
www.imid.or.kr Final Program Book

Organized by
• The Korean Information Display Society (KIDS)

• The Society for Information Display (SID)

• Korea Display Industry Association (KDIA)

August 18-21, 2015 / EXCO, Daegu, Korea



2 The 15th International Meeting on Information Display

Welcome Message ························································································ 4

Program Overview
    - Tutorials and Workshops ········································································ 6
    - Opening Ceremony ················································································ 6
    - Keynote Addresses ················································································· 7
    - PDP Legends ··························································································· 8
    - Young Leaders Conference ···································································· 8
    - Conference Banquet ·············································································· 8
    - IMID 2015 Awards ················································································· 9

IMID 2015 Awarded Papers ······································································· 10

Useful Information
   - Venue ····································································································· 12
   - Registration ··························································································· 12
   - Internet ·································································································· 13
   - Cloak Room & Lost and Found ····························································· 13
   - Insurance Policy ····················································································· 13
   - Security ·································································································· 13
   - Useful Websites & Emergency Phone Numbers ··································· 13

Information on Technical Program ····························································· 14

Keynote Addresses ····················································································· 15

August 18, 2015 (Tuesday) Tutorials & Workshops ·································· 16

August 19, 2015 (Wednesday)
 1. Flexible Transistors for Conformable Display ········································ 17
 2. Quantum Dot Light-Emitting Diodes ···················································· 20
 3. LEDs and Lighting I ················································································ 22
 4. 2D Materials: Synthesis and Manufacturing ········································ 24
 5. Plasmonics and Metamaterials for Display I ········································· 26
 6. Flexible and Stretchable TFTs ································································· 28
 7. LC-based Laser/Optical Applications ···················································· 30
 8. 2D Transparent Transistors ···································································· 32
 9. Quantum Dot Down Conversion Displays ············································ 34
10. LEDs and Lighting II ·············································································· 36
11. 2D Materials: Thin Film Devices ··························································· 38
12. Plasmonics and Metamaterials for Display II ······································· 41
13. Flexible and Stretchable Displays ························································· 44
14. LC Display I ··························································································· 47
15. Organic Transistor Physics ···································································· 49
16. Characterization and Applications of Quantum Dots ························ 51
17. LEDs and Lighting III ············································································· 53
18. Image Quality Enhancement and Metrology ······································ 55
19. Touch and UX Technologies ································································· 59
20. Soft Electronic Application ··································································· 61
21. LC Display II ·························································································· 63



August 18-21, 2015 / EXCO, Daegu, Korea    2015  3

August 20, 2015 (Thursday)
22. Advanced TFT Backplane Technologies I ············································ 65
23. OLED Materials ···················································································· 67
24. Printable Transistors ············································································· 69
25. Display Manufacturing and Equipments ············································ 71
26. 3D Display I ·························································································· 73
27. Substrates and Optical Films ······························································· 75
28. Transparent/Flexible Display Stability ·················································· 77
29. Advanced TFT Backplane Technologies II ············································ 79
30. OLED Device I ······················································································· 82
Young Leaders Conference ········································································ 86
31. Perovskite Solar Cells ··········································································· 89
32. 3D Display II ························································································· 91
33. Transparent/Flexible Display Systems ·················································· 93
34. Ferroelectric LCs ··················································································· 95
35. Advanced TFT Backplane Technologies III ··········································· 97
36. Organic Light Emitting Transistors and Devices ······························· 100
37. Organic Photovoltaics ········································································ 102
38. 3D Display III ······················································································ 106
39. Transparent/Flexible Backplane ························································· 108
40. Synthetic LCs ····················································································· 110
41. Advanced TFT Backplane Technologies IV ········································ 113
42. OLED System and Integration ··························································· 115
43. Display System and Algorithm ·························································· 118
44. Flexible Photovoltaics ········································································ 120
45. 3D Display IV ······················································································ 123
46. UI for Flexible/Transparent ································································· 125
47. Optical Properties of LC ···································································· 128
48. Advanced TFT Backplane Technologies V ········································· 130
49. OLED Optics ······················································································· 133
50. Display Panel Driving Circuit ····························································· 137
51. Emerging Technology for Photovoltaics ··········································· 139
52. 3D Display V ······················································································ 142
53. Flexible/Transparent TFT and Circuitry ·············································· 144
54. Large Area Displays I ········································································· 147
55. Advanced TFT Backplane Technologies VI ········································ 149
56. OLED Device II ···················································································· 152
57. CIGS Solar Cells ················································································· 155
58. 3D Display VI ······················································································ 157
59. Transparent/Flexible Component ······················································ 160
60. Large Area Displays II ········································································· 162

Poster Session I ························································································· 164

Poster Session II ························································································ 232

IMID 2015 Committee ············································································· 324

IMID 2015 Invited Papers ········································································ 333

Author Index ···························································································· 346



4 The 15th International Meeting on Information Display

Welcome Message

  

Dear colleagues and friends, 

On behalf of the organizing committee, it is our great pleasure to invite 

you to the 15th International Meeting on Information Display (IMID 

2015), hosted by the Korean Information Display Society (KIDS), the 

Society for Information Display (SID), Korea Display Industry Association 

(KDIA), which will be held during August 18~21, 2015 in Daegu, Korea.

IMID 2015 provides an exciting scientific program in which eminent 

speakers and delegates from all over the world share the most up-to-date 

research results and accomplishments in the field of information displays. 

It consists of three Keynote lectures delivered by a Nobel Lauraute, 

covering the advent of blue LEDs, and two experts from industries for 

emerging display areas and more than 60 sessions including special, oral, 

and poster sessions where about 600 presentations on scientific research 

results, best practices at work, emerging risk factors in workplaces and 

other recent issues are scheduled. Tutorial sessions are provided for 

students and new comers in displays.

As social events, we offer a Korean traditional tea ceremony for the 

experience of the Korean culture in beautiful and splendid performances 

and a banquet with special art perfornances.

The Daegu city, the venue of the IMID, has recently emerged as a city of 

high-tech industries representing the IT convergence. It is located in the 

middle of South Korea surrounded by various UNESCO World Cultural 

Heritage Sites so that the participants may get a taste of both the 

traditional Korean culture and a modern daily life.
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Welcome Message

We sincerely welcome all the paricipants to IMID 2015 and hope you to 

enjoy your stay in Daegu!

Sincerely,

Sin-Doo Lee
General Chair of IMID 2015

President of KIDS

  
Yong-Seog Kim

General Co-Chair of IMID 2015
President-Elect of SID
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Program Overview

Program Overview

Tutorials and Workshops

10:00~17:30, Tuesday, August 18, 2015

The tutorials are aimed to provide introductory courses for the newcomers to 
the information display technologies and the workshop will provide in-depth 
analysis on fundamental and recent advances in important display technologies.
* For more information, please look at the detailed contents (page 16)

Opening Ceremony

11:00~11:30, Wednesday, August 19, 2015 / Auditorium (5F, EXCO)

Program Speaker

Greetings and Introduction
Prof. Sung Tae Shin

(Executive Committee Chair, Kyung Hee Univ., Korea)

Welcome Speech
Prof. Sin-Doo Lee

(General Chair,  Seoul Nat’l Univ., Korea)

Congratulatory Remark 1
Mr. Young-Jin Kwon

(Mayor of Daegu Metropolitan City, Korea)

Congratulatory Remark 2
Dr. Amal Gosh

(President of SID, eMagin Corp., U.S.A.)

Award Ceremony
Prof. Sin-Doo Lee

(General Chair,  Seoul Nat’l Univ., Korea)

TPC Report

Prof. Changhee Lee

(Technical Program Committee Chair,  Seoul Nat’l 

Univ., Korea)
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Program Overview

Keynote Addresses

11:30~13:00, Wednesday, August 19, 2015 / Auditorium (5F, EXCO) 

Keynote I: 11:30 ~ 12:00
Shuji Nakamura 
Prof., University of California, Santa Barbara, USA

Overview of History and Development of Blue, Green 
& White LEDs and Laser Diodes

Keynote II: 12:00 ~ 12:30
Sang Deog Yeo 
President, LG Display Co., Ltd., Korea 

OLED, It will Change Our Life

Keynote III: 12:30 ~ 13:00
Seung Ho Hwang
Executive Vice President, Hyundai Motor Company, Korea

The Future of Automotive Display
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Program Overview

PDP Legends

15:30~17:00, Thursday, August 20, 2015 / Room B (Room 324)

Plasma TVs are no longer plentiful as they used to be, through many of those 
still on the market are considered as some of the finest TVs available. Without 
doubt, plasma played an important role in the success of the flat-panel display 
industry. To mark plasma’s impact, on Thursday afternoon at IMID 2015, 
there will be a special 100-minute session. It will provide you with a thorough 
understanding of the topical issues and practical strategies of the PDP 
industry. Sharing case studies and best practices, and networking ensure you 
return to your organization with the latest information it needs. Following 
the session there will be a conference banquet. 

Chair: Yong-Seog Kim (Hongik Univ., Korea)

Speakers

Prof. Ki-Woong Whang (Seoul Nat'l Univ., Korea) 

Dr. Larry Weber (PLEXIE, USA) 

Prof. Xiong Zhang (Southeast Univ., China) 

Prof. Heiju Uchiike (Saga Univ., Japan) 

Young Leaders Conference

11:00~12:30, Thursday, August 20, 2015 / Room C (Room 323)

Young Leaders Conference (YLC) is open to students who would like to share 
and discuss their research results. After oral presentations, outstanding 
presenters among all YLC applicants will be selected by committees from 
Samsung Display, LG Display, and Merck based upon their research originality 
and technical significance. In addition, Best Presentation Award will be given 
right after the session. Student presenters who apply for KIDS award are 
automatically candidates for the YLC presenters. 

Conference Banquet

18:30~20:00, Thursday, August 20, 2015 / 
Grand Ballroom A, Hotel Inter-Burgo EXCO 

Pre-registration On-Site Registration

Banquet Ticket USD 50 USD 70

* You could purchase the Banquet Ticket at the Registration Desk.
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Program Overview

IMID 2015 Awards

Merck Awards
Merck Young Scientist Awards
KIDS Awards (Sponsored by LG Display Co., Ltd.)
KIDS Awards (Sponsored by Samsung Display Co., Ltd.)

The awardees have been selected from papers submitted to IMID 2015 
based upon their originality and the technical significance to information 
display industry. The awards will be presented at the Banquet on 
Thursday, August 20, 2015 at the Hotel Inter-Burgo EXCO.

IMID 2015 will present the Best Poster Award to the best poster 
presenters during the conference. The assessment will be conducted 
onsite by the judges. The award certificate will be given at the poster 
sessions by program committee chair of IMID 2015.
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IMID 2015 Awarded Papers

IMID 2015 Awarded Papers

Merck Awards

Merck Award
Review of Recent Studies for Oxide Thin-Film Transistors
Hyun Jae Kim (Yonsei Univ., Korea)

Merck Young Scientist Award
Light Field Techniques to Capture and Display 3D Images
Jae-Hyeung Park (Inha Univ., Korea)

 KIDS Awards (Sponsored by LG Display Co., Ltd.)

Gold Award
Inverted Top-Emitting Organic Light-Emitting Diodes with a Multilayered 
Graphene Top Electrode
Hyunkoo Lee, Jong Tae Lim, Hyunsu Cho, Byoung-Hwa Kwon, Nam Sung 
Cho, Byoung-Gon Yu (ETRI, Korea), Seong Chu Lim (Sungkyunkwan Univ., 
Korea), and Jeong-Ik Lee (ETRI, Korea)

Silver Award
Elastomeric Nanowire Composite for Tunable Flexible Pressure Sensors
Yunsik Joo, Jaeyoung Yoon, and Yongtaek Hong (Seoul Nat'l Univ., Korea)

Bronze Awards
Low-Temperature Activation Engineering by Simultaneous UV and 
Thermal Treatment in Sputter Processed IGZO Thin-Film Transistors
Young Jun Tak, Sung Pyo Park, Tae Soo Jung, Heesoo Lee, Won-Gi Kim, 
Jeong Woo Park, Na Eun Kim, and Hyun Jae Kim (Yonsei Univ., Korea)

Flexible a-IGZO TFT Properties Changed Under Increased Mechanical Stress
Hyun-Jun Jeong, Kyung-Chul Ok, Hyun-Mo Lee, and Jin-Seong Park 
(Hanyang Univ., Korea)

Viewing-Angle Control and Fast Switching of a Hybrid-Aligned LC Cell
Young-Jin Park, Tae-Hoon Choi, Jung-Wook Kim, and Tae-Hoon Yoon 
(Pusan Nat'l Univ., Korea)

 KIDS Awards (Sponsored by Samsung Display Co., Ltd.)

Gold Award
Highly Stable Hysteresis-Free Molybdenum Disulfide Field-Effect Transistors
Jeongkyun Roh, In-Tak Cho, Hyeonwoo Shin, Byung Hee Hong, Jong-Ho 
Lee (Seoul Nat'l Univ., Korea), Sung Hun Jin (Incheon Nat'l Univ., Korea), 
and Changhee Lee (Seoul Nat'l Univ., Korea)
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IMID 2015 Awarded Papers

Silver Award
TFT-Circuit-Simulation-Based Multi-Objective Evolutionary Algorithm for 
Dynamic Specification Design Optimization of ASG Driver Circuits
Yi-Hsuan Hung (Nat'l Chiao Tung Univ., Taiwan), Sheng-Chin Hung (Nat'l 
Chiao Tung Univ., Taiwan), Chien-Hsueh Chiang (Nat'l Chiao Tung Univ., 
Taiwan), and Yiming Li (Nat'l Chiao Tung Univ., Taiwan)

Bronze Awards
Beneficial Effect of Hydrogen in Aluminum Oxide Deposited by Atomic 
Layer Deposition Method on Electrical Properties of IGZO Thin Film 
Transistor
Yunyong Nam (KAIST, Korea), Hee-Ok Kim, Sung Haeng Cho, Chi-Sun 
Hwang (ETRI, Korea), Taeho Kim, Sanghun Jeon (Korea Univ., Korea), and 
Sang-Hee Ko Park (KAIST, Korea)

Light Adaptable Display for Future Advertising Service
Chun-Won Byun, Jong-Heon Yang, Jae-Eun Pi, Hyunkoo Lee, GiHeon Kim, 
Byoung-Hwa Kwon, Seong Mok Cho, Jeong-Ik Lee, Yong-Hea Kim, 
Kyoung Ik Cho, Sung Haeng Cho (ETRI, Korea), Seung-Woo Lee (Kyung 
Hee Univ., Korea), and Chi-Sun Hwang (ETRI, Korea)
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Useful Information

Useful Information

Venue

IMID 2015 will be held at the expanded New 
Building of EXCO, an exhibition convention 
center in Daegu, Korea. EXCO offers 23,000m2 

of highly flexible exhibition space arranged from 2,000m2~23,000m2. 
Total 5 exhibition halls on 1, 3, 5th level can be divided into 8 small halls.

Registration

1) Registration Fee
    - Conference

On-Site Registration

Regular
KIDS / SID Member USD 590

Non-Member USD 690

Student
KIDS / SID Member USD 150

Non-Member USD 170

    - Tutorials and Workshops
On-Site Registration

Banquet Ticket USD 250
USB Proceedings USD 70

    - Additional Purchase
On-Site Registration

Banquet USD 70
Proceedings USD 100

2) Operation Hours
The registration desk will be available during August 18~21 on the 3F, 
expanded new building of EXCO at the following times;

Date Time
Tuesday, August 18 09:00~17:30

Wednesday, August 19 08:00~18:00
Thursday, August 20 08:00~19:00

Friday, August 21 08:00~18:00

3) Name Badge
For security purposes, participants must wear their name badges during 
the conference. If your badge needs any correction, please visit the 
registration desk for a replacement. There will be staff to check your 
badge at every gate of scientific rooms and poster session hall.

4) Conference Kit
Conference kit will be distributed at the kit desk in the lobby of 3F (right 
beside the registration desk). After registration, please show your 
congress kit coupon to receive your kit, which includes a Final Program 
Book, USB Proceedings, and so on.
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Useful Information

Internet

1) Internet Lounge
Internet Lounge: an internet lounge will be located in the lobby, 3F during 
the conference. All participants will be able to use computers and the 
internet from 08:30 to 19:00.

2) Wi-Fi
Complimentary Wi-Fi service is available for conference participants. 
Please connect your mobile device to “EXCO_Free”.

Cloak Room & Lost and Found

You can store your luggage in the cloak room located next to the Room G 
(Room 306). All the lost items should be returned to the cloak room (3F). 
Should you lose anything, please report to the cloak room for assistance.

Insurance Policy

The organizers will not be responsible for medical, travel or personal 
claims. Participants are strongly advised to take out an insurance policy 
covering three areas: health and accident, loss of luggage and 
cancellation (travel and registration).
 

Security

IMID 2015 is committed to making the congress safe and secure. 
Although we will exercise reasonable care for your protection, please be 
advised that the congress organizers will not be liable for any lost or 
stolen goods, injury or damage arising onsite or outside the venue.

Useful Websites & Emergency Phone Numbers

• Korea Tourism Organization (http://english.visitkorea.or.kr/enu/index.kto)
• Daegu Convention Bureau (http://eng.daegucvb.com/visitor/main/)
• Incheon International Airport (http://www.airport.kr/eng)
• Medical Emergency 339
• Emergencies for Fire / Rescue & Hospital Services 119
• Police 112
• First Aid 129
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Information on Technical Program

Information on Technical Program

Preview Room

At preview room, oral presentation speaker could check their presentation 
material. The preview room is located next to the Room G (Room 306). Oral 
presentation speakers are required to upload the presentation file to the laptop 
computer in the session room at least 15 minutes prior to the session. 

Presentation Time

Keynote: 30 min.
Tutorials 60 min.
Workshops: 50 min.
Invited Talk: 20 min. for presentation and 5 min. for Q&A
Oral Presentation: 12 min. for presentation and 3 min. for Q&A

Poster Sessions

Each paper’s presentation code will be shown on the board and adhesive tapes 
will be provided in the poster session area. All presenters are required to preside 
at their poster panels during the session for discussion with participants.

Poster Session I Poster Session II
Date Thursday, August 20 Friday, August 21

Put-up Time 10:00 ~ 12:00
Presentation Time 14:00 ~ 15:30
Take-down Time 15:30 ~ 17:00

** The Beer Party & Red Hot Daegu will take place during the each poster 
session and finger foods will be served.
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Keynote Addresses 

Keynote Addresses 
Date : August 19, 2015 (Wednesday)
Time : 11:30~13:00
Place : Auditorium, 5F
Chair : Prof. Changhee Lee (Technical Program Committee Chair, Seoul Nat'l Univ., Korea)

  Keynote I 11:30 ~ 12:00

Overview of History and Development of Blue, Green & White LEDs and 
Laser Diodes
Shuji Nakamura (Prof., University of California, Santa Barbara, USA)

How blue, green & white LEDs and laser diodeswere invented are described. 
Future vision of solid state lighting is also discussed. 

  Keynote II 12:00 ~ 12:30

OLED, It will Change Our Life
Sang Deog Yeo (President, LG Display Co., Ltd., Korea)

Display has continuously evolved withnewer technologies, for example, from 
black&white to color, from CRT to FPD(Flat Panel Display), and from PDP to LCD.

Despite the significant technology advances of LCD, during the decades of 
LCD era, many people still desire another new technology. We believe that 
OLED is one of them. OLED display has a huge potential in picture quality, 
design, and expandability to various applications (e.g. transparent, flexible), 
and is a display in a different dimension compared with conventional LCDs. 
OLED is opening a new market at this time.

Therefore we would like to explain in details why we have to focus on OLED technology, 
what the advantagesof OLED are and what values OLED can give us..

Finally we will propose our future with OLED.  

  Keynote III 12:30 ~ 13:00

The Future of Automotive Display
Seung Ho Hwang (Executive Vice President, Hyundai Motor Company, Korea)

As the development of advanced driving-assistance and infotainment systems 
in automobiles, drivers are exposed to more information than ever before. 
To provide massive amounts of information in safe and efficient way, display 
plays an important role in user-experience in automobile design.
As a result, large color display once a featured spec in luxury segment vehicles 
has become a standard option and also adapting additional displays in a cluster, 
front& rear IVI system, HUD (Head-Up Display) and even on room mirrors.
While offering these many displays, OEMs have to consider high reliability 
& robustness under vehicle environment in order to last lifetime of the vehicle, 
which warrants their overpriced options compared to consumer electronics.
According to the paradigm shift in automobile from ‘means of transport’ 
to ‘space for living’, the infinite possibilities of future vehicle display that 
everyone is dreaming will be proposed.
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Tutorials & Workshops

Tutorials & Workshops

August 18, 2015 (Tuesday)

Tutorials
Chair : T1, 2, 3 - Changhee Lee (Technical Program Committee Chair, Seoul Nat’l  

Univ., Korea)
T4, 5, 6 - Byung Doo Chin (Technical Program Committee Secretary,   
Dankook Univ., Korea)

Room A (Room 325)

Code Time Title / Speaker

T1 10:00~11:00
Plastic Film Substrate for Flexible Displays
Prof. Byeong-Soo Bae (KAIST, Korea)

T2 11:00~12:00
Pixel Compensation Technology for OLED Displays
Dr.Woo-Jin Nam (LG Display Co., Ltd., Korea)

T3 12:00~13:00
Printed Electronics for Flexible Display
Prof. Yong-Young Noh (Dongkuk Univ., Korea)

T4 14:30~15:30
Quantum Dots and Their Applications
Dr. Eunjoo Jang  (Samsung Electronics Co., Ltd., Korea)

T5 15:30~16:30
Process & Materials of Oxide TFT for High Resolution Display
Prof. Sang-Hee Ko Park (KAIST, Korea)

T6 16:30~17:30
LTPS TFT : Basic, Process & Structure, and Device
Prof. Hyun Jae Kim (Yonsei Univ., Korea)

Workshops
Chair : W1, 2, 3 - Jong Sun Choi (Executive Committee Co-Chair, Hongik 

Univ., Korea)
W4, 5, 6, 7 - Sung Tae Shin (Executive Committee Chair, Kyung Hee 
Univ., Korea)

Room B (Room 324)

Code Time Title / Speaker

W1 10:00~10:50
Technology Strategy in the Display Industry : Past, Present, and 
Future
Prof. Sung Tae Shin (Kyung Hee Univ., Korea)

W2 10:50~11:40
Printable Cu Electrodes for Thin Film Electronics
Prof. Zijian Zheng (The Hong Kong Polytechnic Univ., Hong Kong)

W3 11:40~12:30
OLED Degradation
Dr. Christopher Brown (Kateeva, Inc., USA)

W4 14:10~15:00
AMOLED Technology- Remaining Issues of Flexible and OLED TV
Prof. Jun Souk (Hanyang Univ. Korea)

W5 15:00~15:50
Investigating Charge Transport in Semiconducting 
Nanomaterials with Light-emitting Field-effect Transistors
Prof. Jana Zaumseil (Univ. of Heidelberg, Germany)

W6 15:50~16:40
Quantum Dot LED Technology for Full Color Display
Prof. Changhee Lee (Seoul Nat'l Univ.)

W7 16:40~17:30
Revealing the Internal Processes in OLEDs by Transient, AC & 
DC Electrical Characterization
Dr. Lieven Penninck (Fluxim Ag, Switzerland)
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1. Flexible Transistors for Conformable Display
Date: August 19, 2015 (Wednesday)
Time: 09:00~10:30
Session Chairs: Prof. Jun Takeya (Univ. of Tokyo, Japan)

Prof. Yong-Young Noh (Dongkuk Univ., Korea)

1-1 09:00~09:25

 Boosting the Speed of Printed and Direct-Written Polymer Transistors
Mario Caironi (Istituto Italiano di Tecnologia, Italy)

Printed organic field-effect transitors (OFETs) have been considered for many novel 
applications towards large area and flexible electronics, since they may enabkle 
pervasive integration of electronic functionalities in all sorts of appliances, their 
portability and wearability. Applications are countless: from personal devices (e.g. 
wearable health monitoring devices) to large-area sensors (e.g. electronic skin, 
bio-medical devices), smart tagging of products with radio-frequency identification 
tags. It is no doubt that a huge driving force comes from the display industry, 
with the goal to develop flexible and/or rollable displays deployable on demand, 
to be integrated with portable devices (e.g. smartphones). However, printed OFETs 
fabricated with scalable tools fail to achieve the minimum speed required for example 
to drive high-resolution displays, where a transition frequency (fT), i.e. the highest 
device operative frequency, above 10 MHz is required. In this work we present 
effective strategies to increase fT in polymer based devices by combining only printing 
and laser-based direct-writing techniques. In particular, we demonstrate the possibility 
to achieve MHz operation in all-organic transistors on plastic foils, where short 
channels are ablated by a fs-laser. Moreover, we show that fs-laser sintering is 
another very promising approach for fast direct-written devices, with the possibility 
of achieving 10 MHz regime already with an OFET mobility in the range of 0.1–1 
cm2/Vs thanks to the drastically reduced capacitive parasitism.

1-2 09:25~09:50

 Rollable, Foldable and Stretchable Displays
Gerwin Gelinck (Holst Centre, Netherlands)

To make lightweight, unbreakable, portable displays, thin plastic substrates are 
preferred as they give maximum mechanical flexibility. In comparison to liquid 
crystal (LC) displays, flexible active matrix organic light emitting diode (AMOLED) 
displays offer superior optical image quality, particularly when flexed. However, 
the emergence of ultra-flexible AMOLED displays bring new technological 
requirements, including the demand for ultrathin, high-quality thin-film barriers 
to protect the OLED from moisture ingress, the need for a TFT backplane that 
is sufficiently reliable upon bending and preferably does not change its electrical 
performance when mechanically strained, and ultimately the integration of the 
components mentioned above on ultrathin plastic substrates that can be temporarily 
bonded on a rigid glass carrier. Current status will be discussed. Finally, with 
textile integration in mind, we will present a strategy to realize stretchable displays 
using LEDs instead of OLED pixels. Stretchability is achieved by laser machining 
open structures in the thin plastic substrate, so that rigid functional pixel islands 
are separated by conducting meanders that act as springs. Passive as well as 
active stretchable displays will be demonstrated.
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1-3 09:50~10:15

 Novel Organic Transistor Concepts for Active-Matrix Backplanes
Bjorn Lüssem, Akram Al-Shadeedi, Shiyi Liu (Kent State Univ., U.S.A.), Max L. 
Tietze, Axel Fischer, Daniel Kasemann, and Karl Leo (TU Dresden, Germany)

Molecular doping has become a key technology for the design of highly efficient 
organic light emitting diodes (OLEDs) and organic photovoltaic (OPV) (Lüssem 
et al., Phys. Stat. Sol. (a) 210, 9, 2013). In contrast to OLEDs and OPV, doping 
is much less commonly used in organic field-effect transistors (OFETs), despite 
the excellent prospects here as well (Khim et al. Adv. Funct. Mat. 24, 6252, 
2014, Lüssem et al., Nat. Commun. 4, 2774, 2013). There are several reasons 
that explain the reluctance to include organic doping in OFETs. Most commonly, 
doped organic layers are prepared by co-evaporation of the matrix and the dopant, 
which allows for doping ratios in the range of a few wt.%. These relatively 
large doping concentrations led to low ON/OFF ratios if the channel region is 
doped. Furthermore, a quantitative model of doping has been missing so far, 
which slowed down adoption of doping in organic transistors additionally. In 
this contribution, we discuss a new process capable of reducing the doping 
concentration down to a molar ratio of 10-5 (Tietze et al., Adv. Funct. Mat., 
in press, DOI: 10.1002/adfm.20140454, cf. Fig. 1a). Experimental UPS data obtained 
at these low concentrations is used to develop a statistical description, which 
describes the doping properties for a wide range of host/dopant combinations 
with very high precision (Tietze et al., Phys. Rev. B 86, 035320, 2012). Based 
on this improved understanding, we furthermore discuss novel doped organic 
transistor concepts. We will show that doping can be used to improve conventional 
OFETs (Lüssem et al., Nat. Commun. 4, 2774, 2013, Hein et al., Appl. Phys. 
Lett 104, 013507, 2014), increase the transconductance of novel vertical organic 
transistors (Fischer et al. Appl. Phys. Lett. 101, 213303, 2012), and design ambipolar 
FETs (cf Fig. 1b). The use of these transistors in active-matrix backplanes is critically 
discussed and possible driving circuits are proposed that take advantage of the 
increased performance of doped transistors.
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1-4 10:15~10:30

Light Adaptable Display for Future Advertising Service
Chun-Won Byun, Jong-Heon Yang, Jae-Eun Pi, Hyunkoo Lee, GiHeon Kim, 
Byoung-Hwa Kwon, Seong Mok Cho, Jeong-Ik Lee, Yong-Hea Kim, Kyoung Ik 
Cho, Sung Haeng Cho (ETRI, Korea), Seung-Woo Lee (Kyung Hee Univ., Korea), 
and Chi-Sun Hwang (ETRI, Korea)

We have proposed and demonstrated a new structure of a light adaptable display 
(LAD) for future advertising service with minimum power consumption. A organic 
light emitting diode with colour reflection (coloured OLED) has been applied for 
reflective and emissive mode device and a guest host liquid crystal device (GH-LC) 
has been adopted for a light shutter device. The current efficiency and reflectance 
of the colored OLED were 35.15 cd/A at 457 cd/m2  luminance and 63% for 
yellow color, respectively. The measured contrast ratio of GH-LC was 15.5:1 at 
the pixel area. Transparent oxide thin film transistors have been used for back-plane 
and its average mobility was 9.08 cm2/V·s with 0.5 standard-deviation, respectively. 
Through the optimization of the fabrication process and the structures of each 
device, we have successfully demonstrated the LAD adaptively operating according 
to environmetnal illuminance from dark to 10,000 nit. Moreover, we proposed 
the new driving methode of LAD for minimizing the power consumption. To 
develop the driving scheme, we measured the illuminance according to time 
and location, and deduce the appropriate timing of mode conversion and the 
optimum lumance of LAD for securing a visibility, based on the measured data.
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2-1 09:00~09:25

 Quantum Dot Light-Emitting Diodes for Next Generation Displays
P. H Holloway, J. R. Manders, A. Titov, J. Hyvonen, Y.-X Wang, W-R Cao, J. 
Tokarz-Scott (NanoPhotonica, Inc., U.S.A.), J-G Xue (Univ. of Florida, U.S.A.), 
and Lei Qian (NanoPhotonica, Inc., U.S.A.)

Since demonstration of electroluminescence (EL) from colloidal quantum dots 
(QDs) light-emitting diode (QD-LED) in 1994,1 interest has continuously 
increased because of their impressive properties, including high efficiency, 
narrow emission peaks, and control of the emitted wavelength by varying 
the quantum dot size and composition. In 2011, we reported solution processed 
QD-LEDs with a multilayer structure that exhibit high brightness using crystalline 
ZnO nanoparticles (NPs) as the electron transport layer (ETL).2 In this paper, 
we report multilayer QD-LED structures that exhibit good current and power 
efficiencies of 6.1 cd/A and 5.0 lm/W, 70 cd/A and 58 lm/W, and 12.3 cd/A 
and 17.2 lm/W for blue, green and red emitting QD-LEDs, respectively. The 
QD-LEDs exhibit nearly saturated colors, covering ~90% of the Rec. 2020 
color space and ~170% of the NTSC 1987 color space…

2-2 09:25~09:50

 Solution-Processed and High-Performance Light-Emitting Diodes 
Based on Quantum Dots
Yizheng Jin (Zhejiang Univ, China)

Here we report a solution-processed multi-layer QLED with outstanding performance 
and excellent reproducibility3. Our QLED device show fine color-saturated emission. 
The symmetric emission peak at 640 nm with a narrow full-width-at-half-maximum 
of 28 nm corresponds to Commission Internationale de l'Eclairage (CIE) color 
coordinates of (0.71, 0.29), is ideal for display applications. The QLED exhibits 
high EQE up to 20.5%, low efficiency roll-off (>15% of EQE at 100 mA cm-2), 
and a long operational lifetime of more than 100,000 hours at 100 cd m-2, 
making this device the best-performing solution-processed red LED to date and 
comparable to the state-of-art vacuum-deposited OLEDs. The exceptional 
optoelectronic performance is achieved by inserting an insulating interlayer between 
the QD layer and the oxide electron transport interlayer (ETL) to preserve the 
superior optical properties of the QDs and ensure charge balance in the devices 
without sacrificing charge injection efficiency. We anticipate that our results will 
be a starting point for further research, leading to high-performance and 
all-solution-processed QLEDs ideal for next-generation display and solid-state 
lighting technologies.
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2-3 09:50~10:15

 Full-Color and White Electroluminescent Quantum Dot-light- 
Emitting Diodes
Ki-Heon Lee, Jong-Hoon Kim, Hee-Don Kang, Chang-Yeol Han, and Heesun 
Yang (Hongik Univ., Korea)

We explore the solution-processed fabrication of two types of multicolored, 
multilayered hybrid quantum dot-light-emitting diodes (QLEDs) having a hole 
transport layer (HTL) of poly(9-vinlycarbazole) (PVK) and an electron transport 
layer (ETL) of ZnO nanoparticles (NPs). The first device consists of high-color purity 
CdZnS/ZnS blue (B), CdZnSeS/ZnS green (G), and CdSeS/ZnS red (R) QDs with 
RGB QD-mixed multilayer emitting layer (EML). Three primary colored 
electroluminescence (EL) spectra are successfully obtained. This full-color QLED 
exhibits record-high values of 23352 cd/m2 in peak luminance, 21.8 cd/A in current 
efficiency, and 10.9% in external quantum efficiency (EQE). The second device 
is constructed with CdZnS/ZnS B and Cu-In-S (CIS)/ZnS yellow (Y) QDs having 
a bilayer scheme of a CIS/ZnS // CdZnS/ZnS sequence. A satisfactory bicolored 
white EL is attainable, specifically showing the peak EL values of 786 cd/m2 in 
luminance, 1.4 cd/A in current efficiency, and 0.6 % in EQE. Detailed EL performances 
of two types of QLEDs in regard to display versus lighting application will be 
presented.

2-4 10:15~10:30

Ultraviolet Electroluminescence Devices Using CdZnS/ZnS Quantum Dots
Jeonghun Kwak (Dong-A Univ., Korea), Jaehoon Lim, Myeongjin Park, 
Seonghoon Lee, Kookheon Char, and Changhee Lee (Seoul Nat'l Univ., Korea)

We demonstrate ultraviolet (UV) light-emitting quantum dot light-emitting diodes 
(QLEDs) with a peak wavelength down to 377 nm in an inverted device structure 
which can facilitate hole injection into colloidal quantum dots (CQDs). Thin-film 
based UV LEDs have been introduces using organic molecules or metal oxides. 
But they exhibited much lower radiance than GaN-based UV LEDs. Also, they 
show wide spectral bandwidths including visible emission. On the other hands, 
the UV QLEDs show a high power density with narrow emission only in UV 
region. Thus, the UV QLEDs can be used in various applications as the light 
source for counterfeit detection, photo-polymerization, and photo-excitation. We 
would like to introduce a synthetic method of UV-emitting alloyed CdZnS/ZnS 
CQDs as well as the UV QLEDs in this presentation.
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3-1 09:00~09:25

 Polarization Controlled Light Emitters Based on Elongated 
InGaN/GaN Pyramidal Quantum Dots
Per Olof Holtz, Chih-Wei Hsu, Martin Eriksson, Houssaine Machhadani, Tomas 
Jemson, K. Fredrik Karlsson, and Erik Janzén (Linköping Univ., Sweden)

Polarized light is the key for a wide range of optoelectronic technologies from 
optical interconnects and LCD-displays to quantum computing and cryptography. 
Instead of filtering unpolarized light, i.e. the technology primarily used today, 
we present a novel approach, in which GaN pyramidal structures with InGaN quantum 
dots (QDs) formed on the slightly truncated top of the GaN pyramids are employed. 
The dots are formed due to the accumulated strain caused by the lattice mismatch. 
Well-defined single excitonic emission lines appearing at around 400 nm are 
monitored from the dots in -photoluminescence spectra. In a subsequent step, 
elongated pyramids are instead fabricated. The QDs formed on top of these elongated 
pyramids are extended, following the ridge of the pyramids. The excitonic emission 
from these extended dots exhibit a strong degree of linear polarization, about 
85%, in the direction of the elongation. For demonstration of the single photon 
characteristics of these dots, temporal photon correlation spectroscopy has been 
performed. An excitonic single photon emission and a biexcitonic photon bunching 
from the pyramidal dots have been monitored, confirming sound single photon 
properties of these dots.

3-2 09:25~09:50

 Determination of Carrier Injection Efficiency and its Effects on the 
Efficiency Droop in GaN Light Emitting Diodes
Nan-Cho Oh, Tae-Soo Kim, Tae-Gyun Eom, Seung-Young Lim (Kongju Nat'l Univ., Korea), 
Youngboo Moon (UJL Inc., Korea), and Jung-Hoon Song (Kongju Nat'l Univ., Korea)

One of the crucial obstacles in the application of GaN-based LEDs for the 
high-powered lighting source is the efficiency droop, the gradual reduction of 
efficiency of GaN-based LEDs as the injected current increases. Despite of years 
of efforts, however, the origin of the efficiency droop is still not clear. The main 
reason for this prolonged debate is the lack of an experimental method to separate 
the radiative efficiency (RE) and carrier injection efficiency (CIE). In this work, 
we proposed and demonstrated a novel method to experimentally determine 
the RE and CIE, and investigated the effect of them on the efficiency droop. 
This is a direct method without rigorous data manipulation with minimum 
assumptions. We believe our proposed methodology can also provide an ultimate 
characterization tool for LEDs
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3-3 09:50~10:15

 Towards Highly Efficient Wavelength-Stable Red Light-Emitting 
Diodes Using Eu-Doped GaN
Yasufumi Fujiwara (Osaka Univ., Japan)

We have developed new properties and functions with rare-earth (RE)-doped III-V 
semiconductors grown by atomically-controlled organometallic vapor phase epitaxy 
(OMVPE) to create new devices that make effective use of these properties and 
functions. Throughout the course of our research, we have focused on europium 
(Eu) ions that have been widely used as an activator for red phosphor, and have 
succeeded in growing Eu-doped GaN layers with high crystalline quality by OMVPE, 
as well as developing the world’s first red LED that operates at room temperature 
using Eu-doped GaN as the active layer. Since then, we have steadily increased 
the light output from our red LEDs and at present have achieved a sub-mW output 
level at an injected current of 20 mA. In the presentation, current understanding 
of Eu luminescent sites formed in GaN and future strategies for the improved 
light output of the LEDs will be demonstrated.

3-4 10:15~10:30

Diagnostic Method Using Discrete Components for LED Lighting Systems
Yae-Yun Joung, Kyu-Cheol Kang, and Kil-Yoan Chung (Samsung Electronics 
Co., Ltd., Korea)

As a result of continous technical development for solid state light source, we can 
find application in general purpose lighting, automotive lighting, as well as for display 
systems like TV. Specially, light emitting diodes(LEDs)are repidly replacing the existing 
lighting sources such as fluorescent lamps and HID lamps for vehicle worldwide. 
Finally, the consumers want more sensitive and smart function for their lighting system. 
Among the requirements, the most basic function is the detection of LED failure. 
For example, accoding to the ISO26262 stadard, automotive head lamps should be 
desinged to follow the instruction of Class B because of the fuctional safety. If the 
LED module has problem, LED driver/microcontroller recognizes it and inform to user 
through the body control unit. Specifications of LED module, however, are very diverse 
and the function of driving IC is limited by the number of LED channels and definition 
of LED protection modes. In order to solve these kinds of difficulties, In this paper, 
a method of LED protection using discrete component is proposed which can be 
used for both automotive and general lighting and the proposed protection circuit 
is veryfied by PSIM simulation.
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 Graphene Transparent Conductive Films Toward Large Area 
Flexible Devices
Masataka Hasegawa (AIST, Japan), Ryuichi Kato (TASC, Japan), Yuki Okigawa 
(AIST, Japan), Satoshi Minami (TASC, Japan), Masatou Ishihara, and Takatoshi 
Yamada (AIST, Japan)

We review the development of synthesis technique of highly-electrically conductive 
graphene by plasma assisted chemical vapor deposition (CVD). The problem of 
the plasma CVD of graphene was the crystal size of 10 nm or smaller, which 
inhibits the electrical conductivity and limits its Hall mobility to 10–100 cm2/Vs. 
Ensuring a larger domain size is essential for improving the electrical conductivity 
of graphene films. Plasma exposure enhances the decomposition of the carbon 
source gas such as methane and the activation by the catalyst, resulting in a 
high growth rate of the graphene. If the carbon concentration is high the nucleation 
density on the metal catalyst is increased, resulting in a smaller domain size. 
For plasma CVD, the carbon concentration should be much lower than that for 
thermal CVD. Decreasing the carbon concentration during the graphene synthesis, 
which is expected to suppress the nucleation density, is one way to expand the 
size of the graphene crystal and to improve the controllability of a few layers. 
We developed the synthesis method of graphene by plasma CVD with very low 
carbon-source concentrations to improve the crystalline quality and the electrical 
properties of graphene transparent conductive films. We have demonstrated flexible 
heater by using graphene transparent conductive films.
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4-2 09:25~09:50

 Graphene Transparent Electrodes for Display Applications
Kisoo Kim, Young-Duck Kwon, Chonghan Park, Sungjae Yoon, and Seungmin 
Cho (Hanwha Techwin Co., Ltd., Korea)

Graphene, a single atomic layer of graphite, attracts enormous interest from 
academia and industry. Because of unique properties such as high mobility of 
charge carriers, ultra high young’s modulus and thermal conductivity, graphene 
is studied as candidate material for future applications in various fields such as 
electronics, optoelectronics, composite materials, and thermal management. 
Among many applications, transparent electrodes for (flexible) display are expected 
to be near term applications. Chemical vapor deposition (CVD) has enabled the 
growth of single layer graphene on copper foil. However, The practical use of 
graphene in consumer electronics is hampered, since the size, uniformity, and 
reliability problems are yet to be solved to satisfy industrial standards. In this 
presentation, we report rapid thermal chemical vapor deposition (RT-CVD), improved 
etching and transfer methods, which enabled faster and larger production of 
homogeneous graphene films over 400 x 300 mm2 area. Resulting graphene 
films on PET have 90% total transmission (including PET) over the visible wavelength 
with sheet resistance ~220 Ω/sq. Mechanical and optical characterization of 
graphene films are conducted to investigate the quality of graphene films.Display 
applications are manufactured incorporating graphene films as transparent 
electrodes. Single and multipl layer graphene is used to fabricate touch panel 
and OLED applications.

4-3 09:50~10:05

Large Area Synthesis of 2-Dimensional Materials
Jinhwan Lee, Youngchan Kim, and Changgu Lee (Sungkyunkwan Univ., Korea)

I will present synthesis methods of large area molybdenum disulfide. For the 
synthesis of large area and uniform thin films of MoS2, we used chemical vapor 
deposition with a gas precursor, H2S for sulfurization of Mo. We deposited Mo 
metal first on solid substrates and sulfurized the metal at high temperatures. 
The synthesized MoS2 films were almost perfectly uniform over the entire area 
of 2 inch wafer. We also synthesized MoS2 films with MoO3 and H2S for high 
quality films. We could synthesize MoS2 films up to 15cm with high uniformity 
and excellent electrical properties. In order to lower the synthesis temperature, 
we adopted plasma enhanced CVD method. Down to 150C, we could synthesize 
uniform films of MoS2. We characterized the various optical and electrical properties 
of the synthesized films.
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5-1 09:00~09:25

 Beam Steering by an Optical Antenna
Chang-Won Lee, Yeonsang Park, Jineun Kim, Sangmo Cheon, Young-Geun 
Roh (Samsung Advanced Inst. of Tech., Korea), and Q-Han Park (Korea Univ., 
Korea)

We present a demonstration of a multi-slot optical antenna consisting of a magnetic 
dipole feed and a director–reflector combination. We clearly show a slot feed 
can indeed work as a dipole feed even in a Babinet-inverted Yagi-Uda structure. 
Our work vividly shows plasmonic coupling utilizing the real surface plasmonic 
energy exchange inherent in slots, unlike embossed types such as bow-tie or 
rod antennas. Full FDTD simulations and experimental data for the electromagnetic 
phases evaluated at the center of the slot reveal a leading order behavior of 
coupling behavior between the slots. We successfully draw a comprehensive map 
for the antenna performances from two to five slots to find and to analyze the 
front-to-back ratio with respect to a number of antenna geometries.

5-2 09:25~09:50

 The Application of Plasmonic Color Filter to Display Devices: 
Plasmonic Chromatic-Electrode
Kyung Cheol Choi, Young Gyu Moon, Yun Seon Do, Min Ho Lee (KAIST, 
Korea), and Byeong-Kwon Ju (Korea Univ., Korea)

We here firstly present a novel plasmonic chromic-electrode (PCE) which also 
works color filter as well as  an electrode with low resistivity. We used aluminum 
(Al) with high plasma frequency for the plasmonic material, and utilized 
indium-tin-oxide (ITO) for the conducting dielectric material. Finite-difference 
time-domain (FDTD) analysis was conducted to design a structure with the optimized 
optical property. The PCE fabricated by laser interference lithography showed 
red color with 32% transmittance. It also resulted in a sheet resistance of less 
than 2Ω/sq which is comparable to that of conventional electrodes. The proposed 
convergence of an electrode with a chromatic function could contribute to reducing 
the number of components and simpifying the structure of industrial imaging 
devices such as displays and image sensors.
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5-3 09:50~10:05

3D Metasurface Optical Cloak
Zi Jing Wong, Xingjie Ni, Michael Mrejen, Yuan Wang, and Xiang Zhang (Univ. 
of California, Berkeley, U.S.A.)

Optical invisibility is a highly sought-after technology for its ability to revolutionize 
the field of consumer optoelectronics and display as well as military operations. 
In recent years, cloaking devices were finally realized, but they mainly operated 
at microwave and infrared frequencies. In addition, they were mostly limited 
to two-dimensional, and were bulky and much thicker than the cloaked region, 
making them impractical for real applications. Here we demonstrate a novel optical 
3D carpet cloak using ultra-thin metasurface elements. Our metasurface cloak 
consists of subwavelength plasmonic nanoantennas which provide a distinct phase 
shift to the reflected electromagnetic waves. At each local point on the interface 
of the cloaked region, the phase of the light scattered by the interface is the 
same as that reflected from a flat mirror. Therefore in the far-field, the object 
is undetectable from its reflected light, as shown in our experimental results 
for 740 nm visible wavelength of light.
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6-1 09:00~09:25

 Flexible Printed Organic TFT Device Arrays and Circuits
Shizuo Tokito, Kenjiro Fukuda, and Daisuke Kumaki (Yamagata Univ., Japan)

Fully printed OTFT devices were successfully fabricated on a flexible plastic substrate 
using solution-processable organic semiconductors (OSC), silver nanoparticle inks 
and polymeric insulators. The printed OTFT devices using the new OSC showed 
excellent p-type electrical performance with a maximum mobility of 2 cm2/Vs. 
The subthreshold swings were small and current on/off ratios were over 107. 
The uniformity of the device performance within the panel was excellent. In 
particular, the deviations in threshold voltage were very small, which is ideal 
for display applications. Ultra-thin OTFT devices can be fabricated using an ultra-thin 
parylene-C films. The resulting ultra-thin printed OTFT devices and inverter circuits 
were extremely lightweight, flexible and compressible. Virtually no changes were 
observed in the electrical characteristics, even under 50% compression. We also 
attempted to fabricate pseudo-CMOS inverters by using only p-type printed OTFT 
devices. The fabricated inverter showed a typical transfer curve with a high gain 
of 35 at 20 V. Logic circuits such as NAND and NOR circuits based on the 
pseudo-CMOS were also successfully fabricated and exhibited ideal characteristics. 
Furthermore, a more complicate circuit (1-bit flip-flop) using the pseudo-CMOS 
logic was fabricated.

6-2 09:25~09:50

 Silicon TFTs on Flexible Substrate
Tayeb Mohammed-Brahim (Univ. of Rennes 1, France)

The purpose deals on the possibility to use reliable microcrystalline silicon TFTs 
on flexible electronics with high compliance. The objective is to fabricate directly, 
without report step, silicon electronics on flexible substrate.
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6-3 09:50~10:15

 Extremely Stretchable Nanotube Transistors
Taishi Takenobu (Waseda Univ., Japan)

Flexible and stretchable electronics are attracting considerable attention as the 
next-generation functional electronics because it is believed that in future many 
electronic assemblies on rigid substrates will be replaced by mechanically flexible 
or even stretchable alternatives. This is a consequence of the ambient intelligence 
vision where the citizen carries along more and more electronics systems, near 
the body, on or even inside the body. These systems must be light weighted, 
must preferably take the shape of the object in which they are integrated, and 
must even follow all complex movements of these objects, explaining the need 
for stretchability. Typical examples are implants, intelligent textile, portable electronic 
equipment (e.g. mobile phones), robotics, car electronics, etc. Very recently, this 
is not just concept anymore and smart watches, such as Apple Watch, Galaxy 
Gear and Sony SWR50, are already in the market. Now, it is strongly required 
to establish technological basis of future stretchable electronics. Although Si and 
organic materials have been playing the main role in these research fields, in 
this study, we would like to show you the considerable potential in single-walled 
carbon-nanotube (SWCNT) films.
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7-1 09:00~09:25

 Tunable Liquid Crystal Lasers Based on Nanoimprinted Transparent 
Electrodes
Na Young Ha (Ajou Univ, Korea)

Transparent conducting films have been developed for transparent electrodes in 
various photonic applications such as flat-panel displays, touch screens, and solar cells. 
Particularly, indium tin oxide (ITO) film is one of the widely used transparent electrodes 
due to its high optical transmission and good electrical conductivity. Recently, we 
fabricated ITO films with one-dimensional periodic nanostructures by all-solution 
processing of ITO nanoparticles and a nanoimprint lithography method. The nanoimprint 
lithography used in this study is a promising technique for quick, simple, and low-cost 
surface patterning with submicron resolution. Here, we used this nanoimprinted ITO 
film as a distributed feedback (DFB) resonator, transparent electrode, and alignment 
layer of nematic liquid crystals. Dye-doped nematic liquid crystals were introduced 
into the DFB resonator. In addition, the electro-optic performance of the lasing device 
based on nanoimprinted ITO electrodes is demonstrated successfully. From the 
field-induced reorientation of nematic LCs and hence changes in the refractive indices 
of the guided laser mode, laser emission shifts at low applied voltages, below 10 
V. The present lasing device provides various opportunities in photonic device application 
and its simple fabrication process can be readily used for large area geometries from 
the viewpoint of practical application.

7-2 09:25~09:50

 Tunable Focusing Liquid Crystal Lenses for Augmented Reality
Yi-Hsin Lin, Po-Ju Chen, Hung-Shan Chen, and Yu-Jen Wang (Nat'l Chiao Tung Univ., Taiwan)

Augmented reality (AR) is a technology by which users can see the real-world 
environment augmented by computer-generated information. Such computer- 
generated information is usually projected to human eyes in a form of a virtual image 
by AR wearable devices. However, the position of such a projected virtual image is 
focused in certain plane which may not coincide with the physical object. As a result, 
people suffer from the visual fatigue. Thus, it is required to develop electrically adaptive 
optical elements to register the projected virtual images to the objects in the real world. 
In this paper, an AR system with an electrically tunable location of a projected image 
is demonstrated by adopting a reflective LC lens is demonstrated. The projected image 
could be a virtual image or a real image. The structure of the system is in Fig. 1. 
By means of doubling the lens power of the LC lens in reflective operation, the position 
of the projected virtual image can be tuned. The concept in this paper could be further 
applied to other tunable focusing lenses even though the lens power is small.
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7-3 09:50~10:15

 Spatially Continuous Tunable Cholesteric Liquid Crystal Laser 
Array and its Optical Properties
Mi-Yun Jeong (Gyeongsang Nat'l Univ., Korea)

Finely spatial-structured 1D cholesteric liquid crystal (CLC) laser array devices have 
been realized with ~0.3 nm tuning wavelength resolution in full visible spectral 
range using general CLCs or polymerized CLCs. The continuous tuning behavior 
of the CLC cell is due to the fact that the concentration of the pitch gradient 
matches the helical pitch determined by the wedge cell thickness. For practical 
device application of PCLC, we studied the stability of the device in detail over 
time, strong external light sources, and thermal perturbation. Although the laser 
peak intensities were decreased by up to 34%, the remaining laser peak intensity 
is considerable extent to make use. The comprehensive optical properties of the 
laser lines and fluorescent spectrum generated from the CLC laser array also 
were studied; the laser lines from a CLC with a right (left)-handed circular helix 
were right(left)-handed circular polarized and inside the photonic band gap, the 
CLC structure with right (left)-handed helicity suppressed the fluorescence generated 
with right (left) circular polarized light and instead the suppressed right (left) 
circular polarized light energy moved to the outside of the photonic band gap 
and enhanced with right (left) handed circular polarized light, respectively.

7-4 10:15~10:30

Photo-Patterned Liquid Crystals for Optical Field Control
Wei Hu, Bing-yan Wei, Wei Ji, Peng Chen, and Yan-qing Lu (Nanjing Univ., 
China)

We present a technique for controlling the optical fields of laser beams through 
photo-patterned liquid crystals (LC). To write patterns into LC cells, a 
home-made micro-lithography system with a digital micro-mirror device (DMD) 
as dynamic mask forms arbitrary micro-images on photoalignment layers and 
further guides the LC molecule orientations. The current resolution of 3 μm 
is realized, while it is still improvable. Arbitrary fine photo-patterned LCs with 
various sizes, structures and LC alignments are thus obtained. Their EO 
properties are studied. Complex wavefront control of laser beams are obtained. 
When a voltage is applied on the cell, index re-distribution is induced due 
to the realignment of LC molecules, and then the optical field control become 
tunable. Dynamic switching between Gaussian modes and vortex beams, vector 
beams and airy beams are thus achieved. These advantages make the device 
appealing for optical tweezers, orbital angular momentum multiplexing in 
optical communications and even future quantum computing.
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8-1 14:00~14:25

 Two Dimensional Materials for Emerging Electronics
Jong-Hyun Ahn (Yonsei Univ., Korea)

The integration of two dimensional materials such as MoS2 and WS2 that provides 
outstanding electrical, optical and mechanical properties with excellent and reliable 
inorganic semiconducting materials makes them attractive for applications in high 
performance flexible and transparent electronics. However, the lack of efficient 
methods to produce and fabricate two dimensional materials has limited the 
integration of two dimensional materials into electronic devices. Here, we present 
a route to synthesis and fabricate two dimensional materials such as MoS2 for 
high performance, flexible transistor. In addition, we introduce the fabrication 
and the device applications of Si nanomembrane which has ultrathin thickness 
less than 10 nm like two dimensional materials.

8-2 14:25~14:50

 Large-Area Organic Sensors for Cyber–Physical Systems
Tsuyoshi Sekitani (Osaka Univ., Japan)

I present the new applications of imperceptible sensors for sophisticated real-time 
health monitoring of civil infrastructures. This sensors consisting of organic transistor 
active matrix and electrical functional materials have been manufactured using 
printing technologies. Large-area active matrix sensors were manufactured using 
screen printing and inkjet printing. Stand-alone printed thin-film transistors exhibited 
mobility greater than 0.2 cm2/Vs and on/off ratio exceeding 106. These large-area 
sensors serve as an important part of seamless cyberspace/real-world interfaces 
that are commonly referred to as cyber-physical systems (CPSs). By taking advantage 
of an active matrix circuit, we developed multi-channel active matrix environment 
monitoring systems, including pressure and strain sensors. Furthermore, the 
technical issues and future prospects of health monitoring of civil infrastructures 
will be discussed.
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8-3 14:50~15:15

 Volume Transport in Dual-Gate Thin-Film Transistors Using 
Ultra-Thin Amorphous Oxide and Polymer Semiconductors
Yong Xu and Yong-Young Noh (Dongguk Univ., Korea)

Dual-gate thin-film transistors with ultra-thin metal oxide and copolymer 
semiconductors are fabricated to investigate the volume transport therein. Thinning 
down the semiconductor film is found to enhance the performance improvements 
from single-gate to dual-gate mode. Device simulations show that the top- and 
bottom-gate’s electrical field gets coupled when they approach inducing full 
depletion and bulk accumulation of charge carriers, which is volume transport. 
Low-frequency noise helps us evidence the emergence of volume transport and 
disclose its superiority versus the conventional surface transport. The results offer 
significant insights into performance optimization of thin-film transistors to achieve 
better performance for display applications.

8-4 15:15~15:30

The Study of Flexible Polymer TFT with Soluble DPP-Based Organic 
Semiconductor for Ammonia Gas Sensor
Gi-Seong Ryu and Yong-Young Noh (Dongguk Univ., Korea)

We fabricated the flexible polymer TFT on plastic subsrate for gas sensor.The 
BG/TC P-29-DPP-SVS OFETs on a PEN substrate was used as flexible ammonia 
(NH3) gas sensors. As the concentration of NH3 increased, the channel resistance 
of P-29-DPP-SVS OFETs increased approximately 100 times from ~ 107 to ~ 109 
Ω at VDS = -5 V and VGS = -5 V. Also, the electrical characteristics of P-29-DPP-SVS 
(p-channel) and P(NDI2OD-T2) (n-channel) OFET sensors were measured in the 
air and in ambient NH3. The n-channel OFETs with P(NDI2OD-T2) showed an 
opposite trend compared with n-channel OFETs with P-29-DPP-SVS. Most 
conjugated polymers are doped/undoped by redox reactions in which their doping 
level can be altered by transferring electrons to or from the analytes. NH3 is 
known as an electron-donor for conjugated polymers. Therefore, p-channel OFETs 
showed increased channel resistance upon exposure to NH3 gas, whereas n-channel 
OFETs showed the opposite trend.
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9-1 14:00~14:25

 Cd-Free Quantum Dot Materials for Displays
Eunjoo Jang (Samsung Advanced Inst. of Tech., Korea)

Ever since the quantum dot (QD) was discovered, many applications adopting 
QDs have been proposed and a lot of investigations have been carried out for 
more than 30 years. Especially, the wide color gamut display with QDs as active 
light emitting materials have drawn much attention from the academia as well 
as the industry.  And, the QD-enabled consumer displays including large size 
TVs, portable tablets, and special monitors are now on the market.  They provide 
best color gamut, reasonable power efficiency, and affordable price showing 
superior competitive edge to OLED technology. However, up to this point, the 
implemented QDs in the practical devices contain Cadmium element in their 
compositions.  Although the Cd-containing QD-LEDs has been given exemption 
from the European RoHS Compliance Applications until July 2016, there has been 
continuous concerns about producing large quantity of Cd-containing materials 
and using them in the consumer electronics. And, this growing apprehension 
for environmental issues formed great limitation for QD’s applications.  Therefore, 
we have been dedicated to develop more environmentally friendly materials such 
as InP-based QDs that showed considerably high efficiency and saturated color 
spectrum compared to the Cd-containing materials. The structure of Cd-free QD 
was specially designed and the synthetic process was optimized to produce reliable 
materials in commercial scales.  In order to improve the stability of the Cd-free 
QDs in the devices operating under severe atmosphere, tailored composite materials 
were selected and their fabrication process was also optimized.  In 2015, Samsung 
released the first Cd-free QD adopted UHD TV, which is called SUHD, with several 
product lines.  The spectacular color, one of the best features of the SUHD, 
is realized by Cd-free QD materials.  In the talk, the characteristics of the first 
commercial Cd-free product and the internally developed technologies in Samsung 
will be introduced.
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9-2 14:25~14:40

Multilayer Color Conversion Structure with Quantum Dots and Phosphors 
for White Color Emission of Blue OLED
Subin Jung, Deok Su Jo, Ho Kyoon Chung, and Heeyeop Chae (Sungkyunkwan Univ., Korea)

Quantum dots (QDs) have attracted much attention for next generation displays 
due to their high color purity and a large color gamut.[1] Colloidal CdSe QDs show 
narrow full with half maximum (FWHM) of less than 50nm. In this work, we developed 
QD-embedded adhesive (QDEA) films for the color conversion of blue organic light 
emitting diode (OLED). Green emitting CdSe@ZnS (gradient shell) QDs were combined 
with red phosphor particles (Rph) and Y3Al5O12 scattering particles (SP). Various 
structures shown in Figure 1 are suggested their optical characteristics were analyzed. 
The combination of green QDEA and red phosphor, and scattering particles/green 
QDEA/red phosphor structure were realized on blue OLED panel to obtain high color 
rendering index (CRI) white emission. The red phosphor in the substrate of OLED 
enhances light extraction, resulting in the increase of external quantum efficiency 
by 50%. The scattering particles were found to improve viewing angle dependence 
of emission light intensity and color coordinate significantly. The white light emission 
with the structure of scattering particles/green QDEA/red phosphor also showed the 
improvement of CRI.

9-3 14:40~15:05

 Quantum Dots: Enabling the Full UHD Experience
Zhong Sheng Luo, Jeff Yurek, and Jian Chen (Nanosys, Inc., U.S.A.)

The Ultra High Definition (UHD) video format, as defined by the Blu-ray Disc Association, 
includes a number of significant visual experience improvements over Full High 
Definition (FHD) video. These include not only higher resolution, but also Wide 
Color Gamut (WCG) with support for BT 2020 and High Dynamic Range (HDR) 
with support for minimum 750 nit peak luminance.1 The combination of WCG 
and HDR is key to reproducing a life-like visual experience as bright, highly saturated 
colors, such as flames, are often found in the natural world. Due to technology 
challenges, until recently, WCG and HDR features were only found on expensive, 
premium-class devices. Quantum Dot technology offers consumer electronics 
manufacturers a cost-effective path to enable all three of UHD’s next generation 
video features across a wide range of devices today.

9-4 15:05~15:30

 Progress Towards Non-toxic Quantum Dots with CuInS2 and 
Related Compounds
Hunter Mc Daniel (UbiQD, LLC, U.S.A.)
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10-1 14:00~14:25

 Enhancement in Light-Extraction Efficiency of Deep Ultraviolet 
Light-Emitting Diodes by Utilizing Transverse-Magnetic-Dominant Emission
Jong Won Lee, Dong Yeong Kim, Jun Hyuk Park (POSTECH, Korea), Jungsub Kim, 
Yong-Il Kim, Youngsoo Park (Samsung Electronics Co., Ltd., Korea), E. Fred 
Schubert (Rensselaer Polytechnic Inst., U.S.A.), and Jong Kyu Kim (POSTECH, Korea)

We propose a new type of LEE-enhancing method for AlGaN-based DUV LEDs 
by utilizing its strong side emission, called sidewall-emission-enhanced (SEE) DUV 
LEDs. The proposed SEE DUV LEDs include multiple narrow active-region mesa stripes 
with Al-based reflectors to extract the strong TM-polarized sidewall emission and 
to reflect UV photons, either up to the free space by Al-on-regrown-GaN reflector 
(top-emitting SEE DUV LEDs) or down to the free space by MgF2/Al omnidirectional 
reflector on inclined surface of trapezoidal active mesa stripes (bottom-emitting SEE 
DUV LEDs). We experimentally observed that the light output power increases upon 
increasing the active-region sidewall perimeter, which is elucidated by the strong 
sidewall emission of the AlGaN active layer with high Al content. The effect of 
enhanced sidewall emission and the DUV reflection by the Al coated reflectors is 
analyzed by using finite element method and analytical modeling. Finally, strategies 
to further enhance the LEE up to the theoretical optimum value and control emission 
directionality are discussed.

10-2 14:25~14:50

 Improvements in High-Voltage LEDs and Applications
Ping-Chen Wu, Sin-Liang Ou, and Dong-Sing Wuu (Nat'l Chung Hsing Univ., Taiwan)

In this study, we have proposed several techniques to fabricate various types 
of high-voltage light-emitting diodes (HV-LEDs) and improve their optoelectronic 
performance. The optical and electrical characteristics of HV-LEDs were investigated 
both experimentally and numerically. These techniques consist of laser lift-off, 
metal bonding, self-aligning contact, phosphor coating, and so on. Through the 
laser lift-off and metal bonding processes, the thin-film HV-LED can be prepared 
on Cu metal substrate with highly thermal conductivity. In the thin-film HV-LEDs, 
the effect of micro-LED geometry on the device performance was analyzed in 
detail. Additionally, after performing the self-aligning contact technique, the 
chamfer angle structure was formed in the side wall of each micro-LED, which 
can enhance the light extraction of conventional HV-LED. The influence of the 
u-GaN thickness on the performance of HV-LED with the chamfer angle structure 
was also characterized. Moreover, the fabrications and device performances of 
flip-chip type and ultraviolet HV-LEDs will be presented in this research. Furthermore, 
by employing the phosphor coating process, the white HV-LED was fabricated. 
These HV-LEDs proposed in our work can be practically applied for automobile 
lighting, high-power solid state lighting, and medical lighting.
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10-3 14:50~15:15

 Transforming Conductive GaN:Si Epitaxial Layers into Nanoporous 
GaN and Insulating GaOx Layers for III-nitride Photonic Devices
Chia-Feng Lin, Wen-Che Lee, and Yuan-Chang Jhang (Nat'l Chung Hsing Univ., Taiwan)

We report a simple and robust process to convert embedded conductive GaN 
epilayers into insulating GaOx. The fabrication processes consist of laser scribing, 
electrochemical (EC) wet-etching, photoelectrochemical (PEC) oxidation, and 
thermal oxidization of a sacrificial n+-GaN:Si layer. The conversion of GaN is 
made possible through an intermediate stage of porosification where the standard 
n-type GaN epilayers can be laterally and selectively anodized into a nanoporous 
(NP) texture while keeping the rest of the layers intact. The observation of 
aperture-confined electroluminescence from an InGaN LED structure suggests that 
the NP GaN based oxidation will play an enabling role in the fabrication of nitride 
photonic devices.

10-4 15:15~15:30

Theoretical Simulation of Metal Mesh Structure with Graphene for 
Transparent Conductive Layers of GaN-Based Light-Emitting Diodes
Sang-Bae Choi, Jung-Hong Min, and Dong-Seon Lee (GIST, Korea)

GaN-based LEDs have recently been focused in the various fields such as solid-state 
lighting, automobile and back-light units, which are required with longer lifetime, 
higher efficiency and better energy savings. [1] Commonly, transparent conductive 
layers (TCLs) are essential for GaN-based LEDs due to the lower conductivity 
of p-GaN layers. Indium tin oxide (ITO) is one of the commonly used material 
for TCLs because it shows surpassing transparency, sheet resistance and so on. 
Nevertheless, the increase of the indium price by lack of resource, alternative 
materials and structures for TCLs such as graphene layer with a metal mesh 
structure are suggested to replace the ITO TCLs. [2] In this paper, we performed 
a theoretical simulation of the metal mesh structure combined with graphene 
for TCLs of GaN-based LEDs. Using COMSOL Multiphyics with finite-element 
method, we solve the continuity equation. We compared the current density 
distribution of four types of TCLs: (1) a 200 nm-thick ITO layer, (2) graphene 
layer, (3) metal mesh structure on graphene, and (4) metal mesh structure covered 
with graphene. The metal mesh structure has a 150  μm gap with 5 μm width 
and 200 nm height.



38 The 15th International Meeting on Information Display

Room D (Room 322)

11. 2D Materials: Thin Film Devices
Date: August 19, 2015 (Wednesday)
Time: 14:00~15:45
Session Chairs: Prof. Youngki Yoon (Univ. of Waterloo, Canada)

Prof. Woong Choi (Kookmin Univ., Korea)

11-1 14:00~14:25

 High-Performance Graphene Devices for Light Emission, Detection, 
and Modulation
Young Duck Kim, Yuanda Gao, Sunwoo Lee, and James Hone (Columbia Univ., U.S.A.)

The unique electronic and optical properties of graphene make it an extremely 
promising material for optoelectronic applicatons.  However, most such devices 
have utilized graphene on standard oxides, in which substrate-induced disorder 
and scattering substantially limits performance.  We have pioneered and perfected 
techniques for achieving ultrahigh performance in graphene using hexagonal boron 
nitride (hBN) as an insulating dielectric.  Using these devices, we have investigated 
a number of different properties and device architectures for optoelectronics:  
(1) ultrafast photodetectors integrated with waveguides; (2) modulators consisting 
of double-layer graphene structures integrated with photonic crystals; (3) sharp 
and tunable plasmonic resonances.  In addition, we have demonstrated that 
hBN-encapsulated graphene can sustain large currents to enable broadband visible 
light emission.  These devices can be integrated on-chip and have operational 
lifetimes of many years.  Therefore, we can now envision ultrafast photonic circuits 
with key active elements constructed entirely from graphene.

11-2 14:25~14:50

 Simulation Study of Electrical and Optical Properties of 2D-Material FETs
Demin Yin, Gyuchull Han, and Youngki Yoon (Univ. of Waterloo, Canada)

Two-dimensional (2D) semiconductor materials can provide unique and favorable 
physical properties for the next-generation electronic and optoelectronic device 
applications. Among transition metal dichalcogenides (TMDCs), molybdenum 
disulfide (MoS2) has been most extensively explored for field-effect transistor 
(FET) switching and photonic devices due to its high field-effect mobility (μeff 
~700 cm2/V-s) and high photoresponsivity (R ~900 A/W). Quite recently, a new 
2D material of layered black phosphorus (BP or phosphorene) was also investigated 
for switching devices. Using self-consistent atomistic quantum transport simulation 
based on non-equilibrium Green’s function (NEGF) formalism, we investigate various 
2D materials such as black phosphorus and TMDCs for FET applications. We 
discuss comprehensive device characteristics including short-channel effects, 
subthreshold swing, Ion vs. Ion/Ioff, and the effects of multiple layers for both 
high-performance and low-power applications. We also show our simulation results 
for optoelectronic applications where photoconductive (PC) and photovoltaic (PV) 
effects in 2D materials are discussed in detail. In particular, modeling/simulation 
of photocurrent is described, and strategies for higher responsivity in 2D material 
based phototransistors are introduced.
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11-3 14:50~15:15

 Interface Properties of Multilayer MoS2 Thin-Film Transistors
Woong Choi (Kookmin Univ., Korea)

There is a great interest in transition metal dichalcogenides (TMDs) such as MoS2 
because of their interesting electronic and optical properties. Single or multilayer 
MoS2 exhibits intriguing characteristics: relatively large bandgap (1.2 - 1.9 eV), 
high mobility at room temperature (up to ~100 cm2V-1s-1), low subthreshold 
swing (SS ~70 mV decade-1), and an absence of dangling bonds. However, one 
of the challenges to realize high performance MoS2 thin-film transistors (TFTs) 
is the detailed understanding and control of the interfaces of TMDs with contacts 
and dielectrics. Without the deposition of high-quality dielectrics on TMDs and 
the formation of low-resistivity metal-MoS2 junctions, any attempts to improve 
transistor performance can be fundamentally hampered. This talk will present 
a review of our recent studies of multilayer MoS2 TFTs in this context investigating 
the selective annealing of Ti/Au metal contacts using picosecond ultra-fast pulsed 
laser and the variability of electrical properties of Ti contacts.

11-4 15:15~15:30

Highly Stable Hysteresis-Free Molybdenum Disulfide Field-Effect Transistors
Jeongkyun Roh, In-Tak Cho, Hyeonwoo Shin, Byung Hee Hong, Jong-Ho Lee 
(Seoul Nat'l Univ., Korea), Sung Hun Jin (Incheon Nat'l Univ., Korea), and 
Changhee Lee (Seoul Nat'l Univ., Korea)

Molybdenum disulfide (MoS2) has been intensively studied as a great candidate 
for next-generation nano electronic devices due to its promising n-type 
semiconducting properties with a finite bandgap. One of the main issues 
of MoS2 FETs is poor electrical and environmental stability. The instability 
of MoS2 FETs mainly result from the charge trapping on the MoS2 surface 
which is induced by the organic residues, adsorbed H2O and O2 molecules. 
Due to the instability caused by extrinsic and environmental effect, revealing 
intrinsic properties of the MoS2 are still limited.In this study, we demonstrated 
highly stable hysteresis-free MoS2 FETs by annealing process and sequential 
polymer passivation. The fabricated MoS2 FETs showed negligible hysteresis 
even after 100 days stored in ambient air remaining good electron mobility 
of ~20 cm2/Vs, good on/off ratio larger than 106, and good sub-threshold 
slope of ~200 mV/dec. This dramatic improvement on the stability was attributed 
to the removal of existing charge trapping states by annealing process and 
prevention of adsorption of H2O and O2 molecules to the MoS2 surface by 
polymer passivation.
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11-5 15:30~15:45

Optical and Electrical Properties of Organic Light Emitting Diodes with 
Graphene Bottom Electrodes
Jun-Han Han, Hyunsu Cho, Jin-Wook Shin, Nam Sung Cho, Jaehyun Moon 
(ETRI, Korea), Young-Duck Kwon, Seungmin Cho (Samsung Techwin Co., Ltd., 
Korea), and Jeong-Ik Lee (ETRI, Korea)

Graphene films offer important merits for transparent electrode; suitable optical 
transparency, high electrical conductivity and mechanical compliance. In this work, 
we examine organic light emitting diodes (OLEDs) with graphene bottom electrodes 
from optical and electrical perspectives. To investigate the optical effects of graphene 
electrodes on efficiencies and spectral emission properties of OLEDs, we have 
performed optical simulations and fabricated actual graphene anode OLEDs. 
Compared to the case of ITO anode OLEDs, the correlations between the organic 
layer thickness and OLED characteristics, the luminous efficiencies and emission 
spectra, are low. Thus, there exists degree of freedom in designing the organics 
stacks of graphene anode OLEDs. We have obtained 25.3 lm/W of power efficiency 
in green phosphorescent OLEDs, which is reached over 80% of the efficiencies 
of ITO anode OLEDs. The efficiency and luminous uniformity of graphene anode 
OLEDs were investigated using electrical simulations and experiments. Luminous 
uniformity turns out to be hampered by the high sheet resistance of graphene. 
Details will be discussed in the presentation. Finally, we have demonstrated the 
OLED with the graphene electrode stable and larger emission area of 70mm2 
as shown in fig. 2.
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12-1 14:00~14:25

 Utilizing Plasmonic Opto-Electrical Effect toward High Performance 
Organic Solar Cells
Jung-Yong Lee (KAIST, Korea)

While many studies have found that the power conversion efficiency of OSCs 
is improved by inserting metal nanoparticles into the OSCs, little has been 
reported on the use of size- and shape-controlled metal nanoparticles for 
fine-tuning the optical properties. Here, we investigate the dependence of 
silver nanoparticles’ size and shape, at various concentrations, on the power 
conversion efficiency of OSCs[1]. Also, we propose a metal-metal core-shell 
nanocube (NC) as an advanced plasmonic material for highly efficient organic 
solar cells (OSCs). We covered an Au core with a thin Ag shell as a scattering 
enhancer to build Au@Ag NCs, showing stronger scattering efficiency than 
Au nanoparticles (AuNPs) throughout the visible range. Highly efficient 
plasmonic organic solar cells were fabricated by embedding Au@Ag NCs into 
an anodic buffer layer, poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
(PEDOT:PSS)[2, 3].   [1] S. Baek et al. “Plasmonic Forward Scattering Effect 
in Organic Solar Cells: A Powerful Optical Engineering Method”, Scientific 
Reports, 3, 1726 (2013) [2] S. Baek et al. “Au@Ag Core-Shell Nanocubes 
for Efficient Plasmonic Light Scattering Effect in Low Bandgap Organic Solar 
Cells”, ACS Nano, 8, 4, 3302 (2014) [3] S. Jeong et al. “Nanoimprinting-induced 
nanomorphological transition in polymer solar cells: enhanced electrical and 
optical performance”, ACS Nano (2015)
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12-2 14:25~14:50

 Organic and Colloidal Quantum Dot Based Optoelectronic 
Devices: Photovoltaic Cell and Light Emitting Diode
Do Kyung Hwang, Tae-Hee Yoo, Hong Hee Kim, Choong Hyo Kim, and Won 
Kook Choi (KIST, Korea)

Organic semiconductors and colloidal quantum dots (QDs) based optoelectronic 
devices such as photovoltaic cells and light emitting diode have attracted 
considerable attention as a promising technology for cost-effective renewable 
energy source, next generation displays, and solid-state lighting.In the first part 
of this talk, we will discuss Ag nanowire mesh film that has been used as a 
transparent electrode in fabrication of flexible P3HT:PC60BM and PTB7:PC70BM 
Organic solar cells (OSCs). Compared to the reference devices with ITO electrodes, 
the devices with Ag NW mesh electrodes showed the higher shor circuit current, 
resulting in the enhanced power conversion efficiency. These improvements were 
correlated with the enhanced light absorption in the active layer due to the light 
scattering and light trapping effect induced by the Ag NW mesh, which was 
confirmed by EQE spectra, a haze factor measurement and FDTD simulations. 
In the second part of this talk, we will report on a polyethylenimine ethoxylated 
(PEIE) modified ZnO nanoparticles (NPs) as electron injection and transport layer 
for inverted structure red CdSe-ZnS based quantum dot light emitting diode (QDLED). 
The PEIE surface modifier, incorporated on the top of the ZnO NPs film, facilitates 
the enhancement of both electron injection into the CdSe-ZnS QD emissive layer 
by lowering the workfunction of ZnO and charge balance on the QD emitter. 
As a result, this device exhibit a low turn-on voltage of 2.0-2.5 V and have 
maximum luminance and current efficiency values of 8600 cd/m2 and current 
efficiency of 1.53 cd/A, respectively. The same scheme with ZnO NPs/PEIE layer 
has also been used to successfully fabricate green, blue, and white QDLEDs.

12-3 14:50~15:15

 Rotationally Reconfigurable Metamaterials for Spatial Light 
Modulators
Muhan Choi, Jae-Hyung Han, Jung-Wan Ryu, and Inbo Kim (Kyungpook Nat'l 
Univ., Korea)

Exploiting moiré interference, we make a new type of reconfigurable metamaterials 
and study their transmission tunability for incident electromagnetic waves. Utilizing 
the rotationally reconfigurable metamaterial concept, we suggest a random spatial 
light modulator composed of two metamaterial layers. The proposed random 
spatial light modulator can be used to enhance the performance of high-frequency 
imaging systems.
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12-4 15:15~15:30

Synthetic Multi Spectral Metamaterials for Frequency Selective Terahertz- 
Color Filter
Hyunseung Jung, Heyoung Kang, and Hojin Lee (Soongsil Univ., Korea)

In this paper, we demonstrate numerical and experimental studies of the tunable 
synthetic multi-spectral material (SMM) filter for visible and terahertz ranges. The 
proposed filter is based on double layered complementary cut wires (CCWs) to 
construct a thin-film etalon structure. The proposed SMM filter can be fully the 
fabricated by the conventional photolithography process, and it is confirmed to 
work as both the transmissive color filter and terahertz filter. From measurement 
results, we confirm that by adjusting thickness of resonance cavity, SMM filter 
can show different colors in the visible range but maintain the same transmission 
spectra in the terahertz range. Furthermore, it is also demonstrated that by adjusting 
pitch of CCW patterns, transmission peak of the SMM filter can be controlled 
in the terahertz range while the transmission spectra in the visible range can 
be kept same.
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13-1 14:00~14:25

 A Conformable Active Matrix LED Display
Ashutosh K. Tripathi, Edsger C. P. Smits, Jan-Laurens van der Steen (Holst 
Centre, Netherlands), Maarten Cauwe, Rik Verplancke, Kris Myny (IMEC, 
Belgium), Joris Maas, Roel Kuster, Sami Sabik (Holst Centre, Netherlands), 
Mitsuhiro Murata, Yoshihiro Tomita, Hideki Ohmae (Panasonic Corp., Japan), 
Jeroen van den Brand, and Gerwin Gelinck (Holst Centre, Netherlands)

Conformable and stretchable displays can be integrated on complex surfaces. 
Such a display can assume the shape of a conformed surface by simultaneous 
multi-dimensional stretching and bending. Such technology provides new 
opportunities in the field of display applications, for example wearable displays 
integrated or embedded in a textile or onto complex surfaces in automotive interiors. 
In this work we present a conformable active matrix display using LEDs mounted 
on an amorphous Indium-Gallium-Zinc Oxide (a-IGZO) TFT backplane. A 
two-transistor and one capacitor (2T-1C) pixel engine based backplane, fabricated 
on polyimide substrate, is used to drive LEDs. Rigid LED pixels are connected 
via meandered copper film. The meander interconnections have been optimized 
with respect to their electrical and mechanical properties to provide a display 
with a 2 mm pitch between the pixels and good conformability. At an operating 
supply voltage of 7 V, the average brightness of the display exceeds 170 cd/m2.

13-2 14:25~14:50

 Development of Roll-Based Transfer Machine for Flexible 
Electronic Applications
Jae-Hyun Kim, Bongkyun Jang, Kwang-Seop Kim, Kyung-Shik Kim, Seung-Mo 
Lee, Yun Hwangbo, Hak-Joo Lee, Byung-Ik Choi, and Sang-Rok Lee (KIMM, Korea)

There are great needs in flexible and stretchable electronic products with high 
performance and reliability. Many researchers in academia are considering the transfer 
technology as a promising candidate for realizing flexible electronic devices with 
high performances. For industrial use, the transfer technology should demonstrate 
its throughput as well as its effectiveness. In this talk, we introduce a manufacturing 
concept for transferring solid thin films onto a polymeric substrate. To resolve the 
throughput issue, we adopted a roller stamp for transferring brittle thin films. Using 
the roller stamp with a conformably deformable layer, it is possible to pick the 
brittle thin films and place them on polymeric substrates with negligible defects. 
Using the developed systems, single crystalline silicon films of 100 nm thick and 
monoatomic graphene layers were successfully transferred onto polymeric substrates 
with large area at a speed of 2 m/min. This result verifies the productivity of the 
transfer technology equipped with the roller stamp for flexible electronic products.
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13-3 14:50~15:15

 Deformable Display Enabled by Hybrid Transparent Conductors
Pooi See Lee (Nanyang Technological Univ., Singapore)

Deformation displays such as electroluminescent devices or electrochromics devices 
require the use of stretchable and deformable transparent conducting substrates 
for the electrodes formation. The conducting electrodes in displays ideally possess 
the characteristics of superior conductivity and optical transparency under extreme 
conditions such as folding, stretching, flexing, rolling or crumpling. We report 
our strategies on the preparation and fabrication of flexible, stretchable transparent 
conductors for electrochromics and electroluminescent devices. We have developed 
an effective transfer method to prepare transparent conductors with high figure 
of merit. It improves the interface properties and bonding stability between the 
conductive constituents and the matrix. The method can be used to transfer 
various nanostructures. The resultant composite consisting of cellulose nanofibrils 
with metallic nanowires is used to fabricate flexible and foldable transparent 
conductors for the preparation of flexible wearable electrochromics. Improved 
interaction with the overlay electrochemical active material was observed, it 
enhances charge intercalation and facilitates ionic diffusion in the presence of 
electrolyte due to the hydrophilic surfaces, making this an ideal substrate for 
chromogenic display.

