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PROGRAM HIGHLIGHTS

The 24th International Display Workshops will be held as IDW ’17 for
encouraging aggressive research and development of display
technologies throughout the world and especially in the Asian region.
IDW ’17 focuses on the following 5 special topics and 2 topical sessions,
which are extremely timely, as well as 13 active workshops.

Special Topics of Interest on

e Oxide-Semiconductor TFT

* Lighting and Quantum Dot Technologies

* AR/VR and Hyper Reality

* Automotive Displays

¢ Wide Color Gamut and Color Reproduction

Topical Sessions on
* User Experience and Cognitive Engineering
* Haptics Technologies

Workshops on

LC Science and Technologies

Active Matrix Displays

FPD Manufacturing, Materials and Components
Inorganic Emissive Display and Phosphors

OLED Displays and Related Technologies
3D/Hyper-Realistic Displays and Systems

Applied Vision and Human Factors

Projection and Large-Area Displays and Their Components
Electronic Paper

MEMS and Emerging Technologies for Future Displays
and Devices

* Display Electronic Systems

* Flexible Electronics

* Touch Panels and Input Technologies

The three-day conference will feature 462 papers, including 3 keynote
addresses, 125 invited presentations, 139 oral presentations, and 195
poster presentations. Following the plenary session of keynote addresses
on the Wednesday morning, presentations will begin and continue in 8
parallel oral sessions through Friday. Poster sessions, author interviews
and demonstrations will enable participants to discuss topics in detail.
Exhibits by universities and display industry-related businesses will also
be featured from Wednesday to Friday in parallel with workshops. IDW
’17 should be of interest to not only researchers and engineers, but also
managers of companies and institutions in the display community.

Special Topics of Interest on Oxide-Semiconductor TFT (OXT)
Oxide semiconductor TFTs have already occupied an important position
in the industry field of flat panel displays. Constituent materials,
fabrication processes, characteristic enhancement technology, life-time
prolonging techniques, etc. became matured technologies. On the other
hand, there is a great room to improve the characteristics. All the authors
will present novel oxide semiconductor materials, new device structures,
solution processes, post-deposition processes, etc. Moreover, they will
also propose emerging applications beyond the conventional ones.
Don't miss them!!

Special Topics of Interest on Lighting and Quantum Dot
Technologies (LIT)

The Lighting and Quantum Dot Technologies (LIT) of Special Topic of
Interest (STI) will cover all aspects of science and technologies of
lighting including LED lighting, OLED lighting, flexible lighting,
manufacturing of lighting, lighting materials, device structures for lighting



and internal or external efficiency enhancement technologies. A highlight
for IDW 17 will be the development of the phosphor plate functionalized
by the YAG/sapphire micro-grain structure for high brightness light
sources, and the recent progress of QLED technologies (PH-WS),
applications of quantum dot materials, high brightness nano/micro LED,
energy-saving displays and lighting devices (MEET-WS), OLED lighting
technologies with stacked white OLED and advanced LED technologies
including quantum dots (OLED-WS) and Roll-to Roll fabrication processes
of transparent electrodes(FLX).

Special Topics of Interest on AR/VR and Hyper Reality (AR&VR)
Augmented reality (AR) and virtual reality (VR) applications employing high-
performance display devices such as sensors, cameras with tracking
capabilities, and computer graphics technologies have shown significant
progress in the past few years.

This year we have organized 7 oral sessions (26 papers) and 4 poster
sessions (17 papers). In regard to the FMC-WS, we have organized a
session on display optics. As a consequence of huge impact of the wearable
devices on the market, a session has been organized by the PRJ-WS on
hardware and application, and system issues while a joint session on HMD
based AR applications has been organized by the LCT-WS and DES-WS.
Meanwhile, the DES-WS has organized a session on various types of AR
system. A session by the 3D-WS has been organized on AR 3D displays. A
session on the interactive AR systems has been organized by the INP-WS.
In the meantime the VHF-WS has organized a session on the latest
research in NIST, ergonomic evaluations and applications.

The IDW ’17 is a venue to access the versatile state-of-the-art on AR and
VR.

Special Topics of Interest on Automotive Displays (AUTO)

One of applications of display systems is the one for transportation
systems including automobiles. From 2016, Automotive Displays (AUTO)
was initiated as the new Special Topic of Interest (STI) where a lot of
presentations concerning automobile displays were given. In 2017, WSs
such as VHF, DES, INP, UXC, HAP and PRJ will organize the AUTO. In
this session, you can hear new technological presentations, for
examples, the Head-Up Display (HUD) that can give a stable display
regardless of the ambient light changes, and the gesture touch display
without direct touching on the surface of the display. Furthermore, flight
deck display development will be reviewed. This AUTO will surely interest
audiences such as users of automobiles as well as their designers.

Special Topics of Interest on Wide Color Gamut and Color
Reproduction (WCG)

Thanks to rods and three color cones in our retinas, we can enjoy high
dynamic range and wide color gamut (WCG). To realize true colorful life,
we need to understand our rods, cones, and nerve systems, and then to
develop suitable materials, components, displays and systems with
color gamut expansion technologies and color reproduction technologies
based on color / color vision research and WCG-related standardization.
At the first year as Special Topics of Interest (STI), papers related to
color vision, color conversion materials, and color enhancement system
are gathered into WCG STI. One oral session and one poster session in
VHF-WS await audiences who are not only color enthusiasts but also
those who wish to listen quietly. Especially, in the VHF's special session,
novel color systems including CIE LMS and CIM XYZ will be introduced
as a base of color vision. With novel achievements in color vision and
color conversion, you will find yourself addicted to WCG STI.

"Faith your color Till You Make your color"
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Topical Session on User Experience and Cognitive Engineering
(Uxc)

The first day has 2 joint sessions with VHF (VHF1/UXC1, UXC2/VHF2).
The presentations include education and reading. The second day has 2
joint sessions with INP (UXC3/INP3, INP4/UXCS5). The presentations
include touch, haptic feedback, and pen input. UXC4 includes the
analyzation of eye movement. The third day has a joint session with EP
(UXC5/EPS5). The presentations include the environmental impact of an
e-book and studies to compare reading on paper and reading on e-book
devices.

Topical Session on Haptics Technologies (HAP)

Haptic technologies have been attracting attention in various fields as a
next-generation technology to provide new user experiences. As a forum
for discussing the integration of display technologies and haptic
technologies, we have planned the first technical sessions on haptics at
IDW. The invited talks given by the leading Japanese researchers will
cover the wide range of haptic technologies that include human haptic
perception and measurement, presentation, and modulation of haptic
information. In the demonstration session, participants can actually
"experience" the technologies related to the talks.

Workshop on LC Science and Technologies (LCT)

The LCT workshop covers topics from fundamental studies to recent
developments in LCD technologies and LC materials. Of special note
this year are the eight invited presentations related to novel materials
such as liquid crystalline organic-semiconductors, highly polar LC
materials, photo-alignment materials, polyimide-less LCDs, high contrast
IPS-LCDs, highly transparent LCDs and AR/VR related technology.
Moreover, several emerging applications which lead to Flexible LCDs,
LC lenses and wearable LCDs polarized light-emitting film and LCDs for
smart windows are presented.

Workshop on Active Matrix Displays (AMD)

The AMD workshop covers oxide TFTs, Si-TFTs, organic/carbon TFTs,
OLEDs, sensors, memories, and the other devices. Recent paper
presentations continue to focus on oxide TFT, which is highly expected
to play a role in applications for higher resolution LC and OLED displays.
We highlight the oxide TFT as a special topic of interest (OXT-STI) with
four dedicated sessions covering a wide area from materials, physics,
devices, and processes to applications. Furthermore, we have prepared
two sessions for organic/carbon devices and for next generation displays.
We look forward to your participation!

zNoréihop on FPD Manufacturing, Materials and Components
FM

The FMC workshop (WS) covers recent developments and achievements
in the field of flat panel display technologies, including display optics,
materials, components, display panel manufacturing and measurements
technologies. The oral sessions are made up of 22 papers of which 8 are
invited papers, and the poster session contains 14 papers. In the FMC
sessions, the papers related to high transmissive glass, chemically
strengthened cover glass are highlighted. In addition, flexible electrodes
for electronics and wide color gamut color filters with optical polarizer
films are also highlighted. Papers on equipment for roll-to-roll
manufacturing such as exposure equipment, imprinting and film, and
transparent polyimide and film will be presented in electrode materials
and photoresist technologies session. Presentations on manufacturing
of L LED and LTPS and related technologies will be held in manufacturing
and measurement technologies session. Recent trends in the fields of
augmented reality and virtual reality will be presented at display optics
for AR/VR session.
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Workshop on Inorganic Emissive Display and Phosphors (PH)
This workshop presents the latest achievements in devices and
phosphors for emissive displays, lighting, and imaging. Invited talks will
include emerging technologies such as laser-phosphor light source, and
up-conversion nanophosphors for multimodal imaging and display
application.

