorption loss
and optical radiational loss separately. In addition, we optimize a figure of merit (FOM) of the
sensor by improving the spectral resolution and the sensitivity.

[1]W.E. Vargas, I. Rojas, D.E. Azofeifa, N. Clark, Optical and electrical properties of hydrided
palladium thin films studied by an inversion approach from transmittance measurements. Thin Solid
Films 496, 189-196 (2006).
[2] N. Liu, M.L. Tang, M. Hentschel, H. Giessen & A.P. Alivisatos, Nanoantenna-enhanced gas
sensing in a single tailored nanofocus. Nature Materials 10, 631-636 (2011).
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Tapered plasmonic waveguide index sensor by using
continuously varying cutoff frequency
Da Eun Lee, Tae-Woo Lee, Soon-Hong Kwon
Department of Physics, Chung-Ang University, Seoul, 156-756, Korea
Refractive index sensing has been considered an important method to analyze variation of
chemical specimens. Since most of the plasmonic index sensors use a resonant wavelength
shift to measure the index changes of the analyte, the linewidth of the resonant mode becomes
the spectral resolution of the sensor, limiting the value of the measurable index change. In this
presentation, we propose a tapered plasmonic waveguide as a new type of the refractive index
sensor, where a width of the waveguide decreases gradually along the y-axis direction as
shown in Fig 1. Then, the cutoff frequency, which is the lowest allowed frequency of the
propagating surface plasmon mode, increases with decreasing the width, and consequently, a
waveguide mode with a certain wavelength would reflect at a position of the waveguide
where the cutoff frequency corresponds to the wavelength. As the reflecting position strongly
depending on the refractive index of the material filling the waveguide, one can estimate the
index change by observing the reflecting position. Here, we investigate the effect of the
geometries on the sensitivity and maximize the figure of merit as an index sensor.

Fig 1. Silver tapered plasmonic waveguide. h is a height and w is a waveguide width.
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Structural Properties of Cu2ZnSnS4 Thin Films through
Glancing Incidence X-Ray Diffraction
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We investigate the structural characteristics of Cu2ZnSnS4 (CZTS) thin films fabricated
through the sulfurization of two types of metal precursors. The stacking orders of the
precursors were Cu–Sn/Zn and Zn/Cu–Sn metal layers on molybdenum-coated soda-lime
glass. The Cu–Sn layer was cosputtered through RF magnetron sputtering with singlecomponent targets of Cu and Sn, and the Zn layer was sputtered with a Zn target. These metal
precursors were sulfurized in an evacuated and sealed quartz ampoule with sulfur powder in
an electric furnace at 450 °C. The structural properties of the metal precursors and CZTS thin
film were analyzed using glancing incidence X-ray diffraction (GIXRD), in which the
incidence angle of the X-rays was varied with the thin film measurement mode. As shown in
Fig. 1, when the incidence angle increased, the Sn phase in the Zn/Cu–Sn/Mo metal precursor
grew more than that in the Cu–Sn/Zn/Mo metal precursor. In addition, we confirm that with
increasing incidence angle, the crystallite sizes in the CZTS crystal increased and the
microstrains in the crystal decreased.

Fig 1. GIXRD patterns of (a) Cu–Sn/Zn/Mo and (b) Zn/Cu–Sn/Mo metal precursors as
function of X-ray incidence angle.
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Does Diffraction in Metamaterial Absorbers Really
Matters?
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It is well-known that the size of unit cell of metamaterials (MMs) must be much smaller
than the wavelength of incident wave and the diffraction effect should be avoided. In this
work, however, we report that the diffraction effect cannot be the limiting factor for the
performance of MMs and the effects of resonance can be clearly differentiated from those of
diffraction.
We studied MM absorbers at gigahertz frequencies by utilizing the third-harmonic
resonance at which the diffraction effect is strong. The absorber was fabricated with a 2-D
array of cut wires. The measured spectrum clearly contains two peaks with absorptivity better
than 93%. The The distribution of surface currents evidently reveals that the lower peak
corresponds to the fundamental resonance and the higher peak to the third-harmonic
resonance. We observed another weak peak just above the higher one, which is proven to be
due to the effects of diffraction. Since the periodic boundary condition (PBC) cannot
appropriately handle the diffraction, we used 27x17 unit-cell structure without PBC in
simulation and clearly observe the diffraction effect. In addition, the location of diffraction
peak is sensitive to the angle of incidence. Therefore, the diffraction peak can be
differentiated from the resonance peak.
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Terahertz time-domain spectroscopy of electromagnetic
dipole coupling in layered terahertz metamaterials
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120-749, Republic of Korea
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Republic of Korea
Interplay between adjacent dipoles is an experimental priori for designing artificiallyengineered structure because the dipole coupling is one critical factor for determining the
electromagnetic response in metamaterials. Although numerous investigations have been
performed to study the coupling effect of the split-ring resonator (SRR), the interlayer dipole
coupling of its complementary SRR, called C-SRR, has been largely unexplored. Here, we
present experimental and theoretical investigations on the electromagnetic coupling effect in
the two stacks of layered C-SRR structures. By adjusting the relative lateral distance between
the two-dimensionally stacked meta-structures, we observe that the confined magnetic dipole
plays an important role in determining the resonance frequency and the bandwidth broadening
of the C-SRR, exhibiting an exactly opposite behavior to the SRR structure.

Fig 1. The local magnetic field distribution of the two stacks of layered C-SRR with
various overlap distance.
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A study on optical parts for a semiconductor laser module
J.G. Oh*, D.K. Lee*, Y.G. Kim*, K.H. Lee*, Y.S. Park*, K.H. Jang**, S.G.
Kang***
* 3D Convergence Research Center, KOPTI, Gwangju, 500-779, Korea
** Hanvit Optoline, Gwangju, 500-779, Korea
*** COSET, Gwangju, 500-779, Korea
A semiconductor laser module consists of LD chips generating lasers, cylindrical lenses
collimating lasers generated by LD Chips, high-reflection mirrors used to gather in laser light
sources to make a large output by LD chips and collimator lenses guiding light sources to an
optical fiber. A schematic diagram of a semiconductor laser module is shown in Fig. 1.
Cylindrical lenses used in a semiconductor laser module is defined as FAC(Fast Axis
Collimator) and SAC(Slow Axis Collimator) and attached to the system module to control the
beam shape of lasers. FAC lens and SAC lens is made of a glass material to protect for
burning inside lenses. And these are aspheric shape to improve optical performances.
This paper presents a mold core grinding process of an asymmetrical aspheric lens able to
make an aspheric cylindrical lens used as FAC or SAC of a semiconductor laser module and
the protection filter to protect LD chips. Finally, we has developed the mold core by using
GMP(Glass Mold Press) and also the protection filter made by multi thin layer coating.

Fig 1. A schematic diagram of semiconductor laser module
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Due to cost and complexity issues associated with traditional CMOS scaling, more
attention has been placed on advancing packaging technology to provide effective
scaling. This can be done with a variety of means, but one of the more common methods
involves packaging multiple chips in a single package. The interest in 3D packaging and
specifically Through Silicon Via (TSV) processes has grown significantly in the past few
years, with nearly every major chip manufacturer announcing plans to develop and
implement this technology.
The introduction of microns scale deep structures for integrated circuit devices required an
in-line automated metrology to control the geometry of those highly vertical structures. TSV
depth and CD measurements were made with a
proprietary interferometry method and scatterometry techniques.
Recently dual wavelength digital holography method is introduced for measurement of
high aspect ratio structures. Digital holography has many advantages and application to life
science as well as engineering are counted among the many uses of this new relatively tool.
However, the phase information becomes ambiguous and cause phase wrapping when the
phase change exceeds 2p . To solve this ambiguity in single wave holography, the dual
wavelength holography is suggested. Dual-wavelength holography is a technique which
extends the measurement of profile of deeper surface than single wave holography.
In this paper, we have measured the CD and depth of TSV using dual wavelength
holography.
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The measurement of curved specular free-form surfaces is a challenging task. Whereas the
surface itself is “not visible”, only the effect on the reflected light can be measured – if it is
actually reflected into the pupil of the observation device. For example, the use of
interferometers for the measurement of highly curved aspheric surfaces usually requires
sophisticated compensation optics depending on the object under test.
Deflectometry method is actually an advanced, computer aided version of the human
observation process of specular objects which we described previously. The method was first
proposed by Ritter and Hahn as an advanced version of the reflection moiré method. A
reference pattern, usually consisting of several parallel stripes, is captured by a camera as
being reflected from the test surface. Often, instead of the stripe pattern a cosine intensity
patter is used, in order to increase the resolution. The pattern in the camera images is
distorted due to the 3D geometry of the test object. Irregularities in the specimen’s geometry
deflect the reflected light beams by a twofold angle difference, which makes this method very
sensible to local slope changes of the surface. Since most surface defects like dents, bumps
and waviness have small height difference, which is distributed in a relatively large area, thus
they are rather slope irregularities in the first place, the deflectometry method is ideal for their
detection. Deflectometry method, unlike triangulation based techniques, can directly measure
the surface’s slope, that is a derivate of the height in case of continuous surfaces. If positions
of the screen, object and the camera are known, the 3D height map of the object can be
reconstructed if required, by integration of the slope values.
In this paper, we are able to measure the global shape of large specular free-form
surfaces with sub-micron accuracy using Phase measuring deflectometry technique and
stitching numeric tool.
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Interface and surface optical phonons in nanostructures
Hanul Kim*, Heesuk Rho*, Young-Jin Choi**, and Jae-Gwan Park**,
* Department of Physics, Chonbuk National University, Jeonju, 561-756, Korea
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We use Raman scattering to study surface optical (SO) and interface optical (IO) phonons
in semiconductor nanowires (NWs). The SO phonon propagates along the NW surface with a
characteristic energy lying between the transverse optical (TO) and longitudinal optical (LO)
phonon modes and closely related to the periodic thickness modulation along the NW long
axis. For instance, a SO phonon mode is observed in ZnS NWs at ~ 335 cm-1. Interestingly,
the SO phonon mode varies in energy as the morphology of the ZnS nanostructures changes
from NWs to nanobelts. Furthermore, the SO phonon energy is influenced by the dielectric
constant ɛm of the medium surrounding the NW: when the ZnS NWs are embedded in
paraffin oil (ɛm = 2.3), the SO phonon mode decreases in energy by ~ 6 cm-1. In CdS/CdSe
core-shell NWs, a similar optical phonon mode is observed at 194 cm-1 propagating between
the TO and LO phonon modes of CdSe. Unlike the case of the ZnS NWs, however, the 194
cm-1 mode does not vary in energy when the CdS/CdSe core-shell NWs are embedded in
paraffin oil. We attribute the 194 cm-1 mode to the IO phonon localized at the CdS/CdSe
core-shell interface.
This research was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and
Technology (Grant No. 2012007434).
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Merging behavior of m-GaN domains grown on m-plane
sapphire substrates
Hansub yoon and Chinkyo Kim
Department of Physics, Kyung Hee University, Seoul, 130-701, Korea
c-oriented GaN has been widely used for optoelectronic device fabrication, but it is known
to experience quantum efficiency degradation due to the quantum confined Stark effect.
Unlike c-oriented GaN, nonpolar m-oriented GaN has no quantum confined Stark effect and
attracts much attention. However, the growth of m-oriented GaN needs to be improved in
comparison with that of c-oriented GaN. In this work, the morphological and merging
behaviors of m-GaN grown on m-plane sapphire substrates were investigated in combination
with experimental and numerical analysis.
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Dislocation structure in epitaxial lateral overgrowth of moriented GaN on m-sapphire substrates
Sanghwa Lee, Yeonwoo Seo, Hansub yoon, and Chinkyo Kim
Department of Physics, Kyung Hee University, Seoul, 130-701, Korea
m-oriented GaN films attracted much attention as a potential candidate to suppress
quantum confined Stark effect, which is commonly observed in polar GaN films. In spite of
many attempts to grow m-oriented GaN on m-plane sapphire substrates, there are still
difficulties in growing good quality m-oriented GaN films on m-plane sapphire substrates.
In this work, the dislocation of m-oriented GaN grown on m-plane sapphire was investigated
and the effect of growth parameters on the dislocation distribution and propagation will be
discussed.
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Polarity control of m-oriented GaN on patterned m-plane
sapphire substrates
Hye-Mi Lee and Chinkyo Kim
Department of Physics, Kyung Hee University, Seoul, 130-701, Korea
Due to the commercialization and application of nitride-based devices such as blue and
ultraviolet optoelectronics, Ⅲ-Nitrides have attracted much attention.

Among many

intriguing features, the polarity of GaN films is related to effects on doping efficiency and
luminescent characteristics. In particular, for nonpolar-oriented GaN the polarity control is of
great significance. In this work, the in-plane polarity of m-oriented GaN after was
investigated, and the experimental conditions were tuned to control the in-plane polarity.
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Growth of GaN on quartz substrates
Miyeon Jue and Chinkyo Kim
Department of Physics, Kyung Hee University, Seoul, 130-701, Korea
GaN-based optoelectronic devices grown on sapphire substrates showed great success but
have limitation to a large-scale due to the availability of large sapphire substrates. For scaledup application, amorphous substrates attract more attention. The problem associated with the
amorphous substrate is, however, the absence of long range ordering, so that the GaN grown
on amorphous substrates reveal short range ordering only. In this work, GaN was grown on
amorphous substrates, and the effect of growth parameters on the crystalinity and long range
ordering was investigated by utilizing scanning electron microscopy (SEM), X-ray diffraction
(XRD), energy dispersive X-ray spectroscopy (EDX).
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Enhancement of solar cell efficiency using InAs/InGaAs
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sub-monolayer quantum dot
Using InAs/InGaAs sub-monolayer quantum dot (SML-QD), we improved the efficiency
(η) of quantum dots solar cell (QDSC). To fabricate SML-QDSC, we adopted sub-monolayer
deposition process in molecular beam epitaxy (MBE). The SML-QDSC was compared with
conventional QDSC grown by stranski-krastanow mode. The optical and electrical properties
of QDSCs were characterized by photoluminescence (PL) and power conversion efficiency
measurement. Room temperature PL spectra showed that the SML-QD peaks were shifted to
lower energy (1.268 eV) from that of the SK-QD (1.061 eV) due to the QD size effect. We
also extracted the activation energies of SML-QD (179 meV) and SK-QD (318 meV) by
temperature dependence of PL measurement. In this result, we can expect that SML-QDs
have the advantage of high escape probability of carrier due to the shifting of ground state
level to the higher energy from that of the SK-QD. In bright J-V characteristics, we found that
the open circuit voltage (Voc) and short circuit current density (Jsc) are increased in SMLQDSC. Therefore, the conversion efficiency of SML-QDSC (η =10.65 %) is enhanced
12.58% compared to SK-QDSC (η = 9.46 %). This result can be explained by the reducing of
carrier trapping probability in the SML-QDs due to the lower activation energy of ground
state. In addition, from dark J-V characteristics, we found the decrease of dark saturated
current density and an ideality factor in the SML-QDSC due to the reducing of recombination
losses caused by carrier trapping.
E-mail: jongsukim@ynu.ac.kr
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Enhancement of blue emission efficiency from non-polar
InGaN/GaN LED by surface plasmon effect
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InGaN/GaN quantum well based light emitting diodes (LEDs) with high emission
efficiency are vital to developing high-brightness solid state lighting devices.To achieve the
high efficiency from LEDs, it is necessary to increase the optical extraction efficiency and
internal quantum efficiency (IQE).The IQE in InGaN/GaN multi-quantum wells (MQWs)
LEDs is limited by various detrimental effects such as dislocation defect leading to
nonradiative recombination, efficiency droop, and charge separation in MQWs. Recently,
among many researchers investigating improvement of IQE, the surface plasmons (SPs) have
been actively and widely studied to enhance luminescence efficiency of LEDs.In recent, the
r-plane sapphire instead of c-plane sapphire substrateis used to grow the non-polar GaN
epilayer.
In this study, we fabricated InGaN/GaN LED structures with Ag layer in close proximity to
active layer to occur SPs well. The InGaN/GaN MQWs LED structures were grown on rplane sapphire substrate by metal organic chemical vapor deposition. At first, n-type GaN
with thickness of 2.5m was grown on sapphire substrate.Then, five MQWswith central peak
of 450 ~ 460nm were fabricated. Finally, p-type GaN layer with thickness of 10 nm was
grown. Ag layer of 40-nm-thickness was deposited for SPs generation on this r-plane LED
structure. To analyze the emission efficiency of LED, PL measurements were conducted with
bottom excitation and PL collection from the sapphire substrate.PL measurements were taken
using a laser with 400-nm-wavelength as the excitation source. Temperature dependent PL
was measured from 10K to 300K and time resolved PL was conductedalso. From these
results, we discuss the SPs effect on enhancement of blue emission efficiency from non-polar
InGaN/GaN LED.
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Luminescence properties of Pr3+-doped
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Pr-doped wide-band gap phosphor materials with full color luminescence have also
received substantial interest because such materials have the potential to generate white light
from the 3P0-3H4,5,6 and 1D2-3H4 transitions of Pr3+. In this paper, Pr3+-doped thioaluminate
phosphors were synthesized using the evacuated sealed quartz ampules. The phases and the
photoluminescent properties of MAl2S4:Pr3+ (M=Ca, Sr, Ba) phosphors were investigated.
The excitation bands between 250-280 nm are assigned to the corresponding host absorption.
The shoulder broad bands nearby the host absorption are the lowest 4f-5d transition bands of
Pr3+ in the MAl2S4. The bands between 440-500 nm are attributed to the transitions within the
4f2 configuration of the Pr3+ ions. The emission spectra of the MAl2S4: Pr3+ are presented as
the characteristic f-f transitions of the activator Pr3+. The bands in the ranges 470–520, 530–
570, 584–620, and 620–663 nm represent the 3P0→3H4, 3P0→3H5, 1D2→3H4, and 3P0→3H6
transitions, respectively. The maximum emission peak at 496 nm corresponds to the 3P0→3H4
transition. In the order of Ca, Sr, Ba, the f-d absorption bands of Pr3+ in MAl2S4 phosphors
show a somewhat blue-shift behavior. The critical quench concentration for CaAl2S4: Pr3+ is
determined to be 0.5 %. The CIE color coordinates of the three phosphors are all calculated. It
provides the possibility to achieve the white EL display with the single doped-Pr3+
thioaluminate phosphor.
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This paper demonstrates laser assisted fabrication of high efficiency diffraction gratings in
fused silica glass. Initially, femtosecond laser pulses were utilized to engrave diffraction
gratings on the glass surfaces. Afterward, these patterned samples were undergone CO2 laser
polishing process. The samples were polished several times to achieve the highest diffraction
efficiency. The unpolished diffraction gratings have shown an overall efficiency of 18.1 %.
The maximum overall efficiency of 32.7 % was achieved after four times CO2 laser polishing,
which is almost twice compared to the efficiency of the unpolished gratings. Fig. 1 illustrates
confocal microscopic images of the diffraction gratings along with the diffraction pattern and
the diffraction efficiency for various order of diffraction. Our results indicate CO2 laser
polishing technique as a promising tool to pattern diffraction gratings on material surface.