13-4 15:15~15:30

Fabrication of AMOLED Panel on Fabric Substrates
Jae Seon Kim and Chung Kun Song (Dong-A Univ., Korea)

Electronic textiles are attracting much attention due to the potential applications 
to wearable electronics. The rough surface and surface energy of fabric substrate 
are challenges for the thin film electronic devices to be fabricated on the fabric 
substrate. Especially, the displays on fabric are much more vulnerable to the 
surface conditions due to the large area. In this paper we present the fabrication 
processes of AMOLED panel driven by OTFTs on fabric substrate. The AMOLED 
panel consists of 32 x 32 pixel array, and a pixel consists of 2 OTFTs and 1 
capacitor and 1 OLED. TIPS-pentacene was used as the semiconductor of OTFTs 
and phosphorescene OLEDs were adopted to produce the brighter light.The 
phosphorescene OLED exhibited the intensity of 15,000 cd/m2 at 6.5 V, and 
TIPS-pentacene OTFTs produced the mobility of 0.23 cm2/V∙sec on fabric. The 
AMOLED panel successfully worked.
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13-5 15:30~15:45

Ultra-Flexible Organic Light-Emitting Diodes (OLEDs) Using Textile Substrates 
for Wearable Displays
Seungyeop Choi, Seonil Kwon, Hyuncheol Kim, Jeong Hyun Kwon, and Kyung 
Cheol Choi (KAIST, Korea)

The results of previous works still show insufficient device performance for 
application in everyday life. To be widely used, highly efficient wearable devices 
with reliable performance are required. In this study, we report a highly flexible, 
efficient, and reliable textile-based display using organic light-emitting diodes 
(OLEDs).
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14-1 14:00~14:25

 Metastable TN-LCDs: Its Performances and the Method for Stable 
Operation
Mitsuhiro Akimoto and Kohki Takatoh (Tokyo Univ. of Science, Yamaguchi, 
Japan)

In the present study, we show the display performance of two types of metastable 
TN-LCDs: Reverse TN (RTN)-LCD and Ultra-Short-Pitch (USP) TN-LCD. The Reverse 
TN (RTN)-LCD works at quite low driving voltage and the UPS TN-LCD exhibits 
a greatly improved response times as compared to the conventional TN-LCD. 
Those metastable TN-LCDs are implemented with a chiral nematic LC material 
and based on the 90° twisted nematic effect. In that sense existing technologies 
for the conventional TN-LCDs such as viewing angle compensation are also applicable 
as one of advantageous points of them. However, as a demerit which has to 
be overcome, both proposed TN-LCDs use metastable LC director configurations 
which are not suitable for stable LCD operation. Thus we apply the polymer 
stabilization method by means of UV curable LC monomers. By optimizing the 
UV irradiation condition, we succeeded in fabricating a stable RTN-LCD which 
keeps great reduction of working voltage and a stable USP TN-LCD which keep 
shorter response time as well as lower driving voltage and high contrast ratio.

14-2 14:25~14:50

 Dual-View Blue Phase Liquid Crystal Display Designed by Patterned 
Electrodes
Chia-Ting Hsieh, Chia-Hao Chang (AU Optronics Corp., Taiwan), Chun-Yu Lin, 
Chi-Yen Huang, Che-Ju Hsu (Nat'l Changhua Univ. of Education, Taiwan), 
Ching-Jui Tien (Cheng Shiu Univ., Taiwan), and Kuang-Yao Lo (Nat'l Cheng 
Kung Univ., Taiwan)

In this presentation, we propose a Dual-view liquid crystal display (LCD) using 
blue phase (BP) material. The viewing direction of the DV BP LCD is controlled 
by the inclined electric field provided by the patterned electrodes. The demonstrated 
DV BP LCD has a high CR (higher than 1000 in the intended viewing direction). 
The operation mechanism, electrooptical properties are explained in the 
presentation.
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14-3 14:50~15:15

 Ideal Photoalignment Technology for Advanced IPS-LCDs
Noboru Kunimatsu, Hidehiro Sonoda, and Yasushi Tomioka (Japan Display Inc., 
Japan)

An ideal photoalignment technology for advanced IPS-LCDs has been developed 
including our original material and process design, which increases azimuthal 
anchoring strength, reduces photoirradiation energy. A synergistic effect by the 
combination of the photoalignment and LC with a negative dielectric constant 
has been also clarified. We have since realized the practical use of this technology 
and improved the panel specification.

14-4 15:15~15:30

Novel Driving Voltage Optimization Scheme for Avoiding Image Sticking in 
ADSDS TFT-LCDs
Ming Zhu, Chengtan Zhao, Qian Jia, Xin Gu, Xi Xi, Jikai Yao, and Teruaki Suzuki 
(BOE Tech. Group Co., Ltd., China)

In this work, we adopted a novel scheme for setting the driving voltage aiming 
to make the optimization process more efficient and to avoid the image sticking 
issues in ADSDS TFT-LCDs. Soon after the checker pattern had been switched 
to the solid gray pattern, by observing how the panel reacted on the Vcom 
change, the potential image sticking became visible, and then we could know 
the fact that the driving voltage had not been balanced well. It even could teach 
us the clues for the better settings. If the original image sticking nature is positive, 
increasing the Vcom voltage would intensify the original DC charge accumulation, 
which leads to the enhancement of positive image sticking. On the contrary, 
decreasing the Vcom voltage would cancel the residual DC. Finally we do the 
IS evaluation with the ΔVcenter changes of 0.000 V, 0.025 V, 0.062 V and 0.100 
V to testify our speculation. The split of ΔVcenter =0.025 V showed the best 
IS performance. The experimental results were consistent with our speculation. 
So that, this is an effective guide which simplifies the optimization process of 
the driving voltage setting for improvement of image sticking.
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 Effect of Structural Deformation on Charge Transport in Organic 
Single-Crystal Semiconductors
Jun Takeya (Univ. of Tokyo, Japan)

Small molecular organic semiconductor crystals form interesting electronic 
systems of periodically arranged “charge clouds” whose mutual electronic 
coupling determines whether or not electronic states can be coherent over 
molecular distances. Recently, it turned out that band transport is realized 
in high-mobility organic semiconductor crystals though this situation is not 
common to all organic semiconductors. This presentation first focuses on 
the single-crystal molecular assembly of pentacene which does not exhibit 
full charge coherence at room temperature under atmospheric pressure. Hall 
coefficient, telling us the extent of the electronic coherence, is precisely 
measured for accumulated charge in pentacene single-crystal field-effect 
transistors at various temperatures with varied pressure. With the application 
of external pressure, the electronic coupling between pentacene molecules 
is continuously modified so that the extent of the intermolecular coherence 
grows with increasing pressure...

15-2 16:25~16:50

 Imide-Functionalized Polymeric Semiconductors for High-Performance 
Organic Thin-Film Transistors
Xugang Guo (South Univ. of Science and Tech. of China, China)

Imide-functionalized arenes have been widely used as small-molecule n-type organic 
semiconductors for applications in organic thin-film transistors. Recently, they 
have shown great potentials for constructing high-performance polymer 
semiconductors for effective tuning the bandgaps and frontier molecular orbitals 
(HOMOs and LUMOs) as well as film microstructures and morphologies of resulting 
polymers. Here, we present the imide-functionalized polymer semiconductors for 
applications in high-performance organic thin-film transistors (OTFTs). The 
imide-functionalized arenes are naphthalene diimides, phthalimides, thiophene 
imides (also known as thieno[3,4-c]pyrrole-4,6-diones), and bithiophene imides.
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 How can Sam's Modify Interfaces and Tune the Electrical 
Properties of OFET?
Philippe Lang (Universite Paris Diderot, France)

The interest in organic field-effect transistors has steadily grown over the past 
fifteen years thanks to the possibility to produce large area circuits on flexible 
substrates and to the addressing of the active elements of displays. Among 
the key issues that must be resolved to achieve the integration of organic 
transistors into practical circuits, the crucial role of interfaces appears in the 
forefront. The modification of surfaces /interfaces can be easily performed by 
self-assembled monolayers (Sam’s) in order to improve electrical performance, 
in two ways; i) enhance charge injection and retrieval at the source and drain 
electrodes via dipolar monolayers ii) controlling the semi-conductor-insulator 
interface, the growth and mobility of the semi-conducting film.

15-4 17:15~17:30

Understanding 3-Dimensional Conduction Channel in Polymer Transistors 
from Temperature-Dependent Structure/Transport Studies
Sangsik Park, Han Wool Park, Do Hyung Park, Kwang Seok Ahn (Soongsil Univ., 
Korea), Hyun Ho Choi (POSTECH, Korea), Jianguo Mei (Purdue Univ., U.S.A.), 
Kilwon Cho(POSTECH, Korea), Zhenan Bao (Stanford Univ., U.S.A.), Dong Ryeol 
Lee, Moon Sung Kang, and Do Hwan Kim (Soongsil Univ., Korea)

We have demonstrated 3-dimensional conduction channel of semiconducting 
polymer thin-films via the comparative study of temperature-dependent 
structure/transport. Specifically, the representative two isoindigo-based conjugated 
polymers (PII2T-Ref with branched alkyl chains and PII2T-Si with siloxane groups) 
were used in this study, exhibiting two different types of molecular orientations 
such as unimodal- and bimodal fashions, respectively. The transition of the relevant 
crystallographic parameters including the π-stacking distance and the coherence 
length of the lateral crystallites was observed in both the polymers at different 
temperature regimes, thereby strongly affecting the charge transport including 
the EA values and the μ0 value. In particular, this comprehensive understanding 
on the temperature-dependent electrical transport for PII2T-Si with bimodal 
molecular orientation imparts the concept of 3-dimensional charge conduction 
to apply to the other transport mechanism in semiconducting polymers. We believe 
that our findings will enable polymer semiconductors to be more effectively utilized 
not only in high-performance flexible transistors but also in the wide range of 
photovoltaic and biomedical applications.
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16-1 16:00~16:25

 Quantum-Dot Composites for Light-Emitting and Light-Harvesting 
Applications
Jeffrey Pietryga (Los Alamos Nat'l Laboratory, U.S.A.)

16-2 16:25~16:40

PbS Quantum Dot Light-Emitting Field-Effect Transistors
Julia Schornbaum, Yuriy Zakharko, and Jana Zaumseil (FAU Erlangen-Nuernberg, 
Germany)

Colloidal semiconducting quantum dots (QDs) are solution-processable, 
size-tunable and efficient emitters. For optoelectronic applications, such as 
light-emitting diodes (LEDs) it is crucial to understand and control their charge transport, 
recombination and emission dynamics, which are influenced by trap-states. These 
trap states can be filled and thus deactivated when operating devices at very high 
carrier densities. While carrier densities in light-emitting diodes are generally low, 
very high charge densities can be achieved in light-emitting field-effect transistor 
(LEFET). Here, we demonstrate the first quantum dot LEFET. This is accomplished 
by using electrolyte-gated PbS QD thin films. They exhibit near-infrared 
electroluminescence from a confined region within the channel with identical 
size-dependent electroluminescence and photoluminescence spectra, which proves 
true ambipolar transport through the Sh and Se states of the PbS QDs. In contrast 
to QD LEDs, external quantum efficiencies in LEFETs continuously increase with current 
density. This effect correlates with the unexpected increase in photoluminescence 
quantum yield and longer average lifetimes at higher electron and hole concentrations. 
We attribute the initially low emission efficiencies to non-radiative losses via electron 
and hole traps. At higher carrier densities trap states are deactivated and emission 
starts to be dominated by trions with fast radiative decay rates.

16-3 16:40~17:05

 Ultrafast Spectroscopy in Novel Nanomaterials
Lazaro A. Padilha (Universidade Estadual de Campinas, Brazil)

Using ultrafast spectroscopy it is possible to identify nonradiative pathways which 
spoils the use of QD as the ideal platform for LED applications and guide the 
engineer of novel nanomaterials with improved performance. Here we will discuss 
the insights of ultrafast spectroscopy on the recent advances of semiconductor 
nanomaterials with reduced non-radiative decay channels, in particular Auger 
recombination, and high emission yield.
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16-4 17:05~17:20

Cesium Azide - An Efficient Electron Injection Material for Green and Red 
Quantum Dot Light-Emitting Diodes
Hoang-Tuan Vu (Nat'l Cheng-Kung Univ., Taiwan), Chun-Yuan Huang (Nat'l 
Taitung Univ., Taiwan), Chih-Jung Chen, Ray-Kuang Chiang (Far East Univ., 
Taiwan), Hsin-Chieh Yu, Ying-Chih Chen, and Yan-Kuin Su (Nat'l Cheng-Kung 
Univ., Taiwan)

A novel efficient and air-stable electron injection layer (EIL) of cesium azide (CsN3) 
was compared with conventional ones (LiF) in type-II quantum dot light-emitting 
diodes (QLEDs) with both organic electron and hole transport layers. Via directly 
decomposing to pristine cesium (Cs), the low-temperature evaporated CsN3 
provided a better interfacial energy level alignment without damaging the 
underneath organic layer. Consequently, in comparison to similar devices with 
LiF, the current efficiencies of 0.276 and 6.33 cd/A have been achieved in the 
red-emitting and green-emitting QLEDs based on CsN3, which were about 141% 
(at 1 mA) and 620% (at 0.1 mA) improvement with the maximum luminance 
exceeding 1020 and 5250 cd/m2, respectively.
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17-1 16:00~16:25

 Ionic Diffusion-Controlled Low Temperature Solid State Reaction 
Synthesis of Phosphor Materials
Kenji Toda, Takuya Hasegawa, Tatsuro Kaneko, Ayano Toda, Sun Woog Kim, 
Kazuyoshi Uematsu, Tadashi Ishigaki, Mineo Sato (Niigata Univ., Japan), Junko 
Koide, Masako Toda, and Yoshiaki Kudo (N-Luminescence Corp., Japan)

we have recently proposed the novel synthesis methods, such as water assisted 
room temperature solid state reaction (WASSR) method and solid hydratethermal 
reaction (SHR) method, to synthesize the ceramic materials in a single phase 
form at low temperature. we can be successfully synthesized numerous ceramic 
materials, such as YVO4, SrMoO4, BaTiO3, and others. Man phosphor materials, 
YVO4:Eu2+, LaPO4:Ce3+,Tb3+, and NaEuMo2O8, also successfully synthesized 
at low temperature below 373 K by the novel synthesis methods proposed. In 
this study, we present the characteristic and availability of our proposed novel 
solid phase low temperature synthesis techniques on an industrial application 
for ceramic materials synthesis processing.

17-2 16:25~16:50

 Flip-Chip White LEDs Fabricated by Model Conformal Coating
Ray-Hua Horng, Hsin-Yi Chiang, and Sin-Liang Ou (Nat'l Chung Hsing Univ., 
Taiwan)

Up to present, the blue LED with the conformal phosphor is widely used to 
form the white LED due to its higher angular correlated color temperature (CCT) 
uniformity. Although the pulsed spray coating (PSC) method is a common technique 
for the fabrication of conformal phosphor on LED chip, there is still room for 
improvement in the CCT uniformity of this white LED. In our work, the white 
LEDs were fabricated via the combination of flip-chip device and conformal phosphor 
layer. To enhance the CCT uniformity of white LEDs, the model conformal coating 
(MCC) technique has been presented to form the phosphor layer. For the MCC 
technique, a model with a square hole was designed to place the chip, and 
the phosphor slurry was injected into the hole. In addition, the white LED with 
the PSC-prepared phosphor layer was prepared as the contrasted sample.



54 The 15th International Meeting on Information Display

Room C (Room 323)

17. LEDs and Lighting III
Date: August 19, 2015 (Wednesday)
Time: 16:00~17:20
Session Chairs: Prof. Yasufumi Fujiwara (Osaka Univ., Japan)

Prof. Jung-Hoon Song (Kongju Nat'l Univ., Korea)

17-3 16:50~17:05

Color-Tunable Garnet Solid-Solution Phosphor for Cost Reduction
Yoon Hwa Kim, Bo Young Kim, and Won Bin Im (Chonnam Nat'l Univ., Korea)

Most of lamps based upon phosphor downconversion of blue light-emitting dioes 
(LEDs) use Y3Al5O12:Ce3+ garnet (YAG:Ce3+) phosphors mixed in a silicone 
resin and then coated on top of a blue LED. Garnet structure (cubic, space group 
Ia-3d) is recognized as highly stable and efficient host for white LED applications. 
However, yellow YAG:Ce3+ phosphor are associated with patent infrigement 
while a replacement of lutetium with ytrrium in the smilar structure Lu3Al5O12:Ce3+ 
(LuAG:Ce3+) phosphor would raise the cost of the LED device. In this study, 
we prepared solid solutions between the garnet structure LuAG:Ce3+ and 
Lu2CaMg2Si3O12:Ce3+ (LCMSO:Ce3+), which yields the phosphor Lu2.95-xCe 
0.05Al2-2xMg2xAl3-3xSi3xO12. The LCMSO:Ce3+ end-member has been reported 
to have longer emission wavelength compared to LuAG:Ce3+ phosphor. Solid 
solutions between LuAG:Ce3+ and LCMSO:Ce3+ give highly efficient (QE > 90 
%), highly color-tunable (λem = 521 to 578 nm) phosphors with reduced amount 
of lutetium that have great potentials for use in white LED lighting.

17-4 17:05~17:20

Electrical Characteristics of AC Driven Light-Emitting Schottky Diodes
Sanghoo Han and Jinsub Park (Hanyang Univ., Korea)

We propose the new type of light emitting devices which have simple MSM 
structure. We obtained bipolar IV curves and it will discussed for AC driving 
devices.
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18-1 16:00~16:25

 Mura Index with the Human Factor Correction Under IEC
Steve Hasegawa (Sony Visual Products Inc., Japan), Satoshi Tomioka, and 
Kunihiko Nagamine (Sony Corp., Japan)

The correlation results of Mura evaluation shows high score at this time. Therefore, 
we have enough confidence for this method proposed to the IEC.  Our proposed 
method was underpinned by two factors; the one is the integration of real space 
information as viewing distance and real image size using MTF of eye. The second 
is correction of S-CIELAB’s a* value for reddish color. These factors are very 
effective for converting a measured image to recognized image, and enable a 
more accurate evaluation of Mura.

18-2 16:25~16:50

 Brightness and Color Enhancement on a Reflective Display Using 
a Holographic Directional Diffuser
Jian Ma, Kirby Li, Mark Phung, Chung-Po Huang, Tallis Chang, and John Hong 
(Qualcomm MEMS Technologies, Inc., U.S.A.)

The principle of Brightness and Color Enhancement Hologram (BCEH) for a reflective 
display is based on a usage model that has an indoor light source illuminating 
the display at an angle (e.g., about 45o), and the viewing angle is near normal 
to the display surface.  For a reflective display with a specular reflection surface, 
such as a MEMS display (e.g., a Qualcomm® MirasolTM display) or reflective 
liquid crystal display, a diffuser is required to achieve a comfortable viewing.  
However, the reflection intensity of such displays drops very quickly when the 
viewing angle deviates from the specular direction of the illumination source.  
To view the display with a sufficient brightness, the viewing angle shall be near 
the specular angle of the illumination (e.g., -45o), which is not the natural viewing 
angle.  Additionally, the image quality (e.g., contrast and color saturation) is 
affected at specular direction due to specular reflection from cover glass and 
other layers.  We present a solution of using a directional holographic film.  
We show ~10X improvement of brightness over a conventional diffuser with 
the MirasolTM display.  We also show correction of color blue shift associated 
with the interferometric displays.  The BCEH principal, method of fabrication, 
and integration into Qualcomm® ToqTM smartwatch will be discussed.
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A Contrast Enhancement Algorithm Using Histogram Threshold and 
Dynamic Range Control
Tae Yeop Kim, Eun Hye Jo, Bo Hyun Hwang (Hanyang Univ., Korea), Gyu Hee Park 
(SK Telecom Co., Ltd., Korea), and Myung Ryul Choi (Hanyang Univ., Korea)

Contrast enhancement techniques are widely used for improving the visual quality 
of low light level contrast images. Numerous Histogram Equalization(HE) had 
been proposed for preventing the over-enhancement and the false-contouring. 
This paper introduce three forms of HE way. In this paper, contrast enhancement 
algorithm is proposed by using the histogram threshold and the dynamic range 
control. The proposed algorithm automatically find the optimized parameters for 
preventing the dominant of high frequency of the histogram. The optimized 
histogram threshold is determined by using the standard deviation of the brightness 
of the image. Dynamic range control is realized by the optimized variation factor 
calculated by the average brightness of the image. This paper uses the infrared 
image. proposed algorithm has the improved visual quality and clearly identifies 
the object and background due to the histogram threshold. The proposed algorithm 
maintains the shape of the histogram of the original image and expands the 
dynamic range to fit the situation. Therefore, the proposed algorithm shows the 
effective contrast enhancement and preventing the over-enhancement and the 
false-contouring.

18-4 17:05~17:20

Chromaticness-Adaptive RGB-to-RGBW Conversion
Lin Li, Ronggang Wang (Peking Univ., China), MingJong Jou, ShenSian Syu, Hao 
Li, and Yufeng Jin (Shenzhen China Star Optoelectronics Tech. Co., Ltd., China)

This paper proposes chromaticness-adaptive RGB-to-RGBW conversion that 
preserves the human color perception within a predetermined level of color distortion 
for RGBW displays. The proposed method mainly consists of two stages. In the 
first stage, the input data is firstly linearly scaled by the de-gamma processing 
and adjusted to the standard sRGB color space according to the display panel 
parameters; then, the white spectra is extracted from the square of the minimum 
or half of the maximum value of the square of the RGB primary components; 
at last, the maximum intensity level involving no color distortion from the common 
components of the RGB primary colors is searched and all the pixels are uniformly 
amplified by a global gain. In the second stage, an additional gain is added 
to each pixel based on its chromaticness and the color distortion is controlled 
with a predetermined level. After the above two stages, the final output image 
is obtained by the gamma correction.
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18-5 17:20~17:35

High Accuracy Imaging Colorimeter
Martin Wolf, Andreas Huber, Richard Young, and Jürgen Neumeier (Instrument 
Systems GmbH, Germany)

We present a new approach to 2D-imaging colorimetry yielding significantly 
improved measurement accuracy for virtually all sample sources. This approach 
combines two important innovations. The first is to use a camera equipped with 
six optical filters instead of the often used three or four channels. This clearly 
improves the fitting to the three human eye’s color matching functions. However, 
simply extending the number of filters, i.e. the number of data acquisition channels 
is only one step to improve the measurement accuracy. Here it is presented how 
the performance of a six filter imaging camera can be further improved by the 
usage of an advanced matrix optimization based on a set of training sources. 
This combination guarantees a significantly better overall performance that is 
especially advantageous when it comes to measuring typical LEDs.

18-6 17:35~17:50

The Research of Improving Uniformity of Backlight Module after THB
Siqin Bai, Xuehui Wang, Xiaorong Wang, and Zhuo Zhang (InfoVision 
Optoelectronics (Kunshan) Co., Ltd., China)

We present a new approach to 2D-imaging colorimetry yielding significantly 
improved measurement accuracy for virtually all sample sources. This approach 
combines two important innovations. The first is to use a camera equipped with 
six optical filters instead of the often used three or four channels. This clearly 
improves the fitting to the three human eye’s color matching functions. However, 
simply extending the number of filters, i.e. the number of data acquisition channels 
is only one step to improve the measurement accuracy. Here it is presented how 
the performance of a six filter imaging camera can be further improved by the 
usage of an advanced matrix optimization based on a set of training sources. 
This combination guarantees a significantly better overall performance that is 
especially advantageous when it comes to measuring typical LEDs.
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18-7 17:50~18:05

A Contrast Enhancement Method using a Transfer Function of the Local 
Histograms
Eun Hye Jo, Tae Yeop Kim, Jong Ho Yun (Hanyang Univ., Korea), Gyu Hee Park 
(SK Telecom Co., Ltd., Korea), and Myung Ryul Choi (Hanyang Univ., Korea)

The extension of histogram for each sub-image based on the DRSHE was locally 
applied. 

Additionally, we improve image quality by applying a weight to the each Transfer 
Function value of the sub-image.
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19-1 16:00~16:25

 Graphene Electrodes for Fordable Touch Screens
Byung Hee Hong (Seoul Nat’l Univ., Korea) and Seungmin Cho (Hanhwa 
Techwin Co., Ltd., Korea)

Recent advances in large-area graphene synthesis have enabled the potential 
applications to various electronic devices. However, the practical use of 
graphene in consumer electronics has not been demonstrated since the 
conductivity, uniformity and reliability problems are yet to be solved to satisfy 
industrial standards. Here we report the mass-production quality graphene 
films synthesized by rapid thermal chemical vapor deposition (RT-CVD), 
roll-to-roll etching and transfer methods, which enabled faster and larger 
production of homogeneous graphene films with mass-production quality 
and size. We also show that graphene-based capacitive multi-touch screen 
devices are fully functional in the most sophisticated mobile phone. The extreme 
flexibility of graphene further allows the fabrication of foldable touch screen 
sensors operating at the bending radius of ~3 mm, which is expected to 
bring the advent of flexible mobile devices forward.

19-2 16:25~16:50

 Hybrid Silver Nanowire Electrode Containing Embedded Metal 
Grid for Optoelectric Devices
Sunghoon Jung and Do-Geun Kim (KIMS, Korea)

The flexibility is one of the hot issues on next generation electronics. Many researchers 
have been studying about developments of flexible electrodes, devices, 
encapsulation, substrate and so on for achieving commercally available flexible 
electronic devices. Among the flexible electronics, flexible transparent electrode 
is the key element for flexbile opto-electronics such as lightings, photovoltaics 
and touch screen panel. There are so many kinds of flexible transparent electrode, 
graphene, carbon nanotube, metal nanowire, etc. They shows great potentials 
due to theoretical electrical characteristics, their practical conductivities, however, 
have been still insufficient.  In this study, we proposed a novel concept of transparent 
electrode which is composed of metal microwires (MWs) and nanowires (NWs). 
Sparse microwires which have low resistance act as minimizing the loss of electrical 
power at large area devices and nanowires spread charges uniformly to whole 
device area. The electrode has less than 1 Ω/□ of resistance with 85% of 
transmittance and doesn't break when it is bended at a 1 mm of bending radius. 
We also shows a flexible lighting device based on this micro/nanowire electrode.
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19-3 16:50~17:05

Touch Depending on Dominant Eye in 3D Environments
Seong-Ho Yoon, Seung-Ryeol Kim, Jong-Man Kim, and Seung-Woo Lee (Kyung 
Hee Univ., Korea)

This work deals with an interesting finding between human visual system and 
touch position of stereoscopic rendered objects. In our previous work, we reported 
that the touch position in 3D environment was significantly related to the human’s 
dominant eye. In the report, we found that touch position is significantly affected 
by dominant eye when the 3D image has uncrossed disparity. In this paper, 
we report the relationship between 3D touch and dominant eye when 3D images 
are the crossed image. In conclusion, we present the implication for touch interface 
in 3D environments.

19-4 17:05~17:20

Determining NNDs in Image Distortion due to Display Curvature
Sungryul Park, Jihhyeon Yi, Donghee Choi, Songil Lee (UNIST, Korea), Ja Eun 
Lee, Byeonghwa Choi, Seungbae Lee (Samsung Display Co., Ltd., Korea), and 
Gyouhyung Kyung (UNIST, Korea)

The current study investigated NND (not noticeable difference) in image distortion 
due to display curvature applied to TV.  NND is a psychophysical concept considered 
‘more valid’ than JND (just noticeable difference).  More severe viewing conditions 
(i.e. closer viewing distance and smaller radii of curvature) were considered in 
the current study such that any image distortion could be easily perceived.  The 
range of display curvature investigated was 2000 ~ 3000mm with a 100 mm 
increment.  A total of 16 younger individuals were individually exposed to four 
series of curvatures, which were presented either in ascending or descending 
order.  Each series was paired with one of three reference curvatures (2000mm, 
2500mm, and 3000mm).  The participant compared 9 pairs of grid zones on 
two 55” Styrofoam mockup displays, and made a 2AFC (two-alternative 
forced-choice) decision regarding whether or not two set of gridlines were identical.  
Based on the NNDs observed in the current study, one curvature-radius appeared 
to be sufficient over the range of 2000-3000mm when investigating the effects 
of display curvature on visual perception and watching experience.
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20-1 16:00~16:25

 Bio-Inspired Stretchable Electrodes
Zijian Zheng (The Hong Kong Polytechnic Univ., Hong Kong)

Stretchable conductive metallic structures are essential elements in the development 
of stretchable electronics. Current progress in this field has been mostly focused 
on man-made materials and structures for achieving high conductivity and high 
tensile strains. On the other hand, there are many natural structures that show 
inherently good stretchability, but they are not electronically conductive. This 
talk will discuss our latest development of stretchable metal electrodes (either 
opaque or transparent) on the basis of biologic al templates. Two particular examples 
will be discussed in detail. The first one is the fabrication of highly stretchable 
opaque metal electrodes and interconnects, namely “Electronic Petals (E-petals)”, 
which make use of the topographical micro/nano structures of rose petals to 
enable superb stretchability to metal thin films. The second example is the fabrication 
of stretchable transparent electrodes, namely “Vein-based Transparent Electrodes 
(VTEs)”, by chemical deposition of metal on natural veins of leaves. We demonstrate 
that these bio-inspired electrodes possess remarkable electro-mechano-opto 
properties that outweigh most best-performing man-made ones.

20-2 16:25~16:50

 Reusable Soft Polymer for Rapid and Large-Scale Nano-Patterning
Ming Fang, Hao Lin, Senpo Yip, Guofa Dong, Fei Xiu, and Johnny C. Ho (City 
Univ. of Hong Kong, Hong Kong)

In this presentation, we introduce, demonstrate and discuss a facile but reliable 
photolithographic technique, which allows the rapid fabrication of highly ordered 
nanostructure arrays by employing soft transparent polymer films as optical masks 
for the area-selective exposure of a photoresist upon flood UV illumination. The 
soft polymer film either contains a monolayer of self-assembled (SAM) colloidal 
spheres inside at the near surface or has one side replicated from a SAM colloidal 
layer, in which the confined colloidal spheres or the surface textures can serves 
as lenses for light focusing. The geometrical feature of the patterns, including 
the size, pitch, and even the shape, can be finely tuned by adjusting the mask 
design, exposure time and the thickness of the photoresist layer. Instead of a 
single usage, the polymer mask can be used numerous times without noticeable 
distortions in the achieved patterns. The obtained patterns could be used as 
deposition or etching mask, allowing easy pattern transfer for various applications.
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 Imperceptible Active Matrix Sensors for Bio-Medical Applications
Tsuyoshi Sekitani (Osaka Univ., Japan)

I will present the recent progresses and future prospects of large-area, ultraflexible, 
and stretchable electronic sensors. Our works focus on integration technologies 
of organic electronics comprising organic thin-film transistors (TFTs), manufactured 
on thin-film flexible polymeric plastic substrates and stretchable rubber substrates, 
which are imperceptible active matrix sensors. Here I would like to demonstrate 
the applications of imperceptible sensors for sophisticated wearable electronics 
and implantable electronics. These sensors serve as an important part of next 
generation bio-medical applications. On the basis of our initial work on 
manufacturing flexible organic devices, including TFTs, LEDs, and PDs, we developed 
organic flexible electronics for applications that use large-area sensors, actuators, 
memories, and displays. For example, by taking advantage of an ultraflexible 
and compliant amplifier that can amplify biological signals by 500, we developed 
1-μm-thick multi-channel active matrix electrocardiogram and electromyogram 
monitoring systems. Ultrathin electronics with a total thickness of approximately 
1 to 2 μm support a bending radius of less than 10 μm.

20-4 17:15~17:30

Elastomeric Nanowire Composite for Tunable Flexible Pressure Sensors
Yunsik Joo, Jaeyoung Yoon, and Yongtaek Hong (Seoul Nat'l Univ., Korea)

Flexible pressure sensors can be applied to human-machine interfaces, next 
generation touch interfaces for wearable displays and real-time monitoring of 
blood pressure. For these applications, pressure sensors must have high pressure 
sensitivity, flexibility, stability and also tunable sensitivity like human skin. Because 
pressure sensors with customized sensitivity suitable for each application are 
desirable, the tunable pressure sensitivity of the sensor is needed. Recently, our 
group reported a capacitive flexible pressure sensor with elastomeric nanowire 
composite. However, the pressure sensitivity of the reported sensor was fixed 
and not tunable. In this paper, we report highly sensitive and flexible pressure 
sensor with tunable sensitivity. Silver nanowires (AgNWs) embedded 
polydimethylsiloxane (PDMS), the elastomeric nanowire composite, was integrated 
with polymeric dielectric layer and printed electrode to obtain capacitive pressure 
sensor. By controlling the mechanical property of the matrix PDMS of the nanowire 
composite, we can tune the pressure sensitivity of the sensor easily. The sensor 
also shows high sensitivity (sensitivity > 3kPa-1) and high bending stability (r~5mm, 
< 10% degradation).
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 Probing Homogeneity and Appropriateness for Display Applications 
of Liquid Crystalline Nanocomposites Using Dielectric Spectroscopy
Martin Urbanski and Jan Lagerwall (Univ. of Luxembourg, Luxembourg)

Functional composites of nanoparticles dispersed in liquid crystals enjoy high 
attention due to promising opportunities for both basic science and innovative 
display applications. Numerous studies revealed that doping nematic liquid crystals 
with small amounts of spherical nanoparticles can significantly alter the alignment 
and the electro-optic response of the host. However, these studies draw an 
inconsistent picture on the benefit of nanoparticle doping on the electro-optic 
performance of nematics, mainly due to a lack of control over the nanoscale 
homogeneity of the dispersions. This extent of compatibility plays a major role 
for the electro-optical performance of the composite, yet its determination so 
far required laborious and time-consuming measurements. Our results indicate 
that the analysis of polarization processes such as interfacial or 
Maxwell-Wagner-Sillars (MWS) polarization offers a fast and cost-efficient tool 
to estimate the homogeneity of dispersions on the nanoscale. The presence of 
polarization processes in the kHz- frequency regime indicates a heterogeneity 
on the mesoscale and thus an insufficient dispersibility of particles in the liquid 
crystalline host. Our studies aim to provide a feasible tool to estimate the 
homogeneity of liquid crystalline nanocomposites and will help to develop reliable 
design principles for obtaining highly stable nanodispersions for applications.

21-2 16:25~16:50

 Measurement and LCD Application of Flexoelectricity of Nematic 
Liquid Crystal: Symmetrically Oblique Incidence Transmission Ellipsometry
Munehiro Kimura (Nagaoka Univ. of Tech., Japan)

A method of determining e11 and e33 is proposed, where an in-plane twist 
nematic liquid crystal (TNLC) was evaluated by symmetric oblique incidence 
transmission ellipsometry (SOITE).  An asymmetric Δ characteristics in the dependency 
graph of e11-e33 is found. Furthermore, the dependence of various parameters 
of Δε, cell thickness, twist angle on the flexoelectric coefficient are studied. From 
all these evaluations, it is concluded that the determination of e11-e33 as well 
as e11+e33 can be evaluated by SOITE.
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Influence of Terphenyl Compound in LC Mixture on PS-VA LCD
Bai Bai, Xinhui Zhong, Xiaolong Ma, Yung-Jui Lee, Chang-Cheng Luo, B.D Liu 
(Shenzhen China Star Optoelectronics Tech. Co., Ltd., China), and Alan Lien 
(TCL Corporate Research, China)

In this study, influence of terphenyl compound in LC mixture on PS-VA LCD 
was studied. Results show that terphenyl compound in LC mixture can enhance 
UV absorbance and accelerate RM reaction rate.It seems that terphenyl compound 
can transfer the energy form UV light to RM for polymerization with higher 
efficiency. This provides us a good way to control polymerization rate of RM 
under UV exposurein many LC systems with polymer formation process.

21-4 17:05~17:20

Effective Cell Gap Measurement and Optimization to Achieve High 
Transmittance for VA-LCD
Xinhui Zhong, Xiaolong Ma, Yung-Jui Lee, Chang-Cheng Luo, B.D Liu 
(Shenzhen China Star Optoelectronics Tech. Co., Ltd., China), and Alan Lien 
(TCL Corporate Research, China)

In this study, we proposed a new concept which named as effective cell gap. 
The measurement method of effective cell gap of VA cell at a certain voltage 
was built up. Measurement results of cells with different gaps and voltages 
show that the new concept is realizable and the outcome is reliable. For a 
given LC, the best effective cell gap Deff with maximal transmittance can be 
calculated. And for a given VA cell with certain alignment layer, Deff at different 
voltages can be measured. Based on these results, proper cell gap for the LC 
material can be estimated. For real product design with specific rules, the concept 
can also help to find out the best cell gap with maximal transmittance.

21-5 17:20~17:35

Viewing-Angle Control and Fast Switching of a Hybrid-Aligned LC Cell
Young-Jin Park, Tae-Hoon Choi, Jung-Wook Kim, and Tae-Hoon Yoon (Pusan 
Nat'l Univ., Korea)

In this paper, we demonstrate a hybrid-alignment LCD with chevron-shaped 
patterned electrodes, whose viewing angle can be continuously controlled by 
switching the bias voltage applied on the top electrode. The viewing angle cone 
for contrast ratio larger than 10:1 can changes from 10°to the entire viewing 
angle. Moreover, both NVA mode and WVA mode have ultrafast switching time 
of less than 1 ms because both the turn-on and turn-off switching are forcibly 
controlled by applying an electric field.
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22-1 09:00~09:25

 Inkjet Printed Metal Oxide Thin Film Transistors
Chang-Ho Choi, Jenna Y. Gorecki (Oregon State Univ., U.S.A.), Liang-Yu Lin, 
Chun-Cheng Cheng (AU Optronics Corp., Taiwan), and Chih-hung Chang 
(Oregon State Univ., U.S.A.)

Compared to conventional amorphous silicon (a-Si) TFTs, amorphous metal oxide 
TFTs have superior device performance such as higher mobility, better sub-threshold 
swing, and lower off-state current. Amorphous metal oxide TFTs have an additional 
advantage on the device uniformity due to the lacks of grain boundary issues 
in the poly-Si TFTs. Compared with sputtered oxide TFTs, metal oxide TFTs with 
solution processes have better flexibility and controllability to adjust the composition 
of chemical solution. Among various solution-based approaches, direct printing 
is a promising low-cost technique in fabricating TFTs. The printing technique offers 
several advantages in manufacturing electronics such as a direct writing of materials, 
reduction of chemical waste, and reproducibility with high-resolution scale, which 
are not affordable from other solution-based approaches. While many printed OTFTs 
have been reported, relatively fewer studies, associated with printed metal oxide 
TFTs, have been pursued. Interests to printed metal oxide TFTs have grown continuously 
since the first report of a general route towards printed oxide TFTs. A variety of 
metal oxide materials have been reported as the channel layer of printed metal 
oxide TFTs. In this report, the development of printed metal oxide TFTs will be 
discussed including the ink formulations, the types and characteristics of the applied 
printers, and fabricated thin film transistor characteristics. Lastly the report will 
be concluded with a concise summary and future outlook from an industry perspective.

22-2 09:25~09:50

 High Performance Sputtered High-k CLC LTPS TFTs on Glass Substrate
Akito Hara and Tatsuya Meguro (Tohoku Gakuin Univ., Japan)

Recently, low-temperature polycrystalline-silicon (LTPS) thin-film transistors (TFTs) 
have attracted attention in the development of small, high-resolution mobile 
displays. To improve the crystalline quality of thin poly-Si films, we have developed 
a continuous-wave laser lateral crystallization (CLC) technique using a diode-pumped 
solid-state (DPSS) laser. The high-k gate stack may be a key technology for improving 
the performance of poly-Si TFTs. Further, sputtering is a standard method employed 
in display manufacturing. In this paper, we demonstrate the performance of CLC 
LTPS TFTs with a sputtered Al2O3  and HfO2  gate dielectric. The obtained field-effect 
mobility of 160 cm2/Vs for the CLC LTPS TFT with sputtered HfO2 is larger than 
those of previously reported poly-Si TFTs with high-k gate dielectrics, and this 
is attributed to the high-quality poly-Si film. Moreover, we realized the successful 
operation of a CMOS inverter with an HfO2 gate stack at Vdd = 2.0 V.
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 High Mobility Thin Film Transistors: Metal Oxide vs. Metal Oxynitride 
Semiconductors
Kyung-Chul Ok, Hyun-Jun Jeong, Hyun-Mo Lee, and Jin-Seong Park (Hanyang 
Univ., Korea)

Since amorphous oxide semiconductor (AOS) has been reported in 2004, 10 years 
have already passed in display research and development. AOS thin film transistors 
exhibited reasonable electrical performances (mobilty ~ 10cm2/V.s, on/off ratio >108, 
and low off current (<10fA)). Finally, several efforts in AOS thin film transistors 
(TFTs) can be produced active matrix organic light emitting didoes televisions and 
low-power consumption liquid crystal display panels. Recently, display markets shift 
rapdily to develop ultra high definition (UHD, 8K ´ 4K) and flexible/wearable devices. 
Among several high-resolution issues, the mobility in the TFT is one of important 
problems to consider pixel areas and compensation circuits. In this talk, I will disucss 
various AOS and novel Zinc oxynitirde semiconductors materials themselfves, in 
terms of physical, chemical, and electrical properties. Figure 1 exhibited the hall 
mobility-carrier concentration relationship among promising candidates for high 
mobility TFTs. This talk will present candidate mateiral properties and the associated 
device performances, inclduing amorpohous ITGO and ZnON. The native properties 
(bandgap, chemical stability, effective mass, and composition) between metal-oxide 
and metal-oxynitride may be significant keys to understand different device 
performances ( mobility and stability). Thus, materials selection and process conditions 
for each semiconductor will be discussed to achieve high mobility TFTs.

22-4 10:15~10:30

Origin of Negative Transfer Shift Under NBIS of a-InGaZnO Thin Film 
Transistor Using TCAD Simulation
Mohammad Masum Billah, MD Delwar Hossain Chowdhury, and Jin Jang 
(Kyung Hee Univ., Korea)

We investigate the effect of negative bias illumination stress (NBIS) of a-InGaZnO 
thin film transistor using technology computer aided design (TCAD). NBIS with 
negative gate bias of -20V under blue light shows a prolonged negative transfer 
shift. The origin of negative shift are commonly assumed as the formation of 
ionized oxygen vacancy and/or hole trapping at the interface of gate insulator 
with a-IGZO. Using TCAD simulation, we clarified that the NBIS is due to the 
increment of Gaussian donor bump density of states (DOS) at 2.9eV as well 
as acceptor like DOS at 2.5eV to 2.3eV from valance band edge. It also increases 
the interface charge density at a-IGZO/SiO2 interface, which makes the negative 
threshold voltage shift with stress time.
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23-1 09:00~09:15

Synthesis of Benzonitrile Derivatives Appeared TADF Characteristics
Hansol Park and Min Chul Suh (Kyung Hee Univ., Korea)

The calculation results of these materials that we designed showed low ΔEST 
and reasonable LUMO & HOMO spatial separation. The procedure of these materials 
was quite simple and took shorter time than conventional coupling reactions. 
These D-A-D structured materials exhibited the range of ΔEST 0.03eV~0.04eV

23-2 09:15~09:30

Novel High Performance Hole Transporting Materials for OLEDs
Poopathy Kathirgamanathan, Sivagnanasundram Surendrakumar (Brunel Univ. 
London, U.K.), Mutulingam Kumaraverl (Univ. of Manchester Innovation Centre, 
U.K.), Seenivasagam Ravichandran (Brunel Univ. London, U.K.), Mi sun Ryu (Takoma 
Tech. Co., Ltd., Korea), J. Kim, H. M. Kim, and Jin Jang (Kyung Hee Univ., Korea)

Transport (hole and electron) materials are an essential component in the 
development of OLEDs as they play a critical role in providing balanced charge 
injection and transport [1, 2]. We have synthesized two new hole transporting materials 
(HTS-08 and HTS-11) with high triplet energies (2.8 and 2.9 e.V.) and high Tg 
values (135 and 124 oC). HTS-08 is solution processible and thus an exciting material 
for low-cost device manufacture. We prepared three devices: the first with α-NPB 
(a well-established OLED HTL material) for comparison, the second with HTS-11 
(both via vacuum thermal evaporation) and the third with HTS-08 via spin coating. 
The energy level diagram and device structure is given in Fig. 1. As can be seen 
in Fig. 2, HTS-11 gives over  63% increase in current efficiency and 53% power 
efficiency (58.8 cd/A and 29.1 lm/W @ 10000 nits for HTS-11) compared with 
α-NPB as a hole transporter ( 35.9 cd/A and 18.9 lm/W @ 10000 nits for α-NPB) 
and the solution-processed  HTS-08 devices demonstrated similar performance (36.5 
cd/A and 16 lm/W @ 10000 nits) to the α-NPB device. Furthermore, preliminary 
measurements indicate that device lifetimes of HTS-11 is also comparable to α-NPB.

23-3 09:30~09:45

Temperature Dependence Analysis of the OLED Device Lifetime with Our 
Electron Transport Material
Keisuke Nomura and Tsuyoshi Tanaka (Tosoh Corp., Japan)

We demonstrated low voltage, high efficiency and long lifetime in organic 
light-emitting diode (OLED) devices using our electron transport material (ETM) 
at room temperature and high temperatures. And the origins of these preferable 
performances at high temperature were discussed in terms of carrier balance 
and thermal stability.
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23-4 09:45~10:10

 Iridium-Free OLEDs Solutions for the Whole Color Spectrum
Daniel Volz and Thomas Baumann (Cynora GmbH, Germany)

In the last three years, great progress has been made on the field of iridium-free 
OLEDs. Extraordinary high device performance by using thermally activated delayed 
fluorescence (TADF) – or singlet harvesting – instead of phosphorescence has 
been demonstrated with devices exhibiting more than 20% external quantum 
efficiency. This puts both organic and copper-containing emitters on eye level 
with modern iridium materials in terms of efficiency. We recently presented TADF 
solutions to cover the whole color spectrum, from deep blue to red. The new 
TADF materials are suitable for both vacuum processing and solution processing 
techniques such as inkjet printing. Especially the realization of deep-blue emitters 
using the singlet-harvesting approach is of interest. Due to direct emission from 
the S1-state, the generation of UV-photons, a known problem of phosphorescent 
emitters, can be avoided. Without using outcoupling-enhancement techno-logy, 
external quantum efficiency values up to 23% were realized in solution-processed 
green OLEDs, which is close to the theoretical efficiency limit.
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24-1 09:00~09:25

 Bias-Stress-Induced Charge Trapping in Organic Thin-Film Transistors
Boseok Kang, Byungho Moon, Hyun Ho Choi, and Kilwon Cho (POSTECH, Korea)

When organic thin-film transistors (OTFTs) are operated under continuous gate 
and source/drain biases, the resulting bias stresses can degrade overall device 
performance, referred to bias-stress-driven electrical instabilities. Here, we introduce 
the methods for analyzing such bias instabilities. Based on these methods, it 
is demonstrated that the polymer chain ends of polymer gate dielectrics can 
act as charge trapping sites. Furthermore, a new strategy for analyzing charge 
traps at the semiconductor-dielectric interface is described.

24-2 09:25~09:50

 Fabrication of Fully-Printed Short-Channel Organic Thin-Film Transistors
Xu-Ying Liu (NIMS, Japan), Masayuki Kanehara (Colloidal Ink Co., Ltd., Japan), 
and Takeo Minari (NIMS, Japan)

Direct printing of organic thin-film transistors (OTFTs) using soluble organic 
semiconductors is a promising fabrication method that offers lower production 
costs, reduced energy consumption, and a smaller environmental burden. One 
of significant problems remained is limitation in decreasing the size of devices 
because of the poor resolution of current printing technologies. Thus it is one 
of the most significant challenges to fabricate short-channel devices based on 
printing techniques. We have developed the surface selective deposition method 
as the high-resolution printing technique, which permits the patterning of metal 
nanoparticle ink based on the surface wettability difference. The selected regions 
on hydrophobic polymer surface wettabilities were exposed to UV light through 
a photo mask, resulting in surface patterning into hydrophobic and hydrophilic 
regions. Then, the metal nanoparticle ink was applied to the surface to obtain 
the patterned metal electrodes. We employed a parallel UV light (wavelength 
of ~200 nm) as the light source, allowing us to reduce the lines and spaces 
of printed structures down to 1 mm. We have successfully fabricated fully-printed 
short-channel OTFTs using the surface selective deposition method. These results 
suggest that this fabrication method is very promising as a core technology for 
low-cost and high-performance printed electronics.
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24-3 09:50~10:15

 Contact Engineering in Organic Thin Film Transistors
Chuan Liu (Sun Yat-sen Univ., China), Yong Xu (Dongguk Univ., Korea), Takeo 
Minari (NIMS, Japan), and Yong-Young Noh (Dongguk Univ., Korea)

In active displays, TFTs work in the linear regime for most of the time. For emerging 
organic TFTs which have potentials to drive cheap and flexible display, operations 
in linear regime usually highly suffered from contact resistance.[1] We reviewed our 
efforts in contact engineering in OTFTs. Firstly, we proposed a series of analytical 
tool to fast identify the contact injection problems, including measuring simple 
current-voltage characteristics and more complicated noise measurements.[2] Then 
we investigated the problem of widely used thermal evaporated metal contacts, and 
found the thermal damage including diffusion and destruction are the roots of poor 
contacts.[3] Accordingly, we proposed adequate parameters and alternative fabrication 
processes in electrode fabrication.[4] Thirdly, we developed several materials for charge 
injection layers, including metal oxides, salts and nanoparticles that are all 
solution-processed.[5] Fourthly, we also probed the bulk injection processes which 
are sensitively affected by defects and traps, and developed doping method to reduce 
resistance in bulk injection.[6] By these materials engineering, we have lowered contact 
resistance up to several tens of times, achieved several times of higher mobility for 
TFTs with many organic semiconductors, and would hopefully benefit general OTFTs.

24-4 10:15~10:30

Direct Formation of Organic Single Crystal Arrays on a Patterned Polymer 
Layer with Controlled-Position and Orientation
Jingu Kang (Chung-Ang Univ., Korea), Jaekyun Kim (Hanbat Nat'l Univ., Korea), 
Jaehyun Kim, and Sungkyu Park (Chung-Ang Univ., Korea)

In order to obtain high performance OTFTs, single crystal phase of organic 
semiconductor is typically desired within a channel region, because the carrier 
transport typically depends on the molecular packing. In addition, for the 
controlled-location and direction of oragnic single crystal formation, diverse 
techniques such as inkjet printing and sheared deposition using a self-assembled 
monolayer pattern have been reported. In this study, we used deep ultraviolet(DUV) 
irradiation onto Poly(methyl methacrylate) (PMMA) film, which enables the 
determined re-organization of 2,7-dioctyl[1]benzothieno [3,2-b][1]benzothiophene 
(C8-BTBT) single crystals with desired location and direction, such as simple lines, 
perpendicular and radial direction. Subsequently, Solvent vapor annealing (SVA) 
process was used for re-organizing of C8-BTBT molecules. At this stage, C8-BTBT 
small molecules become mobile on soluble polymer layer and re-assembled into 
micro rod-shaped single crystal only at pristine PMMA region. The trench of pristine 
PMMA produced single crystal arrays of C8-BTBT. As shown in Figure 1, we 
fabricated high performance OTFT with multi-aligned C8-BTBT crystal arrays on 
3-μm-thick flexible film, showing carrier mobility of about 2cm2/Vs.
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25-1 09:00~09:25

 Large Area Batch ALD for Flexible OLED Display Application
Kyu-jung Choi, Nak-Jin Seong, and Woon-Chul Shin (NCD Co., Ltd., Korea)

In this presentation, we will discuss about large area batch atomic layer deposition 
for flexible OLED dispaly application such as thin film encapsulation, multi-buffer 
layer and IGZO oxide TFT backplane for mass production scale over 6 generation.

25-2 09:25~09:50

 Primer Shadow Cure Technology for Display Applications
John Ouyang (Henkel China Company, Ltd., China), Andrew Messana (Henkel 
Corp., U.S.A.), James Wang, Jimmy Yuan (Henkel China Company, Ltd., China), 
and Angelika Keller (Henkel Corp., Germany)

A primer shadow cure technology has been developed to broaden the range 
of applications of UV curable acrylate adhesives and to achieve a fast and sufficient 
cure of adhesive areas unreachable by UV. The newly developed primer shadow 
cure technology is suitable to applications in case of light blockage due to ink 
coatings or 3D dimensions. The primer shadow cure technology depends on a 
redox initiated curing process. We have achieved fast cure of acrylate adhesives 
at room temperature using the UV/Redox dual cure process. The fast room 
temperature cure is especially important to the assembly process of electronic 
display devices.

25-3 09:50~10:15

 Photonic Curing: Expanding the Processing Window
Stan Farnsworth (NovaCentrix, U.S.A.)

Photonic Curing is the high-temperature thermal processing of a thin film using 
pulsed light from a flash lamp. When this transient processing is performed on 
substrates that have relatively low thermal damage threshold, such as plastic 
or paper, it is possible to attain significantly higher temperatures in the thin 
film than accessible in an ordinary oven. This ability enables drying, sintering, 
reacting or annealing of the thin film on substrates that are commonly not possible 
for the stated application. Additionally, as many of these transformations follow 
an Arrhenius relationship, i.e. the higher temperature processing enables much 
faster processing and in many cases.  Thus, the transformation can proceed further 
than possible than with a conventional oven.
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25-4 10:15~10:30

Transparent Electrode Based on Self-Welding of Silver Nanowire Networks
Baekhoon Seong, Ilkyeong Chae, Hyungdong Lee (Sungkyunkwan Univ., 
Korea), Vu Dat Nguyen (Enjet Inc., Korea), and Doyoung Byun (Sungkyunkwan 
Univ., Korea)

The recent advances in deposition of silver nanowires solution have enabled various 
macroscopic applications such as transparent conducting electrodes (TCEs) for 
photovoltaic, touch screen devices for flexible electronics in particular. However, 
high contact resistance between nanowires should demand complicated post 
processing to obtain the low sheet resistance of thin film. Until now, additional 
processing steps have been presented to follow the coating process. Here, we 
present a new spraying method which is so called electric field assisted spray. 
This method newly developed in this study generates finely charged droplets 
at high flow rate and induce Joule heating and welding at junctions within the 
nanowire network without post-processing steps, which is why it is named as 
the self-welding process. Particularly, the silver nanowire thin film could be uniformly 
deposited evenly on a large area substrate, and concurrently carry out spontaneous 
self-welding between the nanowire networks.

25-5 10:30~10:45

Automated Research of the Thin Film Electroluminescent Indicating 
Devices
Mikhail Samokhvalov, Oksana Maksimova, and Denis Evsevichev (Ulyanovsk 
State Technical Univ., Russia)

One of the most promising indicators is the thin film electroluminescent (TFEL) 
display device. Its main feature is the high design and technological parameters, 
which leads to their use not only in the technique of general application, but 
also in the military, medical, aerospace engineering, where there are specific 
requirements for the equipment. Analysis of the TFEL indicator element 
characteristics means to obtain information about the nature of the operation 
and the values of output parameters (threshold voltage, maximum working voltage, 
dissipated power, brightness, light output ratio) for a chosen structure of the 
object. Research processes of the TFEL devices are associated with high calculation 
complexity, settlement slowness, as well as with a large amount of data to be 
processed. With a view to solving the problems an automated system of scientific 
research of the TFEL display devices has been developed.
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26-1 09:00~09:25

 Liquid Crystal Mixtures for Dynamic Holographic Display
Chao Ping Chen, Xiao Li, Pengcheng Zhou, Yan Li, and Yikai Su (Shanghai Jiao 
Tong Univ., China)

A dynamic holographic display featuring the quantum-dot-doped liquid crystal 
(QDD-LC) mixture is proposed. Its build-up time for each hologram is on 
the order of several to tens of milliseconds, depending on the recording 
intensity, applied voltage, and grating period. The maximum diffraction 
efficiency is measured as 20%. In our experiments, 60-Hz holographic videos 
of red, green, and blue colors are demonstrated.

26-2 09:25~09:50

 Realization of a See-Through Head Mounted Display Providing an 
Adaptive Augmented Reality by Using an LCD Panel and a Dot Polarizer 
Array
Minyoung Park, Jaehee Seo, and Hee-Jin Choi (Sejong Univ., Korea)

In case of the current see-through head mounted display, when the projected 
images are away from the real environment, the observer will perceive a blurred 
virtual image and this situation can be a reason of visual discomfort from mismatchs 
between different accommodation cues. In order to minimize a visual discomfort, 
we propose a see-through head mounted display by using a dot polarizer array 
which can provide an adaptive augmented reality image whose position is not 
fixed.
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26-3 09:50~10:15

 Optical Characterization of Different Kinds of 3D Displays
Pierre Boher, Thierry Leroux, Thibault Bignon, and Véronique Collomb-Patton 
(ELDIM, France)

Optical characterization of 3D displays is mandatory for quality control and 
comparison between the different technologies. In 2009 we have proposed a 
new viewing angle instrument VCMaster3D dedicated to the characterization of 
auto-stereoscopic displays [1-2]. Using this instrument left and right eye contrasts 
and 3D contrasts can be computed everywhere in front of the display and qualified 
monocular and binocular viewing spaces can be evaluated. Using multispectral 
polarization measurement with Fourier optics viewing angle instrument we have 
also shown that the same type of parameter can be calculated for polarization 
based stereoscopic 3D displays [3-4]. Direct comparison between the two 
technologies was possible since similar quality parameters can be computed. We 
have been also interested in the third class of most popular 3D displays, the time 
sequential stereoscopic 3D displays. This display technique has a long and successful 
history with CRT displays. It is only recently that the LCD refresh rate has been 
increased enough to allow this type of technology. In 2010 we have presented 
a temporal analysis of one sequential 3D display [5] and a quality control method 
using a video luminance meter was also been proposed [6]. A method to qualify 
completely the time sequential stereoscopy displays was also presented in 2011 
[7]. In the proposed paper, we will summarize the different characterization 
techniques dedicated to each kind of 3D display. The comparison of the different 
technologies will be discussed in view of the different characterization results.

26-4 10:15~10:30

Arc DFD (Depth-fused 3D) Display by Fusing Arc 3D and DFD Display
Kazuki Yoshioka, Shingo Nishiyama, and Shiro Suyama (The Univ. of Tokushima, Japan)

IIn recent years, 3D display technology has attracted attention for the development 
of high-realistic communication by using optical fiber and wireless communication 
technology. In order to extend the applicability of the 3D images, the 3D display 
technologies have been developed for large perceived depth, compact and simple 
structure.In various 3D display technologies, we have studied DFD (Depth fused 
3D) display which has merits of a simple structure and a little fatigue, and arc 
3D display with merits of a simple and thin structure. However, two 3D display 
technologies have some demerits. For example, DFD display needs the same gap 
as desired 3D image depth and arc 3D display cannot provide the full color 
filled image but wireframe image. These disadvantages can be compensated by 
combining two technologies.In this paper, we propose a new arc DFD display 
by the fusion of DFD display and arc 3D display for thinner and simpler structure, 
which can provide full color filled image.
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27-1 09:00~09:25

 KOLON’s R&D on the Substrates for Flexible Electronics
Chung-Seock Kang, Sangmin Song, Hak-Gee Jung, Jeonghan Kim, and Tae 
Hwan Ahn (KOLON Industries Inc., Korea)

Flexible electronics have attracted people’s huge interest, mainly due to their unique 
features such as lightness, thinness, and design freedom. In addition, they can 
be manufactured through R2R process, which can bring dramatic manufacturing 
cost-down.1 Flexible displays have been known to be one of the most promising 
flexible electronics. Samsung has launched “Galaxy Edge” using a conventional 
polyimide as a bottom substrate. Even though it is a bent display, it implies that 
the real flexible display era would open in near future.2 There are two main 
components required for achieving flexible displays. They are flexible substrate 
(bottom and cover window) and flexible TFT. As a material company, KOLON 
has been concentrating on R&D of the flexible polymeric substrate. We have developed 
“colorless polyimides (CPI)”, which have no color and high thermal stability unlike 
conventional polyimides.3 They can be used as not only a bottom substrate for 
flexible transparent display but also a cover window. The first target application 
of our CPI film is the cover window, which means the replacement of reinforced 
glass. The characteristic properties of the hard coated CPI film are summarized 
in the Table 1. We have been also developing CPI solution as a bottom substrate 
for transparent displays. Its properties are described in Table 2. They imply that 
our CPI solution is applicable to TFT which process temperature is around 350℃.

27-2 09:25~09:40

Evaluation of Water-Vapor-Barrier Properties for Flexible OLEDs
Akira Suzuki, Atsushi Uehigashi, Hisashi Takahagi (CEREBA, Japan), and Shigeki 
Hara (AIST, Japan)

Degradation resulting from the ingress of water vapor into devices is particularly 
a serious problem for those using flexible organic light emitting diodes (OLEDs). We 
focused on the development of a reliable technique for evaluating a barrier film, 
which is a key material for the encapsulation of flexible OLEDs. The variables affecting 
WVTR measurements were investigated because the results of such evaluations typically 
vary widely. A series of films have been developed in order to eliminate differences 
between individual barrier films and enable the comparison of WVTR as detected 
by three different systems. Consistency between the systems in terms of the WVTR 
is achieved to a level of 10−5 g∙m-2∙day-1 at 40°C and 90% relative humidity. These 
results prove the reliability of not only our evaluation but also of these three systems, 
provided the measurements have been undertaken correctly.
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27-3 09:40~09:55

Effects of Thermal Cycle on Fracture Strength Weibull Distribution of 
Carrier Glass Substrate for Flexible OLED
Kwangjoon Kim and Yongseog Kim (Hongik Univ., Korea)

In this study, effects of heat-treating conditions, including peak temperature, 
heating and cooling rate, on the Weibull distribution of fracture strength of the 
glass substrate were examined. The peak temperature was 450oC, heating and 
cooling rate was varied from 5oC/min to 50oC/min in this study. The 4-point 
bending glass samples were polished prior to the heat treatment in order to 
minimize the edge defects. Using the samples prepared under such conditions, 
flexural strength was measured using the 4-point beding test method. 60 samples 
were tested to evaluate Weibull distribution parameters.The result shows the 
effects of heat treating conditions on the fracture strength, residual strength, 
and Weibull modulus. The results indicate that the heating and cooling rates 
do not influence the average fracture strength of the glass substrate much. The 
Weibull parameter, which describes the distribution of fracture strength, is increased 
with the increase in the heating and cooling rate. This results suggest that the 
heating and cooling rate may need to keep high in order to prevent the premature 
failure of the substrate during processing of flexible OLED.
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 Electromechanical Reliability of Metallization on Flexible Substrates
O. Glushko, M.J. Cordill (Erich Schmid Inst. for Materials Science, Austria), A. 
Klug, and E. J. W. List-Kratochvil (NanoTecCenter Weiz Forschungsgesellschaft 
mbH, Austria)

The main advantages of flexible electronics in comparison to conventional rigid 
technology are light-weight design, mechanical and topological flexibility as well 
as large area and cost-effective production. For realization of these advantages 
within a final device not only development of novel appropriate materials and 
fabrication methods but also understanding of reliability issues and failure 
mechanisms are required. In this contribution an overview of basic failure 
mechanisms which are observed in flexible electronics components under different 
loading conditions is presented. Using a newly developed bending test apparatus 
it is shown that even for the same amount of applied cyclic strain, i.e. for the 
same bending radius, the amount of mechanical damage differs significantly 
depending on whether tensile, compressive or alternating tensile-compressive strain 
is applied. A systematic investigation of the relationship between mechanical 
damage and degradation of electrical conductivity is presented by comparison 
of metallization layers with different microstructure.

28-2 09:25~09:40

Mechanical Stability for Coplanar a-IGZO TFTs on Plastic Substrate
Jeyong Jeon, Seung Min Lee, Jaeman Jang, Saeroonter Oh, Jong-Uk Bae, 
Kwon-Shik Park, and InByeong Kang (LG Display Co., Ltd., Korea)

We have developed high mechanical stability for self-aligned top-gate a-IGZO 
TFTs on polyimide (PI). High bending enables displays to be designed on rounded 
or curved shapes. Hence achieving high bending stability is a key technology 
in flexible display. In this paper, we report the bending radius dependence of 
a-IGZO TFTs on PI. First, we measured mechanical stress in compressive and tensile 
curvatures, using bending jigs with bending radii of 100mm to 20mm. The device 
under compressive and tensile stress showed no sign of any degradation of threshold 
voltage at bending radius down to 20mm. By improving the device reliability 
under bending stress, we successfully fabricated stable a-IGZO TFTs on flexible 
substrates.
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Graphene Oxide/Polymer Multilayer Thin Film Encapsulation for Flexible 
OLED
Seung-Yeol Yang and Yong-Seog Kim (Hongik Univ., Korea)

two different approaches were adaped in this study. Firstly, the polyelectrolyte 
and graphene oxide layers were converted to hydrophobic layer by heat treatment. 
The polyelectrolyte materials were selelcted such that they became converted 
to hydrophoic in nature upon heat treatment. Secondly, graphene oxide/polymer 
multilayer was prepared, in which the polymer layer is ~10~100 nm thick. In 
a different approach, the polyelectrolyte layer used in the LBL processing was 
converted to hydrophoci layer via heat treatment. Two different cationic and 
anionic polyelectrolyte were used in this study.
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29-1 11:00~11:25

 New Laser Crystallization for LTPS on Panel
Takashi NOGUCHI, Takuya ASHITOMI, Kiyoharu SHIMODA, Kimihiko IMURA, 
Kota NAKAO, Charith J. KOSWATHTHAGE, and Tatsuya OKADA (Univ. of the 
Ryukyus, Japan)

New Laser Crystallization using Blue Laser-Diodes is reported and discussed. As 
a result of the blue laser diode annealing (BLDA) scanning at 500 mm/s for 50 
nm-thick Si films, remarkable crystallization occurred while maintaining the surface’s 
smoothness not only for CVD film but also for sputtered film. By changing the 
laser power, the grain size can be controlled from micro-grains to large grains 
as well as to anisotropic long crystal grains. For the Si films of heavily phosphorus 
doped condition, the resistivity decreased drastically depending on the increase 
in the electron mobility while the high carrier concentration values were retained 
for the various grained structures after BLDA. High activation rate of the impurity 
dopant in the Si network was realized. For un-doped Si film as a channel in 
TFT which was fabricated by low temperature process without using ion 
implantation, good transfer curve was observed. A simple structure of poly Si 
TFTs with metal source/drain is proposed as a low cost fabrication process.

29-2 11:25~11:50

 Metal Oxides: Multifunctional Materials for the New Age of ICT
Elvira Fortunato, Rita Branquinho, Lidia Santos, Daniela Salgueiro, Pedro 
Barquinha, Luís Pereira, and Rodrigo Martins (UNINOVA, Portugal)

In this presentation we will review some of the most promising new technologies 
based on oxide conductors, semiconductors, dielectrics as well as electrochromic 
devices either in the form of nano-films or nanoparticles, biosensors and we 
will summarize the major milestones already achieved with this emerging and 
very promising technology focused on the work developed in our laboratory. 
By using these materials and technologies we are contributing to the evolution 
of environmentally conscious electronics that is able to add new electronic 
functionalities onto surfaces, which currently are not used in this manner.
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29-3 11:50~12:15

 Ab Initio Investigation of Source of Instability in Amorphous 
Semiconducting Oxides
Youngho Kang, Hochul Song, Kanghoon Yim, and Seungwu Han (Seoul Nat'l 
Univ., Korea)

Ultra-definition, large-area displays with three-dimensional visual effects represent 
megatrend in the current/future display industry. On the hardware level, such 
a “dream” display requires faster pixel switching and higher driving current, 
which in turn necessitate thin-film transistors (TFTs) with high mobility of 
30~50 cm2/V·s. The traditional a-Si TFT performs far below than this 
requirement and amorphous semiconducting oxides (ASOs) such as In-Ga-Zn-O 
are poised to enable the high-mobility TFTs. However, the device instabilities 
under various stress conditions such as voltage, temperature, and light become 
the main hurdle against the massive commercialization of the AOS-based 
TFTs. Therefore, the microscopic understanding on the device instability is 
highly demanded at this moment. In this presentation, I will summarize our 
recent ab initio calculations on the source of instability in ASO, mainly focusing 
on the defects and impurities introduced during the thin-film growth. To 
explain various instability sources, we calculated the absorption spectrum of 
ASO, the interface between ASO and SiO2, and the oxygen vacancies. In 
addition, through the combined study with experiments, we investigated the 
device instability more directly and proposed how to improve the stability.
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29-4 12:15~12:30

Comparative Study of the Effect of Hydrogen Content on Electrical 
Properties of Zn-Sn-O (ZTO) and In-Ga-Zn-O (IGZO) Thin-Film Transistors
Ryota Takenouchi, Tatsuya Toda (Kochi Univ. of Tech., Japan), Rintaro Ishii, 
Hiroki Takahashi (Mitsui Mining & Smelting Co., Ltd., Japan), Dapeng Wang, 
and Mamoru Furuta (Kochi Univ. of Tech., Japan)

In this study rare-metal free zinc tin oxide (ZTO) TFT was investigated. In 
our previous publication, it was reported that hydrogen content in the IGZO 
channel influenced threshold voltage (Vth) and sub-threshold swing (S.S.) of 
the TFT, and it could be controlled by the nitrous-oxide/silane (N2O/SiH4) gas 
ratio during the SiOx etch-stopper (ES) layer deposition. In this research, the 
effect of hydrogen in channel on electrical properties of the ZTO TFT was 
compared with that of the IGZO TFT. To control hydrogen content in the 
channel, N2O/SiH4 gas ratio was varied during the ES-SiO2 deposition. The 
Vth of ZTO and IGZO TFTs exhibited similar tendency when N2O/SiH4 gas 
ratio was reduced. While the S.S. of ZTO TFT was quite steeper than that 
of the IGZO TFT. Moreover, it is noted that when N2O/SiH4 gas ratio decreased, 
the S.S. almost unchanged for ZTO TFTs, whereas that for IGZO TFTs improved 
gradually. These results suggest that the effect of hydrogen or hydrogen 
content in the channel was different between the ZTO and IGZO TFTs. Thus, 
the hydrogen contents in the ZTO and IGZO channels were quantitatively 
analysed by secondary ion mass spectrometry (SIMS) to investigate the effect 
of hydrogen in more detail.



82 The 15th International Meeting on Information Display

Room B (Room 324)

30. OLED Device I
Date: August 20, 2015 (Thursday)
Time: 11:00~12:35
Session Chairs: Dr. Simone Lenk (TU Dresden, Germany)

Prof. Seunghyup Yoo (KAIST, Korea)
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 Highly-Efficient Flexible Organic Light-Emitting Diodes On ITO-Free 
Plastic
Jian-Xin Tang, Qing-Dong Ou, Lei Zhou, Heng-Yang Xiang, and Yan-Qing Li 
(Soochow Univ., China)

Because of their mechanical flexibility, organic light-emitting diodes (OLEDs) hold 
great promise as a leading technology for display and lighting applications in 
wearable electronics. The development of flexible OLEDs requires high-quality 
transparent conductive electrodes (TCEs) with superior bendability and roll-to-roll 
manufacturing compatibility to replace indium tin oxide (ITO) anodes. Here we 
present a flexible TCE on plastic with embedded silver networks (PEANs), which 
exhibits excellent optical, electrical and mechanical properties, allowing little 
degradation of electrical properties upon bending. By combining an improved 
outcoupling structure for simultaneously extracting light in waveguide and substrate 
modes and reducing the surface plasmonic losses, flexible, highly power-efficient 
large-area green and white OLEDs can be achieved. Flexible green OLEDs yield 
a power efficiency (PE) > 120 lm/W and current efficiency (CE) >140 cd/A at 
a brightness of 1000 cd/m2. Moreover, flexible white OLEDs exhibit a maximum 
external quantum efficiency (EQE) of 49% and a record PE of 106 lm/W at 1000 
cd/m2 with angular color stability, which is significantly higher than all other 
reports of flexible white OLEDs. These results represent an exciting step towards 
the realization of large-area ITO-free, high-efficiency OLEDs for use in a wide 
variety of high-performance flexible applications.
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30-2 11:25~11:40

Inverted Top-Emitting Organic Light-Emitting Diodes with a Multilayered
Graphene Top Electrode
Hyunkoo Lee, Jong Tae Lim, Hyunsu Cho, Byoung-Hwa Kwon, Nam Sung Cho, 
Byoung-Gon Yu (ETRI, Korea), Seong Chu Lim (Sungkyunkwan Univ., Korea), 
and Jeong-Ik Lee (ETRI, Korea)

Top-emitting (TE) OLEDs are of great interest because they have several advantages 
for active-matrix (AM) OLED displays such as diversity of substrate selection and 
large aperture ratio for high-resolution displays. However, transparent top electrode 
is one of critical issues in TEOLED.   The graphene is transparent and theoretically 
very conductive as well as metal-free material, leading to reduce surface plasmon 
losses. In this work, we have fabricated inverted TEOLEDs by introducing 
multilayered graphene (MLG) as a top electrode. For laminating the MLG layer 
on the top organic layer in TEOLED, we use a bonding and a supporting layer 
which can be called graphene electrode tape (GET). The MLG/bonding 
layer/supporting layer structure is very transparent. In addition, this MLG electrode 
is electrically connected to the top organic layer in phosphorescent yellowish-green 
TEOLED which demonstrates high efficiency of about 47 cd/A at about 1000 
cd/m2. We also investigate EL spectra of the white inverted TEOLEDs with a 
MLG top electrode depending on viewing angle.  Above result is first reported 
TEOLEDs with graphene top electrode and we believe that this graphene electrode 
can be used various optoelectronic devices such as solar cells, quantum-dot devices 
as well as OLEDs.
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Highly Efficient Organic Light Emitting Diodes with Transparent Electrode 
Adopting Low Refractive Index Material
Jongseok Han (Seoul Nat'l Univ., Korea), Hyung-jun Song (Los Alamos Nat'l Laboratory, 
U.S.A.), Yongwon Kwon, Jiho Sohn, and Changhee Lee (Seoul Nat'l Univ., Korea)

In spite of great opto-electrical properties of indium tin oxide (ITO), it has been 
pointed out that the waveguide of emitting light, caused by the difference of refractive 
index (n) between ITO (n =~1.8) and glass substrate (n=~1.5), is a main obstacle 
to reduce external quantum efficiency of OLEDs. To solve this issue, transparent 
electrode consists of dielectric/thin metal/dielectric (DMD) structures, such as 
WO3/Au/WO3 or Ta2O5/Ag/WO3, were successfully employed to OLEDs for enhancing 
optical out-coupling efficiency. However, the refractive index difference between 
dielectric layer and glass substrate is a still bottleneck to achieve highly efficient 
OLEDs. Here, we demonstrated highly efficient OLED with transparent electrode 
employing soft material, whose refractive index is very similar with that of glass, 
replacing the bottom dielectric layer having high refractive indices. To enhance the 
efficiency of OLEDs, we replaced ITO to thin Ag film sandwiched by soft material 
(1 um) and 25 nm of 4,4’-Cyclohexylidenebis [N,N-bis(4-methylphenyl)benzenamine] 
(TAPC) doped by molybdenum oxide(MoO3, 25%, volume ratio). The device with 
transparent electrode using low refractive index material showed current efficiency 
of 148.8 cd/A at 1000 cd/m2, indicating light outcoupling enhancement of more 
than 300 % compared to that of ITO anode (43.5 cd/A).

30-4 11:55~12:10

All-Phosphorescent Three-Peak Two-Stack Tandem White Organic Light 
Emitting Diodes
Byoung Yeop Kang, Young Hoon Son, Hyeong Woo Bae, Hye In Yang, and Jang 
Hyuk Kwon (Kyung Hee Univ., Korea)

In this paper, we report procedures of fabricating tandem device about two-stacked 
three-peak all-phosphorescent tandem WOLEDs using all phosphorescent emitters. Also, 
we can achieve 60lm/W efficiency at 1,000 cd/m2 with CRI 86.4. With internal and 
external out-coupling in this device, over 120 lm/W efficiency is expected at 1000nit.
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 Advanced Device Architectures for Printable OLEDs
Stefan Hoefle, Min Zhang, Michael Bruns, Uli Lemmer, and Alexander 
Colsmann (Karlsruhe Inst. of Tech., Germany)

Today, organic light emitting diodes (OLEDs) and displays have achieved commercial 
relevance due to their unique contrast and low power consumption. While most 
state-of-the-art OLEDs for OEM applications are deposited in vacuum, science 
and industry work hard on solution processable and hence potentially low-cost 
fabrication alternatives. The main objectives are to overcome solvent limitations 
during the deposition of multi-layer devices and to enhance the lifetime of the 
devices. One very beneficial material class for (vacuum deposited) OLEDs are 
transition metal oxides. In this work, we use a variety of metal oxide precursors 
in order to fabricate charge carrier transport layers from MoO3 or WO3 for OLEDs 
from solution. The respective layers are transparent to visible light and become 
insoluble to most solvents after deposition enabling the subsequent deposition 
further layers…



86 The 15th International Meeting on Information Display

Room C (Room 323)

Young Leaders Conference

Date: August 20, 2015 (Thursday)
Time: 11:00~12:30
Session Chair: Prof. Hyun Jae Kim (Yonsei Univ., Korea)

YLC-1 11:00~11:10

Novel Device Architecture of Quantum Dot Light-Emitting Diodes 
Employing Orthogonal Process
Myeongjin Park (Seoul Nat'l Univ., Korea), Seok-Heon Jung (Inha Univ., Korea), Jaehoon 
Lim (Los Alamos Nat'l Laboratory, U.S.A.), Heeyoung Jung, Seonghoon Lee (Seoul Nat'l 
Univ., Korea), Jin-Kyun Lee (Inha Univ., Korea), and Changhee Lee (Seoul Nat'l Univ., Korea)

For producing efficient full color QD-based light emitting diodes (QLED), the issues 
of hole transport materials would be detrimental to better hole carrier injection between 
QD layer and hole transport layer (HTL). During the QD deposition process, the 
pre-formed HTL must sustain its property throughout their exposure to the organic 
solvents, which can dissolve QDs. Here, we suggest the answer focused on solving 
these issues, particularly in the context of Fluorous Materials Chemistry, which will 
enable the integration of organic/bio materials for advanced electronic applications. 
In general, perfluorous solvents do not interact extensively with non-fluorinated 
materials. Thus, fluorous QD solutions (RF-QD) in perfluorous solvents, orthogonal 
solvent, enabled the solution-casting of QD films on top of an organic hole-transporting 
layer without damage. Higher efficiency and uniform brightness over the entire pixel 
of operating device with RF-QD presented the possiblity of the fluorous solutions 
for large-area display fabrication. Based on the results, we ensured the compatibility 
of fluorous QD process with various organic hole-transporting materials in QD fabrication 
process. It is believed that this method will provide a way of selecting organic functional 
materials for the construction of QD, which will lead to fabricate practicable QLEDs 
with RGB patterned pixels as well as white QLED for diverse applications.

YLC-2 11:10~11:20

Atomic Force Microscopy and I-V Characteristics of FLC-QDs Composites
Dharmendra Pratap Singh, A. Daoudi (Université du Littoral Côte d'Opale, France), 
Sandeep Kumar (Raman Research Inst., India), and R. Manohar (Univ. of Lucknow, India)

Cadmium selenide quantum dots (QDs) dispersed homogenous ferroelectric liquid 
crystal (FLC) matrix is presented to disclose the interaction of FLC molecules with 
those of QDs using atomic force microscopy. Here, QDs and FLC molecules have 
same order of dimension, therefore QDs uniformly fit in FLC matrix without 
perturbing the heliciodal geometry and order parameters of host matrix. The 
dispersion of QDs in host FLC evinces the better contrast, faster electro-optical 
response and remarkable shift in the SmC*-N* phase transition temperature. 
These advanced features of FLC-QDs composite indicate its potential application 
in FLC display. In addition to these merits, QDs concentration dependent I-V 
characteristics reveal its interesting applications in semiconducting diodes having 
the pico-ampere current sensitivity. The I-V curves also suggest the QDs concentration 
dependent tunneling phenomenon in FLC-QDs composites.
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Dye-Doped Liquid Crystal Device Switchable between Reflective and 
Transmissive Modes
Ahn-Ki Kim and Tae-Hoon Yoon (Pusan Nat'l Univ., Korea)

In this paper, we propose a dye-doped LCD which is operated in the bistable 
chiral splay nematic (BCSN) mode for the superior dark state in the reflective 
mode. The operating principle of the proposed device is described in Figs. 1(a) 
and 1(b). We use the splay state as the initial state of the transmissive mode, 
whereas the π-twist state is used as the initial state of the reflective mode. By 
using the BCSN mode, the dark state of the reflective mode is improved because 
of change of the polarization state as well as the light absorption. In the transmissive 
mode, a fringe field is applied between grid electrodes and the bottom common 
electrode, whereas a vertical electric field applied between top and bottom common 
electrodes is used for the reflective mode.

YLC-4 11:30~11:40

Effect of Interface Location within Solution-Processed In-Ga-Zn-O Thin- 
Film Transistors
Jae Won Na, Yeong-gyu Kim, and Hyun Jae Kim (Yonsei Univ., Korea)

Among many amorphous oxide semiconductors (AOSs), In-Ga-Zn-O (IGZO) is 
emerging as a promising candidate to replace amorphous Si in TFTs. Although 
most IGZO TFTs are fabricated using the conventional vacuum techniques, many 
research groups are focusing on solution-processed IGZO TFTs due to their 
advantages such as low cost and simplicity in material composition. However, 
the solution-processed IGZO TFTs have inferior electrical characteristics, compared 
with the conventaional vacuum-processed IGZO TFTs. The cause for such inferiority 
is believed to be pin-holes and pore sites created during solvent volatilization. 
In order to overcome the degradation of electrical characteristics caused by pin-holes 
and pore sites, we previously introduced multi stacked IGZO TFT structure. However, 
the multi stacked IGZO TFT structure inevitable creates interfaces within the active 
layer, and effects of the interfaces are not thoroughly studied yet. Thus, we 
have fabricated three types of double stacked IGZO TFTs with interfaces at different 
locations within the active layer. The electrical characteristics of the three types 
of double stacked IGZO TFTs showed an increasing tendency, as the interface 
moved further from the gate insulator: mobility improved from 0.35 to 1.7 cm2/Vs, 
on current increased from 2.41 x 10-5 to 9.22 x 10-5 A.
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Vapor-Phase Deposition of Ultrathin Polymer Gate Dielectrics for High- 
Performance Flexible Field-Effect Transistors
Hyejeong Seong, Hanul Moon (KAIST, Korea), Won-Tae Park (Dongguk Univ., 
Korea), Kwanyong Pak, Mincheol Kim, Seungwon Lee (KAIST, Korea), 
Yong-Young Noh (Dongguk Univ., Korea), Seunghyup Yoo, and Sung Gap Im 
(KAIST, Korea)

Gate dielectrics are an essential component enabling reliable operation of FETs, 
flash memories, and capacitors in modern electronic systems. In this work, initiated 
chemical vapor deposition (iCVD), a dry process with mild process temperature, 
is applied as an alternative tool to develop ultrathin polymer gate insulators with 
excellent insulating property. Ultrathin (< 50 nm) polymer insulators, 
poly(1,3,5-trimethyl-1,3,5-trivinyl cyclotrisiloxane) (pV3D3), poly(ethylene glycol 
dimethacrylate) (pEGDMA), poly(isobornyl acrylate) (pIBA), and poly(1H, 1H, 2H, 
2H-perfluorodecyl acrylate) (pPFDA), were synthesized via iCVD process and 
exhibited low leakage current densities (Ji) of lower than 10-8 A/cm2 and high 
breakdown field (Ebreak) over 4 MV/cm. Especially, pV3D3 exhibited excellent 
insulating properties and high resistance to a tensile strain of up to 4% with 
the thickness as low as 6 nm. The low process temperature, surface-growth character, 
and solvent-free nature of the iCVD process enable the conformal growth of 
pV3D3 on plastic substrates to yield highly flexible field-effect transistors (FETs). 
Also the dielectric layers showed good compatibility with a variety of channel 
layers, including organic and oxide semiconductors.