Workshop on OLED Displays and Related Technologies (OLED)
The OLED workshop covers all aspects of the science and technologies
of OLED, QLED and other organic devices, ranging from material
science, basic device physics for OLED device and display technologies,
and other applications. The oral and poster sessions will cover OLED
display and device technologies including OLED/QLED lighting
technologies (LIT), and advanced technologies relating OLED and
materials. Recent progress such as micro-OLED display, thermally
activated delayed fluorescent (TADF) materials and advanced lighting,
and evaluation methods etc. will be reported on at IDW '17.

Workshop on 3D/Hyper-Realistic Displays and Systems (3D)
3D/hyper-realistic displays and systems workshop consists of many
papers on 3D systems and devices for holography, autostereoscopic
display, integral photography, and emerging applications for AR. We
have some invited talks related to an ultra-fine LCD that features 1 pm
pitch pixels, a novel AR display based on multiple viewpoint images, and
emerging displays for VR etc. 3D poster sessions include demonstrations,
which will give you brand-new experiences with 3D images.

Workshop on Applied Vision and Human Factors (VHF)

The VHF workshop covers all ergonomic factors on human interfaces,
such as visual aspects, environmental related aspects, and
measurements. We have eight oral sessions and four poster sessions,
including special topic sessions on Color vision, Automotive applications,
and Virtual reality, in addition to HDR and Motion image quality and
sickness, Display measurements, and so on. We also have a joint
session on User Experience and Cognitive Engineering. Seven invited
talks will be given in the oral sessions, concerning Colorimetry,
Automotive ergonomics, Visually induced motion sickness, AR/VR
measurements, Cognitive aspects, and 8K, 120 Hz motion image quality.

Workshop on Projection and Large-Area Displays and Their
Components (PRJ)

The PRJ workshop covers the latest wearable applications, vehicle
display technologies, head lights, solid-state light sources, holograms,
short throw optics etc., projection mapping, Augmented Reality / Virtual
Reality, 3D measurement, standardization of wearable/new light sources
and all the projection related technologies. This year’s papers discuss
state of the art topics focusing on vehicle displays, display standardization,
cinema & projection mapping, wearable related technologies and
holograms. We have ready for you 27 presentations including 8 invited
talks. There will be 20 oral and 7 poster sessions.

Workshop on Electronic Paper (EP)

The EP workshop covers all technical fields related to electronic paper,
including research presentations on material technologies, display
technologies, application systems, usability, and the loT. Interesting
themes in presentations related to coloring technologies of e-paper
including those on solid-state Reflective Display, Color Changing EPD,
and Plasmonic Reflective Displays are scheduled. A joint session with
UXC5 (User Experience and Cognitive Science) will also be held.

Workshop on MEMS and Emerging Technologies for Future
Displays and Devices (MEET)

The MEET workshop is unique in covering all aspects of MEMS,
nanotechnologies and emerging technologies concerning future
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displays, imaging devices, and emerging electron devices. It seeks to
broaden the horizon of display and imaging technologies into cutting-
edge technologies. Research areas such as materials, basic physics
and fabrication processes are included. Among all the MEMS and
display conferences in the world, this is the only opportunity for MEMS
and cutting-edge technology researchers to gather and discuss such
devices. Authorities from top research institutions around the world in
this field have been invited. Invited speakers are from the University of
Cambridge, CEA-LETI, Brunel University, Wolfson Center for Materials
Processing, Kyung Hee University, University of Central Florida,
Southern University of Science and Technology, Beijing Institute of
Technology, Nanosys, QD Laser, Merck, and Tohoku University. Together
with contributed papers with high-quality content, this workshop is aimed
at participants who wish to open up new fields in displays, imaging
devices and emerging devices.

Workshop on Display Electronic Systems (DES)

The DES workshop covers all aspects of display electronic systems in
relation to video data processing, interface technologies, and cooperative
operations between display components such as cells and backlights
and sensors. This year, we will have 18 papers including 8 invited talks
and 5 poster presentations. We will organize five sessions including
three normal and two joint sessions. The normal sessions' themes are
various visualization technologies, novel displays for transportation, and
various Augmented Reality systems. The joint sessions are two sessions,
one is co-organized with 3D-WS focusing on 3D in AR/VR and Hyper
Reality and the other with LCT-WS is on Head Mounted Display
applications. The related STls are AR/VR and Hyper Reality, AUTO, and
HMD.

Workshop on Flexible Electronics (FLX)

The FLX workshop focuses on advanced technologies for flexible
electronics including displays, wearable sensors, and loT technologies,
which are composed of a wide range of fields from material science to
practical applications. The sessions cover all aspects of the hottest
flexible devices and material technologies including new TFT fabrication
technologies, flexible sensors, stretchable displays and innovative Roll-
to-Roll machines and processes.

Workshop on Touch Panels and Input Technologies (INP)

Interface technologies such as touch panels and interactive technologies
which already extend to PC screens are the stars of the session. This
year, we have many important papers related to these technologies. AR/
Interactive systems such as haptics and AR are special topics of INP.
This year, new topics will be presented: Finger print detection and new
essential technologies on AR/VR are topics to be focused. INP papers
will open a new window in displays and interactive technologies, not only
for devices but also for systems, making them essential viewing.

IDW Best Paper Award and IDW Outstanding Poster Paper Award
IDW will present “IDW Best Paper Award” and “IDW Outstanding Poster
Paper Award”. The award committee of IDW will select the most
outstanding papers from those presented at IDW ’17. The award
winners will be announced on the IDW website and given a plaque after
the conference.

I-DEMO (Innovative Demonstration Session)

I-DEMO will be held on December 7 at Exhibition Hall (Exhibition Bldg.).
IDW provides the opportunity for an interdisciplinary technical
demonstration/discussion in a larger space, more preparation and
demonstration time than in the “Author Interviews”. Demonstration Award
will be awarded to the demonstration that has the biggest impact on the
audience. See page 227 for details.
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Exhibition

The IDW ’17 Exhibition, which will be held from December 6 through
December 8, covers materials, components, manufacturing and
measuring equipment, software systems and other related products
for display devices. Please join in and enjoy discussions at exhibitors’

booths (Exhibition Hall, Exhibition Building).

December 6 (Wed.) 12:40 — 18:00
December 7 (Thu.) 10:00 — 18:00
December 8 (Fri.) 10:00 — 14:00

SID Display Week 2018
May 20 — 25, 2018
Los Angeles Convention Center
Los Angeles, California, USA
http://www.displayweek.org/

IMID 2018
Aug. 28 — 31, 2018
BEXCO
Busan, Korea
http://www.imid.or.kr/

IDW °18
The 25th International Display Workshops
Dec. 12 - 14,2018

Nagoya Congress Center
Nagoya, Japan

http://www.idw.or.jp/
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GENERAL INFORMATION

SPONSORSHIP
IDW ’17 is sponsored by the Institute of Image Information and Television
Engineers (ITE) and the Society for Information Display (SID).

CONFERENCE SITE

Sendai International Center

Aobayama, Aoba-ku, Sendai,

Miyagi 980-0856, Japan

http://www.aobayama.jp/english/

ON-SITE SECRETARIAT

Telephone and fax machines for IDW *17 will be temporarily set up in
the secretariat room (Meeting Room 5) at Sendai International
Center (December 5-8). Phone/FAX : +81-22-266-1761

RECEPTION

A buffet style reception will be held on December 6 from 18:30 - 20:30
at the Zuiun (2F) in Sendai Shozankan, 2-1-50, Uesugi, Aobaku,
Sendai. As the number of tickets is limited, you are urged to make an
advance reservation through the registration website.

EVENING GET-TOGETHER WITH WINE

A get-together will be held on December 5 from 18:00 to 20:00 at Café
Leaf (1F) in Sendai International Center. Wine (sponsored by Merck
Performance Materials Ltd.) will be served to participants in a relaxed
atmosphere for networking.