Fig 1. (a) Diffraction gratings along with diffraction pattern before polishing;
(b) diffraction grating along with diffraction pattern after 4 times polishing;
(c) diffraction efficiency of 0th, 1st, and 2nd order diffraction for variable number of
CO2 laser polishing.
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The influence of structural imperfection in a ridge-type
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We demonstrated a theoretical analysis and experiments for the influence on structural
imperfection of highly efficient second harmonic generation (SHG) in a quasi-phase-matched
(QPM) ridge-type waveguide with z-cut MgO: periodically poled LiNbO3 (PPLN) crystal.
Blue light generation was achieved in a ridge-type waveguide SHG device with a period of
4.28μm pumped by single-wavelength Distributed feedback laser (DFB) diode laser emitting
at 920.9 nm. An internal with normalized conversion efficiency of 138%/W was obtained at
waveguide temperature at 37.7°C. The waveguide thickness non-uniformity effect along the
light propagation direction was simulated by the SHG coupled equation. With high structural
imperfection, the conversion bandwidth would increase while efficiency decreases
dramatically. The SHG efficiency and phase-matching characteristics showed good agreement with theoretical results.

Fig 1. Normalized conversion efficiency versus QPM temperature tuning.
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Amorphous silicon carbide (a-SiC) film has been considered as one of good candidate for
rear passivation layer of high efficiency silicon solar cell. We describe post annealing result
of amorphous silicon carbide (a-SiC) film which is deposited by RF magnetron sputtering
method. The post annealing was performed by Rapid Thermal Annealing (RTA) process in
three different chamber environments; Nitrogen (N2), Oxygen (O2) and Hydrogen (H2). After
annealing process, characteristic properties of the films were investigated in several
categories. Transmittance of the film was measured by Scinco s-3100 in the wavelength from
400-800 nm. Average transmittance was increased by the annealing treatment and we
obtained highest transmittance with the H2 ambient. Using silicon wafer life time tester, we
measured the carrier lifetime of the films. It showed that carrier lifetime was highest in N2
ambient annealing process. Also refractive index was obtained using an ellipsometer. The
measurement indicated that the refractive index of the film was decreased by the annealing
process with comparison to as-deposited film’s one.
Keywords: Amorphous silicon carbide (a-SiCx), Passivation layer, RF magnetron sputtering
method, Post annealing.
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Effect of atmospheric conditions on optical properties of
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Refractive index

The laser rangefinder (LRF) has been attracted in a variety of applications, such as military,
aeroplanes, and satellites in order to precisely measure speed, distance, and acceleration. In
the LRF, all parameters are determined by measuring round trip time after propagating a
pulse laser through air over a certain distance. The refractive index of air can be changed by
temperature and pressure and optical absorption of the pulse laser strongly depends on
humidity and concentration of CO2 in the atmosphere. In this paper, we investigate the effect
of atmospheric conditions, such as humidity, concentration of CO2, temperature, and
pressure on optical properties of the LRF. The round trip time of the pulse laser is delayed
by changing pressure or temperature. The transmission loss of the pulse laser is additionally
induced as humidity or concentration of CO2 increases.
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Fig 1. Refractive index of air with respect to the operating wavelength of the pulse laser.
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Nearly-perfect metamaterial absorbers, which can be used in thermal images, solar cells
and sensors, have been investigated not only theoretically but experimentally. According to
employed frequency range, metamaterial absorbers are exposed to different fabrication
methods, such as standard miro-fabrication method for terahertz range [1] and standard
optical lithography method for gigahertz range [2]. Recently, flexible metamaterials [3] have
attracted much attention, and ink-jet technology is considered as one of suitable candidates for
the fabrication. However, the experimental results demonstrated that it is hard to get the
conductivity of constituent metal as expected. Here we provide some method to overcome this
shortcoming by adjusting the dimension of structure. We numerically investigated
metamaterial absorber which was composed of patterned metal layer, dielectric layer and
continuous metal layer. The simulation results show that the absorption reaches unity by
optimizing the geometry of patterned metal layer, and the thickness of dielectric layer, even
though the conductivity of metal layers is very low.
[1] L. Huang, D. R. Chowdhury, S. Ramani, M. T. Reiten, S. N. Luo, A. K. Azad, A. J. Taylor, and H. T. Chen, Appl. Phys.
Lett. 101, 101102 (2012).
[2] N. I. Landy, S. Sajuyigbe, J. J. Mock, D. R. Smith, and W. J. Padilla, Phys. Rev. Lett. 100, 207402 (2008).
[3] N. R. Han, Z. C. Chen, C. S. Lim, B. Ng, and M. H. Hong, Opt. Express 19, 6990 (2011).
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Laser sources for illumination of the projection system have been attracting much attention
because of their many advantages, such as high image brightness, high optical efficiency, and
wider color gamut. The main problem in the laser projection system, however, has a speckle
noise that degrades the quality of the image severely. Speckle can be suppressed by rapidly
vibrating a diffuser. The use of a diffuser, however, requires the large amplitude of diffractive
optical element (DOE) vibration and induces high additional optical losses. By using the
Hadamard matrix algorithm for modulating the phase of the laser beam wavefront, a high
level of speckle suppression can be obtained. This method, however, is impractical because of
vary fast, complex, and accurate DOE movement.
In this paper, we demonstrate a novel, simple speckle reduction method in the laser
projection system by using a galvo-mirror incorporating a beam homogenizer. The laser beam
scanned by the galvo-mirror can be parallelized by positioning the galvo-mirror at the focal
length of the lens. The parallelized beam with a beam diameter of 5 mm is then scanned up
and down. When the beam passes through the microlens arrays of the homogenizer, the beam
can have multiple optical paths, which results in variable speckle pattern in time domain.
Since the human eye has an integration time of ~ 50 ms, the accumulated speckle patterns
over the integration time can reduce the speckle noise. It is evident that the proposed speckle
suppression method has low loss due to the high reflection mirror and the microlens arrays
with low insertion loss. The speckle suppression is observed by changing a scanning
frequency and amplitude of the scanning mirror.

- 587 -

FRI-PH-P02

Coherent perfect absorption in epsilon-near-zero film of
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In this report, we investigate the absorption phenomena in response of epsilon-near-zero
(ENZ) thin film of ITO in a bilayer configuration in Fig. 1(a). The εre is zero in ENZ material
whereas the εim part is solely effective in high absorption. The electric field confinement
inside the ENZ material is high because of the electric field continuity condition at zero value
of electric permittivity.
We derived the absorption spectrum equation of the ENZ thin film on perfect electric
conductor using the transfer matrix and admittance matching condition. It is found that for
perfect absorption the intrinsic damping should be same as the radiation damping from the
absorption spectrum and so the critical coupling condition for coherent perfect absorption
(CPA) is derived. The calculated absorption spectra of ITO thin film of 35 nm thickness are
shown in Fig. 1(b) as a function of incident angle at 1435 nm at which the real part of
permittivity of the ITO film is zero. In Fig. 1(c) the 2D absorptance spectra are represented
with the corresponding CPA and incidence angle and show clearly the shift of CPA to lower
wavelength (1420-1340 nm) as the incidence angle increases from 45 to 850. In summary we
have shown that the CPA is found in the very thin thickness 35 nm of ITO film, which is only
2.4% comparison with the ENZ wavelength and the ITO thin film is deserved to be an ENZ
material in near infrared wavelength region.
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Fig. 1 (a) The schematic diagram. (b) The calculated absorptance spectra for the structure of
35 nm of ITO thin film and 200 nm thick Ag on glass substrate for CPA. (c) The 2D
absorptance spectra are represented with corresponding CPA and incidence angle.
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In this paper, we represent the fabrication of double-layer diffracting gratings in zigzag
shape inside fused silica glass using femtosecond laser that overcomes the hindrance of
shortening gratings’ period. Our objective is to utilize double-layer gratings to achieve
diffraction pattern similar to shorter (half) period diffraction gratings. For both layers, the
gratings’ period was 6 m. The first set of diffraction gratings were printed 70 m inside the
glass substrate. This layer is followed by the second layer those were engraved just below the
first layer simply right-shifted the gratings’ position by 3 m (illustrated in Fig. 1(a)). By
varying the layer gap, we have found the optimal position (layer gap: 500 nm) to achieve the
diffraction pattern similar to that of 3 m gratings’ period (as shown in Figure 1(e) and 1(g)).

Fig 1. (a) Schematic diagram of fabrication process; (b) single layer diffraction gratings
with period of 6 m; (c) diffraction pattern for (b); (d) single layer diffraction gratings
with period of 3 m; (e) diffraction pattern for (d); (f) diffraction pattern of double-layer
diffraction gratings with period of 6 m and layer gap of 5 m; (g) diffraction pattern of
double-layer diffraction gratings with period of 6 m and layer gap of 500 nm.
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High efficiency solar cells require high generation and low recombination rates. High
lifetime, well passivated surfaces. As one of PERC solar cell has already been proven to be an
effective Conventional screen printed solar cells.
In this paper, we investigate laser ablation damage removal process of stacks used for Rear
side passivation of PERC solar cells. We used laser ablation process. This process is more
damage for the ablation process. So we compared with Laser ablation annealing process and
Chemical cleaning. As the laser damage was etched gradually by dipping in Alkali Chemical
for 30sec, 1min, 2min, 10min. The post-laser etching using Alkali Chemical increased that the
shunt resistance (Rsh) and open circuit voltage (Voc) of the cells. The vest Rsh and Voc was
obtained with the chemical cleaning for 2 min. In conclusion, it was observed that the
Chemical cleaning was better than that of Laser ablation annealing process.

Fig 1. i-PERC cell structure
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Electrically pumped nanolasers with high quality factors and small mode volumes were
demonstrated as a practical coherent light source in an ultracompact photonic integrated
circuit. However, to achieve ultralow lasing threshold at room temperature and high-density
integration with other photonic devices, it is necessary to develop new nanolasers with simple
geometry and small physical size. Here we report the demonstration of the smallest-possible
nanolasers in one-dimensional photonic crystal nanobeam structures at room temperature. A
submicron-sized central post was formed accurately in a desired position underneath the
nanobeam by highly reproducible wet etching, and current was injected efficiently through
the post. The scanning electron microscope (SEM) image of an electrically driven nanobeam
laser is shown in Fig.1. An ultrasmall zero-cell nanobeam laser with a physical device volume
of ~1.2 m3 was demonstrated successfully and furthermore, an ultralow lasing threshold of
~5 A was achieved from three-cell nanobeam structure at room temperature. The improved
electrical injection system and small physical size yielded the lasing threshold that is
substantially lower than those of previously reported two-dimensional photonic crystal lasers.

Figure 1. SEM image of zero-cell nanobeam(a,b) and three-cell nanobeam(c,d).
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Improvement on Etch Process of The Propagation
Efficiency in Ti:LiNbO3 Optical Waveguide
Jeong-ho Ha*, Jun-hee Park*, Tai-young Kang* and Han-young Lee*
* integrated Photonics Research Team, Korea Electronics Technology Institute
68 Yatap-dong, Bundang-gu, Seongnam-si, Gyeonggi-do, 463-816, Republic of
Korea
We fabricated low loss x-cut Ti:LiNbO3 optical waveguides by improved etching process.
Plasma dry-etching of Ti thin film layer using the neutral loop discharge (NLD) was applied.
After dry-etching, wet-etching based on Ethylenedinitrilo tetraacetic acid (EDTA) solution
process was used in order to eliminate residues of photo-resistor (PR) and make up for the Ti
undercut. The C3F8 gas(25 sccm) was applied instead of Ar gas due to the prevention of
substrate damage from high ion energy. The Ti thin film layer of 950Å was deposited by the
electron Beam evaporation system and waveguide width fabricated 7um using the photolithography process. 950Å of deposited Ti was indiffused at 1060℃ for 11h in an Ar and
oxygen atmosphere using furnace. We measure the propagation loss of dry/wet etching
Ti:LiNbO3 waveguide. The results of propagation loss was under 0.1dB/cm.
f
This work was supported by the public welfare and safety research program through the
National Research
Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(2010-0020792).

Fig. 1. Y-Branch intensity ratio (a) wet-etching (b) dry/wet etching
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Indium tin oxide thin film as an epsilon-near-zero material
in near infrared wavelength
Jin Joo Kim, Chang Kwon Hwangbo
Department of Physics, Inha University, Incheon, 402-751, South Korea
Epsilon-near-zero (ENZ) material means that the real part of permittivity of the material is
close to zero at a specific wavelength. Recently, the ENZ materials have received significant
attention due to their interesting potential such as a perfect absorber. Most of them such as
oxide materials and semiconductors are explored in far infrared wavelength range.
In this study, we investigated experimentally indium tin oxide (ITO) thin film as an ENZ
material in near infrared (NIR) wavelength. We prepared ITO films on glass substrates in RF
magnetron sputtering chamber. The thickness of films is 60~70 nm and the substrate
temperature is varied at 150, 300, and 400 ℃, respectively. The permittivity of films is
analyzed in 300~2600 nm wavelength by a variable angle spectroscopic ellipsometer (VASE)
and the absorption spectrum of ITO films is measured by a spectrophotometer. It is found that
the ENZ wavelength, at which the real part of permittivity of ITO films in Fig. 1 is zero, shifts
to 2.25 µm, 2 µm, and 1.62 µm, respectively, as the substrate temperature increases. Also the
absorption peaks of each ITO films in Fig 2 measured in spectrophotometer are in good
agreement with the ENZ wavelengths measured in VASE. In conclusion, these results reveal
that the ENZ wavelength of ITO thin film is easily controllable in NIR wavelength as a
function of substrate temperature.

Fig 1. Real part of permittivity of ITO films
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Fig 2. Absorption of ENZ ITO films

FRI-PH-P08

Effects of Rear Passivation through Aluminium Oxide
Layer Annealing on the Crystalline Silicon Solar Cells
Jong-Youb Lim*, Ji-Soo Kim, Yeon-Hee Hwang, Ji-Sun Kim, and Eun-Joo Lee
* R&D center, Shinsung solar energy,
#8 Daewangpangyo-ro 395, Seongnam-Si, Gyeonggi-do, 463-420, Korea
Rear side passivated with aluminum oxide (Al2O3) and silicon nitride (SiNx) solar cells
have a high potential to improve the efficiency in the industrial cell production. Evidently, an
excellent level of surface passivation is a requisite for high-efficiency crystalline silicon (c-Si)
solar cells. Excellent passivation of crystalline silicon (c-Si) has been achieved by aluminum
oxide (Al2O3) films prepared by plasma-assisted atomic layer deposition. Atomic-layerdeposited aluminum oxide (Al2O3) is applied as rear surface passivating dielectric layer to
passivated emitter and rear cell crystalline silicon solar cells.
In this work we investigated on the effects of rear passivation through aluminum oxide
(Al2O3) layer annealing on the crystalline silicon solar cells. The aluminum oxide (Al2O3)
through annealing process were analyzed impled-Voc and lifetime of minority by
QSSPC(Quasi Steady State Photo Conductance). As a result, implied Voc over 660 mV was
achieved on commercial grade p-type CZ silicon wafer after annealing process. This
implied Voc is much higher, compared to the ones obtained by non-annealing Al2O3 rear
passivation.
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Fig 1. Spectral response of the rear-side passivated solar cell (red line)
and standard fully covered aluminum solar cell (black line)
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Detection of Fungi and Bacteria Using Terahertz
Metamaterials
S. J. Park*, J. T. Hong*, and Y.H. Ahn*
* Department of Physics and Division of Energy Systems Research, Ajou
University, Suwon, 443-749, Korea
We demonstrate that metamaterials operating in the terahertz frequency range can be used
for highly sensitive detection of living microorganisms such as molds, yeasts, and bacteria. A
clear red-shift in the resonant frequency of the metamaterials is observed upon the deposition
of microorganisms on the metamaterials. This shift is due to the change in the effective
dielectric constant of a gap area. The resonant frequency shift was linearly dependent on the
number density and the dielectric constants of the fungi. In particular, we found that yeast
cells are more sensitive than the penicillium in terms of the frequency shift, which was
successfully interpreted by the dielectric constant measurements of the individual fungi. Our
technique can be applied to various living microorganisms such as bacteria in aqueous
environments as well as in ambient conditions. Thus, this technique shows promising
potential for use in the fabrication of highly sensitive microbial detectors that are capable of
high-speed on-site detection of venomous microorganisms in various environments.

- 595 -

FRI-PH-P10

Optical phonons and stress evolution in GaAs/AlGaAs
multiple quantum well structures
Taegeon Lee*, Heesuk Rho*, Won Jun Choi**, Jin Dong Song**, Sung Jun
Park**, Ju Young Lim**,***, Hyun Ji Oh**
* Department of Physics, Chonbuk National University, Jeonju 561-756, Korea
** Center for Opto-Electronic Convergence Systems, Korea Institute of Science
and Technology, Seoul 136-791, Korea
*** Laser-IT Research Center, Korea Photonics Technology Institute, Gwangju
500-779, Korea
We use Raman scattering method to investigate optical phonons and stress evolution in
GaAs/AlGaAs multiple quantum well (MQW) structure which is an essential element in
photovoltaic applications. The GaAs/AlGaAs MQW structure was fabricated on a 2-μm-thick
GaAs layer which was deposited on an InAs-quantum-dot-decorated Si substrate. Raman
scattering measurements were performed both from the top surface and from the cleaved edge
perpendicular to the growth direction. Raman spectra measured from the top surface of the
sample showed several optical phonons related to the GaAs/AlGaAs MQW structure: GaAs,
GaAs-like, and AlAs-like longitudinal optical phonons. Interestingly, the intensity ratio of the
minimum and the maximum Raman responses varied for a different growth condition. In
addition, spatially-resolved Raman spectra of the 2-μm-thick GaAs layer measured from the
side edge revealed that GaAs transverse optical phonon modes evolved differently in energy
along the growth direction when the growth parameter of the sample was changed. Our results
demonstrated that stress in the 2-μm-thick GaAs layer evolved differently along the growth
direction with the change in the growth parameter and, subsequently, affected the optical
phonon characteristics in the GaAs/AlGaAs MQW.
This research was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and
Technology (Grant No. 2012007434).
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Study on the properties of InGaN/GaN green LED with
superlattice structure
Jin-young Park*,**, Taeksoo Ji*, Jin-hong Lee**,
* School of Electronics and Computer Engineering, Chonnam National
University, Gwangju, 500-757, Korea
** LED Device Research Center, Korea Photonics technology institute,
Gwangju, 500-779, Korea
The low internal quantum efficiency (IQE) of green light emitting diode (LED) is still
major problems due to the residual strain in multi-quantum wells (MQWs) and indium
segregation. The high strain in the MQWs is attributed to the high indium composition that
causes the band bending. In addition, the band bending occurs low electron-hole overlap
wave-function in MQWs that induces a low optical output power of LEDs. In this paper, we
studied on the 2 nm-thick superlattice structures having 12 periods between MQWs structures.
Photoluminescence (PL) and Indium ball using the electroluminescence (EL) of green
LEDs having 523 nm peak wavelengths were measured to analyze the different characteristics
with and without superlattice structure, respectively. In the PL results, we can see the
increased PL intensity more than 2-folds with superlattice structure than that of LED without
superlattice structure. However, there are no changes in the peak wavelength regardless of the
structure of superlattice. In addition, the EL result shows that the optical output power is
increased up to 1.2 times with increased peak shift with superlattice structure. The analysis
with Double Crystal X-ray Diffraction (DCXRD), Atomic Force Microscope (AFM),
Scanning Electron Microscope (SEM) indicates that the enhanced optical output power of
green LED with superlattice structure is ascribed to the strain reduction, defects annihilation,
and modified carrier dynamics in MQWs.
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Weight sensor application of polarization maintaining
PCF
J. W. Lee*, T. G. Noh**, Y. W. Lee**, and E. S. Kim*
* Div. Digital Media Eng., Pusan University of Foreign Studies, Busan, 608-738,
Korea
** School of Electrical Eng., Pukyung National University, Busan, 608-737,
Korea
We have investigated the characteristics of weight sensor consisted of polarization
maintaining PCF (photonic crystal fiber). The polarization maintaining PCF has high
birefringence, low temperature sensitivity, and low bending loss. These merits are useful in
sensor applications. Especially the weight sensor used in automotive and aerospace, and
industry is large. In this paper, we proposed small weight sensor using polarization
maintaining PCF and examined it. A broadband light source, an optical spectrum analyzer, a
3 dB fiber coupler, a half-wave plate, and a polarization maintaining PCF were used to test
the fabricated sensor. The input light beam is split into two counterpropagating waves rotating
in a clockwise and a counterclockwise direction by the 3 dB fiber coupler. When they
combine at 3dB coupler again, the interference will be occurred. The experimental result is
shown in Fig. 1. The linearity of the proposed sensor based on polarization maintaining PCF
was very good and the sensitivity was 6.6nm/kg.