YLC-6 11:50~12:00

An Optimal ASG Driver Circuit with New Multi-Level Clock Driving 
Technique
Sheng-Chin Hung, Yi-Hsuan Hung, Chien-Hsueh Chiang, and Yiming Li (Nat'l 
Chiao Tung Univ., Taiwan)

For the display panel, the correct pixel data voltage is the most important factor 
of amorphous silicon gate (ASG) driver circuit which depends on short falling 
time and minimal ripple to reduce the misoperation of pixel data voltage. In 
this work, a new ASG driver circuit's dynamic characteristic is optimized, where 
the explored circuit is consisting of 14 hydrogenated amorphous silicon TFTs.
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 Efficient Perovskite Thin Film Solar Cells on Nanostructrues
Zhiyong Fan (The Hong Kong Univ. of Science and Tech., Hong Kong)

Lead halide perovskite materials, such as CH3NH3PbI3 and CH3NH3PbI3-xClx, 
have emerged as attractive candidates for low-cost and efficient solar cells due 
to their appealing optical and electrical properties. They can be readily synthesized 
at low temperature from earth-abundant elements thus greatly lowering the 
requirement on fabrication facilities. More importantly, these materials hold promise 
for high performance photovoltaics devices, i. e. solar cells, due to higher charge 
carrier mobilities and longer diffusion lengths than many organic semiconductors. 
In addition, their band-gap can be conveniently and widely tuned via doping 
process. Over the past few years, interest on perovskite photovoltaics has surged, 
triggered by the fast development of low-cost and efficient lead halide perovskite 
thin film solar cells. However, further improve performance of perovskite solar 
cell still remains as a challenge. Here we report fabrication of high efficiency 
thin film perovskite solar cells on nanostructures which demonstrate excellent 
flexibility and improved performance. Our systematic investigations have revealed 
that improved light absorption leads to device performance enhancement. 
Meanwhile, nanostructures also help to maintain device structure integrity, which 
is especially important for flexible devices.

31-2 11:25~11:50

 Hysteresis-Free Highly Efficient Innovative Perovskite Hybrid Solar Cells
Sang Hyuk Im (Kyung Hee Univ., Korea)

Here, systematic approaches will be presented to make hysteresis-free perovskite 
hybrid solar cells.
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Effect of Dopants on Structural and Optical Properties of Zinc Oxide 
Nanostructures
Kyung Ho Kim, Zhuguang Jin, Yoshio Abe, and Midori Kawamura (Kitami Inst. 
of Tech., Japan)

One-dimensional (1D) zinc oxide (ZnO) nanostructures have attracted much interest 
for the fabrication of nanoscale electronics and optoelectronics devices. It has 
become significantly important to systematically study structural and optical 
properties of ZnO nanostructures because it requires different physical properties 
for various device applications. We investigated the structural and optical properties 
of ZnO nanostructures with various Cu and Li doping amounts. With increasing 
doping amount, Cu-doped ZnO sample shows notable morphological change 
from nanorods to microrods, while the Li-doped ZnO nanostructures are kept 
in the their morphology as the nanorods. Incorporation of various dopants provides 
a facile approach for tuning the structural and optical properties of ZnO 
nanostructures.
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 High Efficiency Backlight System for 3D Display
Jiangang Lu and Yijun Wang (Shanghai Jiao Tong Univ., China)

Over the years the visual quality of 2D displays has almost reached perfection. 
The development of 3D display systems is the next major step to enhance the 
visual experience. Among the 3D display technologies, autostereoscopic display 
shows the great potential for commercial application. However there are still 
several issues to be overcome before its wide applications, such as low optical 
efficiency, high crosstalk, and resolution degradation. This article proposes a novel 
backlight module that integrates dual layer strip patterned organic light emitting 
diode (DLSP-OLED) to improve the optical efficiency of barrier type of 2D/3D 
switchable display. In addition, a high directional backlight using an integrated 
light guide plate is proposed for high resolution scanning liquid crystal (LC) prism 
type 3D display.

32-2 11:25~11:50

 Objective Measurement of Engagement in 3D Viewing
Sungchul Mun and Min-Chul Park (KIST, Korea)

For the past two decades, 3D content and display technology have attracted 
a lot of attention in entertainment, education, and interaction fields because 
the 3D effect can enhance visual experiences of viewers and help motivate them 
to effectively perform specific tasks. The positive and negative effects that 3D 
has on human visual system and experiences have been investigated in many 
studies. One of the main challenges is to develop measurement methods for 
quantifying 3D experiences and determining what factors contribute to the 
experiences in positive or negative ways. Measurement methods evaluating changes 
in event-related potentials’ deflections can be used in estimating workload or 
engagement level in specific mental activities. In this study, we overview the 
previous measurement methods to quantify visual fatigue or engagement level 
in 3D human factors and industrial ergonomics fields and propose an optimal 
measurement method for effectively quantifying engagement level in 3D viewing.
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 Recent Research toward Ultra-Realistic Communication System in 
NICT
Kenji Yamamoto (NICT, Japan)

Reconstruction of 3D scene or displaying much information intuitively is one of 
the dreams of human being even now. Many science fiction movies depict these 
sorts of information displays. NICT is developing 3D technologies toward 
ultra-realistic communication. In this paper, I will introduce some of the recent 
researches in NICT.

32-4 12:15~12:40

 Optical Plate-Free Low Signal-to-Noise 3D Display Using Micro
Striped-LED Arrays
Wongun Jang, Hamong Shim, and Kwanghoon Lee (KOPTI, Korea)

We demonstrate the alternative technological way to exhibit 3-dimensional display 
by utilizing micro striped-LED light sources.  In a parallax barrier scheme for 
autostereoscopic display, barrier plate (optical plate) is required in front of LCD 
back light unit (BLU) to give a vision parallax between two eyes. However, parallax 
barrier causes reduction of transmittance from BLU and is an additional optical 
component that is desirable if removed.

32-5 12:40~12:55

Perceived Depth by Monocular Motion Parallax in Passive Head Movement
Kazuya Oko, Shintaro Yamada, and Shiro Suyama (The Univ. of Tokushima, 
Japan)

In recent years, 3D cinemas are widely spread all around the world. However, 
as only binocular parallax is used in 3D cinemas, some people cannot perceive 
3D impact because of stereoblindness. It is important to make such stereoblind 
people perceive 3D depth. One of the solutions is to use motion parallax. Because 
it is difficult to control the different active head movement of many people, 
we propose a new method of moving their head passively by adjusting the moving 
direction and speed for motion parallax depth perception. In this paper, difference 
of depth perception in active head movement and passive movement of subjects 
by motion parallax has been evaluated in order to   achieve 3D depth perception 
only by passive movement of subject.
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 Enabling New Products with Flexible Displays
Mike Banach, James Harding, and Barry Wild (FlexEnable, Ltd., U.K.)

Public interest in plastic, unbreakable and flexible electronics is higher than ever, 
and the longer-term forecast market potential for flexible electronics is without 
doubt. However, in the next couple of years what’s needed from new technology 
providers is the ability to offer adaptable and flexible prototyping and manufacturing 
capabilities to more rapidly converge on the needs of end users. This paper will 
review the fundamental performance of organic transistors and the manufacturing 
benefits that make it the best platform technology for flexible electronic applications. 
It will also show how organic transistors can be used to create low-cost, glass-free 
LC displays (OLCD).

33-2 11:25~11:50

 Fabrication of Color Filter Array on Transparent Polyimide Film 
Using Laser Free Release Process
Hyewon Jung, Changho Cho, and Kyungjun Kim (LG Chem, Ltd., Korea)

In this study, we introduced the fabrication of color filter array on the transparent 
polyimide film using the coating plastic process. Properties of color resists at 
various curing temperature and a carefully controlled film forming process are 
investigated for the color filter array of top emiting structure in White OLED 
display. Transparent polyimides were synthesized with various molecular 
composition to optimize the high transparency and high thermal durability with 
low thermal expansion coefficient to prevent warpage during fabrication process. 
Furthermore, our novel release process is an alternative method of conventional 
laser release process. This technique enables low display manufacturing cost as 
well as mass production with high reliability.
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33-3 11:50~12:15

 Large Area Flexible OLED Display and Technical Challenges
Weonseo Park, Mireum Lee, Mi Ae Kim, Youn-yeol Yu, Saemleenuri Lee, Dong 
Yoon Kim, Nu Ri Cheong, Sungjoon Min, Jaekyung Choi, Jungsik Jo, 
Choongkeun Yoo, SeungMin Lee, Chan Il Park, Minggu Cho, Kwonhyung Lee, 
Seyeoul Kwon, JongUk Bae, Jonggeun Yoon, Kwon-Shik Park, Sooyoung Yoon, 
and Inbyeong Kang (LG Display Co., Ltd., Korea)

Large area flexible OLED display provides various electronic applications such as 
curved, rollable, and commertial displayes because of it’s thin and light properties 
and design freedom. In this work, the world 1st 18-inch flexible OLED display 
of bottom emission type is introduced. The panel fabrication process will be explained 
with some key technologies. To realize bottom emission structure, a transparent 
plastic substrate with thermally stable property was developed. With considering 
compatibility with TFT processes on a transparent substrate, we employed 
amorphous indium gallium zinc oxide (a-IGZO) TFTs. The electrical characterics 
of TFTs on transparent substrates show excellent transfer characteristics, even 
after detaching carrier glass; called LASER release process. After a fabrication 
of coplanar type TFT, the R,G,B,W pixels were defined on TFTs and then the 
flexible encapsulation process was employed on OLED layer to passivate it. After 
scribing each cell, COF/FPC bonding process was done. LASER release and back 
film lamination process were performed. In this work, some challenging technologies 
will be discussed in detail.

33-4 12:15~12:30

Viewing Angle Measurements on Curved Displays: Measurements & 
Simulations
Pierre Boher, Thierry Leroux, Thibault Bignon, Véronique Collomb Patton 
(ELDIM, France), and Pierre Blanc (Laboratoires d’Essai de la FNAC, France)

The impact of the radius of curvature on the emissive properties of curved displays 
is investigated. We compute the resulting distortion on viewing angle properties 
and we compare to experimental results obtained on a curved TV and a BEF 
film using Fourier optics viewing angle instrument. The validity of the simulation 
is checked using measurement made on large size curved TVs and BEF films. 
We show that if the spot size/curvature ratio is below 0.5% the impact of the 
curvature on the viewing angle measurement is negligible.
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34-2 11:00~11:25

 Slippery Interfaces –Low Driving Voltage and Ultra-Fast Switching 
for DH-FLC Mode-
Jun Yamamoto (Kyoto Univ., Japan) and Isa Nishiyama (DIC Corp., Japan)

We have designed the slippery interfaces in the homeotropic ferroelectric (SmC*) 
liquid crystals for the DH-FLC mode as walls wetted on the electrodes in the in-plane 
switching cell, and success to reduce the driving voltage keeping the ultra-fast 
response (<100 microsec). Slippery interface provides us the following three big 
advantages for the efficiency of the light bulbs of flat panel application. (1) Driving 
voltage can be drastically reduced (1~2 order <1~2V/micro m). (2) Response time 
for the fast component does not decelerate and keeps the same speed as that 
of the original material. (3) The speed of recovery to the black state can be accelerated 
by applying a short pulse with negative sign of the voltage (<100 micro sec almost 
same as rise-up time). This is because the electrically induced polar order of C-director 
become large by the strong modulation of the distribution of C-director due to 
easiness of helix unwinding or rewinding motion with slippery interfaces.

34-3 11:25~11:50

 Supramolecular Liquid Crystals for Paintable Ferroelectrics
Fumito Araoka, Daigo Miyajima, Takuzo Aida (RIKEN CEMS, Japan), and Hideo 
Takezoe (Tokyo Inst. of Tech., Japan)

Recently, we have discovered a novel ferroelectric liquid crystal (ferroelectric 
columnar LC: FCLC) phase in a self-organized supramolecular system of polar 
stacks of tapered-paraffinic-wedge molecules based on a phthalonitrile core 
structure. Unlike the conventional ferroelectrics including the crystalline inorganic 
solids and polymer films, supra-molecular LCs easily self-organize into large uniform 
ferroelectric domains in painted films or LC bulks as well as variety of forms 
such as nano-/micro-fibers and gels, which makes possible easy-fabrication of 
devices such as high-density memories, ferroelectric field-effect transistors, and 
organic photovoltaic cells. Ferroelectricity in these wet-processed films was visualized 
with a relatively new nonlinear optical imaging technique, phase-sensitive 
second-harmonic generation (SHG) microscopy, enabling the mapping of the 
distribution of the spontaneous polarization as well as its directional sense. Besides, 
detailed switching behavior of the system was discussed with SHG response together 
with classical electric measurements. Stabilization mechanism of the spontaneous 
polarization and molecular dynamics of the ferroelectric switching have been 
investigated also with a nonlinear optical technique, infrared-visible sum-frequency 
generation (IV-SFG) spectroscopy which can probe resonant vibrational modes 
of molecular moieties packed in a non-centrosymmetric manner hereby contributing 
the ferroelectricity. These results are very important for further molecular design, 
particularly towards practical application.
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34-4 11:50~12:05

Kerr Effect in Vertically Aligned Deformed Helix Ferroelectric Liquid 
Crystals
A. K. Srivastava, E. P. Pozhidaev (Hong Kong Univ. of Science and Tech., Hong 
Kong), Alexei D. Kiselev (Nat'l Academy of Sciences of Ukraine, Ukraine), V. G. 
Chigrinov, and H.-S. Kwok (Hong Kong Univ. of Science and Tech., Hong Kong)

We disclose the vertically aligned deformed helix ferroelectric liquid crystal 
(VADHFLC) whose Kerr constant (Kkerr ~144 nm/V2 at λ = 543 nm) is one order 
of magnitude higher than any other value previously reported for liquid crystalline 
structures. Under certain conditions, the phase modulation with ellipticity less 
than 0:05 over the range of continuous and hysteresis free electric adjustment 
of the phase shift from zero to 2p have been obtained at sub-kilohertz frequency.
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35-1 15:30~15:55

 Polymer-Sorted Semiconducting Carbon Nanotubes for 
High-Mobility Field-Effect Transistors and Near-Infrared Electroluminescence
Jana Zaumseil (Universität Heidelberg, Germany)

Field-effect transistors based on dense networks of single-walled carbon nanotubes 
(SWNT) are competitive alternatives to other solution-processable semiconductors. 
Purely semiconducting SWNTs with different bandgaps can be extracted and enriched 
by dispersion with various polyfluorenes. Top-gate FETs fabricated with thin films 
of these SWNT and a hybrid gate dielectric show balanced ambipolar transport 
with on/off ratios above 106 and high effective mobilities (50 cm2V-1s-1) at low 
voltages (<5V) as well as near-infrared electroluminescence with narrow linewidths. 
Charge transport paths within random and semi-aligned networks of SWNTs depend 
on network density, bandgap distribution and alignment. Electroluminescence maps 
of these networks, which are markedly different from the corresponding 
photoluminescence (PL) images, visualize preferential current paths in such networks. 
The fraction of emission from different species of nanotubes depends on the applied 
voltages and resulting current density. At very high carrier densities trion (charged 
exciton) emission is observed in addition to excitonic emission.

35-2 15:55~16:20

 Sustainable Indium-Free Oxide TFTs for Flexible Displays
Pedro Barquinha, Jorge Martins, Ana Rovisco, Daniela Salgueiro, Asal Kiazadeh, 
Elvira Fortunato, and Rodrigo Martins (UNINOVA, Portugal)

In this presentation zinc-tin oxide (ZTO) will be shown to be a viable replacement 
to IGZO. Sputtered ZTO TFTs fabricated at UNINOVA present comparable 
performance to IGZO TFTs after annealing at 300 °C (i.e., μFE≈14 cm2/Vs, Von≈0 
V, S=0.18 V/dec and On/Off ratio>108) and acceptable properties even at 150 
°C (μFE≈5 cm2/Vs, Von≈-5 V, S=1.3 V/dec and On/Off ratio>108). Spin-coated 
ZTO TFTs will also be shown, based on sol-gel and combustion processing routes. 
ZTO TFTs fabricated at 350 °C show excellent idle shelf life stability, with negligible 
properties variation after 7 months of fabrication. Static characterization shows 
μFE≈3.5 cm2/Vs, Von=-0.5 V, S=0.3 V/dec and On/Off ratio≈107). Extensive gate 
bias stress analysis was carried out, with ΔVT being well fitted by a stretched 
exponential equation both in air and vacuum environments. Stress measurements 
at different temperatures reveal activation energies in the range of 0.6 eV, suggesting 
that the dielectric surface (rather than the oxide semiconductor itself) controls 
ΔVT.For both sputtering and solution processing, different analogue and digital 
building blocks will be shown operating at frequencies in the kHz range, including 
a 2T1C OLED pixel diving circuit on flexible substrate.
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35-3 16:20~16:45

 Oxide TFT Backplanes for Large Area Circuits and Systems
Arokia Nathan, Sungsik Lee (Cambridge Univ., U.K.), and Reza Chaji (Ignis 
Innovation Inc., Canada)

The growing maturity of thin film transistor (TFT) technology coupled with newly 
emerging materials and processes are enabling integration of systems for a family 
of new applications ranging from active matrix OLED displays, and augmented 
human-machine interactivity, to sensing systems. In particular, the oxide 
semiconductor is becoming a key technology for these applications. It exhibits 
high transparency as well as high electron mobility at low fabrication temperature. 
This paper will discuss the development of oxide TFTs for displays, including 
interactivity, and present a contrasting study with LTPS backplanes from the 
standpoint of system design and compensation techniques for VT instability and 
OLED degradation. Besides pixel circuits and display systems, TFT-based analog 
and digital circuitry for signal processing and wireless power transmission are 
required for realization of heterogeneously integrated systems that can be realized 
using a combination of oxide and other technological routes on disposable/recyclable 
substrates. Such systems place great demand for expedient CAD tools to accurately 
and to reliably predict system behaviour. We review physically based CAD models, 
taking into account the relative dominance of the carrier transport mechanisms 
in the TFT, along with circuit examples.

35-4 16:45~17:00

Anomalous Increase of Field-Effect Mobility in In-Ga-Zn-O Thin-Film 
Transistors Caused by Dry-Etching Damage Through Etching-Stopper
Daichi Koretomo, Tatsuya Toda, Dapeng Wang, and Mamoru Furuta (Kochi 
Univ. of Tech., Japan)

In-Ga-Zn-O (IGZO) thin-film transistors (TFTs) have been received great attention 
for use in next-generation active-matrix displays because it exhibits higher electron 
mobility (μ>10 cm2V-1s-1) as compared with conventional amorphous Si TFTs. In 
this research, we report the influence of plasma induced damage during dry-etching 
(D/E) of source/drain (S/D) electrodes on field effect mobility (μ) of the IGZO TFTs. 
We fabricated IGZO TFTs with the thickness of SiOx-etching-stopper (ES) layer, which 
was deposited by plasma-enhanced chemical vapor deposition (PE-CVD), was varied 
from 100 to 200 nm to change the channel protection ability against the S/D-D/E 
process. The indium-tin-oxide (ITO) as S/D electrodes were patterned by D/E or wet 
etching (W/E). We found that the S/D-D/E induced damage caused an anomalous 
increase of the μ of the TFT when the ES thickness reduced. In addition, the plasma 
induced damage into the IGZO channel through thinner ES-layer, and it influenced 
on the channel resistance, result in an overestimation of μ. The detailed mechanisms 
for the anomalous increase of μ will be presented at the conference.
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35-5 17:00~17:15

Novel High-Mobility n-type Small Molecule for Solution-Based Transistors: 
a Charge Transport Study
Ilja Vladimirov, Jochen Brill, and R. Thomas Weitz (BASF SE, Germany)

Over the last decade significant progress has been made in the performance 
of solution-processed organic semiconductors. With this development, a 
solution-based mass processing of display backplanes comes closer into reach. 
P-type solution processed semiconductors have surpassed mobilities of 30 cm²/Vs 
[1]. Available n-type solution processable materials, indispensable for 
complementary circuitry, are however not so easily available. Furthermore the 
mechanism of charge transport in these high-mobility semiconductors is not entirely 
understood. Here, we show charge transport studies of a novel solution-processable 
n-channel semiconductor with maximum mobilities of 4.3 cm²/Vs (at a batch 
average of μ=1.8±0.5 cm²/Vs for 40 devices). Charge transport in the device 
is investigated via temperature dependent measurements. We find that the more 
charges are confined to the semiconductor / insulator interface (this can be obtained 
either by decreasing semiconductor film thickness or via an electric field) the 
more the mobility drops with increasing temperature above 260K. Our observations 
are consistent with lattice vibrations or lattice imperfections at the 
semiconductor/insulator interface dominating the charge transport.
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36-1 15:30~15:55

 Organic Light Emitting Transistors: Towards the Next Generation 
Active Matrix Display Technology
Michele Muccini (CNR-ISMN, Italy)

OLETs may constitute a key element for the development of next-generation 
organic active matrix display technology. The increase in pixel brightness and 
lifetime due to an unparalleled control of charge injection and accumulation in 
the organic layer, the combination in a single device of the electrical switching 
and light-emission functionalities, which reduces the number of switching thin-film 
transistors to be realized in the active matrix driving circuit, and the gate voltage 
modulation of the light emission, which enables the use of lower quality TFT 
backplanes, make OLETs a potentially breakthrough technology for display 
applications. It is worth noting that the potential of OLETs for Flat Panel Displays 
stems from fundamental architectural features. The possibility to combine an 
OLET frontplane with any available backplane technologies, including low cost 
a:Si-TFT and rollable OTFT, is a game changer for the field of active matrix displays.

36-2 15:55~16:20

 All Solution Processed, High Performance Polymer Light-Emitting 
Diodes
Ji-Seon Kim (Imperial College London, U.K.)

In this talk, I will introduce high performance polymer LED devices fabricated 
with all solution-processed, new charge injection/ transport organic and hybrid 
materials, addressing important design rules for these charge injection/ transport 
materials.
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36-3 16:20~16:45

 High Performance Organic Light-Emitting Devices Based on 
Light-Emitting Polymers and Ionic Liquids
Tomo Sakanoue and Taishi Takenobu (Waseda Univ., Japan)

Organic light-emitting diodes (OLEDs) have successfully been applied to small-size 
displays and they are now expected for a much wider application. A crucial challenge 
for OLEDs is fabrication of high-performance devices with low-cost energy-saving 
processes. Another big challenge is a demonstration of electrically-pumped organic 
lasers. In order to challenge these issues, we are studying a potential use of 
light-emitting electrochemical cells (LECs) by using their flexibility of device 
designing. LECs are the light-emitting devices whose active layers are composed 
of single layer blends of light-emitting polymers and electrolytes. In this work, 
we adopted ionic liquids for the electrolyte of LECs. The newly designed ionic 
liquid dissolved light-emitting polymer, which gave a smooth and uniform active 
layer without phase separation. This enabled us to fabricate a high performance 
blue-emitting LECs that shows lower driving voltage and higher efficiency than 
an OLED using the same polymers. We also achieved high current injection over 
1,000 A/cm2 into our LECs, which indicated our LEC is promising for the platform 
device for demonstrating organic semiconductor lasers.

36-4 16:45~17:10

 Flexible 2D Semiconducting Electronics
Young Ki Hong, Wongeun Song, Minjeong Kim, and Sunkook Kim (Kyung Hee 
Univ., Korea)

I will present the novel flexible process using solution-PI substrate, and high mobility 
2D layered transistors based on large-grain and highly crystalline TMDC films 
grown onto insulator by thermal CVD. Such advances in high-performance flexible 
/stretchable 2D layered devices can exploit human-centric soft electronic to develop 
human-friendly, ultra-thin (thickness < 500 um) sensor system and wireless 
communication for a human signal recognition.
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37-1 15:30~15:55

 Molecular Design and Property Relationship for Ideal Polymeric 
Solar Cells
Han Young Woo (Pusan Nat'l Univ., Korea)

A series of semi-crystalline, low band gap (LBG) polymers were designed, synthesized 
and characterized for polymer solar cells (PSCs). The polymers were designed 
by considering intra- and/or intermolecular noncovalent hydrogen bonds and 
dipole-dipole interactions for strong interchain interactions without losing solution 
processability. The semi-crystalline polymers form a well-distributed nano-fibrillar 
networked morphology with PC70BM with balanced hole and electron mobilities 
and tight interchain packing (π-π stacking distance of 3.57-3.59 Å) in the blend 
films. Furthermore, the device optimization with a processing additive and methanol 
treatment improves efficiencies up to 9.39% in a ~300 nm thick conventional 
single-cell device structure. PPDT2FBT closely tracks theoretical photocurrent 
production while maintaining a high fill factor in remarkably thick films. The 
unique behavior arises from high vertical carrier mobility, an isotropic morphology 
with strong, vertical π-π stacking and a suitable energy band structure. The ability 
of PPDT2FBT to function efficiently in thick cells allows devices to fully absorb 
the incident sunlight while providing a pathway to defect-free, large area film 
processing by industrial solution casting techniques, leading to commercially viable 
PSCs. These new polymers provide a great possibility to overcome the efficiency 
barrier of 10% and accelerate the real application of plastic solar cells.

37-2 15:55~16:20

 Effect of Interfacial Layers on the Performance and Stability of 
Polymer Solar Cells
Jaehoon Jeong (Kyungpook Nat'l Univ., Korea), Sungho Nam (Imperial College 
London, U.K.), Jooyeok Seo (Kyungpook Nat'l Univ., Korea), Wook Hyun Kim, 
Sungho Woo (DGIST, Korea), Hwajeong Kim (Kyungpook Nat'l Univ., Korea), 
Thomas D. Anthopoulos, Donal D. C. Bradley (Imperial College London, U.K.), 
and Youngkyoo Kim (Kyungpook Nat'l Univ., Korea)
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37-3 16:20~16:35

Solid Additive Incorporated Photoactive Blend System for High Efficiency 
Polymer Solar Cells
Kwang-Don Lee, Sai-Anand Gopalan, Binrui Xu, Sang-Won Lee, Jae-Sung Lee, 
and Shin-Won Kang (Kyungpook Nat'l Univ., Korea)

In an effort to fine tune/control the optimal morphology, various solvent additives 
(such as 1,8-dioodoctane, chloronapthalene, nitrobenzene etc) have been used 
on the bulk heterojunction photoactive blend [1]. In this work, we utilized a 
new solid additive (2,3-dihydroxypyridine) blended into the poly(3-hexylthiopene) 
(P3HT) and Indene-C60 bisadduct (ICBA) to modulate the overall photovoltaic 
(PV) characteristics. The additive casted blend film exhibited superior characteristics 
than that of the pristine P3HT:ICBA (blend) film casted from dichlorobenzene. 
The better device characteristics for additive included blend film arises from the 
enhanced light absorption capability, better self-ordering, improved crystalline 
nature, hole mobility and suitable morphology [2][3]. Atomic force microscopy 
(AFM) images revealed the better interpenetrated fibrous morphology which may 
be beneficial for the nanoscale phase separation leading to a balanced charge 
transport than the pristine blend film. AFM images also showed that the possible 
presence of fullerene (ICBA) rich domain on the top after the inclusion of additive. 
Several other physico-chemical characterizations were also evaluated. Fig.1 presents 
the photocurrent density-voltage (J-V) curves for the pristine and additive casted 
blend devices. The optimized additive casted blend device exhibited a power 
conversion efficiency (PCE) of 4.63 %, with open circuit voltage of 0.84 V, 
short-circuit of 8.71 mA/cm2, and fill-factor of 0.63, whereas the pristine device 
showed only a PCE of 3.95%. It is expected that the additive casted blend film 
will remain air stable for a longer time than the pristine device.
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37-4 16:35~16:50

Fullerene Crystallinity Dictates Device Efficiency in Small Molecule OPV: 
the Decisive Role of Device Architecture
Diana Nanova, Michael Scherer (TU Braunschweig, Germany), Felix Schell, Anne 
K. Kast, Rasmus R. Schröder (InnovationLab GmbH, Germany), Wolfgang 
Kowalsky, and Robert Lovrincic (TU Braunschweig, Germany)

Vacuum-deposited small molecule organic solar cells are a highly active field of 
research. The development of the photo conversion efficiencies (PCE) up to 8.3%1 
for single junctions and certified 12%2 for a multi bulk-heterojunctions (BHJ) 
stack is impressive. The role of substrate heating during or after BHJ deposition 
for the active layer morphology and its impact on PCE has been a matter of 
discussion. The crucial influence of C60 crytsallinity on the charge separation 
has been recognized only very recently3,4,5. A possible influence of device 
architecture (e.g. the underlying layer) on BHJ morphology and crystallization 
has so far not been considered in the literature. In this work, we show that 
the effect of substrate heating on PCE in small molecule organic solar cells 
(F4ZnPc:C60) is closely related to the improved free charge generation in ordered 
C60 regions. It strongly depends on device architecture, namely if the cell is 
built in inverted or non-inverted architecture. Based on our findings from analytical 
transmission electron microscopy and device characterization we demonstrate 
that (i) for non-inverted solar cells heating during deposition has a strong effect 
on phase separation in the BHJ but not on PCE, whereas (ii) in inverted cells 
heating has a strong effect on phase separation and induces local fullerene ordering, 
which improves the free charge generation and the PCE. Our findings elucidate 
why record efficiencies for vacuum deposited cells are typically achieved in inverted 
architecture, and have important implications for future development of organic 
solar cells.
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37-5 16:50~17:05

Optical Approach for Efficient Light Trapping in Inverted Polymer Solar 
Cells
Raju Lampande, Gyeong Woo Kim, and Jang Hyuk Kwon (Kyung Hee Univ., 
Korea)

In this paper, we report an optical method for light trapping in inverted bulk 
heterojunction (BHJ) solar cells. Herein, we incorporated a surface modifying layer 
in inverted polymer solar cells to improve their electrical performance. A 12% 
enhancement in power conversion efficiency (PCE) is realized for polymer solar 
cells with photoactive layer of low bandgap polymer poly[4,8-bis(5-2- 
ethylhexyl)thiophen-2-yl]benzo[1,2-b;4,5-b’]dithiophene-2,6-diyl-alt-(4-(2-ethylhe
xyl)-3-fluorothieno[3,4-b]thiophene-)-2-carboxylate-2-6-diyl)](PTB7-Th) and [6,6]-phenyl 
C71 butyric acid methyl ester (PC70BM). The fabricated inverted polymer solar 
cell exhibits a maximum PCE as high as 8.60% under simulated 100 mW/cm2 
AM 1.5G illumination. The excellent performance of single junction inverted polymer 
solar cells is attributed to reduction in reflection at the interface. Other reported 
light trapping approach generally produce charge losses with increasing device 
resistance resulting in low Fill Factor. Our light trapping approach shows significant 
improvement in current density of inverted polymer solar cell devices without 
sacrificing the dark electrical characteristics.
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38-1 15:30~15:55

 Fast Generation of Binary Phase-Only Hologram
Peter Wai Ming Tsang (City Univ. of Hong Kong, Hong Kong)

Past research has proven that if the intensity profile of an object image is 
down-sampled and converted into a Fresnel hologram, the phase component 
of the hologram alone will be sufficient to reconstruct the object image favorably. 
A phase-only hologram derived with such method is known as the sampled 
phase-only hologram (SOPH). Generation of the SPOH is faster than techniques 
based on iteration, and the reconstructed image is brighter than that derived 
with error diffusion. This paper provides a review on the method, and demonstrates 
with numerical simulation that it can be extended to the generation of binary 
phase-only hologram.

38-2 15:55~16:20

 Representation and Synthesis of Computer-Generated Holograms
Hwi Kim and Dajeong Im (Korea Univ., Korea)

The comptuational algorithm of polygon computer-generated holograms (CGHs) 
is overviewed based on our recent research results and several issues related 
to computational algorithms are discussed. The issues are categorized into the 
representaton theory of three-dimensional objects with various surface textures 
and the efficient algorithm for the calculation of the field representation. In this 
talk, the texturing, backgroud insersion, and occlusion process of the polygon 
CGH represetation are described. The fast calculation of the CGH, even though 
it is approximate, is desirable if the fast approximate calculation does not significantly 
deteriorate the holographic image quality. Our own research results realted to 
this problem is introduced. The first is the reconfiguration algorithm of bandlimited 
wide-viewing angle CGH that is targeted to model CGH for different observation 
positions and the second is the accelerated fast CGH calculation exploting the 
sparisity property of the polygon CGH.
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38-3 16:20~16:45

 The Effect of Blurred Images for the Accommodation Response of 
Integral Photography
Sumio Yano, Hiromichi Imai (Shimane Univ., Japan), and Min-Chul Park (KIST, 
Korea)

The measurement results of accommodation response for itegral photography 
are described. It is well known that the integral photography is blurred when 
the image is displayed far from the screen. The examination for measurement 
results are also described at the point of the bluer integral photography image. 
The measurement result showed that the accommodation response was a rectilinear 
change in the range or out-range of the depth of the focus. At first, the depth 
discrimination caused from the blurred integral photography images were evaluated 
using Scheffe’s Paired Comparison. Next, the accommodation responses for the 
high spatial resolution and bluerred stereoscopic images , and real objects, were 
measured. As a result, it is shown that the accommodation responses were measured 
in the out range of subjective depth discrimination. Moreover, the accommodation 
response showed the rectilinear response for the stereoscopic blurred images. 
However, it was suggested that this effect was not so effective at the degree 
of the bluer integral photography image. For these reasons, it is thought that 
a conflict between the convergence and the accommodation response does not 
arise.

38-4 16:45~17:00

Simulation of Moiré Effect in Curved Displays
Vladimir Saveljev (KIST, Korea)

Recently, the curved displays with a non-flat screens appeared in the market. 
It is expected that autostereoscopic 3D displays will be based on such non-flat 
display panels soon. With that, it should be noted that in the flat-panel 
autostereoscopic displays, the moiré effect may appear, because they are typically 
designed from two layers with an integer ratio of periods. Therefore it becomes 
important to understand the moiré patterns in the circularly curved layers. In 
this paper, the computer simulation of the moiré effect in a cylindrical bi-layer 
screen is presented.



108 The 15th International Meeting on Information Display

Room F (Room 320)

39. Transparent/Flexible Backplane

Date: August 20, 2015 (Thursday)
Time: 15:30~17:00
Session Chair: Dr. Mike Banach (FlexEnable Ltd., UK)

39-1 15:30~15:55

 Oxide Thin Film Transistors for Flexible Devices
Yukiharu Uraoka, Mami Fujii, Mutsunori Uenuma, Masahiro Horita, and Yasuaki 
Ishikawa (NAIST, Japan)

Much attention has been gathered to flexible devices which will surely change 
our life style drastically. In order to realize the flexible devices, oxide thin film is 
one of the promising material. In this talk, we will introduce several new techniques 
which are now being developed in our laboratory. We study the fabrication method 
of high performance oxide thin film transistors by using solution processed InZnO. 
High mobility and highly reliable TFT was demonstrated using spin coating method. 
We apply this solution processed InZnO to logic circuit such as invertor or ring oscillators. 
We could demonstrate clear invertor operation or high frequency circuit operations. 
We demonstrate ELA on a-IGZO TFTs passivated with a hybrid passivation layer. 
Irradiating Me 100 samples with 90-110 mJ/cm2 XeCl ELA and Me 60/Ph 40 samples 
with 80 mJ/cm2 KrF ELA greatly improved the transfer characteristics and mobility. 
For gate insulator of amorphous InGaZnO thin-film transistor, we fabricated fluorinated 
silicon nitride (SiN:F) film formed by an inductively-coupled plasma enhanced chemical 
vapor deposition method by utilizing SiF4/N2 as source gases. Threshold voltage 
shift against electrical stress was successfully suppressed. Chemical analysis revealed 
that the hydrogen concentration was reduced to 1/10 of conventional SiN film and 
fluorine was introduced into the interface between the SiN:F film and channel layer. 
We conclude that the decrease of hydrogen content and introduction of fluorine 
lead to decrease of electron trap density at the interface and/or the SiN:F film.

39-2 15:55~16:20

 The Low Temperature Oxide TFT Backplanes for Flexible Display
Chi-Sun Hwang, Min-Ki Ryu, Jae-Eun Pi, OhSang Kwon, Eunsook Park, Sung 
Haeng Cho (ETRI, Korea), and Sang-Hee Ko Park (KAIST, Korea)

High mobility InZnO TFTs were fabricated on PEN substrate. PEALD deposited SiO2 
layer was used for protection layer and 1st gate insulator. ALD Al2O3 layer was 
applied as 2nd (main) gate insulator. In general it is not easy to obtain good quality 
insulator at low temperature. PEALD method provides good quality SiO2 layer at 
250℃. The deposition conditions of rf-sputtered InZnO layer, such as O2 partial 
pressure, were also optimized in order to obtain high mobility TFT at low temperature. 
All the fabrication processes of InZnO TFTs were conducted under 200℃, which 
is the maximum temperature for adhesive material located between carrier glass 
and PEN substrate. The InZnO TFTs were annealed at 250℃ before measurements. 
The field-effect mobility, turn-on voltage, and subthreshold swing of fabricated 
InZnO TFTs were 32.5cm2/Vs, -1.75V, and 0.23V/dec, respectively. The hysteresis 
voltage of the transfer characteristics is as small as 0.5V.



August 18-21, 2015 / EXCO, Daegu, Korea    2015  109

Room F (Room 320)

39. Transparent/Flexible Backplane

Date: August 20, 2015 (Thursday)
Time: 15:30~17:00
Session Chair: Dr. Mike Banach (FlexEnable Ltd., UK)

39-3 16:20~16:45

 Development of the TFT Backplane for Flexible Display by 
Advanced Printing Techniques
Toshihide Kamata (AIST, Japan) and Shinichi Nishi (Japan Advanced Printed 
Electronics Tech. Research Association, Japan)

In the flexible electronics field, it has been strongly expected to realize the 
manufacturing technologies for inventing mass production phase. Recently, we 
have succeeded in establishing an automated and continuously operated 
manufacturing line for producing an all-printed TFT backplane for flexible display.  
In the manufacturing line, several kinds of printers such as an offset printer, an 
inkjet printer, a screen printer, and a die coater are equipped to give high productivity 
for fabricating a flexible device with high performance.  Specialized ink materials 
such as metal nano-particle ink, highly purified polymer dielectric ink, and organic 
semiconductor ink have been also developed for the manufacturing line. We have 
acquired successful results of flexible TFT backplane preparation by high yield.

39-4 16:45~17:00

Flexible a-IGZO TFT Properties Changed Under Increased Mechanical Stress
Hyun-Jun Jeong, Kyung-Chul Ok, Hyun-Mo Lee, and Jin-Seong Park (Hanyang Univ., 
Korea)

Flexible back-plane device have been recently attracted in the next generation 
display due to their several advantage such as thin, light and flexibility of panel 
design compared to conventional glass-based panel. However, the flexible-based 
panels must need to consider about mechanical stress due to the change of 
electrical properties under external mechanical stresses. As previous report of 
flexible a-IGZO, the mechanical stress could also affect to the device performance 
as well as bias, thermal and illumination stress. In this work, the device performance 
of conventional a-IGZO TFTs fabricated on the flexible substrate was investigated 
with respect to different mechanical stresses. The adopted structure of device 
was top gate/bottom contact and conventional buffer stacked polyimide film 
was used as substrate. By using the wet etching process of photolithography, 
a-IGZO TFTs were patterened and total maximum temperature was 250oC in 
process of sample preparation. In order to evaluate effects of mechanical stress, 
various bending radius (R=∞ to 2mm) were applied on the substrates. The TFT 
parameters and NBTS instability were systemically analyzed as a function of 
mechanical bending radius. The density of states (DOS) and contact resistance 
was investigated to understand origin of degradations of electrical device 
performance.
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40-1 15:30~15:55

 In-situ Polymerization of Liquid Crystalline Semiconductors 
Bearing Cyclotetrasiloxane Rings
Masahiro Funahashi, Yusuke Funatsu, Kunihiro Seike, and Kaede Takenami 
(Kagawa Univ., Japan)

In this presentation, we report in-situ ring-openeing polymerization of LC 
semiconductors. Cyclotetrasiloxane moieties polymerize in the presence of acid 
catalyst. Perylene tetracarboxylic bisimide (PTCBI) derivative 1 bearing four 
cyclotetrasiloxane rings exhibits a columnar phase at room temperature and does 
not crystallize when it is cooled to -100 ºC, in spite of the presence of the bulky 
cyclotetrasiloxane rings.4 The electron mobility in the columnar phase at room 
temperature increases to 0.12 cm2/Vs, which is comparable to those of molecular 
crystals. Compound 1 is soluble in various organic solvents and thin films can 
be produced by a spin-coating method. The spin-coated films are insolubilized 
by the exposure on the vapor of trifluoromethane sulfonic acid. During the 
polymerization process, the molecular aggregation structures are maintained. We 
synthesized ferroelectric LC phenylterthiophene derivatives comprised of an 
extended p-conjugated system which have hole transport property.5 Even the 
LC compound 2 bearing a bulky cyclotetrasiloxane ring exhibits smectic phases. 
They exhibit high spontaneous polarizations of 50 ~ 150 nC/cm2 as well as hole 
mobilities on the order of 10-4 cm2/Vs in the ferroelectric chiral smectic C* 
phase. Prior to the application of the DC bias, UV light illumination induces 
photocurrent in the reversed polarity without the external DC bias. The inversion 
of the polarity of the DC bias causes the inversion of the polarity of the photocurrent. 
This should be attributed to anomalous photovoltaic effect which is sometimes 
observed in ferroelectric ceramics.
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40-2 15:55~16:20

 Automatic Vertical Alignment of Liquid Crystals by Directly 
Introducing Giant Surfactants
Kwang-Un Jeong (Chonbuk Nat'l Univ., Korea)

For liquid crystal (LC) alignment, polyhedral oligomeric silsesquioxanes (POSS) can 
be considered as one of the promising candidates for the formation of vertical 
alignment (VA) of LC. However, because of their poor compatibility and weak 
interaction with LC hosts, the pristine POSS are highly aggregate themselves in 
the LC media and create the macroscopic particles, resulting in severe light 
scatterings. To overcome this barrier, we proposed and successfully synthesized 
the cyanobiphenyl monosubstituted POSS giant molecule (abbreviated as 
POSS-CBP1), which showed an excellent dispersion in nematic (N) LC media and 
formed the perfect VA of LC without using conventional polymer-based VA layers. 
On the basis of the systematic experiments and careful analysis, we realized that 
the cyanobiphenyl moiety chemically attached to the pristine POSS with an alkyl 
chain can significantly improve the initial solubility and interaction with LC media 
but finely tune POSS-CBP1 to gradually diffuse onto the substrate of LC cell 
for the formation of VA layer without forming the macroscopic aggregations. 
Therefore, the newly developed POSS-CBP1 VA layer can allow us to significantly 
cut the manufacturing cost as well as to open the new doors for electro-optical 
applications.
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40-3 16:20~16:35

Synthesis of Bent-Shaped Liquid Crystals for Photoswitchable Properties
Md Lutfor Rahman, Mashitah Md Yusoff, Shaheen Md Sarkar (Univ. Malaysia 
Pahnag, Malaysia), Sandeep Kumar (Raman Research Inst., India), and Carsten 
Tschierske (Martin Luther Univ. Halle, Germany)

Three series of liquid crystalline compounds comprised of bent-shaped molecules 
derived from some cores molecules such as resorcinol (series I), pyrimidine (series 
II) and naphthalene (series III) cores incorporating azobenzene in the side arms, 
and having terminal double bonds as polymerizable functional groups, were 
synthesized and characterized by polarized-light optical microscopy (POM) and 
X-ray diffraction analysis. Series I having bent core compounds exhibited intercalated 
smectic (B6) phase and rectangular columnar (B1) phases. Series II also having 
bent core compounds with lower homologues compounds are crystalline in nature 
whereas higher homologues compounds display stable enantiotropic B6 phase. 
Series III have bent-shaped shaped compounds with lower homologues compound 
show nematic phase while higher homologues compounds exhibit B6 phase. These 
bent-shaped molecules exhibited strong photoisomerisation behaviour in solutions 
and solid state. The photoswitching properties of series I and III show trans to 
cis isomerization ranging 9 - 15 seconds, whereas reverse process takes place 
160 - 380 min. In case of solid film, E-Z photoisomerization takes around 4 
sec and reverse transformation to original Z-E state takes about 70 min. Thus, 
the photoswitching behaviour of these materials may be suitably exploited in 
the field of optical data storage device and in molecular switches.
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41-1 09:00~09:25

 High Driving Ability of Bulk-Accumulation Oxide TFTs for 8k4k Displays
Jin Jang and Mallory Mativenga (Kyung Hee Univ., Korea)

This presentation will review the work we have done so far with bulk-accumulation 
amorphous-indium-gallium-zinc-oxide (a-IGZO) TFTs, including their design, 
fabrication and superior performance in comparison to single-gate-driven TFTs of 
similar dimensions. It will be shown that the fabrication of bulk-accumulation TFTs 
is fully compatible with standard display fabrication processes, where the metal 
used to make the pixel electrode is used to make the top-gate. Of particular interest 
is an offset gate design that results in zero TFT parasitic capacitance (i.e. no overlap 
between gates and source/drain electrodes) for fast dynamic operation, without 
limiting the advantages of bulk-accumulation. Compared to single-gate driven TFTs, 
some of the advantages of bulk-accumulation TFTs include higher on-current, turn-on 
voltage close to zero volts, smaller subthreshold swing values, better device-to-device 
uniformity, and better negative bias and light-illumination stress. In the presentation, 
the speed of the bulk-accumulation TFTs will be verified by fast switching ring oscillators. 
The presentation will show bulk-accumulation TFT-based gate drivers that are less 
than 30 micrometer in width (pitch) and have <2 μm pulse widths, including a 
prototype high resolution AMOLED display that is diven with bulk-accumulation 
TFTs and has an integrated bulk-accumulation TFT-based gate-driver.

41-2 09:25~09:50

 Bio-Nano Crystallization of Amorphous Si Thin-Film for MEMS Devices
Shinya Kumagai (Toyota Technological Inst., Japan), Ichiro Yamashita, Yukiharu 
Uraoka (NAIST, Japan), and Minoru Sasaki (Toyota Technological Inst., Japan)

Si thin-films are widely used in micro electromechanical systems (MEMS). Using 
Si thin-film allows MEMS devices to be integrated with ICs on a same substrate. 
However, Si thin-films inherently have grain structures, which include defects, 
such as vacancies, dislocations, and grain boundaries. When a Si thin-film MEMS 
device is actuated, the energy supplied for actuation is dissipated by the internal 
friction at the crystalline defects. To reduce the energy loss in the device, the 
crystalline defects should be decreased. We are developing low-energy-loss MEMS 
devices using bio-nanotechnology. Here, we present metal-induced lateral 
crystallization (MILC) of amorphous Si thin-film employing Ni nanoparticles (f7nm) 
which are biomineralized within apoferritin supramolecules (Bio-Nano 
Crystallization: BNC). A thin-film cantilever resonator was fabricated to analyze 
how the crystalline defects affect the resonance characteristics. From the resonance 
curve, quality factor (Q factor), which is defined by the ratio of stored energy 
to the dissipated energy per oscillation cycle, was evaluated. The reference resonator 
fabricated without BNC has small grains and reached Q =12000. In contrast, 
the resonator fabricated with BNC had well-crystallized large grains and reached 
Q = 26000. Indeed, two-fold reduction of energy loss was achieved.
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41-3 09:50~10:15

 Review of Recent Studies for Oxide Thin-Film Transistors
Hyun Jae Kim (Yonsei Univ., Korea)

41-4 10:15~10:30

Beneficial Effect of Hydrogen in Aluminum Oxide Deposited by Atomic 
Layer Deposition Method on Electrical Properties of IGZO Thin Film 
Transistor
Yunyong Nam (KAIST, Korea), Hee-Ok Kim, Sung Haeng Cho, Chi-Sun Hwang 
(ETRI, Korea), Taeho Kim, Sanghun Jeon (Korea Univ., Korea), and Sang-Hee Ko 
Park (KAIST, Korea)

We present the role of hydrogen in aluminium oxide (Al2O3) gate dielectric in 
a-InGaZnO (IGZO) thin film transistor (TFT). In comparison to a-IGZO TFT with low 
temperature (150oC) Al2O3 gate insulator, a-InGaZnO devices with high temperature 
(250-300oC) Al2O3 exhibit poor transistor characteristics such as low mobility, high 
subthreshold slope and huge hysteresis. Through DC and short pulsed I-V 
measurements, it is revealed that the degradation of transistor performance stems 
from charging and discharging phenomenon of the interface traps located in between 
a-IGZO semiconductor and Al2O3 gate insulator. We found that low temperature 
Al2O3 ALD film contains higher density of hydrogen atoms than high deposition 
temperature counterparts. It is suggested that high concentration hydrogen atoms 
can passivate charge trapping sites in the interface and the bulk, resulting in excellent 
transistor characteristics. These results provide that hydrogen could serve a beneficial 
effect on defect passivation for oxide TFTs.

41-5 10:30~10:45

Analysis of PBTS Instability of Self-Aligned Coplanar InGaZnO Thin Film 
Transistors
Dohyung Lee, Ju Heyuck Baeck, Taeuk Park, Saeroonter Oh, Jong-Uk Bae, 
Kwon-Shik Park, and InByeong Kang (LG Display Co., Ltd., Korea)

Positive ias temperature stress (PBTS) stability is critical in achieving stable display operation, 
especially in OLED applications. Self-aligned coplanar structures have advactages such 
as lower parasitic capacitance, and better scalability due to an absence of overlap 
with source/drain metal regions. The PBTS instability of oxide (IGZO) thin film transistors 
(TFTs) is correlated with the activation energy for electon trapping (denoted as Etau). 
In this study, we obtained Etau from the PBTS measurements under various temperatures. 
We investigate the interface characteristics of the self-aligned coplanar devices by 
comparing Dit properties obtained via photonic C-V characteristics.
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42-1 09:00~09:25

 Novel Two Mask AMOLED Display Architecture
Mike Hack, Michael S. Weaver, Woo-Young So, Julie J. Brown (Universal Display 
Corp., U.S.A.), and Candice H. Brown Elliott (Nouvoyance Inc., U.S.A.)

In 2014 we presented a novel AMOLED display architecture that enables the 
fabrication of AMOLED displays using only two low resolution masking steps, 
and consumes comparable power, and has improved lifetime, as compared to 
an equivalent RGB side-by-side AMOLED display using three high resolution 
patterning steps. We have now further improved the design to enable the mask 
resolution to be only half that of the resultant display in both x and y directions. 
This new architecture also increases sub-pixel aperture ratios by only requiring  
one emissive color layer change per pixel, and therefore only one mask tolerance 
per pixel. The increased fill factors further improve device lifetimes.

42-2 09:25~09:40

Common Red Layer in Full-Color Phosphorescent Organic Light-Emitting 
Diodes for Simple Fabrication of RGB Subpixels
Jeonghun Kwak (Dong-A Univ., Korea), Hyunkoo Lee (ETRI, Korea), and 
Changhee Lee (Seoul Nat'l Univ., Korea)

Here, we introduce a novel common red layer (CRL) structure in phosphorescent 
OLEDs for simple fabrication of red (R), green (G), and blue (B) subpixels in full-color 
displays by reducing one metal mask step. In contrast to the conventional structure 
and the previous common blue layer structures in the electron transport layer 
(ETL), the CRL, which is a red phosphorescent dye-doped layer, was placed in 
the hole transport layer (HTL). We examined the hole transporting properties 
of the red dye-doped CRLs by changing the highest-occupied-molecular-orbital 
(HOMO) energy level of hole transporting host materials. From the experiment, 
we could find that the trap-level, which defined as the difference of the HOMO 
levels between the host and dopant materials, significantly affects to the device 
efficiency and current density of HTLs. Based on the results, we could finally 
demonstrated efficient RGB-emitting devices by incorporating the CRL. Because 
the electroluminescence spectra of the green and blue devices with the CRL 
were nearly identical to those of the green and blue devices without the CRL, 
the color coordinates of green and blue was almost same with the devices without 
the CRL. Therefore, the CRL enables us to fabricate practical full-color OLED 
displays much simply by reducing one metal mask step and cost.
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42-3 09:40~09:55

Improvement of Pattern Quality and Performance of Inkjet-Printed OLED
Ji-Youn Hong, Dai Geon Yoon, and Byung Doo Chin (Dankook Univ., Korea)

Simple and low-cost process for micro-scale patterning is attractive for a development 
of electronic devices with large-area organic light emitting diodes (OLEDs). In 
this presentation, we described the patterning technique for light-emitting layer 
of OLED by direct printing using the emitter inks with co-solvent mixture, since 
such a homogeneous mixture of solvent with different boiling point and surface 
tension is advantageous for good film uniformity due to the reduction of coffee 
ring effect at the drying process [1]. During the inkjet process, we have controlled 
drop injection density, aiming for better drop-to-drop spacing and reduction of 
line-edge roughness (see Fig 1a and 1b). Drop mixing during the jetting condition 
as well as drying condition may be further control parameter for improved OLED 
pixel uniformity of inkjet-printed devices [2, 3]. Printed pattern of organic light 
emitter, representatively composed of co-host mixture [poly(9-vinylcarbazol); PVK 
and 2,6-bis(3-)9H-carbazol-9-yl)phenyl)pyridine; 26DCZppy hosts, doped with 
fac-tris (2-phenylpyridine)iridium; Ir(ppy)3 dopant], shows that employment of 
co-solvent resulted in a significant reduction of line edge roughness as well as 
coffee-ring effect (Fig 1c). We have also compared the processes of inkjet printing 
with electric field-aided nozzle-jetting, which accompanies the formation of ultrafine 
meniscus at flow nozzle by the application of electric field, focusing the improved 
pattern uniformity of light-emitting pixels of OLED with higher resolution.

42-4 09:55~10:10

Optical Modeling of the Effect of the Finite Pixel Boundary on the Light 
Emission Characteristics in Top-Emitting Organic Light-Emitting Diodes
Kyungnam Kang, Yongjeong Lee, Jungho Kim (Kyung Hee Univ., Korea), 
Hyesog Lee, and Byungchoon Yang (Samsung Display Co., Ltd., Korea)

We numerically investigate the effect of the finite pixel boundary on the optical 
characteristics of top-emitting organic light-emitting diodes using the finite element 
method. The angular emission characteristics based on the optical power flow 
are calculated in various positions of a Hertz dipole emitter within the pixel boundary. 
As the position of the dipole emitter moves close to the pixel boundary, the 
angular emission profile is changed from a symmetric to an asymmetric pattern, 
which results from the optical reflections from the pixel boundary in the horizontal 
direction.



August 18-21, 2015 / EXCO, Daegu, Korea    2015  117

Room B (Room 324)

42. OLED System and Integration
Date: August 21, 2015 (Friday)
Time: 09:00~10:35
Session Chairs: Dr. Andreas Haldi (NOVALED, Germany)

Dr. Thomas Baumann (Cynora, Germany)

42-5 10:10~10:35

 Monolithic Integration of Organic Optoelectronic Devices and 
Application
Wing Hong Choi, Hoi Lam Tam, and Furong Zhu (Hong Kong Baptist Univ., 
Hong Kong)

Significant progresses have been made in the development of functional organic 
devices for application in organic light-emitting diode (OLED) displays, white OLED 
lighting, organic transistors, organic photodetectors (OPDs), and organic solar 
cells. The emerging organic electronic devices offer additional advantages such 
as large area, flexibility and solution-based fabrication process at low cost. In 
this work, we discuss the results of a proximity sensor based on the monolithic 
integration of an OLED and an OPD. This sensor technology provides functional 
superiority for a broad range of applications. The design and fabrication flexibility 
provided by the material and process could readily construct multilayered organic 
optoelectronic systems with potential for application in finger print identification, 
image scanner, position scanner, and compact information systems.
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43-1 09:00~09:25

 Touch and 3D Technologies for Human Display Interaction
Hideki Asada, Hiroshi Haga, Kenichi Takatori, and Koji Shigemura (NLT 
Technologies, Ltd., Japan)

Fusion of touch and 3D technologies is the key to future Human Display Interaction 
(HDI)  providing innovative and attractive user experiences. This paper introduces 
touch and 3D technologies we developed for HDI: a touch-panel noise-reduction 
technology utilizing the correlated noise subtraction method, an electrostatic tactile 
display technology using beat phenomenon of voltage waveforms enabling 
multi-finger different sensations, a Truly Realistic 3D imaging (TR3i) system 
technology providing high resolution and seamless autostereoscopic 3D images.

43-2 09:25~09:40

Edge Density-Based Age Estimation Algorithm for Public Display
Song-Woo Choi and Suk-Ju Kang (Dong-A Univ., Korea)

The automatic age estimation technique has a lot of potential in various fields. 
Especially, in these days, the age estimation technnique can be used for public 
display based on the human-computer interaction (HCI). First, the SVM classification 
method based on the intensity of facial images, which are feature vectors. However, 
its accuracy is low when it is practically used, even though it requires lots of 
the memory resources for storing feature vectors. In this paper, we propose a 
new age estimation method based on edge density as a feature vector for SVM 
classification, to improve the performance of the age estiamtion. Specifically, 
the proposed method nomalizes the intensity of images to acquire facial images 
that are in a simliar condition. After that, it performs canny edge detection to 
extract the edge density that is used as a feature vector for SVM classification.

43-3 09:40~09:55

Flicker Analysis with RC Delay by Using Behavioral Circuit Model
Dong-Hwan Jeon, Jong-Man Kim, and Seung-Woo Lee (Kyung Hee Univ, Korea)

In this paper, we analysis the flicker depending on the Vcom level and RC delay 
of signal lines by using the behavioral circuit model. By this work, we found 
that the flicker levels are significantly affected by RC delay levels. We believe 
that we can apply our behavioral model to ultra-large LCD panels to predict 
electrical and optical performance of them. We also believe that the model can 
evaluate driving technologies to improve optical characteristics of LCD panels.



August 18-21, 2015 / EXCO, Daegu, Korea    2015  119

Room C (Room 323)

43. Display System and Algorithm

Date: August 21, 2015 (Friday)
Time: 09:00~10:25
Session Chair: Prof. Yiming Li (Nat'l Chiao Tung Univ., Taiwan)

43-4 09:55~10:10

TFT-Circuit-Simulation-Based Multi-Objective Evolutionary Algorithm for 
Dynamic Specification Design Optimization of ASG Driver Circuits
Yi-Hsuan Hung, Sheng-Chin Hung, Chien-Hsueh Chiang, and Yiming Li (Nat'l 
Chiao Tung Univ., Taiwan)

In recent years, the gate driver circuit with amorphous silicon TFT is one of the 
key issues of TFT-LCD panel manufacturing. To get the correct pixel data voltage 
and reduce the power consumption and areas, we optimize the ASG driver circuit’s 
dynamic characteristic by using TFT circuit-simulation-based multi-objective 
evolutionary algorithm (MOEA) on the unified optimization framework (UOF), 
in this work.

43-5 10:10~10:25

The Analysis of Power Consumption Saving by Contents Adaptive 
Brightness Control Driving
Kyungsik Kim, Heidi Kim, and Seungjae Kang (Samsung Display Co., Ltd., Korea)

In this paper, Contents Adaptive Brightness Control(CABC) driving method is 
presented. Application of this techique to display panels confirm the driving like 
the CABC theory. In addition, we discuss the relation between CABC driving 
and the power consumption saving. As we operated the panel has CABC software 
program, we got this experimental data. As a result, it was found that power 
consumption saving effect by CABC driving.
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44-1 09:00~09:25

 Roll-to-Roll Production of Organic Solar Cells
Christian Uhrich (Heliatek GmbH, Germany)

Heliatek GmbH produces organic solar cells using a roll to roll manufacturing 
process with a maximum size of 30cm width a length of up to 6 meters. Tandem 
Solar Cells from this production line show efficiencies above 7% (active area). 
The solar cells are deposited on a flexible PET substrate in a continuous fully 
integrated vacuum process. These small molecule solar cells can be semitransparent 
and can be produced in various colors. Due to their low weight of only 500 
g/m² and the very low thickness Helitek’s HeliaFilm® can be used in numerous 
fields of application such as between glass, in facades or on inflatable air domes. 
By using doped transport layers it is easy to stack two or more individual sub 
cells on top of each other.

44-2 09:25~09:50

 All-Solution Processed Flexible Transparent Electrodes for Thin 
Film Photovoltaics
Won-Yong Jin, Eun-Seon Jeong, and Jae-Wook Kang (Chonbuk Nat'l Univ., Korea)

We have developed all-printed flexible transparent conducting electrodes by using 
a combination of Ag grid and transparent electrodes embedding architecture 
into plastic substrate, leading to highly transparent (optical transmittance ≈ 90%), 
highly conducting (sheet resistance ≈ 20 Ω □-1), highly smooth (root-mean-square 
roughness ≈ 0.5 nm), and extremely flexible (bending radius ≈ 500 mm) electrodes. 
These electrodes used to fabricate flexible organic and inorganic thin film solar 
cells that exhibited performances similar to that of devices fabricated on glass 
substrate. Moreover, the flexible devices did not show degradation in their 
performance even after being bended with a radius of ~500 mm.
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44-3 09:50~10:15

 Flexible Electronic Skins
Hyunhyub Ko (UNIST, Korea)

Flexible electronic skins with high tactile sensitivities have gained great attentions 
in the fields of wearable sensors, robotic skins, and biomedical diagnostics. Here, 
we introduce highly-sensitive, multifunctional, and stretchable electronic skins 
based on interlocked design of micro- and nanostructured hybrid materials. Inspired 
by the interlocked microstructures found in epidermal-dermal ridges in human 
skin, piezoresistive interlocked microdome arrays are employed for 
stress-direction-sensitive, stretchable electronic skins. The interlocked microdome 
arrays provide a giant tunneling piezoresistance due to the enhanced change 
in inter-microdome contact area in response to various mechanical stimuli, leading 
to high tactile-sensing capabilities. We show that the interlocked microdome arrays 
possess highly sensitive detection capability of various mechanical stimuli including 
normal, shear, stretching, bending, and twisting forces. In addition, the unique 
geometry of interlocked microdome arrays enables the differentiation of various 
mechanical stimuli because the arrays exhibit different levels of deformation 
depending on the direction of applied forces, thus providing different sensory 
output patterns. Bioinspired e-skin design of hierarchical micro- and nanostructured 
ZnO nanowire (NW) arrays in an interlocked geometry is suggested for the sensitive 
detection of both static and dynamic tactile stimuli through piezoresistive and 
piezoelectric transduction modes, respectively. Finally, we show that the stretchable 
electronic skins attached on the human skin can be used as wearable healthcare 
monitoring devices, which are able to distinguish various mechanical stimuli applied 
in different directions, selectively monitor different intensities and directions of 
air flows and vibrations, and sensitively monitor human breathing flows and voice 
vibrations.
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44-4 10:15~10:40

 Inorganic-Based Heterogeneously Integrated Flexible Transistors 
and Sensors
Kuniharu Takei (Osaka Prefecture Univ., Japan)

Mechanically flexible and stretchable devices have attracted much attention for 
a next class of electronics such as flexible photovoltaics, flexible displays, and 
wearable electronics. In this talk, integrated transistors and sensors on a flexible 
substrate are demonstrated using especially inorganic nanomaterials to form 
the active components. For a flexible thin film transistor (TFT) application, carbon 
nanotube network film for p-type TFTs and amorphous InGaZnO film for n-type 
TFTs were integrated to fabricate a complementary metal-oxide-semiconductor 
(CMOS) inverter circuit on a flexible substrate. The performance in terms of 
voltage gain and low power consumption is better than or comparable to other 
previous reports. Furthermore, temperature sensor was also integrated with 
the CMOS circuits to show the possibility of flexible CMOS/Sensor integration 
for the future practical applications. Furthermore, different types of mechanical 
sensors that can be used for a variety of device applications such as a human 
interactive device, a robotics, and a wearable devices as examples are introduced. 
For these demonstrations, printing methods such as a screen printing was 
developed to form temperature and strain sensors for low-cost, macroscale, 
flexible devices.
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45-1 09:00~09:25

 Design of Three-Dimensional Displays with Digital Micromirror Device
Joonku Hahn (Kyungpook Nat'l Univ., Korea)

Three-dimensional(3D) displays require quite large amount of information for 
providing multiple views to observers. So, digital micromirror devices(DMDs) have 
received lots of interest for constructing 3D displays since they have outstanding 
properties in the bandwidth. However, low color depth could be critical and 
the increase of the time for gray-level PWM brings the decrease of the refresh 
rate of the DMD. 3D displays with the DMD have another advantage in color 
consistency since the DMD is a device to reflect the incident light and it must 
have a strong point for multiplexing. In many cases, mechanical scanners are 
applied for increasing the range of the scanning angle, but there are alternative 
ways that the light source array can be useful if the only small deviation of 
the incident angle is necessary. The information of the light field can be divided 
into several pieces for multiplexing. For space-multiplexing, the light field is usually 
divided at the image plane and for time-multiplexing, it is divided at the Fourier 
plane to provide different views according to the direction. But in some cases 
such as holographic display, the division at the image plane may be better for 
the quality of the reconstruction image.

45-2 09:25~09:50

 Future of 4D Light Field Display
Takafumi Koike (Hosei Univ., Japan)

We describe what is the goal of light field display in the future. 4D Light field 
display is becoming common 3D dis−play. We think that next 3D display we 
have to study is a 5D Plenoptic display. As a matter of course, holog−raphy 
is very important 3D display technology we have to develop. However, existing 
3D display technology can’t display something like an inside of an object, which 
images depends on depth position of an observer. We show a classification of 
light field display by sampling dimension of light field. 5D Light Field display 
is displaying light filed which is known as Plenoptic function.Candidate 5D light 
field display are a light filed based HMD or a HMD with refocus imaging. 
Autostereoscopic 5D light field display will be difficult for a while.
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45-3 09:50~10:05

Physically-Based Crosstalk Model in Stereoscopic 3D LCDs
Dong-Gun Lee, Jong-Man Kim, and Seung-Woo Lee (Kyung Hee Univ., Korea)

This paper proposes a physically-based crosstalk characterization model to predict 
crosstalk of stereoscopic liquid crystal display (LCD) with film-type patterned retarder 
(FPR) very accurately. The proposed method is established by the accurate color 
information model considering light leakage of LCDs. Experimental results show 
that the proposed model accurately predicts the crosstalk regardless of the opposite 
images.
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46-1 09:00~09:25

 Organic User Interfaces: Requirements for Flexible Displays
Roel Vertegaal (Queen’s Univ., Canada)

In this presentation, I will be giving an overview of the work performed in Organic 
User Interfaces over the past decade at the Human Media Lab. Organic User 
Interfaces (OUI) are user interfaces with non-flat displays that may actively or 
passively change shape [1]. OUI was inspired by advances in flexible display 
technology leading to screens that can be shaped around objects. The purpose 
of Organic User Interfaces is to allow computing interfaces to become more 
embedded in the real world, with affordances of real world objects. For example, 
by taking bend affordances from flexible objects such as newspapers and magazines, 
OUIs can help users navigate information with less mental load, by bending displays 
up or down to page forward or back. Applications of OUIs in rigid objects lead 
to a new category of “Computational Things” that are fully 3D physical objects, 
with skins of pixels [2]. The possibilities of applications of such smart objects 
are endless, however, it can be challenging to envelop non-developable objects 
with flexible displays. The development of stretchable and 3D printable displays 
is critical to allow easier application of flexible displays around objects that are 
not cylindrical by nature. The goal of these interfaces is to put the interface 
directly on the object, providing a kind of visual/haptic synergy that is common 
in the real world. In 3D shaped interactions with real objects, passive haptics 
that help users determine the purpose and state of the interface eyes-free, come 
for free. For example, drinking water out of a bottle is easily performed eyes-free 
because users can feel the weight of the water, in relationship to the shape 
of the bottle. By contrast, most of our computer interactions always require eyes 
on the screen. The car is an excellent example of why this is important: users 
need to keep their eyes on the data (the road in this case), yet feel the state 
of the machine leading to minimal cognitive load in controlling the car. Similarly, 
the body of a violin visually displays the current pitch, haptically resonates the 
fingers with that pitch, and sounds that pitch as well, allowing the musician 
to focus on the expressive qualities of the tone. Computational things make 
possible the inclusion of passive and active haptic shape interactions, allowing 
us to create more synergetic interfaces in which all the senses are resonating 
with the same percept, greatly reducing the cognitive load of interacting with 
computers.
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46-2 09:25~09:50

 Stretchable Devices for Wearable Electronics Applications
Dae-Hyeong Kim (Seoul Nat'l Univ., Korea)

Recent advances in prosthetic, implantable, and wearable devices comprising 
microelectronics and nanomaterials have attracted great attention from researchers 
involved with biomedical application. However, conventional devices integrated 
on inherently rigid substrate prevent from solving unique integration challenges 
for implantable devices and prosthetic skin. Here, we describe novel materials 
and design strategies for constructing multifunctional prosthetic skin and 
bioresorbable stent which incorporate variety of flexible/stretchable sensors and 
actuators for their unique functionalities. The multifunctional prosthetic skin is 
instrumented with ultrathin, single crystalline silicon nanoribbon strain, pressure, 
and temperature sensor arrays as well as associated humidity sensors, electroresistive 
heaters, and stretchable multi-electrode arrays (MEA) for nerve stimulation. The 
bioresorbable stent comprises drug-infused functionalized nanoparticles to enable 
flow sensing, temperature monitoring, data storage, inflammation suppression, 
localized drug delivery, and hyperthermia therapy. Quantitative analyses of sensing 
and actuating performances of these systems under various conditions verify the 
individual components and in vivo experiments of both systems demonstrate the 
validity of their system-level functions. These systems combine the cutting edge 
of flexible, stretchable and transient electronics to provide new opportunities 
and insights in biointegrated electronic devices.

46-3 09:50~10:15

 Transfer Optimization of Inorganic Thin Film Using Laser Lift-Off
Keon Jae Lee (KAIST, Korea)

This seminar introduces  self-powered flexible inorganic-based electronics. The 
first part will introduce self-powered flexible piezoelectric energy harvesting 
technology. Energy harvesting technologies converting external sources (such as 
vibration and bio-mechanical energy) into electrical energy is recently a highly 
demanding issue. The high performance flexible thin film nanogenerator was 
fabricated by transferring the perovskite thin film from bulk substrates for 
self-powered biomedical devices such as pacemaker and brain stimulation. The 
second part will introduce laser material interaction for flexible applications. Laser 
technology is extremely important for future flexible electronics since it can adopt 
high temperature process on plastics and inorganic-based laser lift-off for display.  
We will explore our new exciting results of this field from both material and 
device perspective.
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46-4 10:15~10:30

Deposition of Graphene on Flexible Web Using Roll-to-Roll Microwave 
Plasma CVD
Takatoshi Yamada (AIST, Japan), Nayuta Shimada, Kazuki Uekusa (Tech. 
Research Association for Single Wall Carbon Nanotube, Japan), and Masataka 
Hasegawa (AIST, Japan)

Flexible transparent conductive films are important parts for next-generation 
opto-electronic applications. Graphene is one of the appropriate materials for 
flexible transparent films, since an ideal mono-layer graphene has transmittance 
of 97.7 % and electron mobility of 200,000 cm2/Vs at room temperature. These 
superior properties of graphene are obtained from mechanically exfoliated pieces. 
Therefore, graphene films in larger size are desired for practical applications. 
In our previous studies, graphene depositions by roll-to-roll microwave plasma 
CVD at low temperatures of about 300ºC have been reported. We obtained 
600 mm in width and 200 m in length using our system. However, it is necessary 
to reduce the wrinkles due to roll-to-roll process (not thermal effects).  Depositions 
of graphene films on various webs are advantages of the low temperature roll-to-roll 
plasma CVD processes. In this paper, Cu thin film/polyimide (Cu/PI), which is 
the flexible web, was used as the web for roll-to-roll graphene deposition in 
order to reduce wrinkles. It is confirmed that the use of Cu/PI suppresses the 
formation of wrinkles during the roll-to-roll deposition process. Decrease of the 
sheet resistance in fabricated graphene transparent conductive film is confirmed.
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47-1 09:00~09:25

 Electro-Optics and Dielectric Measurements in Polymer-Stabilized 
Liquid Crystals of High Chirality
Alexander Lorenz (Technische Universität Berlin, Germany)

Fast electro-optic switching in both hyper-twisted chiral nematic (N*) LCs and 
blue phase (BP) LCs is presented. Response times well below 500 μs were observed 
in both types of LCs, respectively. Structural stabilization of the LCs was provided 
with fitted cross-linked polymers. Polymer was in-situ generated: Mass-ratios of 
up to 10% of reactive component (a photo-reactive mixture of reactive mesogens, 
acrylates, and photo initiator) were added to the LCs, respectively, and exposed 
with a controlled dose of UV radiation. Mass-ratio and composition of reactive 
component had great influence on the resulting electro-optic properties of the 
LCs. In N* LCs, polymer-stabilization was found to effectively suppress unwanted 
textural transitions especially near the interdigitated addressing electrodes. 
Simulations of the electric field-distribution inside the test cells were carried out: 
The local distribution of induced birefringence was successfully modeled. The 
electro-optic response was mainly caused by the flexoelectro-optic effect at low 
voltages and by the Kerr effect at high voltages. Polymer-stabilized BP LCs were 
generated in reflective test cells. A double-slit diffraction experiment revealed 
continuous, polarization-independent optical phase modulation in the BP LC layer. 
The magnitude of the induced birefringence could be enhanced by 20% in test 
cells with larger platelets.

47-2 09:25~09:50

 Characterization of Anisotropy Profile of Rubbed Polyimide 
Alignment Layer Using Reflection Ellipsometry
Min Soo Park (Ajou Univ., Korea), Sang Uk Park (Ellipso Tech. Co., Ltd., Korea), 
and Sang Youl Kim (Ajou Univ., Korea)

We identify formation of an alignment layer after rubbing and quantitatively 
characterize the aligned layer in terms of its optical anisotropy. The ultra-small 
optical anisotropy of the rubbed PI is precisely characterized by using an improved 
reflection ellipsometer whose precision has been enhanced upto 3σ=0.005 nm 
in Retardation. The direction of the optic axis and the magnitude of the optical 
anisotropy of the aligned layer after rubbing are determined by quantitatively 
analyzing the measured asymmetric variation of the ellipsometric constants. The 
variation of both the direction of the optic axis and the magnitude of the optical 
anisotropy versus rubbing strength is addressed.
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47-3 09:50~10:15

 Liquid Crystal for Direct Observation and Understanding Domain 
Properties in 2D Materials
Dae Woo Kim, Seon Joon Kim, and Hee-Tae Jung (KAIST, Korea)

By observing the LCs aligned along the crystalline orientation of 2D domains 
using polarized optical microscopy, the domain structures of 2D materials including 
graphene and molybdenum disulfide (MoS2) are easily visualized in a large area. 
While it is impossible to observe the domain structure of 2D materials by optical 
microscopy due to the absence of optical contrast between each domain, 
birefringence colors from aligned liquid crsytals using POM succesfully reveal the 
domain structure of underlying materials. By using the advantages of our method, 
various growth factors affecting the crystallization of graphene during chemical 
vapor depostion were investigated as well as the relationship between domain 
boundaries and electrical properties.

47-4 10:15~10:30

A Study of Surface Influence on Crystal Growth of Polymer-Stabilized Blue 
Phase Liquid Crystals
Po-Ju Chen, Michael Chen, Shih-Ya Ni, Hung-Shan Chen, and Yi-Hsin Lin (Nat'l 
Chiao Tung Univ., Taiwan)

We demonstrate the manipulation of crystal growth of polymer-stablized blue 
phase liquid crystal (or PSBP-LC) by various surface treatments of the substrates. 
Without alignment layer on the substrate, both heterogenous and homogenous 
nucleation happen during the cooling process, as shown in Fig. 1(a)-(d). The 
result shows random crystal orientaion of PSBP-LC. However, with alignment 
layer, such as cell with anti-parallel alignment(AP) or vertical alignment(VA), the 
heterogenous nucleation dominates during the cooling process, as shown in Fig. 
1(e)-(h) and Fig. 1(i)-(l) shows. As a result, we can achieve PSBP-LC with high 
uniformity of crystal orientation in VA cell and strong blue bragg reflection in 
AP cell. The study provides a different way to control the growth of PSBP-LC. 
We believe this study can help the understanding of crystal growth of PSBP-LC 
and the development of PSBP-LC based optical-electro device.
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48-1 11:00~11:25

 Flexible Metal-Oxide Thin-Film Transistors with Organic Gate Insulators
Hsing-Hung Hsieh, Shiuan-Iou Lin (Polyera Taiwan Corp., Taiwan), William C. 
Sheets, Su Jin Kang (Polyera Corp., U.S.A.), Wan-Yu Hung (Polyera Taiwan 
Corp., Taiwan), Scott Bull, Antonio Facchetti (Polyera Corp., U.S.A.), and 
Chung-Chin Hsiao (Polyera Taiwan Corp., Taiwan)

In this work, we demonstrate a new photo-patternable and thermally stable organic 
gate insulator platform for high performance IGZO TFTs.  The new organic gate 
insulator exhibits several key technological advantages such as low leakage current 
(~10 nA/cm2 at 2 MV/cm), high breakdown voltages, good mechanical flexibility 
(functions at radius less than 1 cm), photo-patternability (5~10 μm), and substantial 
temperature stability (up to temperature of 300 oC), considerable adhesion, and high 
transparency (>97% in visible).  In addition, we have also explored various TFT device 
architectures to optimize the device architecture specifically for IGZO transistors with 
an organic gate insulator.  Our devices were first optimized on glass substrates, then 
the process flow was transferred to plastic substrates, with both platforms exhibiting 
good and similar performance (e.g., high mobility of ~15 cm2/Vs).  Finally, we compared 
the performance of the Polyera OGI-based IGZO TFTs to those TFTs based on conventional 
organic dielectrics, demonstrating the great potential of our materials both in term 
of device performance and manufacturability.

48-2 11:25~11:50

 Stability Issues in P-Channel Tin Monoxide Thin-Film Transistors
Hyuck-In Kwon, Young-Joon Han, Yong-Jin Choi, and Chan-Yong Jeong 
(Chung-Ang Univ., Korea)

P-type oxide thin-film transistrors (TFTs) have the potential to initiate a new era 
of oxide TFT-based electronics by allowing the implementation of complementary 
logic circuits with high-performance n-type oxide TFTs. Since Ogo et al., tin monoxide 
(SnO) has attracted special attention as a channel material for p-type oxide TFTs 
due to the potential for high hole mobilities. To date, various researches have been 
conducted to fabricate high-performance p-type SnO TFTs. In this presentation, we 
will summarize the present status of p-type SnO TFTs, and will report our recent 
research results on the stability issues in p-type SnO TFTs. The stability of oxide 
TFTs generally depend on the ambient atmospheric condition, subgap states in oxide 
semiconductors, and  dielectric/channel interface properties. In our work, we investigate 
the effects of environmental water and oxygen on the electrical performance and 
stability of p-type SnO TFTs, and present the effective method for the passivation 
of SnO TFTs using a SU-8 organic layer. We also extract the subgap density of 
states in fabricated SnO TFTs, and compare the obtained results with those from 
the conventional n-type a-IGZO TFTs. Finally, we examine the effects of gate dielectric 
on the electrical performance and stability in p-type SnO TFTs.
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48-3 11:50~12:15

 Vertical Organic Field Effect Transistors (V-OFETs) for Truly Flexible 
Displays
Andreas Haldi (Novaled GmbH, Korea), Hans Kleemann, Gregor Schwartz, 
Mauro Furno, and Jan Blochwitz-Nimoth (Novaled GmbH, Germany)

We present a novel organic transistor architecture, the V-OFET. Our innovative 
transistor design achieves driving currents sufficient for high pixel-density AMOLED 
displays even with moderate-mobility organic semiconductors. Typically, on-currents 
of V-OFETs are more than 10 times higher compared to reference horizontal 
organic TFTs. Our current focus is the integration of V-OFETs into AMOLED display 
structures on low-cost, flexible plastic substrates.

48-4 12:15~12:30

Low Contact Resistance a-IGZO TFT Based on Copper-Molybdenum 
Source/Drain Electrode
Shi-Ben Hu, Hong-Long Ning, Feng Zhu, Rui-QiangTao, Xian-Zhe Liu, Yong 
Zeng, Ri-Hui Yao, Lei Wang, Lin-Feng Lan, and Jun-Biao Peng (South China 
Univ. of Tech., China)

An interlayer (Mo) is introduced between the a-IGZO layer and Cu source/drain 
electrode to improve the contact property of the TFT. By applying the Mo 
interlayer, the effective contact resistivity and current transfer length is 
significantly decreased compared with the pure Cu source/drain electrode 
structure. Furthermore, Mo interlayer layer shows the potential in 
commercialization with its good adhesion and simple fabrication process.
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48-5 12:30~12:45

Effect of Hydrogen in Gate Insulator on NBIS Performance of Oxide Thin 
Film Transistor
KyoungWoo Park, YunYong Nam, KwangHum Lee, GumBi Mun, JongBum Ko, 
HyeIn Yeom, and Sang-Hee Ko Park (KAIST, Korea)

Oxide semiconductor thin film transistor(TFT) should achieve high mobility and 
high stability for high resolution active matrix display. Most of high mobility oxide 
semiconductors, however, contain lots of oxygen vacancy. The oxygen vacancy 
is well known as the main source of negative bias illumination stress(NBIS) instability 
of oxide TFT. The increased oxygen vacancy (Vo) of high mobility oxide 
semiconudctors results in more negative Vth shift after NBIS. To minimize NBIS 
degradation, we should understand the origin of NBIS instability. It is reported 
that the H in SiO2 gate insulator can trap Vo related states.* Therefore, it is 
very important to optimize the H amounts in the gate insulator of oxide TFT. 
In this study, we controlled H amounts in gate insulator by depositing alumina 
using thermal atomic layer deposition (ALD) and plasma enhanced atomic layer 
deposition (PEALD) in top gate structure to mimic self-aligned TFT which is used 
for high resolution display. We compared TFT performance in terms of NBIS, 
NBTS, PBTS and mobility to verify the effect of hydrogen in gate insulator on 
NBIS of oxide TFT. Each deposition method showed its own cons and pros in 
TFT performance. While TFT with ALD processed alumina gave high mobility of 
21.9 cm2/V.s with negative shifted Von of -1.32V, that with PEALD resulted 
in reduced mobility of 15.9 cm2/V.s with positive shifted Vth  of 0.06V. We 
will suggest the way to suppress NBIS instability with maintaining the high mobility 
characteristics.
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 Super-Low-Index Hole Transport Layers and Their Applications for 
High Outcoupling of OLEDs
Daisuke Yokoyama, Yasutaka Suzuki, and Wataru Aita (Yamagata Univ., Japan)

The internal quantum efficiency of OLEDs has reached nearly 100% by using 
phosphorescent emitters or TADF materials, and further improvement of the external 
quantum efficiency (EQE) of OLEDs mainly relies on technologies for the 
enhancement of outcoupling efficiency. One of the promising technologies is 
to use horizontal orientation of emitting molecules, which can make outcoupling 
efficiency more than 1.5 times higher. This technology is now extensively being 
used to achieve high-performance OLEDs.Here we introduce another promising 
technology for high outcoupling of OLEDs: lowering refractive indices of amorphous 
organic semiconductor films. Although this concept has been theoretically discussed 
before, it has been difficult as a practical matter to prepare a low-index film 
compatible with its high charge transport property.In this presentation, we propose 
a method of mixing a low-index material with an organic semiconductor. In 2012, 
we reported wide-range refractive index control of organic semiconductor films 
and demonstrated a novel organic device that simultaneously controls both of 
charges and light, but the charge transport properties of the low-index layer 
was not enough for wide applications at that time. Very recently, however, we 
found a material combination that can achieve a low refractive index of <1.5, 
which is lower than that of normal glasses, without a loss of hole transport 
properties. We also applied this type of a low-index film to OLEDs and obtained 
an EQE higher than that of the device with a normal hole transport layer. We 
propose that this new technology can be another promising approach for further 
high outcoupling efficiency.
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49-2 11:25~11:40

An Embossing Structure Improving Viewing Angle and Device Efficiency 
Characteristics of Organic Light Emitting Diode
Keunsoo Lee, Jonghee Lee, Jeong-Ik Lee, Doo-Hee Cho, Jong Tae Lim, Chul 
Woong Joo, Joo Yeon Kim (ETRI, Korea), Byeong-Kwon Ju (Korea Univ., Korea), 
and Jaehyun Moon (ETRI, Korea)

Conventional organic light emitting diode (OLED) has an intrinsic limitation that 
only ~20% of light can be escaped to air due to various light confinement 
mechanisms. The limitation induces energy loss and device lifetime problem. Besides, 
viewing angle distortion problem results from microcavity effect has to be overcome. 
We have fabricated an embossing structure which can resolve the viewing angle 
distortion and light confinement problems. The embossing structure was attached 
on the glass substrate of a green phosphorescence OLED. In order to investigate 
the influence of microcavity, the thickness of electron transport layer (ETL) was 
varied 30nm and 60nm. The enhancement of OLED with the embossing structure 
was 40.7% for 60nm ETL and 30.1% for 30nm ETL. Difference of EQE by ETL 
thickness is due to microcavity effect. For 30nm of ETL, optical length of devices 
was optimized to obtain high EQE. For 30nm thickness, more enhancement of 
EQE has been obtained instead viewing angle distortion appeared. By applying 
the embossing structure, we obtained the stabilized viewing angle characteristic 
as well as the enhanced EQE. The simple embossing structure can be applied 
portably to various optical applications in the aspect of enhancing efficiency and 
spectrum stabilization.
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49-3 11:40~11:55

Enhanced Efficiency of Organic Light-Emitting Diodes Using TiO2 
Nanoparticles via a Microcavity Effect
Jun Hee Han, Do-Hong Kim, and Kyung Cheol Choi (KAIST, Korea)

In this study, we have used TiO2 nanoparticles to increase the microcavity effect 
that occurs inside the OLED to obtain improved optical efficiency. TiO2 nanoparticles 
were spin-coated onto an ITO anode, and they were evenly coated without 
agglomeration, producing a layer having a low surface roughness. Because of the 
low surface roughness, the scattering transmittance was not noticeably different 
from the normal direction transmittance, and this suggests that the scattering from 
the nanoparticles was not a main effect in this study. A microcavity simulation 
was carried out using MATLAB and it was used to analyze the device. The 
electroluminescence spectrum enhancement ratio from a simulation and experiments 
showed a similar tendency, reflecting the microcavity effect that occured from 
the TiO2 nanoparticles. Enhanced current efficiency, external quantum efficiency, 
and power efficiency were observed from the OLED device incorporating TiO2 
nanoparticles. The electrical characteristics were not changed with optimized density 
of the TiO2 nanoparticles and the pixels were clear. This indicates that the additional 
fabrication step of incorporating TiO2 nanoparticles in the OLED enhances the 
optical efficiency. Furthermore, this method has advantages including easy fabrication 
by use of a spin-coating process and low cost by the use of TiO2 nanoparticles.