REGISTRATION

Registration is available in advance and also on-site. However,
advance registration is strongly recommended to speed up the arrival
procedure at the conference site.

Registration Fees

The registration fee for IDW 17 includes admission to the conference
and a USB flash drive of the proceedings. Detailed information will be
announced on the website.

Until Oct. 27  On and After Oct. 28

Individual Member ¥40,000 ¥ 50,000
(ITE/SID/ASO*)

Non-Member** ¥50,000 ¥ 60,000
Student*** ¥ 13,000 ¥ 15,000
Life Member of ITE/SID ¥ 13,000 ¥ 15,000
Reception ¥ 8,000 ¥ 10,000

*ASO: Academic Supporting Organizations

(See p.16 as well as “Supporting Organizations and Sponsors” at the

end of each workshop section.)

**Non-Member: If you intend to join either ITE or SID, the one year
membership fee will be subsidized by IDW 17 committee.

***Photocopy of student ID is required.

Please note that the payment of reduced registration fee is accepted
until October 27. The full fee will be charged for payments made on and
after October 28. Also note that the number of reception tickets to
register on site is limited.

Additional proceedings (USB flash drive)
At the conference site ¥ 8,000
Airmail after the conference ¥12,000
Domestic mail after the conference ¥10,000
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Payment
Two ways are provided for registration.

(1) Advance Registration
Access the following URL.
http://www.idw.or.jp/regist.html
Advance registration will be accepted until November 24, 2017.
(2) On-site Registration
Conference registration desk will open:
December 5 (Tue.) 17:00 — 20:00
December 6 (Wed.) 8:00 — 18:00
December 7 (Thu.) 8:00 — 18:00
December 8 (Fri.) 8:00 — 13:00
On-site registration fee will be payable by:
1. Cash (JAPANESE YEN only)
2. Credit Card (visa, MasterCard, JCB, AMEX or China Union Pay)
Bank transfer, bank checks, or personal/traveler's checks are not
accepted.

Cancellation Policy

Until October 27, cancellation is accepted by writing to IDW 17 Secretari-
at to obtain refunds for registration and reception. All bank services
charges will be deducted from the refunds. Please note that refunds will
not be made under the following conditions:

» Cancellations received on and after October 28

* No-shows

¢ Cancellations by presenters

» Cancellations by visa invitation letter applicants who have already
received a visa invitation letter.

However, after IDW "17 closes, a USB flash drive of the proceedings will
be sent to the registrants who have paid the registration fees. If it
becomes difficult to hold IDW °17 due to the outbreak of infectious
diseases and other unavoidable factors, we will substitute the IDW with
the mail delivery of the IDW ’17 proceedings at a later date to all those
who have registered and completed payment.

IDW Best Paper Award

IDW Outstanding
Poster Paper Award

These awards will go to the most outstanding papers
selected from those presented at IDW *17.
The 2017 award winners will be announced on the
IDW website: http://www.idw.or.jp/award.html
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INQUIRIES

IDW ’17 Secretariat

c/o Bilingual Group Ltd.

3-3-6 Kudan Minami, Chiyoda-ku, Tokyo 102-0074, Japan
Phone:+81-3-3263-1345 Fax: +81-3-3263-1264

E-mail: idw@idw.or.jp

Academic Supporting Organizations (ASO)

e The Chemical Society of Japan
The Electrochemical Society of Japan
The llluminating Engineering Institute of Japan
The Imaging Society of Japan
Information Processing Society of Japan
The Institute of Electrical Engineers of Japan
The Institute of Electronics, Information and Communication
Engineers
The Institute of Image Electronics Engineers of Japan
International Electrotechnical Commission
The Japan Ergonomics Society
The Japan Society of Applied Physics
The Japanese Liquid Crystal Society
The Japanese Society for Artificial Intelligence
The Optical Society of Japan
The Society of Automotive Engineers of Japan
The Society of Instrument and Control Engineers
The Society of Polymer Science, Japan
The Virtual Reality Society of Japan
Vision Society of Japan

FUNDS
e Sendai Tourism, Convention and International Association
¢ JSPS KAKENHI Grant Number 17HP0303

For final updated information, please visit our website,
http://www.idw.or.jp/
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TRAVEL INFORMATION

ACCOMMODATIONS
JTB Touhoku will handle arrangements for your hotel reservations.

Hotel reservations can be made at the IDW official website.
http://www.idw.or.jp/accommodation.html

JTB Touhoku
E-mail: tohoku-ec2@jbn.jtb.jp

There will be an on-site travel information desk during the conference
period to handle arrangements for transportations.

VISAS

Visitors from countries whose citizens must have visas should apply to
Japanese consular office or diplomatic mission in their respective
country. For further details, please contact your travel agency or the
local consular office in your country.

Attention: For some countries’ citizens, official documents prepared by
the secretariat will be needed. Please ask the secretariat at least two
months before the conference.

CLIMATE
The average temperature in Sendai during the period is around 9°C in
the daytime and 1°C at night.

JAPAN RAIL PASS AND JR EAST PASS

Japan Railway (JR) provides the following economical passes. They
should be purchased before you leave your country. Please contact your
travel agency. Visit following sites for the details.

(1) The JAPAN RAIL PASS is the most economical way to travel
throughout Japan by rail and JR buses.

(2) The JR EAST PASS is an economical and flexible rail pass to travel
around Eastern Japan.

Japan Rail Pass: http://www.japanrailpass.net/eng/en/index.html

JR East Pass: http://www.jreast.co.jp/e/eastpass/
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SENDAI

The city of Sendai is located in the northern part of Honshu Island,
and is the largest city in the Tohoku region, with a population of
more than one million. At the beginning of the 17th Century, the
feudal lord Date Masamune built Sendai Castle and reigned over
this district. There are many trees in the city, which is why it is
called the “City of Trees”. Sendai is also famous for delicious food
such as sushi, grilled beef tongue, and Sendai Dagashi (tradition-
al sweets from Sendai). From Sendai Airport, JR Sendai Station is
18-25 minutes by the Sendai Airport Access Line. The Sendai
International Center is located about 2 km from JR Sendai Station
and only 200 m (a minute’s walk away) from the International
Center Station (5 minutes by subway from JR Sendai Station).

PLACES OF INTEREST

Sendai Castle Ruins

Sendai Castle (about 20 minutes by taxi from Sendai Station) was
built over 400 years ago. You can enjoy a view of the whole city
from this site and gain a sense of its heritage although the castle
and its building are no longer standing.

Sendai City Museum

This museum (8 minutes from the International Center station on
foot) explains the history of the Sendai region and its arts, includ-
ing "Information about the Delegation to Europe in the Keicho
era," which is designated as a national treasure.

Jozenji-dori Avenue

The Avenue of Zelkova Trees (near Sendai Station) is a symbol of
Sendai. In winter, an event called the “Sendai Pageant of
Starlight,” with about 600,000 fairy lamps lighting up the avenue,
is held.

Osaki Hachimangu Shrine

Osaki Hachimangu Shrine (about 20 minutes by bus from Sendai
Station) was built by Lord Date Masamune and is the oldest
structure ever built in the “Toshogu style”. The shrine pavilion is a
designated national treasure and the oil press device in front of
the shrine pavilion has also been designated as an important
cultural property.

Akiu & Sakunami area

Akiu & Sakunami, about a 30-minute drive away from downtown
Sendai, is famous for hot spring resorts with over 1,000 years of
history. The beautiful nature settling of this area makes for a very
soothing experience.

Matsushima

Matsushima bay, with some 230 islands, has been ranked one of
Japan's three most scenic views for centuries.

In 2013, Matsushima joined the Most Beautiful Bays in the World
Club.

More information is available at the following websites:
http://sendai-travel.jp/
http://www.pref.miyagi.jp/site/kankou-en/en-sightseeing1.html
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Access to Conference Site

Taipei, Taiwan
Incheon, Korea
Shanghai, China
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IDW °17 Tutorial
in Japanese

Organized by SID Japan Chapter
Tuesday, Dec. 5, 2017
13:00 — 18:00
Shirakashi Conference Room
(3F, Conference Bldg.)