Fig 1. The variation of sensor output according to weight.
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Effect of additional thermal annealing process on optical
and electrical properties of GaN-based light-emitting diode
Sang-Hyun Han, Jae-Hwan Lee, Ki-Ryong Song, Sung-Nam Lee*
Department of Nano-Optical Engineering, Korea Polytechnic University,
Siheung, Korea, 429-793
We investigated the electrical and the optical properties of GaN-based light-emitting diodes
(LEDs) with different annealing methods. We prepared standard two LEDs structures which
were annealed by in-situ reactor annealing process and by ex-situ rapid thermal annealing
process after in-situ reactor annealing process. And then, we performed in-situ reactor
annealing (IRA) treatment for 5 min at 750°C with N2 atmosphere in the reactor of
metalorganic chemical vapor deposition (MOCVD). Then, We additionally carried out ex-situ
thermal annealing (ERA) treatment 1 min at 650°C with N2 atmosphere by using rapid
thermal annealing system (RTA). Figures 1(a) and 1(b) showed photoluminescence (PL) and
electroluminescence (EL) spectra of LEDs treated by IRA and ERA, respectively. The PL
intensity of LED with ERA was much lower than that of LED with IRA. It represented that
InGaN/GaN MQWs would be thermally degraded by ERA. However, the EL intensity of
LED with ERA was surprisingly three times higher than of LED with IRA, which was
contrary to results of PL. In addition, it found that the operation voltages of LEDs with IRA
and ERA were 4.2 and 3.7 V, respectively. Based on these results, we believed that, in spite
of optical degradation by thermal annealing, optical output power of LED was significantly
improved by effective p-type activation.
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Fig 1. PL (a) and EL (b) spectra of GaN-based LEDs with different two annealing methods
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Optical improvement of GaN-based Light-Emitting Diode
by introducing silicon resin pattern
Man-Su Park, Hyo-Soo Son, Nak-Jung Choi, Hye-Rin Lee, Sung-Nam Lee*
Optoelectronic Materials & Devices Laboratory, Department of Nano-Optical
Engineering, Korea Polytechnic University, Siheung, Korea, 429-793
We investigated the formation of Si resin pattern and its application for light extraction
efficiency of GaN-based LEDs. Surprisingly, we found that regular Si resin pattern would be
formed by depositing 200 nm-thick Al2O3 film on 3 μm-thick Si resin-coated GaN film as
shown in Fig. 1 (a). This Si resin pattern (SRP) would be controlled by the thickness of Si
resin film and the growth parameters of Al2O3 film in atomic layer deposition. By using Si
resin pattern, we adopted SRP to the light extraction improvement layer of GaN-based LEDs.
By measuring electroluminescence of conventional LED and LED with SRP, we observed
that the EL intensity of GaN LED with SRP was 20 % higher than that of conventional LED
as shown in Fig. 1(b). Although the transmittance of LED with SRP was much lower than that
of conventional LED, the improvement of light output power would be caused by the increase
of extraction efficiency due to the light scattering effect through SRP. From these results, we
suggested that SRP would be play an important role in increasing light extraction efficiency in
GaN-based LEDs.
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Fig 1. Optical microscope image (a) of SRP on GaN template and EL spectra (b) of LED
with/without SRP
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High performance semipolar (11-22) GaN-based lightemitting diodes by using Si doping in n-type GaN film
Jae-Hwan Lee, Sang-Hyun Han, Ki-Ryong Song, Sung-Nam Lee*
Optoelectronic Materials & Devices Laboratory, Department of Nano-Optical
Engineering, Korea Polytechnic University, Siheung city, South Korea
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We investigated the effect of Si doping on crystal and electrical properties of semipolar
(11-22) GaN film by using high-resolution X-ray diffraction and Hall measurements. In-plane
and out-of plane high resolution X-ray measurements represented that the crystal defects were
significantly decreased by increasing Si doping concentration, resulting in the increase of
carrier mobility due to the reduction of defect scattering effect. In addition, as increasing Si
doping concentration in n-type GaN template, the electroluminescence intensity of semipolar
(11-22) GaN-based LEDs was drastically increased and the operation voltage was gradually
decreased from 4.9 to 19.6 sccm,. With increasing SiH4 flow, X-ray reciprocal space mapping
results exhibited that crystallographic tilt of InGaN/GaN QWs was decreased from 0.3º to 0.1º.
Based on these results, we suggested that Si doping process would drastically reduce the
crystal defects and improve the interfacial quality of semipolar (11-22) InGaN/GaN QWs,
resulting in high optical output power of semipolar (11-22) GaN-based LEDs.
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Figure 1. EL intensity (a) and operation voltage (b) of semipolar (11-22) GaN-LEDs as a
function of SiH4 flow rate in n-type GaN template
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Continuously tunable microwave filter based on
polarization-differential time delay
Young Bo Shim, Sunduck Kim, and Young-Geun Han
Department of Physics, Hanyang University
17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea
We propose a continuously tunable microwave photonic filter based on polarizationdifferential time delay incorporating nonlinear polarization rotation. The multiwavelength
filter with continuously tunable wavelength spacing was realized by using a Sagnac
interferometer based on a polarization-differential delay line. The nonlinear polarization
rotation structure is utilized for the stable operation of the multiwavelength laser. The
modulated multiwavelength output of the proposed fiber laser with an electro-optic modulator
was propagated through a single mode fiber with a length of 50 km to induce different time
delay among multiple lasing wavelengths. As a result, each modulated lasing wavelength with
different time delay should be superimposed resulting in the power variation of the output
microwave signal according to the modulation frequency. Periodic transmission frequencies
of the microwave signal corresponding to the wavelength spacing of the multiwavelength
laser should be obtained. As the wavelength spacing of the multiwavelength erbium-doped
fiber laser is tuned from 0.2 nm to 3.0 nm, the free spectral range of the proposed microwave
filter is continuously controlled from 5.56 GHz to 0.37 GHz.
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(a) Experimental scheme and (b) output spectra of microwave signals

- 602 -

FRI-PH-P17

Babinet's lesson for an optical Yagi-Uda antenna
Chang-Won Lee*, Yeonsang Park*, Jineun Kim*, Young-Geun Roh*, Sangmo
Cheon*, Jong-Ho Choe**, & Q-Han Park**
* Samsung Advanced Institute of Technology, Yongin-si, Gyeonggi-do, 446712, Republic of Korea
** Department of Physics, Korea University, Seoul 136-701, Republic of Korea
Optical antennas have been an important area of nanophotonics due to the potential
applications of manipulating nanoscale radiation sources. We present a multislot optical
nanoantenna, which is Babinet complementary structure of rod-type counterpart. Our antenna
has a resonant magnetic dipole feed and reflector / directors to route radiation from the feed
with large directional gain in the visible. It also does not suffer from the radiation trapping
arising from the preference of confining light in high-refractive-index substrates. The
geometry is engineered to achieve an optimal front-to-back (FB) ratio up to 9.2dB with a fiveslot structure at 660 nm. We find the relative phase differences of the plasmon field in the
slots play important role for the unidirectionality of the antenna.

Fig 1. (a) A five-slot optical antenna. The white bar corresponds to 200 nm. (b) Directional
radiation from a five slot antenna at 660 nm.
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Investigation of internal electric field of InAs/GaAs
quantum dot solar cell by photoreflectance spectroscopy
Sung Sik Min*, Geun Hyeong Kim*, Im Sik Han*, Jong Su Kim*, Sam Kyu
Noh**
*Department of Physics, Yeungnam University, Gyeongsan 712-749, Korea
**Korea Research Institute of Standards and Science, Daejeon 305-340, Korea
To investigate the potential barrier effect in interface electric fields (F) of QDSCs, we
fabricated QDSC with 2.8 nm Al0.3Ga0.7As potential barrier. By using photoreflectance (PR)
spectroscopy and fast Fourier transforms (FFT) of PR spectra, we estimated F of both QDSCs
with and without potential barrier. When the existence of potential barrier, the dominant
amplitude of FFT frequencies was change to relatively lower frequencies corresponding to
relatively higher electric fields. It could be explained by carrier confinement effect between
the potential barriers. Fig. 1 shows the temperature dependence of frequencies and their
amplitudes profile. As increasing the temperature of the QDSC with potential barrier, the
amplitudes of low frequency regime (~30 eV-3/2 ) are increased and maximized at temperature
of 120 K, while the maximum amplitude of medium frequency (~60 eV-3/2 ) are appeared at
100 K. These phenomena can be explained by the carrier confinement effect in different
quantum dot sizes. The low and medium frequency components correspond to the internal
electric fields from the relatively lager and smaller InAs/GaAs QDs, respectively. From these
results we suggested that the internal electric fields are related to the strain-induced electric
fields due to the lattice mismatched InAs/GaAs interface.

Fig 1. Temperature dependence of FFT frequencies for QDSC
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Broadband Modulation of Terahertz Waves with Nonresonant Graphene Meta-devices
Hyeon-Don Kim, Seung Hoon Lee, Hyunjoo Choi, Byungsoo Kang, Yong
Rae Cho, and Bumki Min
Department of Mechanical Engineering, Korea Advanced Institute of Science
and Technology (KAIST), Daejeon 305-751 Republic of Korea
We present a meta-atom hybridized graphene, where the effective surface conductivity or
effective Fermi level of graphene can be significantly enhanced by hybridizing with a nonresonant meta-atom structure. As a result, large intensity modulation of transmitted terahertz
waves is demonstrated without sacrificing the broadband modulation feature of single-layer
graphene. We anticipate that this electrically controlled graphene metamaterial may play an
important role in the fabrication of practical terahertz modulators.

Fig 1. (a) Schematic view of a non-resonant graphene metamaterial. (b) 3D plot of effective
surface conductivity as a function of Fermi energy and gap size between meta-atoms.
Acknowledgement: This work was supported by the National Research Foundation of Korea (NRF) grant
funded by the Korea government (MEST) (NRF-2012R1A2A1A03670391, 2013-050154) and the World Class
Institute (WCI) Program of the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology of Korea (MEST). (NRF Grant Number: WCI 2011-001). This work was
partly supported by the Center for Integrated Smart Sensors funded by the Ministry of Science, ICT & Future
Planning as Global Frontier Project. (CISS-2012-054188)
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Optical properties of CdZnO/MgZnO quantum well
structures with various applied electric field
Hee Chang Jeon*, Tae Won Kang*, Seung Joo Lee*1, Seoung Hwan Park**
* Quantum-functional Semiconductor Research Center, Dongguk University,
Seoul, 100-715, Korea
* Department of Electronics Engineering Catholic University of Daegu, Korea

Wide band-gap wurtzite semiconductors have attracted much attention due to their
potential applications for optoelectronic devices in the photonic devices such as light-emitting
devices and solar cells. ZnO materials have great potential for highly-efficient and novel
photonic device applications due to their high crystallinity, wide and direct band gap, peculiar
physical properties such as large exciton binding energy. This study investigates optical
properties as a function of internal and external fields in the quantum well (QW). Optical
properties of CdZnO/MgZnO QW structures, considering various applied electric fields are
evaluated by using many-body effects. The strain-induced piezoelectric polarization and the
spontaneous polarization can be reduced effectively by applied electric field in
CdZnO/ZnMgO QW structures with high Cd composition. That is, optical properties as a
function of internal and external fields in the CdZnO/ZnMgO QW with various applied
electric field result in the increased optical gain due to the fact that the QW potential profile is
flattened as a result of the compensation of the internal field by the reverse field as confirmed
by Stark shifts. These results demonstrate that a high-performance optical device operation
can be realized in CdZnO/MgZnO QW structures by reducing the droop phenomenon.

1

Email : leesj@dongguk.edu
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Sub-wavelength electromagnetic energy vortex in
hyperbolic metamaterials
Yong Rae Cho, Seungwoo Lee, Hyeon-Don Kim, Bumki Min
Department of Mechanical Engineering, Korea Advanced Institute of Science
and Technology (KAIST), Daejeon 305-751, South Korea
The field of singular optics have attracted much attention due to its wide applicability,
including optical tweezers, quantum information, microscopy, etc. There are three types of
optical singularities: phase, polarization, and Poynting singularities. For the case of Poynting
singularities, Poynting vector field behavior can be classified as vortex, saddle, source, or
sink.
In this work, we investigated the time-averaged Poynting vector field distribution at the
bottom plane of hyperbolic metamaterials (HMMs). The structure of HMMs is composed of
six layers of 35 nm silver and 10 nm magnesium flouride each. And chrome layer is
deposited on the top and 260 nm period of hexagonally arranged holes are perforated. To
analyze the Poynting vector field, we calculated isofrequency contour of HMMs and output
field. The result shows vortex structure of Poynting vector field. In order to verify the
calculated result, we also performed numerical simulation.

Fig 1. (a) Calculated magnitude of Poynting vector and (b) distribution of Poynting vector
field. (c) Numerically calculated magnitude of Poynting vector and (d) distribution of
Poynting vector field.
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Optical properties in continuous tunable cholesteric liquid
crystal laser array
Mi-Yun Jeong*, Ki Soo Chung*, and Jeong Weon Wu**
* Department Physics and Research Institute of Natural Science, Gyeongsang
National University, Jinju, 660-701, South Korea
** Department of Physics and Quantum Metamaterials Research Center, Ewha
Womans University, Seoul, 120-750, South Korea
Fine-structured polymerized wedge PCLC cells were fabricated, and verified the high fine
spatial tunability of the lasing wavelength, with resolution less than 0.3 nm in a broad spectral
range. The optical properties of generated laser light and fluorescent light were studied. For
practical device applications, their stability was studied in detail over time and in response to
strong external light sources and thermal perturbation. The PCLC wedge cells had good
temporal stability for 1 year, and showed good stability for strong perturbations. After harsh
trials, the PCLC cells showed lasing wavelength shifts of less than 1 nm, and the laser peak
intensities were decreased by up to 34%. After temperature cycling, the high energy band
edge of the PBG red shifted by 3nm, while there were no PBG shifts in response to light
perturbation. The polymerized CLC cell is most strongly influenced by the temperature for all
the perturbation cases. When the lasing wavelength of the spatial point of the cell is blue
shifted (or red shifted) by 1 nm, the lasing wavelength of just beside the point of the cell is
also blue shifted (or red shifted) by 1 nm, or all the spatial points of the PCLC cell are blue
(or red) shifted simultaneously, or when we consider the entire lasing spectrum for the PCLC
cell, the 1-nm wavelength shift does may not matter. Although the laser peak intensities were
decreased by up to 34% in total for all the perturbation cases, the remaining 34% laser peak
intensity is considerable extent to make use. Therefore, the PCLC cell had good stability for
strong light and thermal perturbations. This research will be useful for practical CLC laser
device development.
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Spontaneous emission enhancement in nanofocused plasmonic
modes-single quantum dot coupled system
Su-Hyun Gong*, Je-Hyung Kim*, Young-Ho Ko*, Christophe Rodriguez*,
Jonghwa Shin**,
Yong-Hee Lee*, Le Si Dang***, Xiang Zhang****, and Yong-Hoon Cho*
* Department of Physics, KAIST, Daejeon, 305-701, Republic of Korea
** Department of Materials Science and Engineering, KAIST, Daejeon, 305-701,
Republic of Korea
***Nanophysics and Semiconductors, CEA-CNRS-UJF Group, Institut Néel,
CNRS Grenoble, 25 rue des Martyrs, 38042 Grenoble Cedex 9, France
****Nanoscale Science and Engineering Center, 3112 Etcheverry Hall,
University of California at Berkeley, Berkeley, CA 94720, USA

High-performance single photon sources are fundamental components in the area of
quantum information science. However, the weak coupling of a exciton in quantum dot to
photonic modes due to small spatial phase coherence between their wave functions results in a
low intrinsic radiative decay rate and limits the performance of a single photon source.
Fortunately, cavity quantum electrodynamics offers the possibility of enhancing excitonphoton coupling by incorporating quantum dots in high quality factor, small mode volume
cavities.
We would like to propose a site-controlled array of quantum dots that are coupled with
plasmonic modes in pyramidal structures. A tapered GaN template enables quantum dots to
be obtained in on-demand positions. The deposition of silver film on a tapered structure
introduces broadband plasmonic modes with highly enhanced electric fields at the quantum
dot positions. This ensures spatial and spectral matching between quantum dots and
plasmonic modes, which improves the radiative decay rate of quantum dots. Moreover, using
Hanbury Brown-Twiss set-up, non-classical photon statistics (anti-bunching) also observed
from our structure. This simple approach eliminates the major obstacles in the implementation
of solid-state quantum emitter coupled to plasmonic modes.
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Temperature dependence of p-n junction
electric fields in p-i-n GaAs
Sang Jo Lee, Mo Geun So, Geun-Hyeong Kim, Chang Won Sohn, Im Sik Han,
Jong Su Kim*a), Sam Kyu Noh**
*Department of Physics, Yeungnam University, Gyeongsan 712-749, Korea
**Center for Nano-characterization, Korea Research Institute of Standards
and Science, Daejeon 305-340, Korea
The photoreflectance (PR) is powerful method for probing the surface and the
interface electric fields in p-n junction solar cell. We have investigated the temperature
dependence of the electric fields in p-i-n GaAs solar cell by using PR spectroscopy, and
especially, focused on the interface electric field. The sample was grown on n-type GaAs
substrate in molecular beam epitaxy (MBE). The thickness of each layer of p-i-n structure is
0.2 μm, 0.25 μm and 0.2 μm, respectively. We used He-Ne (632.8 nm) laser as the pump beam,
and the light intensity is kept constant as 0.14 mW/cm2 during temperature dependent
experiments. The photovoltaic effects on the interface electric fields are observed by the
Franz-Keldysh oscillations (FKOs) analysis through the fast Fourier transform (FFT). The
FFT results show three main FKO frequencies and these frequencies are classified by two
interface electric fields. The electric fields are 44.5 kV/cm and 38.4 kV/cm at 300 K. In
addition, as the temperature approaches to 20 K, the two interface electric fields are decreased
linearly to the value of 38 kV/cm and 31.6 kV/cm, respectively. This could be explained by the
temperature dependent photovoltaic effect [1].
[1] H. Shen and M. Dutta, J. Appl. Phys. 78, 2151 (1995).
a)

E-mail: jongsukim@ynu.ac.kr
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Preparation of red (Sr0.8Ca0.2)AlSiN3:Eu2+0.0075 phosphor
from powder mixture of metal nitrides using spark plasma
sintering
Trinh Quang Hung, Jin-Oh Jo, Sang Baek Lee, Young Sun Mok*
Department of Chemical and Biological Engineering, Jeju National University,
Jeju, 690-756, Republic of Korea
A red nitride phosphor with formula: (Sr0.8Ca0.2)AlSiN3:Eu2+0.0075 was successfully
synthesized using spark plasma sintering at 1680 oC from powder mixture of metal nitrides of
Sr, Ca, Al, Si and europium (III) oxide. The prepared phosphor showed a wide excitation
band ranging from 300 to 550 nm and a broad emission band centered at a wavelength of
about 618 nm, being suitable for use in down-conversion white LEDs. The effects of sintering
temperature, holding time as well as uniaxial pressure on phosphor characteristics were
investigated. The experimental results indicated that the spark plasma sintering method can be
applied to prepare nitride phosphors at a relatively low temperature for a short duration time
compared to conventional methods.
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FRI-PH-P27