49-4 11:55~12:10

Scattering Particle Layers for Light Extraction in OLEDs: Numerical Design 
and Experiment
Stephane Altazin, Clément Reynaud, Ursala-Maria Mayer, Lieven Penninck (Fluxim 
AG, Switzerland), Kevin Lapagna, Thomas Lanz, Christoph Kirsch, Reto Knaack, 
Kurt Pernstisch (ZHAW, Switzerland), Stephan Harkema, Dorothee Hermes (Holst 
Centre, Netherlands), and Beat Ruhstaller (Fluxim AG, Switzerland)

Scattering particles have been shown to increase the efficiency of OLED devices 
by a number of authors. For real life applications of OLED efficiency is only one 
figure of merit, accurate modelling of the colour appearance and stability under 
various angles is equally important. We present a complete simulation model 
and experimental validation for OLEDs with scattering particle extraction layers. 
Including modeling of the colour coordinates. The model is valid for both external 
and internal outcoupling layers as well as combinations of both.. Additionally 
we present a joint optimization of the OLED structure and the scattering layer 
(concentration, size, host & particle material) The modelling was performed using 
Setfos 4.1.
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49-5 12:10~12:35

 High Contrast Ratio Transparent AMOLED
Gyeong Woo Kim, Raju Lampande, and Jang Hyuk kwon (Kyung Hee Univ., 
Korea)

We report high contrast ratio smart window OLED devices made by combining 
transparent OLEDs and a new black screen electrochromic devices (ECDs). Our 
fabricated ECD has over 1.7 optical density at 600 nm, the fastest response 
time of 1.4 sec, less than 2 V driving voltage, and more than 1000 cycle lifetime 
of driving. The ECD with a transparent OLED panel exhibits a transmittance of 
62.9 % at 550 nm. The transmittance of transparent OLED panel is 68.5% at 
550 nm.
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50-1 11:00~11:25

 A Novel Pull-Down Structure for High-Performance ASG Driver Circuits
Yiming Li and Chien-Hsueh Chiang (Nat'l Chiao Tung Univ., Taiwan)

For nowadays advanced liquid crystal display applications, the amorphous silicon 
gate driver (ASG) circuits embedded in a display panel become main stream. 
Proper fall time of the gate output makes the pixel TFTs to be charged with 
correct data voltage in time. However, a long fall time may cause incorrect data 
voltage to the pixel TFT. In this work, we report a novel ASG circuit. In this 
structure, the measured fall time of the designed and implemented circuit is 
17% shorter than that of the original one. Notably, the total layout area of 
the explored ASG driver circuit is almost invariable relatively.

50-2 11:25~11:40

A 10-bit Two-Stage DAC with an Area-Efficient Decoder for Flat Panel 
Display Source Driver Ics
Seong-Hwan Hwang, Seung-Tae Kim, Hyeon-Cheon Seol, Jae-Yoon Bae 
(Hanyang Univ., Korea), Woo-Suk Ha, Bum-Sik Kim (LG Display Co., Ltd, Korea), 
Seong-Kwan Hong, and Oh-Kyong Kwon (Hanyang Univ., Korea)

This paper proposes a 10-bit two-stage digital-to-analog convert (DAC), which 
is composed of an area-efficient 7-bit DAC and a 3-bit embedded amplifier, 
to realize the small-area source driver IC for flat panel displays. The proposed 
7-bit DAC adopts an area-efficient decoder to simplify the selection procedure 
of the reference voltage and reduces the number of transistors by 44.3% compared 
to the conventional tree-type 7-bit DAC. A 20 channel source driver IC is fabricated 
using a 0.18-μm CMOS process with 1.8 V and 18 V CMOS devices, and the 
measured integral nonlinearity (INL) and differential nonlinearity (DNL) are 0.487 
LSB and 0.089 LSB, respectively.
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50-3 11:40~11:55

DC-Type Output Driving Scheme for Low Power LTPS TFT Gate Driver 
Circuit
Seok-Jeong Song, Byung Hoon Kim, and Hyoungsik Nam (Kyung Hee Univ., 
Korea)

This paper demonstrates a low power DC-type low temperature poly-Si (LTPS) 
thin-film transistor (TFT) shift register that consists of nine TFTs and one bootstrapping 
capacitor. The proposed circuit connects large size pull-up TFTs of output drivers 
to positive supply instead of alternating clock signals in order to reduce substantially 
the power consumption of clock drivers [1-2]. The SPICE simulation ensures that 
the variable overlap intervals can be programmed by the delay between clock 
signals and the overall power consumption of a DC-type circuit can be reduced 
to 45 % of an AC-type one for a full-HD display. The operation of a proposed 
structure is also verified with a fabricated 16-stage gate driver.

50-4 11:55~12:20

 Digital Current Driving of AMOLED Displays for Improved 
Uniformity and Reduced Power Consumption
Jan Genoe, Florian De Roose, Marc Ameys (IMEC, Belgium), Jan-Laurens van 
der Steen, Gerwin Gelinck (Holst Centre), and Paul Heremans (IMEC, Belgium)

In this work, we present how digital current driving can be used to obtain accurate 
control of the OLED current in a-IGZO AMOLED displays on foil. We further 
elaborate how uniformity can be improved and how power consumption can 
be reduced.
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 Solar Energy Harvesting Scheme Utilizing Three-Dimensional 
Hierarchical Nanostructures
Yu-Lun Chueh (Nat'l Tsing Univ., Taiwan)

Hierarchical nanostructures were used to enhance the energy harvesting based 
on photo-solar and thermal-solar in my group.  In this talk, I will report fabrication 
of a large area Cu(In,Ga)Se2 nanotip arrays (CIGS NTRs) by using one step Ar+ 
milling process without template. By controlling milling time and incident angles, 
the length of CIGS NTRs with adjustable tilting orientations can be precisely 
controlled. The CIGS NTRs have very low reflectance < 0.1 % at incident wavelengths 
between 300 nm to 1200 nm. In contrast to CIGS thin film solar cell with efficiency 
of 3.2 %, the nanostructured CIGS NTRs can have efficiency enhancement of 
~160 % due to the higher light absorption ability because of the nanostructure.  
Another part of my talk, a reactive mold-assisted chemical etching (MACE) process 
through an easy-to-make agarose stamp soaked in bromine methanol etchant 
to rapidly imprint larger area micro- and nano- arrays on CIGS substrates was 
demonstrated. The microstructure arrays integrated into standard CIGS solar cells 
with thinner thickness can still achieve an efficiency of 11.22 %, yielding an 
enhanced efficiency ~18 % compared with that of their planar counterpart due 
to an excellent absorption behavior confirmed by the simulation results, which 
opens up a promising way for the realization of high-efficiency micro- or 
nanostructured thin-film solar cells.
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 Current Status on the Development of Silicon Quantum Dot Solar Cell
Kyung Joong Kim, Ansoon Kim, Seong Woong Hong, and Gyea Young Kwak 
(KRISS, Korea)

Si quantum dot (QD) solar cell is a third generation solar cell with high conversion 
efficiency and low fabrication cost. Band gap energy of the self-assembled Si 
QD layer can be engineered by varying the size of Si QDs by quantum confinement 
effect. As a result, the emission and absorption of visible light by Si QD layer 
can be a great advantage to enhance the power conversion efficiency.   One 
of the common methods to fabricate Si QD layer is alternating deposition of 
silicon dioxide and silicon rich oxide (SRO). Si QDs distributed in a SiO2 matrix 
are formed by phase separation of the SiO2/SRO multilayer film by annealing 
at high temperature (1100ºC). The photovoltaic property of the Si QD layer was 
optimized by in-situ x-ray photo electron spectroscopy (XPS) for the control of 
stoichiometry of the SRO layers, Secondary Ion Mass Spectrometry (SIMS) for 
the analysis of doping concentration and Photoluminescence (PL) for the 
measurement of the bandgap energy of the Si QD layers.   In this presentation, 
the status of the development of Si quantum dot solar cell in KRISS will be 
presented. The photovoltaic properties of Si QD solar cells depending on size, 
density, and doping concentrations of Si QDs embedded in SiO2 matrix will be 
discussed. Furthermore, the effect of fabrication processes of Si QD solar cell, 
such as, surface passivation, metallization, and back surface field on photovoltaic 
properties will be also introduced.

51-3 11:50~12:15

 Ultrafast Photoinduced Carrier Dynamics in Atomically-Thin 2D 
Materials and Topological Insulators
Hyunyong Choi (Yonsei Univ., Korea)

Two-dimensional (2D) materials have gained a lot of attentions due to their unique 
physical properties. Here, we discuss the ultrafast carrier dynamics in 2D materials 
(MoS2, topological insulators).
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51-4 12:15~12:40

 A Route Towards III-V Energy Harvesting and Optoelectronic 
Devices on Arbitrary Substrates
Xiaodong Yan, Debarghya Sarkar, Jubin Hazra, and Rehan Kapadia (Univ. of 
Southern California, U.S.A.)

We demonstrate the versatility of a previously developed low-cost compound 
semiconductor growth technique termed thin-film vapor-liquid-solid1,2 (TF-VLS) 
growth. Specifically, we show a variety of optoelectronic and energy devices with 
geometries and material combinations unavailable to traditional vapor-phase 
growth techniques. Critically, this is enabled by the confinement of a liquid metal 
solvent layer, enabling precise control over the position and shape of nuclei on 
non-epitaxial and hetero-epitaxial substrates. Unlike vapor-phase processes, in 
which control over the shape of a growing nuclei is extremely challenging and 
primarily defined by the growth rates of various crystal facets, the TF-VLS process 
enables full control over nuclei, enabling single crystal electron and photon devices 
regardless of substrate microstructure. In particular, we demonstrate both 
single-crystalline and poly-crystalline devices for energy harvesting devices as well 
as generation and detection of light.
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 Horizontally Scanning Holographic Displays
Yasuhiro Takaki (Tokyo Univ. of Agriculture and Tech., Japan)

Holography is an ideal three-dimensional (3D) display technique, because it provides 
3D images that satisfy all phsysiological factors of human 3D perception (vergence, 
binocular disparity, motion parallax, and accommodation). However, its electronic 
implementation is quite difficult because ultra-high resolution spatial light modulators 
(SLMs) are required to display hologram patterns. We have been developing 
holographic display techniques to enlarge the viewing zone angle and the screen 
size by use of microelectromechanical systems (MEMS) SLMs. Because MEMS-SLMs 
can generate hologram patterns at a high frame rate, the time-multiplexing technique 
is utilized to enlarge the viewing zone angle and the screen size. Three types of 
holographic displays have been developed; the screen scanning system, the 
viewing-zone scanning system, and the 360-degree scanning system.

52-2 11:25~11:40

Stereoscopic Display with Radial Parallax Barrier
Ryosuke Ozaki (The Univ. of Tokushima, Japan), Hirotsugu Yamamoto 
(Utsunomiya Univ., Japan), and Shiro Suyama (The Univ. of Tokushima, Japan)

In order to develop stereoscopic display that can be observed from all the surrounding 
viewpoints like the real object, stereoscopic image must be observed from all 
surrounding angles, resulting in circularly symmetric configuration including parallax 
barrier. In this paper, we propose circularly symmetric configuration with radial 
parallax barrier and estimate basic characteristics of radial parallax barrier, by 
which possibility of stereoscopic vision is estimated.

52-3 11:40~11:55

Liquid-Crystal Device Scattering Characteristics for Switchable Arc 3D 
Display
Naoto Fujiwara and Shiro Suyama (The Univ. of Tokushima, Japan)

In recent years, arc 3D display has been developed as new 3D display technology. 
Arc 3D display was reported by W. Beaty as a simple fabrication method of 
3D image. In addition, Arc 3D display has smooth motion parallax. However, 
conventional arc 3D display provides only static 3D image. Liquid-crystals (LC) 
devices have been proposed for making arc 3D moving images. In this study, 
active device using dual-frequency LC has been proposed, which can switch on/off 
directional scattered light by frequency change.
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52-4 11:55~12:10

Super Multi-View System with Variable Number of Views
Chulwoong Lee, Hosung Jeon, Junho Seok, and Joonku Hahn (Kyungpook 
Nat'l Univ., Korea)

Recently, technology of three-dimensional (3D) display is regarded as one of the 
most popular research issues andvarious approaches have been tried to improve 
the quality of 3D display. In this paper, we propose an interesting super multi-view 
display. It is designed for special purpose that the human cognition of 3D contents 
is tested. Therefore, it is different from conventional 3D displays at the point 
of view that the number of views in our system is controllable. Our system has 
distinct structure. A projection part is constructed with a high speed digital 
micro-mirror device (DMD) and the observer watches the projection part through 
4f systems as eye-pieces. An optical chopper is placed at the end of eye-pieces. 
The optical chopper plays a function to define the direction of the rays from 
the projection part. By synchronizing the DMD and the position of the opening 
of the chopper, we can define the number of views. Our system has a great 
advantage that the effect of the number of views can be evaluated at the same 
system. We expect that it will be useful to objectively clarify the principle of 
human cognition on 3D display.

52-5 12:10~12:25

Study about Factors of Accommodative Stimuli in Integral Floating Display
Ki-Hong Choi, Sungwon choi, Hogil Baek, and Sung-Wook Min (Kyung Hee 
Univ., Korea)

Integral floating display is one of the autostereoscopic thee-dimensional display. 
The integral floating display is expected to induce the natural physiological depth 
sensation, especially the accommodation response. In this study, factors of integral 
floating display which induce accommodation response are analyzed and 
measurements are performed to verify our analysis using the auto refractometer. 
By means of this study, we can notify the depth expression characteristics of 
the integral floating display system, design the optimized system which results 
the high quality depth expression thereby.

52-6 12:25~12:50

Light Field Techniques to Capture and Display 
3D Images
Jae-Hyeung Park (Inha Univ., Korea)
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 Development of Printed Flexible Organic Integrated Sensors and 
Circuits
Gi-Seong Ryu, Dongyoon Khim, Won-Tae Park, and Yong-Young Noh 
(Dongguk Univ., Korea)

For at least the past 10 years, printed electronics has promised to revolutionize 
our daily life by making cost-effective electronic circuits and sensors available 
through mass production techniques, for their ubiquitous applications in wearable 
components, rollable and conformable devices, and point-of-care applications 
[1]. While passive components, such as conductors, resistors and capacitors, had 
been already fabricated by printing techniques at industrial scale, despite the 
great potentiality, printing processes have been struggling to meet the requirements 
for mass-produced electronics and optoelectronics applications [2]. In the case 
of logic integrated circuits (ICs), the main limitations have been represented by 
the need of suitable functional inks, mainly high-mobility printable semiconductors 
and low sintering temperature conducting inks, and evoluted printing tools capable 
of higher resolution, registration and uniformity than needed in the conventional 
graphic arts printing sector [3].  In this presentation, I will give a talk on the 
recent progressive of my group on development of printed organic flexible integrated 
circuits. I will mainly talk about on development of high performance inkjet printed 
unipolar and ambipolar polymer field-effect transistors (FETs), and applications 
to elementary organic complementary inverter, ring oscillators and various logic 
circuits. Several issues should be addressed including method to improve charge 
injection properties, reducing operating voltage, and deposition over a large area 
by graphic art printing processes. By optimizing gate dielectrics, printing processes, 
contact resistance, and mobility of organic semiconductors, we have obtained 
high field-effect mobility more than 5 cm2/Vs for both of p-channel and n-channel 
FETs with less than 10 V operating voltage, and ambipolar OFETs and the CMOS 
polymer ring oscillator showed very high operating frequency over 100 KHz. In 
addition, various logic circuits such as NAND, NOR, and XOR etc. were demonstrated 
as well.
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 Hybrid Polymers as Thermally Stable, Transparent Dielectric 
Material for Display Applications
Daniela Collin, Johannes David Ankenbrand, Carola Cronauer, and Gerhard 
Domann (Fraunhofer Inst. for Silicate Research, Germany)

Recent innovations in the field of displays deal with the realization of flexible applications. 
Major challenges dealing with the realization of high performance flexible displays 
are the implementation of flexible TFT backplanes and thus flexible functional layers, 
such as gate insulator and passivation insulator layers. This contribution deals with 
the development of novel insulator materials for flexible backplanes. In this context, 
hybrid inorganic-organic polymers (ORMOCER®s) are a promising class of materials, 
which are built up by organically functionalized element alkoxides. In this context 
ORMOCER®s were developed to realize innovative gate dielectrics and passivation 
materials. The thermal stability of the new materials was demonstrated until ca. 
400 °C without showing signs of degradation such as crack formation. Furthermore, 
the stability of the electrical properties under thermal stress or bending was investigated. 
The permittivity remained constant until a thermal stress of 300 - 400°C depending 
on the material. The bending robustness was examined by applying ³1000 bending 
events (radius: 30 mm) and subsequent analysis of the electrical properties and showed 
no signs of degradation even after ca. 20 000 repetitions.

53-3 11:50~12:05

How We Can Control Weakly-Bonded Oxygen Introduced by Sputtering 
Deposition for Amorphous In-Ga-Zn-O Thin-Film Transistor
Keisuke Ide (Tokyo Inst. of Tech., Japan), Mutsumi Kimura (Ryukoku Univ., 
Japan), Hidenori Hiramatsu, Hideya Kumomi, Hosono Hideo, and Toshio 
Kamiya (Tokyo Inst. of Tech., Japan)

We previously reported that high temperature (≥300oC) annealing in ozone (O3) 
atomosphere incorporates weakly-bonded oxygen to amorphous In-Ga-Zn-O (a-IGZO) 
films and causes large hysteresis on the operation of thin-film transistor (TFT) arising 
from bistable trap states. Here, we report that bistable trap states originating from 
weakly bonded oxygens are formed in unannealed a-IGZO channels deposited at 
room temperature (RT) if the oxygen flow ratio (RO2) during deposition is larger 
than the optimal value. It was found that the unannealed TFT deposited at, for 
example, RO2 = 10% showed a small turn-on voltage (Von) in the virgin curve 
while changed to large Von in the 2nd and 3rd measurements. Furthermore, it 
is seen that difference between the initial and 2nd Von (DVon) decreases with increasing 
annealing temperature (Tann). We also confirmed that TDS signal for various Tann. 
As a result, the total O2 desorption amount up to 400oC decreases with increasing 
Tann from 4.8×1018 cm-3 for the unannealed film to 3.8×1018 cm-3 for the 
200oC-annealed film. More details including the relationship among RO2, DVon, 
hystresis DVth, O2 desorption, and subgap states will be discussed at the conference.
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Importance of Excess Oxygen on Growth and Carrier Transport of 
Amorphous In-Ga-Zn-O with Impurity Hydrogen
Haochun Tang, Kyohei Ishikawa, Keisuke Ide, Hidenori Hiramatsu (Tokyo Inst. of 
Tech., Japan), Shigenori Ueda (NIMS, Japan), Naoki Ohashi, Hideya Kumomi, 
Hideo Hosono, and Toshio Kamiya (Tokyo Inst. of Tech., Japan)

Amorphous oxide semiconductors represented by amorphous In-Ga-Zn-O (a-IGZO) 
are promising materials for thin-film transistors (TFTs) due to their large field-effect 
mobilities (>10 cm2(V·s)-1) and small subthreshold voltage swings (<0.2 
V·decade-1). It has been reported a-IGZO films contain impurity hydrogens and 
its concentration is varied by the base pressure (Pbase) of a deposition chamber, 
which leads to different film structures, densities, and electrical properties and 
has clarified some hydrogen species work to passivate defects in a-IGZO. Besides, 
the roles of hydrogen on subgap states are not understood well. In this work, 
we fabricated a-IGZO films using two sputtering systems with different Pbase 
(denoted STD and UHV sputtering for Pbase ~10-4 Pa and ~10-7 Pa, respectively) 
and extensively investigated the hydrogen effects by optical absorption coefficient 
(α), hard X-ray photoemission spectroscopy (HAXPES), Hall effect measurement, 
etc.

53-5 12:20~12:35

OTFTs for Conformal, Low Power, Wearable Displays
Colin Watson, Julian Carter, Karl Crowley, and Michael Cowin (SmartKem Ltd., 
U.K.)

The stability of OTFTs fabricated with SmartKem tru-FLEX® will be demonstrated 
with recent results in low off-current being discussed in terms of the extended 
battery life for mobile devices. For OTFT devices fabricated with SmartKem’s 
tru-FLEX® organic semiconductor, off currents of 1x10-16 A /μm have been achieved 
using a single gate (TGBC) structure (normalised to L=W=1 μm). When a dual 
gate structure is employed (as is commonly the case for IGZO TFT devices) a 
further reduction in off-current is observed along with an additional improvement 
in Vth. When extended to models of battery lifetime, a considerable improvement 
may be observed when compared with devices incorporating LTPS backplanes. 
In addition, SmartKem OTFTs were subjected to a variety of stress conditions 
and the before-and-after performance compared. Subjecting the devices to a 
voltage stress of +30 V for 2000s resulted in a Vth shift of only +0.3 V, while 
subjecting them to a current stress (Vgs=-30V, Vds=-30V) for 1000s resulted 
in a Vth shift of -0.14 V. In thermal stress tests, a Vth shift of only +0.55V 
was obtained after heating at 150°C for 120 minutes.
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54-1 11:00~11:25

 Liquid Crystal Beam Steering Components for Display Applications
Dieter Cuypers, Xiaobing Shang, Jelle De Smet, Pankaj Joshi (IMEC, Belgium), 
Jeroen Beeckman, Kristiaan Neyts, Oliver Willekens (Ghent Univ., Belgium), 
Michael Vervaeke, Hugo Thienpont (Vrije Universiteit Brussel, Belgium), and 
Herbert De Smet (IMEC, Belgium)

An electrically controllable micro-optical component for light beam steering and 
light intensity distribution, consisting of standard nematic liquid crystal on polymer 
micro prisms and offering continuous beam angle modulation is presented.

54-2 11:25~11:50

 Recent Progress of Red Laser Diodes for Display Applications
Tetsuya Yagi (Mitsubishi Electric Corp., Japan)

Laser based displays have gathered much attention, and they are expected to 
make an alternative huge market to optical disks for visible laser diodes (LDs), 
because the displays may have a wide color gamut which can express ITU-R 
BT.2020, low power consumption, and so on.  A red (638 nm) LD shows worst 
characteristic dependence on temperature in visible LDs for display applications 
because of small energy difference in conduction band (DEc).  DEc is determined 
by semiconductor crystal itself and is hard to modify.  In this sense, the red 
LD may be the weakest link of visible laser light source chain.  In red LDs what 
we could do to improve the characteristics is to re-design the geometry of the 
LD chip and the package in order to reduce the thermal resistance.  We took 
a new design concept, triple emitter in one chip and f9.0-TO can package, into 
the red LD to improve its characteristics.  These were effective to reduce the 
thermal resistance of LD, and the LD emitted 5.50W and 3.85 W at 25°C and 
45°C respectively.  The values were approximately 2.7 times of our current product, 
and world recorded output power in TO base red LDs.
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54-3 11:50~12:05

Decoding Waving-Hand Steganography by Use of an Optical Chopper
Masashi Takahashi and Hirotsugu Yamamoto (Utsunomiya Univ., Japan)

We propose a kind of steganography, called by waving-hand steganography, 
by use of a high-frame-rate LED display. The proposed steganography employs 
a high-frame-rate LED display to embed a secret image in successive 4 fields 
that are changed at 480 fps. Secret characters are embedded so that they are 
unnoticeable under normal viewing. When the LED display is viewed through 
a waving hand, the embedded information become noticeable. In this study, 
we have investigated to clarify the frequency range of shuttering that decodes 
the embedded information by use of an optical chopper. We have used two 
types images displayed sequences. For the 120-Hz sequence, embedded information 
was clearly decoded within the range from 115 Hz to 130 Hz. Then, whole 
shape of the embedded information became visible at 90Hz, and contrast of 
the decoded image was reduced around 200 Hz. On the contrary, for the 240-Hz 
sequence, the embedded information was invisible around 120 Hz. The embedded 
information was clearly decoded at 240 Hz. Then, contrast of the decoded image 
was reduced around 270Hz. Thus, we have identified the frequency ranges of 
an optical chopper to decode the waving-hand steganography. The experimental 
results suggest possibility of time-domain multiple information embedding.

54-4 12:05~12:30

The Billboard of the Future: A Large-Scale Glasses-Free 3D Display
Jörg Reitterer, Franz Fidler, Gerhard Schmid (TriLite Technologies GmbH, 
Austria), Christian Hambeck (Vienna Univ. of Tech., Austria), Ferdinand Saint 
Julien-Wallsee (TriLite Technologies GmbH, Austria), Walter Leeb, and Ulrich 
Schmid (Vienna Univ. of Tech., Austria)

We have developed a large-scale 3D (three-dimensional) display for outdoor 
applications like billboards, where the viewers are not required to wear any special 
glasses in order to perceive a 3D effect. Each display element—a so-called “trixel”—
contains three laser diodes, a common microlens, as well as a micro-electro-mechanical 
systems (MEMS) mirror. In this paper we present the latest prototype generation 
of our display, which is completely modular, i.e., an array of 12 x 9 trixels including 
all corresponding driver electronics is contained in a so-called “trixel module”. A 
large number of such trixel modules can be arranged seamlessly, which imposes 
no upper limit in terms of the overall display size. The present prototype contains 
trixels with highly compact hermetically sealed RGB laser modules, where each module 
contains a red, a green, and a blue laser diode, a driver ASIC with integrated 
photodiodes, as well as the common cylindrical microlens. The trixel module will 
enable large 3D billboards with sunlight readable luminance, up to 1024 3D viewing 
zones, and a 3D viewing distance of up to 70 meters.
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55-1 15:30~15:55

 Poly-Si TFTs with One-Dimensionally Long Silicon Crystal Grains 
Using DLB Continuous-Wave Laser Lateral Crystallization
Shin-Ichiro Kuroki, Tatsuaki Hirata, Nguyen Thuy Thi (Hiroshima Univ., Japan), Koji 
Kotani (Tohoku Univ., Japan), and Takamaro Kikkawa (Hiroshima Univ., Japan)

Poly-Si thin films with large one-dimensionally long silicon crystal grains were 
fabricated by continuous-wave laser lateral crystallization with double-line laser 
beam (DLB-CLC). The silicon grains had crystal orientation of {110}, {111} and 
{211} in the laser lateral crystallized plane, the transverse side plane and the 
surface plane, respectively. All the silicon grains were elongated in the laser-scanning 
direction and linearly arranged with a length of over 100 μm and a width of 
0.7 μm. Poly-Si TFTs with the well-crystal oriented poly-Si thin films were fabricated 
at low temperature (≦550 o C) with a metal gate self-aligned process. High 
field-effect mobility of 560 cm2/Vs was achieved, and its variation was within 
10% at same crystallization region.

55-2 15:55~16:10

Low-Temperature Activation Engineering by Simultaneous UV and 
Thermal Treatment in Sputter Processed IGZO Thin-Film Transistors
Young Jun Tak, Sung Pyo Park, Tae Soo Jung, Heesoo Lee, Won-Gi Kim, Jeong 
Woo Park, Na Eun Kim, and Hyun Jae Kim (Yonsei Univ., Korea)

Amorphous oxide semiconductor thin-film transistors (AOS TFTs) is a superior 
candidate for display back-plane owing to its merits such as high transparency, 
high mobility, and low-temperature deposition compared with the conventional 
amorphous Si TFTs. However, an additional activation required to achieve stable 
semiconductor characteristics, organize chemical bonds, and alleviate defect sites 
is often overlooked and studies related to activation have been rarely reported. 
Here, we propose an activation using simultaneous UV and thermal (SUT) treatment. 
This treatment was conducted conjugating UV light of 185 nm and 265 nm 
wavelength after deposition of IGZO films is completed to decrease activation 
from 300oC (typical activation) to 150oC as well as to improve electrical characteristics 
and stability. As a result, we successfully decreased activation to 150oC. Furthermore, 
SUT treated devices have superior electrical characteristics and stability than 
only-thermal (300oC) treated devices. These improvements are attributed to the 
following contributions: (1) generation of reactive oxygen radical at low temperature 
and (2) decomposition-rearrangement of M-O bonds such as In-O, Zn-O, and Ga-O 
in active layer. Contribution (1) and (2) effectively increased M-O bonds and decreased 
defect sites related oxygen vacancies. We expect this study may be easily integrated 
to display industry and bring various options for flexible substrates.
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55-3 16:10~16:25

Effect of Low Temperature Annealing of Sputtered SiO2 for Gate Insulator 
in Poly-Si TFTs
Hikaru Tamashiro, Kimihiko Imura, Tatsuya Okada, and Takashi Noguchi (Univ. 
of the Ryukyus, Japan)

Poly-Si Thin Film Transistors (TFTs) are used for displays of TV panels or smartphones. 
High quality gate insulating film with high breakdown voltage at low leakage 
current is required. Insulation strength of the gate oxide film can be realized 
by adding small amount of oxygen during deposition by sputtering and improvement 
in  poly-Si TFT characteristics by hydrogen annealing at low temperature has 
been reported [1, 2]. It is considered that the defects density in SiO2 film and 
at Si/SiO2 interface are reduced by hydrogen annealing. However, the influence 
of hydrogen on sputtered SiO2 film as a gate oxide has not been understood 
yet in detail.  For Al / SiO2 structure, the post metallization annealing (PMA) 
is known in the SiO2 film deposited by chemical vapor deposition (CVD). Al 
electrode reacts with H2O or OH of the SiO2 Film when annealing at 400˚C. 
Dangling bonds are terminated by the generated hydrogen atoms [3]. SiO2 film 
was deposited by radio frequency (RF) sputtering on p type Si substrate (4~10 
Ωcm). Al electrodes were formed on the surface (0.5 mmφ) and on the back-surface. 
The SiO2 film was annealed at 400℃ for 30 min in H2/N2 (4%) ambient. As 
is shown, hysteresis decreased down to 5×10-10 A/cm2 by performing the hydrogen 
annealing after the Al electrode formation. The result suggests that the dangling 
bonds at the SiO2 film surface are terminated with hydrogen atoms. It is estimated 
that PMA acts effectively even for the sputtered SiO2 film. Furthermore, after 
the annealing, the flat-band voltage shifted to ideal level of -0.9V from C-V 
characteristics. Reduced of leak current and shift of the flat band voltage to 
suggest that dangling bonds in the SiO2 film were terminated effectively. From 
these results, insulating characteristics of the SiO2 film are considered to be improved 
by hydrogen annealing after the formation of Al electrodes. It is expected that 
practical poly Si TFT performance on glass should be improved stably.
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55-4 16:25~16:40

Crystallization of Silicon Films with Carbon Nanotube Electron Beam 
(C-beam)
Ha Rim Lee, Su Woong Lee, Jung Su Kang, Ji Hwan Hong, Callixte Shikili, Min 
Tae Chung, and Kyu Chang Park (Kyung Hee Univ., Korea)

We introduced the mechanism of carbon nanotube electron beam (C-beam) 
exposure techniqueis and observed the silicon thin film crystallized by C-beam. 
CNT emitters growb by resist-assisted patterning (RAP) process is used for the 
source of electron beam. High energy electron beams transfer their energy to 
the silicon network, resulting in network relaxation and crystallization. We confirm 
the high crystallinity of silicon thin films through the RAMAN spectroscopy. The 
grain size distribution of silicon thin films about 5~20 nm as a result of SEM 
measurement. We expect that this film will be a good replacement as a new 
active layer of thin film transistors (TFTs).

55-5 16:40~16:55

Reduction of Leakage Current of Poly-Si TFTs with Metal Source/Drain by 
Dual Gate Structure
Taisei Harada, Takuya Ashitomi, Kiyoharu Shimoda, Wataru Narisoko, Tatsuya 
Okada, Takashi Noguchi (Univ. of the Ryukyus, Japan), Osamu Nishikata, 
Atsushi Ota, Kazuya Saito (ULVAC, Inc., Japan), Sang-Yun Kim, Jin-Kuk Kim, 
and Byung Seong Bae (Hoseo Univ., Korea)

LTPS (Low Temperature Poly-Silicon) TFTs (Thin Film Transistors) with high mobility 
have a number of advantages for O-LED (Organic-Light Emitting Diode) pixel 
and for LCD (Liquid Crystal Display) such as low power consumption and integrating 
functional circuits on a panel. Recently, BLDA (Blue Laser Diode Annealing) was 
reported as a next generation LTPS process. BLDA can heat up the thin Si film 
uniformly by slightly deeper penetration depth than UV laser and is expected 
to obtain uniform grain size with reduced surface roughness.  Also, our group 
has proposed and shown simple TFT structure with metal source/drain without 
using impurity doping. Although Si TFT with metal source/drain of Ti is expected 
to reduce the fabrication cost, leakage current seems to be rather higher than 
conventional doped source/drain. Dual-gate TFT structure of series connection 
is expected to be effective for reducing the off leak current.
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56-1 15:30~15:55

 Color-Tunable AC/DC OLEDs: A New Concept for White Light
Simone Lenk, Felix Fries, Markus Fröbel, and Sebastian Reineke (TU Dresden, Germany)

We demonstrate an organic light-emitting diode (OLED) concept at which 
the emission color can be actively adjusted. This is achieved by independently 
addressing a fluorescent blue and a phosphorescent yellow emission unit 
that are vertically stacked on top of each other. 
When direct current (DC) is applied, the device emits -depending on the 
polarity- either blue or yellow light. Changing the polarity with high frequency, 
e.g. applying an alternating current (AC) signal, the human eye is no longer 
able to distinguish between these two colors and the impression of steady, 
additive mixed light is perceived. The emission can be tuned from deep-blue 
through cold-white and warm-white to saturate yellow by varying the voltage 
of the positive and negative half-cycles of the AC signal.
At warm white CIE coordinates of (0.44/0.45), our OLEDs achieve a high luminous 
efficacy of 36.8 lm/W at 1000 cd/m². We believe that an efficient realization 
of such a system is an important step toward RGB full-color devices in which 
three independent emission units are stacked. Such a configuration is highly 
attractive for display applications as it allows for greatly increased pixel densities 
and a close-to-optimal utilization of the available display panel area for all colors.

56-2 15:55~16:10

Combining Simulations and Experiments to Study the Impact of Polar 
OLED Materials
Stephane Altazin (Fluxim AG, Switzerland), Simon Züfle (ZHAW, Switzerland), 
Lieven Penninck, and Beat Ruhstaller (Fluxim AG, Switzerland)

ETL (Electron Transport Layers) materials often have a non-zero molecular dipole 
moment. When deposited in an OLED device, this results in a layer with a positive 
sheet charge density on one side and a negative on the other. So far, only 
experimental studies have been performed to study the impact of the polarity 
on the device operation. For the first time we study the effect of polar ETL materials 
by both electrical characterizations and numerical drift-diffusion simulations using 
SETFOS 4.1. Previous studies of Brütting et al. have shown that the polar nature 
of Alq3 and other polar organic materials induces a typical signature in the 
capacitance–voltage experiment. Indeed, as we can observe in Fig. 1, two plateaus 
can be observed in the C-V characterization. Interestingly, the transition voltage 
(Vtr) at which the capacitance changes is strongly dependent on the thickness 
of the Alq3 layer. It can be noticed that C-V simulations of such devices, performed 
with SETFOS 4.1, can reproduce the experimental observation. The validity of 
our model is also confirmed by low temperature (221-314K) measurements of 
the capacitance versus frequency of these OLEDs using PAIOS 2.0.
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56-3 16:10~16:25

Interface Research Work on White OLED
Wang Hua, Sun Jing, Miao Yanqing, Hao Yuying (Taiyuan Univ. of Tech., China), 
Furong Zhu (Hong Kong Baptist Univ., Hong Kong), and Xu Bingshe (Taiyuan 
Univ. of Tech., China)

In our early work, it has been identified that the existence of plenty of interface 
in white OLED induce in degradation of device performance. The interface is usually 
unstable in chemical and physical properties, owing to different material structure 
or molecular structure in both sides of interface. Hence, it is demonstrated by our 
group that optimization and modification of interface structure can improve device 
performance. In our work, white-light phosphorescence polymers with hyperbranced 
structure were designed and synthesized, which can be utilized in white OLED with 
single emission layer for decreasing multilayers interface; homogeneous interface 
of AlQ3 were modified by SiO2 coating for avoiding invasion of moisture and oxygen, 
resulting in prolonging device lifetime; ultra-high color stable three color 
fluorescent-phosphorescent hybrid white OLED was designed and fabricated by 
lowering heterogeneous interface number in emitting layers, which exhibit ideal CCTs 
around 3810 K and stable CIE coordinates of (0.40, 0.41) with high CRI of 85-86 
upon variation in brightness from 100 to 5000 cd/m2. In one word, it is suggested 
that interface research is very important for enhancing performance of white OLED.

56-4 16:25~16:40

Improvement Efficiency of Blue Fluorescence Device with Sensitizer System
Wook Song and Jun Yeob Lee (Sungkyunkwan Univ., Korea)

A conventional fluorescent material without the property of thermally activated delayed 
fluorescence (TADF) has lower quantum efficiency than phosphorescence material in 
OLED device1. However, the low quantum efficiency of the fluorescent device can 
be overcome by device development, and blue fluorescence devices to exploit high 
efficiency were recently reported by a TADF sensitized fluorescent system. A high quantum 
efficiency of 13.4% was obtained in the TADF sensitized blue fluorescent device. However, 
the quantum efficiency was much lower than that of blue phosphorescent OLEDs. 
Therefore, we fabricated blue fluorescence OLED device using the TADF sensitized 
fluorescent system having bis[4-(9,9-dimethyl-9,10-dihydroacridine)phenyl]sulfone 
(DMAC-DPS) and bis[2-(diphenylphosphino)phenyl]ether oxide(DPEPO) as the sensitizer 
system. 2 The blue material, 2,5,8,11-tetra-tert-butylperylene(TBPe), was used as blue 
fluorescence dopant. DMAC-DPS is a high efficiency TADF material that can form 
excitons and transfer energy to dopant. DPEPO disturbed quenching process of DMAC-DPS 
by suppressing the molecular interaction of DMAC-DPS. The blue fluorecence device 
at 0.5% TBPe concentration showed a high quantum efficiency of 18.5%, and a 
color coordinate of (0.15,0.21) at 1000cd/m². because of good förster energy transfer 
from DMAC-DPS to TBPe.
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56-5 16:40~16:55

Fully Transparent Cathode Using Amorphous Oxide Semiconductors for 
OLEDs
Junghwan Kim (Tokyo Inst. of Tech., Japan), Satoru Watanabe (Asahi Glass Co., 
Ltd., Japan), Nobuhiro Nakamura (Tokyo Inst. of Tech., Japan), Naomichi 
Miyakawa (Asahi Glass Co., Ltd., Japan), Yoshitake Toda, Toshio Kamiya, and 
Hideo Hosono (Tokyo Inst. of Tech., Japan)

In this work, we report a novel method to use conventional TCOs as cathode 
using a new transparent amorphous oxide semiconductor (TAOS) and amorphous 
C12A7 electride (a-C12A7:e-) for OLEDs. The new TAOS has Ohmic contact with 
conventional TCOs such as ITO or FTO. Furthermore, its high electron mobility 
(~1cm2/Vs) and tunable carrier concentration can make its conductivity pretty 
high. Therefore, the series resistance of New TAOS is negligible in the OLEDs 
comprising high resistive organic layers. And finally, new TAOS and a-C12A7:e- 
has very good electron injection properties, due to their intrinsically low work 
function. n summary, a fully transparent cathode electrode was accomplished 
using a new TAOS and a-C12A7:e- with ITO. This method enables conventional 
TCOs to be used for both cathode and anode, which would be advantageous 
for future displays including transparent OLEDs.
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57-1 15:30~15:55

 Large-Area CuInGaSe2 Solar Cell Efficiency Improvement Using 
H2-Plasma-Enhanced Process
Chang-Hong Shen, Tsung-Ta Wu (Nat'l Nano Device Laboratories, Taiwan), and 
Yu-Lun Chueh (Nat'l Tsing Hua Univ., Taiwan)

A progressing non-toxic plasma-enhanced solid Se vapor selenization process 
(PESVS) technique compared to hydrogen assisted Se vapor selenization (HASVS) 
to achieve a large-area (40x30 cm2) Cu(In,Ga)Se2 (CIGS) solar panel with enhanced 
efficiencies from 10.8 % to 13.2 % (14.7 % for active area) was demonstrated. 
The effects of plasma steps, plasma power and selenization temperature and 
optimized condition were thoroughly studied in this paper. The remarkable 
enhancement of the efficiency were ascribed to better crystallinity and enlarged 
grain size, less Se vacancy formation as well as uniform Ga distribution. These 
microstructure and compositional change improved fill factor, short circuit current 
and open circuit voltage, respectively. From reaction kinetics point of view, PESVS 
provides extra energy to crack Se then help to decrease the reaction activation 
energy. We believed that this work can provide a facile approach of low temperature 
selenization for flexible substrate applications or fast selenization for throughput 
consideration, thus stimulate the mass-production in large scale CIGS PV industry.

57-2 15:55~16:20

 Loss Mechanisms of Thin Film Solar Cells
Byungha Shin (KAIST, Korea)

The Shockley and Queisser, in their paper published in 1961,1 discussed theoretical 
maximum efficiency (the so-called SQ limit) of a single-junction photovoltaic device 
assuming abrupt change in absorption characteristics across the bandgap and 
the absence of non-radiative recombination, and predicted efficiency as high as 
34% should be achievable. However, record efficiencies demonstrated so far 
still lag well behind the predicted SQ limit. I will first discuss general reasons 
behind the performance gap between the SQ limit and actual efficiencies reported. 
Then I will move onto discussing the proposed loss mechanisms of a specific 
type of thin film solar cells, namely Cu2ZnSnS4, which has been receiving lots 
of attention due to its earth-abundance.2 Finally I will talk about the implication 
of high open-circuit voltages (almost reaching the value predicted by the SQ 
limit) demonstrated from inorganic-organic hybrid perovskite solar cells.
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57-3 16:20~16:45

 Application of Atomic Layer Deposition for Thin Film Solar Cells: 
Zn-Based Buffer Layers
Hee Kyeung Hong, In Young Kim, Jin Hyeok Kim, and Jaeyeong Heo (Chonnam 
Nat'l Univ., Korea)

In this talk, I will introduce the ALD technique and discuss the formation of 
amorphous zinc-tin-oxides (a-ZTOs) at low-temperatures by using a newly 
synthesized cyclic tin (II) precursor. Application of ALD-ZTOs as an n-type buffer 
layer for cuprous oxide (Cu2O) thin-film solar cells (TFSC) will be presented focusing 
on controlled zinc-to-tin cation ratios. Film formation of zinc oxysulfide (ZnOS) 
and its application to Cu2ZnSn(S,Se)4-based solar cells will also be dealt later 
in the presentation.
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 Mesh-Based Computer Generated Hologram and its Display 
Using Waveguide Type Near-Eye-Display Configuration
Jae-Hyeung Park, Han-Ju Yeom, Yeong-Min Ji, BoNi Li, HuiJun Zhang, Hee-Jae 
Kim, Sang-Hoo Kim, and Sung-Bok Kim (Inha Univ., Korea)

In this talk, we introduce our recent work on the holographic contents generation 
and the holographic near-eye-display. For the hologram contents generation, we 
explain dark line artifact removal and shading enhancement of the hologram 
synthesis from the computer graphics models represented by polygon meshes. 
For the display, we introduce the waveguide type configuration for see-through 
capability.

58-2 15:55~16:20

 3D Display Technologies for Integral Imaging Method
Shin-ichi Uehara (Toshiba Corp., Japan)

An integral imaging method is based on a novel photography method using 
a lens array for spatial image reproduction, and recently, this method is extended 
to the light field rendering where the light rays in space are descbibed by their 
positions and directions. We have developed a one-dimensional (horizontal parallax 
only) integral imaging (1D-II) method, that adopts a lenticular sheet to provide 
only horizontal parallax for 3D TV products, medical imaging systems, and table 
top applications. We have also developed LC GRIN lens technology for changing 
the lens function according to user application. In this paper, we will show our 
development results of 3D display technologies.

58-3 16:20~16:35

New Arc 3D Display for Changing Various 3D Images
Shingo Nishiyama and Shiro Suyama (The Univ. of Tokushima, Japan)

The phenomenon which 3D image appears on the board is reported by Dr. Plummer. 
This method has the advantages of simple structure and low set-up cost. However, 
conventional arc 3D display cannot change the 3D image.In this paper, we propose 
“Multi-image Arc 3D display” which can change various 3D images on one board.



158 The 15th International Meeting on Information Display

Room E (Room 321)

58. 3D Display VI

Date: August 21, 2015 (Friday)
Time: 15:30~17:30
Session Chair: Prof. Hee-Jin Choi (Sejong Univ., Korea)

58-4 16:35~16:50

Brightness Enhanced Novel Parallax Barrier Type 3D Displays
Soon-Bum Kwon, Chang-Woo Jeon (Hoseo Univ., Korea), Young-Min Kim, 
Hee-Sang Yoo, and Sang-Hyun Park (NDIS Corp., Korea)

We developed a brightness enhancement technology for the parallax type 3D 
displays. New parallax barrier consists of reflective polarizer and patterned active 
retarder. Basic operation principle of it is to recycle the light, which is absorbed 
at barrier in normal parallax barrier 3D. The concept is depicted in Fig.1 (b). 
The light coming to slit area has the polarization parallel to the transmission 
axis of reflective polarizer, so that passes through the parallax barrier layer onto 
the TFT-LCD. On the other hand, the light coming to barrier area has the polarization 
perpendicular to the transmission axis of reflective polarizer, so that reflects from 
the parallax barrier layer, and come to the BLU, and reflect from BLU. If it meets 
the slit area on the way of recycling then it passes through the parallax barrier 
layer onto the TFT-LCD. If it meets the barrier area then it reflects again. If there 
is no loss of light on the way of propagating the optical components of reflective 
polarizer, active retarder and BLU, then all lights emitting from BLU go to TFT-LCD 
through the slit area.The light efficiency of it exceeded at least two times that 
of conventional one.

58-5 16:50~17:05

Enhancement of Viewing Angle Performance for a Film-Type Patterned 
Retarder Stereoscopic Display Using Lenticular Lens Array
Hyeon-ho SON (Yonsei Univ., Korea), Ju-un Park, Woo-nam Jeong (LG Display 
Co., Ltd., Korea), and Kyunghwan Oh (Yonsei Univ., Korea)

We proposed a novel method to enhance the viewing angle characteristics of 
a film based patterned retarder 3D display (FPR 3D) using a lenticular lens array. 
A lenticular array with a horizontal direction is attached on the conventional 
FPR 3D panel, so as to increase the vertical viewing angle. Using the lens technique, 
the light from a vertically oblique angle is successfully controlled to reduce the 
3D crosstalk by converting the light leakage from a neighborhood pixel to a 
high angle component. We analyzed the off-axis focal surface of a lens inside 
a refractive media using a wave optical approach, and found the relationship 
between 3D viewing angle and the lens characteristics. By developing 18.5” FPR 
3D panel and the appropriate lenses, we have successfully demonstrated this 
lens technique could enhance 3D vertical viewing angle of FPR panel and confirmed 
the relation between lens characteristics and its viewing angle. This study can 
provide the fast development of an optimum lens for the various FPR 3D panels.
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58-6 17:05~17:30

 How Does Ultra-D Technology Work?
Matthew Jia Jiunn Lo (Stream TV Networks, Inc., U.S.A.)

The Ultra-D technology of Stream TV Networks for 3D displays has been developed 
to result in a natural 3D perception, where glasses are no longer needed. The 
Ultra-D technology generates a light field addressing human depth perception 
in a way close to seeing the real three-dimensional world. The Ultra-D optical 
solution addresses two important depth cues; stereopsis and (partial) motion 
parallax, resulting in a more natural 3D experience.
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59-1 15:30~15:55

 Liquid Crystal Light Shutter for Transparent Displays
Byeong-Hun Yu, Jae-Won Huh, Joon Heo, and Tae-Hoon Yoon (Pusan Nat'l 
Univ., Korea)

Recently, transparent displays have drawn much attention as next-generation 
displays. However, transparent displays suffer from poor visibility because 
background images are always seen along with the displayed image because 
of this transparent window area. This visibility problem can be solved by placing 
a light shutter at the backside of a transparent display. By switching the light 
shutter, we can block or transmit the background image through a the transparent 
display. The operational principle of a light shutter can be classified into two 
types: light scattering and light absorption. For the practical application of the 
light shutter to a transparent display, a single-layered light shutter, wherein haze 
and transmittance can be simultaneously controlled, is desirable. In this study, 
we demonstrate a dye-doped liquid crystal light shutter device that simultaneously 
uses light scattering and light absorption effects in a single-layered structure.

59-2 15:55~16:10

Highly Flexible Polymer Insulating layers Deposited by Initiated Chemical 
Vapor Deposition
Hanul Moon, Hyejeong Seong, Sung Gap Im, and Seunghyup Yoo (KAIST, 
Korea)

Polymer insulating layers have been regarded as a potential candidate for insulator 
components in flexible electronics due to their high flexibility and low process 
temperature, thus large amount of efforts have been conducted to secure their 
insulating property while reducing the thickness available for electronic applications. 
In this respect, poly(1,3,5-trimethyl-1,3,5-trivinyl cyclotrisiloxane) (pV3D3) films 
deposited by initiated chemical vapor deposition (iCVD) were recently proposed, 
and showed an almost ideal insulating property comparable to that of Al2O3 
for the thickness of even sub-10nm. The proposed polymer insulating layer and 
the deposition process are highly advantageous to flexible electronics attributed 
to the high durability to mechanical strain of up to 4 %, and solvent-free process 
condition at about room-temperature. The reason for that high mechanical durability 
can be found in material dynamics that the thickness of the pV3D3 layer remained 
almost constant with strain, implying that the Possion ratio of the pV3D3 flim 
is near zero, thus stress is not concentrated in a particularpoint. Flexible organic 
transistors were also succefully fabricated with pV3D3 gate isulating layers.
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59-3 16:10~16:25

Flexible, Transparent and Low Resistance Cathode with Work Function 
Tuned Multilayer Structure for Organic Light-Emitting Diodes (OLEDs)
Jin Han Yoo, Woo Jae Jang, and Kyung Cheol Choi (KAIST, Korea)

In this study, we present a flexible and transparent cathode with low resistance 
using a multilayer structure. As an improved alternative, we suggest a multilayer 
cathode which consists of a zinc sulfide (ZnS) / silver (Ag) / transparent conductive 
oxide (TCO) / silver (Ag) / work function tuning layer. This structure also provides 
good mechanical flexibility. Therefore, the proposed ZnS / Ag / TCO / Ag / 
TCO:Cs2CO3 cathode may be applied to flexible and transparent OLEDs.

59-4 16:25~16:40

Performance of Flexible Silver Nanowire Electrode Coated with Graphene 
Oxide
Yo-Han Choi, Seung-Yeol Yang (Hongik Univ., Korea), Seok Jeong (Ce&Chem 
Co., Ltd., Korea), and Yong-Seog Kim (Hongik Univ., Korea)

Silver nanowires (ANWs) have been expected to play important role in fabricating 
transparent electrode for flexible displays. But for actual use of the materials, 
oxidation resistance of the ANWs, the sheet resistance, optical transmittance, 
and other characteristic must be enhanced further. In order to improve those 
properties, we coated ANWs with reduced graphene oxide films. And the diameter 
of ANWs was reduced from 25nm to 20nm by controlling the processing conditions 
of the nanowires. The effect of graphene coating on the oxidation resistance 
of ANW film has been tested and will be presented at the meeting.
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 High-Speed LED Displays and its Applications
Hirotsugu Yamamoto (Utsunomiya Univ., Japan), Kengo Sato, Akinori Tsuji, and 
Shiro Suyama (Tokushima Univ., Japan)

Recently, several types of high frame-rate LED displays have been developed to 
improve performance on 3D displays and interactive user interfaces, including 
volumetric 3D representations, exercises with video movies, and a new digital 
signage techniques.3 Conventional information display architecture has a latency 
problem from video signal input to optical output. In order to overcome the 
latency problem, we have proposed new architectures for LED display, such as 
a high-frame-rate LED display with spatiotemporal mapping, smart LED tile (SLT), 
and column-parallel LED display (CPLD). This paper shows our developments on 
high-speed LED displays and their applications. SLT integrates sensors, a wireless 
communication module, a processor, an LED driver, and battery within 5 cm 
by 5 cm square. SLT can show acceleration, rotation angle, luminance, or sound 
instantaneously. SLT position can be detected according to electric field intensity 
of wireless communication. CPLD is composed of LED lines. Each LED line is 
operated by a microprocessor. The microprocessors operate parallel SIMD (single 
instruction multiple data). Applications of high-speed LED displays include 
hand-waving steganography, visualization of acceleration, and free-space 3D 
interface of AIRR (aerial imaging by retro-reflection) screen by use of our developed 
high-frame-rate LED display system.

60-2 15:55~16:20

 Table-Top 3-D Display Using Integral Imaging Technique
Seung-Cheol Kim and Eun-Soo Kim (Kwangwoon Univ., Korea)

The information’s value expects to be maximized if the virtual world in the cyber 
space can be deployed in front of our eyes in the free-space. Thus, a new type 
of displaying technology to transform the cyber space inside the 2-D monitor 
into the real 3-D space has been strongly needed. A table-top, which is an area 
of the table surface, is a shared space for collaborative work and is useful for 
varied tasks. For this, a novel table-top 3-D display system is proposed. In the 
proposed system, users can see and touch the displayed volumetric 3-D images.
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60-3 16:20~16:35

360-Degree Cylindrical Directional Display
Hosung Jeon (Kyungpook Nat'l Univ., Korea), Hwi Kim (Korea Univ., Korea), 
and Joonku Hahn (Kyungpook Nat'l Univ., Korea)

Our system is inspired from Zoetrope. Zoetrope is a device to provide an animation 
by rotating the slits which are positioned at the side of the cylinder. On the inner 
surface of the cylinder, the series of images are drawn and when the slits rotate, 
the observer watch the series of images through the slits sequentially. In our system, 
this method is modified to provide 3D contents and the slit plays a role to define 
the direction of emission from the image to observer. The great advantage of this 
system is that the image screen is positioned opposite side to the observer. The 
distance from the image on the inner surface to the slit is enough and the observer 
focus on the image on the opposite side to watch the contents. Therefore, this 
configuration has a potential to convince observer that the contents is located inside 
of the cylinder since the mismatch between the vergence and accommodation becomes 
smaller than the case when the image is positioned right before the slit.

60-4 16:35~16:50

Lens Type Comparison Study for an Aircraft Head Up Display
Yong chul Park and Jun ho Lee (Kongju Nat'l Univ., Korea)

An aircraft HUD displays the aircraft operational information to help identify the 
flight information [1]. We carried out design studies for HUD development for 
an aircraft simulator, of which the background screen is projected onto a 9ft 
dome. The HUD was designed to provide 25°TFOV, 13.45°VFOV & 20°HFOV, 
with the an eyebox of 140 x 100 mm2. Two optical design types were compared 
and optimized respectively for achieving the give requirement; a relay type, and 
a non-relay type. This paper presents those two design results concluding the 
non-relay type was better in our application.

60-5 16:50~17:05

Analysis of Viewing Property of Transmission-Type Three-Dimensional 
Screen
Hyunsik Sung, Youngmin Kim, Junkyu Yim, and Sung-Wook Min (Kyung Hee 
Univ., Korea)

we propose the transmission-type three-dimensional screen using the micro 
hole-mirror array and analyze the viewing property of the proposed screen. Also, 
the viewing property of the proposed screen can enhance the 3D image visibility 
in the projection-type integral imaging system.
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P1-1

Enhanced Performance of I-III-VI Type Quantum Dot-Light-Emitting 
Devices through Introducing Alloyed Oxide Nanoparticle-Based Electron 
Transport Layer
Chang-Yeol Han, Jong-Hoon Kim, Ki-Heon Lee, Dae-Yeon Jo, and Heesun Yang 
(Hongik Univ., Korea)

Three types of I-III-VI QDs with ternary Cu-In-S (CIS) and quaternary Cu-In-Ga-S 
(CIGS) and Zn-Cu-In-S (ZCIS) are utilized for the formation of emitting layer (EML) 
of solution-processed, multilayer-structured quantum dot-light-emitting diode (QLED). 
While poly(9-vinlycarbazole) (PVK) hole transport layer (HTL) is commonly applied 
in those devices, inorganic electron transport layer (ETL) of a series of colloidal 
Zn1-xMgxO (x=0, 0.05, 0.1) nanoparticles (NPs) are unprecedentedly introduced. 
Increase in band gap of metal oxide NP by MgO alloying produces an upshift of 
its conduction band minimum (CBM) level, beneficially leading to a closer proximity 
in energy between CBMs of QD EML and ZnMgO ETL and consequently rendering 
the electron injection to QD region facilitated. As a result, the device with ZnMgO 
NP ETL is superior to that of ZnO one with respect to luminance and efficiency. 
For all I-III-VI QLEDs having CIS, CIGS, and ZCIS QDs, the consistent trend of a 
strong dependence of device performance on the type of ETL is indeed observed, 
proving an efficacy of such alloyed ETL in improving the device performance.

P1-2

In2O3 Overcoating on InP/ZnS Quantum Dots toward Improved Fluorescent 
Stability
Jung-Ho Jo, Eun-Pyo Jang, and Heesun Yang (Hongik Univ., Korea)

For an effort to render quantum dots (QDs) highly stable against photo-excitation, 
in this work, a novel oxide of n-type wide semiconductor In2O3 is for the first 
time chosen as a QD encapsulating phase. Red-emitting InP/ZnS QDs are first 
synthesized and consecutively placed in a simple In2O3 overcoating process. To 
confirm the presence of In2O3 overlayer, InP/ZnS and InP/ZnS@In2O3 QDs are 
compared through structural, surface-compositional, and microscopic analyses. 
Both QDs are identically subjected to a continuous UV irradiation for a long 
period of time up to 100 h and their temporal PL variations are monitored. A 
markedly enhanced photostability of InP/ZnS@In2O3 versus InP/ZnS QDs is indeed 
observed as a result of the effective suppression of photooxidation at InP/ZnS 
QD surface by In2O3 overlayer. Furthermore, the beneficial effect of In2O3 overcoat 
is confirmed by packaging InP/ZnS and InP/ZnS@In2O3 QDs with a blue LED and 
evaluating the device stability of the fabricated QD-LEDs for a continual operational 
duration of 48 h, showing a much higher QD emission stability from InP/ZnS@In2O3 
versus InP/ZnS QDs.
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P1-3

Polydispersity in Colloidal InP Nanocrystal Quantum Dots: Insights Obtained 

from Dissolution Studies
Youngsik Kim, Kyungnam Kim, Sudarsan Tamang, and Sohee Jeong (KIMM, 
Korea)

We investigated the dissolution of InP NQDs by systematically studying the dissolution 
and growth behavior of InP NQDs in solution. Particular focus is on dissolution 
as a function of QD size and the type of ligands in the solution, the relative ratio 
of ligand concentration and reaction temperature. Our results shed light on the 
behaviour of InP NQDs in the presence of coordinating ligands, which we believe 
is important in understanding the nucleation and growth of these NQDs.

P1-4

Enhanced Solution-Processed Quantum Dot Light Emitting Diodes with 
Additional Organic Hole Transport Layer
Hye-Ryeon Jang, Yun-Soon Ka, and Woon-Seop Choi (Hoseo Univ., Korea)

Quantum dots (QDs) have been studied as one of the emitters for next generation 
display because of their unique properties, such as narrow emission band width, 
high stability, high color purity, and solution processability. Ever since quantum 
dots are used as an emitting layer in light emitting diode fabrication in 1994, 
the performance of quantum dot light emitting diode (QD-LED) devices has been 
rapidly improved through designing device structures from different concepts, 
changing the composition and structure of the QDs. Among these factors, charge 
transport layer was of great importance to facilitate charge carrier injection from 
anode/cathode and balance the injected carriers. In this study, we used MoO3 
and PVK as anode buffer layers and studied their effects on the device. Solution 
MoO3 for hole injection layer is non toxic, and possesses deep lying electronic 
states with work function of 5.5eV. [1] Solution MoO3 has great attention as 
an interfacial layer, owing to its relatively good hole mobility, environmental stability 
and transparency in the range of visible light.[2] Also, solution processed PVK 
for hole transport layer was much cheaper than widely used poly-TPD and quantum 
dots dispersing in haxane does not dissolve PVK layer, so previously deposited 
PVK HTL remains undamaged after spin-coating of QD solution in hexane. So, 
we fabricated a red QD-LED by all-solution-process using MoO3 and PVK as anode 
buffer layer. The maximum luminescence from using MoO3 layer only and MoO3 
with PVK layer devices were 71.54 cd/m2 and 672.1 cd/m2, respectively. The 
device with an additional PVK layer showing an over 9-time higher in maximum 
luminescence. The reson is that the bilayer-structured anode buffer layers take 
an advantage of the deep highest-occupied molecular-orbit energy level of PVK 
to realize the efficient hole injection into the quantum dot layers and the relatively 
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P1-5

A Study of Efficient Charge Transfer in PbS Colloidal Quantum Dots Solids
Seung Jin Heo, Seokhyun Yoon, and Hyun Jae Kim (Yonsei Univ., Korea)

We investigated how changing the ligand on the PbS colloidal quantum dots 
(CQDs) surface affects the strength of coupling and resulting charge carrier transfer 
dynamics inside PbS CQDs solids. The ligand-shell plays an important role in 
determining the distance between CQDs, the transport properties, and superlattice 
symmetry in solids. Optimal ligands for the synthesis of CQDs are long and 
dynamically passivate the surface of CQDs. On the other hand, ligands that are 
best for device performance are short in order to promote inter-dot coupling, 
and are strongly bound to the CQDs surface to passivated mid-gap defect states. 
Therefore, it is necessary to exchange ligand from post-synthesis ligands to strongly 
bound shorter ligands. In our experiments, we conducted a strategy for enhancing 
charge carrier transfer by exchanging the native, long organic chains to short 
organic chains and atomic ligands: oleylamine (OLA) ligands, oleic acid (OA) ligands, 
and Br atomic ligands. The complex conductivity function s(w) was obtained. 
The OLA and OA ligands have a similar chain length (~ 2 nm). However, the 
conductivity of OLA capped PbS CQDs solids was a flat near zero, whereas OA 
capped PbS CQDs solids wasn’t. That resulted from isolated dot system due to 
OLA ligands shell having large inter-dot distance. Three quantized phonon modes 
were clearly seen for OLA capped PbS CQDs solids; there was a strong Fröhlich 
mode in OLA capped PbS CQDs solids and the Fröhlich mode seemed less intense 
and broadened due to mode splitting. The OLA capped PbS CQDs solids can 
only have an isolated dot system among samples, because the OLA ligands 
(monodentate) can adsorb onto a whole surface of CQDs. Also, there was a 
dramatic increase in conductivity of Br capped PbS CQDs solids as a result of 
the decrease in the inter-dot distance. Finally, we propose a guidance for architects 
of chemical stretegies for enhancing conductivity of CQDs solids.
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P1-7

Efficiently Fabricated Quantum Dot Film by Polymer-Free Nanoparticles 
Adhesion Technique for Down-Conversion of Blue Light in Organic Light 
Emitting Diode
Velu Arasu, Deok Su Jo, Bong Sung Kim, and Ho Kyoon Chung (Sungkyunkwan Univ., 
Korea)

Recent research development of organic light-emitting diodes (OLEDs) promising 
in electron to photon conversion process efficiently with high color-rendering 
quality and soft which benefits the commercialization of wide area display and 
solid-state lighting devices [1]. White OLEDs source could be constructed by blue 
OLEDs (BOLEDs) with remote phosphor or RGB stacked OLEDs, in reliability aspect 
BOLEDs is better than RGB stacked electroluminescent (EL) device which demands 
many organic functional layers with different lifetime results low reliability. BOLEDs 
with remote Phosphor could make device simpler and hybrid of EL and 
photoluminescence (PL) system, but poor color-rendering quality due to wide 
emission spectrum of Phosphor. In this work we choose BOLEDs with Quantum 
Dots (QDs) which is stable, hybrid and encounter high color-rendering quality 
due to sharp emission (FWHM < 40 nm) of QDs by Down-conversion mechanism. 
Down-conversion of blue Photon from BOLEDs by QDs require high quality of 
QDs color-conversion film with thin, efficiently dispersed, non-agglomerated. 
However, fabricating thin and well dispersed QDs films were challenging and 
conventional Drop-casting or Spin-coating method uses dense Polymer as matrix, 
hence not efficient for Down-conversion of Photons. Polymer matrix increases 
the Nanoparticle agglomeration and results haze effect [2]. To address this problem 
we introduced ‘Polymer-free Nanoparticles Adhesion Technique’ by simple 
Spin-coating on Teflon plate and transfer to OCA film (25 μm) which extends 
the efficient fabrication of thinner, Polymer free, well dispersed and 
non-agglomerated QDs film for efficient Down-conversion of Photons. In 
experimental investigation, BOLED emission λ= 460 nm, Area 2x2 cm2 as blue 
Photon source, homemade CdSe/CdS/ZnS red QDs were synthesized with slight 
modification as reported [3] and Alumina (Al2O3) micro particles were used. 
The efficient down conversion of blue Photon to Red were realized through EL 
spectrum shown in Figure 1, and the achieved enhancement were 3% (253 to 
260 nit) it was further enhanced to 29% (253 to 325 nit) through outcoupling 
process by attaching Alumina (Al2O3) micro particle on QDs film. The Lambertion 
emission pattern shown in Figure 2, which is efficient and superior than the 
typical results of Polymer matrix QDs film. The QDs films were critically investigated 
further such as the internal and external morphologies by HRXRD, HRTEM as 
well as optical properties by UV-visible Absorption spectrum, PL fluorescence mode 
and Quantum Yield. There were ongoing investigations of material process and 
technical optimization for the best attainment.
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P1-8

ptimization of Organic-Inorganic Hybrid Quantum Dot Light Emitting Diode 
Based on ZnO NPs as ETL
Yun-Soon Ka, Hye-Ryeon Jang, and Woon-Seop Choi (Hoseo Univ., Korea)

In this study, we used an organic-inorganic hybrid structure of QD-LED and compared 
the performance of device based on ZnO NPs and TiO2 as commonly used metal 
oxide for ETL. The QDs and ZnO NPs applied to EML and ETL were synthesized 
using solution syntheses in person. A device structure is composed with ITO / 
PEDOT:PSS / CdSe/CdS/ZnS QDs / ZnO NPs / Al as anode / HIL / EML / ETL / 
cathode, respectively. As a result, we demonstrated that the device applying the 
ZnO NPs as ETL shows lower turn-on voltage and higher luminance than TiO2 
based device. Further, in order to improve the luminance and luminance efficiency, 
we insert a PVK as HTL. As a result, luminance is enhanced three times because 
the PVK as HTL is complements the large energy barrier between the PEDOT:PSS 
and QDs as HIL and EML. By using this structure, we optimized the thickness 
and density of ZnO NPs and obtained better of performance of hybrid QD-LED.

P1-9

White Quantum Dot Light-Emitting Diodes with Improved Performance Using 
Conjugated Polyelectrolyte
Heeyoung Jung, Myeongjin Park, Yeonkyung Lee (Seoul Nat'l Univ., Korea), 
Wan Ki Bae (KIST, Korea), and Changhee Lee (Seoul Nat'l Univ., Korea)

Quantum dot light-emitting diodes (QLEDs) are promising lighting sources for 
display applications because they have very high color purity and wide color gamut, 
compared to LCD and organic light-emitting diode (OLED) displays. Also, white 
QLEDs have simple device architecture with one mixed emission layer compared 
with white OLEDs, that have stacked tandem structure, due to restricted energy 
transfer between quantum dots (QDs) when the thickness of QDs is sufficiently 
thick [1]. Because the efficiency of the blue QLED is much lower than the green 
and red ones, the relative concentration of blue QDs in the mixed emission layer 
should be higher than the other color QDs to obtain balanced white emission. 
In addition, the larger bandgap of blue QDs can cause inefficient charge injection 
from charge transport layer to QDs. Thus, the optoelectronic characteristics of 
the white QLED are determined by the performance of blue QLEDs [2]. We 
demonstrate bright and color stable white QLEDs by inserting thin conjugated 
polyelectrolyte (CPE) layer between electron transport layer (ETL) and QDs. We 
found that the device with CPE layer exhibits significantly increased current density 
and luminance. Also, the CIE coordinates of the device with CPE layer shows 
less variation along with the increase of luminance compared to the device without 
CPE layer. The improved device performance of white QLEDs can be originated 
from the reduced electron injection barrier between ETL and blue QDs. 
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P1-10

Synthesis of YF3:Yb3+/Er3+ Nanosheets and Their Upconversion Luminescence
G.Murali, Tae Hyung Kim, Jee Hun Kim, Jae Myeong Lee, Sung Cheol Noh, Eun 
Jeong Shin (Chonbuk Nat'l Univ., Korea), Dong Kwon Lim (Korea Univ., Korea), 
and Seung Hee Lee (Chonbuk Nat'l Univ., Korea)

Recently, lanthanide doped upconversion nanomaterials with bright upconversion 
fluorescence emission have attracted a considerable interest. Most of the upconversion 
nanomaterials that have been synthesized so far are lanthanide doped fluoride materials, 
since fluoride materials have low phonon energies which minimize non-radiative losses 
to enable intense upconversion emissions. Among all fluoride host materials, YF3 is 
one of the important fluorides with potential applications in solid-state laser, phosphors, 
ionic conductors, and scintillators.In the present investigation, we have synthesized 
YF3:Yb3+/Er3+ nanosheets. Nanosheets are appeared to be tapered at the middle since 
the width of the nanosheet is decreasing from both ends to the middle. Length, width 
and thickness of the nanosheets are 160-240, 70-140 and 10-15 nm, respectively. 
Fluorescence emission spectrum of YF3:Yb3+/Er3+ nanosheets was measured under an 
excitation of 980 nm laser. The emission spectrum shows the characteristic green 
(546 nm) and red (658 nm) upconverted light with red being more intense than the 
green. The green and red emission bands can be attributed to 4S3/2→4I5/2 and 4F9/2→ 
4I5/2 transitions of Er3+ ion, respectively. The observed high photoluminescence intensity 
and peculiar morphology of YF3:Yb3+/Er3+ nanocrystals are expected to lead to the 
potential application in biomedical imaging and display applications

P1-11

The Influence of the Dimensions of CdSe/Cd1-XZnXS Core/Shell Type-I 
Heterostructured Quantum Dots on the Performances of Light-Emitting Devices
Jun Hyuk Chang (Seoul Nat'l Univ., Korea), Byeong Guk Jeong (KAIST, Korea), 
Kookheon Char (Seoul Nat'l Univ., Korea), and Wan Ki Bae (KIST, Korea)

We have investigated the relationship between the dimensions of core/shell 
heterostructured quantum dots (QDs) with the performances oflight-emitting diodes 
(LEDs). For comparative study, we have synthesized a series of CdSe/Zn1-XCdXS 
core/shell type-I heterostructured QDs having similar optical properties (e.g., 
photoluminescence energy, full width at half maximum, photoluminescence 
quantum yield, single exciton lifetime) but varying shell thicknesses (core radius: 
2.0 nm, 2.5 nm<= shell thickness <= 6.3 nm). Upon the inverted device architecture, 
thick-shell QDs have shown higher efficiency andoperational stabilityalong the 
current sweep within the actual devices.Spectroscopic analysis reveals thatthe 
suppression of energy transfer and QD charging in thick-shell QDs is indeed 
responsible for the improved device performances. As an ultimate achievement, 
deep-red QD-LEDs (lmax = 630 nm)exhibitingpeak external quantum efficiency 
of 7.4 % and record-high brightnessabove 100,000 cd/m2could be realized based 
on the type-I giant QDs (core radius: 2.0 nm, shell thickness: 6.3 nm).
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P1-12

Transparent Cd-Free Quantum Dots Light Emitting Diodes with Inorganic 
Oxide Charge Transport Layers
Hee Yeon Kim, Yu Jin Park, Byungwook Yoo, Jiwan Kim, Gun Wook You, Chul Jong 
Han, Sung Ho Lee, Myo Jung Choi (KETI, Korea), Christian Ippen, Armin Wedel 
(Fraunhofer Inst. for Applied Polymer Research, Germany), Byeong-Kwon Ju (Korea 
Univ., Korea), and Min Suk Oh (KETI, Korea)

Colloidal quantum dots (QDs) for the display industry have held the limelight 
as one of the potential technologies because of the color tunability, the narrow 
full width half maximum (FWHM) and the solution-process. For the 
commercialization, we need the eco-friendly (Cd-free) QDs and many development 
about the Cd-free QDs have been done until now and the properties of these 
QDs are coming close to those of QDs including toxic materials. And these QDs 
materials can be transparent in the visible region, we can fabricated the transparent 
QD-LED using eco-friendly QDs. But, since it is not easy to realize the transparent 
electrode on the organic charge transport layer without damage, we need to 
develop the transparent electrode on the organic materials. In this work, we 
have fabricated QD-LED devices using eco-friendly InP QDs as emission layer and 
inorganic TiO2 as electron transport layer with inverted structure. And, through 
the optimization of process parameter for transparent electrode, we could realize 
the transparent QD-LED with top and bottom emssion simultaneaously. We could 
also enhance the properties of devices by post-treatment of charge transport 
layer that was coated with nano-size TiO2 solution. To realize the transparent 
devices, we used MoOx layer as hole injection layer and protecion layer of organic 
HTL. Because of the non-thermal post-treatment, we could fabicate our device 
at low temperature of ~ 150˚C
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P1-13

Tuned Reactivity Effects on the Structural and Optical Properties of Chemical 
Composition Gradient Quantum Dots
Velu Arasu, Deoksu Jo, Bongsung Kim, and Hokyoon Chung (Sungkyunkwan 
Univ., Korea)

Industries bring the technology to home through the immense effort of solving 
technical problem but cost of developing green, cheap, reproducible materials 
would be remain challenges. Bottom-up nanomaterial fabrication would be cheaper 
than top-down approach but the lack of reproducibility and controllability fails 
to face the material quality test, which is crucial for mass production. Bottom-up 
approach involves the nanoparticle formation from the clusters of few 100~1000 
atoms, which is sensitive for chemical and physical process that takes place in 
the synthesis phase. Detailed inferring and mechanism of controllability and 
reproducibility of material at cluster to nanoparticle formation could be well 
understood by the fate of chemical and physical process that extending in the 
synthesis phase which directly reveal the size, shape and bandgap formation. 
Here we investigated the nanoparticle formation in the single pot synthesis scheme 
by hot solution injection method, in particular, the chemical composition gradient 
CdSe/ZnSe/ZnS Quantum Dot nanoparticles formation. The chemical reactivity 
would affected by molar ratio of initial materials, concentration of charged species, 
reducing agents, non-coordination solvents, pH solution phase, monomer 
concentration, bond formation also the physical factors of temperature induced 
activation energy, charges, cluster formation, saturation, initial nucleation, energy 
state formation. In the experimental section initial source materials of Cadmium 
oxide (CdO, 99.99%), zinc acetate (99.9%), selenium stock solution dissolved 
in trioctylphosphine (TOP, 90%), oleic acid (OA, 90%) as reducing agent, 
1-octadecene (ODE, 90%) as non-coordination solvents of synthesis, and 
1-Dodecanethiol (>98%) were used in the synthesis. The reactivity was started 
tuning from the ratio of OA and ODE, 1:1, 3:7, 7:3. The phase separated and 
diluted state of solvents was used with other factors constants. The reactivity 
and pH changes, cluster growth kinetics were monitored throughout the reaction 
which yields the change in the redshift in the absorption peak, cluster growth 
and photoluminescence variation
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Thermally Stable In-Ga-Zn-O Homojunction Formed by Plasma Treatment 
with Substrate Bias for Self-Aligned Thin-Film Transistors
Yusaku Magari, Dapeng Wang, and Mamoru Furuta (Kochi Univ. of Tech., Japan)

Recently, self-aligned (SA) structure is actively studied for oxide Thin-Film Transistors 
(TFTs). There are several reports of IGZO homojunction with highly conductive 
IGZO regions, which were formed by the selective exposure of Ar, H2, or He 
plasma. However, it was reported that the performance of SA IGZO TFTs with 
source/drain (S/D) regions formed by Ar, H2, or He plasma treatment easily degraded 
after thermal annealing around 200-300 °C. In this study, we present a method 
to enhance thermal stability of low-resistive In-Ga-Zn-O region by applying a 
substrate bias during plasma treatment. The SA IGZO TFT was successfully achieved 
even after post-annealing at 350 °C. The TFT without plasma-treatment in S/D 
regions showed very low on-current, owing to a huge series resistance of the 
S/D regions. In contract, the TFT with Ar plasma treatment with substrate bias 
(PB) =100 W exhibited a drastic improvement of the drain current.

P1-15

Silver Nanowires Based Stretchable Strain Gauge for Printed Electronics
Hyungdong Lee, Baekhoon Seong, and Doyoung Byun (Sungkyunkwan Univ., Korea)

In this study, we fabricated a stretchable Silver nanowires (Ag NWs)/PDMS composite 
strain sensor with arbitrary micro-pattern electrodes using dispensing nozzle 
printing. In order to ensure a mechanically stable design, we proposed two types 
of electrodes: patterns of overlapped rings and diamonds. We also demonstrated 
that the electrical resistance could be modified according to the printing speed 
because the number of conductive fillers was proportional to the liquid ejection 
time. We also conducted static simulation for the two geometries to study the 
effect of the patterns when the strain sensor is stretched.

P1-16

Flexible Liquid Crystal Display for Wearable Smart Device
Yu-Hsien Lin, Wen-Yuan Li, Tai-Hsiang Huang, Jen-Kuei Lu, and Sugiura Norio 
(AU Optronics Corp., Taiwan)

Flexible displays continue to attract intensive interests due to their potential 
characteristics. Smart electronic devices such as cell phone and smart watch were 
produced by flexible OLED and EPD, respectively. However, wearable device made 
from flexible LCD was rare. In this work, 3.47 inch flexible LCD was successfully 
made via bond-debond handling method. The 3.47 inch flexible LCD which exhibits 
44 mm curvature for fitting human wrist. Thin and light-weight flexible LCD cell 
are less than 0.3 mm and 2.5g. AHVA (Advanced Hyper-Viewing Angle) mode was 
chosen for our flexible LCD due to its remarkable optical properties. Flexible LCD 
of bending condition is still present a well viewing angle in specific observation distance.
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P1-17

Perchlorate-Doped PEDOT:PEG as an Additional Hole Injection Layer for 
Quantum-Dot Light Emitting Diodes
Sang Moo Lee, Jae Eun Cho, and Seong Jun Kang (Kyung Hee Univ., Korea)

A thin layers of perchlorate-doped poly(3,4-ethylenedioxythiophene)-block-poly 
(ethylene glycol) (PEDOT:PEG) was used as an additional hole injection layer for 
quantum-dot light emitting diodes (QLEDs). Perchlorate-doped PEDOT:PEG was 
inserted between transparent electrodes and poly(3,4-ethylenedioxythiophene) 
:poly (styrene sulfonate) (PEDOT:PSS), and improved the interfacial contact. The 
electroluminescent characterizations indicate that increases of current density and 
luminance at the device with perchlorate-doped PEDOT:PEG. Therefore, double 
layer structure for the hole injection layer improved the device properties. We 
will present the origin of the improvements as well as the device characteristics.