Sendai International Center
Detailed information will be announced at
http://www.sid-japan.org/

I-DEMO
(Innovative Demonstration Session)

Live demonstrations
of emerging information display technologies
by oral and poster presenters
Thursday, Dec. 7, 2017
15:00 — 18:00
Exhibition Hall
(Exhibition Bldg.)
Sendai International Center
See page 227 for details
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Wednesday December 6

Plenary Sessions

Wednesday, December 6

9:30 - 9:50 Main Hall
Opening

Master of Ceremony: Y. Kijima, Executive Chair, IDW *17

Opening Remarks

9:30
M. Omodani, General Chair, IDW °17
Y. -S. Kim, President, SID
K. Mitani, Vice President, ITE
H. Fujikake, Program Chair, IDW ’17

9:50 - 11:50 Main Hall
Keynote Addresses
Chair: H. Fujikake, Program Chair, IDW *17

Co-Chair: M. Omodani, General Chair, IDW ’17

Keynote Address -1 Next Generation Technologies for Mobile
9:50 Use Display
A. Takimoto

Japan Display, Japan

The evolution of the display for mobile devices has been ongoing. In
this paper, | will introduce the recent and next-generation display tech-
nologies, such as the evolving LTPS technology, and their implementa-
tion in flexible devices.

Keynote Address -2 China AMOLED Status and Opportunity
10:30
V. Tseng

Tianma Micro-elect., China

Recently several smartphone makers adopt flexible AMOLED display in
flagship model. However, the supply of flexible AMOLED display is limit-
ed because that only one supplier can ship product to the market.
China display makers try to catch this opportunity and announce sever-
al investment plans in flexible AMOLED factories. Here the developing
status of flexible AMOLED display in China and the challenge of China
AMOLED makers are updated in this presentation.
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Wednesday December 6

Keynote Address -3 Augmented Reality in Medicine
11:10 — Design and Applications —

T Nakaguchi
Chiba Univ., Japan

Augmented reality technology in medicine is being recognized as a
powerful means. By integrating various data with actual patients, it is
expected that physician's sensory ability will be expanded and medical
safety and accuracy will be improved. This presentation describes de-
sign and application examples of medical augmented reality
technology.

Evening Get-Together
with Wine

Tuesday, Dec. 5, 2017
18:00 — 20:00
Café Leaf
(1F, Conference Bldg.)
Sendai International Center
(Sponsored by Merck Performance Materials Ltd.)

Reception

Wednesday evening
Dec. 6, 2017
18:30 — 20:30

Zuiun (2F)
Sendai Shozankan
See page 15 for details
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Wednesday December 6

Special Topics of Interest on

Oxide-Semiconductor TFT

Wednesday, December 6

13:10 - 14:15 Tachibana Conference Hall
AMD1: Oxide TFT: Advanced Devices

Chair: H. Kumomi, Tokyo Tech, Japan
Co-Chair: K. Hayashi, Kobe Steel, Japan

AMD1 - 1: Invited Controllable Quantum Interference
13:10 in Amorphous InGaZnO: Thin-Film Transistors
W.-H. Wang, S.-R. Lyu, E. Heredia, S.-H. Liu, P-H. Jiang,
P-Y. Liao", T-C. Chang", H.-M. Chen™
Nat. Taiwan Normal Univ., Taiwan
“Nat. Sun Yat-Sen Univ., Taiwan
“Nat. Chiao Tung Univ., Taiwan

141 SPIXO,

We report on the low-temperature magnetoconductivity of amorphous
InGazZnO, (a-IGZO) thin-film transistors (TFTs). The magnetoconductiv-
ity exhibits coexistence of weak localization (WL) and weak antilocal-
ization (WAL), and their competitions can be controlled by the gate volt-
age. Our findings demonstrate gate-controlled quantum interference in
the electron systems in a-IGZO TFTs.

AMD1 -2 Twin-Channel Oxide TFT with High Current Drive
13:35 and Its Circuit Application

M. Nakata, M. Ochi’, H. Tsuji, T. Takei, M. Miyakawa,

T. Yamamoto, H. Goto", T. Kugimiya', Y. Fujisaki

NHK, Japan
Kobe Steel, Japan

A twin-channel oxide TFT having two short effective channel regions
has been developed by formation of a low-resistance region in the
semiconductor. This twin-channel TFT enables high current drive due
to the reduction of effective channel length, and can save space by op-
erating two channels separately on the same device.
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Wed./Thu. December 6/7

AMD1 -3 Simulation Study of Novel Thin-Film Devices Using
13:55 Depletion State of Amorphous Oxide Semiconductor

K.Abe, M. Fujinaga, T. Kuwagaki
Silvaco Japan, Japan

Novel devices using amorphous oxide semiconductor (AOS) were stud-
ied through device simulation. This study confirmed that the device with
a conventional first-gate and an AOS second-gate shows NAND-like
function. It suggested a feature that holes and ionized traps in the de-
pleted second-gate AOS are insufficient to compensate the negative
first-gate.

Author Interviews

16:20 — 17:00
Thursday, December 7
9:00 - 10:00 Tachibana Conference Hall
AMD2: Oxide TFT: Stability
Chair: P.-H. Jiang, Nat. Taiwan Normal Univ., Taiwan

Co-Chair: H. Kumomi, Tokyo Tech, Japan

AMD2 - 1: Invited Hydrogen-Induced Trap States
9:00 in Amorphous In-Ga-Zn-0O Thin-Film Transistors
Studied by Photoinduced Transient Spectroscopy

K. Hayashi, M. Ochi, A. Hino, H. Goto, T. Kugimiya
Kobe Steel, Japan

We have studied evolution of hydrogen-induced trap states in amor-
phous In-Ga-Zn-0O thin-film transistors by means of photoinduced tran-
sient spectroscopy. The etch-stop layer formation conditions were suc-
cessfully correlated with the threshold voltage shift originating from
positive bias thermal and negative bias thermal illumination stresses.

AMD2 - 2 AIO Sputtered Self-Aligned Source/Drain Formation
9:25 Technology for Highly Reliable Oxide Thin Film
Transistor Backplane

H. Hayashi, A. Murai, M. Miura, Y. Terai, Y. Oshima,
T Saitoh, Y. Hiromasu, T. Arai
JOLED, Japan

We propose a novel self-aligned source/drain formation process by AlIO
sputtering for oxide TFT backplane. The method has the advantages in
terms of barrier performance, large substrate production, and produc-
tivity. The AlO passivation provides a uniform and reliable oxide back-
plane suitable for OLED displays.
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Thursday December 7

AMD2 - 3L  Slot-Die Coating of Soluble Metal Oxide
9:45 Semiconductor Towards High-Performance,
High-Resolution Self-Aligned TFT Backplanes

I. Katsouras”, M. Marinkovic™, J. Maas”, D.-V. Pham”,

* kkk

R.Anselmann”, G. Gelinck™

“Holst Ctr., The Netherlands
“Evonik Resource Efficiency, Germany
“"Eindhoven Univ. of Tech., The Netherlands

We report slot-die coating of the indium oxide-based iXsenic S precur-
sor solution, and its first robust integration into high-performing thin-film
transistors with a self-aligned architecture. We demonstrate excellent
performance and uniformity of the resulting TFTs. Our results are a key

ingredient towards roll-to-roll printed, high-resolution TFT arrays. 9
§
----- Break ----- —
= |
-
10:40 - 12:05 Tachibana Conference Hall
AMD3: Oxide TFT: Fabrication
Chair: H. J. Shin, LG Display, Korea

Co-Chair: H. Hamada, Kinki Univ., Japan

AMD3 - 1: Invited Oxide TFT Fabrication Techniques
10:40 for Advanced Flexible Display Backplanes

J.W. Na, H. J. Kim, B. H. Kang, H. J. Kim
Yonsei Univ., Korea

We propose low-temperature fabricated amorphous oxide semiconduc-
tor thin film transistors (AOS TFTs) by simultaneous ultraviolet and
thermal (SUT), electrically assisted thermal (EAT), and high pressure
annealing (HPA) treatments. In addition, we investigated a new materi-
al, nitrocellulose, as a low-temperature processable passivation layer of
oxide TFTs.