A widely tunable and switchable dual wavelength erbiumdoped fiber laser with fast response time in
C- and L-bands
Seung Bin Ahn and Young-Geun Han
Department of Physics, Hanyang University
17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea

C-band EDF

980nm LD

Fabry-Perot filter
OSA

WDM
coupler

980 nm LD

WDM
C/L band coupler
combiner
L-band EDF
Isolator
90:10
coupler

(b)

C-band EDFA
L-band EDFA

-20
-40
-60
1480 1520 1560 1600 1640

Wavelength [nm]
C/L band
Combiner

Unpumped EDF

Circulator
Circulator

optical switching
LiNbO3
Polarization
polarization controller
controller
Linear
polarizer

S

SLPG based
D-shaped fiber

0

Transmission [dB]

(a)

Output power [dBm]

In wavelength-routed WDM network using optical cross-connects (OXC), high-resolution
spectroscopy, and passive component test, tunable and switchable lasers can be considered as
the useful sources to reduce channel cross-talk and enhance the functionality of WDM
communication systems. To realize the tunable and switchable lasers, various methods have
been utilized. The most important key component is a wavelength selective filter, such as
fiber Bragg gratings (FBGs), long-period gratings (LPGs), nonlinear optical loop mirror
(NOLM) and interferometers. Recently, broad-band lasers covering both C-and L-band have
now become one of the most promising future network elements, satisfying the everincreasing capacity demand of wavelength-routed WDM network. In this paper, we propose a
widely tunable and switchable dual wavelength erbium-doped fiber laser with a wide
operation range of 80 nm covering both C-and L-band. The dual-wavelength lasing output
was effectively switched from C- to L-bands and a fast switching response time of 250 s was
obtained.
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Fig 1. (a) Experimental configuration and (b) polarization-dependent transmission spectra
of the SLPG.
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FRI-PH-P28

Plasmonic enhancement of Raman spectra of MoS2 layers
Krishna P. Dhakal and Jeongyong Kim
Department of Energy science, Sungkyunkwan University, Suwon 440-746,
Korea
Two-dimensional (2D) semiconducting metal chalcogenide nanosheets, specifically
molebdenum disulphide (MoS2) has recently attracted great research interest, because of their
unique properties and various applications in optoelectronics devices1. Metal nanoparticles
(NPs) show very interesting optical properties due to localized surface plasmon resonance
(LSPR) at the interface of the local chemical environment and/or refractive index 2. In this
context, it can be expected that the NPs decorated on the MoS2 layers could potentially
extend its functionalities to study the layer dependent intrinsic optical properties of the MoS2.
In this work, we decorated the mechanically exfoliated MoS2 by the triangular silver (Ag)
NPs using the simple method of drop casting the Ag NPs solution directly on the MoS2 layers.
Furthermore, we demonstrated the different level of plasmonic enhancement of Raman
spectra (specially, in A1g mode of vibration) observed in the MoS2 layers, starting from mono
layer to bulk as shown in the Fig.1. The detail will be presented.

Fig 1. Raman mapping image and corresponding Raman spectra of the few layers and bulk
MoS2 with and without decoration of the triangular Ag NPs. Black spots represents the
saturated signal counts.
[1] Coleman, J. N. et al. Science 331, 568 (2011). [2] Pelton, M. et al. Laser Photon. Rev. 2 136 (2008).
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WED-SP-P01

Evidence of interface-induced spin polarized current
through MgO/CuPc hybrid barrier
Yu Jeong Bae*, Nyun Jong Lee*, Andrew Pratt**, Yasushi Yamauchi**, Tae
Hee Kim*
* Department of Physics, Ewha Womans University, Seoul, 120-750, Korea,
Republic of.
** National Institute for Materials Science, Tsukuba, 305-0047, Japan
The injection of spin from a ferromagnetic metal into a non-magnetic organic semiconductor
(OSC), i.e. across a ‘spinterface’, is an increasingly important subject due to the fundamental
role it plays in molecular spintronics, incorporating many aspects of molecular chemistry,
surface science and condensed matter physics.[1,2] Elucidating the nature of charge and spin
transport mechanisms in OSCs remains one of the key goals of spintronics research with a
view to exploiting molecular charge and spin states to develop a revolutionary new class of
molecule-based spin devices.
Our study focuses on the controlled growth of Cu-phthalocyanine (CuPc) films on epitaxial
Fe/MgO(001) substrates in order to investigate spin injection from the ferromagnetic
electrode into the OSC layer. The surface and interfacial electronic structure were
investigated using the surface sensitive technique of spin-polarized metastable de-excitation
spectroscopy (SPMDS). Compared to adsorption on the strongly-interacting Fe(001) surface,
CuPc deposition on MgO(001) results in a well-ordered interfacial layer indicating that the
less-reactive oxide presents a more stable platform for spin injection. Additionally, we find
that the magnetic interaction across the Fe/MgO(001)/CuPc interface shows a strong
dependence on temperature and CuPc thickness, indicating the importance of hybrid interface
states and the formation of the ‘spinterface’. These findings have significant implications for
the understanding of spin injection from a ferromagnetic layer into an OSC, and highlight the
importance of adsorption geometry and interfacial exchange coupling in the process of spin
injection. This is demonstrated in measurements of the junction resistance across
Fe/MgO(001)/CuPc/Co tunnel junctions where we observe an abrupt transition in both the
junction resistance and the tunnel magnetoresistance which reduces from ~250 % to 10 % as
the temperature increases from 77 K to RT. Our results provide significant new insights into
the phenomenon of spin injection into an OSC and the operation of molecular spintronic
devices.
[1] V. Alek Dediu et al., Nature Mater. 8, 707-716 (2009)
[2] Sabine Steil et al., Nature Phys. 9, 242-247 (2013)

Fig 1. Temp.-dependent junction resistance
for a tunnel junction with 1.6 nm
MgO(001)/1.6 nm CuPc hybrid barrier
(inset: Scheme of CuPc molecular
orientation obtained by MDS)
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WED -SP-02

Structural, magnetic and electric properties of Ni-doped
BiFeO3
Y. J. Yoo*, J. S. Hwang*, J. S. Park**, J. Y. Rhee**, J. -H. Kang***, K. H. Lee****,
B. W. Lee****, and Y. P. Lee1*
* Dept. of Physics, Hanyang University, Seoul, 133-791, Korea
** Institute of Basic Sciences and Dept. of Physics, Sungkyunkwan University,
Suwon, 446-740, Korea
*** Dept. of Nano & Electronic Physics, Kookmin University, Seoul, 136-702,
Korea
**** Dept. of Electronic Physics, Hankuk University of Foreign Studies,
Yongin, 449-791, Korea
Recently, multiferroic materials have attracted much attention due to their own fascinating
fundamental physical properties and potential technological applications to
magnetic/ferroelectric data storage systems, quantum electromagnets, spintronics, and sensor
devices. Among single-phase multiferroic materials, BiFeO3, in particular, has received
considerable attention because the enhanced ferromagnetism was found by the Fe-site ion
substitution with magnetic ions.
The structural, the magnetic and the ferroelectric properties of polycrystalline BiFe1-xNixO3
(x = 0, 0.01, 0.02 and 0.03), which were prepared by the solid-state reaction and the rapidsintering method, have been investigated. The x-ray diffraction patterns reveal that all the
samples are in single phase and show rhombohedral structure with R3c space group. The
magnetic properties are enhanced in the samples with increasing doping content. The Nidoped BiFeO3 samples exhibit lossy P-E loop due to the oxygen vacancy. The leakage current
density of Ni-doped samples (x = 0.01 and 0.02) is increased by four orders of magnitude. On
the other hand, the x = 0.03 sample shows that the leakage current is decreased with respect to
those for x = 0.01 and 0.02.
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WED-SP-03

Synthesis of iron nitride (Fe4N) nanoparticles from iron
oxide nanoparticles via thermal annealing
Md. Nazrul Islam, Mohamed Abbas, and CheolGi Kim*
Department of Materials Science and Engineering, Chungnam National
University, 220 Gungdong, Yuseong-gu, Daejeon 305-764, Korea
A simplistic sono-thermal approach was applied for the large scale synthesis of iron nitride
(Fe4N) nanoparticles (NPs) using inexpensive and non-toxic chemicals. Firstly Iron oxide
(Fe3O4) NPs has been synthesized through Sono-chemical process. Then after drying the
Fe3O4 NPs, it was treated in a thermal annealing chamber in presence of hydrogen (H2) and
ammonia (NH3) gas for 2 hours for reduction and finally we successfully obtain Fe4N NPs.
X-ray diffraction (XRD) and EDS analysis revealed that Fe4N NPs have been successfully
synthesized by this simple method. Transmission electron microscopy (TEM) data
demonstrated that the size the as synthesized iron NPs has been increased compare to the
initial iron oxide NPs. Figure 1 shows the TEM image of iron NPs. The magnetization curve
from vibrating sample magnetometer (VSM) measurement shows that the magnetization has
been significantly increased of as synthesized iron NPs compared to freshly prepared bare iron
oxide magnetic NPs. In case of as synthesized iron NPs, we obtain magnetization value 196
emu/g.

Fig. 1. TEM image of as synthesized iron nitride (Fe4N) nanoparticles
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WED-SP-04

Monodisperse Fe@Fe3O4 NPs via annealing of
sonochemically synthesized Fe3O4 NPs
Mohamed Abbas, Md. Nazrul Islam and CheolGi Kim*
Department of Materials Science and Engineering, Chungnam National
University, Daejeon 305-764, Korea
High magnetic monodisperse core-shell Fe@Fe3O4 nanoparticles are synthesized via a
simple annealing of Fe3O4 NPs in the presence of H2 gas. Sonochemically synthesized Fe3O4
nanoparticles (NPs) has been used for the large scale synthesis of Fe@Fe3O4 nanoparticles
(NPs). Firstly Iron oxide (Fe3O4) NPs has been synthesized through sonochemical process.
Then, it was treated in a thermal annealing chamber in presence of hydrogen (H2) gas for 2
hours for reduction and finally we successfully obtain Fe@Fe3O4 NPs. X-ray diffraction
(XRD), transmission electron microscopy (TEM), and electron dispersive spectroscopy (EDS)
analysis techniques were used to indicate the formation of the core/shell (Fe@Fe3O4)
nanostructure. The magnetic properties of the core/shell (Fe@Fe3O4) nanoparticles were studi
ed by vibrating sample magnetometer (VSM) at room temperature. Because of the high
magnetic core Fe and biocompatible Fe3O4 shell, this core-shell Fe@Fe3O4 nanoparticles can
be very useful in different bio-sensing applications.

Fig 1: TEM image of core-shell Fe@Fe3O4 nanoparticles
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WED-SP-05

Antiferromagnetic coupling in exchange biased Co/Pt
multilayers
Seungha Yoon*, Joonhyun Kwon*, Seungkyo Lee*, Jeonghyeon Lee*,
Wonyoung Kwak*, and B. K. Cho*
* Science and Engineering, Gwangju Institute of Science and Technology, 123
Cheomdan-gwagiro, Buk-gu, Gwangju, Korea 500-712
The Co/Pt multilayer has been widely studied as one of the candidates for new electronic
devices, owing to the well-defined out-of-plane magnetic anisotropy. In general, Co/Pt
multilayer shows one ferromagnetically coupled switching behavior between the Co layers.
However, a large Pt thickness causes antiferromagnetic (AF) interlayer coupling between the
Co layers through the Pt spacer. In this study, Pt thickness dependence of the AF interlayer
coupling in Ta(3 nm)/ Co(1 nm)/Pt(tPt nm)/Co(1 nm)/IrMn(12 nm)/Ta(1 nm) multilayer was
investigated. Figure 1 shows the typical hysteresis loops of the multilayers, when the Pt
thickness was varied from 1.2 to 3.0 nm. The exchange bias increased with increasing the Pt
thickness. We will discuss in detail the correlation between the AF coupling strength and
exchange bias, as a function of Pt thickness.

Fig 1. Magnetization curves of Co(1 nm)/Pt(tPt nm)/Co(1 nm)/IrMn(12 nm) multilayer,
when the Pt thickness increased from 1.2 nm to 3.0 nm.

- 618 -

WED-SP-06

Positive exchange bias in thin film multilayers produced
with nano-oxide layer
Byong Sun Chun*, Chanyong Hwang*
* Division of Industrial Metrology, Korea Research Institute of Standards and
Science, Daejeon, 305-340, Korea
Exchange bias originates from the exchange interactions at the antiferromagnet
(AFM)/ferromagnet(FM) interface. When a sample with an AFM/FM interface has been field
cooled from a temperature above the Néel temperature (TN) of the AFM, the hysteresis loop
shifts along the field axis in the direction opposite to that of the cooling field. Such a shift is
referred to as a negative exchange bias and indicates that the interfacial exchange coupling is
ferromagnetic between the FM and AFM layers.
In this research, we demonstrate positive exchange bias in thinfilm multilayers produced
with nano-oxide layer. The positive exchange bias, obtained for our system results from an
antiferromagnetic coupling between the ferromagnetic CoFe and the antiferromagnetic CoO
layers, which spontaneously form on top of the nano-oxide layer (NOL). The shift in the
hysteresis loop along the direction of the cooling field and the change in the sign of exchange
bias are evidence of ferromagnetic alignment of the CoO surface spins along the direction of
the cooling field. One of the interesting features observed with our system is that it displays
the positive exchange bias even above the bulk TN of CoO. Although the positive exchange
bias system has a different AFM/FM interfacial spin structure compare to that of the negative
exchange bias one, the results of the angular dependence measurements show that the
magnetization reversal mechanism can be considered within the framework of the coherent
rotation model.
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WED-SP-07

Electronic structures of iron-pnictide compounds
using LSDA with negative U.
JaeKyung Jang* and JooYull Rhee*
* Department of physics, Sungkyunkwan University, Suwon, 440-746, Korea
The magnetic moments per Fe atom in high Tc iron-based superconducting compounds,
BaFe2As2 and LaFeAsO, are much larger in first-principles calculation than the values
measured by neutron scattering. The calculated values obtained by using the local-spindensity approximation (LSDA) with negative U, - 0.085 Ry and - 0.095 Ry for BaFe2As2 and
LaFeAsO, respectively, are in excellent agreement with the experimental ones. The electronic
structures calculated by using LSDA with negative U demonstrate that 3d orbitals are
dominant near the Fermi level. The orbital character of the Fermi surface of BaFe2As2 is
dominated by the Fe dyz orbital in the LSDA calculation, while it is dominated by both the Fe
dyz and dxy orbitals in the LSDA + U calculation with negative U. The negative U, more
exactly Ueff = U – J, implies that there is effectively an attractive force among d-electrons of
Fe, which is very odd. There are, however, the material systems, especially superconductors,
with a negative effective U are not rare. The physical origin of the negative U will be
discussed.
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WED-SP-08

Transport properties of epitaxial MnP thin film on GaAs(001)
Anh-Tuan Duong, Yooleemi Shin,Van-Quang Nguyen, and Sunglae Cho*
Department of Physics, University of Ulsan, Ulsan 680-749, Republic of Korea
The addition of Mn based in host III–V semiconductor offer novel interesting properties, suitable
for magneto-electronic devices. Interests in these granular structures have increased because they
can be epitaxial grown on semiconductor substrates and their properties can in principle be tailored
to exhibit room-temperature ferromagnetic behavior [1, 2]. MnP single crystal has been known as
strong magnetic anisotropy material with helicodal magnetic order below 47K and ferromagnetic
order between 47K and 291.5K [3, 4]. The MnP crystallographic structure is orthorhombic, with
lattice constants of a=5.916A˚, b=5.260A˚, and c=3.173A˚, which is distorted from the NiAs-type
hexagonal crystal structure [5]. In this work, we report on transport properties of MnP thin films
grown on GaAs (001) substrate by using MBE. A orthorhombic single crystal of MnP thin film
grown along <211> direction was observed by X-ray diffraction measurement. Surface morphology
of films was investigated by scanning electron microscopy measurement. The measured Hall
resistance involves contributions from the ordinary and anomalous Hall effects. The metallic
behavior and negative magnetoresistance of MnP film was determined from PPMS (physical
property measurement system, Quantum Design Inc.).
1. G. A. Prinz,Science282, 1660 (1998).
2. A. G. Monette, C. Lacroix, S. Lambert-Milot, V. Boucher, D. Me´nard, and S. Francoeur,J. Appl. Phys.107, 09A949
(2010).
3. E. E. Huber, D.H. Ridgley, Phys. Rev. 135 (1964) A1033.
4. J. Okabayashi, K. Tanaka, M. Hashimoto, A. Fujimori, K. Ono, M.Okusawa, T. Komatsubara, Phys. Rev. B. 69
(2004) 132411.
5. J. Choi, S. Choi, M.H. Sohn, H. Park, Y. Park, H. M. Park, S.C. Hong, S. Cho, J. Magn. Magn. Mater. 304 (2006)
e112–e114.
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Mode dependence for ISHE and AHE
Sang-Il Kim1,2, Min-Su Seo2, Chul-Hyun Moon1,3, Byoung-Chul Min3, and
Seung-Young Park2*
1

Department of Materials Science and Engineering, Korea University, Seoul
136-713, Korea
2
Division of Materials Science, Korea Basic Science Institute, Daejeon 305-806,
Korea
3
Center for Spintronics Research, Korea Institute of Science and Technology,
Seoul 136-791, Korea
The inverse spin-Hall effect (ISHE) has been observed using the spin-pumping [1,2] and
the non-local method [3] in Ni81Fe19/Pt films. It has been known that the superposition of
ISHE and anomalous Hall effect (AHE) reported in the previous literature [1,4] due to E-field
interference by changing sample position off the cavity center.
In this work, we report the cavity (TE102 mode and TE011 mode) dependence for measuring
voltage of ISHE and AHE. The sample is Si/SiO/CoFeB(5nm)/Pt(10nm) film. The line shape
of voltage [1] is well fitted with the summation of ISHE and AHE. As results, when the
sample is placed in the TE102 mode rectangular cavity resonator, the AHE is minimized. A
possible origin of the results is due to the difference of the E-field distribution inside the
cavity. Advantages and disadvantages of each resonator will be discussed. [1] E. Saitoh et al.,
Appl. Phys. Lett., 88, 182509 (2006)/[2] K. Ando et al., Phys. Rev. B., 78, 014413 (2008)/[3]
T. Kimura et al., Phys. Rev. Lett., 98, 156601 (2007)/[4] K. Harii et al., J. Appl. Phys., 103,
07F311 (2008).