P1-18

Transparent Electrodes Based on Carbon Nanomaterials for Liquid Crystal 
Displays
Seung Won Shin, Yong Un Jung, Ki-Beom Kim, Suk-Won Choi, and Seong Jun 
Kang (Kyung Hee Univ., Korea)

We will report typical twisted nematic (TN) liquid crystal displays (LCDs) with 
carbon nanomaterials as a transparent electrode to fabricate ITO-free device. 
Graphene, multi-layered graphene, carbon nanotube, and hybrid film based on 
carbon nanomaterials with metal grid were prepared for transparent conductive 
films. We evaluated the properties and performance of LCD devices with the 
prepared transparent films by measuring the transmittance, sheet resistance, 
voltage-transmittance curve and voltage holding ratio. The result shows that the 
hybrid film of graphene and metal grid could be an alternative to ITO for the 
new-type of LCDs
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Highly Sensitive, Wearable, and Multimodal All-Carbon Electronic Skin Capable 
of Simultaneously Detecting Tactile and Biological Stimuli
So Young Kim, Sangsik Park, Do Hyung Park, Han Wool Park, and Do Hwan 
Kim (Soongsil Univ., Korea)

We have developed a highly sensitive, wearable, and multi-stimuli responsive 
artificial all-carbon skin using hierarchically engineered elastic and highly conductive 
carbon nanotube fabrics, i.e., CNT microyarns. The sensor skin is capable of 
simultaneously detecting heterogeneous versatile external subtle stimuli such as 
tactile, touch, temperature, humidity, and even biological variables into a single 
pixel. We utilized piezocapacitive-type and all-carbon device architecture that 
consists of highly stretchable CNT microyarn circuitry incorporated with stretchable 
elastomer dielectric onto PDMS substrates, where CNT microyarns were aligned 
to allow point-to-point overlap for implementing high sensitivity as well as high 
spatial resolution of the sensors. Based on this type of capacitive sensory system, 
we could successfully demonstrate highly sensitive and reliable tactile sensor arrays 
to allow position detection under even an ultralow pressure of 0.4Pa and exhibit 
fast response time of 63ms. In particular, effective multimodal output electric 
signals could be manipulated as a change of resistance or capacitance under 
mechanical deformations, touch, temperature, humidity variation, which 
physiologically enables the communication of feelings and emotions through 
skin-to-skin contact similar to that of human skin. Moreover, each pixel could 
detect and even discern input signals derived from versatile chemical fluids with 
different dipole moments or pH.
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P1-20

Stretchable Transparent Capacitive Touch Sensors Based on Spin-Coated 
Silver-Nanowire Composite Electrodes
Tae Young Choi, Byeong-Ung Hwang, and Nae-Eung Lee (Sungkyunkwan 
Univ., Korea)

We developed highly stable transparent electrode under stretched environment 
using simple spin-coated AgNW composite. For optimal stretchable electrode, 
two kinds of AgNW films, thick and thin nanowires, were compared. Thin AgNW 
film showed better characteristics of 21.35Ω/□ and 92.7%. In comparison of 
stretchabilities, thin AgNW film on PDMS substrate also showed better stretching 
characteristics due to its higher aspect ratio of nanowire (length/diameter) than 
thick AgNW film. Assuming the same young’s modulus, stiffness of nanowire 
is proportional to the cross sectional area of nanowire and inversely proportional 
to the length. This is the reason why thin nanowire film showed better stretchable 
characteristics. To enhance the stretchability, polyurethane (PU) solutions were 
spin-coated on the AgNW films. However, resistances of PU coating samples 
changed more than non-coating samples. It is supposed that adhesion of AgNW 
film on PU was superior to on PDMS, so that AgNW films were delaminated 
from PDMS substrate under stretching conditions. PDMS surface recovers its 
hydrophobicity slowly even after long-time O2 plasma treatment. We are under 
modifying surface treament and PU coating condition. Nontheless, the film 
conductance showed excellently stable under cyclic stretching test up to 10000 
times. Additionally, capactive touch sensors were also demonstrated.

P1-21

The Effect of Width and Shape on the Fatigue Behavior of Metal Lines in 
Flexible AMOLED Devices
Kun Hu, Sheng Gao, Qi Shan, Xiaolong Yang, Tingting Zhang, Li Lin, Xiaoyu 
Gao, and Xiuqi Huang (Kunshan New Flat Panel Display Tech. Center Co., Ltd., 
China)

The effect of width and shape on the fatigue behavior of metal lines in flexible 
AMOLED devices was investigated and the results show that both the width 
and the shape play an important role on the T. With increasing L, the T decreases 
because more defects result in more micro-cracks. Additionally, sine line has the 
best mechanical properties due to the lowest stress localization. From the premise 
that the electrical properties of the lines are well maintained, narrows sine lines 
should be chosen to improve the mechanical properties in flexible AMOLED.
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P1-22

Fabrication of Organic Light Emitting Diode on Aramid Paper Substrate
Yeonkyung Lee (Seoul Nat'l Univ., Korea), Jiyoung Song, Hyoseok Kim (Toray 
Chemical Korea Inc., Korea), and Changhee Lee (Seoul Nat'l Univ., Korea)

Organic light-emitting diodes (OLEDs) have attracted great attention due to their 
various applications such as solid-state general lighting, large-area display and 
flexible & transparent displays. Nowadays applications for low-cost disposable, 
throwaway displays also draw attention for next generation display technology. 
However, surface roughness issues should be compensated preferentially for direct 
fabrication of electronics on paper substrate. Herein, we demonstrate bright 
top-emission organic light-emitting diodes (TE-OLEDs) on flattened flexible aramid 
paper substrate. We fabricated green phosphorescent non-inverted top emission 
OLED device on paper substrate after surface smoothing process: UV curing process 
of methacryl POSS or spin-coating process of polysilazane was introduced for 
the first planarization layer. Furthermore, we employed additional spin-coating 
of CYTOP for obtaining smoother surface. Because of high thermal resistance 
of aramid, annealing process could be implemented on paper substrate. As a 
result, surface roughness decreased drastically and device fabricated on POSS 
and CYTOP planarization process shows much improved performance in terms 
of driving voltage and external quantum efficiency. These simple surface smoothing 
processes could bring us to open new door for next generation electronics, 
“disposable and flexible devices”, with low-cost.
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Stretchable and Transparent Electrodes Using Hybrid Structures of 
Graphene-Metal Nanotrough Networks with High Performances and Ultimate 
Uniformity
Byeong Wan An, Byung Gwan Hyun, So-Yun Kim, and Jang-Ung Park (UNIST, 
Korea)

ransparent conductive electrodes (TCEs), which transmit light and conduct electrical 
charges in parallel, are of increasing significance and demand for diverse application 
areas such as energy (solar cell, architectural), information (displays, touch screen), 
and environment (sensors). Up to now, indium tin oxide (ITO) deposited by sputtering 
process is used as the main TCE substance. Although the ITO exhibits excellent 
properties of low sheet resistance (~ 30 Ohm/sq) and high transparency (~ 90 
%), its fragility limits many potential applications in flexible and stretchable 
electronics. Several alternative materials to ITO, including conducting polymers, 
carbon nanotubes, graphene, and metal nanowires, have been studied as candidates 
of the flexible and stretchable TCEs. Although many of these candidates exhibit 
good mechanical flexibility and stretchability, none shows significantly higher 
conductivity and transparency together, compared to ITO. Here, we present a 
simple fabrication process of high-performance, stretchable TCEs based on the 
metal nanotrough which have long and continuous random web geometries, 
constituting hybrid with 2D material graphene. These TCEs show superb electric 
conductivity (~ 1 ohm/sq) with high transparency (~ 91%) as well as excellent 
flexibility and stretchability. Hybrid transparent electrode shows very stable electrical 
properties even under 50 μm radius bending and 80% stretching (sheet resistance 
changed less than 20%). Also, hybrid film shows great uniformity, verified by 
the reduced standard deviation of sheet resistance by one-tenth compare to that 
of metal nanofiber only. Based on these outstanding mechanical and electrical 
properties, we demonstrate a transparent and flexible thin film transistor (TFT) 
backplane, composed of the AgNW-graphene hybrid film, zirconium aluminum 
oxide, indium oxide, and metal nanotrough-graphene hybrid film. Fabricated oxide 
TFT shows mobility as high as 100 cm2/V·s and transparency of ~90%. TFT backplane 
can be transferred to various substrates such as a leaf, glass cup, glass, and 
human skin. We believe these TCEs based on the nanostructures present a promising 
strategy toward flexible and wearable electronics beyond the limits of conventional 
ITO.
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P1-24

Stretchable and Deformable LED Configurations Based on Inkjet-Printed 
Chip-Bonding Technology
Junghwan Byun, Byeongmoon Lee, Eunho Oh, Sangwoo Kim, Hyunjong Kim, 
Seongdae Choi, and Yongtaek Hong (Seoul Nat'l Univ., Korea)

In this work, we introduce a novel in-situ inkjet-printing-based chip-bonding 
technology. Like a conventional flip chip bonding technology, commercially available 
LED chips (1 mm x 0.9 mm x 0.2 mm) are successfully bonded directly onto 
the soft substrate in precisely controlled configuration using a placement machine 
and a facile inkjet-printing technique. In addition, we simply demonstrate all-printed 
stretchable and deformable LED arrays combined with prestretching process. The 
technology presented here would show the potential of printable and stretchable 
hybrid systems, where commercially addressable functional chips or dies can be 
directly integrated.

P1-25

Skin-Inspired Stretchable Electronic Skins Differentiating Multi-Directional 
Tactile Stimuli
Jonghwa Park, Youngoh Lee, and Hyunhyub Ko (UNIST, Korea)

Stretchable electronic skins with high sensitivities and multimodal sensing 
capabilities are of great interest for applications including robotic skins, prosthetics 
and healthcare monitoring systems. In human skin, the intermediate ridges at 
the epidermal-dermal junction are in the geometry of interlocked microstructures 
and enable to enhance tactile sensitivities due to stress concentration near the 
ridge tips. Inspired by the interlocked intermediate ridges of human skin, we 
herein introduce a novel design of stretchable piezoresistive electronic skins based 
on interlocking geometry of carbon nanotube composite elastomer films containing 
regular microdome-shaped arrays. These interlocked systems possess an extreme 
resistance-switching behavior and high sensitivity to pressure due to a giant tunneling 
piezoresistance between the microdome arrays. Contrary to conventional 
piezoresistive composite elastomer, our sensor also displays rapid 
response/relaxation times and a minimum dependence on temperature variation. 
Furthermore, our e-skin enables to differentiate various mechanical stimuli including 
normal, shear, stretching, bending, and twisting forces. For demonstration of 
the tactile-direction-sensitive and stretchable e-skin, we fabricated a fully functional 
wearable e-skin capable of selectively monitoring different intensities and directions 
of air flow and vibration stimuli. Finally, we shows that the e-skin can sensitively 
monitor human breathing flows and voice vibrations for applications in wearable 
human-healthcare monitoring systems.
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CNT/Metal Hybrid Electrodes with Low Contact Resistance for Organic Thin 
Film Transistors
Yu Seon Jeong, Jinwook Jung, Seung-Hyeon Jeong, and Chung Kun Song 
(Dong-A Univ., Korea)

In this paper a metal hybrid electrode based on carbon nano tube (CNT) is proposed 
for S/D contact of OTFTs. The CNT/metal hybrid electrodes consisted of two layers; 
CNT base electrode and a metal layer on it. The CNT base electrode was fabricated 
by spraying a well-dispersed CNT ink, and then a metal was thermally evaporated 
above the CNT layer. In this work, gold (Au) and aluminum (Al) were used for 
the metal. The CNT/metal hybrid electrodes were applied to source and drain 
(S/D) contacts of OTFTs using bottom gate and bottom contact structure.

P1-27

The Properties of Nitride on Efficient Field Emission Displays
Alireza Khorami (IRIB Univ., Iran) and Shirin Ghanbari (IRIB Technical Research 
Center, Iran)

Field emission display (FED) is a promising flat display technology and is based 
on an array of nanotube based emitters. Each pixel has several nanotubes as 
a cold cathode (emitter) to release electrons through certain voltages between 
the electrodes. It is when the electrons collide with phosphors that visible light 
is emitted. Although plasma display panels (PDPs) and LCDs are delivering quality 
images, their luminous efficiency is still reported to be low . One of the major 
issues concerning the enhancement of luminance and luminous efficiency are 
in the investigation of utilizing Nitride element in the cold cathode . Nitride materials 
such as Gallium nitride (GaN) have attracted much attention due to their superior 
properties including chemical stability and negative or low positive electron affinity 
. In this regards, it is desirable to develop a field emitter which operates at a 
high emission current and a low applied voltage in comparison with Carbon 
nanotubes (CNTs). However, amongst all types of CNTs, vertically grown carbon 
nanotubes are known to be promising electron emitters. The vertical alignment 
of these superior emitters enhances the field effect on the tip of the CNTs, making 
them ideal for FEDs.
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P1-28

Large-Area Synthesis of MoS2 Thin Films by Atomic Layer Deposition
Jung Joon Pyeon, Cheol Jin Cho, Soo Hyun Kim, Chong-Yun Kang, and Seong 
Keun Kim (KIST, Korea)

We deposited MoS2 thin films on SiO2 substrates by ALD using Mo(CO)6 as a 
Mo source and H2S as a S source. The self-saturation behavior was confirmed 
and the growth per cycle is 0.24 Å/cycle at 160 oC. The temperature window 
of the ALD of MoS2 films was observed in the range from 160 to 180 oC. The 
growth per cycle abruptly increased above 180 oC. Although the XRD spectra 
of the as-grown MoS2 films show no crystalline peak, the Raman spectra clearly 
show E2g and A1g peaks of MoS2 even at < 1 nm-thick MoS2. (Fig. 1). It was 
also verified from the XPS analysis that the as-grown films have Mo-S chemical 
bindings. After annealing at 500 oC under N2 atmosphere, the crystallinity of 
the MoS2 films was improved, as evidenced by the XRD analysis. We examined 
the initial growth behavior of MoS2 films to reduce the film thickness down 
to few MoS2 layers.

P1-29

Large-Area MoS2 Thin Layers Fabricated by Sulfurization with Thermal Cracker
Dae-Hyung Cho, Woo-Jung Lee (ETRI, Korea), Seung Won Shin (Kyung Hee 
Univ., Korea), Jae-Hyung Wi, Won Seok Han, Sung-Bock Kim (ETRI, Korea), 
Seong Jun Kang (Kyung Hee Univ., Korea), and Yong-Duck Chung (ETRI, Korea)

Due to its unique electronic properties of indirect-to-direct band-gap transition 
and extremely high mobility, two-dimensional (2D) ultra-thin molybdenum disulfide 
(MoS2) has been attracting increasing attention for its potentials in various 
high-performance electronics. However, for practical applications, fabrication of 
a uniform multi-layered MoS2 layer on a large area substrate has been a challenging 
issue. In this work, we demonstrate a simple method to form thin MoS2 layers 
by sulfurizing a Mo film in a vacuum. The sputter-deposited Mo films were sulfurized 
by reactive sulfur atoms produced from a thermal cracker. The number of layers 
of MoS2 was controlled by varying the Mo thickness. The Raman spectroscopic 
and optical transmittance measurements revealed that the MoS2 thin films were 
successfully formed on SiO2/Si and soda-lime glass substrates. The Raman results 
of the MoS2 films showed peak-to-peak distances, between the E12g and A1g 
peak positions, of under 25 cm-1, indicating a successful formation of 2D MoS2. 
The intensity, FWHM, and position of the Raman peaks demonstrated that the 
MoS2 film was fabricated very uniformly in centimeter-scale substrates, which 
were obtained at several different positions. Back-gated transistors were fabricated 
on these MoS2 films and their electrical properties were characterized.
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P1-30

Polymer-Dispersed Liquid Crystal Devices with Graphene Electrodes
Hee Yeon Noh, Eun Kyung Gil, Byeongdae Choi, and Seok-Hwan Chung 
(DGIST, Korea)

The quest for transparent conducting electrode materials has been an important 
issue since they are widely used in the flat panel display, OLED, and photovoltaic 
industry. Due to the high processing cost of the conventional ITO electrode, many 
alternative processes using CNT, graphene, metal mesh, nanoparticles, and 
nanowires has been studied recently. In this work, we fabricated smart window 
devices using polymer-dispersed liquid crystal (PDLC) film with graphene electrodes 
and studied the effect of the electrodes on the electro-optical properties of the 
devices. The performance of the PDLC devices with one graphene electrode was 
comparable to the devices with ITO electrodes. The device showed higher 
transmission, lower operating voltage and lower haze compared to the ITO devices. 
The graphene devices were also robust under the standard operating condition. 
In addition, the UV dose for the optimal device performance was less than that 
for the devices with ITO electrodes, which suggests a cost-effective device processing. 
We will discuss the effect of the graphene electrode on the morphology and 
interface properties and the light scattering efficiency of the PDLC film.

P1-31

Polarization Rotation of Visible Light by Graphene Stacks at Room Temperature
Hong-Ki Park, Chang-Mook Lee, Hoon Jeong (Kyung Hee Univ., Korea), Wook 
Sung Kim, Chunki Kim, Joong Hwan Yang, Gee Sung Chae, Jinook Kim, In 
Byeong Kang (LG Display Co., Ltd., Korea), and Jaewu Choi (Kyung Hee Univ., 
Korea)

Graphene, an atomically thin active layer, shows excellent electronic and optical 
properties with linear energy band dispersion, such as high electron mobility and 
light polarization rotation by Kerr effect and Faraday rotation. Presently the research 
of the light polarization rotation by graphene is mainly limited in far-infrared 
range as well as at extremely low temperatures. In this study, we investigated 
the Faraday rotation of graphene in the wavelength of visible light range at 
room temperature with applied low magnetic fields. We identified the large Faraday 
rotation in visible range at room temperature by stacked graphene, which is 
synthesized by chemical vapor deposition (CVD) method, on glass.
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The Effect of Various Passivation Layers to the Stability of the MoS2 Field-Effect 
Transistor
Geonho Kim, Ah-Jin Cho, and Jang-Yeon Kwon (Yonsei Univ., Korea)

MoS2 has attracted great attention and there are many reports on MoS2 transistors 
which show high carrier mobility. Also, its potential to be utilized in optoelectronics 
and other various applications was proved. However MoS2 has a critical weakness 
in that the stability under ambient condition is very poor. The resistance of MoS2 
transistor increases under ambient atmosphere, which results in the decrease 
of field-effect mobility. Preventing the degradation of device performance is very 
important in order to avoid circuit failure or to reduce the power consumption. 
In this research, we have focused on the stability enhancement of a MoS2 field-effect 
transistor (FET). Various passivation layers were deposited on top of the bottom-gate 
MoS2 FET. Then, the evolution of electrical properties for both transistors with 
and without passivation layer was measured. In addition, the change of device 
properties under high percentage of humidity condition was measured in order 
to compare the performance of diverse passivation layers. From this research, 
the effect of various passivation layers to the environmental stability of MoS2 
transistor will be reported.

P1-33

The Research of Improving Pooling of LCM after THB
Xiaoge Bai, Jeff Lai, Xuehui Wang, William Yang, and Zhuo Zhang (InfoVision 
Optoelectronics (Kunshan) Co., Ltd., China)

Pooling is a general issue in Liquid Crystal Module（LCM）after RA test (The 
high temperature and high humidity). Disassembling the module, We Found that 
the lighting guide plate (LGP ) became to reverse warping at the condition of 
high temperature and high humidity. Then lighting on the module at gray pattern, 
and pressing the module, the LGP intervene with the films and the cell at the 
Z direction. In this paper, we do a lot of tests to find the root cause of the 
LGP reverse warping, including the different LGP material and the different gaps 
between the LGP and frame at the X,Y,Z direction; In conclusion, the PC and 
MS material is better than polymethyl methacylate (PMMA); the pooling is slight 
if the LGP’s Z direction is bigger. The printed LGP is more stability than the 
injection LGP in tough environment.
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P1-34

Carrier Control of Defective Few-Layer MoS2 by Thiol Molecule Chemisorption
Dong Min Sim, Soonmin Yim, and Yeon Sik Jung (KAIST, Korea)

We demonstrate the facile chemical doping method for modulating carrier 
concentration and electrical properties of FETs based on defect-containing MoS2 
using thiol chemistry. For example, sulfur vacancy of MoS2 can act as useful 
sites for hydrodesulfurization. Thus, thiol molecules with various functional groups 
which can act as a surface charge transfer donor can be easily absorbed and 
tightly bound to defect sites of MoS2. We therefore chose thiol molecules containing 
an NH2 group, which has lone electron pairs and can donate electrons to MoS2. 
As a result, the carrier density increased 3 fold (from 6.65×1012 /cm2 to 1.86×1012 
/cm2) and field effect mobility also increased from 0.59 cm2/Vs to 1.64 cm2/Vs 
after doping in Figure 1. This method can be used to effectively modulate the 
conductivity, carrier mobility, and carrier density in few-layer MoS2.

P1-35

Electrical Properties of MoS2 TFTs with Different Layer Thickness
Ji Heon Kim, Tae Ho Kim, Na Liu, Jun Ho Ye, and Cheol Jin Lee (Korea Univ., 
Korea)

Molybdenum disulfide(MoS2) which is one of dichalcogenide materials, indicates 
semiconducting with a bandgap of 1.2 ~ 1.8 eV and it has unique electrical 
properties. These materials also apporopriate for flexible and transparent electronics 
and optical devices. Because of this reason, recently, MoS2 was used for channel 
materials of TFTs. In this paper, we fabricated the thin-film transistors with MoS2 
as a channel material on a SiO2/Si substrate. MoS2 layers were exfoliated by 
mechanical exfoliation method, and transferred onto SiO2/Si substrate. After 
separating several different thickness of MoS2, the thickness and numbers of 
layer of MoS2 were checked by Atomic Force Microscopy(AFM), Raman spectroscopy 
and Photoluminescence(PL) measurement. Thin-film transistors with different 
number of MoS2 layer(1-layer, 3-layer, 6-layer, 10-layer) as a channel region were 
fabricated by photolithography using electron-beam evaporator(E-Beam 
evaporator), and we measured their electrical properties. In conclusion, the highest 
electron mobility was obtained at 6-layered MoS2 TFT, and threshold voltages 
were decreased as thickness of MoS2 is higher.
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P1-36

General Plasma Doping Strategy for Two-Dimensional Transition Metal 
Dichalcogenides Based on Self-Assembled Nanostructures
Soonmin Yim, Dong Min Sim, and Yeon Sik Jung (KAIST, Korea)

Modification of electrical and optical properties of transition metal dichalcogenides 
(TMDs) while maintaining its two-dimensionality is essentially required to apply 
it to various applications. However, there exist significant challenges for achieving 
the stability, uniformity, and non-degenerated doping level. Herein, we report 
universal doping approach for various TMDs (MoS2, and WS2) via well-controlled 
nanostructures fabricated from block copolymer (BCP). These nanostructures can 
passivate nanoscale local areas on the surface of TMDs during a plasma-based 
doping process. The scale and geometry of BCP nanostructures is determined 
by total molecular weight and volume fraction of each block. Moreover, they 
contribute to the conservation of intrinsic matrix simultaneously. We employed 
argon and oxygen plasma to partially remove sulfur atoms from MoS2 and to 
add oxygen atoms for modifying the optical and electrical properties. As a result, 
our method controls the effective plasma-influenced area and can adjust electron 
concentration from 1.9×1011 cm-2 to 8.11×1011 cm-2 via the generation of 
extra carriers. Based on the controllability of BCP pattern coverage and plasma 
treatment time and sources, a similar approach can be applied to other TMDs 
for the facile modulation of electronic properties.

P1-37

Optimized Pixel Design for Better Optical Margin
Pengcheng Zang, Song Fang, Jun Jiang, and Yanbin Qiao (InfoVision 
Optoelectronics (Kunshan) Co., Ltd., China)

To have the best optical transmittance, not only the ITO slit pitch but also the 
ITO width plays the important role. The different ITO pitch have different best 
ratio of ITO width/ ITO pitch. The best ratio of ITO width/ ITO pitch is between 
36% and 43%. ITO process margin will be increased when ITO pith increase.
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Amorphous InGaZnO Thin Film Transistors with Sputtered Silver Electrodes
Qi Wu, Ling Xu, Jianeng Xu, Haiting Xie (Shanghai Jiao Tong Univ., China), 
Shan Li, Chang-Cheng Lo (Shenzhen China Star Optoelectronics Tech. Co., Ltd., 
China), A. Lien (TCL Corporate Research, China), and Chengyuan Dong 
(Shanghai Jiao Tong Univ., China)

It is very important to develop low-resistive electrodes for amorphous InGaZnO 
thin film transistors (a-IGZO TFTs) to drive large-size flat panel displays. For its 
best conductivity Ag should be a good candidate serving as the gate and source/drain 
(S/D) electrodes of a-IGZO TFTs. Recently some related studies by our group and 
the other researchers [1] have been reported but unfortunately none of their 
fabrication methods adopted sputtering, the most likely preparation technique 
for industrial productions. In this study, the a-IGZO TFTs with sputtered Ag/Ti 
or Ag/Mo bilayer S/D electrodes were prepared and investigated in detail.

P1-39

Positive Bias Stress in Flowing Drain Current-Induced Degradations in 
Self-Aligned Top-Gate a-IZO TFTs
Sungju Choi, Jonghwa Kim, Jungmok Kim, Jun Tae Jang, Hara Kang, Dong 
Myong Kim, Sung-Jin Choi (Kookmin Univ., Korea), Jae Chul Park (Samsung 
Advanced Inst. of Tech., Korea), and Dae Hwan Kim (Kookmin Univ., Korea)

Drain current-flowing stress is the most important instability of oxide thin-film 
transistor (TFT)-driven backplanes in active-matrix organic light-emitting diode 
(AMOLED) displays. It has been worthy of notice very recently and especially 
a deep understanding of instability in oxide TFTs under AMOLED operation condition 
has become a critical issue for commercializing the oxide TFTs technology. In 
this work, the current-flowing stress-induced degradation in the self-aligned 
top-gate indium-zinc-oxide (IZO) TFTs is investigated and the related mechanisms 
are discussed with self-heating effect, i.e., the positive bias stress condition(VDS/VGS 
= 13V/13V). As the stress time increased, it was found that the frequency-dispersion 
of C-V characteristics, the negative shift of threshold voltage in forward mode(DVTF) 
and in S/D interchange reverse mode(DVTR) became prominently different due 
to the various temperature and width by local joule-heating. This finding was 
consistent not only with the current-flowint stress time-evolutions of I-V and 
C-V characteristics and local degradation near the drain region, but also with 
various temperature and width as well. We will demonstrate the instability of 
a-IZO TFTs under self-heating condition.
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P1-40

Analysis of Hump Characteristics Induced Self-Heating and Charge Trapping 
in Bottom-Gate Etch-Stopper a-IGZO TFTs after Simultaneous Positive Gate 
and Drain Bias Stress
Jonghwa Kim, Jun Tae Jang, Sungju Choi, Jungmok Kim, Hara Kang, Sung-Jin 
Choi, Dong Myong Kim, and Dae Hwan Kim (Kookmin Univ., Korea)

Simultaneous positive gate and drain bias stress (SPGDBS) is the most important 
instability in active-matrix organic light-emitting diode (AMOLED) displays. In this 
work, SPGDBS (VGS/VDS= 25 V/25 V) induced degradation is investigated in the 
bottom-gate (BG) etch-stopper (ES) amorphous indium-gallium-zinc-oxide (a-IGZO) 
thin-film transistors (TFTs). After SPGDBS, both the positive shift and the hump 
of transfer curve were observed. In addition, it was observed that the magnitude 
of hump threshold voltage shift at reverse sweep increased with the increase 
in channel width. The results are attributed to the combination of donor creation 
near the drain by the increase in self-heating and the electron trapping into 
the gate insulator. The mechanisms discussed in our study are expected to be 
useful in characterizing the long-term instability of the BG ES a-IGZO TFT-driven 
AMOLED display backplanes.

P1-41

Role of Organometallic Interface on Dynamic Photoresponse of Organic 
Field-Effect-Transistor Under Illumination
Hea-Lim Park, Chang-Min Keum (Seoul Nat'l Univ., Korea), Min-Hoi Kim 
(Hanbat Nat'l Univ., Korea), and Sin-Doo Lee (Seoul Nat'l Univ., Korea)

Organic field-effect-transistors (OFETs) have attracted enormous attention due 
to low cost, light weight, flexibility, and large area applications. In this study, 
we demonstrate how the organometallic interfaces affect the dynamic 
photoresponse of the OFET under light illumination. Three pentacene-based OFETs 
with three different source (S) and drain (D) electrodes of gold (Au), silver (Ag), 
and aluminum (Al), respectively, were fabricated using the same gate insulator 
of poly(4-vinylphenol) (PVP). It was found that upon the periodic illumination 
of light, for the Au case, the photo-generated current barely decayed and 
accumulated whereas for the Al case, it exhibited well-defined recovery processes. 
This phenomenon is mainly attributed to the interplay between the hydroxyl group 
at the organic semiconductor (OSC)/dielectric interface and the energy barrier 
at the OSC/SD in the OFET. Our photo-dynamic approach to the characterization 
of the organometallic interface in the OFET will provide a useful guideline not 
only to deeply understand the charge transport-associated phenomena at the 
interfaces but also to select suitable SD electrodes for the optical applications 
of the OFET.
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P1-42

Organic Thin-Film Transistors Employing Hybrid Bilayer Gate Dielectric for 
AMOLED Displays
Jun-Young Jeon and Tae-Jun Ha (Kwangwoon Univ., Korea)

There have been reports to explore to high-performance organic thin-film transistors 
(OTFTs) for the display backplanes. One promising approach is based on careful 
choice for a gate dielectric which determines the interfacial characteristics in OTFTs. 
Suitable combination of high-k and low-k dielectrics into devices can be a challenge 
towards further practical advances of AMOLED displays. Hysteresis caused by charge 
trapping/de-trapping at the semiconductor/dielectric interface or in a dielectric along 
with the sweep of applied gate voltage in OTFTs, leads to failure in operation 
of high quality AMOLED displays. Commonly, a large hysteresis window has been 
reported in OTFTs due to the hydroxyl and water molecules as trapping/de-trapping 
centers. Since high-k dielectrics increase the density of trap states as well as induce 
strong polarization in OTFTs, comprehensive investigation on mechanism of hysteresis 
characteristics can be the key to better understanding of charge transport and 
device perforamance. In this presentation, we demonstrate solution-processed hybrid 
bilayer gate dielectrics on device performance and electrical instability in OTFTs. 
Optimized OTFT devices exhibit improvement in all device key metrics such as 
field-effect mobility, on-off current ratio, threshold voltage and sub-threshold swing. 
We also discuss enhanced stability against electrical bias-stress and hysteresis-free 
characteristics in both dark and illuminated measuring conditions in OTFTs.

P1-43

High Mobility Amorphous Zinc Oxynitride Thin Film Transistors Using UV/Ozone 
Post-Treatment below 175℃
Kyung-Chul Ok, Hyun-Jun Jeong, Hyun-Mo Lee, and Jin-Seong Park (Hanyang 
Univ., Korea)

Amorphous Zinc oxynitride (a-ZnON) thin film transistors (TFTs) have recently paid 
attentions as next generated acive layers due to the high mobility (~ 100cm2/Vs) and 
excellent photo-induced bias stability1-4. Since the report of a-ZnON TFTs in 20091, 
several previous studies of ZnON TFTs have been systemically investigated with not 
only physcal, chemical and electronical analysis but also electrical performances (mobility 
and bias-stability). Among those reports, the post annealing process such as temperature, 
ambient and other extra energy can be an important role due to the formation of 
stable O-Zn-N bonds4, to fabricate the a-ZnON semiconductor film reliably. In this 
study, ZnON TFTs was systematically investigated by using UV/ozone treatment and 
low temperature annealing (below 175oC) simulateneously. We fabricated a-ZnON 
TFTs by the DC-reactive sputtering method. To understand the effect of each 
post-treatment, ZnON films and their TFTs have been evaluated by using various chemical, 
physical, and electrical analysis. By optimizing UV, Ozone and thermal treatement 
simultanesouly, the ZnON TFTs exhibited threshold voltage of -1.66V, saturation mobility 
of 42.32cm2/Vs, and subtrheshodl swing of 0.4V/decade. This presentation will discuss 
the correlation between device performances and post-treatment conditions.
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P1-44

Enhanced Charge Injection into an Organic Semiconductor in Top-Contact 
Field-Effect Transistors with a Metal Oxide Buffer Layer
Byung-Eun Park, Eul-Yong Shin, Jaehyun Lee, Yoon-Seok Choi, and Min-Hoi 
Kim (Hanbat Nat'l Univ., Korea)

Recently, organic field-effect transistors (OFETs) have been widely studied to creat 
flexible electronic devices such as backplanes of displays and transponders of 
radio frequency identification tags. Particularly, solution-processed organic 
semiconductor-based OFETs is considered as a good electronic elecment due to 
their low cost fabrication compatibility. Among the solution-processible organic 
semiconductors, 6, 13-bis(triisopropylsilylethynyl)-pentacene (TIPS-pentacene) 
exhibits relatively high performance. However, for the high performance of the 
OFETs, the charge injection from a source electrode to organic semiconductor 
is required to be enhanced. In this work, we introduce metal oxide buffer layer 
between the organic semiconductor and the source/drain electrodes for enhancing 
charge injection. In our OFETs, TIPS-pentacene solution in dichlorobenzene was 
spin-coated on the gate insulator as an active layer. For a buffer layer, the metal 
oxide such as rhenium oxide or molybdenum oxide was theramally deposited 
on the active layer and silver was formed through shadow maske It is found 
that the electrical characteristics of the OFETs with the metal oxide buffer layer 
are greatly enhanced. The deep electron affinity of the metal oxide layers leads 
to the large vacuum level shift at the interface of active layer and silver electrodes, 
which increases the charge injection from the source electroe to the organic 
semiconductor. This provides an valid method to realize the high performance 
OFET-based circuits.
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P1-45

Development of Fluorinated Hybrid Dielectric Material for Printed Organic 
Thin Film Transistors
Kwang Ho Kim (KETI, Korea), Young Tae Kim, Jin-Kyun Lee (Inha Univ., Korea), 
Hyung-Ho Park (Yonsei Univ., Korea), Sung Kyu Park (Chung-Ang Univ., Korea), 
and Byungwook Yoo (KETI, Korea)

The Printed electronics have been attracted for the low-cost, large area applications 
such as thin film transistors and electronic devices. In order for such low-cost 
solution processed electronic devices to become a reality, all parts of thin film 
transistors must be solution-processable to be compatible with the low cost 
fabrication techniques. Solution-processable gate dielectric materials are relatively 
limited so far due to several issues such as chemical resistance and compatibility. 
Chemical compatibility of dielectric materials should be considered for the fabrication 
of top-gate organic transistors or multi-layered devices. Additionally, high dielectric 
constant insulating material plays a key role to reduce the driving voltage of 
thin film transistors. These technical issues lead to develop new solution based 
dielectric materials which have both relatively high dielectric constant and 
immiscibility with ordinary organic layers. Therefore, high dielectric constant 
inorganic nanoparticle was synthesized and applied fluorinated ligands to 
nanoparticles by ligand exchange. These hybrid materials can be dispersed in 
fluorinated solvent and showed suitable coating properties for the formation of 
gate insulator thin films. In order to evaluate the electrical properties of fluorinated 
hybrid dielectric material, metal-insulator-metal diode and top-gate organic thin 
film transistor were fabricated and characterized.
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P1-46

Atomic Layer Deposited Indium Zinc Oxide Thin Films and the Associated 
Device Performances
Seung-Hwan Lee, Jung-Hoon Lee, Sheng Jiazhen, and Jin-Seong Park (Hanyang 
Univ., Korea)

Recently, amorphous oxide semiconductors as active layers have been already 
mass-produced in AMLCD and AMOLED due to reasaonable field effect mobility 
(>10cm2/v.s) and simple deposition process. In active channel layers, sputtering 
techniques had been natural limitations for controlling multicompositions and 
defect-generations on large-size backplanes. To solve probelms such as oxygen 
defect-generation, non-uniform compositions, and unreliable device performances, 
a few reserachers have suggested vapor deposition methods like CVD and ALD. 
ALD is well-known to be exact thickness control, composition, and less-defect 
due to self-limiting and complement reactions. In this work, ALD Indium Zinc 
Oxide (IZO) thin films were depsoited by using liquid In and Zn prerusror. The 
ozone was used as an oxygen reactant. The IZO films was investigated with 
various In/Zn contents (5:1. 3:1, 2:1, 1:1, 1:2, 1:3, 1:5) at 150˚C, resulting in 
different electrical/physical properties. The associated TFT exhibited , saturation 
mobility of 3.40 cm2 V−1 s−1 in the saturation region was obtained, with an 
subthreshold swing 0.45 V/decade, a thresholdgate voltage of 1.77 V and an 
on/off ratio of 9.24 ´ 105, while the as-deposited turned to be a semiconducting 
property at 500oC annealing. This presentation will be discussed 
physical/chemical/electronic properties related with IZO TFT performances.

P1-47

Characterization and Optimization of Plasma-Enhanced Chemical Vapor 
Deposited SiO2 Film as a Hydrogen Diffusion Barrier in Metal Oxide Thin-Film 
Transistors
Sung Haeng Cho, Hee-Ok Kim, Oh-Sang Kwon, Eun-Sook Park, Jong-Heon 
Yang, Chi-Sun Hwang (ETRI, Korea), and Sang-Hee Ko Park (KAIST, Korea)

In this study, we optimized the process parameters of PECVD SiO2 film to use 
it as a diffusion barrier of hydrogen coming from upper SiNx 200 nm.We find 
that the SiO2 50 nm deposited at high pressure exhibits good barrier performance 
even at 350 oC annealing for 2hrs without making IGZO TFT conductive, while 
SiO2 50 film deposited at low pressure permits some hydrogen to enter into 
the IGZO from SiNx so that the Vth of IGZO TFT becomes negative or the switching 
behavior disappears at the current gate bias range.
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P1-48

Influence of Atmosphere on Textile Resistive Switching Memory Woven with 
Al and Carbon Fibers
An Jae Jo, Young Dae Seo, and Mi Jung Lee (Kookmin Univ., Korea)

Resistive switching memory is one of the most promising future memories in 
terms of excellent advantages such as non-volatile property, simple structure and 
low power consumption. Recently, researches to apply resistive switching memory 
for wearable electronics have been presented using simple structure solely composed 
with aluminum and carbon fibers. In this work, we fabricate textile type resistive 
switching memory of which structure is Al wire/ carbon yarn. Bipolar characteristic 
as shown in Fig. 1 (inset shows schematic device structure) of memory device 
were observed as well as good endurance and retention property. We also found 
this is related with formation of metal carbooxide phase at the interface through 
XPS and Gibbs free energy calculation. Also conducting paths of memory were 
detected using conductive atomic force microscopy (CAFM) as shown in Fig. 2. 
Then we check this resistive switching characteristic is influenced by external 
environment variables to see application as woven sensors on clothes

P1-49

New Shift Register Circuit Scheme for Stable Output Using Oxide TFTs
Jae-Eun Pi, Sung Haeng Cho, Chun-Won Byun, Jong-Heon Yang, Ji-Hun Choi, 
Oh Sang Kwon, Eun Suk Park, and Chi-Sun Hwang (ETRI, Korea)

A new shift register circuit using oxide thin-film transistor (TFT) is proposed. As 
ever, it is important to research for promising high resolution and large size 
active matrix panel in display industry. For stable gate line operation expecially 
low voltage output, dual pull-down scheme using AC bias alternately has been 
widely used by many researchers to overcome degradation causing DC bias stress. 
We fabricated Back channel etch structure TFT device for display backplane, and 
we extracted parameters for spice simulation. Fig 1. (a) shows a schematic of 
a proposed shift register circuit composed of 6 TFTs and 2 capacitors. Single 
pull-down block is designed to protect output node from clock coupling when 
low output operation. And it is designed for successful operation in high frequency 
130kHz for UHD display
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P1-50

High Performance Bottom Contact Organic Thin Film Transistor
Sihan Wang, Eung-Kyu Park, Ji-Hwan Kim, Jin-Ho Kim, and Yong-Sang Kim 
(Sungkyunkwan Univ., Korea)

In organic thin film transistor, top contact devices have demonstrated superior 
characteristic than bottom contact devices while bottom contact devices have 
more commericial potential than top contact devices. As photolithography has 
to be used when defining the contacts and pentacene is intolerant to the processing 
solvents, improving the property of bottom contact devices is promising for industrial 
utility. In this work, top contact and bottom contact organic thin film transistors 
were fabricated. For bottom contact devices, hexamethyldisilazane (HMDS) and 
poly (3,4-ethylenedioxythiophene): polystyrene sulfonate (PEDOT:PSS) was coated 
after gold source and drain deposition followed by pentacene deposition. HMDS 
enlarged the grain size on gate insulator and gold electrodes while PEDOT:PSS 
reduced hole injection barrier and reduced the contact resistance. As a result, 
HMDS and PEDOT:PSS coated bottom contact devices showed better performance 
than top contact devices and low threshold voltage which can be a potential 
candidate in industrial application.

P1-51

Binder-Free Poly(3-hexylthiophene) (P3HT) Field-Effect Transistors for Printed 
Electronics
Hyungdong Lee (Sungkyunkwan Univ., Korea), Yong Jin Jeong (POSTECH, 
Korea), Byoung-Sun Lee (Samsung Advanced Inst. of Tech., Korea), Seonuk 
Park (POSTECH, Korea), Hadi Teguh Yudistira (Sungkyunkwan Univ., Korea), 
Chwee-Lin Choong (Samsung Advanced Inst. of Tech., Korea), Jong-Jin Park 
(Chonnam Nat'l Univ., Korea), Chan Eon Park (POSTECH, Korea), and Doyoung 
Byun (Sungkyunkwan Univ., Korea)

In this study, we fabricated printed poly(3-hexylthiophene) (P3HT) without any 
polymer binder by electrohydrodynamic (EHD) jet printing to form organic field-effect 
transistors (OFETs). We modified the dielectric surface by introducing self-assembled 
monolayers and polymer thin films to investigate the effect of surface modifications 
on the characteristics of printed P3HT lines and electrical performances of the 
OFETs. The morphology of the printed P3HT lines depended on the surface energy 
and type of surface treated substrate. The resulting OFETs exhibited high 
performance on octadecyltrichlorosilane-modified substrates, which was 
comparable to that of other printed P3HT OFETs. In order to realize the 
commercialization of the OFETs, we also fabricated a large-area transistor array, 
including 100 OFETs and low-operating-voltage flexible OFETs.
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P1-52

Analysis of Bright Spots Caused by PI Coating Defect for Fringe Field Switching 
Liquid Crystal Display
Haiyun Lin, Yuekai Gao, Jingpeng Li, Xingxun Song, Zhenyu Xie, TAEYUP Min, 
and Xuezhi Zhang (Beijing BOE Optoelectronics Tech. Co., Ltd., China)

In this paper, we conclued the bright spots at CF by PI coating were mainly 
caused by the following aspects. At first , we investigated the influence of the 
new materials , there is PI ink and APR Plate . As a result, Lower viscosity and 
lower molecule weight PI ink did not occurred .we analyzed that in the case 
of a kind of PI ink using different APR Plate , CF overcoat difference UV intensity 
,Cleaning and PI coater Process parameter tunning . Optimize conditions, it can 
improve bright spots caused by PI coating defect for fringe field switching liquid 
crystal display. Afterwards, we researched the effects of different kinds of conditions. 
In order to verify this test result, further experiment was carried out. Optimized 
parameters are studied in this paper.

P1-53

Thin-Film Laser Lift-Off for Dual-Mode Display Application
Jong-Heon Yang (ETRI, Korea), Sang Chul Lim (Gumi Electronics and 
Information Tech. Research Inst., Korea), Chun-Won Byun, Hyunkoo Lee, 
Byoung-Hwa Kwon, Jong Tae Lim, Seong M. Cho (ETRI, Korea), Seunghyup Yoo 
(KAIST, Korea), Sung Haeng Cho, and Chi-Sun Hwang (ETRI, Korea)

A reflective/emissive dual-mode display can reduce power consumption and enhance 
image quality by swtiching its mode depending on surrounding brightness. By 
integrating two fucntional devices or displays in a single panel, it could reduce 
panel thickness and manufacturing cost, and invent a new application. It needs 
a very thin layer structure, which has fuctional devices and interconnection lines 
above and below. Lifting of this thin layer off a carrier substrate and making 
it intact is important. An aim of our experiments was to investigate a sacrificial 
multi-layer structure for laser lift-off, which can transfer sub-10-μm-thick thin 
layer. By adjusting deposition process of sacrifical layer and inserting thermal 
barrier layer, we could reduce a laser energy for lift-off and thermal budget 
to device above. Cracks and wrinkles of thin layer suppressed by optimum laser 
energy. To demonstrate thin layer lift-off, we fabricated dummy structure with 
green fabry-perot reflector integrated in OLED encapsulation on 5-μm-thick thin 
layer, which has double-sided ITO anode electrodes, and sucessfully lifted off 
thin layer structure from carrier glass. In the near future, this thin layer lift-off 
will be key integration process for reflective/emissive dual-mode display application.



194 The 15th International Meeting on Information Display

Hall 1, 1F 

Poster Session I

Date: August 20, 2015 (Thursday)
Time: 14:00~15:30

P1-54

An Electrochemical Study on Copper Multi-Layer Wet Patterning in Phosphoric 
Acid Solution for LTPS and Metal-Oxide TFTs Application
Byoung O Kim, Jeong Hyun Kim (Korea Aerospace Univ., Korea), MooSoon Ko, 
Il Jeong Lee (Samsung Display Co., Ltd., Korea), Joerg Winkler (Plansee SE, 
Austria), and Jong Hyun Seo (Korea Aerospace Univ., Korea)

The wet etching behaviors of Mo alloy/Cu/ Mo alloy tri-layers were investigated 
for the application of a gate electrode in low temperature poly-silicon. The tri-layers 
were patterned in a phosphoric acid based copper wet etchant. The Mo alloys 
over 50 at% aluminum contents showed excellent wet patterning performances 
as 0.7 um in skew and 0.5 um tail due to reduced galvanic potential difference 
with copper layer in the wet etchant (Fig.1). The new Mo ternary alloy/Cu/Mo 
ternary alloys showed good heat resistance of 2.5 uohm-cm after 500oC for 
1 hour post annealing process without forming an intermetallic compound with 
copper layer. The effect of alloying element on the wet patterning of molybdenum 
ternary alloy/copper/molybdenum ternary alloy tri-layers were interpreted in terms 
of mechanical stability of the wet etching by-product film formed on the surface 
and the effect of etchant additives were also examined. In addition, the fabrication 
of etch back type In-Ga-Zn-O TFT with molybdenum alloy S/D were investigated 
with varying the wet etchant composition.

P1-55

Research an Evaluation Method of Flicker of TN Mode & Affect for Image 
Sticking
Zheng Wang, Sean Kim, Lan Feng, Qingna Hou, Liyan Xu, Hongtao Lin, and 
Dong Liu (Beijing BOE Display Tech. Co., Ltd., China)

The paper introduces a analysis method of flicker. The characteristic of LCD and 
brightness holding status can be judged by phenomena of flicker that it is good 
or not. And then we can evaluate the factor of image sticking by analyzing 
characteristic of flicker.VHR is the main reason that affects image sticking of 
TN mode.Another reason is GMA voltage setting.When Effective value of Vpixel 
is symmetricalstatus,image sticking has good result. Within whole experiment, 
photo sensor is useful tool that helps us to see the light atler of LC.
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P1-56

Research on Line Image Sticking for Large Size High Resolution TFT-LCD 
Panel
Lei Liu, Yanping Liao, Jiajia Song, Dianzheng Dong, Weitao Chen, Dan Wang, 
and Xibin Shao (Beijing BOE Display Tech. Co., Ltd., China)

Large size, high resolution TFT-LCD panel get a series of problems. One of the 
most serious problems is line image sticking. This article analyses the causes, 
proposes improvement for line image sticking [1,2]; The three influence factors 
are proposed: the influence of parasitic capacitance; the influence of data rising 
and falling time; the influence of HAVDD. The paper in addition provides a feasible 
improvement measures for the large size, high resolution product line image 
sticking problems: Timing adjustment and debugging HAVDD voltage. The 
experimental results show the effectiveness of the two methods and prove the 
solutions.

P1-57

Strains of LCD Panels Accumulated during Manufacturing and Shipping 
Processes and Light Leakage Thereof
Ki-Yong Park and Jang-Kun Song (Sungkyunkwan Univ, Korea)

Light leakage can arise from the accumulated strains of LCD panels that 
are caused by various stresses imposed during manufacturing, shipping and 
storing the LCD panels. The strains usually make an LCD panel bend locally 
or globally and when the panel bending exceeds a certain level, undesirable 
light leakage increases dramatically.
In this presentation, we clarify the origin of the panel strains and the mechanisms 
for the strain-induced light leakage, and we also propose several ways to 
soothe this issue. To clarify the causes of the panel bending, we systematically 
examined the accumulation of panel bending during full LCD manufacturing 
and shipping processes by dividing the full processes into several sub steps 
of bare glass stage, assembled panel stage, polarizer-lamination stage, drive-IC 
bonding stage, and shipping stage…
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P1-58

Application of Mura Index Methods to L0 Grey State
Jaegeon You and Qian Jia (BOE Tech. Group Co., Ltd., China)

Recently, two groups have reported the Mura index calculation method of leveling 
on the screen in the FPD products [ref. 1&2]. They suggested quantitative methods 
with human sensitivity of spatial frequency for over 20% brightness of full white 
pattens. This paper presents results of these application to 0% brightness of 
full white state in ADS LC mode. In dark state, L0 grey image was taken by 
conventional camera, RGB was transferred to XYZ color value [3], through noise 
filter, changed to opponent color and then through MTF(S-CIELAB) spatial filter 
[4], retransferred to XYZ and finally transferred to La*b*. Ygen[ref. 1] and E 
index [ref. 2] were calculated for L0 grey mura image in ADS LC mode.

P1-59

PS and Array Topology Effect on L0 Grey Mura
Jaegeon You, Fang Liu, and Hanjun Park (BOE Tech. Group Co., Ltd., China)

Nowadays, much attention had been paid into the investigation of L0 grey 
Mura on TFT-LCD Products. The object of this series of experiments was 
to determine the effect of the PS design and array topology on L0 grey 
Mura [1]. In other words, external force (like hand touching) makes array/CF 
substrates slide to max shift distance, and then these substrates recover to 
their initial position depending on their geometric topology. The dislocation, 
in final step out of external force, is called shift distance in this paper. Lager 
distance value would result in the issue as touch Mura on TN panel or L0 
Mura on ADS/IPS panel…

P1-60

Light Leakage Simulation of the Curved ADS LCD
Jaegeon You, Weili Zhao, and Xinxing Wang (BOE Tech. Group Co., Ltd., China)

In previous paper [1], a curved ADS LCD panel was thought of as 3 optical 
uniaxial layer; an LC layer and two uniaxial layers which have a several optical 
retardation magitude and not uniformed axis distribution on panel. Different 
bending depth (curverture radius) and glass thickness were known as major factor 
to determine the light leakage by the the Ansys structure simulation and Jones’s 
optic calculation processing [1]. Here, we investigated another the way how to 
reduce the light leakage by changing physical properties of the H & V panel 
widths, and H &V sealant's parameter through simulation processing, using the 
27inch MNT panel size, 0.4mm glass thickness and normal ADS LC mode.
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P1-61

Active Tail Improving Effects on the TFT Character
Xue Jing, Wu Hao, Cui Ziwei, and Xue Jing (Beijing BOE Optoelectronics Tech. 
Co., Ltd., China)

In the process of LCD production, Some products emergence various undesirable 
phenomena, such as H-Line, Crosstalk, Flicker, and so on.The TFT measurement 
results shows that leakage current is too large under the light state,so that the 
voltage can not remain. This thesis intensive analysis aiming at this phenomenon, 
Through the analysis of the contrast test,finally we found the most effective 
way which play an active effect to improve the characteristics of the TFT off.

P1-62

The Luminance Measurement Method at Real Moving Pictures Using a High 
Speed Camera
Seung Won Jung, Jin Yong Kim, and Hyuk Nyun Kim (LG Display Co., Ltd., 
Korea)

To measure the brightness of a display, we can normally measure the luminance 
at the solid pattern. Most of the end user are watching TV at the moving picutres 
instead of solid patterns.
At this point of view, we will describe the new method that can measure the 
luminance at the real moving pictures at this paper.

P1-63

Analysis and Improvement of Side Mura Defect in TN Mode Liquid Crystal 
Panel
Xiongjian Zhang, Ku Hyun Park, Yun Bok Lee, Chun Cheng Che, and Seung 
Kyu Lee (BOE Optoelectronics Tech. Co., Ltd., China)

During the production of TN mode liquid crystal panels, side mura is always 
occurred, shown in Fig.1(a), which is harmful to improve product display quality. 
The reason of side mura has close relation with LCD cell process conditions, 
causing the shift of cell gaps in Fig1(b). By optimizing the size of silicon ball 
in sealant, changing the open dummy seal numbers, and researching the liquid 
crystal dot sizes and patterns, the side mura status is improved, the penetration 
of LC to sealant differently as shown in Fig3(a)(b). Those improving methods 
of side mura are proved to be effective by visual check. Futher more, adding 
dummy PS in CF mask, see Fig.3, which can reduce such side mura from high 
ratio.
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P1-64

Fabrication of X-Ray Detector for Real Time Image Sensing with a-IGZO 
TFT
Hyoung-seok Choi, Myeong-ho Kim, Ji-hwan Jung, and Duck-kyun Choi 
(Hanyang Univ., Korea)

We investigated the digital x-ray detector with a-IGZO TFTs to drive digital X-ray 
detector. The amorphous silicon based thin film transistors (a-Si TFTs) have been 
applied for conventional digital X-ray detectors. However, the a-Si TFTs has low 
mobility (< 1 cm2/Vs) and driving speed whose factors are related to detector 
signal noise, sensing speed and sensitivity. The amorphous-oxide-semiconductor 
(AOS) provides a new technology choice for the high TFTs electrical performance. 
Amorphous indium-gallium-zinc-oxide (a-IGZO) is considered as one of the most 
promising active layer material for oxide TFTs because of their high mobility (> 
10 cm2/Vs), good uniformity and high transparency. X-ray detector with a-IGZO 
can reduces amounts of radiation dose and drive real time X-ray images.

P1-65

Automatic Micro Defect Detection in Non-Repetitive Patterns for 
High-Resolution TFT-LCDs
Euiyeol Oh, Dae Keun Kim, Jong Sang Baek (LG Display Co., Ltd., Korea), and 
Yoonsik Choe (Yonsei Univ., Korea)

As TFT-LCD panel becomes larger, micro defects can only be identified at 
high-resolution and high-magnification (more than 10x) images since various types 
of micro defects of high-resolution TFT-LCD are not easy to be detected by 
conventional methods at normal magnification (~7.5x). Previous techniques that 
use template-matching algorithms are not applicable to highly magnified image 
of TFT-LCDs since high-magnification pixels (more than 10x) of LCD are 
non-repetitive. In this study we propose an automatic defect detection system 
in a fine resolution TFT-LCD image at high-magnification rate. This system is 
based on two main steps, segmentation and defect detection. A first step is 
to segment two representative defect types such as pixel-region defect and 
gate-to-data line (G/D) crossover defect using Wiener Filter. For the defect detection 
at the pixel-region, we identify defects based on SVD (Singular Value Decomposition) 
and Local Variance, in that pixel-region is patterned. By choosing the dominant 
singular values, the reconstructed image is able to remove background patterns 
and recognize candidate defects. Local variance both amplifies the defects and 
removes noise.
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P1-66

Image Quality Evaluation between Hardware Calibration and Software 
Calibration on the Display
Hyun-Suh Kim (Chung-Ang Univ., Korea) and Howard Kim (Sungkyunkwan Univ., Korea)

This research aims to evaluate the calibration performance of the display depending 
on the display calibration method. To ensure objectivity of this research, four monitors 
from four different manufacturers that support hardware calibration were used. 
We also investigated the difference in calibration quality that could be caused 
by the backlight type’s specific properties. Colorimeter and spectrophotometer were 
used to measure standard color gamut and wide color gamut displays. In order 
to measure and evaluate the image quality for each calibration method, white-point 
and tone reproduction were the analysis factors that were compared, and in order 
to increase the objectivity of the results, all displays were normalized to the same 
target luminance level. The results of the experiment showed that for some calibration 
conditions, it was confirmed that hardware calibration did not show a clear difference 
compared to software calibration. For the tone reproduction characteristics, when 
the data was analyzed based on gamma, it was showed that there was a statistical 
significance in the difference of the results that hardware calibration slightly showed 
a better correctional effect, as shown in Table 1. and Table 2.

P1-67

Factors Affecting Contrast Ratio & Cell VT Curve of Small Size TFT LCD
Hongjun Yu, Ziwei Cui, Yanyan Yin, Jing Xue, Bin Ma, Liang Zhao, and 
Hongyan Xing (BOE Optoelectronics Tech. Co., Ltd., China)

The Paper is mainly discussed that experiments about some factors affecting Contrast 
Ratio&Cell VT.

P1-68

Elimination of Off-Axis Color Shift by Doping Dichroic Dyes in a Cholesteric 
Liquid Crystal Device
Jun-Hee Park, Seung-Won Oh, and Tae-Hoon Yoon (Pusan Nat'l Univ., Korea)

We propose a method to eliminate the color shift in CLC devices by doping 
dichroic dyes. We measured the color coordinates in CIE chromaticity diagram 
of the fabricated CLC cells for polar angles from 0° to 60°. A CLC cell designed 
to reflect red color shows severe color shift as the viewing is increased. The 
red color changed to green at 60°. On the other hand, a dye doped CLC (DDCLC) 
cell remains nearly at the same color even for the viewing angle of 60°. Similar 
results can be observed in CLC and DDCLC cells designed to reflect other colors. 
We confirmed that higher concentration of dye molecules improve color sensitivity 
and reduce the off-axis color shift in a DDCLC cell. We expect that DDCLC cells 
can be applied to outdoor displays that require less off-axis color shift.
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P1-69

High-Transmittance Fast-in-Plane-Switching Negative-LC Cell with 
Double-Sided Patterned Electrodes
Joon Heo, Tae-Hoon Choi, Jae-Won Huh, and Tae-Hoon Yoon (Pusan Nat'l 
Univ., Korea)

In this paper, we propose high transmittance and fast response time of negative 
liquid crystal (n-LC) using double-sided patterned electrodes. The proposed cell 
has shown higher transmittance than the conventional FFS mode using n-LCs, 
because the proposed cell does not have transmittance dips. In addition, the 
proposed cell has shown a shorter response time than the conventional FFS mode 
using n-LCs, because of smaller optimum thickness of the LC layer. In addition, 
the proposed cell exhibits wide viewing angle characteristics similar to those of 
the conventional FFS mode using n-LCs.

P1-70

Fast Switching of Nematic Liquid Crystals over a Wide Temperature Range 
for Outdoor Applications
Tae-Hoon Choi, Young-Jin Park, Jung-Wook Kim, and Tae-Hoon Yoon (Pusan 
Nat'l Univ., Korea)

In this paper, we investigated the switching behaviour of homogeneously-aligned 
LCs over a wide temperature range. We found that the slower response time 
at low temperature can be compensated by a higher electric field so that 3T 
cell using new drive scheme can offer a complete solution. In contrary to the 
fringe-field-switching (FFS) cell, the response time of a 3T cell showed an extremely 
mild increase as the temperature decreases because all GTG switching is controlled 
by applying a high electric field. At -20°C, the slowest GTG response time of 
an FFS cell was 77.33 ms, whereas the slowest GTG response time of the 3T 
cell using the new drive scheme was 6.15 ms at the same temperature, as shown 
in Fig. 1. This is approximately 12.5 times shorter than that of an FFS cell. This 
can be an effective solution for removing the motion blur in LCDs at a low temperature.

P1-71

Method to Reduce Iridescent Reflection from LCD Panel with Fine Electrodes
Ho-Kil Oh and Jang-Kun Song (Sungkyunkwan Univ., Korea)

As the display manufacturing technology advances, the patterns used in liquid 
crystal display panel have become narrower and more sophisticated. The fine patterns 
are likely to produce iridescent color reflection, in particular, under bright illumination. 
The iridescent color reflection can cause deterioration of display image quality. 
Such a problem is commonly observed in SVA LCD with a pixel electrode of fine 
ITO slit and in FFS (or PLS) LCD with a common electrode of fine slit pattern...
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P1-72

Adaptive Optically Isotropic Liquid Crystal Micro-Lens with Fast Switching
Ki Hoon Song, Jae Myeong Lee, Zuowei Zhou, Hongwen Ren, and Seung Hee 
Lee (Chonbuk Nat'l Univ., Korea)

In this paper, we propose a novel OILC switchable lens with gradient refractive 
index. In the proposed OILC switchable lens, inhomogeneous droplet size distribution 
is achieved by ultraviolet (UV) light exposure through a lenticular film. The stronger 
UV light exposed area consists of smaller droplet size, while the weaker UV light 
exposed area has lager droplet size because of slower phase separation. The 
refractive index of area with large droplet size is higher than the area with small 
droplet size. Here, we achieved the lens performance by vertical electric field. 
To prepare the OILC cell, two flat indium tin oxide (ITO) substrates were attached. 
The cell gap is 50μm and the pitch of lenticular film is 270μm. Fig 1 shows 
charge-coupled device (CCD) intensity profile images of proposed OILC switchable 
lens. When 100Vrms voltage is applied, the focal length of proposed OILC lens 
is 5.3 cm.

P1-73

Alignment of LCs Using Polyimide Doped with SiO2 Nanoparticles for a 
High-Transmittance LCD
Byung Wok Park, Jun-Hee Park (Pusan Nat'l Univ., Korea), Ji-Hoon Lee 
(Chonbuk Nat'l Univ., Korea), Jonghyun Choi (The New Zealand Inst. of Plant 
and Food Research, New Zealand), and Tae-Hoon Yoon (Pusan Nat'l Univ., 
Korea)

In this work, we demonstrate a high-transmittance LC cell fabricated by using 
polyimide doped with SiO2 nanoparticles. There have been many researches 
about doping nanoparticles into LCs or polyimide to obtain superior 
electro-optical characteristics in a LC device. However, doped nanoparticles 
have been used to reduce the response time of LCs in most of the studies. 
We doped nanoparticles to polyimide for homogeneous alignment of LCs and 
measured electro-optic characteristics of the LC cell fabricated by using substrates 
coated with the mixture. We confirmed that the transmittance of a LC cell 
fabricated using substrates coated with the mixture was higher than that of 
LC cells fabricated using substrates coated with pure polyimide. To analyze 
the result of the increased transmittance, we examined the order parameter 
of the fabricated cells and investigated the surface morphology of the fabricated 
cells using atomic force microscopy (AFM).
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P1-74

Reversible Optical Storage Material Using Photo-Responsive Rod-Like 
Molecules Nanosegregated in the B4 Structure of Achiral Banana-Shaped 
Molecule
Kibeom Kim and Suk-Won Choi (Kyung Hee Univ., Korea)

Stable photo-rewriting property in a mixture system consisting of banana-shaped 
molecule and photo-responsive rod-like molecule has been studied. Optical 
activity show the following characteristics: (1) the origin of optical activity is 
due to chiral-segregated banana-shaped molecules in the B4 phase, where 
rod-like molecule is in the nematic phase; (2) the reduced optical activity is 
detected in the B4 phase, where the rod-like molecule is in the isotropic phase 
by irradiation with ultraviolet (UV) light; (3) the optical activity is recovered 
in the B4 phase, where the rod-like molecule is in nematic phase by irradiation 
with visible light. In this way, the optical activity was modulated by alternating 
irradiation with UV light and visible light. This result indicates that our material 
can be used as a reversible optical storage material due to this stable chiral-optical 
property.

P1-75

Low Laser Emission Energy in a Polymer Stabilized Blue Phase II
Seong-Yong Jo and Suk-Won Choi (Kyung Hee Univ., Korea)

Here, we have fabricated a well-aligned polymer-stabilized BPII that is stable 
over a temperature range of approximately 20 °C. The lasing action based 
on the band edge mode occurs at the PBG of the cubic BPII’s self-assembled 
periodicity. We have dramatically reduced the emission threshold energy of 
the laser action using the polymer-stabilized BPII. As a result, this study 
establishes the feasibility of using polymer-stabilized BPII in photonic crystal 
applications.
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P1-76

Investigation of Polymer Wall Structure Influence on Electro-Optical Properties 
of Flexible Cholesteric LCDs
Yan Jin, Zhe Hong, and Soon-Bum Kwon (Hoseo Univ., Korea)

Polymer wall introduced cholesteric liquid crystal (LC) cell with single LC mixture, 
single layer and photo-sensitive chiral dopant (PSCD) has been developed for 
mechanically stable color flexible LCDs. With the introduction of the polymer 
walls in PSCD doped cholesteric LC cell, the reflective planar texture was better 
stabilized resulting in the better color performance. Furthermore, the focal conic 
range was broadened due to the polymer walls and networks formed during 
the UV exposure steps. Also, the transmittance of cholesteric LC cell at focal 
conic state increased, which was suitable for transparent mode. Thanks to the 
memory mode of transmissive and reflective states, this flexible cholesteric LCD 
is suitable for the application to the transparent and reflective flexible displays, 
which has been of great interest recently.

P1-77

Smart Reflector Using Photo-Luminescence Cholesteric Liquid Crystal Film
Dong-kun Lee, Jeong Min Choi, and Jang-Kun Song (Sungkyunkwan Univ., 
Korea)

The reflection-emission reflector by adding photo-luminescence(PL) into cholesteric 
reactive mesogen(CRM). PL into CRM significantly improved the color purity in 
the color reflection.

P1-78

Dielectrophoretic Manipulation of Isotropic & Nematic Droplets
Bomi Lee and Jang-Kun Song (Sungkyunkwan Univ., Korea)

Nematic and isotropic phase can coexist simultaneously near TNI. In this work, 
we manipulated isotropic droplets or nematic droplets by using dielectrophoresis.
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P1-79

Polymer Stabilized Vertical Alignment Flexible Display
You Ri Kwon, Jong Chan Kim, Young Eun Choi, Jin Hyun Kim, Han Sol Choi, G. 
Murali, Young Jin Lim, and Seung Hee Lee (Chonbuk Nat'l Univ., Korea)

We proposed modified VA-IPS in which additional counter electrode is formed 
on top substrate so called Transverse Bend Alignment (TBA) mode [4] which 
reorients LC directors by in-plane and oblique electric field is tested with polymer 
network formation in a bulk LC layer. And also plastic LCD with polymer-stabilized 
mode is fabricated to test its image quality change at bending stress. The proposed 
device showed a very fast response time(2ms; rise+decay time) and relatively 
low operating voltage(38V) even with use of a LC with low magnitude of dielectric 
anisotropy, and also no pooling mura at all even though external pressure is 
applied to the device and kept a uniform bright state even if the plastic LCD 
is bent, opening a possibility for the device to be applicable in flexible displays.

P1-80

Synthesis and Electronic/Optical Properties of Dimesogenic Asymmetric 
Bent-Core Molecules
Sa-Wook Kim, Hak-Kyu Kim (Kumoh Nat'l Inst. of Tech., Korea), Hak-Rin Kim 
(Kyungpook Nat'l Univ., Korea), and E-Joon Choi (Kumoh Nat'l Inst. of Tech., Korea)

Bent-core liquid crystal molecules with C2V molecular symmetrycan reveal a 
spontaneous polarization without a chiral carbon. These molecules can show 
polar smectic phases, so-called B-phases. Thereforethey may represent the 
polar switching phenomenon.In this study, we have synthesized six 
dimesogeniccompoundswhich containtwo asymmetric bent-coremesogenswith 
3,4,5- and 2,4,6-trifluoro substituents in the terminal benzene ring(Ar = 3,4,5- 
and 2,4,6-trifluorophenyl groups); andhave 5, 6 and 12 carbons in the flexible 
alkyl spacer(n = 5, 6 and 12). The structures of compounds were identified 
by FT-IR and 1H-NMR spectroscopy. The purity of compounds was confirmed 
by thin layer chromatography and elementary analysis. Their mesomorphic 
properties and phase behavior were investigated by differential scanning 
calorimetry (DSC), polarizing optical microscopy (POM), X-ray diffraction (XRD) 
and electro-optical (E/O) measurements.Four compounds(Ar=2,4,6- 
trifluorophenyl group/n = 6; Ar = 3,4,5-trifluorophenyl group/n = 5, 6 and 
12)formed anenantiotropicnematicmesophase, whileone compound (Ar = 
2,4,6-trifluorophenyl group/n = 12)formed a monotropicnematicmesophase. 
However, a remaining compound (Ar = 2,4,6-trifluorophenyl group/n = 3) 
was non-liquid crystalline.
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P1-81

Synthesis of Hockey Stick-Shaped Reactive Mesogens and Their E/O-Property 
in VA Mode Cell
Myung-Ha Kim, Tae-Joon Park, E-Joon Choi (Kumoh Nat'l Inst. of Tech., Korea), 
You-Jin Lee, and Jae-Hoon Kim (Hanyang Univ., Korea)

Today, response time is a drawbackof LCD. Recently, to solve this problem, the 
new method has been proposed, which is concerned withcontrol of surfaceenergyusing 
reactive mesogens (RMs). More recently, it has been reported that the pretilt angle 
can becontrolled by photo-polymerization of a RM mixture with a host LC or alignment 
agent in the presence of electric field.If the pretilt angle can be adjusted optimally, 
thresholdvoltage can be decreased, and thus the response time may be drastically 
improved.In this study, we have synthesized and characterized two RMswhich contain 
a hockey stick-shaped mersogen with 2,3,4-or 1,3,5-trifluorinated phenyl terminal 
group.We mixed the twoRMs as well as acommercialRM 257witha vertical alignment 
agent (PI) by 2wt%, respectively,for fabrication of VA mode cell.The obtained three 
mixturesof three RMs with a PIwere spin coated onto the substrate to becured by 
UV irradiation. Then, coating tendency and electro/optical properties for thesemixtures 
were measured.As the result of time resolution, the LC host (MLC-6608) showed 
faster response time in the VA cell after curing by UV irradiation than before curing.

P1-82

Improvement of Off-Axis Gamma Distortion in Vertical Alignment Liquid 
Crystal Mode Using Hybrid Pixel Electrode Structure
Jeong Min Bae, Min Kyu Park, Jin-Tae Kim, and Hak-Rin Kim (Kyungpook Nat'l 
Univ., Korea)

In this study, we propose a new VA LC mode with hybrid electrode structures 
to reduce an off-axis color shift. In our LC mode, the main-region is formed like 
the micro-patterned vertical alignment (MPVA) mode and the sub-region is composed 
of the conventional patterned vertical alignment (PVA) mode, where the threshold 
voltage of the MPVA mode is 2.57V, and the CPVA mode is 2.22V. The difference 
of threshold voltage between two modes can be explained as the difference in 
the electric field strength caused by the area ratio of electrode each LC mode. For 
such a reason, the proposed electrode structure consist of two regions with different 
electric field leading to different LC director distribution in these two areas. The 
difference of these LC performance improves reducing color shift defined an off-axis 
Gamma Distortion Index (GDI) as Reference of MPVA mode has a GDI value of 
0.6944 at (θ,Φ)=(60°,0°), and the GDI value of our LC mode is 0.6234 at (θ,Φ)=(60°,0°) 
viewing direction which is improved to 6.32% over the conventional four-domain 
MPVA LC mode. Also we designed pixel electrode with no disclination line and 
without decreasing maximum luminance. The hybrid electrode structure imposes 
different threshold voltage at two region divided by electrode area with no additional 
driving circuits and no decrease of contrast ratio. This indicates that a proposed 
LC mode with multi-domain alignment reduces the color shift at off-axis viewing 
angle. The GDI value can be further reduced by optimizing the area ratio of MPVA/PVA.
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P1-83

Nanoparticles with High Permittivity Doped into Nano-Sized Polymer Dispersed 
Liquid Crystals to Reduce Driving Voltage
Gyu-Yeop Shim, Hyun gyu Kim, Ji-Sub Park, Dong-Jin Lee (Kyungpook Nat'l 
Univ., Korea), Ji-Ho Baek, Joun-Ho Lee, Byeong Koo Kim (LG Display Co., Ltd., 
Korea), and Hak-Rin Kim (Kyungpook Nat'l Univ., Korea)

Polymer dispersed liquid crystal (PDLC) for realization of flexible displays have 
beed studied. In case of traditional PDLC, because of scattering of liquid crystal 
(LC) droplet, it cannot be used for retardation layer. To reduce the scattering, 
the size of LC droplet should be decreased and ultimately required to optically 
isotropic state. In this study, we have carried out the fabrication of nano-sized 
PDLC and confirmed the transparent PDLC in the initial state. LC droplet size 
was approximately 80 nanometers (nm). As LC droplet size was decreased, driving 
voltage was increased. To lower the driving voltage, titanium dioxide (TiO2) 
nanoparticles was doped in the polymer matrix of the PDLC cell with a high 
permittivity and size of 10~30 nm. In accordance with the increase in doping 
concentration of the TiO2 nanoparticles, driving voltage was gradually decreased 
around 50%, but initial light leakage increased by aggregation of nanoparticles.

P1-84

New Vertical Alignment Mode of Liquid Crystal Display with Reduced Gamma 
Distortions by Periodic Patterns of Reactive Mesogens on Alignment Layer
Se-Um Kim, Jiyoon Kim, Jeng-Hun Suh, Bo-Yeon Lee, and Sin-Doo Lee (Seoul 
Nat'l Univ., Korea)

We demonstrate a new patterned vertical alignment liquid crystal display showing 
the reduction of the gamma distortions by forming the liquid crystalline polymer 
(LCP) layer, made of reactive measogens, on the homeotropic alignment surface. 
Here, the LCP layer was constructed through a spin-coating process of a reactive 
mesogen mixture, followed by the photo-polymerization and the wash process. 
It was found that the control of the exposure time during the photo-polymerization 
plays a key role in realizing the stable and uniform homeotropic alignment of 
the liquid crystal molecules on the LCP layer. This simple technique enables to 
produce multi-domains where the shift of the threshold voltage is spontaneously 
achieved domain by domain in the operation of the voltage division.
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P1-85

Patterned Polymer Networks Formed in Nematic Liquid Crystals
Vijay Kumar Baliyan, Sudarshan Kundu, Vineet Kumar, Seung Hee Lee, and 
Shin-Woong Kang (Chonbuk Nat'l Univ., Korea)

We have investigated patterned polymer networks formed by using photo polymerization 
of mesogenic monomer in nematic liquid crystal as a template. The polymer networks 
have been both orientationally and spatially templated by manipulating positional 
as well as orientational order of the nematic LC host, achieved by using patterned 
electrodes with a homeotropic alignment layers. Spatial order of the polymer networks 
are precisely determined by the patterned electrode while orientational order is 
transferred from the local director of LC host. Consequently, the templated polymer 
networks reveal not only a morphological pattern but also a pattern of optical 
birefringence indicating orientational order of the network in molecular level.

P1-86

Quantitative Analysis of Image Flickering in Negative Fringe-Field-Switching 
Liquid Crystal Display: Effect of Flexoelectric Polarization and Impurity Charge
Hyojin Lee and Ji-Hoon Lee (Chonbuk Nat'l Univ., Korea)

We quantitatively analyzed the image flickering in the negative fringe-field-switching 
liquid crystal display during low frequency driving.

P1-87

The Study of Order Parameter in PS-VA Mode
Nakcho Choi, Minjung Oh, Yeogeon Yoon, and Namseok Roh (Samsung 
Display Co., Ltd., Korea)

The polymer stablized vetical alignment mode (PS-VA) is the typical liquid crystal 
mode in TV products.[1,2] The PS-VA mode is the technology to align liquid 
crystals with reactive megens by the UV exposure process. Aftet the process, 
liquid crystals have a pretilt angle about 85~89 degrees.The factor to control 
the pretilt angle is UV exposure dose and appling voltage. When liquid crystals 
have the pretilt angle, the response time is faster and the transmitance is improved 
but the Contrast ratio(White luminace/Black luminace) is reduced. The pretilt angle 
is the polar angle but the azimuthal angle is also important. In the PS-VA mode, 
when all liquid crystals are aligned to the direction of the micro slit electrod 
in the white state, the transmittance is the highest. So we investigated the degree 
of orientation of liquid crystals in the white state in various pretilt conditions. 
We defined SOI as SVA order parameter in the equation (1). Then we found 
that there was a relastion between the pretilt angle and the degree of oritentation 
as shown Fig.1. We could meausure the direction of liquid crystals in the sub 
micrometer area with Axostep machine and draw the degree of order parameter 
as shown in Fig.2. When the SOI was not higher over 0.8, liquid crystals were 
not aligned uniformely. This SOI would be useful tool to develop the PS-VA panel.
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P1-88

Vertical Alignment and Stabilization of Director Pre-Tilt of Nematic Liquid 
Crystal Doped by Surface Modified Silica Nano-Particles
Vijay Kumar Baliyan, Pankaj Kumar, Moon Bee Oh, Seung Hee Lee, and 
Shin-Woong Kang (Chonbuk Nat'l Univ., Korea)

We report a vertical alignment and pretilt control of nematic liquid crystals (NLC) 
doped by surface modified spherical silica nanoparticles (SNPs). The SNPs have 
been modified by photoreactive 3-(trimethoxysilyl) propyl methacrylate and 
homogenously dispersed in NLCs with negative dieleteric anisotropy. The surface 
modification has been accomplished through the silane coupling reaction to hydroxyl 
groups on the surface of SNPs [1]. The homogeneous mixture has been prepared 
by controlling dispersion rate, sonication conditions and processing temperature. 
The electro-optic (E.O.) cells have been fabricated by using fishbone-patterned 
pixel electrode. No pretreatment has been performed for the alignment of LC 
molecules.

P1-89

Polar Anchoring Energy of PS-VA Panel
Keunwoo Park, Nakcho Choi, Eunhee Han, Yeogeon Yoon, and Namseok Roh 
(Samsung Display Co., Ltd., Korea)

In Polymer-stabilized vertical alignment mode(PS-VA), the orientation of the Liquid 
Crystals(LCs) is a very important thing. To make 4 domains in the sub pixel in 
the PS-VA, the UV light is expossed to the panel that is filled with liquid crystals 
including reactive mesogens(RM). When there is no the UV exposure process, 
there is no pretilt angle of LC that is aligned vertically. On the other hand, when 
UV exposure is applied, LCs get to be a little tilt angle at the black state. As 
a result, LCs have a fast response time. In this paper, we have measured the 
polar anchoirng energy in the PS-VA. We have carried out two experiments. 
One is about the relationship between the Polar anchoring energy and the UV 
exposure. The other is the Polar anchoring energy and thickness of the alignment 
layer. We measured the optical retardations(R) accoriding to various voltages for 
calculating the Polar anchoring energy.
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P1-90

Orientation Ordering Analysis of Photo Alignment Panel in PLS Mode
Jehong Choi, Nakcho Choi, Yeogeon Yoon, and Namseok Roh (Samsung 
Display Co., Ltd., Korea)

In this paper, we compared the degree of orientation in rubbing panel and photo 
alignment panel using Axostep measurement machine. We assumed the direction 
of liquid crystals was 0 degree and plot the histogram graph. The standard deviation 
in the photo alignment panel was smaller than the rubbing panel. It indicated 
that the photo alignment process could make the liquid crystals in one direction 
uniformly.

P1-91

Photoinduced In-situ Anchoring Transition from Random Planar to Uniform 
Planar Using Photochromic Azo-Dye in a Nematic Liquid Crystal
Randhir Kumar Sinha, Sudarshan Kundu, Vineet Kumar, Myong-Hoon Lee, and 
Shin-Woong Kang (Chonbuk Nat'l Univ., Korea)

In this present work, we report the anchoring transition from random planar 
to uniform planar by controlled illumination of linearly polarized UV-light. A very 
small amount of liquid crystalline azo-dye (0.1 ~ 0.3 wt%) has been mixed with 
a nematic liquid crystal of either positive or negative dielectric anisotropy. The 
ITO (Indium-Thin-Oxide) coated glass cells without any surface pre-treatment have 
been filled with the liquid crystal mixture. The cells have been exposed to linearly 
polarized UV-light at an elevated temperature in isotropic phase for 45 minutes 
at the intensity of 100 μW/cm2. From optical and electro-optical characterization 
of the cell, we have confirmed that there is anchoring transition from a random 
planar to uniform planar. The resulting uniform planar state is stable against 
heat and visible light treatments. The approach to creating uniform planar alignment 
by such a non-contact as well as in in-situ condition can be immensely useful 
for display industry.
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P1-92

PI-less Vertical Alignment with a Predetermined Director Tilt Achieved by 
In Situ Photo-Irradiation of Obliquely Incident Unpolarized UV-Light
Randhir Kumar Sinha, Sudarshan Kundu (Chonbuk Nat'l Univ., Korea), 
Heung-Shik Park (Samsung Display Co., Ltd., Korea), Myong-Hoon Lee, and 
Shin-Woong Kang (Chonbuk Nat'l Univ., Korea)

In this present work, we report in situ predetermined tilt generation in nematic 
liquid crystal cell by oblique incidence of unpolarized UV without using pretreated 
alignment layers. In situ formation of homeotropic alignment layer with pretilt 
angle has been achieved by doping photo-chromic azo-dye in LC host and 
subsequent UV-light irradiation. The predetermined director tilt can be controlled 
by the irradiation angle of unpolarized UV-light. A very small amount of liquid 
crystalline photochromic azo-dye (0.5 wt%) has been mixed with a nematic liquid 
crystal with negative dielectric anisotropy. Conventional electro-optic (E.O.) cells 
have been fabricated using ITO-coated glass substrates and 10 μm tape spacers. 
No pre-treatment of the ITO surface has been made prior to cell assembly. The 
E.O. cells have been filled with the azo-dye doped LC mixture. The cells have 
been exposed to UV-light at the temperature five degrees above the TNI of the 
mixture. The 350 ~ 400 nm unpolarized UV-light with the intensity of 20 mW/cm2 
has been used at different incident angle from the substrate normal. The E.O. 
characteristics have been characterized with optimized cell gap (3.8 μm). The 
surface morphology has been examined by using FE-SEM and AFM.Upon UV-light 
irradiation, the E.O. cells show an anchoring transition of LC molecules. The 
LC director gradually reorients from the initial random planar to homeotropic 
state. The director tilt can be predetermined by the irradiation angle of unpolarized 
UV-light. For a normal incidence, the vertical alignment with no director tilt has 
been realized. For oblique incidences, however, director tilt has been stabilized 
along specific direction with respect to the irradiation direction. The director is 
tilted away from the normal in the same plane of irradiation. The irradiation 
and tilt angles do not coincide. The tilt angle can be manipulated approximately 
within 3~5 degrees. The resulting homeotropic alignment and director tilt are 
stable against heat and visible light treatments. The results and possible mechanism 
will be discussed during presentation.
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P1-93

In-situ Vertical Alignment of Nematic Liquid Crystals Using Photo-Polymerizable 
Acrylate Mixtures
Sudarshan Kundu (Chonbuk Nat'l Univ., Korea), Heung-Shik Park, Jae-Jin Lyu 
(Samsung Display Co., Ltd., Korea), Aboozar Nasrollahi, and Shin-Woong Kang 
(Chonbuk Nat'l Univ., Korea)

In this report, we present anchoring transition of nematic liquid crystal after 
polymerizing mixture of twoacrylate monomers initially mixed in the nematic host. 
One polymerizable monomer, reported as PM1 in thisreport has two acrylate 
groups in one monomer unit. The other polymerizable monomer reported as 
PM2 in thisreport has one acrylate group in one monomer unit. Both the monomers 
are commercially available and have beenbought from Sigma Aldrich. PM1 and 
PM2 have been mixed at 1: 9 weight ratio in a vial. 1.0 wt% of themonomer 
mixture has been added to a LC mixture with negative dielectric anisotropy. Cells 
have been fabricatedusing ITO-coated glass plates and 10 μm-thick tape spacers. 
Test cells have been filled with the LC mixture,doped monomer mixtures, at a 
temperature, a few degrees above TNI. One cell has then been examined 
underpolarized optical microscope (POM). A random planar texture has been 
observed at room temperature. The filledcell has been heated to the temperature 
a few degrees above the nematic-isotropic transition temperature (TNI) andthen 
exposed to UV-light with the intensity of 200 μW/cm2 for 1 hour. After irradiation 
of UV, the cell has beencooled under POM. A quick anchoring transition from 
random planar to homeotropic state has been observed justa few degrees below 
the TNI. The cell has been washed in pure hexane to remove the LC mixture 
and then refilledagain with the same LC in its pristine state. No planar texture 
has been observed after the refill. Hence it has beenrealized that the surface 
modification was permanent against solvent treatment and was strongly adhered 
to theITO surface. The cell has then been un-assembled to study the surface 
morphology. The surface morphology hasbeen performed by using FE-SEM and 
AFM. Another cell with optimized cell gap for the host LC has beenfabricated 
and then has been irradiated under UV at isotropic temperature and similar anchoring 
transition hasbeen observed. The electro-optic characteristics have been measured 
of the cell with optimized cell gap. Theexperimental details and results will be 
presented in the meeting.
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P1-94

Nano-Encapsulated Liquid Crystal Display Mode with Reduced Driving Voltage
Jung Ho Han, In-Haeng Lee, You-Jin Lee, Chang-Jae Yu, and Jae-Hoon Kim 
(Hanyang Univ., Korea)

In this work, we suggested the nano-encapsulated LCD with reduced driving 
voltage by introducing the bipolar in-plane switching (IPS) scheme. At first, we 
prepared LC capsules with 200 nm in diameter used by the coacervation method. 
The small LC capsules shows the fast response due to the short correlation length 
by shell of the capsule. To reduce the operating voltage, we introduced the 
bipolar IPS electrodes. As a result, the operating voltage was remarkably reduced.