AMD3 - 2 Direct Photoreactive Patterning Method for
11:05 Fabricating Aqueous Solution-Processed IGZO TFTs
M. Miyakawa, M. Nakata, H. Tsuji, Y. Fujisaki
NHK, Japan

A simple, direct photoreactive patterning method for fabricating aque-
ous solution-processed IGZO TFTs without any photoreactive additives
is proposed. Uniform patterned IGZO films are obtained using a photo-
reactive chemical process based on a free radical reaction in conjunc-
tion with a soft etching process.
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Thursday December 7

AMD3 -3 Study on the Dry Etching Characteristics
11:25 of Back Channel Etch Type IGZO TFTs

Z.R.Li, Q. Zhang, M. Lu, Y. Deng, J. Yao, S. Qin
Shenzhen China Star Optoelect. Tech., China

In this paper, we report that the selectivity ratio of Mo and a-1GZO film
could be up to 300 when adopting Cl./O, as ICP dry etching process
gas. Then we chose Mo as S/D electrodes and fabricated BCE struc-
ture a-IGZO TFTs exhibited excellent performance under this dry
condition.

AMD3 - 4 Enhanced Scalability and Reliability

11:45 of Indium-Gallium-Zinc Oxide Thin-Film Transistor
Using a Combination of Plasma Fluorination and
Thermal Oxidization

L.Lu", J. Li, Z Xia, Z. Feng, S. Wang, S. Bebiche,
H. S. Kwok’, M. Wong

Hong Kong Univ. of S&T, Hong Kong
"HKUST Jockey Club Inst. for Advanced Study,
Hong Kong

Attributed to the effective passivation of defects in InGaZnO, both the
scalability and reliability of an InGaZnO thin-film transistor are signifi-
cantly enhanced by combining plasma fluorination with thermal
oxidization.

13:10 - 14:45 Tachibana Conference Hall
AMDA4: Oxide TFT: Application

Chair: H. J. Kim, Yonsei Univ., Korea
Co-Chair: K. Omoto, Apple, Japan

AMD4 - 1: Invited Novel High-Image-Quality Technologies
13:10 for Premium OLED TVs
H.-J. Shin, S. Takasugi, J.-M. Kim, C.-H. Oh
LG Display, Korea

We present an OLED display with the “Real Black” image quality and
high color uniformity for premium large sized TVs. Self-aligned coplanar
TFT is employed as panel backplane. Using novel high-image-quality
technologies, we can enhance image quality of the OLED display.
These works should play an important role in commercializing Premium
OLED TVs.

AMD4 - 2 Withdrawn
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Thursday December 7

AMD4 - 5L Fully Printed Oxide TFTs for Display Backplane
13:35 and Logic Circuits

L.Lan,Y.Li,J. Peng
South China Univ. of Tech., China

With the assistance of surface-energy patterns, the surface morphology
of printed oxide films can be well regulated. The several issues in print-
ing, including coffee-ring effect, ink spreading and the interaction of ad-
jacent isolated ink islands were addressed properly. The demonstrated
fully printed metal-oxide thin-film transistors exhibited good electrical
performance and uniformity.

AMDA4 - 3: Invited Novel Driving Circuit for High Resolution
14:00 IGZO TFT Display

K. Yamamoto, K. Tanaka, K. Okada, K. Yamamoto,
S. Uchida, H. Katoh, A. Oda, T. Karahashi, T. Matsuo

Sharp, Japan

We have developed an ultra-high-definition liquid crystal display (2.87-
in. 1008 ppi, 2K2K, 120 Hz) for HMD. The high definition and narrow
bezel were realized by adopting a de-multiplexer circuit based on
IGZO-TFT. We devised a novel de-multiplexer circuit of IGZO-TFT con-
figuration, and realized high driving performance.

AMD4 - 4 Design of Highly Reliable Depletion-Mode a-IGZO
14:25 TFT Gate Driving Circuit for 85-in. 8K4K 120 Hz
TFT-LCD

L.-Q. Shi, S.-J. Chen, Y.-F. Chou, M. Zeng, T.-H. Wang,
P-J. Chiang, L.-M. Zeng, R.-L. Chen, C.-W. Liao, X.-W. Ly,
W.-Y. Li, C.-Y. Chiu, C.-Y. Lee

Shenzhen China Star Optoelect. Tech., China

In this paper, high reliable a-IGZO TFT gate driving circuit was de-
signed. The Vth integral shift margin of this proposed GOA design is
from -10 V to +9 V, and the circuit exhibits good falling time 1.34 ps by
using simulation. Finally, an 85-in. 8K4K 120 Hz TFT-LCD was success-
fully demonstrated.

Author Interviews
14:45 - 15:20
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Thursday December 7

15:00 - 18:00 Exhibition Hall
Poster AMDp1: Oxide TFTs

AMDp1 -1 Achieving High Carrier Mobility in IGZO Transistors
by Catalytic Metal Assisted Crystallization

Y. Shin, J. Lee, J. K. Jeong
Hanyang Univ., Korea

The transition metal catalytic layer has facilitated the low-temperature
crystallization of amorphous indium gallium zinc oxide semiconductor.
Subsequently, the significant enhancement in terms of device perfor-
mance was observed for the crystallized 1GZO transistor at a low an-
nealing temperature of 300°C: the field-effect mobility increased up to
54.0 cm?/V-s.

AMDp1-2 Soluble-Processed Aluminum Doped Yttrium Oxide
Gate Insulator for High Performance Amorphous
Oxide Transistors

J. Lee, Y. Shin, J. K. Jeong
Hanyang Univ., Korea

The low-cost spin-cast AlysY1503 films were prepared as the gate insu-
lator for the 1ZO transistors. The ternary AlosY150s films provide a
smooth, high permittivity with excellent insulating properties compared
to binary Al,O; or Y.0;s films. This behavior can be attributed to the
structure stabilization resulting from the cation alloying mixing effect.

AMDp1 -3 31-in. 4K2K AMOLED Display Using High Thermal
Stability and Reliability Top-Gate Self-Aligned IGZO
TFTs

X.-Y. Zhou, L. Sun, F.-M. Liu, Y.-J. Hsu, M.-J. Yu, Z.-S. Liu,
X. Xiao, J.-S. Im, P-Y. Lu

Shenzhen China Star Optoelect. Tech., China

We develop thermal stable top-gate self-aligned a-IGZO TFTs by opti-
mizing the metallization process of n* IGZO regions. The PBTS reliabili-
ty is significantly improved by tuning the deposition process of gate in-
sulator and buffer film. Finally, the AMOLED display are demonstrated
by employing the high-performance a-IGZO TFTs.

AMDp1 -4 Withdrawn

AMDp1 -5 Withdrawn
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Thursday December 7

AMDp1-6 Development of Self-Aligned Top-Gate a-IGZO TFTs
for a 31-in. 4K2K AMOLED Display

S.-M. Ge, S. Li, X.-Y. Kong, M. Jiang, Y.-H. Meng, W. Shi,
W. Wu, FE Zhu, Y. Wu, G.-T. Li, X. Wang, S.-J. Chen, X. Xiao,
P-F. Liang, G. Chaw, C.-Y. Lee

Shenzhen China Star Optoelect. Tech., China

A 31-in. 4K2K AMOLED TV was developed by using self-aligned top
gate a-IGZO TFTs. The electrical characteristics of the self-aligned
a-IGZO TFTs were studied. Through modifying the Gl layer, a-IGZO
TFTs exhibited good uniformity of threshold voltage and BTS reliability.
Finally, a high performance 31-in. 4K2K AMOLED TV was
demonstrated.

AMDp1 -7 Low Cost Back-Channel-Etch InGaZnO Thin Film
Transistors with Cu/Mo Bus Line Fabricated
by a 4-Mask Process

F Zhu, S. Li, G. Li, Y. Wu, Y. Meng, W. Wu, S. Ge, X. Kong,
S. Chen, J. Li, F Wang

Shenzhen China Star Optoelect. Tech., China

A back-channel-etch (BCE) type IGZO thin film transistor (TFT) with
Cu/Mo source/drain (S/D) fabricated by a 4-mask process is demon-
strated. A novel 2wet-1dry method is introduced to pattern S/D and
IGZO, resulting in process simplification and significant tact-time reduc-
tion. The back channel damage is evaluated, showing no obvious dete-
rioration of the TFT performance.

AMDp1-8 Moisture Dominant Electrical Degradation
of Amorphous InGaZnO Thin Film Transistors
under Positive Bias Stress

Y. Zhou, J. Xu, H. Xie, L. Zhang, G. Liu, X. Tong, C. Dong
Shanghai Jiao Tong Univ., China

With the relative humidity increasing, the positive bias stress (PBS) sta-
bility of amorphous InGaZnO thin film transistors (a-IGZO TFTs) be-
came worse first and then improved. A degradation model was pro-
posed to explain how the moisture interacted with the back channels of
a-IGZO TFTs under different humidity levels during PBS tests.