Fig 1. The dc electric voltage from each TE102 and TE011 cavity.
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Depinning probability of the maganetic domain wall by
sub-nanosecond current pulses
Sang-Jun Yun*, Sang-Cheol Yoo*,**, Byoung-Chul Min**, and Sug-Bong Choe*
*

Department of Physics, Seoul National University, Seoul, 151-747, Republic of
Korea
**
Center for Spintronics Research, Korea Institute of Science and Technology,
Seoul, 136-791, Republic of Korea

Control of magnetization has been of great interest both technologically and fundamentally. In
magnetic memory devices, the energy barrier is related to the stability and the speed of the
device. Until now, the energy barrier affected by magnetic field and current has been studied
when the magnetization reverses or the magnetic domain wall is depinned from the pinning
site. In this report, we study the depinning dynamics of magnetic domain wall with
perpendicular magnetic anisotropy by applying current pulses and magnetic field. For the
experiment, ferromagnetic thin film, a Pt-Co-Pt sample is prepared on SiO2 substrate by dc
magnetron sputtering and sub-nanosecond current pulses are generated through GaAs
photoconductive switch. Initially the domain wall is located at a strong pinning site. Current
pulses are then injected into the sample to depin the domain wall, and at the same time,
magnetic field is applied in the opposite direction. In this configuration, the MOKE signal
shows telegraph noise indicating that the domain wall is depinned by the current and returns
to the pinning site by the field repeatedly. The domain wall dwell time at the pinning site is
measured and the time exhibits an exponential distribution. By the Arrhenius law, one can
determine the energy barrier by fitting characteristic time of the exponential function. The
magnetic field and current dependence of the energy barrier will be discussed further.
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Heat treatment effect of Z-type hexaferrite for
RF device application
Chan Hyuk Rhee*, Kwang Lae Cho*, and Chul Sung Kim*
* Department of Physics, Kookmin University, Seoul, 136-702, South Korea
Z-type Hexaferrite(Ba1.5Sr1.5Co2Fe24O41; Co2Z) with the value of impedance close to that of
air and low magnetic loss (tan δμ) at high-frequency has been considered as a suitable material
for radio frequency devices[1]. The magnetic properties such as permeability of Co2Z depend
on the specific synthesis process [2]. The Co2Z samples studied here were prepared by simple
2 and 3-step solid state reaction methods. The mixture of BaCO3, SrCO3, Co3O4, α-Fe2O3 was
ball milled. In the 2-step method, the milled mixture was first calcined at 1000 oC, and then
the calcination was continued at the temperature of 1200 oC. In the 3-step method, first
calcination was done at 1000oC. After first calcination, the samples were ball milled again and
second calcination was carried out at 1200 oC. All the prepared powders were mixed with
polyvinyl alcohol and pressed into the toroidal shape. These toroids were sintered with
various sintering temperatures and cooling rates. The magnetic properties and crystal
structures of Co2Z samples were characterized with network analyzer, vibrating sample
magnetometer, and x-ray diffractometer. The Co2Z samples prepared by the 2-step method
have shown the considerably improved permeability and tan δμ compared to those from the 3step method. Based on the XRD measurements, we believe that the complete formation of Ztype phase from the calcination during the 2-step process leads to the enhanced permeability.
When Co2Z sample, prepared by 2-step method, was being sintered at 1125 oC and treated
with slow cooling rate, the value of tan δμ remained below 0.1 up to 750 MHz, and at 750
MHz, the values of permeability, permittivity, dielectric loss and the impedance were µ’ = 7.9,
ε’ = 10.9, tan δε = 0.01, and Z = 321 Ω, respectively.
[1] J. Lee et al, J. Appl. Phys. 109,07E530 (2011).
[2] L. Zhang et al. IEEE Trans. Magn. 47, 2149 (2011).
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Effect on defects in ferromagnetic Cu-doped ZnO
Byung-Sub Kang, Kwang-Pyo Chae*, Jong-Soon Hwang, Kyeong-Sup Kim,
Seong-Cho Yu**, and Haeng-Ki Lee***
*Institute for Natural Science and Dept. of Nano science & Mechanical
engineering, Konkuk University, 380-701, Chungju, Korea
**Dept. of Physics, Chungbuk National University, 361-763, Cheongju, Korea
***Dept. of Radiotechnology, Suseong College, Daegu, 706-711, Korea
Diluted magnetic semiconductors (DMSs) have attracted a great deal of attention because
of the possibility of incorporating magnetic degrees of freedom in traditional semiconductors.
However, it is one of the primary challenges to create the ferromagnetic semiconductors due
to the difficulty in the spin-injection into the semiconductors to form DMSs at room
temperature or above room temperature [1-3]. Since ZnO is a direct wide-band gap
semiconductor which is piezoelectric, ZnO-based DMS would be useful for transparent thin
film transistors, blue and UV light-emitting diodes and laser diodes. The precipitates of
nonmagnetic Cu dopants do not contribute to the magnetism. In our work, we have used the
full-potential linear muffin-tin orbital method based on density-functional theory within the
generalized gradient approximation (GGA) to investigate structural, electronic, and magnetic
properties of F(Fluorine) or N(Nitrogen) carrier doping in Zn1-xCuxO. We find that spin
polarization on the Cu atoms in the F, or N carrier doped ZnO is very small, leading to rather
weak ferromagnetic behavior. The magnetic moments are not affected by changing the doping
concentrations, while the band gap is decreased as for increasing of Cu concentration. The
band gaps in Cu-doped ZnO are 0.65, 0.22, and 0.08 eV for the Cu concentration of 2.77%,
5.55%, and 8.33%, respectively. The half-metallic character shows at low Cu concentration,
while it is disappeared as for increasing of Cu concentration. The lattice distortion by Cu
atoms has been considered whether the atomic relaxation is responsible for decreasing the
magnetic moments or not.
[1] T. Kataoka, Y. Yamazaki, V. R. Singh, A. Fujimori, F.-H. Chang, H.-J. Lin, D. J. Huang, C. T.
Chen, G. Z. Xing, J. W. Seo, C. Panagopoulos, and T. Wu, Phys. Rev. B 84 153203 (2011).
[2] Lin-Hui Ye, A. J. Freeman, and B. Delley, Phys. Rev. B73, 033203 (2006).
[3] Priya Gopal and Nicola A. Spaldin, Phys. Rev. B74, 094418 (2006).
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Magnetic and Structural Properties of
LiMn1/3Fe1/3Ni1/3PO4
Soyeon Barng*, In Kyu Lee* and Chul Sung Kim*
* Department of Physics, Kookmin University, Seoul, 136-702, South Korea
Olivine type materials (LiMPO4, M = Mn, Fe, Co and Ni) have been used as lithium battery
cathodes for energy storage.[1] LiMn1/3Fe1/3Ni1/3PO4 sample was prepared by solid state
reaction method. X-ray diffraction (XRD) pattern of the LiMn1/3Fe1/3Ni1/3PO4 sample showed
that the structure of sample was orthorhombic with space group of Pnma. According to the
Rietveld refinement method, the lattice parameters are a0 = 10.2768, b0 = 5.9943, c0 = 4.7101
Å and V = 290.1546 Å3. Both zero field cooled (ZFC) and field cooled (FC) ranging from
4.2 to 300 K were measured by vibrating sample magnetometer (VSM). Magnetic order of
Na0.8Li0.2FeSO4F is antiferromagnetic behavior below the Néel temperature (TN = 34 K) and it
shows paramagnetic behavior above TN. Mössbauer spectra measured from 4.2 to 300 K, also
confirmed that and the spectra showed doublets due to magnetic ordering change from
antiferromagnetic to paramagnetic order at TN. The asymmetric 8-absorption lines in the
Mössbauer spectra were analyzed below TN and the electric quadrupole splitting value (ΔEQ)
of LiMn1/3Fe1/3Ni1/3PO4 is 2.98 mm/s. Isomer shift value (δ) is 1.11 mm/s at room temperature
which indicates that in the LiMn1/3Fe1/3Ni1/3PO4 sample Fe is at Fe2+ state.
[1] S.-Y. Chung, J. T. Bloking and Y.-M. Chiang, Net. Mater. 1, 123 (2002).
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Study of Brillouin light scattering
in Ni/graphene/Ni sandwich structures
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and Technology (GIST), 123 Cheomdan-gwagiro, Buk-gu, Gwangju, 500-712,
Republic of Korea
Dynamic magnetic properties of multilayers have been investigated steadily. Here, the
sandwich structures of Ni layers with graphene interlayer (~2 nm) were studied by using
Brillouin light scattering (BLS) system. The thickness of Ni layers was changed from 20 nm
to 80 nm. The frequency shifts in multilayers were measured in terms of the variable spin
wave number (0.8 ~ 2.4  105 cm-1) and the external magnetic field as shown in Fig. 1. We
compared experimental results with calculations as well as predicted and clarified spin wave
modes in the multilayers.

Fig. 1. Frequency shift as function of change of external magnetic field when the thickness
of Ni layer was 40 nm. The wave vector of q∥ is 2.4  105 cm-1 and in the region of interest,
two frequency modes were observed mainly.
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Annealing Effect on CoFeB Thin Films Depending on
Under/Capping Layers
Cheong-Gu Cho1, Sang-Jun Yun1, Joon Moon1, Cheol-Hyun Moon2, Hyo-Jin
Kim3, Sang-Im Yoo3, and Sug-Bong Choe1
1

Department of Physics, Seoul National University
Center for Spintronics, Korea Institute of Science and Technology
3
Department of Materials Science and Engineering, Seoul National University
2

CoFeB film has been extensively examined as one of the candidates for the next-generation
nonvolatile random access memory [1] and domain wall device [2]. In the recent researches,
magnetic properties such as anisotropy and magneto-resistance of CoFeB films are known to
improve by an annealing process. However, the high temperature annealing process can
reduce saturation magnetization due to the mixing with under/capping layers and thus,
appropriate annealing temperature should be selected depending on adjacent layers. In this
report, we report an experimental observation of the annealing effect of magnetic properties
depending on under/capping layers. For the study, ferromagnetic Co72Fe8B20 films
sandwiched by 5-nm-thick Ta, Ru, and Pd layers are prepared on Si(100) substrate by dc
magnetron sputtering. After deposition, a series of the films is annealed with different
temperatures from 200°C to 600°C in high vacuum condition. The change of the magnetic
and structural properties is examined by use of a vibrating sample magnetometer (VSM) as
well as an x-ray diffractometry (XRD). The results show that the annealing effects are
severely dependent on the materials of the capping/under layers. The correlation with the
magnetic and structural properties will be discussed.
[Reference]
1. S. Mangin, D. Ravelosona, J.A. Katine, M.J. Carey, B. D. Terris, and Eric E. Fullerton, Nat.
Mater. 5, 210 (2006)
2. S. Fukami, T. Suzuki, Y. Nakatani, N.Ishiwata, M. Yamanouchi, S.Ikeda, N.Kasai, and H.
Ohno, Appl. Phys. Lett. 98, 092504 (2011)
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A Unified Theory of Linear Rashba Model in Magnetic
Bilayers
Kyoung-Whan Kim1,2, Hyun-Woo Lee2, Kyung-Jin Lee3,4, and Mark D. Stiles5
1
Basic Science Research Institute, Pohang University of Science and
Technology, Pohang, 790-784, Korea
2
Department of Physics, Pohang University of Science and Technology, Pohang,
790-784, Korea
3
Department of Materials Science and Engineering, Korea University, Seoul,
136-701, Korea
4
KU-KIST Graduate School of Converging Science and Technology, Korea
University, Seoul, 136-701, Korea
5
Center for Nanoscale Science and Technology, National Institute of Standard
and Technology, Gaithersburg, Maryland, 20899-6202, USA
Recently, structures consisting of an ultrathin magnetic layer adjacent to a heavy metal
layer with strong atomic spin-orbit coupling have received a considerable attention. Its
unexpected behaviors not only stimulate scientific interests but also help to make it a
promising candidate for spintronic devices. It has been known that strong spin-orbit coupling
of two kinds, bulk spin Hall effect and interfacial spin-orbit coupling, play important roles on
magnetization dynamics.
In this work, we propose a unified linear theory of interfacial spin-orbit coupling by using
Rashba model. By introducing chiral derivative, we not only capture all the previously
reported results but also reveal chiral nature of Rashba model. For instance, the chiral nature
naturally gives rise to Dzyaloshinskii-Moriya interaction of which existence has been recently
argued from experiments in ultrathin magnetic bilayers.
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Layer-selective half-metallicity in bilayer zigzag edge
graphene nanoribbons
GiWan Jeon, Kyu Won Lee and Cheol Eui Lee*
Department of Physics and Institute for Nano Science, Korea University, Seoul
136-713
Half-metallicity recently predicted in the zigzag-edge graphene nanoribbons (ZGNRs) and
the hydrogenated carbon nanotubes (CNTs) enable fully spin-polarized electric currents,
providing a basis for carbon-based spintronics. In both carbon systems, the half-metallicity
arises from the edge-localized electron states under an electric field, lowering the electric
field Dc required for the half-metallicity being an issue in recent works on ZGNRs. While
most works on ZGNRs have been focused on chemical modification of the edges, just a
properly chosen direction of the electric field was predicted to significantly reduce DC in
hydrogenated CNTs but not in single layer ZGNRs. Here, we show that, while a properly
chosen direction of the electric field significantly reduces DC in narrow bilayer ZGNRs
(biZGNRs), the wide biZGNRs show the same electric field dependence to that of single
layer ZGNRs. Beyond a common expectation that the biZGNRs wide enough to neglect the
interlayer distance will act as a single layer ZGNRs, our detailed investigation revealed an
intriguing property that only one layer of the wide biZGNRs becomes half-metallic leaving
the other layer insulating and the electric field allows one to switch the path of spin current
between the two layers. The electric field-induced path change of spin current is believed to
open a new route to graphene-based spintronics applications.

Fig 1 Electric field direction controls the half-metallicity
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Structural, Morphological, and Electrical Properties of
CoFeB Thin Films under Treated with Different Magnetic
Field Directions
Rachsak Sakdanuphab* and Chuleerat Ibuki*
*College of Data Storage Innovation, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, 10250 Thailand
CoFeB thin films have been found to be good candidates for high-frequency applications,
such as HDD read-heads, and GHz magnetic film inductors. In order to improve the magnetic
properties, the CoFeB thin films are generally deposited under the applied magnetic field.
However, the magnetic field is unintentionally affected to the other film properties such as
structure, morphology and resistivity. In this work, we investigate the influence of magnetic
directions on their film properties. CoFeB thin films were prepared on Ti/glass and Ti/Si
(100) substrates using DC magnetron sputtering under treated with different magnetic
direction, both in-plane and out of plane directions. The as-deposited films were characterized
by X-ray diffraction, atomic force microscope and 4-point probe measurement. The films with
and without applied magnetic fields, show the similar manner of amorphous structure. The
surface roughness of the films decreases with the applied magnetic field in plane and out of
plane, respectively. The electrical resistivity of the films decreases with the applied magnetic
field. A mechanism of deposited CoFeB thin films will be introduced.
1.4
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Surface Roughness (Rq:nm)
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Fig 1. Surface roughness (a) and resistivity (b) of CoFeB thin films under treated with
different magnetic directions
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Unexpected strong magnetism of Cu doped single-layer
MoS2 and its origin
Won Seok Yun*,** and J. D. Lee*
*DGIST-LBNL Joint Research Center and Department of Emerging Materials
Science, DGIST, Daegu, 711-873, Republic of Korea
**Center for X-ray Optics, Lawrence Berkeley National Laboratory, Berkeley,
CA 94720, USA
Enormous research efforts have been focused on the layered transition-metal (TM)
dichalcogenides due to their potential applications. Especially, among those, molybdenum
disulfide (MoS2) can amplify electrical signals at room temperature by consuming much less
power than traditional silicon. Recently, numerous theoretical and experimental studies have
shown that not only the bulk MoS2 but also a few-layer (nL-) or single-layer (1L)-MoS2 is
diamagnetic. However, MoS2 becomes ferromagnetic in the several cases of nanoribbon with
zigzag edges, passivation with hydrogen, vacancy defect formation, adsorption or
substitutional doping of nonmetal or TM elements, and so on. In order to fully understand and
control the magnetic properties of the MoS2 thin films with the impurity atom substituted, a
systematic theoretical study will be required.
In the present work, we examine the electronic and magnetic properties of a series of 3d
TM doped 1L-MoS2's in a systematic fashion with the first-principles electronic structure
calculation. Particularly, we found that the Cu doped 1L-MoS2 have an unexpectedly large
spin magnetic moment of up to 5.08 μB per supercell even if Cu is nonmagnetic in its bulk
state. This casts an interesting but puzzling problem how the magnetism develops in the
environment of 1L-MoS2 accompanying nonmagnetic elements. We explore the driving force
for the induced magnetism, which is attributed to the strong hybridization between Cu 3d
states and 3p states of neighboring S and the resulting spin-split impurity bands. This
understanding should provide seminal information about the origin of magnetism in the 3d
TM doped 1L-MoS2.
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Fabrication of pure ZnCoO nanowire and evaluation of
magnetic properties mediated by hydrogen
Bum-Su Kim*, Senughun Lee**, Yongchan Cho*** and Se-Young Jeong*
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Miryang, 627-706¸ Republic of Korea
**The Institute of Basic Science, Korea University, Seoul, 136-713, Republic of
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***Crystal bank Institute, Pusan National University, Miryang, 627-706,
Republic of Korea
Co-doped ZnO (ZnCoO) has been regarded as one of the most promising candidates for
magnetic semiconductors; however, the origin of its ferromagnetism is being still debated
[1]. In our previous studies, we investigated reproducible and reversible ferromagnetism
manipulated by hydrogen, which is attributed to strong correlation between H contents and
ferromagnetism [2]. However, the study on the magnetic anisotropy of hydrogen mediated
ferromagnetism has not been identified yet.
In this work, we focused on the study of magnetic anisotropy of hydrogen mediated
ferromagnetism employing highly c-oriented ZnCoO nanowire. Pure ZnCoO nanowire
showed linear behavior for external magnetic field and the hydrogen-treated one exhibited
strong ferromagnetism compared with other samples having different morphologies such as
nano powder and thin films. Above results suggest that ZnCoO has likely strong percolation
along with c-axis.
[1] C. H. Park et al., Phys. Rev. Lett. 94, 127204 (2005)
[2] S. Lee et al., Appl. Phys. Lett. 94, 12507 (2009)
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A study on band structure of hydrogen doped ZnCoO
Seunghun Lee*, Ji-Hun Park**, Byeong-Jun Kim***, Yong Chan Cho****,
Chul Hong Park***** and Se-Young Jeong**
* The Institute of Basic Science, Korea University, Seoul, 136-713, Republic of
Korea
** Department of Cogno-Mechatronics Engineering, Miryang, 627-706,
Republic of Korea
*** Department of Nanomechatronics Engineering, Busan, 609-735, Republic
of Korea
**** Crystal Bank Research Institute, Pusan National University, Miryang, 627706, Republic of Korea
***** Department of Physics Education, Pusan National University, Busan,
609-735, Republic of Korea
Circular-polarized LED, which is attributed to spin-polarized carrier, i.e. spin-LED is the
one of main applications using magnetic semiconductor [1]. Since circularly polarized
electroluminescence obtained from GaAs based magnetic semiconductor was reported [2], its
low operating temperature has caused a strong desire to find alternative magnetic
semiconductors for many researchers. Recently, we reported stable and reversible
ferromagnetism in hydrogen doped ZnCoO [3], and the magnetic percolation and the creation
of spin-polarized carriers by hydrogen have been being investigated with the electron spin
resonance and the anomalous Hall effect, respectively. In order to evaluate its applicability as
spin injection layer for optical spintronic devices, its intrinsic and magnetic band structure
should be identified, which can be studied with magneto-optical measurement [4].
In this work, we study the band structure of hydrogen doped ZnCoO with magnetic circular
dichroism (MCD) as well as other optical measurements, and discussed the existence of spinpolarized carrier governed by hydrogen. Co impurities reduce the optical band gap of ZnO,
and low intensity of photoluminescence near the band gap energy indicates low applicability
for emission layer itself. However, positive MCD signal near the band gap energy suggests
the change in band structure as well as the interaction between conduction Zn 4s and Co 3d
impurity band, triggered by hydrogen. With theoretical calculations, these results provide
valuable insight into spintronic applications using hydrogen doped ZnCoO as an intrinsic
magnetic semiconductor.
[1] Science 294 1488 (2001)
[2] Nature 402 790 (1999)
[3] Appl. Phys. Lett. 94 212507 (2009); Appl. Phys. Lett. 95 172514 (2009)
[4] J. Appl. Phys. 89 7284 (2001); Nat. Mater. 5 291 (2006)
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The phase transformation of FePt films by using activated
electron beam
S.Y. KIM, H.N. Lee, Y.K. KIM, T.W. KIM
Department of Advanced Materials Engineering, Sejong University, Seoul, 143747, Korea
Over the past several years, FePt films of face-centered tetragonal (FCT) structure have
drawn attention as potential technologies for high density magnetic recording media and large
magneto-crystalline anisotropy energy density.
To make L10 structure from A1 structure in FePt films, we used a special method unlike
common annealing process. Common process of phase transformation in FePt films is post
deposition annealing in more than 400℃ for over 2 hours. But we used activated electron
beam to design the phase transformation from face-centered cubic (FCC) structure to facecentered tetragonal (FCT) structure at FePt films.
FePt films are used as alloy target which have a Fe50Pt50 proportion, and FePt 1000 [Å ]
deposited on SiO2 substrate through the DC sputtering system. 400 [V] electron beam is
powered into this experiment, and time range of exposed samples is from 30 [sec] to 10 [min].
In an X-ray diffraction (XRD) measurement of FePt films, exact phase transformation occurs
in about 10 [min].
By using activated electron beam, consequently, exposed films to the electron are shown. We
create the simple process of phase transformation in contrary with long-term annealing
method.
This work was supported by Industrial Core Technology Development Program
(10043398) through the Ministry of Trade, Industry & Energy.
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Fully controlled quaternary states of a magnetic vortex in
an asymmetric magnetic nanodisk
Hee-Sung Han,* Mi-Young Im,** Peter Fischer,** and Ki-Suk Lee*
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In a magnetic nanodisk, one of unique spin configurations at the ground state is vortex
structure which is composed of in-plane curling magnetization structure around the out-ofplane magnetization at its center. According to the clockwise (CW) or counterclockwise
(CCW) direction of in-plane curling magnetization, i.e., chirality and up or downward out-ofplane core orientation, i.e., polarity, the vortex structure has energetically equivalent
quaternary ground states [1]. Such ground states can be applicable to non-volatile quaternary
memory devices. Here, we report micromagnetic simulation results on fully controlled
quaternary states of a magnetic vortex in an asymmetric nanodot by means of a saturation
magnetization direction [2],[3] accompanying with very small external magnetic field
perpendicular to the saturation direction. As shown in Fig. 1, the chirality can be controlled by
the saturation magnetization direction as well as the polarity can be controlled by very small,
1Oe-magnetic field perpendicular to the saturation direction, i.e., saturation direction of +y (y) determines CW (CCW) chirality as well as an external magnetic field with +x (-x)
direction determines up (down) core orientation. More detailed mechanism and its physical
origin will be discussed in the presentation.
.