P1-95

Alignment Stability of Uniformly Lying Helix Mode by Controlling Pretilt Angle
Hyun Bae Park, Kyoung-Seeok Park, You-Jin Lee, Jae-Hoon Kim, and Chang-Jae 
Yu (Hanyang Univ., Korea)

In this work, we studied the alignment stablity of the ULH mode by controlling 
pretilt angle continuously. To control the pretilt angle, we stacked the vertical 
alignment layer onto the planar alignment layer. In a chiral nematic LC mode, 
the Grandjean texture was observed in the planar alignment layer, on the other 
hand, the ULH texture was observed in the intermediate and vertical alignment 
layers. As a result, in the higher pretilt conditions, the better stable ULH texture 
was obtained. However, we found that the optic axis of the ULH texture was 
uncontrollable in the vertical alignment layer

P1-96

Enhanced Color Reflector with the Micro Pattern Array
Geon Bae, Jun Min Yoon, Dong Bin Yeo, Dae Soo Kim (Hoseo Univ., Korea), Jang-Kun 
Song (Sungkyunkwan Univ., Korea), and Chul Gyu Jhun (Hoseo Univ., Korea)

In this paper, we propose a photoluminescent dye dopted cholestric liquid crystal 
(PLCLC) film with micro pattern array, which is fabricated by the reactive mesogen 
(RM). This material is a photopolymerizable monomer. Photoluminescent (PL) dyes 
were doped into the RM mixture to improve the reflectance by energy conversion. 
We demonstrate the fabrication process of the photoluminescent dye doped 
cholesteric liquid crystal (PLCLC) film with the micro pattern array and their optical 
properties are discussed. Geon Bae1, Jun Min Yoon 1, Dong Bin Yeo1, Dae Soo 
Kim1, Jang-Kun Song2, and Chul Gyu Jhun1
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P1-97

Color Polymer Dispersed Liquid Crystal Device with Color Core-Shell Structure
Dae Soo Kim, Dong Bin Yeo, and Chul Gyu Jhun (Hoseo Univ., Korea)

In this paper, we propose the color PDLC device with color core-shell structure. 
Liquid crystal droplets are encapsulated by the complex coacervation 
microencapsulation process. By the coacervation process, we fabricated color 
core-shell structure with the aqueous solution of the gelatin and color pigment 
in the shell materials. The electro-optical properties of the color PDLC device 
is discussed.

P1-98

LED Backlight with Special FOV for Automobile
Feng Qibin, Yin Huijuan (Hefei Univ. of Tech., China), Shi Zuchuan, Feng 
Qingang, Li Dejun, Fang Xudong (Hefei BOE Display Lighting Co., Ltd., China), 
and Lv Guoqiang (Hefei Univ. of Tech., China)

The LCDs (Liquid crystal displays, LCDs) used in automobile have to present wide 
field of viewing (FOV), which cause the cost increase. Different from LCDs in 
common life, it would be beneficial for the LCDs in automible to have the high 
lumiance at the viewing angel of horizontal 0°and vertical 20°to make the emitting 
lights from LCDs as most effiecient as possible. To realize the special FOV, the 
paper designs a kind of optical film with micro-structure on the front side to 
direct the most lights to the required angel. The not-imaging optical theory is 
applied to design the micro-structure on the film. The simulation model and 
result are shown in the Figure 1. It can be seen that the horizontal angel curve 
is symmetrical about the nromal direction with the highest luminance at the 
angel of 0°. While the highest lumiance of the vertical angel viewing curve happens 
at the 22°, satisfying the FOV requirement. The designed film is manufactured 
and the LED backlight prototype with such film is developed. The practical viewing 
angel curve is measured by ELDIM, shown in the Figure 2.
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P1-99

Slot Die Coating for Multilayer Organic Light-Emitting Diodes
Kwang-Jun Choi, Jin-Young Lee, Jin-Hwan Lee, Dongkyun Shin, Su-Ho Yoo, 
Kyung-Jun Jeon, and Jongwoon Park (Korea Univ. of Tech. and Education, Korea)

We investigate three technical issues related with large-area slot-die coating for 
OLED lightings. One issue is the flow down problem of an aqueous polymer 
solution, which occurs at the perimeter of an insulator bank. Another issue is 
that pinhole-like surface appears in solution-processed small-molecule films. The 
other issue is the dissolution problem that occurs between two stacked layers 
with different solvents during slot-die coating. By optimizing the slot-die coating 
process, we have suppressed those phenomena to a great extent. To demonstrate 
it, we have fabricated large-area green phosphorescent OLED devices. For the 
hole injection layer (HIL), we used aqueous PEDOT:PSS solution. For the hole 
transport layer (HTL), we have coated the small-molecule KHT-001 solution (Duksan 
Neolux Co., Ltd.). It is demonstrated that OLEDs with slot-die coated multiple 
layers show almost the same device performance as a reference OLED device 
with the spin-coated HIL and vacuum-evaporated HTL.

P1-100

Factors that Affect the LED Color
Hebbe Wang, Jianing Wang, Zhuo Zhang, Chiu June, and Xixin Zhang 
(InfoVision Optoelectronics (Kunshan) Co., Ltd., China)

R\G\B Different color LED wavelengths are influenced by electric current, among 
them, the influence on the red and blue LED is not obvious, Green LED effect 
is more noticeable, so in wavelength variation at the same time, the human eye 
is sensitive to green the most, then cause the differences on the vision. So in LCM 
design, If the Light bar circuit design is not reasonable, can cause uneven distribution 
of the current or the heat unevenly, Color deviation problem is easy to occur.

P1-101

ZigBee Light Link Based Wireless Lighting Control Design and Implementation 
Using a Touchpad
Jongwoo Choi, Jung-Sik Sung, Seong-Hee Park, Hyun-Chul Kang, Hyun-Joo 
Kang, and Tae-Gyu Kang (ETRI, Korea)

This paper describes the design and implementation of ZLL(ZigBee Light Link) 
based wireless light control using a touchpad. The ZLL(ZigBee Light Link) is a 
global standard for interoperating and easy-to-use light and control products. 
Recently, several products using ZLL were pulished and they support to allow 
to control maximum 50 lamps. We had tried to control 64 lamps by ZLL based 
wireless control using a touchpad and they were worked sucessfully.
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P1-102

The Method to Reconstruct RGBW LED Dimming Value for Ensuring Linearity 
for Brightness of LED Lighting
Seonghee Park, Hyunchul Kang, HyeonJu Kang, Jongwoo Choi, Jung-Sik Sung, 
and Taegyu Kang (ETRI, Korea)

In this paper we reconstruct the non-linear characteristic of the forward current 
and the brightness of the RGBW LEDs to the linear characteristic. The forward 
current value is found to be matched with the same interval in brightness. And 
it is possible to find a corresponding PWM dimming value. This will provide a 
means to precisely control the color of the full-color illumination with a RGBW 
LEDs.

P1-103

Temporal Changes in Optical Characteristics of White Light Emitting Diodes 
Under UV Irradiation
Bong-Jin Cho, Ji-Sun Kim, and Jae-Hyeon Ko (Hallym Univ., Korea)

We investigated the effect of UV irradiation on the optical characteristics of white 
LEDs consisting of blue LED chips and YAG phosphor materials. The overall spectral 
characteristics and the luminance did not change over the irradiation time of 
800 hours.The UV irradiation affects only the color coordinates of the YAG-included 
white LED, and the total changes in the color coordinates were x=0.013 and 

y=0.014. This may be attributed to the chemical change in the epoxy resin 
caused by the UV irradiation. Some chemical bonds in the resin may be broken 
by the UV photons, and so-called yellowing phenomenon may occur.

P1-104

Broadband Red, Green and Blue Light Sources for Speckle Noise Reduction 
on Laser Projection Display
Seong-Jin Son, Ju Won Choi, Do-Kyeong Ko, and Nan Ei Yu (GIST, Korea)

We developed tandem poled lithium niobate based on boradband second harmonic 
generation for laser projection display
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P1-105

Fabrication of OLED Lighting Using Light Scattering Solution for Flexible OLED 
Light Extraction
Dasom Song, Il-Ji Bae, Miyoung Kim, Bum-Joo Lee, and Jin-Koog Shin (KETI, 
Korea)

OLED (organic light emitting diode) lighting are being considered good candidates 
for a new generation of environmental friendly lighting application due to properties 
such as low-power consumption, excellent image quality, fast response time and 
high brightness. Light efficiency is an important element of the OLED device 
performance. The OLED has been steadily performed to improve the efficiency 
of such materials development and light extraction techniques. The light extraction 
has been actively studied by a method such as photonic crystal, a micro lens 
array. Photonic crystal manufacturing method is simple, but has been raised as 
a problem such as color change according to the angle by the periodic array 
of crystal. A micro lens array has a problem that can appear according to the 
viewing angle of the interference color and color change.In this work, we fabricated 
OLED lighting using light scattering solution with polymer bead for apply to flexible 
OLED lighting. Light scattering solution shows high performance haze (≥85) and 
transmittance (≥80). We suggested 3 kind of structure of OLED lighting for light 
extraction as shown Figure 1 and fabricated OLED lighting with high light efficiency.

P1-106

Improvement of Light Emitting Efficiency on Flip Chip LED with Patterned 
Sapphire Substrate
Hyun Jung Park, Dong Kyu Lee, Yu-Jung Cha, and Joon Seop Kwak (Sunchon 
Nat'l Univ., Korea)

Recently, one of the technologies that gained the most interest is patterned sapphire 
substrate (PSS), is forming patterns on the sapphire surface. It brings effectiveness 
that reduce the probability to generate the total internal reflection(TIR) and increase 
probability to transmit at the interface between n-GaN and sapphire of the light 
spreads out in Multi Quantum Wells(MQW). In addition, light is refracted at various 
angles due to the diffuse reflection effect of PSS. In conclusion it improves the 
light extraction efficiency. In order to check the light extraction efficiency change 
of the flip chip LED, we designed and simulated the flip chip LED with hemispherical 
PSS, the parameters for simulation are arrangement, edge spacing, radius and 
height using LightTools program. Also, PSS shape was designed and simulated 
with cone, pyramid and cylinder etc. The results show that the light extraction 
efficiency of 16.76% for flip chip LED without PSS waw enhanced to 56.29% 
by the application of the optimized PSS to the flip chip LED. In addition, SiO2 
material was applied to PSS and it’s influence was checked.
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P1-107

Silicon Based UV Curable Sealant and Characterization of OLED Lighting 
According to Moisture Scavenger Contents of Sealant
Il-Ji Bae (KETI, Korea), Sun Ryu (Momentive Performance Materials Korea Co., 
Ltd., Korea), Dasom Song, Miyoung Kim, Bum-Joo Lee, and Jin-Koog Shin 
(KETI, Korea)

Organic light emitting diodes (OLEDs) have many advantages like high performance 
and human-friendly light source. Currently, light source market size is growing 
up and especially LED/OLED are soon to take over its market. The light sources 
take up an average of 20 % of the lighting market. As of 2018, light sources 
will comprise approximately 80 % with the expansion of OLEDs. Nevertheless, 
it was still a key issue that OLED lighting is high cost than LED lighting. To 
surmount these problems, development of fusion and complex materials using 
OLED lighting come to the fore. In this study, our research has tended to focus 
on possibility of UV curable sealant with moisture capability. Therefore, we fabricated 
OLED lighting using silicon based UV curable sealant and analyzed characteristics 
of OLED lighting as a function of moisture scavenger contents of sealant, as 
observed in Fig. 1.

P1-108

Implementation of the RSSI-Based Lighting Control System
Hyun-Chul Kang, Jung-Sik Sung, Seong-Hee Park, Hyun-Joo Kang, Jong-Woo 
Choi, and Tae-Gyu Kang (ETRI, Korea)

In this paper, we implement a lighting control system which uses the RSSI (received 
signal strength indication) of Wireless AP (Access Point).
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P1-109

Fabrication of Phosphor-Converted White OLEDs with Internal & External 
Light Extraction Techniques
Chanho Kim, Hyeon Jeong Kim, Youngki Chai, Seunghwan Lee, and Sung Min 
Cho (Sungkyunkwan Univ., Korea)

Organic light emitting diodes (OLEDs) have been considered as next generation 
lighting source for their high efficiency, environment-friendly and high CRI. There 
are several methods for making high CRI white OLEDs. The first approach is 
using multi-doped single emissive layer. The second approach is using tandem 
structure (multi emissive layer). But both methods have disadvantages like difficulty 
in color tuning and color stability, complex fabrication process. The last approach 
is using blue OLEDs and phosphor for color conversion. This method is relatively 
easy to fabricate and have been widely studied in inorganic LEDs. But we need 
more efficient blue OLEDs to make highly efficient white OLEDs. In this study, 
we used several light extraction technique to make high efficient bottom emitting 
blue OLEDs. Before experiment, OLEDs simulation was performed to select 
appropriate extraction method. We coated scattering layer between ITO anode 
and substrate to extract light trapped in ITO. Scattering layer was consist with 
PMMA (host polymer), TiO2 particle. And color conversion layer (CCL) was used 
to extract light trapped in substrate and convert color (blue to white). We used 
YAG:Ce phosphor layer for color conversion layer.

P1-110

Application of Fuzzy Decision on Lighting
Alireza Khorami (IRIB Univ., Iran) and Shirin Ghanbari (IRIB Technical Research 
Center, Iran)

Emotional lighting controlled by fuzzy logic is based upon digital technology. 
Since Professor Lotfi A. Zadeh introduced fuzzy logic in 1965 [1], fuzzy control 
has extensively been used in a range of devices in engineering, science, business, 
medicine and psychology fields, and include, flight control, motor control, traffic 
signal control, controllers to adjust the brightness of television sets, lighting control 
systems in buildings and fuzzy cameras [2]. It is important to define precisely 
what a virtual image is, namely, a system that uses diffraction of laser diode 
light to construct light wave fronts associated with a desired visual scene.
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P1-111

Selective Area Regrowth for Dual-Color-Emitting LEDs by MOCVD
Jun-Yeob Lee, Duk-Jo Kong, Chang-Mo Kang, and Dong-Seon Lee (GIST, Korea)

In this study, we demonstrated dual-color-emitting LEDs that can control each 
color emission at same position from an n-p-n LED structure with two MQWs 
having different wavelengths (blue and green) for high-integration mobile display 
by selective area growth (SAG) using metalorganic chemical vapor deposition 
(MOCVD). We grew a blue LED structure on a green LED epi-structure with a 
GaN buffer layer by MOCVD. The existence of the GaN buffer layer was found 
to be a key factor for dual peak emission of the monolithic LED. A study on 
the GaN buffer layer with various dopings, temperatures, and thicknesses was 
conducted. As a result, the dual-color-emitting LED with 100 nm of the p-GaN 
buffer layer showed clear dual peak emissions at same position.

P1-112

Spectral Variation in YAG:Ce3+ Nanophosphor for White LED
Daehan Kim, Hyoungseak Jeong, Kwangwon Park, and Jongsu Kim (Pukyong 
Nat'l Univ., Korea)

Yellow Y3Al5O12 :Ce3+ nanophosphor was prepared through a high-energy planteary 
milling of micron-sized commercial powder as s reference. It showed the strong 
blue shift in emission peak from 540 nm to 530 nm, and drastic narrowing 
in blue-region excitation spectrum and the significant reduction in UV-region 
excitation spectrum. This is the reason why the nanoparticles can limit the phonon 
generation due to lattice defects at surface so that the photon-phonon coupling 
effect is reduced leading to the narrowing in excitation spectrum. The smaller 
photon-phonon coupling effect can also cause to the reduction in Stokes shift, 
and thus the blueshift in emission spectrum occures. This reduction of ponon 
population in the nanophosphor is confirmed by Raman spectrum. Especially this 
unsual excitation narrowing results in decreasing the spectral overlap between 
excitation and emission spectra, and it is expected to reduce the reabsorption 
rate so as to increase the luminescence efficiency. Finally the nanophosphor is 
applied to white LED for its feasibility test.
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Yellow YAG:Ce Single Crystal Phosphor with High Thermal Stability for 
High-Power White Light Source
Taewook Kang, Heelack Choi (Pukyong Nat'l Univ., Korea), Youngsic Kim, 
Sunghoon Lee, Jeonggon Ryu (Hyosung Corp., Korea), Jaehyoung Park, 
Seokkyu Lim, and Jongsu Kim (Pukyong Nat'l Univ., Korea)

For high-power light-emitting diode(LEDs) or laser diodes (LD) (> 1 watt per a single 
package), the conventional structure with yellow phosphor powders dispersed in the 
organic epoxy resin exhibit a significant drop in efficiency at high blue irradiations 
and high temperatures (100 ℃ ~ 150 ℃). It is due to burning of organic epoxy 
resin as well as blackening of phosphor surface. The yttrium aluminum garnet (Y3-xAl5O12 
:Xce3+, YAG) has the excellent thermal conductivity (~ 10 W/m·K) compared with 
other silicate phosphors (~ 1.5 W/m·K). The high thermal conductivity prevents local 
heating from a concentrated high-power blue irradiation and provide a good lumen 
maintenance at a high temperature, and thus a long lifetime is expected. Thus a 
single crystal YAG phosphor is suggested as an alternative to phosphor for high-power 
lighting source Consequently we have studied YAG:Ce single crystal phosphor. 
Yellow-emission YAG single crystal phosphor was grown through a floating zone method. 
It showed a broader blue excitation and yellow emission spectra with much higher 
thermal quenching ratio at 200 ℃ of about 92 % due to the f-d transition of Ce3+ 
ion than the conventional powder as seen in Fig. 1. The single crystal as a color 
conversion material was pumped by a blue laser diode with optical power of 5 watt , 
and thus high-power white light with color temperature of 5000 K was generated 

P1-114

Development of a “Sedimentation-Free” Phosphor for LED Color Bin Yield 
Enhancement
Shih-Yi Wen, Tung-Yun Liu, and Chen-Peng Hsu (ITRI, Taiwan)

In this paper, we present a “sedimentation-free” phosphor for LED color bin yield 
enhancement. The conventional phosphor-conversion white LED is fabricated by 
dispensing silicone gel mixing with yellow phosphor into the blue LED package. 
Due to density difference of phosphor and silicone, phosphor particles will settle 
and lead to non-uniform phosphor distribution in the package and between packages. 
This phenomenon affects the color coordinate of white light LED during the dispensing 
process. The concept of sedimentation-free phosphor is to transform the density 
of phosphor (4.5~5.5g/cc) close to the density of silicone (~1g/cc) by bonding 
the hollow sphere (0.46~0.6g/cc). The bonding process is carried out by the sol-gel 
hydrolysis condensation process. We have demonstrated equivalent density of the 
sedimentation-free phosphor could be controlled within 1±0.2g/cc. In addition, 
the LED color bin yield experiments are performed by dispensing silicone gels with 
conventional and sedimentation-free phosphor into PLCC-5630 LED packages. Results 
show color bin yield could be improved to 89% in 4X-SDCM (every ellipse means 
1X-SDCM) within 3 hours by using the sedimentation-free phosphor.
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P1-115

Highly Color Rendering and Luminescent GaN-Based White LEDs with Red 
InP/ZnS Quantum Dots
Tae Hoon Kim, Young Moon Yu, and Jong Su Kim (Pukyong Nat'l Univ., Korea)

For the apllication of solid state lighting, GaN-based white light-emitting diodes 
(WLEDs) have attracted considerable attention due to their high luminuos efficiency, 
low power consumption, long reliability, and srong environmental friendliness. 
In general, the most common WLEDs was fabricated by the combination of a 
GaN-based blue chip and Ce3+-doped Y3Al5O12(YAG :Ce) yellow phosphor. 
However such a combination has a low color rendering index (CRI, Ra < 70) 
due to its lack of green and red spectral region. To overcome this problem, 
InP/ZnS quantum dots (QD) are proposed as a promising material for enhancement 
of high CRI because of their high quantum yield, narrow emission band, and 
qood photostability.In this study, in order to achieve ultra high CRI (Ra > 90) 
WLED, we propose a new combination of hybrid phosphor converted WLEDs 
by adopting YAG: Ce as a yellow phosphor, Ce3+-doped Lu3Al5O12(LuAG:Ce) 
as a green phosphor, and InP/ZnS quantum dot as a red phosphor, respectively. 
Furthermore, to improve luminous efficiency, we adopt bilayer structure for 
phosphor coating on the LED chip as shown in Figure 1.

P1-116

Colloidal Synthesis of Green-Emitting CdSeS/CdS Dot-in-Rod Structure for 
Light-Emitting Device
Yewon Kim, Doh C. Lee (KAIST, Korea), and Wanki Bae (KIST, Korea)

We synthesized green-emitting CdSeS/CdS semiconductor dot-in-rod nanocrystals 
having different aspect ratio. Especially, lack of proper material to emit light 
with short wavelength makes it harder to synthesize green or blue emitting dot-in-rod 
structure with sufficiently high quantum yield than red emitting one. Also, we 
enhanced photoluminescence quantum yield due to introduction of alloying layer 
and passivation with rod structure. Furthermore, we studied on separation of 
charge inside the semiconductor dot-in-rod structure which determines how much 
fluorescence diminishes with electric field on the photoluminescence based 
light-emitting device. To enhance charge separation in the dot-in-rod structure, 
we have deposited cadmium halide on the rod shell surface and exchanged the 
ligand on the rod shell surface into thiolate. Likewise, the enhanced conductive 
and enhanced luminescent nanocrystals can be a potential candidate of light 
emitter for quantum dot light emitting diodes and bio-imaging.
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P1-117

Study on Improvement of the Leakage-like Defect Problems in OLED Panel 
by Off-Current Control of the Driving TFTs
Youl Kyu Lee, Daechoon Kim, Jaewoo Choi, and Sang Soo Kim (Sungkyunkwan 
Univ., Korea)

There is alternatively Ioff suppression method by the OSBS(off state bias stress) 
which can solve the weak bright dot defect.

P1-118

Ultracompact Complex Spatial Light Modulation Pixel Using Plasmonic 
Waveguides
Joonsoo Kim (Seoul Nat'l Univ., Korea), Hwi Kim (Korea Univ., Korea), and 
Byoungho Lee (Seoul Nat'l Univ., Korea)

Conventional SLMs for holography can operate on either phase-only or 
amplitude-only modes, both of which are incomplete. Incomplete modulation 
of light causes undesirable noises including twin noises and additional filters for 
elimination of these noises make the system too bulky for practical uses. There 
have been attempts to realize integrated complex spatial light modulation devices 
but the possibility of extreme scale-down to sub-micron pixel has not been explored 
much. In this paper, we numerically investigate a reflection type complex modulation 
pixel (CMP) based on plasmonic waveguide structure. Our full field electromagnetic 
simulation indicated that the amplitude and phase of the reflected wave can 
be modulated by changing two control parameters within reasonable dynamic 
range.
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P1-119

ptical Phase Modulation Characteristics of Subwavelength Tilted Nano-Slit 
Arrays
Yohan Lee, Jongwoo Hong (Seoul Nat'l Univ., Korea), Hwi Kim (Korea Univ., 
Korea), and Byoungho Lee (Seoul Nat'l Univ., Korea)

Very recently, a considerable number of studies have been conducted on ultrathin 
plasmonic structures, so called metasurfaces. It is reported that metasurface can 
be used to control the phase of light and there are various examples using this 
characteristic such as directional couplers for surface plasmon polaritions and 
ultrathin lenses. Among the different types of metasurfaces, computer-generated 
holograms (CGHs) have attracted a lot of interest. The reflection type metasurface 
using nanorod array is reported, which has even 80% efficiency. However, only 
few attempts have so far been made at researches on transmission type 
metasurface.In this paper, we analyze a transmission type metasurface which 
consists of tilted nanoslit array. Full phase modulation is possible by rotating 
the angle of slit. However, the amplitude of wave is not constant due to the 
interaction among adjacent slits. We modify each slit length and width along 
the slit angle to restrain the change of amplitude values. All the amplitude values 
are close to 0.3 by controlling the slit parameters. In this case, the range of 
phase modulation is almost 360 degrees.

P1-120

Plasmonic Wavefront Detection by the Use of Transport of Intensity Equation
Yongjun Lim (ETRI, Korea), Seung-Yeol Lee, Byoungho Lee (Seoul Nat'l Univ., 
Korea), Hyon-Gon Choo, and Jinwoong Kim (ETRI, Korea)

It was previously shown that the intense far-field distribution caused by the plasmonic 
beaming of light phenomenon can be effectively probed by the digital holographic 
microscopy (DHM) based on a conventional phase-shifting interferometer. However, 
when using the DHM with a phase shifting technique, the extracted phase profile 
can be easily affected by unwanted problems such as phase-shifting errors and 
mechanical vibration. As a result, it is necessary to adopt another quantitative 
phase imaging technique which is robust to those unwanted errors. Here, we 
will adopt transport of intensity equation (TIE) as a quantitative phase imaging 
technique to detect the wavefront emanating from plasmonic structures in 
nano-scale regime.
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P1-121

Acoustic Properties of Polydimethylsiloxane as a Function of Pressure
Sunhyeop Shin, Jae-Hyeon Ko, Jaehoon Park (Hallym Univ., Korea), Young Ho 
Ko, and Kwang Joo Kim (Agency for Defense Development, Korea)

The sound velocity, the acoustic attenuation coefficient, and the refractive index 
of polydimethylsiloxane (PDMS) were investigated as a function of pressure by 
using Brillouin spectroscopy and diamond anvil technique. The sound velocity 
exhibited substantial increase upon compression from ambient pressure to ~1 
GPa, which was accompanied by significant reduction of the attenuation coefficient. 
This crossover behavior at ~1 GPa may be attributed to the complete collapse 
of available free volume in PDMS and the resulting change in the density. The 
pressure dependence of the refractive index reflects the corresponding change 
in the density via the Lorentz-Lorenz relationship.

P1-122

High Performance Transparent Conducting Electrode Film Using 
Surface-Embedded Metal Nanotrough Network
Hyeon-Gyun Im (KAIST, Korea), Byeong Wan An (UNIST, Korea), Junho Jang (KAIST, 
Korea), Jang-Ung Park (UNIST, Korea), and Byeong-Soo Bae (KAIST, Korea)

We report on a flexible hybrid conducting (nanotrough-GFRHybrimer) film using 
surface-embedded metal nanotrough network as a TCE materials and glass-fabric 
reinforced composite (GFRHybrimer) film as a basal substrate. Embedded structure 
of nanotrough network on the surface of the GFRHybrimer film provides extremely 
smooth surface topography (Rrms < 1 nm), strong adhesion (103 cycles of peeling-off 
test), and highly improved thermal stability (250 oC/24 hrs). Excellent opto-electrical 
performance of nanotrough-GFRHybrimer film is observed due to its junction-less 
network (Rsh = 2 Ω/sq at T = 83 %). We expect that nanotrough-GFRHybrimer 
film can be a promising platform for high-performance optoelectronic devices.

P1-123

Double-Layer Negative Dispersion Retarder Using Negative Birefringence Materials
Seungbin Yang, Anoop Kumar Srivastava, and Ji-Hoon Lee (Chonbuk Nat'l 
Univ., Korea)

Generally, optically anisotropic materials have a positive dispersion (PD) of 
birefringence (Δn). PD means that birefringence of the medium decreases with 
increasing the wavelength (λ) of light. PD marerials have a different phase retardation 
Г≡2πΔnd/λ at different λ and this degrade the performance of the compensation 
film. To overcome this problem, the retarder with ND of birefringence has been 
studied. We made a double-layer ND retarder using two uniaxial films which 
were made of polystyrene (PS) and polymethylmethacrylate (PMMA).
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P1-124

Viewing Angle Property in Vertical Alignment Liquid Crystal Display Using 
a Novel Negative C Plate
Hyungmin Kim, Seungbin Yang, Dong-Gue Kang, Kwang-Un Jeong, and 
Ji-Hoon Lee (Chonbuk Nat'l Univ., Korea)

By combining a positive A plate with a negative C plate, the compensation film 
can be fabricated for the VA-LCD mode . we newly introduced a novel discotic 
reactive mesogenic LC molecule (abbreviated as HABET) for the fabrication of 
negative C plate, which optical properties were further compared with those 
of TAC-based one. From the experiemntal results, it was concluded that the 
viewing angle property of the VA-LCD using a new negative C plate showed 
a better dark state.

P1-125

Black Dye Doped LCD without Polarizers
Gi Heon Kim, Won-Jae Lee, and Yong Hae Kim (ETRI, Korea)

In this study, polarizer-free LCDs were prepared by doping black dye into nematic 
LC (B-LC). Black dyes induces selective light absoprtion by mean of an electric 
field. We developed a 3.5-inch active matirx TFT transprarent LCD and a 3-inch 
passive matrix LCD by using B-LC technology.

P1-126

Characterization of Polymer Dispersed Liquid Crystal Having Dichroic Dyes
Gi Heon Kim, Won-Jae Lee, and Yong Hae Kim (ETRI, Korea)

In this study, color dye-doped PDLCs (D-PDLCs) for transparent displays were 
prepared by doping color dye (red, green and blue) into the photo-reactive monomers 
and the nemtic LC (NLC) mixtures. These D-PDLCs do not require polarizers and 
polyimide alignment layers, leading to higher transmittance/CR, more shock 
resistance, and a wide viewing angle [5]. The gap of the D-PDLC cells was controlled 
by using a ball spacer. The D-PDLC mixture was introduced into sandwitched 
substrates by mean of modified ODF (one drop fill) method ar 50 oC. We fabricated 
glass-based color D-PDLCDs and investigated their electro-optical characteristics.
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P1-127

Electrochromic Device Using ZnO Nanowire
Han Na Kim (Univ. of Science and Tech., Korea), Seong-Mok Cho, Chil Seong 
Ah, Juhee Song, Yong Hae Kim (ETRI, Korea), and Tae-Youb Kim (Univ. of 
Science and Tech., Korea)

The electrochromism is a phenomenon that can change their color by electrochemical 
oxidation-reduction reaction. The electrochromic (EC) cell has wide viewing angles, 
memory effects and low power consumption. It is useful to make smart windows, 
electrochromic mirrors and electronic papers [1-3]. The Zinc oxide (ZnO) is available 
material to the EC cell as the working electrode. It can be grown to nanowire 
by a simple aqueous thermal decomposition method developed by Vayssieres. 
This EC cell using the ZnO nanowire has good properties of response time, coloration 
efficiency and stability [2]. Moreover, the ZnO nanowire EC cell is appropriate 
to flexible display and printed electronics. To obtain faster response time and 
higher coloration efficiency, we fabricated several types of the ZnO nanowire 
EC cells and measured electronic properties.

P1-128

Improvement of Light Out-Coupling Efficiency in Organic Light-Emitting Diodes 
with Micro-Lens Array
Se Hyuk Yeom, Sang Chul Lim, Myung Chan An, Dong Ic Lee, Gyeong-Tae 
Park, Chang Taek Seo, Gyu Seok Choi, and Heon Gon Kim (Gumi Electronics 
and Information Tech. Research Inst., Korea)

This paper reports how a micro- lenses array can affect OLEDs for enhancing 
out-coupling efficiency. The OLED is manufactured with micro-lens emits more 
light than the OLED without the micro-lens. To form micro-lens array, the front 
side of the glass will be hydrophobic treatment, and a micro-lens is formed on 
the hydrophobic surface. High efficiency OLEDs are required for display and solid 
state lighting applications, as mentioned above. Devices with nearly 100% internal 
quantum efficiency have been achieved by using phosphorescent emitting materials. 
In order to overcome the limitation of efficiency, various methods have been 
proposed to increase the out-coupling efficiency. Peng et al reported OLED on 
micro-lens array substrate. In this report, over 65% light is extracted from the 
OLED on the micro-lens array substrate as compared with the conventional device, 
but this device is require to complex structure by multiple process. Therefore, 
we propose OLEDs on micro-lens array based on simply fabrication method. The 
backside of ITO glass is coated with a hydrophobic material. Then, micro-lens 
array with 100 μm size is formed on the hydrophobic surface by screen printing 
method without complex process such as photolithography, RIE etc. Through 
this simple process, its efficiency is over 26% than not micro-lens formed OLED.
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P1-129

Fine Width Metal Mesh Fabrication by the Ion-Beam Assisted Deposition(IBAD) 
for the Touch Screen Panel(TSP)
Bo-Sung Kim, Sang Hyun Cho, Sung Ho Lee (Daegu Technopark, Korea), Jaeho 
Lee (AT Co., Ltd., Korea), and Chan Seok Park (Daegu Technopark, Korea)

In this study, metal mesh with a width of 3.5 μm is fabricated by the ion-beam 
assisted deposition(IBAD) process. The IBAD process increase the adhesion between 
metal and substrate, it is due to the increase of the surface energy by ion. The 
width of the line is about 3.5 μm, and the line is formed uniformly in the area 
of 10 cm2. The transmittance is 91 % and the sheet resistance is 23.1 Ω under 
a 400 μm open ratio.

P1-130

Suppression of Moiré Fringes Induced by Metal Meshes for Touch Screen 
Panels
Dongkyun Shin, Jin-Young Lee, Jin-Hwan Lee, Kwang-Jun Choi, Su-ho Yoo, 
Kyung-Jun Jeon, and Jongwoon Park (Korea Univ. of Tech. and Education, Korea)

For touch screen panels (TSPs), metal films such as silver (Ag) and copper (Cu) 
exhibiting lower price, higher electrical conductivity, and superior durability attract 
much attention for medium and large TSPs. However, the moiré fringes are inevitably 
generated owing to the interference between the metal grid of TSPs and a black 
matrix (BM) in display panels. With attempt to eliminate such moiré fringes, we 
have designed horseshoe-shaped metal meshes in the presence of the typical 
BM structure used in a S-IPS panel. To quantify the moiré fringes, we have computed 
the standard deviation (SD) from the ray distribution as a function of the crossing 
angle. Compared with the rectangular metal grid, the available range of crossing 
angles where the SD value reaches a flat bottom becomes broader by the 
horseshoe-shaped metal grid. Within some range of crossing angles, the random 
metal grid shows even higher SD value due to point defects, compared with 
the other metal grids.
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P1-131

A Diamond Hole Pattern with High Sensitivity and Linearity for Capacitive 
Touch Screen Panels
SeungHee Han, Yoonsu Kang, Jihyun Lee, Dain Kim, and Yuseok Kang 
(Gyeonggibuk Science High School, Korea)

Recently, capacitive touch screen panel (TSP) requires a faster and more accurate 
touch operation with high sensitivity and linearity which are key performance 
of the touch screen capability. The sensitivity and linearity are influenced by the 
pattern of the touch panel. To improve the sensitivity and linearity, the proposed 
hole diamond pattern is implemented by making four holes inside of the conventional 
diamond pattern. Be based on the simulation results using Ansys Q3D extractor, 
Both conventional and proposed patterns were analyzed and compared in order 
to investigate the sensitivity and linearity performance. The result of simulation, 
the proposed pattern shows both sensitivity and linearity are improved by decreasing 
the area of the Rx pattern than conventional diamond pattern. To verify the 
performance of the proposed diamond hole pattern, we implemented a TSP 
qualification system with Arduino, PC, TSP, and detection circuits. The linearity 
of the Both conventional and proposed patterns is tested using a TSP with PCB 
and indium-tin-oxide (ITO). The measurement results shows that the diamond 
hole pattern has about 47% lower average linearity error than conventional diamond 
pattern. Therefore, the proposed diamond hole pattern of the touch panel is 
suitable for the high performance capacitive TSP applications.

P1-132

Flexible Pressure Sensor Array Based on Highly Elastic Porous Film
Bo-Yeon Lee, Jiyoon Kim, and Sin-Doo Lee (Seoul Nat'l Univ., Korea)

A flexible pressure sensor array having high sensitivity in a low pressure region 
has attracted great interest owing to its potential for a variety of applications 
ranging from flexible displays to electronic skins and health care systems. However, 
they still suffer from the poor sensitivity in a low pressure region or the complicated 
and expensive fabrication processes. Therefore, we demonstrate a flexible pressure 
sensor array with a new approach, which is simple and cost-effective, to the 
improvement of the sensitivity in a rather wide range of the pressure. The porous 
dielectric layer fabricated using polydimethylsiloxane was placed between two 
flexible substrates with patterned electrodes. Our flexible pressure sensor array 
will lead to various applications such as the electronic skin detecting a subtle 
pressure change and advanced touch panels with more human-friendly interfaces.
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P1-133

Synthesis of Silver Nanowire and Application to Fabrication of Touch Screen 
Panel
Min Yeob Lee (Kyungpook Nat'l Univ., Korea), Duck Min Seo, Lee Soon Park 
(UNIST, Korea), and Gi Seop Kwak (Kyungpook Nat'l Univ., Korea)

The indium tin oxide(ITO) on polyethylene terephthalate(PET) film is widely used 
as transparent conducting electrode in the fabrication of touch screen panel(TSP). 
However the ITO film has some limitation to make large size TSPs over 20 inches 
due to the high surface resistance of ITO electrode. In this work, we investigated 
the synthetic parameters of silver nanowire(AgNW) utilizing sodium dodecyl sulfate 
as phase transper catalyst and also discussed the easy separation method of 
AgNW after reaction in ethylene glycol medium. The recovered AgNW were used 
to make ink in the ethanol solvent, sprayed and dried on the PET film. The conductivity 
vs. transmittance relationship of AgNW-PET film was studied and then TSPs were 
fabricated. The importance of ultra-thin binder polymer coating on the rolling 
test of AgNW-PET film will also be discussed.

P1-134

The Reliability Improvement of Drive Characteristic Evaluation for Large Size 
Touch Panel
Eun Woo Lee and Yun Su Lee (Kyungpook Nat'l Univ., Korea)

Recently, a study on the touch panel is progressive in various fields, but it has 
been mainly focused on the structure and fabrication of the sensor. The various 
touch panels must meet the requirements associated with the displays and UI. 
In addition, research and development must be carried out taking into account 
the commercialization. For this reasons, it is important to correctly understand 
the operating characteristics of touch sensor. A new evaluation tool was proposed 
in order to promote the objective operation evaluation of a large size touch 
panel. The SNR was measured by function generator signal as like display noise. 
The noise of the surface vibration and the noise of external electric device were 
removed by used the ground. Response of touch sensor was verified by a scanning 
period and evaluated by oscilloscope. Touch module was measured by sum display 
reaction time and the capacitance change of the sensor reaction.
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P1-135

A Capacitive Touch Sensing System Robust to Environmental Noise with 
a Third-Order Correlated Double Sampling Method
Junchul Park, Bumsoo Kim, Hyunkyu Ouh, Yoon-Kyung Choi, and Yong-In Park 
(Samsung Electronics Co., Ltd., Korea)

This paper presents a high-performance touch controller IC to be robust against 
low-frequency external noises. It includes a novel third-order correlated double 
sampling (CDS) and integration. This is specialized for suppressing low-frequency 
noise, one of the serious bottlenecks for the performance of a touch sensor. 
The 3rd–order CDS is implemented by the proposed configuration with a charge 
amplifier and a pseudo differential integrator.

P1-136

Fingerprint Sensor on Display
Jun Young Hwang, Seong Jae Moon, Jin Kuk Kim (Hoseo Univ., Korea), Ho Sik 
Jeon, Jun Suck Lee (CrucialTec Co., Ltd., Korea), and Byung Seung Bae (Hoseo 
Univ., Korea)

Recently, mobile smart phone development and dissemination have evoked a 
variety of applications and services with high quality display and touch screen. 
In particular, it is getting important more to improve the security of the user 
identification and personal authentication for user convenience and also for the 
services such as mobile payment and mobile banking. Therefore, from the cost, 
ease of use, and accuracy point of view, the fingerprint recognition has been 
developed to verify identity as a leading alternative to conventional passwords 
and keys[1]. Most mobile devices for fingerprint recognition adopt a sensor 
fabricated on silicon wafer. The thin film transistor(TFT) based sensor on the 
glass have advantages of low cost while process of wafer based sensor is expensive 
and relatively complex. The glass process also provides large area sensor array 
easily. In this paper, we designed TFT based sensor circuit and simulated the 
sensing voltage under various conditions. Since the glass is transparent, it can 
be overlied on a display panel. We designed and developed the capacitive sensor 
for fingerprint sensing. We investigated the effect of on and off current of the 
TFT, and the distance between the fingerprint and sensor array.
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P1-137

Dependence of Sensing Signal on the Resistance of Bus Lines
In Hye Kang, Seung Jae Moon, Jin Kook Kim (Hoseo Univ., Korea), Jun Seok 
Lee, Ho Sik Jeon (CrucialTec Co., Ltd., Korea), and Byung Seong Bae (Hoseo 
Univ., Korea)

Recently, smart phones and tablet PC are using fingerprint recognition technology. 
And also they suggested the fingerprint recognition on a display. However, adding 
a device for the fingerprint on the display in a mobile device has a problem 
that increasing the volume and thickness. Therefore, there is a need for technologies 
that reduces an extra space for the fingerprint recognition sensor and do not 
interfere with the display of a mobile device. The TFT based sensor circuits on 
a glass have been developed because Si-wafer based process is relatively complex 
and expensive. The TFT based sensor circuit has advantage of transparency compared 
to the Si-wafer and transparancy can be improved by using transparent electrode. 
We compared the sensing signal between the metal wire and ITO wire. ITO increases 
transparency of the sensor array, however, it has disadvange of RC delay increse 
due to higher sheet resistance than the metal. Readout voltages are sensing 
voltages and R means ridge and V means valley of the figerprint. Scan pulse 
delay is larger for the ITO wire and figure shows the larger RC delay for the 
ITO. Even though the RC delay is larger for the ITO, it did not affect much the 
output waveform.
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P2-1

High Performance Oxide Thin Film Transistors with Solution Processible Cu 
Source / Drain Electrode
Young Hun Han, Ju Yeon Won, Ki June Lee, Ji Hun Song, Jae Ho Lee, and Jae 
Kyeong Jeong (Inha Univ., Korea)

A high resolution (≥200 ppi) and large panel size (≥70 inch) for the next generation 
TFT-LCD and AMOLED display necessitates the adoption of Cu thin film as the 
gate and data line due to the stringent RC delay time issue. Amorphous metal 
oxide TFTs are able to replace the conventional amorphous Si and polycrystalline 
Si TFTs due to their intriguing features such as high mobility, low cost capability 
and good substrate scalability up to Gen. 11. Therefore, it is essential to study 
the oxide TFTs with a Cu electrode as source/drain (S/D). In this study, we fabricated 
the indium zinc oxide (IZO) TFTs with a reverse offset processed Cu S/D electrode. 
A three-inch diameter InO: ZnO ceramic target (In : Zn = 6 : 4) was used as 
the IZO precursor. During channel deposition, the DC power to the IZO target 
was fixed at 100 W. The working pressure was 0.26 Pa and the relative oxygen 
flow rate of [O2]/[Ar+O2] was 0.30. The Ta film was deposited on IZO channel 
by magnetron sputtering system. The Cu S/D electrode was patterned by reverse 
offset process The control IZO TFTs exhibited the field-effect mobility (mFE) of 
20.9 cm2/Vs, subthreshold gate swing (SS) of 0.5 V/decade and threshold voltage 
(Vth) of 4.7 V. However, IZO TFTs with Ta film inserted as a diffusion barrier, 
exhibited the improved device performance: mobility, Vth and SS values were 
enhanced to 31.6 cm2/Vs, 2.4 V and , 0.4 V/decade respectively. The improvement 
in the Ta inserted device was attributed to the suppression of Cu lateral diffusion 
into the IZO channel region.

P2-2

Optical- and Electrical Properties of ZnOxNy Films Grown by Atomic Layer Deposition
Soo Hyun Kim, Jung Joon Pyeon, Jin-Sang Kim, and Seong Keun Kim (KIST, Korea)

ZnO has been attracted as an active channel of thin film transistors (TFTs) for 
realizing transparent display panels and flexible electronics due to its wide band 
gap energy (Eg = 3.36 eV) and low temperature process. Recently, it was reported 
that the incorporation of nitrogen into ZnO films significantly improved the electronic 
mobility and photostability. Therefore, we suggest atomic layer deposition (ALD) 
of ZnOxNy films for the improvement of the electrical properties. We deposited 
ZnOxNy films by ALD with DEZ, H2O and NH3 at 150 oC. For controlling the 
incorporation of nitrogen into ZnO, a cycle ratio (RH2O/NH3) of [DEZ-H2O]:[DEZ-NH3] 
varied from 1:0 to 1:9. A growth per cycle of the ZnO films increased with RH2O/NH3 
despite no formation of Zn3N2 by ALD at this temperature. The optical band-gap 
was controlled even at a very low RH2O/NH3. Also, electrical properties of ZnOxNy 
films were changed systematically by the variation in the RH2O/NH3.
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P2-3

Process Optimization for Improving TFT Bad Pattern
Dan liu, Hang Li, Gang Qin, Jun-Jun Lv, Yi Rao, Tao Liu, Chao Zhang 
(Chongqing BOE Optoelectronics Co., Ltd., China), and Zhan-feng Cao (BOE 
Tech. Group Co., Ltd., China)

Generally we wanted CD bias of under 1.5um at one of the over etch (OE) 
ratio from 40% to100%, but we get large CD bias and bad metal profile at 
the initial etchant of 4.5% HNO3 and 40%OE. In order to improve etch CD 
bias, photo condition and new PR are used for improving the adhesion of PR 
and metal, and besides the etchant of different HNO3 concentration is evaluated. 
The experiment is processing on the glass with gate metal deposition (Mo/Al/Mo), 
and gate mask is processing under different condition, such as PR material and 
soft bake temp, dev. time and post bake use. CD before etch and after etch 
process is measured with optical equipment for computing CD bias. Photo condition 
tuning has no effect to decrease CD bias. After we decrease HNO3 conteration 
to 3.2% and 2.5%, CD bias will decrease to the spec but metal profile will 
become bad at 2.5% HNO3. So we set up a suitable etchant (HNO3 3.2%) 
for good TFT pattern in high gerenation.

P2-4

Improvement in Mobility of Indium Zinc Oxide Transistor Using the Reactive 
Metal Contact Method
Hyuk Ji, Ah Young Hwang, Sang Tae Kim (Inha Univ., Korea), Pil Sang Yun, Jong 
Uk Bae (LG Display Co., Ltd., Korea), and Jae Kyeong Jeong (Inha Univ., Korea)

This study examined the improvement in mobility of In-Zn-O Thin Film Transistor(TFT) 
by Ti capping method and focused on the effects of post deposition annealing 
on the electrical properies Ti capped In-Zn-O(TC IZO)TFT. The TC IZO TFT oxidized 
at the temperature of 300℃ appeared a high field-effect mobility of 61.0 cm2/Vs, 
low sub-threshold gate swing of 110mV/decade, Vth of -0.4V and high Ion/off 
ratio of 2.3×108. This was attributed to the scavenging effect of loosely-bonded 
oxygen species in the IZO semiconductor by Ti thermal oxidation. It can be 
understandable that the Ti has a stronger oxidation power than In2O3 and ZnO. 
It was confirmed from TEM analysis that the annealing process for the TC IZO 
stack caused the conversion of a Ti film to a partially crystalline TiO2 state. The 
loosely bonded oxygen species that in the IZO channel would be consumed during 
the thermal conversion of TiO2. Recently, it was calculated that some loosely 
bonded oxygen species can exist in a form of an OH impurity in metal oxide 
semiconductor. These oxygen interstitial defects can act as accptor-like trap states, 
they reduce the carrier mobility in the field-effect device. Thereby, these results 
indicate that the high mobility for the TC IZO TFT indeed comes from the reduction 
of the tailing trap state in the Ti capped IZO region.
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P2-5

Oxide Thin-Film Transistors Using In-Ga-Zn-O Active Channels Prepared by 
Atomic Layer Deposition
Da-Bin Jeon (Kyung Hee Univ., Korea), Nak-Jin Seong, Kyujeong Choi, 
Woong-Chul Shin (NCD Co., Ltd., Korea), and Sung-Min Yoon (Kyung Hee 
Univ., Korea)

Establishment of the atomic-layer deposition (ALD) process for the IGZO thin 
film can be a very powerful solution, considering that the ALD provides us such 
benefits as a precise control of film thickness and composition, an excellent 
conformality, and a dense and homogeneous film structure. Furthermore, these 
features can be uniformly obtained on a larger-size substrate; this is promising 
for large-area backplane applications. In this work, we fabricated the oxide TFTs 
using ALD-IGZO active channel and investigated on the effects of post-annealing 
temperature variation. This is the first report on the ALD-IGZO TFTs. We fabricated 
Top-gate ALD-IGZO TFTs. And it was found that the ALD-IGZO TFT treated at 
250 oC showed the best performances; the carrier mobility, subthreshold slope, 
and threshold voltage were successfully obtained to be 12.6 cm2/V·s, 0.09 V/dec, 
and 0.3 V, respectively. These impressive results suggest that the proposed ALD 
process for the preparation of IGZO active channel could be very promising and 
inspiring for large-area backplane devices for the next-generation FPDs. The 
extensive investigation and analysis on the device characteristics including the 
device stabilities for the ALD-IGZO TFTs will be discussed at presentation.

P2-6

The Fabrication and Characterization for Top Gated Sol-Gel InZnO Transistors
Tsung-Yen Lin (Nat'l ChangHua Univ. of Education, Taiwan), Chun-Cheng 
Cheng (AU Optronics Corp., Taiwan), Chi-Yen Huang, and Yu-Wu Wang (Nat'l 
ChangHua Univ. of Education, Taiwan)

This study focuses on the fabrication and characterization for the top gated sol-gel 
InZnO (IZO) transistors. Oxide transistors have attracted much attention due to 
their superior device properties, especially low leakage current and high field 
effect mobility, than traditional amorphous silicon transistors in recent years. Sol-gel 
method for fabricating oxide semiconductor, as a low cost and large area compatible 
technique, has been reported many times 1-4. However oxide Semiconductors 
were known as humidity and oxygen sensitive materials, an appropriate passivation 
layer is needed for preventing the damage from outside atmosphere. Hence in 
this article, several polymer materials, such as PI, PVP and PMMA were investigated 
to serve as the top gate insulator for sol-gel IZO transistors, in addition, providing 
passivation for this IZO layer. The PVP sample has the highest mobility ~0.108 
cm2/vs, but the largest leakage current ~2 nA. The hybrid PVP/PMMA sample 
has the highest on/off current ratio ~ 104.
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P2-7

Effects of Zr Doping on Inkjet-Printed ZnSnO Thin-Film Transistor
HunHo Kim, Young-Jin Kwack, NamHoon Baek, and Woon-Seop Choi (Hoseo 
Univ., Korea)

Solution-processed ZTO TFTs that are easily inclined to make oxygen vacancies 
do not show good device performances. It also has poor leakage gate current 
with increasing drain current. One of effective methods for controlling oxygen 
vacancies is a material doping considering the SEP, bandgap and electronegativity. 
We found the optimized doping mole ratio and annealing temperature of Zr 
into patterned ZTO system (ZZTO) in channel region to control for suitable oxygen 
vacancies. Mobility, on/off ratio,threshold voltage and sub-threshold voltage of 
a inkjet-printed 0.0025M ZZTO TFT at 500℃ are 6.43cm2/Vs, 3.72 x 108, 3.35V 
and 0.53V, respectively. Also we obtained a better bias stress.

P2-8

Polymer Gate Insulators for Stable Operation of Organic Field Effect Transistors
Kouji Suemori and Toshihide Kamata (AIST, Japan)

We investigated the effect of the polymer gate insulators on the stability of Organic 
field-effect transistors (OFETs). When a polymer insulator is used for a gate-dielectric 
layer of an OFET, 3 components of time variation of drain current were observed. 
First component is increase in drain current with the time scale of several millisecond. 
This component can be attributed by increase in capacitance of the polymer 
gate-insulators caused by structural relaxation of the polymer insulator. Second 
component is decay of drain current with the time scale of several-hundred 
millisecond. This may be attributed by carrier traps originated from surface dipole 
of the polymer-insulators. The third component is well known threshold voltage 
shift caused by bias-stress effect. This component have a time scale of greater 
than several-tens minute. Based on these results, we will propose guideline to 
choose polymer gate insulator for stable OFET operations.
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P2-9

Improvement of Solution Processed Indium-Zinc Oxide Thin Film Transistors 
by Additive Antimony
Jong Han Baek, Hyo Jin Kim, Hyeon Ju Seol, Azmi Azida, Nu ri On, and Jae 
Kyeong Jeong (Inha Univ., Korea)

Amorphous metal-oxide thin-film transistors (TFTs) have attracted considerable 
interests and these are worthy of close attention for flexible display due to reasonable 
electrical property at low temperature process. Although the conventional deposition 
in vacuum atmosphere such as PVD (Physical vapor deposition) is the most favorable 
process to make the active layer, vacuum based processes have several issues 
such as expensive equipment and complex processes. For these reasons, the solution 
based processes to form the active layer are examined actively in recent years. 
However, the devices which are fabricated by solution process are more vulnerable 
than vacuum process based devices under positive or negative biased conditions. 
In this paper, we investigate the material for improvement of performance and 
stability for solution based indium zinc oxide active layer. We used an appropriate 
material which is called antimony (Sb) and observed the effect of antimony for 
performance and stability of indium zinc oxide thin film transistor.

P2-10

Active Layer of Conductive In2O3 Channel Covered with ZrO2 Insulating Thin 
Film in Solution Processed TFT Application
Hyungjin Park, Ki-ro Yoon, Il-Doo Kim, and Byeong-Soo Bae (KAIST, Korea)

We report an unique combination of bilayer stucture for conventional bottom-gate 
top-contact TFT. An In2O3 layer, conductive binary oxide, was employed as channel 
and abundant electon carriers are controlled by insulating ZrO2 layer coated onto 
In2O3. Both In2O3 and ZrO2 layer were fabricated by solution-process and annealed 
at 400oC for 1 hour, respectively. Single In2O3 TFT without ZrO2 layer is less 
depend on gate bias showing high current attributed to high carrier concentration. 
Meanwhile, in case of the In2O3 TFT with ZrO2 layer represented the enhanced 
switching property with clear on/off state indicating that the ZrO2 layer contols 
the conductivity of the channel rather than electrically passivates the current fom 
the channel. Furthermore, the effect of ZrO2, which transmutes conducting into 
semiconducting oxide, is verified with In2O3 nanowire network as a channel layer. 
Electrospun nanowires are annealed at 600oC in oxygen atmosphere resulting 
in thickness of nanowire ca. 40 nm. ZrO2 layer is coated onto nanowire network 
using the same method above-mentioned. The saturation mobility of In2O3 
nanowire/ZrO2 TFT was 15 cm2V-1s-1 and current on/off ratio was ~108. Material 
properties of In2O3/ZrO2 bilayer structure and underlying mechanism based on 
energy band structure will be discussed.
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P2-11

Improvement of NBTIS Stability in Sandwiched Active Structure with Al2O3 
Interlayer in Solution Processed Oxide TFTs
Dongha Kim, Hyungjin Park (KAIST, Korea), Jungho Jin (Univ. of Ulsan, Korea), 
and Byeong-Soo Bae (KAIST, Korea)

In order to improve the NBIS and NBTIS-induced TFT stability, Al2O3 insulating 
layer is inserted between active fluorine doped indium zinc oxide thin films to 
form a sandwiched triple layer. The Al2O3 layer acts as a photo-induced positive 
charge blocking layer. All the thin films were fabricated by sol-gel process.

P2-12

Fabrication of Improved ZTO TFT by Electrohydrodynamic-Jet Printing
Young-Jin Kwack, HunHo Kim, NamHoon Baek, and Woon-Seop Choi (Hoseo Univ., Korea)

We opimized EHD-jet printning conditions for ZTO solution and fabricated ZTO 
TFT sucessfully with better stable feature than spin coated one. EHD-jet printed 
TFTs showed similar electrical characteristics with spin coated ZTO TFT but improved 
contact resistance and leakage current. Electrical characteristic of ZTO TFT show 
a mobility of 6.9 cm2/Vs, an on-to-off current ratio of 4.7 x 108, a threshold 
voltage of 7V and a subthreshold-swing of 0.4 V/dec.

P2-13

Highly Planar Fluorinated Benzothiadiazole-Based Conjugated Polymer for 
High-Performance Organic Thin-Film Transistors
Benjamin Nketia-Yawson (Dongguk Univ., Korea), BongSoo Kim (Ewha 
Womans Univ., Korea), and Yong-Young Noh (Dongguk Univ., Korea)

Development of high-performance conjugated polymers is of primary importance 
for the fabrication of organic-based devices - such as organic thin film transistors 
(OTFTs), organic photovoltaics, organic memories, and sensors - on flexible plastic 
substrates at low temperature by cost-effective graphic art printing processes. However, 
organic electronic devices remain on the verge of commercialization due to long-term 
stability in real-life operations. Herein, we report the design and synthesis of 
high-performance and stable donor-acceptor (D-A) type polymer semiconductor; 
difluorobenzothiadiazole-dithienosilole conjugated polymer (PDFDT) as active material 
for organic thin-film transistors (OTFTs). High mobility and low-voltage operated (Fig. 
1.) OTFTs are demonstrated with PDFDT conjugated polymer with fluorinated high-k 
polymer dielectrics. A record-breaking high hole mobility of 9.0 cm2V-1s-1 for 
benzothiadiazole-based semiconducting polymer is achieved by excellent planarity 
of the semiconducting polymer. In addition, PDFDT-based OTFT devices showed good 
resistance to degradation under continuously stressed condition in electrically because 
of the lower highest occupied molecular orbital energy level of PDFDT polymer resulting 
from the incorporated fluorine atoms in backbone of conjugated polymer.
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P2-14

Low Hysteresis n-type Printed Organic Thin-Film-Transistor with TiO2/PMMA 
Bi-Layer Gate Dielectrics
Nam Hyun Lee and Byung Doo Chin (Dankook Univ., Korea)

Polymeric dielectric materials are the promising candidates for a flexible gate 
insulator with durable, low-cost, and easy processing. However, most of polymeric 
dielectric materials have relatively low dielectric permittivity than that of inorganic 
dielectrics. Thus, a variety of studies on a development of composite with high-k 
dielectric material have been accomplished. In this study, we were fabricated 
the n-type organic thin-film-transistor(OTFT) with TiO2/PMMA bi-layer gate dielectric 
with dielectric permittivity up to 20nF/cm2. Also, we investigated the effect of 
dielectric layer on the performance of OTFT, in order to achieve reduced off-current 
and hysteresis. In consideration of the channel stability, the device fabricated 
with top gate bottom contact structure was used. Au source/drain electrodes 
were thermally deposited on si-wafer substrate and poly{[N,N9-bis(2- 
octyldodecyl)-naphtha-lene-1,4,5,8-bis(dicarboximide)-2,6-diyl]-alt-5,59-(2,29-bit
hiophene)};[(P(NDI2OD-T2))] n-type poly-mer semiconductor was spun coated as 
a semiconductor layer. Both TiO2-PMMA bi-layer and TiO2-PMMA blended film 
were compared with PMMA single layer, all were deposted by spin-coating. Au 
gate electrode was thermally deposited and compared with the inkjet-printed 
Ag electrodes. Using the TiO2/PMMA bilayer and composite, the capacitance of 
the dielectric was increased and the hysteresis of the device was significantly 
reduced. The mobility of the bi-layer device was shown to 0.002 cm2/Vs, which 
increased by 2.5 times compared to single-layer device(0.0007 cm2/Vs).

P2-15

Effects of Negatively Charged Energy-Beam-Irradiation on a-IGZO Film
Y. J. Yoon, H. J. Seo (KICET, Korea), J. S. Oh, and Y. H. Kim (Infovion Inc., Korea)

In this work, an irradiation process of negatively charged energy beam during 
the growth of a-IGZO thin-film using a conventional RF sputtering system was 
developed to improve the stability of OTFTs. Electron gun module with 60 mm 
diameter was attached in the sputtering system and the circular electron beam 
could be irradiated to the substrate varying the energy from 0.1 kV to 5 kV. 
Negatively charged energy beam was mainly composed of electron and O- ion 
and those were generated by argon plasma including oxygen gas. After the 
irradiation of negatively charged electron and oxygen beam, the microstructure 
and the composition of IGZO films were controlled depending on the beam energy 
and the quantity of oxygen. The effects of electron and negative oxygen ion 
irradiation were investigated in detail by evaluating the characteristics of 
a-IGZO-based TFTs.
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P2-16

Effect of HCN Treatment on Positive Gate Bias Instability a-IGZO Thin-Film 
Transistor
Myeong-ho Kim (Hanyang Univ., Korea), Hikaru Kobayashi (Osaka Univ., Japan), 
and Duck-Kyun Choi (Hanyang Univ., Korea)

For secure bias stability of amorphous indium-gallium-zinc-oxide (a-IGZO) thin film 
transistors (TFTs), many researches have been conducted with various ideas. In 
silicon based TFTs, the hydrogen cyanide (HCN) treatment was known to be effective 
in the bias stability by eliminating metal contaminants on the silicon surface or 
passivating Si dangling bonds. In this study, we examined the effect of the HCN 
treatment on bias stability of bottom gate a-IGZO TFTs under positive gate bias 
stress (PBS) expecting the passivation of electron trapping sites in the IGZO active 
layer. The HCN treatment was performed using a 0.1 M HCN solution with pH 
of 10 at room temperature. Before applying bias stress, difference of the major 
electrical properties such as saturation mobility (μ_sat), threshold voltage (Vth) and 
subthreshold swing (S/S) between HCN treated and non-HCN treated devices was 
not noticeable. However, under the PBS, the HCN treated device demonstrated 
superior bias stability compared to the non-HCN treated device. The better bias 
stability of HCN treated a-IGZO TFTs is associated with the passivation of the defect 
states and the surface of the back-channel layer of the device by cyanide ions.

P2-17

Nano-Crystal Silicon and Amorphous Indium Gallium Zinc Oxide Base 
Nonvolatile Memory Device Using Mobile Protons via Insertion Hydrogen 
Neutral Beam Treatment Process during Normal Thin Film Transistor Process 
at Room Temperature
Jin Nyoung Jang, Yun Jang Won, and Mun Pyo Hong (Korea Univ., Korea)

We demonstrated the nonvolatile memory functionality of both nano-crystalline 
silicon (nc-Si) and amorphous indium gallium zinc oxide field effect transistors 
(FETs) using mobile protons that are generated by very short time (within 5 minutes) 
hydrogen neutral beam (H-NB) treatment at room temperature (25 °C). Some 
researches try to hydrogen insertion process via long time (40 minutes) high-pressure 
hydrogen annealing (HPHA) at high temperature (400 °C) that also need several 
steps such as poly silicon deposition, HPHA process, and poly silicon etching 
process1. However our hydrogen insertion process does not need any other 
additional process but only H-NB process during normal thin film transistor 
fabrication. Also the whole memory fabrication process kept under 50 °C (except 
SiO2 deposition process; 300 °C). These nc-Si devices exhibited reproducible 
hysteresis, reversible switching, and nonvolatile memory behaviors in comparison 
with those of the conventional FET devices. Our study will further provide a useful 
route of creating memory functionality and incorporating proton-based storage 
elements onto a probability of next generation flexible memorable electronics 
such as low power consumption flexible display panel.
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P2-18

Self-Aligned Coplanar Top Gate Indium Gallium Zinc Oxide Thin Film Transistors 
by DUV Irradiation
Seung-Man Ryu, Sung-Ho Jeon, and Duck-Kyun Choi (Hanyang Univ., Korea)

Amorphous indium-gallium-zinc-oxide (a-IGZO) has been intensively researched as 
a candidate material in thin film transistors to replace a-Si or poly-Si owing to 
superior electrical properties such as high mobility, high transparency, and low 
leakage current. The conventional bottom gate or top gate staggered etch-stopper 
structure has been widely used in on-panel displays. However, staggered structure 
is not attractive to apply for large area, high resolution on-panel displays because 
of critical drawbacks of both their high contact resistance by hetero-junction between 
active layer and source/drain regions and high parasitic capacitance of gate to 
source/drain due to the overlap between gate and source/drain electrodes. Therefore, 
self-aligned coplanar structure has been researched in various methods such as 
hydrogen, argon plasma treatment or diffusion of hydrogen during deposition of 
SiNx by PECVD process to reduce contact resistance and parasitic capacitance. In 
this paper, self-aligned coplanar structured TFTs were investigated introducing DUV 
irradiation. DUV irradiation method has several advantages in room temperature 
process, low cost process and simple process compare to the conventional methods. 
The advantages of DUV irradiation in the self-aligned coplanar a-IGZO TFTs in the 
aspects of contact resistance and effective channel length will be discussed.

P2-19

Improvement the Electrical Characteristics of Thin Film Transistors Utilizing 
an Ultra-thin High Conductivity Layer at the Active/Insulator Interface
Cam Phu Thi Nguyen, Jayapal Raja, Sunbo Kim, Kyungsoo Jang, Thanh Thuy 
Trinh, and Junsin Yi (Sungkyunkwan Univ., Korea)

This study examines the performance and the bias stability of double-channel ITO/ 
ITZO TFTs.The insert of ultra-thin ITO layer on ITZO TFTs exhibit superior field effect 
mobility (approximately ~75.5 cm2/Vs) to that of the ITZO only TFTs (~33.4 cm2/Vs). 
The improvement of electrical properties are shown not only in field effect mobility 
but also in other parameters such as subthreshold slope (SS = 0.39 V/dec), ON/OFF 
current ratio (ION/IOFF = ~108), and interface trap density (Nit = 7.88×1011 cm‾2) 
in comparison with the single ITZO active layer (SS = 0.56 V/dec, ION/IOFF = ~107, 
and Nit = 1.82 × 1012 cm‾2). Furthermore, the threshold voltage shifts for the 
ITO/ ITZO double layer device decrease from 6.63 and -6.79 V (for ITZO only device) 
to 1.35 and -2.69V under positive and negative bias stress, respectively. The number 
of electron in the ITZO layer has been increased due to the electrons injection 
from the high conductivity ITO layer and the interfacial trap density can be decreased 
by the insert ion of a very thin ITO film into the ITZO/SiO2 reference device. Therefore, 
the double-stacked active layer is a promising approach for achieving highly stable 
as well as high performance TFT devices.
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P2-20

Simple Method for Stable In-Ga-Zn-O Thin-Film Transistors by Vertically 
Controlling the Oxygen Vacancy
Yeong-gyu Kim, Seokhyun Yoon, Seonghwan Hong, and Hyun Jae Kim (Yonsei 
Univ., Korea)

Control of the oxygen vacancy in active layer is important to facilitate high 
performance and stable oxide TFTs. In this study, we changed the oxygen partial 
pressure during sputtering to control the oxygen vacancy in active layer vertically. 
We fabricated two types of TFTs: one was fabricated with only 0% oxygen partial 
pressure (sample A) and the other was fabricated with 0% oxygen partial pressure 
for front channel and 5% oxygen partial pressure for back channel (sample B). 
The field-effect mobility of the sample A and sample B was 8.89 and 8.35 cm2/Vs, 
respectively. Sample B had little degradation on electrical performance compared 
with sample A. To investigate the stability of these TFTs, we conducted 100 
times consecutive transfer characteristic measurements. The transfer curves shifted 
to positive direction on both TFTs as the number of measurements was increased. 
This behavior was attributed to the trapping of charges at active layer and near 
the interface between active channel and gate dielectric layer. Vth shift of the 
sample A and sample B after 100 times measurement were 2.97 and 1.34 V, 
respectively. The enhancement of consecutive measurement stability came from 
the low oxygen vacancy in back channel of sample B TFT.

P2-21

Low Temperature Fabrication of High Pressure Activated In-Ga-Zn-O Thin 
Film Transistors
Won-Gi Kim, Young Jun Tak, Tae Soo Jung, Sung Pyo Park, Heesoo Lee, Jeong 
Woo Park, and Hyun Jae Kim (Yonsei Univ., Korea)

Lowering the temperature to fabricate the amorphous indium gallium zinc oxide 
(a-IGZO) thin-film transistors (TFTs) without degrading its electrical performance 
and stability is important issue to make flexible electronic devices. We investigated 
the effect of high-pressure annealing (HPA) as a source of activation energy to 
form the a-IGZO active layer at 100oC. This approach involves that annealing 
under pressure by oxygen (O2) gas can be used to improve stability under positive 
bias stress (PBS) as well as energy source
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P2-22

Plasma-Enhanced Atomic Layer Deposition Processed Amorphous Indium Zinc 
Oxide Thin-Film Transistor for Ultra-High Definition Display Application
Jong Beom Ko, Hye In Yeom (KAIST, Korea), Chi Sun Hwang, Sung Haeng Cho 
(ETRI, Korea), and Sang-Hee Ko Park (KAIST, Korea)

High mobility conformal indium zinc oxide (IZO) was fabricated by plasma-enhanced 
atomic layer deposition (PEALD) for the application to the vertical thin-film transistor 
(V-TFT) of which footprint is the smallest of all TFTs. The IZO was firstly applied 
to bottom gate bottom contact structured TFT to result in the mobility of 24.4 
cm2/Vs with high stability. We also demonstrate for the first time the feasibility 
of channel layer of IZO by PEALD for the V-TFT.

P2-23

Effect of Ambient Annealing on Electrical Characteristics of ZnO TFTs with 
AZO Interlayer
Ki-Yun Eom, Yu-Mi Kim, Ho-Jin Yun, Seung-Dong Yang, Jin-Seob Kim, and 
Ga-Won Lee (Chungnam Nat'l Univ., Korea)

In this study, we investigate the ambient annealing effect of ZnO TFTs with AZO 
interlayer comparing with the conventional ZnO TFTs. All TFTs were annealed 
in a furnace at 250oC for 1hour in the different ambient of N2, air and O2. 
Here, the gate bias is shifted by the difference in threshold voltage between 
annealing ambient to emphasize the subthreshold properties. It is known that 
the native point defects in ZnO like oxygen vacancies, Zn interstitials contribute 
to the carrier concentration, but can act deep trap sites. When the devices are 
annealed in the oxygen ambient, the oxygen vacancy can be cured lowering 
the deep trap density with the carrier concentration. This theory explains well 
our experimental results like as the sub-threshold slope improvement and the 
positive threshold voltage shift in the case of Air and O2 ambient. However, 
the amount of annealing effect on AZO interlayer TFTs is not the same with 
the conventional ZnO TFTs, which will be investigated focusing the mobility scattering 
mechanism.
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P2-24

Annealing Process Development for Amorphous InWO Thin Film Transistors
Ling Xu, Qi Wu, Haiting Xie, Jianeng Xu (Shanghai Jiao Tong Univ., China), Qun Zhang 
(Fudan Univ., China), and Chengyuan Dong (Shanghai Jiao Tong Univ., China)

Recently amorphous InWO (a-IWO) thin film transistors (TFTs) were proved to 
show high field-effect mobility (μFE) and stable properties, implying their potential 
applications in active matrix flat panel displays . However, the influence of processing 
conditions on the electrical performance of a-IWO TFTs is still unclear. In this 
study, the effect of annealing conditions including annealing temperature and 
annealing time in air on the performance of a-IWO TFTs was investigated in 
detail, where the related physical mechanisms were analyzed with studying the 
microstructures and properties of a-IWO films.

P2-25

The Role of Ultra Thin High Conductivity InSnZrO Inserted Layer on the 
Mobility and Stability Improvement of Amorphous InSnZnO Thin Film 
Transistors
ThanhThuy Trinh, Tuan Anh Le Huy, Cam Phu Nguyen, Jayapal Raja, Vinh Ai 
Dao, and Junsin Yi (Sungkyunkwan Univ., Korea)

High mobility InSnZnO thin film transistors have been achieved by inserting ultra 
thin ITO:Zr layers at the gate insulator/active layer interface. The conductivity 
as well as thickness of ITO:Zr layers were investigated to figure out the best 
condition for devices fabrication. The optimized device with ITO:Zr layer at the 
thickness of 5nm and concentration of 1019 cm-3 shows a high saturation mobility 
of ~75 cm2V-1s-1 with threshold voltage of 1.2 V. The highest mobility was 
obtained for the sample at the concentration of 1020 cm-3 (~200 cm2V-1s-1) 
however the threshold voltage shift to negative side due to the excess carrier 
concentration at the interface of active and insulator. Positive and negative bias 
stress studies indicate that the presence of ITO:Zr acted as a hole filter layer. 
The introduction of ITO:Zr layer into the interface of active/insulator leads to 
the threshold voltage shift under gate bias decrease from 6 to 0.5 V and from 
-7.5 to -1.5 V for positive and negative bias, respectively. This improvement can 
be attributed to a decrease in the interface trap density for the ITO:Zr inserted 
ITZO device.
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P2-26

The Effect of Poly(4-vinylphenol-co-methyl methacrylate)/Titanium Dioxide 
Nanocomposite Gate Insulator in Solution-Processed 6, 13-Bis 
(triisopropylsilyethynyl)-Pentacene Thin-Film Transistors
Gyeong-Tae Park, Sang Chul Lim, Dong Ic Lee, Se Hyuk Yeom, Myung Chan 
An, Chang Taek Seo, Gyu Seok Choi, and Heon Gon Kim (Gumi Electronics and 
Information Tech. Research Inst., Korea)

high-dielectric-constant(high-k) polymers are very favorable for low-voltage 
operation of these TFTs. Accordingly, Nanocomposite insulators consisting of 
chemically cross-linkable polymers and high-k nanoparticles are promising materials 
for solution-processed organic TFTs. It must be noted that minimizing insulator 
thickness is a challenge owing to pinhole defects, although it also allows the 
dielectric capacitance to increase. In this study, we investigated the effect of 
poly(4-vinylphenol-co-methyl methacrylate)/Titanium dioxide (TiO2) Nanocomposite 
gate insulators in 6,13-bis(triisopropylsilylethynyl) Pentacene (TIPS-Pentacene) Thin 
Film Transistors(TFT). The Naocomposite insulator were also studied upon TiO2 
content change of the Naocomposite insulator. These results will be presented.

P2-27

Different Characteristics of Zinc Tin Oxide Thin Film by the Effect of Fabricating 
Method; Mist-CVD and Spin Coating
Jae-Yoon Bae, Keun-Tae Oh, and Jin-Seong Park (Hanyang Univ., Korea)

Mist-CVD (Mist chemical vapor deposition) and spin coating are employed to 
fabricate Zinc tin oxide thin films. Thin film analysis was taken to see the different 
characteristics depending on the methods. The solution for both Mist-CVD and 
spin-coating were made by tin chloride and zinc chloride (5:5) as solute and 
acetone and DI water as solvent. Zinc tin oxide thin film deposited by Mist-CVD 
and spin coating on silicon substrate above 350oC showed different crystallization. 
X-ray diffraction of Zinc tin oxide thin film using Mist-CVD showed polycrystalline, 
while spin-coating method showed amorphous phase. X-ray photoelectron 
spectroscopy was investigated to see the chemical composition of the thin film. 
Thin film transistors (TFTs) were made to see the transfer characteristics of zinc 
tin oxide. Thin-film transistor made by mist-CVD at 350 oC showed a mobility 
of 14.61 cm2 V−1 s−1 in the saturation region, a subthreshold swing (SS) of 
0.99 V/decade and a threshold gate voltage (Vth) of 3.24 V. On the other hand, 
thin-film transistor made by spin coating showed a low mobility at 350 oC compare 
to mist-CVD which had a mobility of 6.88 cm2 V−1 s−1 in the saturation region, 
a subthreshold swing (SS) of 0.47 V/decade and a threshold gate voltage (Vth) 
of 3.33 V.
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P2-28

Extraction of Intrinsic Mobility Values of Oxide Thin Film Transistor by Ultra-Fast 
Pulsed I-V Measurements
Taeho Kim and Sanghun Jeon (Korea Univ., Korea)

Conventional DC characterization method involving fast transient charging effect 
in oxide thin film transistor (TFT) leads to the underestimation of actual performance 
of oxide TFT. In order to extract the intrinsic mobility value and evaluate the 
impact of fast transient charge trapping on the mobility of oxide TFT, we introduced 
ultra-fast pulsed current-voltage (I-V) and transient current methodology. The 
ultra-fast pulsed I-V method allows to determine the intrinsic mobility of oxide 
TFT in charge trap-free environment. The field effect mobility values of tested 
devices, for instance, HfInZnO TFTs with low and high Hf contents are measured 
to 14.2 and 4.1 cm2/v-s, respectively. The mobility values extracted from pulsed 
I-V curves were increased by 18 and 70 % as compared to conventional DC 
technique, respectively, mainly due to negligible charge trapping effect. We observed 
the same trends for other oxide TFTs such as GIZO, IZO and ZnON TFTs. Also 
the modelling on transient characteristics provides understanding on the dynamic 
nature of charge trapping in oxide TFT. This result present that the pulse I-V 
measurement is a very important technique for evaluating the performance of 
oxide thin film devices.



246 The 15th International Meeting on Information Display

Hall 1, 1F 

Poster Session II

Date: August 21, 2015 (Friday)
Time: 14:00~15:30

P2-29

Solution-Processed, Unpurified, Semiconducting Enriched Single Walled 
Carbon Nanotube Field Effect Transistors and Their Electrical Characteristics
Geun Woo Baek, Hyeun Woo Kim, Yoon Gy Hong, You-Beom Lee, In Jae Yim, 
Jae Hyeon Ryu, Gi Taek Yu, and Sung Hun Jin (Incheon Nat'l Univ., Korea)

Recently solution processed single walled carbon nanotubes(SWNTs)1 have attracted 
great attention for their excellent electrical and mechanical properties. However, 
most of devices and circuits, reported in the literatures1, have been implemented 
with highly purified, solution-processed SWNTs which typically resulted in 
deterimental effects associataed with intrinsic field effect mobility degradation 
(μeff) and reduction of average length (~a few μm) of SWNTS. Even though 
high on-off ratio (Ion/Ioff >105) for SWNT field effect transistors(FETs) can be 
typically achived by using highly purified SWNTs solution2 (~98%), the 
cost-ineffectiveness and intrinc device reliability issues caused by defect generation 
in SWNTs associated with harsh purification process (i.e, mechanical (or/and 
chemical) treatments) should be potentially addressed and resolved for the 
competative electronic applications including large area, advanced flat panel 
displays. However, there has been few reports on solution-processed FETs based 
on unpurified and semiconducting enriched SWNTs, thereby, in this work, we 
prepared semiconducting enriched single walled nanotubes by using novel chemical 
vapor deposition, followed by solution-type single walled nanotubes preparation. 
For the evaluation of electrical properties of semiconduting enriched single walled 
nanoubes, we implemented field effect transistors with channel length ranging 
from 5 μm to 200 μm, immediately followed by electrical characteristics. Fig.1(a) 
shows scannig electron microscope image of SWNTs with average length (~more 
than 10 μm) SWNTs, which indicates intrinsic long length of SWNTs are nicely 
preserved even after solution process. Fig. 1(b) shows that typically high current 
on/off ratio, in the range from 5 to 50, is observed compared with as-grown 
CVD based SWNTs, which has typical on/off ratio (less than 2). The data substatiate 
that unpurified SWNTs have semiconducting enriched SWNTs. Stipping process3 
to increase on/off ratio upto 106 has been underway and their electrical charcteristics 
depending on average SWNTs density, length, physical dimension (~width to 
length ratio) are systematically analyzed and plan to be reported later.
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P2-30

Rapid Solution Process for High Performance and Stable Amorphous Metal 
Oxide Thin Film Transistors by Water Vapor Annealing
Won-Tae Park (Dongguk Univ., Korea), Inyoung Son (Samsung Fine Chemicals 
Co., Ltd., Korea), Yong Xu (Dongguk Univ., Korea), Taegweon Lee (Samsung 
Fine Chemicals Co., Ltd., Korea), and Yong-Young Noh (Dongguk Univ., Korea)

Here we report on a simple and high-rate oxidization method for producing 
solution-based compound mixtures of IZO and IGZO metal-oxide semiconductors 
(MOS) for thin-film transistor (TFT) applications. One of the issues for solution-based 
MOS fabrication is how to sufficiently oxidize the precursor in order to achieve 
high performance. As the oxidation rate of solution processing is lower than 
vacuum-based deposition such as sputtering, devices using solution-processed MOS 
exhibit relatively poorer performance. Therefore, we propose a method to prepare 
the metal-oxide precursor upon exposure to saturated water vapor in a closed 
volume for increasing the oxidization efficiency without requiring additional oxidizing 
agent. We found that the hydroxide rate of the MOS film exposed to water vapor 
is lower than when unexposed (≤18%). Hence, we successfully fabricated oxide 
TFTs with high electron mobility (27.9 cm2/V·s) and established a rapid process 
(annealing at 400 ºC for 5min) that is much shorter than the conventional as-deposited 
long-duration annealing (at 400 ºC for 1 hr) whose corresponding mobility is 
even lower (19.2 cm2/V·s). Also bias stress variation to less than 1% under constant 
operating voltage bias (VG = 30V, VD = 5V) condition.

P2-31

Positive Bias Stress Stability in Solution Processed Top-Gate and Top-Contact 
a-IGZO Thin Film Transistors
Eung-Kyu Park, Ji-Hwan Kim, Hyeong-Jun Cho, Dong-Hoon Lee, and 
Yong-Sang Kim (Sungkyunkwan Univ., Korea)

Generally, solution-processed oxide TFTs exhibit poor stability under positive bias 
stress (PBS). Solution-processed oxide TFTs have two typical defects, which are 
intrinsic oxygen vacancy and organic chemical induced defects. In this study, the 
top-gate and top-contact IGZO TFTs were fabricated on glass substrates with 
spin-coated IGZO film. The Al source/drain electrodes were deposited by thermal 
evaporation. On top of the source/drain, PMMA (poly(methyl methacrylate)) was 
spin-coated to a thickness of 180 nm. The PMMA layer has a dual role. It works 
as a gate insulator, and also acts as a channel passivation layer. The channel 
passivation layer suppresses the electric-field-induced threshold voltage instability 
which is caused by the adsorption of oxygen and water molecules from the 
atmosphere. The gate electrode, a 100 nm thick Al layer, was deposited through 
the shadow mask by thermal evaporation. The transfer characteristics of IGZO 
TFTs at the initial and after positive bias stress for various times. The transfer 
curves shifted towards the positive direction. The phenomenon of the ΔVTH shift 
can be explained using an electron charge trapping mechanism. The ΔVTH is caused 
by the trapping of charges in traps, located at the interface and dielectric layers.
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P2-32

Electrical Properties of the Thin-Film Transistor with Copper-Indium Oxide 
Channel
Inje Cho, K. Mageshwari, and Jinsub Park (Hanyang Univ., Korea)

We fabricated the TFT with CuInO2 based active layer with both conductivity 
with change of the n-type to p-type. From the output characteristics of both 
TFT, we can confirm the change of electrical polarity of CuInO2 by change of 
indium composition. In order to improve the device performance of TFT, we 
adopted graphene as a electrode for source and drain region. The fabricated 
TFT with graphene electrode shows the superior conductivity than reference samples.