AMDp1-9 Development of 31-in. UD AM-OLED Display
Using Self-Aligned Top Gate IGZO TFTs

Y. Meng, S. Li, S. Ge, X. Kong, C. Jiang, W. Shi, W. Wu,
F. Zhu, X. Xiao, G. Chaw, P, Liang, Y. Deng, S. Chen,
C.Y. Lee

Shenzhen China Star Optoelect. Tech., China
We designed structure of self-aligned top gate IGZO TFT, adjusted pro-
cess flow and optimized treatment of photoresist. Then we obtained
good characteristics of TFT, including an averaged mobility of 9.17 cm?/

Vs, Vth of 0.52 V, and SS of 0.25 V/dec. Finally, a 31-in. UD AM-OLED
display without bright points was developed.
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Thursday December 7

AMDp1 - 10 1GZO TFT Gate Driver Circuit Capable of Ripple
Control without QB Node

J. Oh, J.-H. Kim, H. Lim, K. C. Park’, D. Jung, Y.-S. Kim

Sungkyunkwan Univ., Korea
"Konkuk Univ., Korea

This paper proposes IGZO TFT gate driver circuit capable of ripple
control without QB node. First, the ripple is controlled primarily through
a level-shifter to prevent multi-output of Vour. Second, C2 and T6 control
the ripple by preventing the CLK voltage from being applied to Vour ex-
cept the bootstrapping region.

AMDp1 - 11 Withdrawn

AMDp1 - 12 Characteristics of a-IGZO TFT Stability
by Dry Etching
J. Choi, S. Kim, H. Kim, S. M. Cho
Sungkyunkwan Univ., Korea
Plasma treatments were done in a process of fabricating a-IGZO thin
film transistor. Cl,, BCly/Cl, dry etching was done in a process of fabri-

cating a-IGZO TFT. After these treatments, we observed correlation be-
tween TFT performance and plasma treatment.

AMDp1 - 13L Development of 65-in. 4K UHD OLED TV
with High Reliability and Short Channel IGZO TFTs

J.S. Koo, D. H. Lee, S. J.Yun, W. C. Jeong, J.Y. Park,
J. W. Kim
LG Display, Korea
We improved the PBTS instability of self-aligned IGZO TFTs by mini-
mizing the density of non-bridging oxygen (NBO) sites within gate-
insulator and defect passivation by hydrogen. In addition, we proposed

the channel dependent Vth simulation model and using this model, we
achieved the short channel (L=4.5 pm) device scalability (AV,=0.4 V).
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Thursday December 7

AMDp1 - 14L Fabrication of Low Temperature Process TFT
Using High Density a-InGaZnO Film Deposited
by Inductively Coupled Plasma Sputtering System

D. Matsuo, R. Miyanaga*, S. Kishida, Y. Setoguchi,
Y. Andoh, M. Fujii", Y. Uraoka"

Nissin Elec., Japan
"NAIST, Japan

In this study, a-IGZO TFTs were fabricated through a low-temperature
process using high density two layer a-IGZO films deposited by ICP-
sputtering. The field effect mobility at annealing temperature of 150°C
was 8.8 cm?Vs, and the reliability when the annealing temperatures
were 150°C and 250°C was the same.

AMDp1 - 15L Characteristic Evaluation of Ga-Sn-O Thin Films
by Hall Measurement

141 3PIXQ|

K. Imanishi, A. Fukawa, T. Matsuda, M. Kimura
Ryukoku Univ., Japan

We investigated how the Hall effect changes when the annealing tem-
perature of the Ga-Sn-O (GTO) changes. The highest mobility is 1.21
cm?/Vs. Next, when we made a GTO TFT and measured the Hall effect
by applying a gate voltage, the mobility was 13.4 cm?/Vs.

15:00 - 18:00 Exhibition Hall
Poster MEETp3: Emerging Process Technologies

MEETp3 -1 Influence of Ar/O2 Plasma on Solution Processed Ga
Doped IZTO TFTs

M. N. Naik, B. R. Naik, C. Avis, J. Jang
Kyung Hee Univ., Korea

We studied the effect of plasma treatment on the surface of Ga doped
IZTO TFTs with and without Ar/O, plasma. TFTs with treatment exhibits
better characteristics than untreated one, with an increase in pji» (from
796 + 5.52 to 24.64 + 8.06 cm?V-"'s7"), decrease in SS (from 192.9 +
39.55 to 179.28 + 44.43 mV/dec), and decrease hysteresis from (0.21 +
0.151t0 0.197 £ 0.24 V).
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Thursday December 7

Special Topics of Interest on Lighting

and Quantum Dot Technologies

Thursday, December 7

9:00 - 9:50 Meeting Room 3
PH2: Phosphors for Lighting Application

Chair: X. Liu, Nat. Univ. of Singapore, Singapore
Co-Chair: T. Kusunoki, Dexerials, Japan

PH2 - 1: Invited Micro Grain Analysis in the Ce:YAG and
9:00 Sapphire Co-Crystal Phosphor

S. Kubota, K. Nakagome, M. Matsukura, Y. Anzai,
Y. Furukawa

Oxide, Japan

Based on the Monte Carlo ray trace simulation, quantitative micro grain
analysis in the blue laser excited Ce:YAG and sapphire co-crystal phos-
phor is reported relevant to the excitation absorption enhancement, the
fluorescence light spread in the grain structure, the improved thermal
conductivity, and the emission extraction efficiency after facet etching.

PH2 - 2: Invited Towards High-Performance Solution-
9:25 Processed Light Emitting Didoes Based on
Quantum Dots

Y. Jin
Zhejiang Univ., China

In the past few years, efficiency and lifetime of quantum-dot light-emit-
ting diodes (QLEDs) achieved tremendous progresses. Here we review
our activities associated with QLEDs, including material chemistry of
charge-transporting layers and optimization and mechanism studies of
prototype devices.

SID Display Week 2018
May 20 — 25, 2018
Los Angeles Convention Center
Los Angeles, California, USA
http://www.displayweek.org/
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Thursday December 7

10:40 - 12:00 Main Hall
OLED4: OLED for Lighting Applications
Chair: S. Naka, Univ. of Toyama, Japan
Co-Chair: K. Monzen, Nissan Chem. Inds., Japan

OLEDA4 - 1: Invited High-Efficiency and Stable Light-Emitting
10:40 Diodes Based on Quantum Dots

X.Yang, F. Cao
Shanghai Univ., China

This study reports highly efficient and stable quantum dot light-emitting
diodes (QLEDs) based on solution processed metal-oxide films as hole
injection layer (HIL). The best-performing device with Cu:NiO HIL ex-
hibits superior performance compared to the state-of-the-art
PEDOT:PSS-based QLEDs.

OLED4-2 Development of High Transmittance, Low Sheet
11:00 Resistance and High Thermal Stability Transparent
Cathode Technology

S. Ootsu, K. Tani, T. Suzuki
Konica Minolta, Japan

With the surge for top emission OLED, development of transparent
cathode with high transmittance and low resistance is awaited. We de-
veloped our proprietary organic material that have strong interaction
with Ag. Using this material, transmittance and sheet resistance were
significantly improved. In addition, we could also achieve high thermal
stability.

OLED4 -3 Enhancement of Out-Coupling Efficiency on OLED
11:20 with the Improved Charge Balance Using ZnO
Nanoparticle Dispersed Electron Transport Layer

S.-J. Park, H.-J. Kim, S.-H. Jang, K.-Y. Lee, Y.-J. Kim
Yonsei Univ., Korea
We propose new method for the enhancement of electron mobility by
developing a novel layer structure and the coating process of ETL dis-
persed with ZnO NPs. Our new ETL layer was prepared with the uni-

form dispersion of ZnO NPs and the OLED devices show the enhanced
performance.
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Thursday December 7

OLED4 -4 High Efficiency Large Area White Organic Light-
11:40 Emitting Diodes Using Phosphorescent Materials
— Degradation and Stability Improvement

M. Seetharaman, A. Mohan, A. Awasthi, S. Bindu,
G. Garg, J. Meenakshinathan, K. Manohara,
M. Balakrishnan, M. Katiyar

Indian Inst. of Tech., India

Large area white phosphorescent OLED lighting panels of different siz-
es were fabricated on rigid and flexible glass with power efficiencies
varying from 30 to 48 Im/W. Operational lifetime performance and deg-
radation were investigated. Blue phosphorescent dopant was found re-
sponsible for short operational lifetime. Hybrid WOLED with improved
lifetime was developed.