Fig 1. The simulation results on chirality and polarity. Red (blue) spot in the dot represents
up (down) out-of-plane magnetization direction and streamlines with small arrows indicate inplane magnetization configuration
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 (2012R1A1A1041922)
[1] Y.-S. Choi et al., Appl. Phys. Lett. 96, 072507 (2010)
[2] Zhiyong Pang et al., Journal of Magnetism and Magnetic Materials 324, 884 (2012)
[3] M. Schneider et al., Appl. Phys. Lett. 79, 3113 (2011)
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Magneto-focusing effect in a spin-orbit coupled
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semiconductor system
The controlled generation, manipulation and detection of spin-polarized currents in
semiconductor is an important issue in spintronics [1], as well as in the development of spinbased devices for quantum information processing [2]. The great variety of spin related
techniques have been experimentally demonstrated so far. This techniques were controlled
using by external magnetic field and ferromagnetic material. In recently, the internal effective
magnetic field (Rashba effect) by the spin–orbit interaction has been focused to control spin
in metal and semiconductor.
In this work, we study the relation between spin-orbit interaction and external magnetic field
using quantum-mechanical magnetic focusing in ballistic regime of InAs quantum well.
Ballistic motion of electrons allows the use of a transverse magnetic ﬁeld to focus electrons
[3]. This phenomenon is known as transverse magnetic focusing (TMF) [4]. We use magnetic
focusing that we observe to be spin dependent as a result of spin-orbit interaction. We show
spatial separation of spins and spin filtering using cyclotron motion in the effective magnetic
field using spin orbit coupling of InAs 2DEG.
[1] Mikio Eto, Tetsuya Hayashi and Yuji Kurotani, J. Phys. Soc. Jpn. 74, 7, 1934 (2005)
[2] P. D. DiVincenzo, Science 270, 255 (1995)
[3] Rokhinson, L. P., et al., Phys. Rev. Lett. 93, 146601 (2004)
[4] Thiti Taychatanapat, et al., Nature Phys. 9, 225-229 (2013).
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a top-emitting OLED with an epitaxial thin MgO(001)
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In organic spintronics field, one of the most interesting issues could be related to charge–
photon conversion. It's being reported that, for electroluminescence (EL) of organic
semiconductors (OSCs), the injection of polarized carriers from metal contacts to OSC layers
could result in a significant increase of magnetic field response of EL.1.2 In this work, we
investigated on the relation of spin injection efficiency and mangetoluminescence (ML) in a
top-emitting OLED (TOLED) structure, which is formed on an epitaxial
Si\MgO\Fe\MgO(100) anode. Our TOLED design included a semitransparent cathode Al, a
stack of CuPc\α-NPD\Alq3\LiF layers. At RT, ML of ~ 6 % was observed in a low magnetic
field of 2 kG for a applied voltage in excess of ~10 V, which is obviously larger than that of
the TOLEDs with epitaxial and poly-Fe anodes without the thin MgO(100) covering layer.
Our results indicate that the magnetic field effect on the EL could be strongly related to the
magnetic and structural properties of bottom electrode, more precisely the interfacial electron
band structure between CuPc layer and the anode.
Therefore, we focused on the relation between the dynamics of the injected charge
carriers and the interfacial properties for different anodes studied by using XPS and UPS. We
took out the picture of the electric field distribution and the charge density distributions in
OLED for numerous voltages using a numerical simulation which supposes the injected
carriers transport in organic molecules by hopping process based on IVL characteristic
curves.3
This work is supported by NRF grants (no. 2008-0062239 and 2011-0017209).
1
2
3

V. Alek Dediu et al., Nature Materials 8, 707 - 716(2009)
I. Bergenti et al. Org. Electron. 5, 309–314 (2004)
H. Houili et al. Computer Physics Communications 156, 108-122 (2003)
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In this work, we present a detailed study of the magnetic properties and magnetocaloric
effect at room temperature of Ni50-xAgxMn37Sn13 alloys with x = 1, 2, and 4, which were
prepared by an are-melting method. Experimental results reveal that a partial replacement of
Ag for Ni leads to decrease the anti-ferromagnetic martensitic phase in the alloys, and the
martensitic-austenitic phase transition shifts towards the low temperature and broadens. The
Curie temperature (TCA) in austenitic phase also shifts toward to lower temperature but not so
much. It was found to be 308, 305, and 298 K for x = 1, 2, and 4, respectively. Magnetic
entropy change (ΔSm) of the samples was calculated by using isothermal magnetization data.
Under an applied magnetic filed change of 10 kOe, the maximum value of ΔSm (|ΔSmax|)
achieved at around room temperature, which is almost unchanged (~0.8 J·kg-1·K-1) with
increasing Ag-doping concentration. Particularly, performing M2 vs. H/M curves prove all the
samples exhibiting a second-order magnetic phase transition. Basing on Landau’s phasetransition theory, and careful analyses of the magnetic data around the TCA, we have
determined the critical parameters β, γ, δ, and TC. The results show that the β values locate in
between those expected for the 3D-Heisenberg model (β = 0.365) and mean-field theory (β =
0.5). Such the result proves a coexistence of short-range and long-range ferromagnetic
interactions in Ni50-xAgxMn37Sn13 alloys. The nature of changes in value related to the critical
parameters and the |ΔSmax| is thoroughly discussed by means of structural analyses.
Keywords: Ni-Mn-Sn alloys, Magnetocaloric effect, Critical properties
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First-principles study of magnetism of lithium
fluorosulphate LiMnxFe(1-x)SO4F
Tumurbaatar Tsevelmaa, Dorj Odkhuu, and Soon Cheol Hong*
Department of Physic, University of Ulsan, Ulsan 680-749, Republic of Korea
Li-ion materials have attracted much interest in rechargeable battery. A new compound of
Li-ion battery material, fluorosulfate phase LiFeSO4F [1], is expected to be competitive with
other cathode materials. More recently, it was shown that the substitution of Mn atoms for Fe
sites in triplite LiFeSO4F increases an operating voltage up to 3.9 V, exceeding that (3.6 V) of
LiFeSO4F, and decreases a volume change during lithiation/delithiation [2].
In this study we investigate the effect of Mn substitution on magnetism and electronic
structure of the triplite LiMnxFe(1-x)SO4F (x=0, 0.25, 0.5, and 1), using the generalized gradient
approximation plus U (GGA+U). It was found that an antiferromagnetic state gets more stable as
concentration of Mn increases in consistent with experiments [1,2]; the energy difference of about
0.008 eV/f.u. for x=0 and 0.018 eV/f.u. for x=1 from a ferromagnetic state. While the calculated
magnetic moments of Fe atom in LiFeSO4F and Mn atom in LiMnSO4F are 3.62 and 4.51 µ B in
GGA, the values (3.80 µ B for Fe and 4.72 µ B for Mn) in GGA+U are better consistent with the
experimentally observed ones. Furthermore, the magnetic moments of Fe and Mn in LiMnxFe(1x)SO4F were found to be insensitive to the concentration of Mn and Fe atoms. We will discuss in
detail the structural, electronic properties and spin orientations of Fe and Mn atoms with different x,
and their changes during Li ions insertion/extraction.
*Corresponding author: schong@mail.ulsan.ac.kr.
[1] N.Recham et. al., Nature Mater. 9, 68 (2010).
[2] P. Barpanda et. al., Nature Mater. 10, 772 (2011).
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and Soon Cheol Hong*
Department of Physics and Energy Harvest Storage Research Center, University
of Ulsan, Ulsan 680-749, Republic of Korea
The magnetic and electronic properties of bulk and thin film ferromagnetic MnAs have
been investigated using first-principles density functional theory calculations. The MnP-like
orthorhombic and NiAs-like hexagonal phases of MnAs were found to have similar total
energies, but the zinc-blende (ZB) structure was energetically not favorable by the energy
difference of about 450 meV. However, the ZB-type structured MnAs showed interesting
properties; (i) the larger magnetic moment of 3.61B per formula unit atom, compared to 1.97
B and 2.88 B per formula unit of MnP-type and NiAs-type structured MnAs and (ii) halfmetallic behavior, unlike metallicity of both MnP- and NiAs-structured MnAs.
For investigation on magnetism of MnAs films, all the possible surface terminations of
the different crystal structures were taken into account. For the thin films we calculated
magnetocrystalline anisotropies (MCA) and found that some surfaces show perpendicular
MCA and some ones do parallel MCA. Calculated MCA of MnAs on GaAs(001) also will be
presented and discussed.
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The Zn doped Fe3O4 have been suitable material for biological applications [1].
Zn0.05Fe2.95O4 have highest saturation magnetization (MS) value at room temperature among
the Zn doped iron oxides. The Zn0.05Fe2.95O4 microparticles were prepared by a solvothermal
reaction method. The magnetic and crystallographic properties of sample were investigated
using x-ray diffraction (XRD), field emission scanning electron microscope (FESEM),
vibrating sample magnetometer (VSM), and Mössbauer spectroscopy. From the XRD results,
crystal structure of Zn0.05Fe2.95O4 sample was found to be cubic spinel (Fd-3m) with lattice
constant a0 = 8.415 Å . The particle size of the sample was determined to be 574 nm with
spherical shape by FESEM measurements. From measured the M-H curve, the MS and
coercivity (HC) value at room temperature of Zn0.05Fe2.95O4 microparticles were 97.0 emu/g
and 83 Oe, respectively. The Mössbauer spectra of Zn0.05Fe2.95O4 sample at various
temperatures were composed of four six-line (trivalent valence state one A site and mixed
valence state three B site). From the Mössbauer analysis, the isomer shift value (δ) of A and
B1, B2, B3 sites at 4.2 K are 0.42 (Fe3+) and 0.33 (Fe3+), 0.35 (Fe3+), 0.90 (Fe2+) mm/s. The
magnetic hyperfine field (Hhf) of A and B1, B2, B3 sites at 4.2 K are 527 and 510, 501, 487
kOe, respectively.
[1] M. Cho et al, Nature Mater. 11, 1038 (2012).
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synthesis condition
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The polycrystalline sample of Ba2CoZnFe12O22 was synthesized by solid state reaction
methods. The BaCO3, CoO, ZnO, and Fe2O3 of commercial grade powders were used as the
starting materials, and mixed by using ball-mill. The mixture were mixed with polyvinyl
alcohol, and pressed into the toroids. The toroids were sintered with various sintering
temperature at 1050, 1100, 1150, and 1200 oC for 3 h in air. The crystal structure and
magnetic properties of Ba2CoZnFe12O22 sample was characterized by using x-ray
diffractometer (XRD), vibrating sample magnetometer (VSM), network analyzer, and
Mössbauer spectrometer. From the XRD patterns analyzed by Rietveld refinement, we
confirmed to be rhombohedral structure with space group of R-3m. The density of samples
increased with increasing sintering temperature. From the magnetic hysteresis curves up to 10
kOe at 295 K, the saturation magnetization (Ms) of Ba2CoZnFe12O22 samples in various
sintered at 1050, 1100, 1150, and 1200 oC were found to Ms = 33.0, 33.6, 32.9, and 33.0
emu/g, respectively. The coercivity (Hc) of samples decreased with increasing sintering
temperature. Complex permeability and permittivity of Ba2CoZnFe12O22 samples in various
sintering temperatures were measured by network analyzer between 100 MHz to 4 GHz. The
permeability and tan δμ of samples increased with increasing sintering temperature. Our study
shows that the permeability of sintered 1050 oC sample is 3.20 at 1.20 GHz with tan δμ ≤ 0.1.
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Since the magnetic phase transition of a FeRh alloy takes place nearby room temperature
of about 340 K, a FeRh alloy has been studied due to its possible application to a magnetic
refrigerator. In this study we report magnetic properties of FeRh (001) and (011) thin films
with different thicknesses, using Vienna Ab-initio Simulation Package code. It was found that
a thinner FeRh (001) film than 6-atomic-layers has a different magnetic ordering from that in
the bulk: A thinner FeRh film is stable in an A-type antiferromagnetic (AFM) state or a
ferromagnetic (FM) state and a bulk FeRh is stable in an G-type AFM state. A FeRh(110) thin
film also shows a similar trend: The magnetic ground state of a thinner film than 7-atomiclayers is an FM state. Because magnetocrystalline anisotropy (MCA) is a key property to
estimate the magnetic switching barrier which is related closely to magnetocaloric efficiency
of a material, we also calculated the MCA energies of the FeRh (001) and (011) thin films. A
FeRh(001) thin film was found to have a much higher MCA energy (about 600 μeV),
compared to that (about 40 μeV) of a FeRh(011) thin film. In this paper, we will discuss
origins why the magnetic properties depend upon thickness and orientation of a FeRh thin
film.
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For hydrogen injected Co-doped ZnO thin films, we report the large abnormal negative
anomalous Hall effect (AHE) revealing the existence of spin polarization originated from
spin-dependent asymmetric scattering even in room temperature. Through the temperature
dependence of Hall effect by PPMS-9 (Physical properties measurement system, Quantum
Design) we showed the ferromagnetic response of charge carriers in ferromagnetic
semiconductor (ZnCoO) depending on the hydrogen injection and spin-dependent scattering
proportional to its magnetization.
In contrast to the conventional n-type doping by Al and Ga elements where the only weak
AHE had been limited below 10 K, the Co-H-Co complex is formed by H at the anti-bonding
sites and substituted neighboring Co ions induce the very large AHE proportional to the
magnetization by ferromagnetic spin-ordering of Co-H-Co complex. We show that the
negative sign of AHE is intrinsically originated from characteristic features of anti-bonding
hydrogen and is determined by the both position of Co-H-Co complex and Fermi energy
levels in energy diagram. However, the amplitude of AHE is extrinsically depending on the
ferromagnetic spin-ordering of Co-H-Co complex which is acting as skew scattering centers.
Consequently, this hydrogen-induced large AHE in Co-doped ZnO would contribute to the
development of room temperature spintronic applications which could have not been realized
by other n-type doping.
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Two amorphous alloy ribbons of Fe-Cr-Si-Nb-(Ag, Cu) with the ~3 mm width and 50
m thickness (denoted as FCSN-Ag and FCSN-Cu, respectively) were prepared by a meltspinning method. Magnetic measurements based on a vibrating sample magnetometer (VSM)
indicate that the ferromagnetic-paramagnetic (FM-PM) phase transition temperature (TC,
known as the Curie temperature) of FCSN-Ag and FCSN-Cu are about 308 and 320 K,
respectively. Using Banejeer criteria in the Landau theory associated with the FM-PM
transition, we found both the samples undergoing a second-order magnetic phase transition.
1
This means that the spontaneous magnetization Ms(T), inversely initial susceptibility  0 (T ) ,
and critical isotherm M at TC obey the the following relations.

M s (T )  M 0 ( )

H  DM



   H0 M 0  
1
0



 < 0,

(1)

 = 0,

(2)

 > 0,

(3)

  T  TC  TC
where
is the reduced temperature, M0, H0 and D are the critical amplitudes.
These critical parameters (consisting of TC, , , and ) in Eqs. (1-3) were determined from
modified Arrott plots. The results reveal that the critical exponents are located in between
those expected for the mean-field theory and Heisenberge model. This demonstrates an
existence of short-range ferromagnetic order in the samples.
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We investigate a detailed process of the precessional switching of the magnetic moment in
the canted antiferromagnetic YFeO3 which is excited by linearly polarized terahertz pulse. By
tuning the spectral component of the input THz pulse, we have experimentally clarified the
resonance effect in the THz control of the spin states. We could confirm this result from the
simulation based on the Landau-Lifshitz-Gilbert equation with two sub-lattice model for the
canted antiferromagnet. Also, we predict that spin state can be freely controlled by tuning the
amplitude and frequency of single pulse, and the delay time and pulse duration of multipulses. Finally, we discuss a possibility of the complete switching of magnetization to the
opposite direction with tailored THz pulse in its spectral component, pulse duration, and the
peak intensity.
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In an effort to disclose the details of surface electronic structures and find the correlation
between the electronic structures and its chemical reactivity, by using angle-resolved
photoemission (ARPES), the measurements of the complete surface band structure are carried
out on the Pt3Ni alloy crystals. From the ARPES measurement, it is observed that the
contribution of Pt element near the Fermi level is significantly suppressed and replaced with
Ni element. Furthermore, the calculated local density of states (LDOS) on Pt3TM(111) (TM =
Ni, Co, Cr, Ti) also shows the presence of the asymmetric charge redistribution near Fermi
level between the surface (Pt) and subsurface (TM) d-bands. The interesting fact is that the
degree of the asymmetric charge distribution, i.e. the degrees of charge polarization, is
linearly proportional to the oxygen adsorption energy on each alloy surfaces.
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We prepared as synthesized FeCo nanoparticles by a coprecipitation method without any
after treatment. Cobalt chloride hexahydrate and iron chloride hexahydrate were dissolved in
200 mL of deionized water for 60 mins in a N2 environment. Sodium borohydride solution as
a catalyst was dropped into the metal solution by using a dropping funnel. The XRD patterns
exhibit representative α-FeCo peaks as shown in Fig. 1(a). The d-spacing of FeCo (110) peaks
exhibited around 2.025. It was a little bit increased in comparison with that of FeCo bulk
value (2.018), which results from the expanding of both the crystal lattice and unit cell. The
magnetic properties were confirmed by MPMS. The value of the magnetization at 50 kOe was
obtained about 172 emu/g. The values of coercivity exhibited about 268 Oe. The microwave
power absorption of FeCo nanoparticle composite was measured up to 10 GHz by using a
microstrip line with 50 Ω-characteristic impedance. Although the microwave power
absorption of FeCo composite slightly fluctuated till 6 GHz, it increased up to 57 % at 10
GHz as shown in Fig 1(b). It implies that the FeCo composite could be used over 6GHz as a
good candidate of electromagnetic interference materials over 6GHz region.