P2-33

Fabrication and Characteristic of Wrinkled Stiff Thin Films on Elastomeric 
Substrates by Oxygen Plasma Treatments
Sang Chul Lim, Myung Chan An, Dong Ic Lee, Se Hyuk Yeom, Gyeong-Tae 
Park, Chang Taek Seo, Gyu Seok Choi, and Heon Gon Kim (Gumi Electronics 
and Information Tech. Research Inst., Korea)

The PDMS system of choice for the presented process is Sylgard 184(DOW corning) 
which is usually applied in a 10:1 ratio (w/w) of siloxane and curing agent and 
requires a thermal curing step. These were treated on one side with oxygen 
plasma for 5, 10, 15 min to create a nanoscale silica skin, thus presenting identical 
surface chemistry in all experiments. This paper presents a cost-effective and 
simple method to form wrinkled stiff SiOx thin films on polydimethylsiloxane 
(PDMS) substrates at room temperature by oxygen plasma on pre-strained PDMS. 
The orientation of the generated structures was always perpendicular to the 
pre-stretched direction and the pitch of the structure could be adjusted ranging 
from 1.1 μm to 3 μm by controlling the strength of the pre-stretched strain 
and the thickness of the surface metal film. Upon relaxation, highly controlled 
and regular wrinkling of the silica skin resulted. Bi-layer substrates under uniaxial 
compression exhibit micron-scale features that can impart mechanical flexibility 
in functional electronic devices including interconnects, transistors and solar cells.
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P2-34

Enhanced Hole Injection in DNTT-Based Thin Film Transistors by Using MoOx 
Interfacial Layer
Heebum Roh, Jeongkyun Roh, Hyeonwoo Shin, Hyeok Kim, and Changhee Lee 
(Seoul Nat'l Univ., Korea)

One of the commonly utilized organic semiconducting materials, which is pentacene, 
is easily oxidized so that suffers from this stability issue in OTFTs. In order to avoid 
air induced oxidation, newly synthesized semiconductors with large ionization potential, 
such as dinaphtho[2,3-b:2′,3′-f]thieno[3,2-b]thiophene (DNTT), have been introduced 
and implemented into a variety of applications such as organic memory and sensor. 
Nonetheless, the large ionization potential induces deeper highest occupied molecular 
orbital (HOMO) in the semiconductors so that typical contact metals such as gold 
(Au) and silver (Ag) may not form ohmic contact due to the energy level misalignment 
between metal and semiconductor. In this study, we investigated the contact property 
of the DNTT-based TFTs with various contact metals such as gold (Au) and aluminum 
(Al) with molybdenum oxide (MoOx) as an interlayer. Hydrophobic polymer (Cyclic 
olefin copolymer, COC) was adopted for the modification of SiO2 surface rather 
than self-assembled monolayer (SAM) to acquire homogeneous performance among 
various devices. Field-effect mobility, surface trap density, contact resistance, bias 
stability of the DNTT-based TFTs with various contacts were characterized and compared 
to investigate the contact effect. The DNTT-based TFTs with MoOx/Au contact exhibited 
the 5-fold increase in field-effect mobility and 10-fold decrease in contact resistance 
in comparison with the TFTs with bare Au contact..

P2-35

Hybrid Flexible and Monolithic Photo Sensor Arrays Made by 
Solution-Processed Metal-Oxide and Organic TFTs
Jaehyun Kim (Chung-Ang Univ., Korea), Jaekyun Kim (Hanbat Nat'l Univ., Korea), 
Myung-Gil Kim, Jingu Kang, and Sung Kyu Park (Chung-Ang Univ., Korea)

Low-temperature solution-processed semiconductors including organic and oxide 
materials represent a promising platform enabling low-cost fabrication of flexible 
devices. These two materials possess distinctive characteristics such as relative high 
performance for oxide semiconductors and abundance of functional materials for 
organic semiconductors. We believe that heterogeneous integration of these inherently 
different materials in a synergetic way opens new routes toward multifunctional 
flexible system. Here, we demonstrated monolithically integrated 13×13 oxide-organic 
semiconductor hybrid complementary photo-sensor array on a 3 μm-thick flexible 
film in which the optical response of 2,8-difluoro-5,11-bis(triethylsilylethynyl) 
anthradithiophene (diF-TESADT) organic material is transferred to InGaZnO thin 
film transistors for signal amplification.
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P2-36

High-Performance 1-D Fiber-Based Thin-Film-Transistors Using Solution- 
Processed Metal-Oxide Semiconductors and Dielectrics
Chang jun Park, Gyeong min Yi, Jae sang Heo, and Sung kyu Park (Chung-Ang 
Univ., Korea)

Recently, fiber has attracted lots of attention in flexible electronics and displays 
field due to flexibility, elasticity and availability of large scale. Because of these 
advantages, fiber-based thin film transistors (FTFTs) can be applied to various 
applications such as wearable electronics, flexible circuit, skin-like pressure sensors 
and other application with human body. To demonstrate FTFTs, metal oxide 
semiconductors (MOS) as channel layer were used because MOS thin-films have 
high electric performances, good uniformity and availability in solution process.we 
show transfer and output current characteristics of solution-processed Al2O3 & 
IGZO TFTs, The saturation mobility and on-off current ratio of fiber-based IGZO 
TFTs were 2.50~3.97 cm2/V-s and 3.85x102~6.66x104 respectively. For the first 
time, we have demonstrated 1-dimensional MOS FTFTs. The FTFTs show good 
electrical characteristics that high carrier mobility and on-off current ratio. In addition, 
we are researching integrated circuits that inverter by using two MOS FTFTs

P2-37

High-Mobility CdS Thin-Film Transistors by Sol-Gel Method
Sung-Min Kwon, Jae-Hyun Kim (Chung-Ang Univ., Korea), Han-Lim Kang 
(Korea Univ., Korea), Myung-Gil Kim, and Sung-Kyu Park (Chung-Ang Univ., Korea)

Solution-processed thin-films have been researched for realization of low-cost, 
large area, and flexible electronic devices. Recently, various types of materials, 
organic semiconductors, carbon materials, and oxide semiconductors, have been 
suggested as cost effective processed semiconducting layer. With composition 
tuning, metal chalcogenide exhibited various optical and electrical properties for 
electronic and optoelectronic applications, such as advanced optical memory 
devices, thin-film solar cell, medical media detector and thin-film transistors. Thus, 
solution-based chalcogenide thin-film transistors(TFTs) propose to improve 
1Transistor-1RAM(1T1R) structure. Moreover, chalcogenide materials have reported 
high carrier mobility, over 10 cm2/Vs .1,2,3 To achieve general route for solution 
processed metal chalcogenide films, we investigated novel sol-gel type chalcogenide 
precursor systems. With our CdS precursor, we achieved high electron mobility 
TFT.
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P2-38

Top Gate Structured Inverters with Solution Processed IGZO and PMMA
Ji-Hwan Kim, Jin-Ho Kim, Dong-Hoon Lee, Eung-Kyu Park, Sihan Wang, 
Hyeong-Jun Cho, and Yong-Sang Kim (Sungkyunkwan Univ., Korea)

In this study, we designed inverter with top gate structured thin film transistors. 
The TFTs were fabricated by spin coating a-IGZO and PMMA on SiO2, which 
reduces the process steps and fabrication cost. The PMMA layer has a dual role 
in top gate structure. It works as a gate insulator and also as a channel passivation 
layer. The channel passivation layer suppresses the electric-field-induced threshold 
voltage instability, which is caused by the adsorption of oxygen and moisture 
molecules from the atmosphere. The channel width/length ratios (W/L) of load 
and drive TFTs were 600/100 μm and 6000/100 μm, respectively. The enhancement 
mode inverter showed a gain of 2.08, output high voltage (VOH)= 25 V, output 
low voltage (VOL)= 4.2V, input high voltage (VIH)= 0V, input low voltage (VIL)= 
10 V, and Vth= 5V at VDD= 30 V and sweep VIn= -30 to 30 V. The VOH of 
inverter is low because of the voltage drop by load TFT’s threshold voltage and 
trapping of electron between the PMMA and the IGZO. The voltage drop in 
the on-state of drive TFT can be analyzed from the ratio of the resistance of 
load TFT and drive TFT.

P2-39

Increase in Photoconductivity of Silicon Films after BLDA by Back-Reflection 
Ti Layer for System on Glass
Kota Nakao, Charith Jayanada Koswaththage, Tatsuya Okada, and Takashi 
Noguchi (Univ. of the Ryukyus, Japan)

Multifunctional displays with System on Glass (SoG) have drawn high attention 
recently due to the high performance and low cost capabilities. So far, 
high-performance TFT characteristics have been obtained by using Blue Multi 
Laser Diode Annealing (BLDA) in our group. In terms of realizing SoG, 
high-performance TFT system with low cost can be possible by integrating sensors 
with TFTs on a same panel by fabricating the identical process. However, light 
energy especially in red and infrared region cannot be absorbed enough into 
thin Si film (50 ~ 100 nm) due to high transmittance. In order to improve 
photosensitivity, multi-layer structure was proposed, using Ti as a metal 
back-reflection layer.
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P2-40

SiO2 Gate Insulator by RF Magnetron Sputtering with Various Oxygen Ratio
Min-Taek Hong, J. K. Kim, S. J. Moon, E. J. Yun, and Byung-Seong Bae (Hoseo 
Univ., Korea)

The characteristics of thin film transistor (TFT) is greatly influenced by gate insulator 
properties. Typical parameters of TFT are electron mobility, threshold voltage and 
On/Off ratio which are influenced by gate insulator. Widely used material for 
gate insulator is SiO2 which is rich in the earth and inexpensive. Plasma enhanced 
chemical vapor deposition (PECVD) is used for the deposition of the gate insulator 
to get the high quality insulator at the low temperatures below 400 ℃. SiO2 
deposited by RF magnetron sputter has been investigated due to low deposition 
temperature [1] and reduction of both the investment and maintenance cost. 
The factors to affect the properties of the silicon oxide insuoators are substrate 
temperature, RF power, pressure, oxygen mixing ratio during deposition of the 
oxide. The effect of the oxygen mixing ratio to Ar was investigated to improve 
the property of the oxide. Figure 1 shows the leakage currents of the oxide 
insulators for various oxygen mixing ratio from 0% to 20%. As graph shows 
breakdown voltage increased as O2 mixture ratio increased from 0% to 20%. 
Since the depostion rate decreased as increasing oxygen ratio, we adjusted 
deposition time to set the thickness 150 nm under RF power of 150 W.

P2-41

Variation of Density of States in a-Si:H Thin-Film Transistors by Mechanical 
Strain
Minsuk Kim, Hyungon Oh, Sukhyung Park, Yoonjoong Kim, Youngin Jeon, 
Doohyeok Lim, Kyoungah Cho, and Sangsig Kim (Korea Univ., Korea)

Unlike crystalline semiconductors, there are a lot of defect states within the bandgap 
in amorphous semiconductors due to dangling bonds and weak bonds between 
atoms. The defect states generate localized band-tail states and mid-gap defect 
states. Moreover, under mechanical strain, the deformation of defect states can 
be easily occurred, thereby threshold voltage, subthreshold swing and on/off current 
of amorpous semiconductor TFTs can be substantially affected. Besides, 
gate-insulating silicon nitride layers also suffer from charge trapping instabilities 
under the mechanical strain, leading to a shift of the threshold voltage.
In our study, we investigate the electrical charateristics of bendable a-Si:H TFTs 
under compressive or tensile strain. Also, based on the experimetal data, our 
simulation results using the device simulator (Silvaco ATLAS) are analyzed with 
variation of density of states or the trapped charge in the silicon nitride layers.
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P2-42

Effect of Channel Widths on Electrical Characteristics of Bendable a-Si:H TFTs
Hyungon Oh, Kyoungah Cho, Youngin Jeon, Sukhyung Park, Minsuk Kim, 
Yoonjoong Kim, and Sangsig Kim (Korea Univ., Korea)

In this study, n-type a-Si:H TFTs with a back-channel-etching structure were 
fabricated on polyimide substrates. We investigate the channel dimension affecting 
the electrical characteristics as a function of bending radius. Especially, the shift 
of the threshold voltage in the TFT with a channel width of 8 μm was up to 
6.6 V at a bending radius of 6 mm. Compared to the TFTs with narrow channels, 
the TFTs with wide channels show relatively more stable performance even under 
a bending radius of 6 mm due to the more number of electrical conducting 
paths in the wide channels.

P2-43

Synthesis and Laser Patterning of Silver Nanowire for Touch Screen Panel 
Application
Hyung Duk Yun, Duck Min Seo (UNIST, Korea), Jungsik Bang (Hanwha 
Advanced Materials Co., Ltd., Korea), and Lee Soon Park (UNIST, Korea)

Touch Screen Panel(TSP) has become an important part of display as seen in 
smart phones, navigation, tablet PC and even TV’s. The transparent conducting 
electrode(TCE) is one of the key materials needed in TSP and has a deciding 
role in the fabrication process of touch screen panel. The indium tin oxide(ITO) 
is currently used as TCE in the form of thin film on polyethylene terephthalate(PET) 
film, but other transparent conducting material has to be used for the fabrication 
of larger size TSP than 20 inches due to the high surface resistance of ITO films. 
In this work, we investigated a new synthetic methods of silver nanowire by 
using capillary tube and graphene-AgNW composite was fabricated for better 
performance in transparent conducting electrode in touch screen panels. We 
also studied the effective methods of recovering silver nano-materials after synthesis 
because the conventional filtration,centrifuge and other methods do not give 
desirable yield in recovery. Additionally, The preparation of silver ink and its laser 
patterning process will also be discussed for touch panel application.
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P2-44

Transfer Printing Method for Ag-Ink-Based Conductive Electrode on Flexible 
Substrate by Utilizing Self-Aligned Polymeric Anchor Structure
Joon-Chan Choi, Ji-sub Park, Min-Kyu Park, Imtiaz Mahmud, and Hak-Rin Kim 
(Kyungpook Nat'l Univ., Korea)

In this paper, we demonstrated a novel method to fabricate a highly conductive 
electrode using metal ink with transfer printing method to applying an anchor 
structure. We screen-printed Ag electrode pattern on glass substrate coated 
polymeric buffer layer using Ag ink. Ag electrode pattern was sintered on the 
hot plate to increase conductivity. After sintering process, we applied a polymeric 
buffer layer etching process to reduce the attached area between Ag electrode 
pattern and polymeric buffer layer for reducing adhesion energy. In our experiment, 
almost 100 % pick-up yield of Ag electrode pattern was achieved for 5 minutes 
etching time. To enhance the printing yield, we coated cellulose ether at the 
bottom of Ag electrode pattern by micro contact printing method and printed 
on polyethylene terephthalate (PET) substrate. We observed superior bending 
stability that Ag electrode pattern had not cracks and detachment under the 
harshly bending stress (Bending radius: 3 cm).

P2-45

Photo-Annealed Bilayer-Channel Metal-Oxide Thin Film Transistors for 
Transparent and Flexible Devices
Woobin Lee, Jimi Eom, Woonghee Byun, and Yong-Hoon Kim (Sungkyunkwan 
Univ., Korea)

Recently, solution-processed amorphous metal-oxide semiconductor TFTs have gained 
a considerable interest owing to their high electrical performance, good bias stability 
and possibilities to fabricate at a low temperature using photochemical activation 
process. To further enhance their electrical performance, especially the field-effect 
mobility and stability, multi-layer structured channel have been reported. Using a 
solution process, the surface characteristics of the first channel layer largely affect 
the coating uniformity of the second channel layer. Particularly, a thermally annealed 
oxide film such as InOx shows relatively hydrophobic surface characteristics and the 
wetting behavior of the second channel precursor solution is very poor. Here, we 
investigated multi-layer stacking of metal-oxide channels by employing photochemical 
activation process. It was found that compared to thermal annealing, the 
photo-annealed channel surface showed more hydrophilic characteristic and provide 
a facile multi-layer stacking without any additional surface treatment process. We 
fabricated a bilayer-structured oxide TFT comprising a high-conductivity first channel 
layer (InOx) and a second channel layer of conventional oxide material such as IGZO. 
The more hydrophilic nature of the photo-annealed oxide surface can be attributed 
to additional hydroxyl groups present on the surface of the channel layer.
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P2-46

Recovery Characteristics of Solution-Processed Indium-Gallium-Zinc-Oxide and 
Indium-Strontium-Zinc-Oxide TFTs from an Intense Light Illumination
Minkyung Lee, Seungbeom Choi, Jaeyoung Kim, and Yong-Hoon Kim 
(Sungkyunkwan Univ., Korea)

Solution-processed metal-oxide semiconductors are now considered as one of 
the promising candidates for transparent and flexible displays due to their high 
electrical performance even in amorphous state. Despite their good electrical 
performance, light-induced instability such as negative-bias illumination stress (NBIS) 
give rise to negative VTH shift, and persistent photoconductivity (PPC) are the 
known drawbacks of the metal-oxide semiconductors [1,2]. Particularly, the 
NBIS-induced VTH shift and PPC behavior are closely related with the oxygen 
vacancies in the channel layer [3]. Also, the recovery characteristics of the oxide 
TFTs after severe stress conditions or illumination by an intense light are important 
to trace the physical properties of the channel layer. In addition, it is desired 
to have a channel layer having rapid recovery characteristics after illumination 
[4]. Here, we investigated the recovery characteristics of solution-processed 
indium-gallium-zinc-oxide (IGZO) and indium-strontium-zinc-oxide (ISZO) TFTs from 
an intense light illumination. Particularly, we utilized conventional thermal annealing 
(at 350oC) and deep-ultraviolet-induced photochemical activation routes to 
fabricate the IGZO and ISZO channel layers. Figure 1 shows the time-variant recovery 
characteristics (ID, drain current) for thermally annealed IGZO and ISZO, and 
photo-annealed IGZO TFTs. As indicated, the photo-annealed IGZO channel shows 
more rapid recovery after illumination compared to thermally annealed IGZO 
channel, which can be attributed to a variation in oxygen vacancy concentrations 
in both channel layers. In addition, the thermally annealed ISZO TFTs showed 
enhanced recovery characteristics compared to thermally annealed IGZO TFTs. 
We analyzed the PPC behaviors in various metal-oxide channel layers and correlate 
with vacancy concentration of the channel layer to describe their recovery 
characteristics.
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P2-47

Development of Highly Transparent Pd-Coated Ag Nanowire Electrode via 
Controlled Galvanic Displacement Reaction
Ali Canlier and Umit Volkan Ucak (Abdullah Gul Univ., Turkey )

Ag nanowire transparent electrode has excellent transmittance (90%) and sheet 
resistance (20 Ohm/sq), yet there are slight drawbacks such as optical haze and 
chemical instability against aerial oxidation. Chemical stability of Ag nanowires 
needs to be improved in order for it to be suitable for electrode applications. 
In our recent article, we demonstrated that coating Ag nanowires with a thin 
layer of Au through galvanic exchange reactions enhances the chemical stability 
of Ag nanowire films highly and also helps to obtain lower haze. In this study, 
coating of a thin Pd layer has been applied successfully onto the surface of Ag 
nanowires. A mild Pd complex oxidant [Pd(en)2](NO3)2 was prepared in order 
to oxidize Ag atoms partially on the surface via galvanic displacement. The mild 
galvanic exchange allowed for a thin layer (1-2 nm) of Pd coating on the Ag 
nanowires with minimal truncation of the nanowire, where the average length 
and the diameter were 12.5 μm and 59 nm, respectively. The Pd-coated Ag 
nanowires were suspended in methanol and then electrostatically sprayed on 
flexible polycarbonate substrates. It has been revealed that average total 
transmittance remain around 95% within visible spectrum region (400-800 nm) 
whereas sheet resistance rises up to 175 Ohm/sq. To the best of our knowledge, 
for the first time in the literature, Pd coating was employed on Ag nanowires 
in order to design transparent electrodes for high transparency and strong chemical 
resistivity against nanowire oxidation. Very thin layer of Pd costs low, though 
this may render an excellent catalyst for applications such as fuel cell and organic 
synthesis.
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High Performance Zinc-Tin-Oxide Thin-Film Transistors Encapsulated with 
Fluoropolymer for Transparent Displays
Jun-Young Jeon and Tae-Jun Ha (Kwangwoon Univ., Korea)

Transparent thin-film transistors (TTFTs) consisting of wide band-gap 
semiconductors have been extensively investigated to realize the unit pixels for 
next-generation displays requiring optical insensitivity to the visible light and 
electrical stability to the prolonged bias stresses. Amorphous metal-oxide 
compounds such as indium-gallium-zinc-oxide (IGZO) and zinc-tin-oxide (ZTO) have 
been intensively explored for use as an active layer in transparent displays, due 
to higher driving current, optical transparency and on-off current ratio. Significantly, 
reduced off-state current and enhanced electrical stability in switching TFTs can 
be the key to realizing high quality transparent displays where those lead to 
failure in designed active matrix operation. In this presentation, we demonstrate 
an optimized process for high device performance in amorphous ZTO TFTs by 
employing an encapsulation method with fluoropolymer. A simple and reproducible 
encapsulation method results in a favorable shift in the threshold voltage toward 
0V and decrease in off-state current by a factor of 20. Such improved performance 
results from the enhanced charge transport due to the reduction in the density 
of trap states related to oxygen vacancies. We also discuss the device physics 
on the electrical instability combined with photo illumination in ZTO TFTs. We 
believe that in-depth and comprehensive understanding on mechanism underlying 
charge transport can contribute to successfully drive transparent displays industry.

P2-49

Photo-Switching Effect on 6,13-Bis(triisopropylsilylethynyl)Pentacene/TiO2 
Nano-Composite Thin-Film Transistors
Hyunji Shin, Dongwook Kim (Hongik Univ., Korea), Jiho Park, Jaehoon Park 
(Hallym Univ., Korea), Sohee Kim (Inha Univ., Korea), and Jong Sun Choi 
(Hongik Univ., Korea)

Solution-processed Organic Thin-Film Transistors (OTFTs) are of increasing interest 
because of its significant potential such as possibility of low-cost, flexibility and large-scale 
process. They also remarkable for their optoelectric characteristics, in other words, 
photosensitivity. We have investigated an organic phototransistors using 
6,13-Bis(triisopropylsilylethynyl)Pentacene(TIPS-Pentacene) and Titanium Dioxide (TiO2) 
nanocomposite materials for active layer. For this study, TiO2 nanoparticles composited 
with TIPS-Pentacene measured the electrical characteristics under illumination on 
off-state gate bias. This is able to explain with absorbance peak of particular wavelength. 
Also, We have obtained photocurrent continues a fairly long time which illumination 
is off. This means their probability of photo-switching devices and optical memories. 
For more detailed, various electrical and optical characteristics will be discussed.
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Hierarchical ZnO Nanowire Arrays on Si Honeycomb Structures for Flexible 
and Omnidirectional Photodetectors
Seongdong Lim, Minjeong Ha, Doo-Seung Um, Youngsu Lee, and Hyunhyub 
Ko (UNIST, Korea)

The development of photon management techniques is a key issue for high 
performance of optoelectronics including photodetectors, light-emitting diodes, 
and solar cells. In order to effectively collect omnidirectional light, low-refractive 
index antireflection coating or antireflective nanostructures such as nanodome 
and inverted nanocone are introduced onto the surface of optoelectronics. Beside, 
hierarchically designed micro/nanostructures can enhance the light absorption 
efficiency via efficient light absorption and management behavior. In this study, 
we develop a flexible and omnidirectional UV/Visible photodetector which has 
a broad absorption spectral range of 380 to 1100 nm based on hierarchical 
heterostructures of n-type ZnO nanowires on honeycomb-structured p-type silicon 
membranes with polyimide substrate. The omnidirectional light absorption of 
hierarchical nanowire/honeycomb structure is demonstrated by angle-dependent 
photocurrent variation. Furthermore, the tendency of photocurrent variation is 
in good agreement with the result of UV-Vis-NIR analysis with variable angle 
specular reflectance accessory (VASRA). In summary, we suggest hierarchically 
designed nanowire on honeycomb structures as a new approach for omnidirectional 
light absorption in flexible optoelectronic system. We anticipate that our unique 
structure can be utilized to future energy-harvesting system and high-performance 
flexible electronic industry.

P2-51

Transparent Optically Isotropic Liquid Crystal Mixture Exhibiting High Contrast 
Ratio and Low Operating Voltage for Flexible LCDs
Seong Cheol Noh, Eun Jeong Shin, Ramesh Manda (Chonbuk Nat'l Univ., 
Korea), Ji Ho Baek, Byeong Koo Kim (LG Display Co., Ltd., Korea), and Seung 
Hee Lee (Chonbuk Nat'l Univ., Korea)

nano-polymer dispersed liquid crystal (nano-PDLC) has been attracted as a possible 
application for flexible display. It has many advantage such as fast response time, 
free touch mura, wide viewing angle, need not any surface treatment. But it 
need to overcome high operating voltage. In this paper, we propose a monomer 
in which the nano-PDLC is much more transparent and exhibits lower operating 
voltage than those in our previous works.
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The Organic/Inorganic Superlattice Dielectric for Large Area Electronics
Byung Doo Choi (Chung-Ang Univ., Korea), Kang-Jun Baeg (KERI, Korea), and 
Myung-Gil Kim (Chung-Ang Univ., Korea)

Recent progress on flexible electronics requires new electronic materials which 
can endure significant mechanical stress without electrical performance 
degradation. Especially the dielectric materials have been a significant problem, 
since breakdown at one point can ruin whole device. In this work, we present 
the organic/inorganic superlattice dielectric. From Figure 1, the superlattice show 
high capacitance (~700nF/cm2) and low leakage current.

P2-53

Highly Transparent and Efficient Electron Injection Cathode Structure for 
Transparent Organic Light Emitting Diodes
Gyeong Woo Kim, Raju Lampande, Yong Cheol Kim, and Jang Hyuk Kwon 
(Kyung Hee Univ., Korea)

A highly transparent and good electron-injecting Ag based cathode systems for 
transparent OLED will be presented. By introducing alkali or alkaline earth metal 
as a electron injection layer (EIL), the exellent electrical property could be achived. 
Ba, Sr and Li are investigated as the EIL and among them Li shows the best 
electron-injecting property witout ETL dependency. It is attributed to effective 
doping property of Li atom in TmPyPB.

P2-54

The Electrode Effect on Definition of Transparent Display
Seung Jae Moon, Jong Mo Lee, and Byung Seong Bae (Hoseo Univ., Korea)

Display technology have been developed to replace CRT (cathode ray tube) by 
LCD (liquid crystal display), and three-dimensional display, transparent display, and 
flexible display have been being developed. The transparent displays got one`s 
attention through the movie or other media and they are being used for advertisement 
and so on. The color gamut, definition of image, and transparency are important 
factors for the transparent display to be used widely. In this paper we have investigated 
the quality of transparent display, and we analyzed the diffraction and definition 
of the transparent display in terms of electrode materials. To improve the definition 
of the transparent diplay, diffraction by the pattern should be reduced. And also, 
when we compared with metal electrode and transparent electrode ITO (Indium 
Tin Oxide), ITO gives less diffraction than maetal electrode. Fig. 1 shows the 
experimental setup for diffraction experiment for the display panel and Fig. 2 shows 
diffraction pattern for metal electrode and ITO electrode.
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High Performance Moisture Barrier Comprised of Self-Aligned Organic- 
Inorganic Hybrid Layer and ALD Al2O3 for Thin-Film Encapsulation of OLEDs
Dong-Won Choi (Hanyang Univ., Korea), Eun Ho Song (Korea Univ., Korea), 
Youngsoo Lee (Hanyang Univ., Korea), Byeong Kwon Ju (Korea Univ., Korea), 
and Jin-Seong Park (Hanyang Univ., Korea)

Flexible Organic Light Emitting Diodes (OLEDs) have been recently considered 
to be the most promising device for next-generation displays. One of main issues 
for flexible OLEDs is reliable and/or robust Thin Film Encapsulation (TFE) technique 
such as materials, processes, and structures. Over the past few years, many 
researchers have studied TFE using Atomic Layer Deposition (ALD) Al2O3 due 
to its superior barrier properties. However, although the ALD Al2O3 film has an 
excellent barrier property, a single layer Al2O3 is not enough for the basic 
requirements of water vapor transmittance rate (WVTR) and mechanical flexibility. 
In order to improve gas barrier properties and flexibility, several previous studies 
of organic/inroganic hybrid structure for TFE have been investigated with various 
techniques (ALD, CVD, Sol-Gel, and PVD) since Vitex organic/inorganic structure 
was announced in 2003. Even though organic/inorganic structure is effective 
for improving gas barrier properties and flexibility, it has never achieved for ultimate 
requirements (Bending radius < 1mm and WVTR <10-6g/m2day). In this study, 
we investigated a multi-barrier for encapsulation of OLEDs using self-aligned 
organic-inorganic hybrid layer by solution process and Al2O3 by ALD, which would 
suggest a possible approach to achieve highly flexible and high diffusion barrier 
property. As a result, the suggested hybird layer exhibited better WVTR of 1.08 
´ 10-4 g/m2day at 85oC/85%R.H than that (2.69 x 10-4 g/m2day)of single Al2O3. 
This presentation will be discussed with each film property, using Ca-test, contact 
angle measurement, AFM, SEM, and TEM
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P2-56

Enhanced Stability of Indium-Tin-Gallium-Oxide Thin Film Transistors Based 
on Low Temperature Annealing
Hyun-Jun Jeong, Hyun-Mo Lee, Kyung-Chul Ok (Hanyang Univ., Korea), 
Junhyung Lim (Samsung Display Co., Ltd., Korea), Johan Cho (Samsung 
Corning Advanced Glass, Korea), and Jin-Seong Park (Hanyang Univ., Korea)

Very recently, curved smart phons such as Galaxy note edge and G2 flex have 
been strongly attracted on display market due to their marvelous designs. On 
these days, amorphous oxide semiconductors such as In-Ga-Zn-O (IGZO) are rapidly 
emerging for the fabrication of thin film transistor (TFT) arrays on flexible substrates, 
as they exhibit higher field effect mobility than conventional amorphous silicon, 
and are compatible with low temperature processes. However, in order to realize 
flexible displays, the TFT devices must be fabricated on plastic substrates such 
as polyethylene naphthalate (PEN) or polyethylene terephthalate (PET), which are 
prone to degradation upon exposure to heat. Yet, it is well known that oxide 
semiconductors require relatively high annealing temperatures in order to have 
their electrical properties activated, and the electrical defects to be reduced. In 
this work, the novel In-Sn-Ga-O (ITGO) semiconductors TFTs are investigated with 
respect to different annealing temperatures. Counterintuitively, their stability with 
respect to bias stress is improved as the annealing temperature decreases. As 
annealing temperature decreased, NBS instability (∆Vth) also improved from -14.8V 
to -1.98V. ITGO TFT has sufficient reliability at relatively low temperature process, 
allowing the realization of flexible display on heat-sensitive plastic substrates.

P2-57

Non-Quasistatic Measurement of DNTT (dinaphtho[2,3-b:2',3'-f]thieno[3,2- 
b]thiophene) Thin Film Transistors on the Flexible Substrate
Hyeonwoo Shin (Seoul Nat'l Univ., Korea), Tae-Jun Ha (Kwangwoon Univ., 
Korea), and Changhee Lee (Seoul Nat'l Univ., Korea)

We fabricated DNTT TFTs on polyimide substrate and performed time domain 
measurement. Our results shows that thermally activated transport is dominant 
in DNTT-TFTs.
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P2-58

Novel Approach Self-Positioning of Organic Semiconductor with Large Grain 
Size on a Bottom Contact Structure TFT during Solution Jetting Process
Hyoung Jin Kim and Mun Pyo Hong (Korea Univ., Korea)

We investigate the self-positioning ink-jet technique of soluble organic 
semiconductor with P-29-DPPDTSE by using double layered drying (DLD) method. 
The DLD process with heterogeneity solvent system for a soluble processible organic 
semiconductor (s-OSC) on organic gate insulator (GI) is developed. In this study, 
s-OSC self-positioning technique is examined for obtaining accurate position and 
well-ordered grain growth during the DLD method ; we used the P-29-DPPDTSE 
as an OSC and octadecyl trichlorosilane (OTS) as a selective area self assembled 
monolayer (SAMs) method on GI with DLD. We obtained acurate position and 
large-sized grain of P-29-DPPDTSE when the OSC solution was jetted on the 
gate insulator (GI) covered with fluoro-anti-solvent, which separate the OSC ink 
from gate insulator surface. OTFTs with bottom gate and bottom contact (BG-BC) 
structure are used to confirm the effect of DLD method. OTFTs’ structure was 
bottom contact configuration with organosiloxane-based hybrimer. The gold S-D 
electrodes and SAMs treatment were patterned with conventional photolithography 
method; width (W) were 500μm and length (L) of OTFTs were 300 and 400μm. 
OSC was jetted micro pipet. Device exhibited improving characteristics in terms 
of a threshold voltage of -3.0V (below), a sub-threshold slope of 0.7 V/dec and 
a field-effect mobility of 3.0 cm2/Vs.

P2-59

Self-Alignment of Micro-Spheres Base on Dielectrophoresis
Ho Won Yoon, Kyung Hwan Yang, and Mun Pyo Hong (Korea Univ., Korea)

We have been researching on individual micro-sphere alignment technology in 
order to fabricate conductor coated polymer ball (CCPB) based e-paper. Using 
a positive dielectrophoretic force (p-DEP), we were able to demonstrate alignment 
of micro-spheres in 3x3 array. Although we expected p-DEP to be induced on 
CCPB in any frequency range due to the permittivity and conductivity of our 
colloid, self-alignment was presented under 1 kHz. In low frequency range, 
unnecessary remaining CCPB was observed none the less p-DEP was confined 
to a center of dot-ring pattern. We assumed it due to very strong Coulomb 
force and adhesion. We have expanded its size to 1096x352 array and self-alignment 
experiment on a large scale is on proceeding.
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Electric-Field Assisted Vertical Injection of Micro-Spheres for E-Paper
Kyung Hwan Yang, Ho Won Yoon, and Mun Pyo Hong (Korea Univ., Korea)

Our previous investigation on injection method of conductor coated polymer ball 
(CCPB) inside fast-moving ball actuator (FMBA) device has shown remarkable 
performance on aligning CCPB on a large scale. In spite of its fine function, 
it had issues on losing few CCPB on every proceeding steps and some physical 
damages during the rubbing process. To avoid these issues, we have been 
researching on self-alignment of micro-spheres based on dielectrophoresis (DEP) 
and injected into FMBA device by vertically formed electric-field. Inevitably, 
electric-field distribution depends on electrodes patterned on DEP and FMBA devices. 
In order to optimize the injection condition, behavior of CCPB in such electric-field 
was studied. For our original purpose, we expanded its vertical injection sites 
to 1096x352 arrayand optimizing injection condition is on proceeding.

P2-61

Plastic Liquid Crystal Display Applied for Conformable Devices
Yu-Hsien Lin, Wei-Ju Chiu, Wen-Yuan Li, Tai-Hsiang Huang, Jen-kuei Lu, and 
Norio Sugiura (AU Optronics Corp., Taiwan)

Excellent flexible substrate, suitable adhesive materials, optimized LCD process 
and specific handling method are the key components of flexible AM-LCDs. AHVA 
mode flexible LCD presented wide viewing angle, remarkable image quality, and 
high transparency compare to the conventional TN LCD. For superior optical 
performance, AHVA technology for LCDs is more suitable for wearable devices 
applications than TN. By using specially designated material and method, the 
3.5-inch plastic AM-LCD with 44mm curvature was successfully applied in 
conformable smart devices and demonstrated excellent picture quality due to 
the character of AHVA mode performance. The largest viewing angle is 56° for 
3.5-inch conformable display in 300 mm distance lead to only 3% transmittance 
impact form middle to edge.
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P2-62

Electro-Optical Properties of Dye-Doped Normally Transparent Polymer 
Network Liquid Crystals
Y.-H. Shin, Y. Jin, N.-S. Oh, C.-W. Jeon, and S.-B. Kwon (Hoseo Univ., Korea)

Recently, transmittance variable devices, paticulary with normally transparent and 
black background properties, for transparent displays have been paid much 
attention. Polymer dispersed or network liquid crystal (PDLC or PNLC) was thought 
to be a candidate for them. Dye-doped PDLCs for black background have been 
much investigated [1-2], but they showed normally dark state. Normally Transparent 
PDLCs were also investigated by several groups [3-4], but they showed white 
background. We developed a normally transparent PNLC with black background. 
It was made by polymer network formation of the cell with liquid crystal-reactive 
mesogen(RM)-dichroic dye mixture. The liquid crystal molecules were vertically 
aligned at voltage-off state and randomly oriented after applying voltage. The 
polymer network formed by RM cotributed to the random orientation. The 
electro-optical properties of the liquid crystal device dependent on RM and dye 
composition were investigated. The parameter dependent electro-optical properties 
of the black NT-−PNLCs will be discussed in the presentation.

P2-63

Novel Operational Amplifier Based on a-InGaZnO TFTs for the Display Driving 
System
Yongchan Kim, Keun-Yeong Choi, Kichan Kim, and Hojin Lee (Soongsil Univ., Korea)

In this paper, we proposed a novel operational amplifier (op-amp) by using 
amorphous Indium-Gallium-Zinc-Oxide thin-film transistors (a-InGaZnO TFTs). The 
proposed op-amp is composed only with n-type TFTs, and can be fabricated 
within the area of . Through the simulation, the proposed op-amp is confirmed 
to have an open-loop voltage gain of 29dB at up to 2.6kHz when supply voltage 
is ±15V. We expect the proposed a-InGaZnO TFT op-amp to be used in designing 
the power control and driving system for various display applications.
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P2-64

An AMOLED Pixel Structure Using Poly-Si TFTs for Compensating Threshold 
Voltage and Mobility Variations
Ki-Han Kim, Nack-Hyeon Keum, Seong-Kwan Hong, and Oh-Kyong Kwon 
(Hanyang Univ., Korea)

In active matrix organic light emitting diode (AMOLED) displays, the image quality 
is mainly degraded due to variations in threshold voltage (Vth) and mobility (μ) 
of the driving TFT which is fabricated on poly-crystalline silicon (poly-Si) backplane. 
To improve the image quatlity of the AMOLED displays, several compensation 
methods for variations in Vth and mobility have been researched. The Vth variation 
is compensated for every gray level by using a diode connection method, whereas 
the mobility variation is compensated for only a specific gray level. In this paper, 
we propose a pixel structure to compensate mobility variations for every gray 
level. The proposed pixel structure show that the emission current error is less 
than ±7% for every gray level when the mobility variation of TD is ±10%.

P2-65

A Low-Jitter and High-Speed LVDS Receiver Using Data-Dependent Jitter 
Compensation
Ho-Sung Moon, Kang-Sub Kwak, Jong-Hyun Ra, Seong-Kwan Hong, and 
Oh-Kyong Kwon (Hanyang Univ., Korea)

Recently, as the size of video becomes larger and the resolution of display increases, 
a required bandwidth of display interface becomes wider. To achieve a wide 
bandwidth with low power consumption, a multichannel LVDS (low voltage 
differential signaling) has been widely used for a display interface. However, it 
requires several redundant blocks such as skew compensation circuits, and moreover 
occupies a large chip area to sense and recover the data and clock synchronization. 
A transceiver which can transfer the data over 2 Gbps per channel was reported, 
but consumes a large power. To solve the above problems, we propose a new 
scheme of receiver circuit for the LVDS display interface. The proposed LVDS 
receiver can be applied to a low-jitter and high-speed display interface so that 
the data rate of display interface can be increased while lowering power 
consumption.
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P2-66

High Performance Field Emission from Line-Type Carbon Nanotube Field 
Emitters
Dong Hoon Shin, Ki Nam Yun, Yuning Sun, Jun Soo Han (Korea Univ., Korea), 
Seok-Gy Jeon, Dongwon Shin (KERI, Korea), and Cheol Jin Lee (Korea Univ., Korea)

In this study, we demonstrated a line-type carbon nanotube (CNT) field emitter, 
which emits electrons from its line-edge, as for a sheet electron beam source. 
We also proposed a novel cathode structures for obtaining sheet electron beams 
with a high-quality and a high-aspect-ratio. The line-type CNT field emitters show 
an emission current of up to 45 mA, which corresponds to an emission current 
density of 150 A/cm2 and well-confined sheet electron beams with an improved 
emission stability. We expect that the excellent performance of the sheet electron 
beam source can be applied to various next-generation applications such as 
high-resolution micro-CT and high-power microwave amplifiers.

P2-67

Pseudo Simultaneous Emission LCD Technology
Jai-Hyun Koh and Jang-Kun Song (Sungkyunkwan Univ., Korea)

In this paper, we propose the pseudo simultaneous emission (PSE) technology 
to reduce the crosstalk phenomenon of the time division stereoscopic 3-D display 
based on liquid crystal display. The effectivness of PSE technology was successfully 
evaluated using 15.0-inch real VA LCD panel. Unlike conventional black insertion 
3-D driving method, the new method can avoid left and right image overlapped 
time so the cognitive strength of crosstalk can be considerably improved. Moreover, 
through pre-charge mechanism of liquid crystal, total luminance of 3-D display 
also can be improved.
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P2-68

Computer-Generated Hologram of Three-Dimensional Objects from 
Perspective Images Using GPU Parallel Processing
Erkhembaatar Dashdavaa, Ki-Chul Kwon, Jaeuk Jeong, and Nam Kim 
(Chungbuk Nat'l Univ., Korea)

In this technique, 3D images are synthesized from two-dimensional (2D) multiple 
perspective view images and then discretely recorded as a hologram using 
computer-aided algorithm. View image generation at arbitrary position is important 
in the field of 3D optical information processing. Since the set of the elemental 
images represents the ray space of the 3D object. 3D scene is imaged through 
the lens array, forming the elemental images on the CCD plane. After capturing 
three-dimensional object using a lens array, disparity estimation is performed 
for the central pixels. According to the estimated disparity, appropriate parts 
of elemental images are mapped to synthesize view images in perspective geometry. 
We captured view images of 3D object using one camera and generated hologram 
using computer. Here, the multiple perspective images of the object and 
computer-generated hologram of these perspective view images are generated 
through GPU parallel processing.

P2-69

3D Representation of the Real Object on the 360-Degree Integral-Floating 
Display Using a Fixed Depth Camera
Munkh-Uchral Erdenebat, Ki-Chul Kwon, Jeong-Hyeon Lee, Kwan-Hee Yoo, 
and Nam Kim (Chungbuk Nat'l Univ., Korea)

A 360-degree integral-floating display (IFD) is a distinguished method to display 
the full-parallax three-dimensional (3D) image within the unlimited omnidirectional 
viewing zone. Few advances such as vertical viewing angle and viewing quality 
for the 360-degree IFD have been presented; however the methods provided 
only for computer-generated virtual 3D objects. Depth camera-based simplified 
integral imaging pickup method is an effective method to generate the elemental 
images by use of depth information of the real object…
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P2-70

View Image Simulation with Monte Carlo Method in Multi-View Display
Jonghyun Kim, Chang-Kun Lee, and Byoungho Lee (Seoul Nat'l Univ., Korea)

A multi-view system separates view images into different directions with a display 
panel and a periodic optical structure. To verify the optical characteristics with 
simulations, we often utilize ray tracing simulators such as LightTools (Synopsys, 
ver. 8.1.0) which is based on Monte Carlo algorithm. This ray tracing simulator, 
which provides simulation results with millions of light rays, has been a great 
option for testing system specifications including lens profile, aberrations, and 
crosstalk. However, it was difficult to reflect the pixel structure and to make 
whole pixels in the ray tracing program because of the lack of computer capacity. 
Therefore it has been hard to perform the view image simulations with the 
Monte Carlo method. In this work, we developed view image simulation with 
the Monte Carlo method in subpixel scale in multi-view display. We generated 
a base image in subpixel scale and manufactured a mask pattern including base 
image. By loading a mask pattern at the display part, the view images can 
be obtained at viewpoints.

P2-71

Reflective 3D Displays Using Cholesteric Liquid Crystals
Heekeun Lee, Nakcho Choi, Haeju Yun, Daeho Lee, Sangil Kim, and Namseok 
Roh (Samsung Display Co., Ltd., Korea)

The cholesteric liquid crystals (Ch-LCs) have been widely applied in reflective displays. 
A circularly polarized light is reflected by optical characteristics of chiral dopants 
which make nematic LCs twisted structures in its cell [1]. Also reflective Ch-LCD 
is very well known that it does not require any additional color filter (CF) layers, 
polarizers, and alignment layers. That is why Ch-LCs are widely considered as one 
of the feasible solutions for reflective type displays. In this paper, we propose a 
novel method which fabricates reflective three dimensional (3D) display panel using 
a unique bottom structure and inkjet printing techniques with Ch-LCs. First of all, 
micro-scale wall structures which patterned in bottom substrate were embedded 
for single-layer Ch-LCD panel. Then Ch-LCs materials were injected in every other 
pixel by inkjet printing. Left-handed and right-handed Ch-LCs were filled in odd 
pixels and even pixels respectively (Fig. 1a). The assembled panel sequentially reflects 
left and right circularly polarized light at each pixel. The reflected circularly polarized 
light constructs stereoscopic 3D images in observer’s brain (Fig. 1b). In addition, 
those processes don’t need any kinds of optical components such as patterned retarders 
[2], and additional polarized films.
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P2-72

Higher Order Multiview Wavelets
Vladimir Saveljev (KIST, Korea)

The synthesis and analysis of the multiview images in real time is one of important 
problems of 3D imaging and 3D image processing in autostereoscopic multiview 
and integral displays. Along with the previously presented multiview wavelets 
based on the Haar function, in this paper we propose multiview wavelets of 
the higher orders based on the higher order B-splines. The wavelet analysis using 
the proposed multiview wavelets of higher orders shows a good recognition of 
the locations of particular points.

P2-73

Resolution Analysis of N-Ocular Imaging Systems with Lens Characteristics
Myungjin Cho (Hankyong Nat'l Univ., Korea), Donghak Shin (Dongseo Univ., 
Korea), and Min-Chul Lee (Kyushu Inst. of Tech., Japan)

In this paper, we propose an improved framework to analyze an N-ocular imaging 
system using defocusing effect of imaging lens. Based on the proposed framework, 
the N-ocular imaging system in terms of depth resolution is analyzed using two 
point source resolution analysis. To verify the proposed framework, the Monte 
Calro simulations are carried out and the results are analyzed.

P2-74

Improved Visualization of Three-Dimensional Photon Counting Integral 
Imaging Using Background Noise Removal
Ki-Ok Cho (Hankyong Nat'l Univ., Korea), Donghak Shin (Dongseo Univ., 
Korea), Min-Chul Lee (Kyushu Inst. of Tech., Japan), and Myungjin Cho 
(Hankyong Nat'l Univ., Korea)

In this paper, we propose a 3D photon counting integral imaging method for 
improved visualization using background noise removal. In conventional photon 
counting integral imaging, due to lack of the number of photons and background 
noise, the visual quality of the image is very poor. To improve the visual quality 
of the photon counting image, we remove the background noise of the photon 
counting image by using maximum likelihood estimation. Therefore, most photons 
are generated from the only object region of the image. To prove our method, 
we implemented the optical experiments.
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P2-75

Depth Extraction of 3D Object Using Axially Distributed Image Sensor Array
Min-Chul Lee, Kotaro Inoue, Naoki Konishi (Kyushu Inst. of Tech., Japan), and 
Donghak Shin (Dongseo Univ., Korea)

In this paper, we propose a axially distributed image sensor array (ADSA) system 
to improve the performance of depth extraction. The proposed method can be 
divided into two stages. The first stage is to get the elemental image array by 
using ADSA. The second stage is to reconstruct the 3D slice images using the 
recorded elemental image array. The experimental results reveal that the proposed 
method can be effectively extract the depth information for 3D objects.

P2-76

Correction for Lens Distortion in 4f Holographic Display System
Shu-Feng Lin, Xiao-Bin Dong, Min-Woo Kwon, Seung-Cheol Kim, and Eun-Soo 
Kim (Kwangwoon Univ., Korea)

Recently, many research works have actively being done on three-dimensional 
display technology due to its high interest throughout the world. The holographic 
display system, which most use 4f lens system for removing the DC part and 
contjugate image, usually will appear the image distortion. Because of the 3D 
image, we should process the input image depth by depth. In this paper, we 
proposed a novel method to correct the lens distortion in 4f holographic display 
system by using 3D distortion compensation.

P2-77

3D Crosstalk Measurement Methods for Autostereoscopic Multiview 3D Display
Hyeong Hwan Jin and Young Seok Kim (KETI, Korea)

In recent years, 3D Display technology have been noticed lots of attentions in appliances. 
3D Display optical characteristic anaysis and evaluation methods were still debated 
in both academic and industrialization research area [1]. Futhermore, to design 
for the human suitable 3D display, human factor is important factor, but the most 
evaluation methods suggest without eye vergence factor [2]. Therefore, our research 
suggests the correlation between eye vergence and crosstalk. In the research, we 
used the parallax barrier multiview 3D display. Typically, parallax barrier 3D display 
has the fixed viewing zone, because of the optical plate [3]. So human can perceived 
proper stereo image when they are placed in the viewing zone. As shown in Fig. 
1, we measured the luminance of autostreoscopic display for different measuring 
metods by horizontal line and arc line. Measurement performed with light measuring 
device(VH-4MC, Vieworks) and the measurement point were set by the same interval. 
All measurements were progressed at the optimum viewing distance. From the 
result in the Fig. 2., all numbers of views show the crosstalk characterisitic.
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P2-78

Probing Wavefront in Digital Holographic Display System by the Use of 
Transport of Intensity Equation
Yongjun Lim, Keehoon Hong, Eun-Young Chang, Hyon-Gon Choo, and 
Jinwoong Kim (ETRI, Korea)

Recently, holographic display systems that can provide horizontally continuous 
views along a circular direction have been shown. However, to increase the size 
of the reconstructed holograms, it is necessary to adopt additional techniques 
such as a spatial multiplexing and temporal multiplexing of spatial light 
modulator(SLM). In addition, to provide large size holograms, spatially-tiled 
configuration of spatial light modulator is one of the widely-known methods. 
To estimate the property of the holographic display system, it is necessary to 
adopt a phase extraction method. Here, we will adopt transport of intensity equation 
(TIE) as a quantitative phase imaging technique to estimate the phase profile 
of reconstructed computer generated holograms (CGHs).

P2-79

Multi-User Three-Dimensional Display with 120Hz Liquid Crystal Panels
Changhwan Park, Woonchan Moon, Sungjin Lim, and Joonku Hahn (Kyungpook 
Nat'l Univ., Korea)

Currently, three-dimensional(3D) display receives large attention and lots of 
techniques have been applied. Among them, parallax barrier and lenticular lens 
are considered as practical methods since these can be realized using devices popularly 
developed for flat panel displays. These are multiview displays to provide several 
views dependent on the position of the observer. However, even these displays 
also have two critical problems that multiview displays have. One is the narrow 
field of view and the other is the large amount of data in comparison of 2D 
contents. In the multiview display, angular resolution is important to provide binocular 
disparity. Then in order to increase the field of view, lots of views are needed.

P2-80

Transparent 3D Display Using Gabor Super-Lens
Dae-Sik Kim, Sergey Shestak, and Sung-Woo Cho (Samsung Electronics Co., Ltd., Korea)

We studied transparent 3D display using transparent OLED panel and two lenticular 
arrays. The OLED panel is placed between two confocal lenticular arrays, forming 
Gabor super-lens. The display provides dual side stereoscopic 3D imaging and floating 
image of the object, placed behind it. Floating image can be superimposed with 
the displayed 3D image. The displayed autostereoscopic 3D images are composed 
of 4 views, each with resolution 64x90 pix. The display’s transmissivity is 55%.
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P2-81

Aperture Size Dependence in Crossed Mirror Array for Converging Ultrasonic 
Wave
Hironori Nakamura, Ryosuke Kujime, Haruki Mizushina, Teppei Kobayashi, and 
Shiro Suyama (Tokushima Univ., Japan)

We propose for converging sonic wave, to use Crossed Mirror Array(CMA). By 
using CMA, light and ultrasonic can be converged at same position. So It’s easy 
to control tangible 3D.we have examined frequency dependence of converged 
ultrasonic wave intensity in order to obtain appropriate aperture size of CMA 
for ultrasonic-wave.

P2-82

An Analysis of Abnomal Phenomenon On TFT-LCD Panel With High 
Resolution(8K) and Large Size(>82inch)
Shou Li, ChulGyu Jung, Chengqi Zhou, and Weixu Li (BOE Tech. Group Co., 
Ltd., China)

The size of television has significantly increased due to improvements in 
manufacturing technique and IC chip technology. Several typical defects were 
found during the research of large screen TV. In this paper, these defects are 
discussed and analysised.

P2-83

Wave Form of Converged Sound by Crossed-Mirror Array
Ryosuke Kujime, Hironori Nakamura, Shiro Suyama (The Univ. of Tokushima, 
Japan), and Hirotsugu Yamamoto (Utsunomiya Univ., Japan)

We clarify waveform of sound converged by crossed-mirror array. When sound wave 
was converged by CMA, only amplitude was changed. Sound amplitude was largest 
at converging position. Crossed-mirror array can form aerial image by reflection. 
This convergence can be achieved not only in light but also in any waves. Crossed-mirror 
array can converge any sort of wave that can be reflected by aperture wall of 
Crossed-mirror array. Sound wave can be converged by Crossed-mirror array for 
sound. However, sound waveform is not known precisely. In this paper, we clarify 
waveform of sound converged by Crossed-mirror array. Amplitude of sound waves 
with Crossed-mirror array is bigger than one without Crossed-mirror array. Frequency 
and waveform don’t change. Sound amplitude is largest at converging position.
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P2-84

Luminous Efficiency of Large Displays
Alireza Khorami (IRIB Univ., Iran), Amin Bradran (Islamic Azad Univ., Iran), Amir Hasani 
(Sara Electronic Co., Iran), and Shirin Ghanbari (IRIB Technical Research Center, Iran)

Large displays and panels are increasingly being manufactured and commercially 
exploited for both indoor and outdoor screens. In considering that the maximum 
brightness required of a CRT is typically 70 cd/m2 and that for outdoor screens it 
is approximately 5,000 cd/m² under direct sunlight (the sun emits approximately 4,000 
cd/m2) [3], understandably outdoor large LED displays may experience high power 
consumption and heating complications. This is further increased when such displays 
are used under high temperatures during summer afternoons. In this regards, this 
paper investigates how heat display may be reduced while ensuring luminous efficiency 
within large displays. , we successfully reached a lower operating voltage at 0.5V 
and a 20% higher efficiency. Henceforth, in comparison brighter pictures are displayed.

P2-85

Diarylamine-Substituted Pyrene Derivatives for Blue OLEDs
Hyun Woo Lee, Su Jin Jeong (Sungkyunkwan Univ., Korea), Ho Won Lee, Song 
Eun Lee, Young Kwan Kim (Hongik Univ., Korea), and Seung Soo Yoon 
(Sungkyunkwan Univ., Korea)

Organic light-emitting diodes (OLEDs) has developed in the display industry because 
of its potential in flat-panel displays and solid-state lighting.1 To achieve full-color 
display, highly efficient blue emitter is important due to the low efficiencies compared 
to red and green emitters.2 In this study, we synthesized a series of blue fluorescent 
materials based on diarlamine-substituted pyrene derivatives.3 Among those, two 
materials (1 and 2) showed the deep-blue emissions. To investigate the EL properties 
mof these two materials (1 and 2), OLED devices were fabricated in the following 
sequence; indium tin oxide (ITO) / 4,4′,4′′-Tris[2-naphthyl(phenyl)amino] 
triphenylamine (2-TNATA) (60 nm) / N,N'-diphenyl-N,N'-(1-napthyl)-(1,1'-phenyl)- 
4,4'-diamine (NPB) (20 nm) / α,β-ADN: blue dopants (10%) (1–2) (30 nm) / 
2-(4-(9,10-di(naphthalen-2-yl)anthracen-7-yl)phenyl)-1-phenyl-1H-benzo[d]imida
zole (DNAB) (30 nm) / lithium quinolate (Liq):Al. Both devices showed blue emission 
with good efficiencies. In particular, a device using compound 1 exhibits good 
EL properties with luminous-, power, and external quantum efficiency of 5.92 
cd/A, 2.56 lm/W, and 4.47% at 20 mA/cm2 respectively, with CIE coordinates 
(0.14, 0.18) at 6.0 V.
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P2-86

Fluorene Derivatives Containing Electron-Withdrawing Heteroaromatics for 
Blue OLED
Young Seok Kim, Dong Young Kim (Sungkyunkwan Univ., Korea), Ho Won Lee, 
Song Eun Lee, Young Kwan Kim (Hongik Univ., Korea), and Seung Soo Yoon 
(Sungkyunkwan Univ., Korea)

In this work, we synthesized a series of blue fluorescent materials (1-3) based 
of fluorene derivatives containing electron-withdrawing heteroaromatics. 
Compounds 1-3 showed the blue emissions both in solution and solid states 
under the photo-excitation conditions, as shown in Figure 2. OLED devices using 
these materials were fabricated in the following sequence; indium tin oxide (ITO) 
(180 nm) / N,N'-diphenyl-N,N'-(1-napthyl)-(1,1'-phenyl)-4,4'-diamine (NPB) (20 nm) 
/ emiting materials (30 nm) / bathophenanthroline (Bphen) (30 nm) / lithium 
quinolate (Liq) (2 nm) / Al (100 nm). All devices showed the blue emissions. 
In particular, a device using compound 2 exhibits good EL properties with luminous 
efficiency and power efficiency of 0.98 cd/A and 0.51 lm/W, at 20 mA/cm2 
respectively. The CIE coordinates of this device was (0.18, 0.24) at 6.0 V.

P2-87

Localized Induction Heating for Low Melting Point Alloy and Epoxy Mixture 
Encapsulation of OLED
Chuyi Ye and Cheol-Hee Moon (Hoseo Univ., Korea)

We introduce a new way to heat the LMPA and epoxy mixture locally. The induction 
heating has the characteristics such as non-contact, time saving and selective 
heating. In this case, we can proceed the sealing in a short time without contacting 
or heating the OLED device. We manufacture the high frequency AC power 
supply depending on the ZVC-circuit, whose frequency can reach 250kHz. We 
measure the sealing temperatures of the LMPA barriers and the OLED device 
area. It shows that the LMPA melts in a short time and the OLED device’s temperature 
is far behind the limited temperature. As a result, the induction heating is convenient, 
fast and safe heating method and it is a ideal for the OLED sealing with LMPA.
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P2-88

Investigation of the Green Emission Profile in PHOLED by Gasket Doping
Jootae Park, Kanghoon Kim, Daechoon Kim, Wonhyeok Park, Ukrae Lee, and 
Sang Soo Kim (Sungkyunkwan Univ., Korea)

PHOLED devices which have the structure of ITO/HAT-CN(5nm)/NPB(50nm)/ 
EML(30nm)/TPBi(10nm)/ Alq3(20nm)/LiF(0.8nm)/Al(100nm) are fabricated to 
investigate the green emission profile in EML by using a gasket doping method. 
The green (513nm) peak from Ir(ppy)3 is not observed when Ir(btp)2 is also doped 
homogeneously because Ir(ppy)3 works as an gasket dopant of the Ir(btp)2 :CBP 
system. In this gasket doping system, stronger red peak means more energy 
transfer from green to red dopant or higher exciton density by green dopant. 
More green light emission at near EML/HBL interface than that of HTL/EML is 
observed. Excitons can be quenched easily to HTL(NPB) because the T1 level of 
HTL(2.5eV) is relatively lower than that of EML(2.6eV). On the other hand, T1 
level of HBL(2.7eV) is higher than that of EML.

P2-90

Improved Performance of CdSe/ZnS Quantum Dots Light-Emitting Devices 
by Atomic Surface Modulation
Jae-Sung Lee, Byoung-Ho Kang, Sang-Won Lee, Sai-Anand Gopalan, Ju-Seong 
Kim, Sae-Wan Kim, Seung-Hwan Cha, Jun-Woo Lee, and Shin-Won Kang 
(Kyungpook Nat'l Univ., Korea)

QLED has received attention as the next generation display because QDs used 
for electroluminescence devices allow for both the tuning of the emission color 
by changing the QD size and enhanced color purity. It is also possible to simplify 
the solution process. Recently, many researchers reported on QLEDs manufactured 
using TiO2 nanoparticles as the electron transport layer and confirmed the probability 
of a solution process. However, the effect of interface between QDs and ZnO 
NPs by through CTAB treatment was not yet reported. The Br- halide anion of 
CTAB could be provides not only reducing CdSe/ZnS QDs inter-particle spacing 
but also increasing carrier transport from ZnO NPs. In this study, to evaluate 
effect on halide Br- anion on QDs as shortly inorganic ligands, we adopted CTAB 
and the halide anion of Br- was coordinated on CdSe/ZnS QD film by nucleophilic 
nature. Consequently, the QLED with CTAB was shown a maximum luminance 
of 36,000 cd/m2 and achieved a maximum current efficiency of 9.5 cd/A. The 
luminance and external current efficiency were enhanced by over 1.6 times 
compared to QLED without CTAB.



276 The 15th International Meeting on Information Display

Hall 1, 1F 

Poster Session II

Date: August 21, 2015 (Friday)
Time: 14:00~15:30

P2-91

Potential of New Semitransparent Tri-Metal Conductor on Flexible Blue 
Phosphorescent OLEDs According to the Electron Transporting Layer
Ho Won Lee, Song Eun Lee, Jae Woo Lee, Han Kyu Yoo, Sungkyu Lee, Kyo Min 
Hwang, Hyun Jung Baek (Hongik Univ., Korea), Jwajin Kim, Seung Soo Yoon 
(Sungkyunkwan Univ., Korea), and Young Kwan Kim (Hongik Univ., Korea)

In this work, we proposed that ITO-free semitransparent Ni/Ag/Ni tri-metal conductor 
could be applied in flexible blue phosphorescent OLEDs, which have sensitive 
light response of blue range with high energy. Although the highest electrical 
and optical characteristics values, such as luminance efficiency and external quantum 
efficiency, using ITO electrode were better than that of devices using tri-metal 
conductor, roll-off efficiency and device stability were suitable for blue 
phosphorescnet OLEDs. This work, consequently, could be proposed on additional 
flexible OLEDs and light applications for ITO-free process.

P2-92

Effective Way of Increasing the Lifetime of Blue Phosphorescent Organic 
Light Emitting Diodes Using a Buffer Layer
Sang Kyu Jeon and Jun Yeob Lee (Sungkyunkwan Univ., Korea)

We devised blue devices incorporating a buffer layer in order to improve the 
lifetime of the blue phosphorescent organic light emitting diodes effectively. 
3,3-Di(9H-carbazol-9-yl)biphenyl was used as a buffer layer and as a host material 
simulatnesously for a blue phosphorescent dopant. The blue devices were fabricated 
using a buffer layer with a thickness of 0-20 nm and the life-time was measured. 
We found that the lifetime of the blue phosphorescent OLED devices was improved 
by inserting a buffer layer. The increase of the buffer layer thickness increased 
the lifetime of the devices. The lifetime of the 20 nm thick buffer layer introduced 
device was more than three times as long as that of the buffer layer free device.
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P2-93

Effect of Triplet Harvesting on Efficiency and Lifetime of Hybrid Blue and 
White Organic Light-Emitting Diodes
Song Eun Lee, Ho Won Lee, Jae Woo Lee, Kyo Min Hwang, Han Kyu Yoo, Sungkyu 
Lee, Hyun Jung Baek (Hongik Univ., Korea), Hyun Woo Lee, Seung Soo Yoon 
(Sungkyunkwan Univ., Korea), and Young Kwan Kim (Hongik Univ., Korea)

In this work, the device architecture, triplet harvesting (TH) system as emitting 
layer, was developed for the transfer of the triplet excitons from fluorescent 
emitter to phosphorescent emitter, where they can decay in radiation. This concept 
of the TH is to transfer the non-radiative triplet excitons from fluorescence to 
radiative triplet excitons in phosphorescence. The TH for the hybrid blue and 
white organic light-emitting diodes, which combines a fluorescent with a 
phosphorescent emitter, has achieved advanced efficiency and reduced efficiency 
roll-off.

P2-94

Highly Flexible Organic Light-Emitting Diodes with Conventional Transparent 
Conductive Oxides
Eungjun Kim, Jin Chung, Seungwon Lee, Minchul Kim, Jaeho Lee, and 
Seunghyup Yoo (KAIST, Korea)

The mechanical flexibility of organic light-emitting diodes (OLEDs) is regarded 
as the core capability that differentiates them from other light sources. Unfortunately, 
the flexibility of OLEDs are often limited by that of transparent electrodes (TEs) 
due to the brittle nature of transparent conductive oxides (TCOs) commonly used 
in OLEDs.However, highly flexible OLEDs can still be made with conventional 
TCOs by reducing the thickness of a substrate. In this work, ultra flexible and 
highly efficient OLEDs are demonstrated on 6-μm-thick polymer thin films with 
indium zinc oxide (IZO) electrodes. With a careful optimization considering both 
optical structure leading to cavity resonance enhancement and tensile strain 
expected at a given bending radius, highly efficient OLEDs are demonstrated 
that exhibit virtually no changes in the luminescence and electrical characteristics 
after 1,000 bending even at the bending radius as small as 300 μm.
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P2-95

Multi-Color Phosphorescent OLEDs with a Non-Conjugated Bridge Carbazole/ 
Thioxanthene-S,S-Dioxide Bipolar Host
Young Pyo Jeon, Dae Hun Kim, Dong Chul Choo (Hanyang Univ., Korea), In 
Kyu Moon (Yonsei Univ., Korea), and Tae Whan Kim (Hanyang Univ., Korea)

A novel bipolar host carbazole/thioxanthene-S,S-dioxide (EBCz-ThX) was simply 
synthesized by incorporating electron-donating carbazole and electron- 
accepting thioxanthene-S,S-dioxide into one molecule using the solventless 
green-reaction at 85°C. EBCz-ThX exhibited a high glass transition temperature 
of 227°C and a high triplet energy of 2.94 eV. The moderate highest occupied 
molecular orbital (HOMO) (-5.95 eV) and the lowest unoccupied molecular 
orbital (LUMO) (-2.63 eV) energy levels matching with the HOMO energy level 
of the hole transport layer and the LUMO energy level of the electron transport 
layer facilitated the transfer of holes and electrons into the emitting layer 
of organic light-emitting devices (OLEDs). Phosphorescent OLEDs (PHOLEDs) 
containing an EBCz-ThX host doped with blue, green, and orange dopants 
were fabricated. Figure 1 shows that the quantum efficiencies of the blue, 
green, and orange PHOLEDs were 10.8%, 7.4%, and 9.6%, respectively, 
indicating that EBCz-ThX bipolar host materials hold promise for potential 
applications in full-color and white OLEDs.

P2-96

Color Tunable Organic Light Emitting Diodes with DC and AC Drive Systems
So-Ra Park, Hyeon Soo Jeon, and Min Chul Suh (Kyung Hee Univ., Korea)

The color tunable organic light emitting diodes (OLEDs) have been attracted lots 
of interests due to their unique features when they used as a lighting application. 
There have been some reports to realize such kind of application. In most case, 
researchers tried to use the different operating voltage behavior of the different 
colored emitters because they have different band gaps. However, the low efficiency 
of the blue material normally gives poor characteristics because low band gap 
materials could emit seriously during emitting of blue materials. Thus, we fabricated 
on the color tunable OLEDs by using vertically stacked AC structure.
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P2-97

Ultrathin LiF/Al/Ag Layer of Cathode Electrode for Highly Transparent Organic 
Light-Emitting Diodes
Jung Hyuk Im, Kwon Yong Shin, Min Gyu Kang, Sang Ho Lee, Kyung Tae Kang, 
and Kwan Hyun Cho (KITECH, Korea)

In this study, we report ultrathin LiF/Al/Ag layer with a Ag thickness ranging 
from 4~10 nm for highly transparent cathode electrode. Fig. 1 (a) shows obvious 
difference between the sample with Al/Ag structrues and the Ag only structures. 
In the Al/Ag structures, charge density oscillations confined to metallic nanoparticles 
disappeared. The scanning electron microscopy (SEM) images shows that the 
Al/Ag layer have more smooth and continuous surface morphology compared 
to the the Ag layer as shown in Fig. 1 (b). As well known growth mode of 
Volmer–Weber, the Ag thin film tend to initially form isolated islandsons on dielectric 
surfaces [O.V. Mazurin and E.A. Porai-Koshits (eds.), Phase Separation in Glass, 
North-Holland, Amsterdam, (1984).]. From the measurement of optical 
transmittance and SEM images, we concluded that the insertion of Al layer minimize 
the strong localized surface plasmon absorption, this leads the improvement of 
transmittance.
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P2-98

Three Primary Color Single Emissive White Phosphorescent Organic 
Light-Emitting Devices on Glass and Flexible Substrate
Jin Wook Kim, Seung Il Yoo, Jin Sung Kang (Hoseo Univ., Korea), Song Eun Lee, 
Ho Won Lee, Young Kwan Kim (Hongik Univ., Korea), and Woo Young Kim 
(Hoseo Univ., Korea)

We fabricated white PHOLEDs on both glass substrate and polyethylene naphthalate 
(PEN) film flexible substrate. The performance of three primary color white PHOLEDs 
with single emissive layer on glass substrate, with different host materials of 
N,N’-dicarbazolyl-3,5-benzene (mCP), 2',2',2''-(1,3,5-Benzinetriyl)-tris(1-phenyl-1- 
H-benzimidazole) (TPBi) and 1:1 co-doped composition both mCP and TPBi as 
P-type, N-type and P-, N-type host materials, was analyzed and we found its 
luminous efficiency is closely related to Foster and Dexter energy transfer in 
host-dopant system and charge balance factor. White PHOLEDs with 1:1 co-doped 
composition both mCP and TPBi as host materials, yielded external quantum 
efficiency of 9.3 % at 8 V and a high luminous efficiency of 14.1 cd/A at 8 
V with CIE color coordinates of (0.331, 0.384) at 7.5 V. The results reveal that 
the effective charge balance factor in white PHOLEDs with a formation of wide 
recombination zone (1 :1 co-doped composition both mCP and TPBi) allows 
improving the external quantum efficiency, as compared to the devices made 
with mCP and TPBi. And optimized (higher performance) structure of white PHOLEDs 
with 1 :1 co-doped composition both mCP and TPBi as host materials on galss 
substrate was applied to flexible white PHOLEDs. We found out its performances 
are similar to the white PHOLEDs on galss substrate. Fig. 1 shows plots of external 
quantum efficiency of white PHOLEDs on glass substrate as function of current 
density. We will continue additional experiments for white PHOLEDs on flexible 
substrate to compare with performances of white PHOLEDs on glass substrate.
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P2-99

Blue Phosphorescent OLED with Interfacial Mixed Layer in the Presence of 
Various ETL Materials
Seung Il Yoo, Jin Wook Kim, Jin Sung Kang, Geum Jae Yoon (Hoseo Univ., 
Korea), Han Kyu Yoo, Sung Kyu Lee, Young Kwan Kim (Hongik Univ., Korea), 
and Woo Young Kim (Hoseo Univ., Korea)

In this study, we will discuss some of the important device parameters affecting 
the efficiency in devices with interfacial mixed layer(IML), because the effect of 
IML cannot be verified concretely only based on materials. TPBi, 3TPYMB and 
TmPyPb were selected as ETL materials with different electrical characteristics 
following the LUMO energy level, hole blocking barrier based on HOMO energy 
level, triplet energy level, and electron mobility. To investigate how the efficiency 
of devices with IML is affected by each property, blue PHOLEDs without IML 
and with IML were fabricated. Current densities of the devices with IML improved 
compared to the devices without IML because the electrons of ETL molecules 
were not only accumulated but also can be readily moved to ETL materials in 
EML owing to the electron transition between the same molecules.

P2-100

Enhancement of Light Extraction in Organic Light Emitting Diodes with Porous 
Polymer Film for Viewing Angle Dependency
Beom Pyo and Min Chul Suh (Kyung Hee Univ., Korea)

In this study, we report simple method to apply a porous polymer film which 
can be obtained by very simple spin-coating process during continuous supply 
of water droplets. And, we found that it is very effective to improve a viewing 
angle dependency of blue OLED with strong microcavity characteristics. We used 
2nd-order microcavity conditions with a thick hole transport layer (HTL), as the 
total thickness of the 1st-order cavity device is too thin to cover the dust from 
the anode side. In other words, we found that nano-porous polymer film could 
effectively reduce the viewing angle dependency of the microcavity OLEDs.
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P2-101

Study of Light Out-Coupling Efficiency and Image Quality Improvement of 
OLED with Conical Micro-Lens Array Film
Sheng-Jung Wu, Chun-Che Ma, and Hoang Yan Lin (Nat'l Taiwan Univ., Taiwan)

In this study, we discover that out-coupling efficiency enhancement ratio is better 
while the height is a half of the diameter of conical micro-lens even for different 
base angles.The out-coupling efficiency enhancement ratio can be reached to 
42.16% while the base angle is 70°. We also analyze the mutual interference 
of pixels for different base angles of CMLAF of 5 um in conical micro-lens height 
and 0° in viewing angle. We discover the overlap between two pixels can be 
decreased for larger base angles of conical micro-lens under such condition. In 
this way, CMLAF can be practically used for OLED displays.

P2-102

Out-Coupling Efficiency Enhancement for OLED Lighting Applications by 
Enlarging Micro-Lens Array
Sheng-Jung Wu, Chun-Che Ma, and Hoang Yan Lin (Nat'l Taiwan Univ., Taiwan)

The purpose of this study is to demonstrate a method to increase the out-coupling 
efficiency enhancement, and the illumination area. According to our simulations, 
we discovered that enlarging the size of micro-lens array can further enhance 
the out-coupling efficiency, as well as the illumination area. Moreover, with a 
single macro-lens, as large as expand the length of the substrate, the out-coupling 
efficiency enhancement ratio can be improved to 133.2%. There are different 
angular intensity profiles for different geometries of macro-lenses, which can 
be used for specific applications such as indoor lighting and local or focused 
illumination for reading. Besides, this method is practical because enlarging the 
size of micro-lens makes manufacturing easier.
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P2-103

Confinement of Holes and Electrons in White Organic Light-Emitting Diodes 
with Additional Emissive Layer
Jin Sung Kang, Seung Il Yoo, Jin Wook Kim, Geum Jae Yoon (Hoseo Univ., 
Korea), Jae Woo Lee, Kyo Min Hwang, Young Kwan Kim (Hongik Univ., Korea), 
and Woo Young Kim (Hoseo Univ., Korea)

To achieve white emission, various methods have been used, such as excimer/exciplex 
emission, mixing of three (red, blue, and green) or two (complementary) colors 
in a single host matrix or in physically separate layers. Among these various devices, 
numerous doped-type white organic light-emitting diodes (WOLEDs) using two 
mixed complementary colors to produce white emission have been fabricated. 
In this study, WOLEDs were composed of 4,4′-cyclohexylidenebis [N,N-bis(4- 
methylphenyl) benzenamine] (TAPC) as a hole transport layer (HTL), 1,3-bis(N- 
carbazolyl) benzene (mCP) as host material in EML, bis[2- (4,6- difluorophenyl) 
pyridinato- C2,N] (picolinato) iridium(III) (FIrpic) as the blue phosphorescent dopant 
in EML, Tris[1-phenylisoquinolinato-C2,N]iridium(III) (Ir(piq)3) as the red 
phosphorescent dopant in EML, 1,3,5-tris(N-phenylbenzimiazole-2-yl)benzene 
(TPBi) as an electron transport layer (ETL) and 8-Hydroxyquinolinolato-lithium 
(Liq) as an electron injection layer (EIL), respectively. These two emissive materials 
have different energy barrier gap between highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular orbital (LUMO) energy levels.Then, 
we examined their electrical and optical characteristics to determine current density, 
luminance, and luminous efficiency according to different position and numbers 
of red ultrathin layers. Red ultrathin EML was inserted in between the blue 
EMLs was effectively confined holes and electrons to increase recombination 
rate. In order to compare characteristics of WOLEDs, the total thickness of EML 
were kept at 30 nm.
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P2-104

Design and Optimization of Organic Light-Emitting Diodes with Scattering 
Layers
Jinouk Song, Eunhye Kim, Jaeho Lee, and Seunghyup Yoo (KAIST, Korea)

It is essential to model OLEDs in a trans-scale fashion and perform the global 
optimization to maximize the efficiency of OLEDs involving scattering layer due 
to the random, incoherent nature of scattering media. Instead of full Monte-Carlo 
simulation that tends to take too long, we here explore the feasibility of ‘radiative 
transfer theory’ for trans-scale simulation and fast optimization of OLEDs with 
scattering media. TiO2 embedded PDMS scattering layer was optically coupled 
to the back side of an OLED. The EQE of a device without the scattering layer 
was 22.1%, which is consistent with the simulation result based on rigorous 
dipole simulation. Devices with the scattering layer showed 34.5% of EQE, which 
is 56.1% enhancement compared to that of the reference device. It shows an 
excellent agreement with the calculated value (35.0%) obtained with the trans-scale 
simulation based on the rigorous dipole model and radiative transfer theory, 
illustrating the validity of the proposed method. We believe the present approach 
will provide a facile means to optimize the structure of OLEDs involving a scattering 
medium.

P2-105

Effects of Plasma Induced UV on the Damage of Organic Thin Films
Mi-Young Ha and Dae-Gyu Moon (Soonchunhyang Univ., Korea)

Many organic devices are subject to degradation caused by permeation of 
environmental gases or liquids, such as oxygen and water vapor in the atmosphere. 
So, the organic devices are usually encapsulated in order to prevent degradation. 
The encapsulation film of organic devices can be deposited using a vacuum process, 
such as sputtering, chemical vapor deposition (CVD), metal-organic chemical vapor 
deposition (MOCVD), plasma enhanced chemical vapor deposition (PECVD) 
evaporation. We have found that some of the devices have been damaged by 
the plasma used in depositing the passivation film. We have investigated the 
optical damage of the organic devices by the UV within the plasma. This Alq3 
films were deposited on the Indium tin oxide (ITO) anode using a thermal evaporation 
and then, cover the Quartz or ITO Glass on the Alq3 film and be exposed to 
the argon plasma. Finally, lithium fluoride layer and aluminum cathode were 
deposited. J-V characteristics of Alq3 devices decreased as the plasma exposure 
time increases. UV exposed device need 14.6 V and 6.2 V to achieve 100 mA/cm2, 
respectively. This results suggest that ITO film on Alq3 organic layer blocks the 
absorption of UV in the Alq3 film, resulting in the reduced damage of Alq3 
films.
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P2-106

Characteristics of Parylene Film Deposited with a Fast Deposition Rate
Jae-Hyun Lee and Hae-Jung Kim (Hanbat Nat'l Univ., Korea)

Parylene (poly(p-xylylene)) film has been widely applied for a conformal coating 
industry because the parylene film which is deposited by chemical vapor deposition 
process has no pin-hole or bubbles compared to the solution based polymer 
films. Recently, the parylene film have been applied in the organic light emitting 
diodes industry by various applications such as a thin flexible substrate, flattening 
layer on rough substrate or organic layers for thin film encapsulation. To fabricate 
the parylene film in a micro-scale thickness, however, deposition process of parylene 
needs long tack time due to the slow deposition rate of 10-30 nm/min.In this 
study, we present the optical and physical characteristics of parylene films which 
are deposited by an ultra-fast deposition rate of 500 nm/min. These parylene 
films show the optical properties of high trasmittance over 90% in the visible 
range and low haze below than 5%. Based on the FT-IR measurement, parylene 
film deposited with a fast process shows the same characteristics with the parylene 
film deposited with the normal process. This means that the polymerization process 
of parylene monomers was successfully achieved at the ultra-fast deposition rate.

P2-107

Stable and Foldable Composite Circuits on Paper for Organic Light Emitting Diodes
Sung Min Jo and Byung Doo Chin (Dankook Univ., Korea)

Foldable and flexible electronics are a promising issue for the convenient 
transportation and diverse deployment of organic-based large area electronics 
as well as disposable thin film devices. In this paper, we fabricated the graphene/ 
silver nanowires composite electrode on the paper substrates for the interconnection 
electrode of top emission organic light emitting diode (TOLED). Poly(4-vinylphenol) 
(PVP) was spun coated on the commercial papers as a planarization layer, that 
was useful for reduction of surface roughness toward OLED device fabrication. 
The composite electrode of silver nanowires and graphene was formed on the 
planarized paper substrate with variable fraction of graphene. Fig.1-a shows that 
silver nanowire acts as binders in graphene flake. Sheet resistance of composite 
electrode maintains that until 30wt% graphene composite electrode shows good 
conductivity. It was confirmed that stability of electrode against 1000 cycles folding 
test was obtained with a -180 o ~ +180o folding angles, showing the possibility 
of its application as foldable electrodes. Top emitting OLED was prepared by 
thermal evaporation on paper, with Al/ molybdenum oxide (MoO3)/ 
N,N-di(naphthalene-1-yl)-N,N-diphenyl-benzidine (NPB)/ Tris-(8-hydroxy-quinoline) 
aluminum (Alq3) / LiF/ Al/ Ag. Fig.1-b shows the maximum luminous efficiency 
of TOLED against 100 cycles folding test. The increase of graphene component 
in composite electrode improves the stability of folding circuits. Our approach 
will be a facile and cost-effective strategy for foldable and flexible OLEDs toward 
application such as disposable electronics and digital signage.
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P2-108

High Performance Red Phosphorescent Organic Light-Emitting Diodes with 
Blue Common Layer by Solution Process
Ye Ram Cho and Min Chul Suh (KyungHee Univ., Korea)

we used the small molecular mixed host system that has advantage in terms 
of charge transport property leading charge balance in emission layer. In addition, 
using the small molecular mixed host system in solution process can quite freely 
change the composition of host so that optimization for improving device 
characteristics can be more realistic compared with vacuum evaporation method. 
In this report, we fabricated the high performance red phosphorescent organic 
light-emitting diodes with blue common layer by solution process with changing 
the ratio of two types (PH and NH) of hosts. As a result, we obtained best performance 
in PH : NH = 7:3 (the current efficiencies at maximum and 1000 nit were 25.9 
cd/A and 23.4 cd/A, respectively).