Also presented in Innovative Demonstration Session (see p. 227)

Author Interviews
14:40 — 15:20

15:00 - 18:00 Exhibition Hall
Poster PHp2: Phosphors for Lighting Application

PHp2 -1 Light Extraction from a Laser-Pumped Phosphor
Layer with a Remote Reflector

M. Ohta, I. Fujieda
Ritsumeikan Univ., Japan

A phosphor layer emits light in both forward and backward directions
when excited by a laser beam. A reflector attached to the phosphor re-
verses the forward emission, which then propagates the material. The
self-absorption loss during this process is alleviated by a patterned
phosphor layer with a remote reflector.

PHp2-2L  Mixed Fluoride Based Nanophosphors Synthesized
Using a Hydrothermal Method for Photodynamic
Therapy of Malignant Tumors

A. M. Dorokhina""", V. V. Bakhmetyev', M. M. Sychov’,
H. Kominami™, K. Hara™", Y. Nakanishi™, H. Mimura™

'St. Petersburg Inst. of Tech., Russia
“Shizuoka Univ., Japan

Finely dispersed NaGdF.:Eu and YF;:Yb,Er phosphors are synthesized
by hydrothermal method in ethylene glycol medium and effect of hydro-
thermal treatment on their phase composition, dispersity and lumines-
cent performances is studied. Phosphors synthesized by using this
method allow the preparation of stable colloid solutions and can be
used for photodynamic therapy.
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Thursday December 7

PHp2 -3L  Improved Photostability of Tetramethyl
Orthosilicate-Modified InP/ZnS Quantum Dots

T. Watanabe, Y. Iso, T. Isobe, H. Sasaki”

Keio Univ., Japan
Shoei Chem., Japan

InP/ZnS QDs shelled by silica derived from tetramethyl orthosilicate
were prepared under hydrophobic condition. Silica shelled QDs showed
higher photostability than original QDs. This was because silica shell
suppressed QD oxidation by oxygen in air.

15:00 - 18:00 Exhibition Hall
Poster OLEDp2: OLED/LIT Poster

OLEDp2 -1 High Efficiency and Long Lifetime Electron

Transporting Materials for OLED Devices and

Lighting Applications

H.-L. Huang, P-W. Hsu, C.-C. Lai, C.-J. Lin

eRay Optoelect. Tech., Taiwan

A series of new electron transporting materials with good thermal sta-
bility were designed and developed. The devices of these ETs applied
in fluorescent blue devices, exhibited high efficiency and long lifetime
with efficiency of 10.8 - 11.2 cd/A and the LT95 lifetime is around 245 -
400 h under 1000 cd/m?.

OLEDp2 - 2L Withdrawn
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OLEDp2 - 3L Efficiency Enhancement for Patterned Quantum
Dot-Converted White OLED Display Using
Photoresist Dispersed TiO:

H.-J. Kim, J.-H. Kim, Y.-H. Kim", M.-S. Kwak", J.-H. Lee”,
Y-dJ. Kim

Yonsei Univ., Korea
"LG Display, Korea

We applied TiO. nanoparticles to patterned quantum dot (QD)-
converted white OLED display to enhance the optical efficiency using
scattering effect. In experimental data, optical intensity of red light in
white OLED was increased by 32.1% with only QD layer and 52% with
both QD and TiO; layers.

15:00 - 18:00 Exhibition Hall
Poster MEETp1: Quantum Dots and Nanotechnologies

MEETp1 -1 Improved Efficiency of Light-Emitting Diodes Using
InP/ZnSe/ZnS Quantum Dots and Mg-Doped Zinc
Oxide

H. Sasaki, T. Fukuda, N. Kamata, Z. Honda
Saitama Univ., Japan
In light-emitting diodes with InP-based quantum dots (QDs), one prob-
lem is that the potential difference bet-ween zinc oxide and InP-based
QD layer is large. In this study, we demonstrated the improved efficien-

cy of InP-based device with multi-shell QDs and Mg-doped zinc oxide
layer.

MEETp1 -2 Withdrawn

IDW Best Paper Award

IDW Outstanding
Poster Paper Award

These awards will go to the most outstanding papers
selected from those presented at IDW ’17.
The 2017 award winners will be announced on the
IDW website: http://www.idw.or.jp/award.html
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Thursday December 7

MEETp1 - 3 Criterions and Constrains for the Fundamental
Analytical Solutions of Interlaced Microstructures
for Display Element and LED

C.-J. Ou, J.-F. Qian, Z.-Y. Shih, M.-Y. Huang, K.-Y. Chen,
Y.-C. Chien

Hsiuping Univ. of S&T, Taiwan

This report explores the analytical formulations and prove the feasibility
and robustness of the interlaced prism structure for display application.
Expressions are derived for numerical implementation, and methodolo-
gy for sensitivity analysis is also presented.

MEETp1 -4 Simultaneous Optimization of LED Angular
Apodization and Spatial Locations for Performance
Metric of Lighting Display
C.-J. Ou, M.-Y. Huang, S.-R.Yang, M.-J. Liu, F-R. Lin,
J.-F Qian, C.-Y. Ou”
Hsiuping Univ. of S&T, Taiwan
“Taichung Municipal Taichung Second Senior High
School, Taiwan

-
Based on the transient factor between the near field area source and |=i
the far field point source approach, a reliable illuminating spreadsheet

is developed for LED lighting and various kinds of lamp device with
specific apodization pattern.

MEETp1-5 Prelude for Hyper-Geometric Function of Cosine n"
Apodization and the Application to Display LED
Encapsulates

C.-J. Ou, Z.-Y. Shih, K.-S. Hsu, K.-Y. Chen, C.-F. Chang,
P-X. Huang

Hsiuping Univ. of S&T, Taiwan

Analytical solution with Hypergeometric function for the light source is
derived, and is capable to bring reasonable balance of the directional
extraction energy that is given out from the LED die and the contours of
the encapsulates.

MEETp1 -6 Alcohol-Soluble Quantum Dots for Lighting and
Display

Z. Bai, D. Han, X. Zhang, Y. Ge, S. Chang, H. Zhong
Beijing Inst. of Tech., China

Alcohol-soluble quantum dots, with unique solubility and hydroxyl-ter-
minated ligands, exhibit “green” processability, organic solvent resis-
tance, tunable electrical band gap and multiple reaction sites on sur-
face. Thus, alcohol-soluble quantum dots possess notable performance
and processing superiorities in on-chip and remote structure WLEDs as
well as QLEDs for lighting and display devices.
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Thu./Fri. December 7/8

MEETp1 - 7L Core-Shell Structure Ratio of the Quantum Dots
CuGaS2/ ZnS and the Light-Emitting Properties
R. Itoh, J. Nagakubo', T. Ban, S. Yamamoto

Ryukoku Univ., Japan
"ULVAC, Japan

In this study, Cu-Ga-S,/ZnS quantum dots (QDs) with a core-shell
structure using Ga instead of In were attempted. QDs were evaluated
as a function of core-shell structure ratio photoluminescence. Also used
to characterize the QDs was energy dispersive X-ray spectroscopy.

Friday, December 8

9:00 - 10:00 Meeting Room 3
FLX6: Advanced Process and Evaluation Technologies
Chair: T. Shiro, Teijin, Japan
Co-Chair: T. Eguchi, Sumitomo Bakelite, Japan
FLX6 - 1 Roll-to-Roll Processing of Functional Films for
9:00 Flexible Electronics

J. Fahlteich, M. Fahland, P. Kudlacek”, W. Manders",
M. Junghéhnel, S. Mogck, C. Keibler

Fraunhofer Inst. for Organic Elect., Germany
"Holst Ctr, The Netherlands

This paper discusses roll-to-roll processing of flexible substrates for
OLED lighting application addressing transparent electrode deposition
on both permeation barrier films and ultrathin glass. Functional polymer
substrates with water vapor transmission rates of 10 g/m2d at 20°C /
50% r.h. and a surface sheet resistance below 25 Ohm are reported.
Also presented in Innovative Demonstration Session (see p. 227)

FLX6 - 2 Novel Roll-to-Roll Fabrication Processes of
9:20 Transparent Electrodes on Ultra-Thin Glass

T. Furukawa, N. Kawamura, T. Noda’, Y. Hasegawa ;
D. Kobayashi™, M. Koden

Yamagata Univ., Japan
Nippon Elec. Glass, Japan
Seria, Japan

We developed novel fabrication technologies of transparent electrodes
on ultra-thin glass by roll-to-roll process. The transparent electrode con-
sists of I1ZO and assistant electrodes with insulating patterns. The as-
sisting electrodes and the insulating patterns were printed on the 12O
by screen printing. OLED lightings were fabricated after cutting the roll
substrate.
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Friday December 8

FLX6 -3 Novel Evaluation Method for Flexible OLED Lighting
9:40 Device

K. Hyodo, S. Maeda", A. Horiguchi”

Konica Minolta, Japan
"CEREBA, Japan

Recently developed novel organic light emitting diodes (OLEDs) for
lighting applications are flexible and deformable. Unlike the convention-
al lighting devices, such as fluorescent light tube and light bulb, the
novel flexible and deformable devices require new evaluation methods.
We have evaluated flexible and deformable OLEDs using new methods.