Fig 1. (a) XRD pattern of FeCo nanoparticles and (b) the power absorption of FeCo
composite.
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The 100Fe/5.26Cu/4.76K/18.2SiO2 in part per weight were synthesized by FischerTropsch(F-T) method(Flow rate of H2+CO = 2.8 NL/g(cat)-h, H2/CO = 1/1, T = 280 oC, P =
Ambient, Time = 20 h). The samples were located under the variable amount CO2 with
H2+CO gas (Volume ratio S1: H2/CO=1/1, S2: H2/CO/CO2=1/1/0.5, S3: H2/CO/CO2=1/1/1,
S4: H2/CO/CO2=1/1/2). X-ray diffractometer (XRD) pattern showed that dominant phase
changes from ε-Fe2.2C (carbide) and χ-Fe5C2 (hagg-carbide) to Fe3O4 (magnetite) and
Fe5O7(OH)4H2O (ferrihydrite) by increasing content of CO2. The magnetic properties of
samples were investigated by vibrating sample magnetometer (VSM). From the magnetic
hysteresis curves up to 15 kOe at 295 K, the saturation magnetization(Ms), and coercivity(Hc)
of samples (S1, S2, S3, S4) were measured to be Ms = 34.275, 24.336, 21.209, and 12.317
emu/g and Hc = 605.02, 925.88, 1197.0, and 910.88 Oe, respectively. The Ms decreased with
increasing content of CO2. But, coercivity was the highest for S3. Mössbauer spectra of all
samples were obtained and analyzed at various temperatures ranging from 4.2 to 295 K.
Mössbauer spectra shows typical sextet and doublet at 295 K. With increasing CO2 contents,
doublet of sample increases. The result of Mössbauer spectra agree well with that of XRD
pattern.
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Metal-organic frameworks (MOF) with zeolite-like materials have interesting
characteristics because of high surface areas and pore volumes. Therefore, they have been
recently adopted into gas adsorption/separation, gas storage, catalysis and so on. Among
various MOFs, the MOF Fe-BTC (Basolite F-300) was used in this study as an additive to
improve the dispersion stability of magnetorheological (MR) fluid based on soft-magnetic
carbonyl iron (CI) particles. Morphology of the Fe-BTC additive was examined by SEM, and
the behavior of MR fluid when dispersed in silicone oil was studied by a rotational rheometer.
Figure 1 shows the changes of shear stress for CI/Fe(BTC) suspension as a function of shear
rate, compared with the pure CI suspension. With typical MR property, the Fe(BTC) additive
did not give any deteriorated effect on the MR performance.

Fig 1. Shear stress vs. shear rate of two MR fluids for different magnetic field strength.
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Here we report a simple way to measure the effective out-of-plane magnetic field induced
by the spin-orbit torque due to longitudinal in-plane current and its dependence on Pt layer
thickness in Pt/Co/Pt wires with perpendicular magnetic anisotropy. In experiment, an inplane magnetic field is applied along the Pt/Co/Pt wire and a DC current either parallel or
antiparallel to the in-plane field is injected into the wire. The magnetic hysteresis loop is then
measured by sweeping the out-of-plane magnetic field by use of a magneto-optical Kerr effect
microscope. It is observed that the hysteresis loop is shifted to a certain out-of-plane field bias,
of which and the sign and the strength are dependent on the directions and the strengths of the
in-plane magnetic field and current. Finally, the dependence of such effective field is
measured with respect to both the upper and lower Pt layer thicknesses over the range of 1.53.0 nm and compared with the prediction from the Rashba effect and Spin Hall effect.

Fig 1. Out-of-plane effective field as a function of current density with respect to the inplane field for (a) 2.0-nm Pt/0.3-nm Co/1.0-nm Pt and (b) 2.0-nm Pt/0.3-nm Co/3.0-nm Pt.
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In recent years, the Dzyaloshinskii-Moriya interaction (DMI) has attracted great attention
since it is supposed to be the key factor accounting for the high speed domain-wall (DW)
motion and the direction of current-driven DW motion [1-3] in ferromagnetic materials with
perpendicular magnetic anisotropy (PMA). The strength and direction of DMI in PMA
materials were deduced from analyzing the current-driven DW motion including spin-orbit
torque and it was shown that the crucial role of DMI in DW dynamics. However, the nature of
DMI can be veiled from the possible artifacts from current-induced effect. Here we introduce
the simple way to measure the strength and direction of DMI with excluding the currentinduced artifact. We studied the field-driven DW motion in perpendicularly magnetized films
under in-plane magnetic field and observed DMI-induced asymmetry in DW dynamics. From
the analysis of the asymmetry, we can deduce the strength and direction of DMI. The analysis
and the nature of DMI will be discussed.
References
[1] A. Thiaville et al., Europhys. Lett. 110, 022405 (2012).
[2] S. Emori et al., Nat. Mater. 12, 611 (2013).
[3] K.-S. Ryu et al., Nat. Nanotech. 8, 527 (2013).
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We have investigated the pressure-induced spin-state transition in Co2+ systems in terms of
a competition between the Hund’s exchange energy (J) and the crystal-field splitting (∆CF ).
First, we show the universal metastability of the low-spin state in octahedrally coordinated
Co2+ systems. Then we present the strategy to search for a Co2+ system, for which the
mechanism of spin-state and metal-insulator transitions is governed not by the Mott physics
but by J vs. ∆CF physics. Using CoCl2 as a prototypical Co2+ system, we have demonstrated
the pressure-induced spin-state transition from high-spin to low-spin, which is accompanied
with insulator-to-metal and antiferromagnetic to half-metallic ferromagnetic transitions.
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Up to the present, the most thoroughly investigated the diluted magnetic semiconductors
(DMS’s) are Mn-, Co- and Fe-based II-VI DMS’s in view of the large concentration of the
magnetic ions which can be incorporated in bulk crystals; in CdTe, for example, Mn, Co, and
Fe can be introduced to concentration levels of 77%, 2%, and ;4%, respectively. Since the 3d
transition metals in the II-VI DMS’s are isoelectronic with the cations, except for the
distinctly magnetic 3d cores, they offer an outstanding opportunity to investigate magnetic
phenomena with a variety of experimental techniques and theoretical models. While Mn-, Co-,
and Fe based II-VI ternaries have attracted the most attention, the DMS’s with other 3d
transition metals, e.g. Sc, Ti, V, and Cu have been studied only to a limited extent, because
only doping concentrations of these transition metals can been incorporated. However, the
distinct type of magnetism displayed by each transition metal is a strong motivation for the
study of these DMS’s, provided a suitable experimental technique is exploited. Additional
interest in Sc, Ti, and V based DMS’s stems from theoretical predictions and preliminary
experimental indications that the p-d exchange interaction in DMS’s with transition metals
with less than a half-filled 3d shell is ferromagnetic, in striking contrast to its
antiferromagnetic character in those with Mn, Co, and Fe. In this study, we have investigated
magnetic and optical properties of ternary Cd1−xVxTe crystals grown by the vertical Bridgman
method. We find alloys to be homogeneous, with V ions occupying the Cd sites up to at least
x = 0.10. Samples with x > 0.03 are ferromagnetic to temperatures about room temperature.
We also describe a study on optical transition as a function of temperatures.

Fig 1. M-H hysteresis loops and optical absorption spectra in V-doped CdTe crystal.
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We have investigated the electronic and magnetic structure of MnTe2. Especially, the
magnetic structure of MnTe2 had caused considerable controversy, i.e. three types of
magnetic structure had been competing as its magnetic ground state.1-3 Recently, Mossbauer
spectroscopy and neutron diffraction experiment reported a strong support that MnTe2 has a
non-collinear magnetic structure with the magnetic moments of the four manganese ions of
the unit cell pointing along the body diagonals of the cube corresponding to their local
axes.(C-type)4 Previous theoretical calculation have tested magnetic states in which the spin
moments are aligned as only collinear such as ferromagnetic(FM) and antiferromagnetic
(AFM).5 And they didn't considered Coulomb correlation between Mn d electrons. In this
research, we have tested the three non-collinear magnetic structure which had been in
experimental controversy by comparing total energies between spin configurations based on
LAPW ab initio calculation, taking into account the strong Coulomb correlation(using the
LSDA+U approach)
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We have applied a first-principles non-local density functional theory (DFT) approach to a
metallic layered system FeSe, which is one of the iron-based superconductors. Unlike other
typical FeAs-based superconductors such as SrFe2As2, FeSe is composed of charge-neutral
layers without intervening ionic spacers, and so there is weak van der Waals (vdW)
interaction between layers. The vdW dispersion force in FeSe is correctly captured by the
non-local DFT approach. The calculated lattice constants and internal atomic positions as
well as their changes under pressure show good agreement with experimental observations.
Under pressure, the interlayer distance of FeSe is sensitively changed, while the internal
atomic positions and the electronic structures are rather insensitive.
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Vortex-state nano magnets, owing to the binary representation of their out-of-plane vortexcore magnetizations in soft magnetic dots as well as their high thermal stability, have been
considered potential candidates for information storage media [1]. Although ultrafast, lowpower-driven core switching by azimuthal spin-wave modes has been experimentally
demonstrated [2], quantitative interpretations and deeper understanding remain elusive,
particularly when compared with the case of well-known gyration-mode-assisted vortex-core
reversals. Here, on the basis of micromagnetic numerical simulation results, we tackle the
underlying dynamics of azimuthal spin-wave-mode-assisted core reversal.
We conducted micromagnetic simulations on a Permalloy disk of 300 nm diameter and 20
nm thickness [3]. To selectively excite the right-handed or left-handed rotational mode of the
azimuthal mode, we used, respectively, clockwise or counter-clockwise circular-rotating
fields of the relevant eigenfrequency [4]. The field amplitudes H0 used were within the H0 =
120 – 155 Oe and 60 – 180 Oe ranges for the right- and left-handed rotational modes,
respectively.
The simulation results showed that the excited azimuthal modes cause vortex-core
gyrations whose frequencies are close to the eigenfrequencies of the azimuthal modes, which
are an order of magnitude greater than that of the gyration mode [5]. Due to such highfrequency core gyrations, the switching times are within the 0.5 – 1.5 ns range, which
corresponding to an order of magnitude faster than gyration-mode-driven core reversals. The
core-reversal mechanism is the same as that of the vortex-antivortex/vortex-pair-mediated
reversal, while maintaining the mz,dip = -1 criterion [6]. For a given disk, the vmax are ~380 and
~820 m/s for the m = -1 and +1 modes, respectively, though vcri is known to be ~330 m/s in
gyration-mode-assisted core-switching [7]. This difference originates from the difference in
hz,min between the gyration-mode- and azimuthal-mode-driven reversal mechanisms for the
general criterion of mz,dip = -1. In our calculations, hz,min was estimated to be ~6 kOe and ~10
kOe for the m = -1 and +1 mode excitations, respectively. We found close correlations
between the maximum core velocities (vmax) and minimum gyrofields (hz,min), as well as the
critical mz dip required for core reversals. This work provides for further understanding of the
azimuthal-mode-assisted core-reversal mechanism and offers a means of practical
implementation of vortex-core reversals in information storage devices.
[1] B. Van Waeyenberge et al., Nature (London) 444, 461 (2006); S.-K. Kim et al., Appl. Phys. Lett.
92, 022509 (2008).
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No. 2013003460).
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Collective spin excitations in nano-scale magnetic elements, particularly in magnonic crystals
(MCs), have become a focus of attention in nanomagnetism and related spintronics, owing to
their potential implementation in information processing devices. However, despite recent
insight into the allowed magnonic modes in a rich variety of MCs, collective vortex-gyration
modes in vortex-state arrays remain elusive [1-5]. Here, we report on the first direct
experimental demonstration, by means of state-of-the-art time-resolved scanning transmission
x-ray microscopy, of quantized (or discrete) wave modes of collective vortex gyrations
excited in five physically separated but dipolar-coupled disks in a permalloy disk chain. With
the help of numerical calculation, micromagnetic simulations, and analytical derivations, we
investigate the experimentally observed discrete modes and their dispersion relations. The
results reveal that characteristic dispersions can be expressed in terms of the intrinsic angular
eigenfrequency of isolated disks and the specific polarization p and chirality C ordering. The
underlying physics can be well understood in terms of the dynamic dipolar interaction
associated with the specific p and C orderings. Accordingly, and promisingly, the propagation
property of collective vortex gyration and its dispersion can be manipulated by vortex-state
ordering, the dimensions of each disk, and the nearest-neighbouring disks’s interdistance.
This work constitutes a milestone towards the practical achievement of this new class of MCs
harnessing their advantages.
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[3] A. Vogel et al., Phys. Rev. Lett. 106, 137201 (2011).
[4] H. Jung et al., Sci. Rep. 1, 59 (2011); H. Jung et al., Appl. Phys. Lett. 97, 222502 (2010)
[5] K.-S. Lee et al., J. Appl. Phys. 110, 113903 (2011).
[6] This work was supported by the Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (Grant No.
2013003460). We acknowledge the support of Michael Bechtel, Eberhard Göring, and BESSY II,
Helmholtz-Zentrum Berlin. Financial support from the Deutsche Forschungsgemeinschaft via the
Sonderforschungsbereich 668 and the Graduiertenkolleg 1286 is gratefully acknowledged. This work
has been also supported by the excellence cluster ‘The Hamburg Centre for Ultrafast Imaging –
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Control of magnetic domain wall (DW) motion has been actively studied for its physical
interest and applications for future memory and logic devices [1]. Recently, it is reported that
anisotropy energy is related with interfaces of the Co layer in Pt/Co/Pt system [2]. In this
study, we show an experimental observation on the DW motion by changing the Pt-layer
thickness in Pt/Co/Pt films. For this study, we prepare the Si/SiO2/5-nm Ta/(2–x)-nm Pt/0.3nm Co/(2+x)-nm Pt films with different x from –1 to +0.5 at 0.5-nm interval, using the dcmagnetron sputtering. The measurement of the DW velocity was made by the magnetooptical Kerr effect microscope and that of the anisotropy energy was obtained by the vibrating
sample magnetometer and extraordinary Hall measurement. Interestingly, a higher DW
mobility appears in the small anisotropy energy which the thinner bottom-Pt-layer sample has.
This result is safely analyzed by the Arrhenius creep scaling law. This result is helpful for
applying the DW-mediate memory devices. Qualitative analysis will be discussed.
[1] S. S. P. Parkin, M. Hayashi, and L. Thomas, Science 320, 190 (2008).
[2] S. Bandiera, R. C. Sousa, B. Rodmacq, and B. Dieny, IEEE Magn. Lett. 2, 3000504 (2011).
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Exchange bias in Co thin films on GaAs(100)
Yooleemi Shin, Seungmok Jeon, Duong Anh Tuan, Jeongyong Choi, and
Sunglae Cho*
Department of Physics, University of Ulsan, Ulsan, 680-749, South Korea
Co is one of ferromagnetic materials which has been used in real applications such as
magnetic data storage, spin valve, and microelectronic devices because Co plays an important
role due to high spin polarization of carriers at Fermi level (1, 2). In this work, we report the
magnetic properties of Co thin films grown on GaAs(100) substrates grown at 100, 200, 300,
and 400 oC using molecular beam epitaxy (MBE). The surface of samples observed in AFM
studies showed that the roughness increased from 11.7 to 26.7 nm when the growth
temperature increased from 100 to 400 oC. Temperature dependent resistivity showed metallic
behavior. The magnetoresistance measured under the out of plane magnetic field showed that
a high positive transverse MR effect was observed in Co thin film grown at 100 oC and
reduced with the increase in growth temperature. We will discuss in detail about growth
temperature dependent magnetic properties in epitaxial Co thin films.

Fig 1. MR curves of Co thin films on GaAs(100) substrate grown at 200 oC.
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Room Temperature Ferromagnetism in C-implanted ZnO
thin films studied by Z-ray Linear Dichroism
Sanjeev Gautam*, Shailendra Kumar**, K. Asokan***, Keun Hwa Chae*
* Advanced Analysis Center, KIST, Seoul 136-791, South Korea
** Department of Physics, POSTECH, Pohang, 790-784, South Korea
**Material Science Division, Inter-Univ Acc. Centre, New Delhi 110-067, India
The present work investigates the correlation between ferromagnetism and intrinsic
defects of C-doped ZnO thin films. The room-temperature ferromagnetism (RTFM) in Cdoped ZnO is observed, which may be due to the charge transfer between Zn 4s and C 2p
orbitals as indicated by NEXAFS spectroscopy. The long-range magnetic interaction in Cdoped ZnO is due to carbon–carbon interaction mediated by oxygen. The oxygen- and zincrelated defects in C-doped ZnO affect the mediation of ferromagnetic interaction and the
existence of hybridization between Zn and C, respectively. The X-ray linear dichroism (XLD)
spectrum is a direction proof of the observed room temperature ferromagnetism.

Figure 1: (a) shows X-ray linear dichroism spectra and (b) shows the M-H plot with ferromagnetic
hysteresis loops, for C-implanted ZnO thin films.