P2-109

Subwavelength-Patterned Electrode for Blue Organic Light-Emitting Diodes
Jiyeon Shin, Minji Hwang, Haksoo Lee, Eun Jung, and Sung Min Cho 
(Sungkyunkwan Univ., Korea)

Organic light emitting diode (OLED) used in displays and lighting takes advantage 
of excellent electroluminescence performances, thin thickness, good flexibility, 
and low power consumption. Conventional Indium tin oxide (ITO) transparent 
electrode in OLED has high conductivity and transparency, but alternative 
transparent electrodes have been studied due to its limitation such as unstable 
supply of rare metals resulting high cost. Thin metal films with nanohole array 
pattern are promising replacement for ITO. Though metallic thin films have high 
conductivity and low transparency, nanometer-thin film could be transparent but 
the resistance could be high. Periodic subwavelength hole patterning compensates 
this problem because the coupling of light with plamons on the interface between 
dielectrics and patterned metal film enhances transmission of certain wavelength 
more than the increase of the aperture ratio. In this study, the perforated Ag 
films fabricated as the transparent anode for OLED by nanosphere lithography 
and then blue emission OLEDs were evaporated on the anodes. We investigated 
luminance, efficiency and angular dependency of OLEDs between the different 
types of anodes, ITO, Ag and Ag with nanohole array as well as the effects 
by the different size of period of array and cavity diameter.
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P2-110

Hybrid Multilayer Barrier for Flexible OLEDs
Se Hee Lim, Seung-Woo Seo, Iljoong Kang, and Sung Min Cho (Sungkyunkwan 
Univ., Korea)

Organic light-emitting diodes require moisture barrier to protect them from oxidative 
species such as moisture and oxygen because of the high sensitivity of organic 
materials and low work-function metals. Recently, the display and lighting markets 
are moving toward foldable and flexible devices. Flexible thin-film encapsulation 
is considered indispensable for future flexible electronics.To achieve the flexible 
moisture barrier film, the best practice is to make the barriers as organic-inorganic 
multilayer structure. The inorganic layers are deposited by atomic layer deposition 
and organic layer is a plasma polymer synthesized with n-hexane monomer using 
plasma enhanced CVD. The inorganic layers work as moisture barrier and the 
organic layers provide the flexibility and planarization.We studied the hybrid 
multilayer structure of inorganic layers and organic layers to evaluate how much 
the moisture barrier property could be enhanced. When inorganic layers were 
divided by a number of ultra-thin inorganic layers which were sandwiched by 
polymer layers, the barrier property and flexibility were enhanced than the single 
inorganic layer. The WVTR values were checked by an electrical and optical Ca 
test in a climate cabinet under controlled environmental conditions of 85oC and 
85% relative humidity.
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P2-111

Optical Modeling of a Top-Emitting Organic Light Emitting Composite Cathode 
Device Using a High Refractive Index Metal
Zhixiang Wang, Hui Zhu, Siming Hu, Xiaoyu Gao, and Xiuqi Huang (Kunshan 
New Flat Panel Display Tech. Center Co., Ltd., China)

It is widely recognized that the development and optimization of organic light 
emitting (OLED) stacks could be speeded up using electrical and optical modeling 
of their behavior [1] [2]. And it is much easier to obtain accurate optical performance 
of OLED device for optical modeling only considering the refractive index (n) 
and absorption coefficient (k).In addition, the color shift of view angular in 
top-emitting organic light emitting (TEOLED) became serious because of the cavity 
effect. In this paper, the optical modelings of TEOLED composite cathode device 
using a high refractive index metal MC07 was built to find the optimal combination 
of cathode and couping layer (CPL). First of all, the basic OLED device structure 
of Ag/ITO/HIL/HTL/EML/ETL/cathode/CPL was designed, and by changing the 
thickness of cathode, inserting MC07 and optimizing the thickness of CPL based 
on the color coordinate of 0° view angle, the various optical model was generated, 
and the detail device structure and number is shown in table 1. After comparing 
the vertical viewing angle of these different structure device, the color coordinate 
tend to be deep blue (fig. 1a) when the device use thicker Ag and composite 
cathode structure of Ag/MC07 (5nm)/Ag (5nm). Fig. 1b show the color shift 
at different viewing angles, and the best composite cathode structure for minimum 
color shift is Ag (12nm)/MC07 (5nm)/Ag (5nm)/CPL (36nm) of D14. Building optical 
model of TEOLED and using composite cathode which consist of thick Ag and 
MC07 and optimizing CPL, the best optical performance especially color coordinate 
and shift of view angular has been achieved. And thicker Ag, composite cathode 
and optimizing CPL become the three key factors for deep blue and minimum 
color shift. These results suggest that such factors have good potential applications 
in practical flat panel displays.
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P2-112

Effect of Green Emitter on Device Characteristics of Solution-Processed White 
Organic Light-Emitting Diodes
Seul Bee Lee and Jaemin Lee (KRICT, Korea)

OLED(Organic light-emitting diode) lighting is an emerging solid-state lighting 
technology. OLED lighting is close to the natural light then traditional lighting. 
It is eco-friendly technology because it produces little or no heat and contains 
no heavy metals like lead and mercury. OLED lighting is thin, light, and it can 
be flexible. So it can be produced as a variety of shapes. The solution process 
is lower cost and easier for lager area deposition than the vacuum deposition. 
However, high solubility to the organic solvents is required for organic materials. 
To make perfect white light, it is recommended that the emission spectrum covers 
all of visible light region. However, the green emission peak is closer to the 
blue emission peak than red emission peak. We compared the effect of variation 
of green emitter in solution-processed phosphorescent white OLEDs. We choose 
iridium complex with silyl substituent that provides increased solubility. And, this 
complex has more red-shifted emission than pure green emitter, which would 
be beneficial to achieve high-quality white emission. Also, the J-V-L characteristics 
of white OLEDs show the better device performance than pure green emitter, 
Ir(mppy)3.

P2-113

Red Phosphorescent Organic Light-Emitting Diodes of Ir(III) Complex 
Containing Phenyl-Lepidine Ligand
Hee Un Kim, Jae-Ho Jang (Pusan Nat'l Univ., Korea), Jun Yeob Lee (Dankook 
Univ., Korea), and Do-Hoon Hwang (Pusan Nat'l Univ., Korea)

We designed and synthesized a orange-red Iridium(III) complex, bis(4-methyl-2- 
phenylquinoline)iridium(III)(acetylacetonate) (MPQ)2Ir(acac), for use in phosphorescent 
organic light-emitting diodes (OLEDs). The photophysical and electrochemical 
properties of (MPQ)2Ir(acac) were characterized by photoluminescence (PL) and cyclic 
voltammetry (CV). The geometrical configuration for heteroleptic complex of 
(MPQ)2Ir(acac) exhibit N,N-trans geometry. The device structure of phosphorescent 
OLEDs was ITO (50 nm)/PEDOT:PSS (40 nm)/TAPC (20 nm)/mCP (10 
nm)/TCTA:TPBi:dopant (x%)/TSPO1 (35 nm)/LiF (1 nm)/Al (200 nm). In these devices, 
the dopants were Ir(III) complex, the doping ratio of TCTA to TPBi was 1:1, and 
the doping ratios of the red dopants (x%) were 5%, 10%, and 15%. The device 
employing Ir(III) complex as the dopant exhibited efficient orange emission with 
a maximum luminance, luminous efficiency, power efficiency and quantum efficiency 
of 5,235 cd/m2 at V, 20.4 cd/A, 10.9 lm/W and 11.1% at 2.5 mA/cm2, respectively, with 
Commission Internationale de l'Énclairage coordinates (CIE) of (0.59, 0.41) at 6.5 V.
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P2-114

Improved Stability of Organic Light-Emitting Diodes Using Nickel Oxide Doped 
PEDOT:PSS
Jiho Sohn, Yongwon Kwon, and Changhee Lee (Seoul Nat'l Univ., Korea)

Poly(ethylenedioxythiophene) doped with poly(styrenesulfonate) (PEDOT :PSS) is 
one of the most interesting and studied materials in optoelectronic devices for 
its high conductivity, high transparency in the visible range and high workfunction. 
It has been widely used as hole injection layer (HIL) on top of the anode in 
organic light-emitting diodes (OLEDs). However, PEDOT :PSS have several limitations 
especially that the nature of its acidity affects the organic/inorganic interface, 
leading to device failure. Here, we have investigated the effect of sol-gel nickel-oxide 
(NiOx) doping in PEDOT:PSS (PEDOT:PSS:NiOx), specifically in terms of the OLED 
device stability.NiOx thin films are p-type and transparent semiconductor with 
a band gap energy in the range of 3.6-4.0eV. The sol-gel processed NiOx has 
a deep LUMO level above 2eV which can be stable in air without being oxidized. 
Therefore, we have adopted sol-gel NiOx doped in PEDOT:PSS to improve OLED 
device stability. The effect of NiOx doping in PEDOT:PSS have been demonstrated 
using green phosphorescent emitter with different NiOx doping concentrations. 
The device stability was measured through operation lifetime, fixing the initial 
luminance at 2000cd/m2 and supplying constant current to each device. The 
device with 10:1 volume ratio of PEDOT:PSS:NiOx exhibited extrapolated 
half-lifetime (LT50) of 14.3 hours, improving the operation lifetime nearly 200% 
compared to that of reference PEDOT:PSS (LT50 = 7.5 hours).
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P2-115

Green Phosphorescent Imidazole-Based Iridium(III) Complex with a Broad 
Full Width at Half Maximum for Organic Light-Emitting Diodes
Jae-Ho Jang, Hee Un Kim, and Do-Hoon Hwang (Pusan Nat'l Univ., Korea)

We designed and synthesized a green phosphorescent iridium(III) complex, 
bis(1,2-dimethyl-4,5-diphenyl-1H-imidazole)iridium(III)(2-(3-(trifluoromethyl)-1H-1
,2,4-triazol-5-yl)pyridine) [(DMDPI)2Ir(tftap)], for solution-processed organic 
light-emitting diodes (OLEDs). Photoluminescence (PL) spectra of (DMDPI)2Ir(tftap) 
showed maximum emission peak (λmax) of 532 nm in dichloromethane solution. 
The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO) levels of (DMDPI)2Ir(tftap) were measured to be -5.36 and -2.76 
eV, respectively. The solution-processed green OLEDs based on (DMDPI)2Ir(tftap) 
with the structure of ITO/PEDOT:PSS (30 nm)/26DCzPPy:(DMDPI)2Ir(tftap) (11%) 
(40 nm)/TPBi (60 nm)/CsF (1 nm)/Al structure was fabricated. Electroluminescent 
(EL) spectra of (DMDPI)2Ir(tftap) exhibited maximum emission peak at 522 nm 
with a broad full width at half maximum (FWHM) of 115 nm and CIE coordinates 
of (0.33, 0.54) at 1,000 cd/m2. The device with 11% doping concentration of 
(DMDPI)2Ir(tftap) exhibited maximum luminance of 6,304 cd/m2, maximum 
luminous efficiency of 7.14 cd/A, power efficiency of 3.63 lm/W, and external 
quantum efficiency of 2.59%, respectively. Moreover, white light-emitting devices 
containing double emissive layer consisting of (DMDPI)2Ir(tftap) as a green dopant 
and (PIQ)2Ir(acac) as a red dopant were fabricated. The white devices exhibited 
Commission Internationale de L’Eclairage (CIE) coordinates of (0.42, 0.48) at 1,000 
cd/m2; these values are close to the standard white warm light CIE coordinates 
of (0.44, 0.40).
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P2-116

Nanoparticle Scattering Film for High Light Extraction Efficiency of Flexible 
Organic Light Emitting Diodes
Akpeko Gasonoo, Chur-Hyun Shin, Min-Hoi Kim, Jae-Hyun Lee, and Yoonseuk 
Choi (Hanbat Nat'l Univ., Korea)

In order to increase the light extraction efficiency of organic light emitting diodes 
(OLEDs), various internal/external additional layer has been studied so far [1-3]. Especially, 
for the practical application of OLED display/lighting system, the simple and cheap 
fabrication process is one of the key issue. In this letter, we introduced a nanoparticle 
scattering film based on polymer-metal oxide composite as the light extraction method 
[4]. Simple blend of polymer-metal oxide composite was spin-coated on the flexible 
substrate with different experimental conditions and consequently measured the optical 
characteristics as well as the electrical properties. We found that the density and the 
distribution of nanoparticle is the key factor to maximize the light extraction efficiency 
of pristine OLEDs by out-coupling the unusable light with the scattering film. In our 
experiment, almost 80% of light extraction efficiency was obtained under the optimized 
conditions. Also it was successfully adopted to the flexible substrate without any additional 
treatment. This method is expected to play a critical role to create the low-power 
flexible OLED application with simple fabrication process and low cost.

P2-117

Wide Color Gamut Top-Emitting White Organic Light-Emitting Diodes for 
High Quality Display Application
Yongwon Kwon, Jiho Sohn, and Changhee Lee (Seoul Nat'l Univ., Korea)

The top-emitting OLEDs have many advantages compared with the conventional 
bottom-emitting OLEDs in active matrix driving because of high aperture ratio of 
pixels, broad applicability of various substrates and easy control of color purity using 
microcavity effects. For large area full-color display application, combining color filters 
with white OLEDs is the most promising candidate due to reduced shadow mask 
chaging process, which decrease production yield. However, white BEOLEDs usually 
emit broad electroluminescence spectra which match poorly with the transmission 
spectra of color filters. The RGB color filtered from BEOLEDs usually are less saturated 
and have narrow color gamut. From this point of view, white TEOLEDs have great 
potential to demonstrate wide color gamut in display application.In this paper, we 
fabricated multimode white TEOLEDs having narrow three peaks by modulating charge 
transporting layer thickness to control cavity length. Moreover, the used tandem 
architecture is beneficial for emitter position optimization and reducing color shift 
by changing applied voltages. The white TEOLEDs exhibit improved color purity and 
wide color gamut, even wider than NTSC color gamut. The current efficiency of 
TEOLED reach 29.4 cd/A at 1000 cd/m2. We believe that the white TEOLEDs with 
microcavity effect can be applicable for high-quality wide color gamut display application.
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P2-118

Aminocarbazoles for High Efficiency Green PhOLEDs: 1,8-Diphenylaminocarbazoles 
as Solution Processable Host Materials for Phosphorescent OLEDs
Shahid Ameen, Seulbee Lee, Jaemin Lee, and Changjin Lee (KRICT, Korea)

A series of novel carbazole-based materials, DPACz1, DPACz2 and DPACz3 having 
diphenylamino moieties at 1- and 8- positions of carbazole have been synthesized 
and characterized for the first time. The structures of the final products were 
confirmed by 1HNMR, 13CNMR and HRMS measurements. Based upon excellent 
solubility, film forming properties and high triplet energies (2.68, 2.60 and 2.45 
eV) of the materials, they have been used as host materials for high efficiency 
solution processed green phosphorescent organic light emitting diodes (PhOLEDs) 
with the device configuration, ITO / PEDOT:PSS / Emitting layer / TPBi / CsF / 
Al. The devices show high luminous and power efficiencies up to 25.0 cdA-1 
and 17.9 lmW-1, respectively. Luminous efficiency is further improved up to 26.7 
cdA-1 by doping with the common electron transporting material PBD. Turn on 
voltage as low as 3.1 was observed at 10 cdm-2.

P2-119

New Bipolar Host Materials with Indenocarbazole Chemical Moiety for Yellow 
Phosphorescent Organic Light-Emitting Diodes
Gyeong Heon Kim, Jung Min Lee, Byoung Yeop Kang, and Jang Hyuk Kwon 
(Kyung Hee Univ., Korea)

In this study, we report two bipolar host materials, ICBP1 and ICBP2 for highly 
efficient yellow phosphorescent organic light-emitting diodes with indenocarbazole 
moiety as a hole-transporting unit and biphenyl moiety as an electron-transporting 
unit. The indenocarbazole is expected to provide high hole transporting property 
as well as better charge carrier stability due to longer conjugation length than 
CBP. We investigate thermal, photo-physical and electrochemical properties of 
our newly synthesized these two host materials. The measured triplet energy 
values of ICBP1 and ICBP2 are 2.63 and 2.58 eV, respectively. These energy 
values are proper to transfer triplet energy from new host materials to yellow 
phosphorescent dopant. Fabricated yellow phosphorescent OLEDs show excellent 
maximum external quantum efficiency of 26.4%.
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P2-120

Transparent Cathode for White Top Emitting Organic Light Emitting Diodes
Mi Jin Park, Dae Hyun Ahn, and Jang Hyuk Kwon (Kyung Hee Univ., Korea)

In this paper, we report a new transparent cathode structure for white TEOLEDs. 
To suppress the micro-cavity effect in TEOLED, herein we mixed Ag and high 
refractive index metal oxide materials, such as WO3 and MoO3, with various 
ratios. Co-deposited Ag with oxide materials might show island state which could 
give rise to scattering effect and we believe that it may suppress the micro-cavity 
effect. The MoO3 mixed Ag layer shows better transmittance and sheet resistance 
characteristics. Detailed optimization ways on highly transparent cathode for white 
TEOLEDs and the optical design as well as their fabrication will be discussed 
in the presentation. The sample structure for the measurement of transmittance 
was ETL(20 nm)/mixed layer (Ag : MoO3)/Organic capping layer and its transmittance 
was 69.4 %.

P2-121

Thermal Transfer Pixel Patterning Method by General Lamp Source in Organic 
Light Emitting Devices
Hyeong Woo Bae, Gyeong Heon Kim, and Jang Hyuk Kwon (Kyung Hee Univ., 
Korea)

We report the result of sublimation based thermal transfer method by using 
general light source. Several thermal transfer donor substrates were designed 
and fabricated for our thermal transfer process. Organic material on the donor 
substrate is locally heated and evaporated by the patterned layer. From this process, 
we obtained emissive layer patterns under 100 μm size. To verify this process, 
we fabricated the red phosphorescent OLED devices. Device performances were 
compared with those of our thermal deposition processed device, driving voltage 
increase at 1,000 cd/m2 is 0.7V and the maximum current efficiency decreases 
about 8 cd/A
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P2-122

Blue Organic Light-Emitting Diodes Based on Anthracene Derivatives 
Containing Electron-Withdrawing Heteroaromatics
Jwajin Kim, Se Hyun Kim (Sungkyunkwan Univ., Korea), Ho Won Lee, Song Eun 
Lee, Young Kwan Kim (Hongik Univ., Korea), and Seung Soo Yoon 
(Sungkyunkwan Univ., Korea)

In this research, we designed and synthesized three blue fluorescent materials 
based on anthracene derivatives containing electron-withdrawing heteroaromatics. 
To investigate electroluminescent properties of these blue emitting compounds, 
devices were fabricated as following structure : indium tin oxide (ITO) (180 nm) 
/ N,N'-diphenyl-N,N'-(1-napthyl)-(1,1'-phenyl)-4,4'-diamine (NPB) (20 nm) / emitting 
materials (30 nm) / bathophenanthroline (Bphen) (30 nm) / lithium quinolate 
(Liq) (2 nm) / Al (100 nm). Particularly, a device using 2,3-diphenyl-6-[10-(naphthalen- 
7-yl)anthracen-9-yl]quinoline as emitter showed good EL properties with power 
efficiency and luminous efficiency of 0.63 lm/W and 1.02 cd/A, at 100 cd/m2, 
respectively. The CIE coordinates of this device was (0.17, 0.22) at 6.0 V.

P2-123

Improved Luminous Efficacy of Hybrid Tandem White OLEDs with a Li-Doped 
Charge Generation Layer
Hyunsu Cho, Namsung Cho, Chul Woong Joo, Jonghee Lee, Doo-Hee Cho, 
Jaehyun Moon, Jin-Wook Shin, Seung Koo Park, and Jeong-Ik Lee (ETRI, Korea)

Tandem architecture is widely used to realize WOLEDs due to high efficiency, 
long lifetime, and color stability. In the tandem OLEDs, the suppressed voltage 
loss in a charge generation layer (CGL) is important for the development of low 
driving voltage and high luminous efficacy.1,2 In this paper, we report high luminous 
efficacy tandem WOLEDs with optimal CGLs. Various electron transporting materials 
used as a nCGL with Li doping, resulting in similar turn-on voltage. However, 
they influences on the electrical propertis of tandem WOLEDs, especially an operating 
voltage. Depending on nCGL, the operating voltage at 5mA/cm2 can be reduced 
by 0.8V as shown in Fig 1. With an optimization of CGL and each unit cells 
(fluorescent blue and phosphorescent yellowish-green) in hybrid tandem WOLEDs, 
we demonstrated power efficiency of 42.7lm/W and external quantum efficiency 
of 28.8% without any light extraction techniques. In addition, hybrid tamdem 
white OLEDs in this study exhibited a lifetime of over 40,000 hours at 1,000 
nits. Finally, WOLEDs with light extraction techniques results will be discussed.
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P2-124

Characteristics of Thermal Activated Delayed Fluorescent Organic Light 
Emitting Diode as 4CzIPn Doping Concentration
Kang-Hee Kim, Dong-A Ahn, Eun-Ji Um, and Chan-Jae Lee (KETI, Korea)

Novel organic light emitting diodes (OLEDs) utilizing up-conversion of triplet excitons 
into a singlet state can remarkably increase the external quantum efficiency (EQE) 
up to the values far beyond those obtained for conventional fluorescent OLEDs 
and comparable with those of phosphorescent OLEDs. Thermally activated delayed 
fluorescence (TADF) allows a light emission efficiency of nearly 100% from efficient 
spin up-conversion system from T1 to S1 state. Because TADF materials show 
the emission delay phenomena due to the up-conversion system, a device with 
TADF shows the slow emission characteristics. So we analyzed transient EL that 
the TADF device with different doping concentrations in the emission layer. The 
green TADF device was fabricated as followed structure, ITO/HAT-CN(5 
nm)/TAPC(50 nm)/mCP:4CzIPn(35 nm, X wt%)/TmPyPB(30 nm)/LiF(0.5 nm)/Al(100 
nm). Here, emissive layer was composed mCP and (4s,6s)-2,4,5,6-tetra(9H- 
carbazol-9-yl)isophthalonitrile(4CzIPn) as a host and a dopant, respectively. And 
doping concentration was controlled from 1 to 15%. And we analyzed transient 
EL properties using 120Hz rectangular pulse by an oscilloscope and a high speed 
photodiode.

P2-125

Sulfuric Acid Vapor Treated PEDOT:PSS Anodes for ITO-Free Organic 
Light-Emitting Diodes
Seonghwa Choi, Yongbin Choi (Dong-A Univ., Korea), Sung Hyun Kim (Seoul 
Nat'l Univ., Korea), and Jeonghun Kwak (Dong-A Univ., Korea)

In this work, we introduce a H2SO4 vapor treatment method to increase the 
electrical conductivity of poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
(PEDOT:PSS) thin films. The vapor treated PEDOT:PSS film exhibited much smoother 
surface morphology than the other treatment. We fabricated typical green 
phosphorescent OLEDs using H2SO4 vapor treated PEDOT:PSS as the anode, and 
compared the performance with the devices using pristine PEDOT:PSS and dimethyl 
sulfoxide (DMSO)-treated PEDOT:PSS anodes.
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P2-126

The Different Electron Transporting Materials Deposition by Closed-Spaced 
Sublimation
Jae-Hoon Jung, Jae-Myeon Do, Yu-Seok Seo, and Dae-Gyu Moon 
(Soonchunhyang Univ., Korea)

Organic Light-Emitting Devices (OLEDs) have been extensively researched because 
of their many advantages, such as self-emission, fast response time, wide viewing 
angle. The OLEDs are usually fabricated by thermal vacuum evaporation or solution 
coating process. The OLEDs with high efficiency and long lifetime have been 
generally obtained by the thermal vacuum evaporation process. However, this 
process requires high vacuum condition, complicated fabrication procedures and 
low efficiency of utilization of organic materials. The solution coating methods 
have also been widely used for the fabrication of OLEDs because of their simplicity 
and large area compatibility. However, the solution coating method have a difficulty 
in preparing multiple layers of organic materials. We deposited organic layer of 
OLEDs using closed-spaced sublimation (CSS) process. The method requires low 
vacuum condition, the consumption of organic materials can be reduced in 
fabricating OLEDs. We deposited tris(8-hydroxyquinoline) aluminum (Alq3), 
Bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium (BAlq), 3-(4-biphenyl)- 
4-phenyl-5-tert-butylphenyl-1,2,4-triazole (TAZ) for electron transport layer(ETL) 
using CSS process. The maximum current efficiency of the CSS processed device 
is 3.26 cd/A.

P2-127

Dependency of the Emission Efficiency on Doping Profile of the Red 
Phosphorescent Organic Light-Emitting Diodes
Kanghoon Kim, Jootae Park, Wonhyeok Park, Daechoon Kim, Ukrae Lee, and 
Sang Soo Kim (Sungkyunkwan Univ., Korea)

Many researchers have been tried to improve the performance of the phosphorescent 
organic light-emitting diode(PHOLED) by controlling of the dopant profile in the 
emission layer. In this work, a typical red PHOLED device which has the structure 
of ITO/NPB(50nm)/ CBP(30nm)/TPBi(10nm)/Alq3 (20nm)/LiF(0.8nm)/ Al(100nm) is 
fabricated with a 5nm thick doping section in the emission layer. The doping 
section is formed by co-deposition of CBP and Ir(btp)2acac with a doping 
concentration of 8%, and it's location(x) is changed from HTL/EML interface to 
EML/HBL in 5nm steps
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P2-128

Preparation and Characterization of the New Hole-Transporting Material for 
Vacuum-Deposited Green Phosphorescent OLEDs
Hyejin Na, Hyun Han (KRICT, Korea), Sunghyun Son (Univ. of Seoul, Korea), 
Changsik Song (Sungkyunkwan Univ., Korea), Byung Jun Jung (Univ. of Seoul, 
Korea), and Jaemin Lee (KRICT, Korea)

In the research of organic electronics materials, organic light-emitting diode (OLED) 
is one of the example of actual commercialization, which enables the realization 
of ultra-thin and flexible displays. To improve the device performance, each of 
the functional layers in OLEDs, e.g., hole-transporting layers (HTLs), emitting layers 
(EMLs), and electron-transporting layers (ETLs), should be carefully combined, and 
of course, the characteristics of each of the layer can be easily tuned by selecting 
proper materials.1 Among various layers and materials in OLEDs, HTLs are important 
to reduce the driving voltage, and to increase the efficiency of the device. However, 
from the viewpoint of the chemical structures, most of the hole-transporting 
materials (HTMs) in current OLEDs are limited to arylamine derivatives2, and new 
innovative design of HTMs is still so necessary. In this work, we designed and 
synthesized a new kind of HTM for vacuum-deposited green phosphorescent 
OLEDs. The chemical structures of the new material were confirmed by 1H and 
13C NMR spectroscopy, and high-resolution mass spectroscopy. The new material 
was thermally stable up to more than 300 oC which was confirmed by TGA 
and DSC. The optical properties of the new material were characterized by UV-vis. 
and PL spectroscopy, and the triplet energy level of the new material was as 
high as 2.6 eV, which is high enough for green phosphorescence. The OLED 
device using the new HTM outperformed the control devices using NPB or TAPC 
as HTMs, and it showed a maximum current efficiency higher than 60 cd/A. 
Detailed characterization and OLED device results will be discussed in the 
presentation.
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P2-129

White Organic Light-Emitting Diodes with Soluble-Processed Single EML Layer 
Consisted of Blue and Orange Iridium dopants
O Jun Kwon, Suhwan Lee (Univ. of Seoul, Korea), Jung Woon Kim (Kyonggi Univ., 
Korea), Seonghwa Choi (Dong-A Univ., Korea), Dong Jun Lee (Univ. of Seoul, Korea), 
Jaemin Lee (KRICT, Korea), Jeonghun Kwak (Dong-A Univ., Korea), Eunhee Lim 
(Kyonggi Univ., Korea), and Byung Jun Jung (Univ. of Seoul, Korea)

White Organic Light-emitting diodes (OLEDs) have been spotlighted as a next 
generation lighting. In this study, we fabricated white organic light-emitting diodes 
(OLEDs) with different ratio of the blue and orange dopants. The emitting layer 
(EML) is composed of a polymeric material, poly(9-vinylcarbazole) (PVK), and a 
carbazole-based small molecule. The blue dopant is bis[2-(4,6-difluorophenyl) 
pyridinato-C2,N](picolinato)iridium(III) (FIrpic) and the orange dopant is 
bis(2-phenylbenzothiazolato)(acetylacetonate)iridium(III) (Ir(BT)2acac). The device 
structure is ITO/poly(3,4-ethylenedioxythiophene):poly(4-styrenesulfonate) (PEDOT:PSS)/ 
soluble processed EML/1,3-bis(3,5-dipyrid-3-yl-phenyl)benzene (BmPyPB)/LiF/Al. The 
electroluminescent spectra are shown in Figure 1(a) as the dopant ratios of blue 
and orange from 85:15 to 95:5. The Commision Internationale de L’Eclairage (CIE) 
coordinates of each spectrum are (0.46, 0.48), (0.44, 0.47), (0.41, 0.46) and (0.37, 
0.45). The device of 95:5 as blue: orange dopant ratio shows the emission close 
to white with around 10 % of maximum external quantum efficiency (EQE). As 
the ratio of blue dopants increased, EQE of devices are reduced. The device of 
90:10 emits warm white emission of (0.44, 0.47) with 12% of maximum EQE.

P2-130

Role of the Electron Blocking Layer in the Enhanced Lifetime of Blue 
Phosphorescent Organic Light-Emitting Diodes
Dong A Ahn, Eun Ji Ko, Chan-Jae Lee, and Jiwan Kim (KETI, Korea)

In recent years, Phosphorescence Organic Light-Emitting Diodes (PhOLEDs) have 
drawn tremendous attention due to their high efficiency.Even though their 
commerical sucess in mobile displays and televisions, the use of blue PhOLEDs 
has been limited by its short lifetime. One of convenient ways to increase its opertational 
lifetime is the insertion of Electron Blocking Layer (EBL) between the Emitting Layer 
(EML) and Hole Transporting Layer (HTL). It is well known that EBL help electrons 
for more efficient recombination within the EML. In addition, EBL plays an important 
role in device to reduce the electron leakage.In this paper, the effect of device 
lifetime on the 3,3'-bis (9-carbazolyl) -1,1'-biphenyl (mCBP) as an EBL was investigated 
by controlling the thickness of mCBP layer. To clearly verify the role of EBL, the 
relationship between the lifetime and device performance was also studied using 
simple blue PhOLED device structure (ITO/2TNATA/HTL/EBL/mCBP:Blue dopant(8%)/ 
ETL/LiF/Al). As a result, as the thickness of mCBP layer increases, lifetime dramatically 
increased about 5 times (at T80). Consequently, the lifetime and efficiency of the 
blue PhOLED device depends on the thickness of the EBL material.
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P2-131

Light Extraction Behavior of White OLEDs: Spectral Dependence
Mei Meng, Dai Gun Yoon, and Byung Doo Chin (Dankook Univ., Korea)

Current approaches on the light extraction technology of organic light emitting 
diodes (OLEDs) are usually focused to single-color emission. Since solid-state lighting 
devices with OLED were utilizing the white emission with various color temperature 
and spectral characteristics, it is important to understand the relationship between 
light extraction efficiency and spectral behavior of OLEDs. In this study, 
solution-processed internal and external out-coupling structures for white OLED 
were investigated [1]. Suitable size and thickness of inside scattering layer (SCL) 
with nanoscale titanium dioxide (TiO2) particles were selected in combination 
with metal grid-polymer composite printable anode system. Transmittance and 
haze, as a function of particle size and thickness of scattering layer, were 
characterized. Structure of WOLED with scattering layer used in this study is 
Glass/SL(3μm)/ PEDOT: PSS(60nm)/Ag grid/DNTPD(50nm)/TAPC(20nm)/mCP:Firpic- 
10wt%(20nm)/CBP:Ir(piq)2acac-8wt%(10nm)/Bphen(30nm)/LiF (2nm)/Al(100nm). 
The matrix of scattering layer was negative photoresist polymer (Ormocomp®). 
For the external out-coupling structure, microlens formed by convective 
self-assembly patterns was employed; polystyrene latex beads (Alfa Aesar) and 
polymethylmethacrylate powder were used for regular and irregular microbeads. 
For white OLED with internal scattering layer only, maximum luminous efficiency 
was 8.8 cd/A (158% improvement), while the control device shows 5.6 cd/A. 
In case of device with irregular microlens, efficiency was 7.0 cd/A (126% 
improvement). White OLED with both internal and external outcoupling layer 
combination shows 10.1 cd/A, which is achieving 181% improvement compared 
to reference device (Fig 1a). For a further understanding on the relationship between 
light extraction and OLED’s spectral characteristics, we have fabricated various 
white OLED structures for comparison. Structure of tandem white OLED with 
TiO2 scattering layer used in this study is Glass/SCL/Ag grid/PEDOT:PSS/DNTPD/ 
TAPC/mCP:Firpic-10wt%/CBP:Ir(piq)2acac-8wt%/Bphen/CGL/DNTPD/TAPC/CBP:I
r(piq)2 acac-8wt%/Bphen/ LiF/Al, as shown in Fig 1c. Tuning of the white emission 
spectra was done by relative thickness variation. Analysis on the experimental 
results, light extraction for different range of spectra, was also compared with 
simulation.
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P2-132

Induced Effective Charge Balance CdSe/ZnS QDs Based Light-Emitting Devices 
Using PVP-Encapped ZnO Nanoparticles
Ok-Sik Kim, Byoung-Ho Kang, Sang-Won Lee, Jae-Sung Lee, Seung-Hwan Cha, 
Jun-Woo Lee, and Shin-Won Kang (Kyungpook Nat'l Univ., Korea)

Until now, many researchers have attempted to enhance the performance of 
QDLEDs. In order to verify the effect of oxygen vacancy control, we synthesized 
the surface modulated ZnO NPs with polyvinyl pyrrolidone (PVP) by using sol-gel 
process. The results showed significantely enhanced luminance and current effiency. 
As far as I know, it is the first time applied to the QDLEDs. In recent years, 
several researchers have studied about the quantum dots based light-emitting 
devices (QDLEDs) because QDLEDs have many attractive characteristics, such as 
extremely narrow emission spectral bandwidth, luminescence efficiency, wide 
absortion and saturated colors [1]. Until now, many researchers have attempted 
to enhace the performance of QDLEDs, including the developement of novel 
QDs and high transportation rate materials, designing the unique device structures, 
and the optimazation of charge transport layer. Furthermore, metal oxide 
nanoparticles (NPs) such as TiO2 NPs, Al-doped ZnO NPs and NiO NPs have been 
used as charge transport layers in QD-LEDs to improve the luminance and efficiency. 
However, these materials have shown high efficiency but does not discussed 
QDLEDs performance corresponding to the oxygen vacancy [2]. In order to verify 
the effect of oxygen vacancy control, we synthesized the surface modulated ZnO 
NPs with polyvinyl pyrrolidone (PVP) by using sol-gel process. The QDLEDs with 
PVP-encapsulated ZnO NPs as electon transport layer showed significantely 
enhanced luminance and current effiency due to the reduced trap density existed 
on the surface of ZnO NPs [3]. The bare ZnO based QDLEDs was showed the 
luminance of 23,570 cd/m2 and current efficiency of 2.04 cd/A. On the other 
hand, PVP-encapsulated ZnO based QDLEDs was showed luminance of 33,420 
cd/m2 and current efficiency of 2.84 cd/A. Therfore, we confirmed that oxygen 
vacancy of ZnO NPs is very essential parameter for effective electron transportation.
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P2-133

Electronegativity-Dependent Charge Injection into an Organic Light-Emitting 
Diode Based on Driving Voltage Region
Moonsoo Kim and Byoungdeog Choi (Sungkyunkwan Univ., Korea)

We studied charge injection mechanism using organic light-emitting diode which 
was made difference of thickness of LiF (injection layer), then analyzed various 
kinds of curves (Luminance-Voltage (L-V), Current density-Voltage (J-V) and Current 
efficiency-Voltage (CE-V)) splitting thickness of LiF (5Å/10Å/15Å). In this paper, 
we divided two voltage regions (Low voltage region (LVR): under 7V), (High voltage 
region (HVR): over 7V) and probed operational mechanism separately. Driving 
voltage in L-V curve (100cd/m2) is 6.7V(5Å), 6.2V(10Å), 6.1V(15Å) and Current 
efficiency is more higher 1.15cd/A (at 15Å) than 0.729cd/A(5Å), 0.76cd/A(10Å) 
(Fig.1(a)). However, Maximum current efficiency (in HVR) is two times higher 
2.61cd/A (5Å), 2.95cd/A(10Å) than 1.31cd/A (15Å) (Fig.1(b)). In 5Å thickness 
of LiF, relatively amount of fluoride ion is shallowly deposited, it cause reduction 
of surface dipole and deficient attractive force. In case of 15Å, effect of 
electronegativity of fluoride ion was superior to that of electric field in LVR, then 
easily attracted electron into transport layer and got a high luminous efficiency 
(Fig. 1(c)). But, when more thicker than previous layer, characteristic of insulator 
is more dominant, then decreased amount of tunneling electron through LiF 
interlayer in HVR. We confirmed that current efficiency and luminance were 
decreased, while large current flows.

P2-134

Effect of Doping Profile on the Emission Mechanism and Efficiency of Green 
Phosphorescence Organic Light-Emitting Diodes
Wonhyeok Park, Kanghoon Kim, Jootae Park, Daechoon Kim, Ukrae Lee, and 
Sang Soo Kim (Sungkyunkwan Univ., Korea)

PHOLED devices which have the structure of ITO/HAT-CN(5nm)/NPB (50nm)/EML 
(30nm)/TPBi(10nm)/Alq3(20nm)/LiF(0.8nm)/Al(100nm)with different locations of 
doping zone are fabricated to investigate the emission mechanism and efficiency 
of green PHOLEDs.The EMLs are formed by deposition of CBP with a 5nm thick 
Ir(ppy)3(2% wt) doping zone.The distance from the HTL/EML interface to this 
doping zone(x) is changed from 0nm to 25nm in 5nm steps.The position of 
the doping layer was correlated with the light emission mechanism and device 
performance.The injection and transport characteristics of the hole are the major 
limit factors on emission efficiency.



August 18-21, 2015 / EXCO, Daegu, Korea    2015  303

Hall 1, 1F 

Poster Session II

Date: August 21, 2015 (Friday)
Time: 14:00~15:30

P2-135

Diffusion Length Measurement of the Triplet Exciton in PHOLEDs by Using 
Double Quantum Well Structure
Daechoon Kim, Kanghoon Kim, Jootae Park, Wonhyeok Park, Ukrae Lee, and 
Sang Soo Kim (Sungkyunkwan Univ., Korea)

PHOLED devices which have the structure of ITO/HAT-CN(5nm)/NPB(50nm)/ 
EML(47nm)/TPBi(10nm)/ Alq3(20nm)/LiF(0.8nm)/Al(100nm) are fabricated to 
investigate the diffusion length of the triplet exciton by using double-quantum-well 
(DQE) EML structure. To fabricate DQW structures, Ir(ppy)3(2% wt) and Ir(btp)2(8% 
wt) are used as green and red emission zones, repectively. In DQW structured 
EML, as shown in Fig. 1, 1nm thick layers of geen and red emission zones are 
located middle of the EML, and the distance between these wells(x) is changed 
from 0nm to 10nm. As shown in Fig. 2, the emission spectra from DQW PHOLED 
devices are changed with different x. The intensity of the green emission(520nm) 
is decreased when x is decreased, and it goes to near zero when x=0nm. This 
behavior can be identified as the diffusion of the triplet excitons from Ir(ppy)3 
to Ir(btp)2 by the Dexter energy transfer(DET). From the external quantum 
efficiency(EQE) of the red emission, as shown in Fig. 3, the diffusion length of 
the triplet excitons can be determined by the equation of DET rate, R=A Exp(-2RDA/L), 
where RDA is donor-acceptor distance and L is the sum of the van der Wals 
radii. As a result, the measured data of the red EQEs with differnt x are identified 
to theoretical result from the equation of DET rate(Fig. 4). From this results, we 
could confirm that the diffusion length of the triplet excions can be determined 
by using DQW structure and this method is very useful to invertigate the behavior 
of the excitons in PHOLEDs.
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P2-136

Silicon-Based Electron-Transport Materials with High Thermal Stability and 
Triplet Energy for Efficient Phosphorescent OLEDs
Jin-Hyoung Kim, Woo-Ri Bae (Korea Univ., Korea), Jiwon Lee, Won-Sik Han 
(Seoul Women’s Univ., Korea), Ho-Jin Son, Sang Ook Kang, and Seungjun Yi 
(Korea Univ., Korea)

A series of electron transporting materials was designed and used in OLEDs. 
We used the tetrahedral structural motif of silicon atom, which annulated with 
the 1,2-diphenyl-benzoimidazole (DBI) units in its periphery (1−4) and their thermal, 
photophysical, and electrochemical properties were investigated. Photophysical 
and electrochemical properties showed that their LUMO levels can be slightly 
tuned with an increasing number of DBI units. Furthermore, thermal stability 
correlated well with an increase in the number of DBI units, showing a gradual 
increase in Tg values in the range of 100−141°C. The electron-only devices (EOD) 
based on compounds 2 and 3 were fabricated; EOD device with compound 3 
showed higher current densities, indicating higher electron transport (ET) capability 
compared to compound 2. The electron mobilities of compounds 2 and 3 were 
estimated as 1.93 × 10-5 cm2/Vs and 3.67 × 10-5 cm2/Vs at 1 MV/cm, respectively. 
We further investigated the excellent ET property of compound 3 via the 
phosphorescent OLEDs with the green emitter, Ir(ppy)3. Finally, we compared 
it with the device based on compound 2. The OLED device with compound 3 
exhibited maximum current and external quantum efficiencies of 62.8 cd/A and 
18.0 %, respectively, with a small efficiency roll-off at high current densities.

P2-137

Effects of Annealing Process on CZTS Thin-Film Solar Cell
Kee-Jeong Yang and Jun-Hyoung Sim (DGIST, Korea)

CZTS-based solar cells represent a significant improvement because of a useful 
band-gap energy and a high absorption coefficient. In this study, we investigated 
annealing effects of device on CZTS solar cell characteristics. We verified that 
the solar cell characteristics improve in direct proportion to the Na concentration 
in a Mo layer. The Na concentration in the Mo layer increased in proportion 
to the increase in Mo-layer annealing temperature. As the Mo-layer annealing 
temperature increased, the voltage shortfall decreased. This indicates that the 
concentration of recombination centers in the absorber layer was reduced. Also 
we verified that the solar cell characteristics decline in direct proportion to the 
Na concentration in a buffer layer. Sample was annealed to control the Na 
concentration in a buffer layer. After CZTS absorber layer sulfurization process, 
Na is accumulated near the absorber layer surface. When a buffer layer was 
deposited on the absorber layer, Na near the absorber layer surface is diffused 
into a buffer layer. As the minority carrier mobility decreases, device series resistance 
increases. So Na concentration in a buffer layer must be reduced.
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P2-138

Effects of Compositional Distribution on Secondary Phase and Defect in CZTS 
Thin-Film Solar Cell
Kee-Jeong Yang and Jun-Hyoung Sim (DGIST, Korea)

Although Cu2ZnSnS4 (CZTS) has attracted attention as an alternative absorber 
material to replace CuInGaSe2 (CIGS) in solar cells, the current level of understanding 
of its characteristic loss mechanisms is not sufficient for achieving high power 
conversion efficiency. In this study, we examined the correlations between the 
compositional ratio distribution within the CZTS absorber layer, which depends 
on the temperature of the sulfurization process, and the subsequent defect and 
surface electrical characteristics. As the sulfurization process temperature increases, 
the crystallinity of the absorber layer improves, and the compositional ratio 
distribution exhibits a more uniform Cu-poor/Zn-rich composition. Additionally, 
the degradation of the back-contact barrier characteristics can be controlled by 
suppressing the ZnS secondary phase formation at the CZTS/MoS2 interface. 
Furthermore, this improvement suppresses the formation of deep-level defects, 
thereby enabling the current and voltage losses to be minimized. This result was 
verified by analyzing the surface electrical characteristics. We anticipate that the 
PCE of a CZTS solar cell with a highly uniform compositional ratio distribution 
can be further increased.
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An Ultrathin Iridium Oxide Hole Extraction Layer on P3HT: PCBM Bulk 
Hetero-Junction Organic Photovoltaic’s Cells
Rina Pandey, Ju Won Lim, Jung Hyuk Kim, Do Kyung Hwang, and Won Kook 
Choi (KIST, Korea)

Transparent conducting oxides (TCO) are the integral part of the present day 
electro-optic devices as transparent conducting electrodes (TCE) in solar cells, 
displays and solid-state lighting [1-2]. Indium Tin Oxide (ITO), traditionally used 
as a transparent electrode material due to its high transmittance (> 90%) and 
good electrical conductivity (Rs < 15 W/sq) [3-4]. In this study, an ultrathin iridium 
oxide was deposited on glass/ITO substrate using radio frequency magnetron 
sputtering for the applications of organic photovoltaic’s cells. Iridium oxide (IrOx), 
used as the hole extraction layer (HEL) in order to replace poly 
(3,4-ethylenedioxythiophene): poly(styrene-sulfonate) PEDOT:PSS in organic 
photovoltaic’s (OPV) cells with poly(3-hexylthiophene):phenyl-C60-butyric acid 
methyl ester (P3HT: PC60BM). IrOx is a transparent conducting oxides, and the 
work function of the IrOx (> 5.1 eV) is higher than that of ITO (4.5 ~ 4.7 eV). 
Moreover, IrOx has a surface with hydrophobic nature. Thus, HEL of IrOx between 
ITO anodes and active layer improve the extraction of holes. IrOx (0.5 nm) coated 
on ITO glass substrate shows the transmittances of 84.10% in the visible range. 
The transmittance decreased when the thickness of the IrOx increased from 1.0 
to 3.0 nm. The iridium oxide has a blue black color due to intraband transitions 
within the Ir t2g band. When the thickness of IrOx becomes thick, the absorption 
could increase because of the increase of intraband transition. The OPV cell with 
IrOx (1.0 nm) exhibits increased power conversion efficiency as 3.51% under 
100 mW/cm2 illumination with an air mass (AM 1.5G) condition, higher than 
that of 3.28% with PEDOT: PSS. Chemically stable IrOx enabling easy device 
fabrication could therefore be used as an alternative material for PEDOT: PSS 
and is applicable to general anode HELs on organic electronics.
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P2-140

Structural Aspects of Wet Chemical Deposited SnS Films
Gedi Sreedevi, Minnam Vasudeva Reddy (Yeungnam Univ., Korea), Kotte Tulasi 
Ramakrishna Reddy (Sri Venkateswasra Univ., India), Jeong-Yoon Kang, and 
Chan-Wook Jeon (Yeungnam Univ., Korea)

An earth-copious, inexpensive and non-toxic absorber is needed for PV modules 
to replace the current developed technologies which are limited by their toxicity, 
scarcity and exorbitant cost. Tin sulphide (SnS) is an auspicious binary compound 
semiconductor for making scalable, affordable, innocuous absorber for PV cells. 
In the present investigation, polycrystalline SnS films were successfully grown 
by a simple wet technique, chemical bath deposition, using stannous chloride 
and thioacetamide as precursors by varying bath temperature (Tb) in the range, 
40 - 80 oC. The structural properties of as-prepared films were characterized 
by XRD and Raman studies respectively, the corresponding profiles are shown 
in Fig. 1. The diffraction analysis demonstrated that all the deposited films were 
polycrystalline in nature with the presence of (111) plane at 31.6o as the preferred 
orientation and exhibited orthorhombic crystal structure. The films grown at lower 
Tb (< 60 oC) showed peaks related to (021), (101), (131) and (112) planes of 
SnS. The intensity of (111) peak was increased with Tb and got maximum at 
70 oC, then slightly declined. Simultaneously the other peaks were suppressed, 
which indicated that the films were highly oriented along (111) plane with Tb 
up to the optimum [1]. The position of (111) peak was unaltered as Tb increases 
which revealed that the structure of SnS layers remain same although the Tb 
was changed in the range, 40 - 80 oC. Raman spectra showed four characteristic 
Raman modes of SnS layers at 94 cm-1, 160 cm-1, 191 cm-1 and 217 cm-1 
which corresponded to the orthorhombic structure of SnS. The phonon modes 
at 94 cm-1, 191 cm-1 and 217 cm-1 were assigned to Ag mode whereas 160 
cm-1 was ascribed to B2g mode [2, 3]. The intensity of Raman phonon modes 
increased with the increase of Tb up to 70 oC, which indicated that, an improvement 
in the crystallinity of the films, and then slightly decreased. This shows poor 
crystallinity of the layers when the Tb exceeds the favourable temperature. No 
other peaks were observed in the spectra related to other phases like SnS2 and 
Sn2S3 or other impurities. Therefore, the as-grown SnS films had only single 
phase and the results correlated with XRD studies. The present developed SnS 
films have potential application in the fabrication of solar cells.
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Enhancement of the Efficiency in Dye-Sensitized Solar Cell by Cylinder Pattern 
Reflection Layer
Jeong-Hwa Kim, Shi-Joon Sung, and Dae-Kue Hwang (DGIST, Korea)

Dye-sensitized solar cells (DSSC) are energy conversion devices that can be 
manufactured inexpensively without the need of cleanrooms for high vacuum 
technology, at the expense of relatively modest efficiency. However, DSSC suffer 
from the problem of short lifetime and low power conversion efficiency. Light 
harvesting efficiency plays an important role to improve power conversion efficiency 
(PCE) of the dye-sensitized solar cell (DSSC). Thus, many researchers have employed 
scatter latter to improve the light harvesting efficiency of DSSC. In this paper, 
we have proposed a new DSSC structure that employs patterned reflection layer 
to enhance the light absorption and improve the PCE by using the reflection 
and diffraction of light phenomena. Optical simulation data were collected through 
the optical analysis according to various reflection layer. As an optical simulation 
result, the light harvesting efficiency of cylinder patterned reflection layer is higher 
than other reflection layer. We have evaluated the cell efficiency for I-V characteristic 
curves by solar simulator. The DSSC structures with the cylinder patterned reflection 
layer exhibited higher short circuit current densities and higher PCE (21% 
enhancement) that those of traditional DSSCs because light that passed through 
the photoanode was reflected, thereby making it possible to reuse it.

P2-142

Effect of Physical Treatment in Electrospun TiO2 Electrode for Dye-Sensitized 
Solar Cell
Jeong-Hwa Kim, Shi-Joon Sung, and Dae-Kue Hwang (DGIST, Korea)

One-dimensional (1D) nanostructured metal oxides have attracted much attention 
because of their unique properties and potential applications in electronics, 
photonics and other related areas. The electrospinning technique provide a simple, 
cost-effective approach for producing polymeric and inorganic nanofibers within 
a broad range of diameters, from tens of nanometres to a few micrometres 
according to the selection of the processing parameters. Physical treatment process 
is shown to enhance the adhesion of TiO2 nanofibers electrospun onto 
fluorine-doped tin oxide substrates for use in dye-sensitized solar cells. We have 
evaluated the cell efficiency for J-V characteristic curves by solar simulator. We 
have found that the best performance is achieved by hot-pressing at 14 MPa. 
Specifically, a current density of approximately 8.96 mA/cm2, an opencircuit voltage 
of about 0.82 V, a fill factor close to 72%, and an energy conversion efficiency 
of approximately 5.33% were all achieved by this process.
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High Conductivity ZnO:Al Films Deposited by Atomic Layer Deposition
Byoung-Soo Ko and Dae-Kue Hwang (DGIST, Korea)

In this study, we investigated the electrical, structural, and optical properties of 
Al-doped ZnO (AZO) thin films approximately 50 nm thick grown by atomic layer 
deposition (ALD) on glass substrates at 200 ℃. An H2O pretreatment was conducted 
for all AZO samples. The electrical properties of the AZO thin film were improved 
after the pretreatment process. The Al doping concentrations were controlled 
by inserting an Al2O3 cycle after every “n” ZnO cycles while varying n from 
99 to 16. As the doping concentration increases, the resistivity decreases and 
the optical band gap increases. When the Al2O3 cycle ratio is 5%, the electrical 
resistivity showed the lowest value of 4.66 x 10-3 Ω cm. A carrier concentration 
of 1.10 x 1020 cm-3, and the optical transmittance exceeding 90 % were obtained 
in the visible and near-infrared region. The thin film was strongly textured along 
the (100) direction in the X-ray diffraction patterns.

P2-144

Effects of In-Situ Annealing on Sub-Micron Thick Cu(In,Ga)Se2 Thin Films
Byoung-Soo Ko and Dae-Kue Hwang (DGIST, Korea)

Sub-micron thick Cu(In,Ga)Se2 (CIGS) thin films were deposited on Mo-coated 
soda-lime glass substrates under various conditions by single-stage co-evaporation. 
Generally, the short circuit current (Jsc) decreased with the decreasing thickness 
of the absorber layer. However, in this study, Jsc was nearly unchanged with 
decreasing thickness, while the open circuit voltage (Voc) and fill factor (FF) decreased 
by 31.9 and 31.1 %, respectively. We believe that the remarkable change of 
Voc and FF can be attributed to the difference in the total amount of injected 
thermal energy. Using scanning electron microscopy, we confirmed that the surface 
morphology becomes smooth and the grain size increased after the annealing 
process. In the X-ray diffraction patterns, the CIGS thin film also showed an 
improved crystal quality. We observed that the electric properties were improved 
by the in-situ annealing of CIGS thin films. The reverse saturation current density 
of the annealed CIGS solar cell was 100 times smaller than that of reference 
solar cell. Thus, sub-micron CIGS thin films annealed under a constant Se rate 
showed a 64.7 % improvement in efficiency.
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P2-145

Influence of Cu-Delay Time on Obtaining Preferred Orientation of CIGS Thin 
Films during a 3-stage Co-Evaporation Process
Qian Sun and Chan-Wook Jeon (Yeungnam Univ., Korea)

Solar cells based on the Cu(In,Ga)Se2 (CIGS) compound semiconductor have 
recorded the highest conversion efficiency (20.9%) among Cd-free thin film solar 
cell technologies.[1] For the growth of the CIGS layer itself, the main debate 
is between co-evaporation from elemental sources and sequential deposition by 
sputtering and salinization technique. While the latter is better for large scale 
production, the best performance was proven using the co-evaporation method, 
which allows the control of preferred orientation.[2] It has been shown earlier 
that the degree of (220)/(204) orientation, which is probably favorable for higher 
efficiency, depends on the Se flux in the first stage of the growth as well as 
Na content during the CIGS growth by the 3-stage process. In this study, we 
propose a new view of preferred orientation of CIGS layers by controlling the 
time of Cu-delay which defines the time between the 1st stage end and the 
2nd stage start. We compared CIGS films deposited using different processes, 
which includes 1940 seconds of Cu-delay time with Se flux of 0.6 nm /sec, 300 
seconds of Cu-delay with Se flux of 0.8 nm/sec, and 0 second of Cu-delay with 
Se flux of 1.0 nm /sec. The deposition of CIGS layers was performed by three 
stage co-evaporation and the Ga/ (Ga+In) ratio was 0.32. It has been believed 
that CIGS (220) orientation can be obtained by increasing Se flux during (In,Ga)2Se3 
growth, which is the 1st stage of the 3-stage process. However, in contrast to 
this, (220) orientation was greatly dependent on the Cu-delay time rather than 
the Se flux. The longer the Cu-delay time, the stronger (220)/(112) ratio. This 
was attributed to recrystallization of the (In,Ga)2Se3 grown at low temperature 
during the Cu-delay, when the substrate was maintained at a high temperature 
and no element supplied. In three kinds of the processes, the best performance 
of 14.4% conversion efficiency from CIGS grown with 1940 seconds of Cu-delay 
time with Se flux of 0.6 nm /sec. The characteristics of the CIGS films obtained 
in this study will be discussed based on the analytic results obtained from X-ray 
diffraction, scanning electron microscope, and secondary ion mass spectroscopy.
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P2-146

Organic Tandem Solar Cells Based on Solution-Processed Small Molecule 
Photovoltaic Cells
Hyunwoo Lee, Hoyeon Kim, Donggeun Han, Jaewon Ha, and Seunghyup Yoo 
(KAIST, Korea)

Organic solar cells have attracted a considerable attention as a renewable and 
alternative energy source because of their characteristics such as low cost, flexibility, 
semitransparency. However, the device performance is often limited by narrow 
absorption range, low carrier mobility, and short exciton diffusion length. To 
overcome this problem, tandem structure can be useful. In this work, optimized 
tandem solar cells using P3HT:IC60BA and p-DTS(FBTTh2)2 :PCBM-70 is 
demonstrated.

P2-147

Hysteresis-Free Perovskite Solar Cells with Low-Temperature Processing
Jaewon Ha, Hoyeon Kim, Hyunwoo Lee (KAIST, Korea), Kyung-Geun Lim, 
Tae-Woo Lee (POSTECH, Korea), and Seunghyup Yoo (KAIST, Korea)

Inorganic-organic lead halide perovskite photovoltaic (PV) technologies have recently 
attracted great interest as a promising low-cost renewable energy source. With 
the intense efforts devoted to this emerging PV technologies, their power conversion 
efficiency (PCE) has rapidly soared to a value comparable to those of established 
thin-film PV such as CIGS and CdTe. However, high-temperature processes are 
required for sintering of TiO2 layers, hindering them from being applied in flexible 
devices. In this work, we report on methylammonium lead iodide (MAPbI3) based 
perovskite PV cells in which TiO2 layers are replaced with C60-based electron 
transport layer (ETL) that are thermally evaporated onto PEIE-coated ITO substrates. 
Experimental results show the proposed devices exhibit a resonable PCE over 
10% with virtually no hysteresis problem. It is noteworthy that high temperature 
process is not requried for the proposed PVs because substrates are held almost 
at room temperature during deposition of C60 layers. For this reason, we believe 
the proposed device structure may open up an effective pathways towards highly 
efficient yet flexible PVs.



312 The 15th International Meeting on Information Display

Hall 1, 1F 

Poster Session II

Date: August 21, 2015 (Friday)
Time: 14:00~15:30

P2-148

Growth Mechanism of CZTSSe Absorber Layers during Selenization of Stack 
Precursor
Dae-Ho Son and Dae-Hwan Kim (DGIST, Korea)

This study presents a detailed insight into the phase formation processes of CZTSSe 
during the selenization of metal compound precursors. We also investigate the 
influence of annealing condition on CZTSSe film properties and solar cell 
performance, keeping the selenization process the same for all samples.

P2-149

Device Characteristics of CZTSSe Thin-Film Solar Cells with 8% Conversion 
Efficiency
Dae-Ho Son and Dae-Hwan Kim (DGIST, Korea)

Cu2ZnSnS4 (CZTS) and Cu2ZnSn(S,Se)4 (CZTSSe) films were fabricated on 
Mo-coated glass substrates by sputtering using compound material targets. The 
fabrication method combines the deposition of metallic precursors and the 
sulfurization or selenizaion annealing process using S or Se vapor. The optimal 
precursor stacking sequence for CZTS growth was found to be Cu/SnS/ZnS/Mo. 
To optimize the composition and thickness of absorber layer, the Cu thickness 
was varied from 60 to 120 nm and thickness of the precursor was changed. 
Through the annealing process, the best devices on CZTS and CZTSSe films 
demonstrated an efficiency of 3.84 % and 8.06 %, respectively.

P2-150

Photovoltaic Performance of CZTSe Based Solar Cells Grown by Two-Step 
Process
Min-Su Kwon, Gedi Sreedevi, and Chan-Wook Jeon (Yeungnam Univ., Korea)

The cell showed characteristic parameters such as, an open circuit voltage (Voc) 
of 0.409 V, short circuit current density (Jsc) of 29.94 mA cm-2, a fill factor 
(FF) of 37.13, giving a conversion efficiency of 4.56 % [2]. In addition, a series 
resistance (Rs) of 1.22 Ω-cm and a shunt resistance (Rsh) of 1976 Ω-cm were 
also evaluated. The external quantum efficiency (EQE) of CZTSe cell was measured 
as a function of wavelength of the incident light and is shown in Fig. 1(b). The 
QE curve showed an average efficiency of ~ 80 % and in the long wavelength 
region, the spectrum is restricted to the value of ~ 1200 nm corresponding to 
the absorption edge of CZTSe film. A band gap of 1.03 eV [3] for CZTSe film 
was calculated from the inset graph of Fig. 1(b). Hence the results suggested 
that two-stage approach for the fabrication of CZTSe can be adaptable for the 
low-cost high-efficiency solar cells.
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P2-151

Structural Planarity and Conjugation Effects of Multi-Carbazole Derivatives 
Organic Dyes for Dye-Sensitized Solar Cells
Hyo Jeong Jo, Jung Eun Nam, Dae-Hwan Kim, and Jin-Kyu Kang (DGIST, Korea)

Dye-sensitized solar cells (DSSCs) based on Ru-complexes have been achieved fairly 
high solar energy-to-conversion efficiencies above 12 %. However, the Ru-complexes 
have some problems such as manufacturing costs and environmental issues. Recently, 
organic dye molecules have been employed as promising alternatives to the 
Ru-complexes because of potential advantages (high molar extinction coefficient, 
convenient, customized molecular design) for photophysical and photochemical 
properties, as well as low-cost production. In this work, we demonstrate the synthesis 
of organic photosensitizing dyes with varying carbazole-based chromophores in 
a molecule, and used as sensitizers for dye-sensitized solar cells (DSSCs). We found 
that organic dye with thiophene units exhibited a higher molar extinction coefficient 
and red-shifted absorption, which leads to an improved light harvesting efficiency. 
Their photovoltaic properties were measured I-V curves, incident photon-to-current 
(IPCE) efficiencies and impedance analysis by comparison with that of ruthenium 
dye in same manufacturing condition.

P2-152

Influence of Donors Units in Organic Photosensitizers Based on Heterocyclic 
Derivatives for Dye-Sensitized Solar Cells
Hyo Jeong Jo, Jung Eun Nam, Dae-Hwan Kim, and Jin-Kyu Kang (DGIST, Korea)

Dye-sensitized solar cells (DSSCs) based on Ru-complexes have been achieved fairly 
high solarenergy-to-conversion efficiencies above 11 %. However, the Ru-complexes 
have some problems such as manufacturing costs and environmental issues. Recently, 
organic dye molecules have been employed as promising alternatives to the 
Ru-complexes because of potential advantages (highmolar extinction coefficient, 
convenient, customized molecular design) for photophysical and photochemical 
properties, as well as low-cost production. In this paper, we synthesized organic 
photosensitizing dyes have a push-pull structure and are composed of a donor, 
conjugated bridge, and acceptor. This work reports a metal-free sensitizer using 
a phenothiazine unit as the donor, thiophene and 3,4-ethylenedioxythiophene 
unit as the π-conjugated bridge and a cyanoacetic acid that acts as the anchoring 
group for attachment on themetal oxide and as the electron acceptor. Although 
their structures are almost identical, we found that this originates from the diverse 
position of the HOMO energy levels, leading to different driving forces for 
regeneration. Their photovoltaic properties were measured I-V curves, incident 
photon-to-current (IPCE) efficiencies, impedance analysis, electron lifetimes (τ) by 
comparison with that of ruthenium dye in same manufacturing condition.
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P2-153

Improved Photovoltaic Performance of Dye-Sensitized Solar Cell with 
Anti-Reflection Coating
Jung Eun Nam, Hyo Jeong Jo, Dae-Hwan Kim, and Jin-Kyu Kang (DGIST, Korea)

Dye-sensitized solar cells (DSSCs) have attracted considerable attention as next 
generation solar cell due to low manufacturing cost and high solar-to-electric 
power conversion efficiency (PCE) compared to conventional p-n junction solar 
cells. A PCE of DSSCs is influenced by the amount of light irradiation, the shape 
of photoelectrode, the amount of dye absorption, the redox couple, the charge 
transfer resistance of the counter electrode, the internal resistance and the charge 
recombination at interface. Among them, the amount of light irradiation is an 
important factor which greatly affects the PCE. Anti-reflection coatings (ARCs) 
have played an important role in boosting the amount of light entering the device 
and reducing or suppressing reflection losses, thus enhancing the PCE of the 
solar cells. In this study, we have applied the ARCs to improve performance 
of DSSCs. We have optimized the coating parameters for ARCs on glass and 
investigated the transmittance and photovoltaic performance. The PCE of DSSCs 
is increased due to enhancement of Jsc.

P2-154

The Effects of Annealing Temperature on the Characteristics of DC Sputtered 
Molybdenum Films
Jun-Hyoung Sim and Kee-Jeong Yang (DGIST, Korea)

Cu2ZnSnS4 (CZTS) thin film solar cells usually use molybdenum back electrodes 
[1]. It has the good electrical properties of an ohmic-contact, relative stability 
during the growth of CZTS at the high temperature, and its exquisite adhesion 
between the glass substrate and the absorber [2]. The electrical and the mechanical 
properties of sputtered refractory metal films are known to vary with the working 
gas pressure and sputtering power [2]. This study investigated the characteristic 
of the Mo films deposited the diverse, using DC magnetron sputter. The electrical 
and structural properties of the Mo film sputtering various DC power and gas 
pressure were analyzed in electric resistivity, FESEM, AFM and XRD etc. and an 
annealing effect of the Mo films in a growth temperature of the general CIGS 
or CZTS thin films solar cell and upper high degree (>550 oC). The Mo thin 
film that sputtered with different sputtering conditions in quartz and borosilicate 
substrate that could process on high heat investigated a thin film property post 
annealing in 600 ~ 800 oC in Ar atmospherics. As a result, Electric Resistivity 
was declined in deposition condition of the high DC power and low pressure, 
and a showed elaborate series of fine grain.
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The Effect of High Temperature Selenization by Sputtered CZTSSe Thin Films
Jun-Hyoung Sim and Kee-Jeong Yang (DGIST, Korea)

An ideal thin-film solar cell absorber material should have a direct band gap 
around 1.3–1.5 eV with abundant, inexpensive, and nontoxic elements 
Cu2ZnSnSxSe4-x (CZTSSe) is one of the most promising thin-film solar cell materials 
[1-2]. CZTSSe thin film solar cell is a promising absorber materials from the perspective 
of the industrialization of mass-produced and it is eco-friendly. Meanwhile, it 
is reported that best efficiency of CZTSSe thin film solar cells is 11.1 % using 
a hydrazine [4]. But it is low compared with CIGS efficiency, 20.3 %. Therefore, 
the problems about a material of CZTSSe which are decomposition during annealing, 
control of secondary phase formation, and film/device characterization are needed 
to improve. High temperature annealing process can improve the absorber grain 
size, crystallinity and the electric characteristics. But high temperature annealing 
process above 600℃ is impossible due to the transition point of soda-lime glass 
(573℃). In this study, CZTSSe solar cell was selenized above 600℃ using the 
substrate with high transition point (above 700℃). We examined the correlations 
between the annealing temperature and the device characteristics. As the annealing 
process temperature increases, the crystallinity of the absorber layer improved.

P2-156

Impact of Anti-Reflection (AR) Layer on the Performance CIGS Solar Cell
Jung-Hwa Cha, Gedi Sreedevi, and Chan-Wook Jeon (Yeungnam Univ., Korea)

The J-V analysis indicated that the CIGS cell without MgF2 anti reflection layer, 
showed characteristic parameters such as, an open circuit voltage (Voc) of 0.634 
V, short circuit current density (Jsc) of 32.5 mAcm-2, a fill factor (FF) of 66.46, 
giving a conversion efficiency of 13.7 %, whereas the cell with MgF2 anti reflection 
layer, showed an open circuit voltage (Voc) of 0.638 V, short circuit current density 
(Jsc) of 33.9 mAcm-2, a fill factor (FF) of 67.19, giving a conversion efficiency 
of 14.6 %. Hence the results suggested that the MgF2 anti reflection layer was 
improved the performance of CIGS solar cell.
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P2-157

Effect of Ammonia Water Rinsing on the Performance of CIGS Solar Cells 
With Cd-Compound Buffer Layers
Soo-Min Kwon, Gedi Sreedevi, and Chan-Wook Jeon (Yeungnam Univ., Korea)

In this work, CdS thin layers were prepared by chemical bath deposition (CBD) 
using 0.0015 M of cadmium sulphate (CdSO4) and 0.05 M of thiourea (NH2CSNH2) 
as Cd and S-precursors with 5 M of ammonium hydroxide (NH4OH) as the complexing 
agent. Immediately the as-prepared layers were immersed in 7 % of ammonia 
water solution at room temperature for 1 min. Further, CIGS based solar cell 
was fabricated using rinsed CdS layer as buffer. Finally, effect of ammonia water 
rinsing on the performance of CIGS solar cells was studied. The details of results 
will be presented and discussed.

P2-158

Effect of Sheet Resistance of ZnO:B Layers by MOCVD on Efficiency of CIGS 
Solar Cells
Sangmok Kim, Gedi Sreedevi, and Chan-Wook Jeon (Yeungnam Univ., Korea)

In this study, we prepared B-doped ZnO layers by MOCVD using Diethylzinc 
(H2O/DEZn) and Boron trihydride (B2H6) as the sources of ZnO and B respectively.

P2-159

Study of ALD-Zn(O,S) Buffer Layers for CZTS Solar Cells
Jung-Sik Kim and Kee-Jeong Yang (DGIST, Korea)

Cu2ZnSnS4 (CZTS) thin film solar cells is an attractive material because of its large 
absorption coefficient of 104 cm-1 and direct band gap of 1.5eV. The highest 
conversion efficiency of 12.6% has been achieved[1], but compared to CIGS solar 
cell, the conversion efficiency needs to increase double. Some reports[1,2] showed 
that the main reason for poor conversion efficiency of CZTS is the low Voc and 
incongruent band alignment. In order to improve the Voc, the buffer layer is 
necessarily considered in terms of conduction band alignment at the absorber-CdS 
interface.[3] Therefore, in this study, Zn(O,S) buffer layer using Atomic Layer 
Deposition(ALD) method was examined to replace CdS buffer layer using Chemical 
Bath Deposition(CBD). In this work, the CZTS solar cell device structure consisted 
of a soda lime glass (SLG) substrate, a 600-nm-thick Mo layer as a back-contact 
layer, a CZTS absorber layer deposited via sputtering, a 50-nm-thick CdS or two-type 
Zn(O,S) buffer layers, a 50-nm-thick intrinsic ZnO layer deposited via sputtering, 
a 300-nm-thick Al-doped ZnO (AZO) layer as a transparent conducting oxide layer 
deposited via sputtering, and a 500-nm-thick Al collection grid deposited via thermal 
evaporation. The best cell with Zn(O,S) buffer layer had an efficiency of 4.86%.
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P2-160

Submicron CIGS Based Solar Cells with AgGaS2 Interlayer for Building- 
Integrated Photovoltaic Application
Muhammad Saifullah, SeJin Ahn (Univ. of Science and Tech., Korea), Jihye 
Gwak, Seungkyu Ahn, and Jae Ho Yun (KIER, Korea)

Building integrated photovoltaic (BIPV) can help in the efficient utilization of daylight 
in the buildings along with the conversion of sunlight to electricity. The energy 
saving can reach ~50%, which mainly depends on transparency, orientation, 
window to wall ratio, and climate conditions. See through CIGS solar cell has 
advantages of higher power conversion efficiency and long life time as compare 
to dye sensitized solar cells, which experience long-term durability issues due 
to presence of liquid electrolyte in them. In our work, solar cells made from 
CIGS thin film (~300 nm) deposited on ITO by suprize" style="border: none 
!important; display: inline-block !important; text-indent: 0px !important; float: 
none !important; font-weight: bold !important; height: auto !important; margin: 
0px !important; min-height: 0px !important; min-width: 0px !important; padding: 
0px !important; text-transform: uppercase !important; text-decoration: underline 
!important; vertical-align: baseline !important; width: auto !important; background: 
transparent !important;">glass showed conversion efficiency of ~3.8% with 
transparency around 20%. But CIGS solar cells prepared on ITO suffer from inferior 
uniformity in performance. For the sake of improving this uniformity and reducing 
the back surface recombination, which is highly desired in ultra thin film solar 
cells, AgGaS2 (AGS)(Eg ~2.60 eV) layer was introduced between ITO and CIGS 
(Eg ~1.50 eV). Optimization of AGS thickness w.r.t CIGS layer was performed 
and it was found that AGS with thickness of ~20% of CIGS thickness was optimal. 
CIGS based solar cells with AGS interlayer exhibited superior inter-cells uniformity 
in term of performance. Cell with total thickness of 300 nm (CIGS+AGS) exhibited 
5.8 % conversion efficiency with 25% transparency. This implies that AGS interlayer 
can improve the power conversion efficiency in the ultra thin CIGS solar cells. 
When we extended this proposition to slight thick CIGS, efficiency first slightly 
increased due to increase in Jsc by ~4 mA/cm2 but on further increasing the 
thickness, efficiency reduced due to large decrease in fill factor (FF) rather the 
fact that Jsc increased by ~3 mA/cm2. This intimates that higher thickness of 
AGS offer higher resistance to the collection of holes at the back contact. The 
detailed exploration of decrease in the FF is in process.
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Zinc Composition Control of Cu2ZnSnSe4-Based Thin Film Solar Cells by 
Coevaporation Process
Dong-Hwan Jeon and Dae-Kue Hwang (DGIST, Korea)

The influence of zinc composition ratio on the properties of co-evaporated Cu2ZnSnSe4 
absorber layers by rapid thermal annealing process has been investigated. It is necessary 
to control zinc composition ratio in absorber layer that Zn-rich conditions are beneficial 
because they may improve p-type conductivity and prevent the formation of the 
ternary Cu2SnSe3 compound, even though Zn-excess increases the risk of forming 
the n-type Zn(S,Se) binary phase. In this study, CZTSe precursors with a various 
zinc composition ([Zn]/[Sn] = 1.03, 1.06, 1,08, 1.17) were deposited. According to 
the scanning electron microscope observation, CZTSe absorber layer shows differential 
grain size and surface morphology related zinc composition ratio. From the results 
of X-ray diffraction analyses, we determined crystal quality of CZTSe absorber layer 
by full width at half maximum and texture coefficient. The ZnSe secondary phase 
is observed in CZTSe absorber layer with zinc-excess sample by Raman spectroscopy. 
I-V measurement indicates a dependence of different zinc composition ratio in absorber 
layer. In the optimization of appropriate zinc composition, CZTSe solar cell has obtained 
with 6.1% conversion efficiency in 0.42cm2 active area.

P2-162

Aluminum as an Anode for Heterojunction Perovskite Solar Cells Assisted 
by Hole Extraction Layers
Seunghyun Rhee, Hyunho Lee, Jiyun Song, Jaehoon Kim, and Changhee Lee 
(Seoul Nat'l Univ., Korea)

Perovskite solar cells (PSCs) are showing great progress in thin-film solar cell technology. 
High carrier mobility, broad absorption range, and long range exciton diffusion 
length, these characteristics made perovskite (methyl ammonium lead halide) film 
to be an excellent candidate for light-harvester and lead to high photovoltaic 
performance. The inverted device structures have advantages in high electron-hole 
balance. To make this high charge carrier balance, gold is mostly used because 
it is well matched with hole transport materials (HTMs) such as Spiro-MeoTAD, 
P3HT, PTAA, PCDTBT, etc. Although gold has good performance as an anode, using 
gold leads to high fabrication cost.  In this work, we tried various materials which 
can be substituted for gold anode in inverted PSCs. Instead of Au, we stacked 
molybdenum(VI) oxide (MoO3), tungsten(VI) oxide (WO3), dipyrazino[2,3-f:2’,3’–
h]quinoxaline-2,3,6,7,10,11-hexacarbonitrile (HAT-CN) and lithium fluoride as hole 
injection layer (HIL) which helps hole to migrate easily from Spiro-MeoTAD to aluminum 
(anode). Then we analyzed current density-voltage characteristics depending on 
different light intensity of each solar cell. From these analyses, we can have electrical 
and optical characteristics of each device without using gold anode.
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Semi-Transparent Organic Solar Cells Based on Free-Standing Carbon 
Nanotube Top Electrodes Prepared with Damage-Free Processing
Yong Hyun Kim (Pukyong Nat'l Univ., Korea), Alexander A. Zakhidov, Lars 
Müller-Meskamp, and Karl Leo (Technische Universität Dresden, Germany)

Here, we present small-molecule semi-transparent organic photovoltaic cells 
(STOPVs) based on ZnPc : C60 bulk heterojunction with free-standing carbon 
nanotubes (f-CNT) top electrodes prepared by an orthogonal liquid solution assisted 
self-laminating process. The STOPVs show very low leakage currents and high 
fill factors despite the rough f-CNT top electrodes. This indicates that the f-CNT 
lamination process can successfully avoid the damage of underlying organic layers. 
The device stack is systematically optimized with respect to the optical spacer 
effect, supported by optical simulations. The results indicate that STOPVs based 
on f-CNT top electrodes are highly promising for STOPVs with simple, cheap, 
and damage-free processing.

P2-164

Effect of Hole Transport Layer Thickness on Planar Hetero-Junction Perovskite 
Solar Cells
Hyunho Lee, Seunghyun Rhee, Jiyun Song, Jaehoon Kim, and Changhee Lee 
(Seoul Nat'l Univ., Korea)

From 2009, perovskite solar cells made a huge revolution in the emerging 
photovoltaic research field. With very simple device structure, the power conversion 
efficiency was rapidly increased from 3.8 % to 20 %. Even, the perovskite materials, 
‘CH3NH3I’, ‘PbI2’, ‘PbCl2’, ‘PbBr2’, are considered cheap enough to achieve the 
reliable next generation energy source. Planar structured perovskite solar cells 
have strong advantages because of their simple device making process as well 
as flexibility that we can replace materials of electron transport layer (ETL) and 
hole transport layer (HTL) to other materials which are commonly used in organic 
solar cells. For making optimized solar cells, there should be the thickness tuning 
of the buffer layers. In this work, we varied the thickness of the hole transport 
layer (HTL) ‘Spiro-MeoTAD’ for making the optimized perovskite solar cells. We 
changed the thickness by controlling the concentration of the Spiro-MeoTAD 
solution from 45 mg/mL to 150 mg/mL. Also, we investigated the doping effect 
of different amount of lithium bis-trifluoromethanesulfonimide (LiTFSi) on the 
solar cell performance. Based on the systematic analysis of the photovoltaic 
performance and optical characteristics with the different thickness of the HTL, 
we obtained the optimal condition of HTL for the planar hetero-junction perovskite 
solar cells.
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Highly Doped Conductive Polymer Electrode Introduced in Organic Solar 
Cells
Jaehoon Kim, Ashis K. Sarker (Seoul Nat'l Univ., Korea), Boon-Hong Wee 
(Incheon Nat'l Univ., Korea), Hyung-Jun Song, Yeonkyung Lee (Seoul Nat'l 
Univ., Korea), Jong-Dal Hong (Incheon Nat'l Univ., Korea), and Changhee Lee 
(Seoul Nat'l Univ., Korea)

Organic solar cell is a promising device due to its numerous advantages such 
as low-cost, solution processability and flexibility. Transparent conductive electrodes 
(TCEs) are required in optoelectronic devices in order to harvest sunlight as well 
as to make electrical contacts. Currently indium tin oxide (ITO) is the most widely 
used TCE candidate due to its superior conductivity and transmittance. However, 
because of its high-cost and brittleness, other alternative TCEs have attracted 
much attention including graphene, metal nanowires, and highly conductive 
polymers. In this work, a highly doped transparent poly(3,4-ethylenedioxythiophene): 
poly(styrene sulfonate) (PEDOT:PSS) thin film by a post film treatment with hydrogen 
iodide (HI) is used as a TCE for organic solar cell. Through the acid treatment, 
the sheet resistance was reduced to below 100 ohm/sq and conductivity was 
increased to over 11,000 S/cm. For further analysis, we conducted several film 
characterizations including atomic force microscopy, infra-red absorption 
spectroscopy, X-ray photoelectron spectroscopy and energy-dispersive X-ray 
spectroscopy. Therefore, we succeed in fabricating a polymer solar cell using 
HI treated PEDOT:PSS film as a TCE. This device showed a superior current generation 
and charge collection properties over the device based on pristine PEDOT:PSS 
electrode, showing power conversion efficiency of 5.9%, which is attributed to 
its high doping level.
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High Mobility Electron Transporting Layer with Vertical ZnO Nanorod Array 
for the Organic Photovoltaic Devices
Kunsik An, Jaehoon Kim, Jiyun Song, Myeongjin Park, Hyunho Lee, Seunghyun 
Rhee, Jaeyeol Kim, and Changhee Lee (Seoul Nat'l Univ., Korea)

For more than 20 years, solution-processed organic and hybrid organic−inorganic 
photovoltaics have been under extensive research. All the process of stacking 
each layers are carried out using low-temperature solution-based coating so that 
it can be applied at low cost using high throughput roll-to-roll processing on 
the plastic substrate. In order to increase light absorbance of the solar cell, thick 
layer of heterojunction active material is necessary. However, thick active layer 
lower the power conversion efficiency (PCE) by light and photon blocking problems 
despite of high absorbance. One of the complementary measures can be an 
ultra-fast charge transfer layer with metal oxide semiconductor such as SnO2, 
TiO2, and ZnO. It goes on inorganic semiconductor embedded in a conjugated 
polymer structure using nanostructured metal oxide. Here, we report vertically 
grown ZnO nanorod array which can be applied on the electron transporting 
layer of photovoltaics. Diameter of each nanowire is controlled by reaction time 
from the seed layer to 3μm. Through the structure, it enhances electron mobility 
as well as extraction properties over the device, resulting in the improvement 
of short circuit current in organic photovoltaic devices. There is highway effect 
of the generated excitons that the charge carriers are easily evacuated from the 
active layer.
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Formation of Low-Cost CIGSe Absorber by a Novel Selenization Process
Jeong-Yoon Kang, Gedi Sreedevi, and Chan-Wook Jeon (Yeungnam Univ., 
Korea)

Cu(In,Ga)Se2 is the most promising alternative absorber to replace commercialized 
Cd-containing absorbers for high conversion efficiency solar cells. To date, various 
vacuum and non-vacuum processes have been reported for the synthesis of CIGSe 
absorber films. Among them, vacuum methods are known to have higher perfection 
for mass production technology to produce high quality CIGSe film [1-2]. Especially, 
the sputtering process followed by selenization is significant for the production 
of large scale and low cost CIGSe thin film photovoltaic module. However, the 
commercial selenization is carried out using H2Se gas which is highly toxic and 
corrosive. Furthermore, the cost of H2Se gas is more than 30% of total material 
cost to make a CIGS photovoltaic module. To avoid this problem, a lot of research 
had been done utilizing a pure Se for selenization process. But the distribution 
of Se over a large area is extremely hard. Hence in the present work, we developed 
a novel selenization technique applying Nozzle-Free-Shower (NFS) as a Se supply 
source. NFS is the vehicle consisted of porous material to selectively transmit 
Se vapor. So, large area manufacturing process is possible by simple extending 
the areal dimension of NFS. This paper explores the reaction mechanism of NFS 
process for optimizing Cu(In,Ga) selenization to get CIGSe film. Schematic diagram 
of selenization process(step a to step e) by using NFS RTP was represented in 
Fig. 1(a). Cu(In,Ga) thin film was pre-heated below 300 oC for soaking Se into 
the precursor film. Subsequently the high temperature annealing processes over 
500 oC were applied for the grain growth. The whole process was interrupted 
to observe the phase evolution using X-ray diffraction and the corresponding 
profiles are shown in Fig. 1(b). During the preheating stage at a low temperature, 
Se is soaked deep in the precursor and homogenized to give good crystalline 
film with CuSe phase. At the beginning step of selenization (550 oC), CIGS phase 
formation was initiated throughout the film and then continuously grew to larger 
CIGS grains which resulted an improvement in the intensity of (204)/(220) peak. 
During the step d and e, Se reacts with Mo and makes MoSe2, so the XRD 
pattern showed MoSe2 peak at these steps. The present results suggested that 
the NFS can be scaled up to any size with excellent Se uniformity, will be beneficial 
for low-cost CIGSe absorber formation by replacing the high cost H2Se process.
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Improvement of Touch Sensitivity Through the Optimization of the Pattern 
Gap and the Stack-Up on Touch Sensor
Jaewoo Choi, Kanghoon Kim, Daechoon Kim, and Sang Soo Kim (Sungkyunkwan 
Univ., Korea)

In this paper we did the experiment about the delta Cm by changing the pattern 
gap between Tx electrode and Rx electrode and the arrangement about the 
permittivity of the stack-up material between TSP sensor and finger. The delta 
Cm is decreased when the pattern gap is increased from 150um to 300um, 
so the sensitivity is decreased. But when the pattern gap is less than 150um, 
the delta Cm depends on the arrangement about the permittivity of the stack-up 
material on TSP sensor. In case that high permittivity material is located at near 
TSP sensor and low permittivity material is located at near finger, the delta Cm 
is increased, so the sensitivity is increased. Generally the mutual capacitance is 
larger in less 150um pattern gap, so the fringe field formed on TSP sensor is 
decreased. But the fringe field on TSP sensor is increased because high permittivity 
material is located on the TSP sensor. As a result high fringe field is formed 
on TSP sensor and then the fringe field transferred at finger is increased and 
the sensitivity is improved.
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