Author Interviews
12:00 — 12:40

13:50 - 15:30 Main Hall
MEET4: EL Quantum Dots Technologies

Chair: W. Milne, Univ. of Cambridge, UK
Co-Chair: S. Chen, Southern Univ. of S&T, China

117

MEET4 - 1: Invited All Inorganic QLED with Metal-Oxide
13:50 Electron and Hole Injection Layers

J.dang, H.-M. Kim
Kyung Hee Univ., Korea

This paper reviews the all-inorganic processed quantum-dot light emit-
ting diodes (QLEDs). All inorganic QLEDs with the interface treatment
to reduce the exciton quenching exhibits the current efficiency of 7.3 cd/
A and power efficiency of 2.3 Im/W. These performances are much im-
proved compared to those of QLED without the interface treatment.

MEET4 - 2: Invited Displays Using Quantum Dot Color
14:10 Conversion by Inkjet Printing of Quantum Dot Inks

R.Tangirala, A. Smith, S. Kan, C. Hotz, H. Kim, R. Kempt,
T. Miki", S. Yoshihara", T. Kizaki’, A. Ishizuka’, I. Kiyoto”

Nanosys, USA
'DIC, Japan

Quantum dot color conversion layers have potential to revolutionize dis-
plays by improving efficiency and color gamut. To achieve these chang-
es, QDs have to be deposited at sub-pixel pitch. Here we report on the
fabrication and characterization of QD inks, as well as films made from
inkjet deposition of these materials.

41



Friday December 8

MEET4 - 3: Invited Efficient QLEDs with Novel Structures
14:30 S.Chen
Southern Univ. of S&T, China

Various device structures including top-emitting, microcavity, inverted,
tandem, transparent, full-solution vacuum-free processed QLEDs will
be talked. Charge balance is carefully optimized in these structures. In
addition, we show that by substituting the problematic ZnO with
ZnMg+O, our recently developed tandem QLEDs exhibit efficiency
over 100 cd/A (23.5%).

MEET4 - 4: Invited Quantum-Dot Electroluminescence to
14:50 Achieve Saturated Colors for Rec.2020 Compatibility

P, Kathirgamanathan, M. Kumaraverl, N. Bramananthan,
S. Ravichandran

Brunel Univ. London, UK

We report here red quantum dot based electroluminescent devices
(QLEDs) that meet the colour co-ordinates requirement set by
REC2020. We also report the world first dark red CFQD (heavy metal
free) ((x,y), (0.690, 0.309)) devices. The electroluminescent character-
istics of devices of both CdSe/ZnS and cadmium free quantum dots are
compared.

MEETA4 - 5: Invited Stability of Quantum Dot Color Pixel
15:10 Converter Printed by Ink Jetting

M. Hasegawa, Y. Hirayama
Merck PM, Japan

We evaluated a stability of ink jetting printed Cd-free quantum dots(QDs)
color pixel converter by using quantum yield (QY) measurement system
and also using optical in situ measurement setup. We examined effects
of coating materials to a stability of printed QDs, and found effects of
solvent to QY of QDs.

15:30 - 17:10 Main Hall
MEET5: Emerging Quantum Dots and Nanotechnologies

Chair: J. Jang, Kyung Hee Univ., Korea
Co-Chair: M. DeMiguel-Ramos, Univ. of Cambridge, UK

MEETS5 - 1: Invited Luminescent Perovskite-Polymer Composite
15:30 Films for Display

J. He, H. Chen, Y. Wang’, C. Zhang, H. Chan, S.-T. Wu,
Y. Dong

Univ. of Central Florida, USA
“Chinese Ac. of Sci., China

Ultrastable, highly luminescent green perovskites — polymer composite
films have been achieved with a swelling-deswelling microencapsula-
tion approach. A hybrid downconverter system comprising such films
and state-of-the art red emitters are proposed for low cost, yet high effi-
ciency wide color gamut liquid crystal displays (LCD).

Also presented in Innovative Demonstration Session (see p. 227)
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Friday December 8

MEETS5 - 2: Invited Halide Perovskite Quantum Dots: New
15:50 Generation Materials for Display Applications

H. Zhong
Beijing Inst. of Tech., China

Halide perovskite quantum dots exhibit high photoluminescence quan-
tum yields (60 - 90%), wide wavelength tenability (400 - 800 nm), ul-
tra-narrow band emissions (20 - 50 nm) as well as additional
polarization. The combination of these superior optical properties and
low cost fabrication makes them to be potential candidates for display
technology.

MEETS5 - 3: Invited Innovative Display Technology for Low Vision

16:10 Aid and Medical Application
M. Sugawara, M. Suzuki, N. Miyauchi, M. Ishimoto
QD Laser, Japan

Retinal Imaging Laser Eyewear has a miniature laser projector inside
the frame which provides the wearer with digital image information
through the pupil using the retina as a screen. This paper describes its
principle of focus-free imaging, prototype, laser safety, and application
as low vision aid and ophthalmic testing equipment.

MEET5-4  Withdrawn

MEET5 -5 Interfacial Inprovement Using Solution Processed
16:50 Interlayer on Inverted Perovskite Quantum-Dot Light
Emitting Diodes
H.Jun, E. Moyen, H.-M. Kim, J. Jang
Kyung Hee Univ., Korea

We report a solution processed interlayer for the inverted perovskite
quantum-dot (QD) light emitting diodes (PeQLEDs). The insertion of in-
terlayer under the QDs increases the photoluminescence (PL) intensity
of QDs by 10 times. Moreover, device performances of PeQLED with
the interlayer were improved compared with those without it.

Author Interviews
17:10 - 17:40
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Wednesday December 6

Special Topics of Interest on

AR/VR and Hyper Reality

Wednesday, December 6

13:15 - 14:35 Sakura Hall 2
INP1: AR and Interactive Systems
Chair: H.Ando, Osaka Univ., Japan
Co-Chair: J.Akita, Kanazawa Univ., Japan

INP1-1: Invited Lensless Light-Field Imaging with LC Fresnel
13:15 Zone Aperture

K. Tajima, Y. Nakamura, M. Sao, T. Shimano,
K. Matsumoto”, A. Tanabe”, N. Hashimoto”

Hitachi, Japan
“Citizen Watch, Japan

A lensless light-field imaging technology with a Fresnel zone aperture
(FZA) has previously been developed. To obtain clear images, it is nec-
essary to cancel several kinds of noise components. Accordingly, in the
present study, a technique for noise cancellation using a liquid crystal
FZA is proposed and experimentally evaluated.

INP1-2: Invited Yet Another Approach for Enhancing Image
13:35 Quality: Pixel Placement

J. Akita
Kanazawa Univ., Japan

Conventional approaches for enhancing image quality, such as increas-
ing pixel count, reducing pixel size, would result in increased quantity of
image information. In this paper, we propose and discuss the method of
randomizing (effective) pixel placement as another approach for en-
hancing image quality.

INP1-3: Invited Low Resource Visual Display Method Based
13:55 on lllusion of Eyeball Movement

H.Ando
Osaka Univ., Japan
We are studying the display system using illusion. By using illusion and
utilizing human resources, it is possible to minimize device resources.
Here, we will explain the display using human eye movements (Smooth

Pursuit: Slit-based light field 3D display, Saccade: Saccade based
display).
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Wednesday December 6

INP1-4: Invited MediaTechnologies for Education
14:15 Workshops
J. Watanabe
NTT, Japan

This paper describes previous exhibition, workshop, and escape room
game performed to attract attention to self-awareness and deeper un-
derst