References
[1]. S. Zhou, Q. Xu, K. Potzger, G. Talut, R. Grotzschel et al., Appl. Phys. Lett. 93 (2008) 232507.
[2]. S. Kumar, S. Gautam, K.H. Chae, R. Kumar et al., Mat. Lett. 63 (2009) 194.
[3]. P. Thakur, J.C. Cezar, N.B. Brookes, K.H. Chae et al., Appl. Phys. Lett. 94, 062501 (2009).
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The perpendicular magnetic anisotropy of CoFeB using
amorphous buffer layer
D.S.Kim*,K.Y.Jung*,Y.J.Jang*,J.M.Kim*,B.C.Lee**, S.Joo*** ,
J. Hong*,K.Rhie*
* Department of Display and Semiconductor Physics, Korea University,
Sejong, 337-700, Korea
** Department of Physics, Inha University, Incheon 402-751, Korea
** Center for Electricity & Magnetism, Korea Research Institute of Standard and
Science, Daejeon 305-340, Korea
We report the perpendicular magnetic anisotropy of CoFeB based with MgO using
amorphous paramagnetic FeZr buffer layer. Samples are deposited on SiO2 substrate by RF
magnetron sputtering machine at room temperature. The structures are
SiO2/FeZr(2)/CoFeB(tCoFeB:0.5-2)/MgO(2)/Ta(2) (in nm) and annealing for various annealing
conditions in high vacuum chamber without external magnetic field. Figure 1 shows Hall
effect of perpendicular magnetic anisotropy of CoFeB after annealing and coercivity field of
one is about 20Oe.
In summary, We obtain a high anisotropic constant K with a various conditions. Variation
of annealing temperature, thickness of CoFeB and FeZr have been practiced. This method can
be an excellent candidate for perpendicular anisotropy MTJ with low critical current density.
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Fig 1. Hall effect measurement of CoFeB thin film.
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Analysis of effective permeability and permittivity of
magnetic nanoparticle composites
Baekil Nam
Division of General Education, Kyungnam University, Changwon, 631-701,
Korea
The thin magnetic composite film composed of magnetic nanoparticles and nonmagnetic
matrix has been studied for potential applications of near-field electromagnetic noise
suppression and electromagnetic wave control. Complex permeability and permittivity of
magnetic composites filled with magnetic nanoparticles were evaluated by phenomenological
methods[1]. The permeability and permittivity were determined by an iterative manner
considering inter-particle interactions with controllable aspect ratios and volume fractions
under the given values of saturation magnetization, magnetic anisotropy field and damping
constant of magnetic nanoparticles. The calculated permeability and permittivity of the
composite film were compared with those extracted from the scattering parameters simulated
using commercial 3D FEM HFSS program.
The magnetic nanoparticles filled in the composites were tested for various shapes such as
spheres, cylinders, pipes and their mixtures. The influences of the shapes on permeability and
permittivity were analyzed in GHz frequency ranges. Effects of alignment of magnetic
nanoparticles on permeability and permittivity were also evaluated for periodic inclusion of
magnetic nanoparticles and random spreads of magnetic nanoparticles. On the other hand,
periodic structures including two different magnetic nanoparticle shapes were evaluated for
their magnetic resonance frequency and bandwidth.
[1] R. Ramprasad et al, J. Appl. Phys., 96, 519 (2004).
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Study of Fe nano dot inserted MTJ in low temperature
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We report the Fe nano dot inserted MTJ using Fe deposition between MgO double layer.
Samples are deposited on conductive-Si substrate by RF magnetron sputtering machine at
room temperature. The structures are Si/MgO(1)/Fe(x)/MgO(1), Si/CoFeB(2.4)/MgO(1)/
Fe(x)/MgO(1)/CoFeB(3)/Ta(5) (in nm) and annealing for various temperature in high vacuum
chamber without external magnetic field. Figure 1 shows Resistivity change of Fe nano dot
for various Fe thickness. Open circle is annealed at 250°C and closed circle is room
temperature sample. We observed the change of resistance in MgO/Fe/MgO/ structure and
resistance is dramatically increase when Fe nano dot thickness is lower than 0.5 nm

Fig 1. Resistivity curves for an annealed at 250°C of MgO/Fe/MgO structure.
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Manipulation of Spins in Carbon-based Compounds
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Institute of Science and Technology, Ulsan, 689-798, Republic of Korea
Recent years witnessed increasing research activity in exploiting carbon-based materials as
a spin transporting channel, which introduces a new avenue for device integration and
functionality. In this presentation, I will show realization of an organic-based magnetic/nonmagnetic semiconductor as an electron spin polarizer/spin transporting layer in the standard
spintronic device geometry [1,2]. The application of organic small molecule films as the spin
transporting layer has been studied extensively recently. However, conceptual understanding
of how the spins are injected into and transport through these organic semiconductor films
was still lacking. With careful study on film thickness, temperature, and bias dependencies,
significant differences between tunneling and giant magnetoresistance were resolved [1]. In
addition, the room temperature organic-based magnet, V(TCNE)x was successfully
incorporated into the standard magnetic tunnel junction devices in tandem with
LSMO(La2/3Sr1/3MnO3) film [2]. The development of a practical methodology for finelycontrolled film growth of an organic-based magnet is essential to enable a wide range of yet
to be realized applications of this hybrid material. Here, by using molecular layer deposition
(MLD), we demonstrate the fabrication of thin film laminates of V[TCNE:
tetracyanoethylene]x[3]. The new hybrid laminate films exhibit major improvement in surface
morphology, magnetic and electrical properties.
[1] Jung-Woo Yoo, et al., Phys. Rev. B 80, 205207 (2009)
[2] Jung-Woo Yoo, et al., Nature Materials 9, 638 (2010).
[3] Chi-Yueh Kao, et al., ACS Appl. Mater. & Inter. 4, 137 (2012)
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Coupled vortex-pair dynamics in trilayer disks of circular
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Ahmad A. Awad and Sang-Koog Kim
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of Korea
Magnetic vortex states in circular-shape dots have shown their great potential for spin
torque oscillators [1], information-storage [2], and processing devices [3].
Recent studies on high frequency response of layered disks revealed qualitative variations in
the gyrotropic mode dynamics for circular magnetic dots [4-6] and for elliptical dots [7]
compared to the gyrotropic mode of a single-vortex disk.
This study explores the effect of coupling on different vertically coupled vortex-pair. We
demonstrate by the micromagnetic simulations that the spinwaves frequency of the vertically
coupled vortex-pair is substantially different from the lateral coupled vortices case[5,7,8]. We
find that, The dipolar coupling between the vortex-pair is mainly ruled by the relative
chirality configuration, leading to a reduction of the frequencies of the out-of-phase coupled
azimuthal modes and increasing the in-phase coupled azimuthal modes frequency, for the
parallel and antiparallel chirality configurations respectively.
As to the parallel chirality case the coupling between chiralies induce additional splitting of
the azimuthal modes as well as the coupled gyrotropic mode. Additionally coupling
transforms modes profile for the out-of-phase mode decreasing their frequencies.
[1]V. S. Pribiag, I. N. Krivorotov, G. D. Fuchs, P. M. Braganca, O. Ozatay, J. C. Sankey, D. C. Ralph
and R. A. Buhrman, Nat. Phys. 3, 498 (2007).
[2] S.-K. Kim, K.-S. Lee, Y.-S. Yu, and Y.-S. Choi, Appl. Phys. Lett. 92, 022509 (2008).
[3] H. Jung, K.-S. Lee, D.-E. Jeong, Y.-S. Choi, Y.-S. Yu, D.-S. Han, A. Vogel, L. Bocklage, G. Meier,
M.-Y. Im, P. Fischer and S.-K, Kim, Sci. Rep. 1, 59; DOI:10.1038/srep00059 (2011).
[4]K. Y. Guslienko, K. S. Buchanan, S. D. Bader, and V. Novosad, Appl. Phys. Lett., 86, 223112
(2005).
[5]S.-H. Jun, J.-H. Shim, S.-K. Oh, S.-C. Yu, D.-H. Kim, B. Mesler, and P.Fischer, Appl. Phys. Lett.,
95, 142509 (2009).
[6]N. Locatelli, V. V. Naletov, J. Grollier, G. de Loubens, V. Cros, C. Deranlot, C. Ulysse, G. Faini, O.
Klein, and A. Fert, Appl. Phys. Lett., 98, 062501 (2011).
[7]S. S. Cherepov, B. C. Koop, A. Y. Galkin, R. S. Khymyn, B. A. Ivanov, D. C. Worledge, and V.
Korenivski, Phys. Rev. Lett., 109, 097204 (2012).
[8]A. A. Awad, A. Lara, V. Metlushko, K. Y. Guslienko, and F. G. Aliev. Appl. Phys. Lett., 100, 262406
(2012).
[9] This research was supported by the Basic Science Research Program administered under the
auspices of the National Research Foundation of Korea (NRF), which is funded by the Ministry of
Education, Science, and Technology (Grant No. 20120000236).
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* Department of Physics, Konkuk University, Seoul 143-701, South Korea
** Department of Science Education, Jeonju University, Jeonju 560-759, South
Korea
(CH3)4NCdCl3(Tetra-methyl-ammonium Cadmium Chloride) is reported to have three
structural phases denoted as I, II, III which are a hexagonal, monoclinic, monoclinic,
respectively, with the respective transition temperature of 118 K and 104 K. A ferroelastic
domain structure appears below 118 K. The results of X-ray diffraction measurements of the
(CH3)4NCdCl3(TMCC) at room temperature showed two directions which were the c- and aaxes. The 1H NMR measurements were performed at magnetic field of 4.8 T and resonance
frequency of 206.43 MHz. 1H NMR spectrum, spin-lattice relaxation time T1 and rotating
frame relaxation time T1ρ of 1H NMR were measured for parallel and perpendicular directions
to the c-axis from 300 K down to 65 K. The values of T1 and T1ρ show an abrupt decrease at
111 K, which is due to the structural phase transition from phase I to phase II. As the
temperature decrease below 100 K, T1ρ continuously decreases while T1 increases. 1/T1ρ
shows a small increase between 90 K and 100 K. This might be caused by the phase transition
from phase II to phase III. The temperature dependence of 1H NMR T1 and T1ρ shows an
activated behavior with an activation energy of ~ 800(6.6 kJ/mol) below 100 K and 320~360
K(2.7~3 kJ/mol) above 110 K. These energies correspond to those of rotational motion of
hydrogen atoms in the methyl group below 100 K and tumbling motion of (tetra-methylammonium ion) above 110 K.
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Hohyoun Kim*, Kihyeok Kang*, Jungseok Sim*, Moohee Lee*, and Ae Ran
Lim**
* Department of Physics, Konkuk University, Seoul 143-701, South Korea
** Department of Science Education, Jeonju University, Jeonju 560-759, South
Korea
K4LiH3(SO4)4 is known to show a ferroelastic transition at Tc = 114 K. 1H nuclear magnetic
resonance (NMR) measurements have been performed to investigate proton dynamics across
the phase transition of K4LiH3(SO4)4 crystals in the temperature range of 80-300 K at 2.68 T.
The 1H NMR spectrum shows a composite structure with a dominating broad and a weak
narrow components. The broad component has an extremely long T1 whereas the narrow
component exhibits a short T1 at room temperature. The intensity of the narrow peak
decreases at low temperature vanishing below 200 K. From this behavior, we find that the
narrow component comes from rapidly moving protons whereas the broad component
originates from rigid protons. From the temperature dependence of the short T1 for the narrow
component, the activation energy for the proton's rapid motion is deduced to be ~1880 K. The
narrow component’s correlation time is found to be 1.31 ps at 300 K. On the other hand, the
long T1 for the broad component decreases rapidly at low temperature with activation energy
of 180 K. The broad component’s correlation time is 648 μs at 300 K and then shows a jump
near 114 K suggesting that the proton dynamics closely associated with the ferroelastic
transition change abruptly across Tc.
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2
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Recently, we reported that exchange bias field of the top-pinned FeMn/Py bilayers
with Ta/Cu hybrid underlayers are superior to that of bottom-pinned corresponding
bilayers with Ta/Cu or Ta or Cu underlayers. [1] Azimuthal angular dependence of
exchange bias and coerciviy is necessary to understand the intriguing features of
exchange bias effect such as training effect and asymmetrical magnetization reversal
and noncollinear magnetic anisotropy and rotatable anisotropy in our systems.
In the present work, we have investigated the azimuthal angular dependent exchange
bias field and coercivity of bottom-pinned Py(5 nm)/FeMn(5 nm) and top-pinned
FeMn(5 nm)/Py(5 nm) bilayers prepared at the same deposition conditions except
deposition order by vector-MOKE experiment. It was found that the deposition order
could affect noncollinear anisotropies and the hysteric behavior of pinning direction.
For instance, it is obvious that exchange bias field, coercivity and hysteric pinning
directions are more conspicuous in top-pinning FeMn/Py bilayer compared with
bottom-pinned one. We suggest that a rotatable anisotropy originating from thermally
activated irreversible antiferromagnetic spins’ rearrangement may come into play for
the both cases of coercivity enhancement in fig.1(a) and hysteric behavior of the
pinning directions, as shown in Fig. 1(b).
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Fig. 1. (a) Magnetic hysteresis loops of top-pinned FeMn/Py (black line) and bottom-pinned
Py/FeMn (red line) bilayers from VSM. (b) Transverse magnetic moment Myc at
coercivity normalized by saturation magnetization Mxs of two FeMn/Py (black line)
and Py/FeMn (red line) bilayers as a function of azimuthal angle.
References
1. Ki-Yeon Kim, Hyeok-Cheol Choi, Sin-Yong Jo, Chun-Yeol You, J. Appl. Phys. 114, 073908
(2013)
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Recently, perpendicular magnetic anisotropy (PMA) of CoFeB layer in CoFeB/MgO
magnetic tunnel junctions (MTJs) was observed for less than 1.5 nm. [1] Thicker CoFeB with
PMA would be highly desirable for magnetic thermal stability of CoFeB/MgO/CoFeB MTJs
and also as a polarizer in spin transfer torque MRAM. In our study, 30-nm L10 fct FePt/(2, 5,
10)-nm CoFeB bilayers with 3-nm Ta capping layer were grown directly on MgO(100)
substrate without underlayer by using dc magnetron sputtering technique. PMA of L10 fct
FePt(001) is a prerequisite to engineer the PMA of a CoFeB layer in L10 fct FePt/CoFeB
bilayers. It has been known that deposition temperature, CoFeB composition ratio, and
underlayer thickness have a profound effect on L10 fct FePt(001) thin films.[2] It was found
out from XRD that FePt layer deposited at temperature lower than 500 °C is chemically
disordered Al0 fcc structure, whereas L10 fct FePt(001) is developed above 550 °C. From M-H
curve, 50-nm FePt single layer and 30-nm FePt/2-nm CoFeB bilayer deposited at 750°C show
that magnetic easy axis is perpendicular to the film plane and magnetic saturation field is
about 6 kOe. It was also found that a nucleation field of soft CoFeB layer to start
magnetization reversal decrease with increasing soft layer thickness due to interphase
exchange coupling, which is in accordant with other reports. The point is that more than 5 nm
thick CoFeB(amorphous) layer has perpendicular magnetic anisotropy as well. L10
FePt(001)/CoFeB(crystalline) bilayers can provide us a tool to engineer the PMA of CoFeB
layer thickness larger than 2 nm.
References
[1]. S. Ikeda et al., Nat. Mater. 9, 721 (2010).
[2]. T. Seki et al., J. Appl. Phys. 96, 1127 (2004).
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Interacting magnetic nanoparticles of three dimensional
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Magnetic nanostructures such as patterned thin films and nanoparticles of different shapes
are promising as bio applications and information-storage and -processing technologies [1-5].
Self-assembly of isolated or aggregated magnetic nanoparticles, one of the bottom-up
approaches to making novel metastructures, requires controllability. Notwithstanding the
recent insights into such self-assembly mechanisms, the formation of spherical-shape
nanoparticles of a very specific spin configuration known as a three-dimensional (3D) vortex
remains elusive. In the present study, we clarified the magnetic interaction of the permalloy
(Py) nanoparticles of 3D vortices in the forms of isolated-single and aggregated-double, triple, and -quadruple spheres of different geometrical configurations. Using TEM and SEM,
we found self-assembled building-block structures, secondary particles, consisting of between
one and four primary nanoparticles in geometrically different configurations. With the help of
micromagnetic simulations, we revealed spin configurations both in each secondary particle
and in the respective interacting primary particles. We determined the stability or instability
of the geometrical configurations of those Py nanoparticle assemblies in terms of the
exchange and dipolar interacting energies. Our results indicate that there is a controllable
means of assembling complex geometrical configurations of the nanoparticles of unique 3Dvortex spin configuration.
[1] N. Jones., Nature 472, 22-23 (2011).
[2] S. Bedanta et al., Phys. Rev. Lett. 98, 176601 (2007).
[3] K. Butter et al., Nature Mater. 2, 88-91 (2003).
[4] M. Varon et al., Langmuir. 26, 109-1116 (2010).
[5] Y. Yang et al., J. Nanosci. Nanotechnol. 12 (3), 2081-2088 (2011).
[6] This work was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(Grant No. 2013003460).
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Since the successful demonstration of ferromagnetism in Mn-based III–V semiconductors,
ferromagnetic semiconductors have been extensively studied both for their basic physics and
for the promise they hold for spintronic applications. For such applications to be realistic, it is
desirable that the semiconductor material remains ferromagnetic up to and above room
temperature and that the control of the carrier concentration and mobility in the material is
similar to that in typical semiconductors. So far, however, little attention has been given to IIMn-VI alloys additionally doped with Cr, in which one can investigate the impact of Cr on
the already well-understood II-Mn-VI system. In this paper we describe a comprehensive
study on the optical properties of quaternary Cd0.63−yMn0.37CryTe crystals with Cr
concentration (y < 0.03). Spectroscopic ellipsometry measurements of the complex dielectric
function of a series of Cd0.63−yMn0.37CryTe crystals grown by the vertical Bridgman method
have been performed in the 1.5 ~ 6.0 eV energy range at room temperature. The measurement
data were analyzed by fitting the second-derivative spectra (d2ɛ/dω2) with a theoretical model,
namely, the standard critical-point (SCP) line shapes. The E1, E1+Δ1, and E2 energies
decreased with increasing Cr composition y, which is due to the hybridization effect of the
valence and conduction bands in CdMnTe with Cr 3d levels.

Fig 1. Pseudodielectric functions of Cd0.63−yMn0.37CryTe. Real (ɛ1) and Imaginary (ɛ2) parts.
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We investigated theoretically the temperature dependence of the quantum optical
transition of qusi 2-Dimensional Landau splitting system, in CdS, ZnS and. GaN. We study
the linear quantum transport theory (QTR) of Landau splitting system in the confinement of
electrons by a square well confinement potential. We use the projected Liouville equation
method with the equilibrium average projection scheme. We derive the dynamic value
formula and the scattering factor functions in electron phonon coupling systems. We obtain
results that can be applied directly to numerical analyses. Through the analysis of this work,
we found the increasing properties of Quantum Transition Line Shapes(QTLSs) and the
Quantum Transition Line Widths(QTLWs) of CdS and CdS with the temperature. We also
found that QTLW,  (T ) of ZnS <  (T ) of CdS in  = 394  m. FIG. 1. represents the
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We have fabricated Mg0.5Zn0.5Fe2O4 nanoparticles by a high temperature thermal
decomposition process.[1,2] The prepared sample was determined to be cubic spinel with
space group Fd-3m and the lattice constant (a0) of 8.41 Å from Rietveld refinement analysis.
Based on the Scherrer equation, the average size of nanoparticles was determined to be 11 nm.
The saturation magnetization (Ms) and coercivity (Hc) of the nanoparticles were 81.0 emu/g
and 34.6 Oe, respectively at 295 K. From the distribution probability, we analyzed Mössbauer
spectra of the nanoparticles as 3 sets of six-line. Hyperfine fields of the nanoparticles at A, B1
and B2 sites were HA = 427 Oe, HB1 = 458 Oe, and HB2 = 384 Oe at 4.2 K without external
field. To separate A, B1, and B2 sites, the Mössbauer spectra of Mg0.5Zn0.5Fe2O4 nanoparticles
were obtained at 4.2 K with applied field of 5 T. From the detailed analysis of Mössbauer
spectra, the spin canting angles and the anisotropy energies at A, B1 and B2 sites were
determined. The canting angle between the applied field and hyperfine field at A, B1, and B2
sites were obtained by Mössbauer spectrometer with external magnetic field of 5 T. To
characterize the thermal properties of the samples, Mg0.5Zn0.5Fe2O4 nanoparticles were
measured by magneTherm device at 50 kHz and 25 mT. The self-heating temperature of the
nanoparticles determined 124.33 oC in Mg0.5Zn0.5Fe2O4 nanoparticles.
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