PROCEEDINGS OF SPIE

Advances in Display
Technologies IX

Jiun-Haw Lee
Qiong-Hua Wang
Tae-Hoon Yoon
Editors

6-7 February 2019
San Francisco, California, United States

Sponsored and Published by
SPIE

Volume 10942

Proceedings of SPIE 0277-786X, V. 10942

SPIEis an international society advancing an interdisciplinary approach to the science and application of light.

Advances in Display Technologies IX, edited by Jiun-Haw Lee, Qiong-Hua Wang,
Tae-Hoon Yoon, Proc. of SPIE Vol. 10942, 1094201 - © 2019 SPIE
CCC code: 0277-786X/19/$18 - doi: 10.1117/12.2531372

Proc. of SPIE Vol. 10942 1094201-1



The papers in this volume were part of the technical conference cited on the cover and ftitle page.
Papers were selected and subject to review by the editors and conference program committee.
Some conference presentations may not be available for publication. Additional papers and
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitallibrary.org.

The papers reflect the work and thoughts of the authors and are published herein as submitted. The
publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon.

Please use the following format to cite material from these proceedings:

Author(s), "Title of Paper," in Advances in Display Technologies IX, edited by Jiun-Haw Lee, Qiong-
Hua Wang, Tae-Hoon Yoon, Proceedings of SPIE Vol. 10942 (SPIE, Belingham, WA, 2019) Seven-digit
Article CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510625266
ISBN: 9781510625273 (electronic)

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA

Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2019, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/19/$18.00.

Printed in the United States of America by Curran Associates, Inc., under license from SPIE.
Publication of record for individual papers is online in the SPIE Digital Library.

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs
allows arficles to be fully citable as soon as they are published online, and connects the same
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID arficle
numbering system structured as follows:
= The first five digits correspond to the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscript.

Proc. of SPIE Vol. 10942 1094201-2



Contents

\Y Authors
vii Conference Committee
AR/VR AND HDR DISPLAYS
10942 02 Continuous-depth augmented-reality display device (Invited Paper) [10942-1]
10942 03 Augmented reality 3D display system based on holographic optical element (Invited Paper)
[10942-2]
10942 04 Fast-response LCD for 1001-ppi VR head-mounted displays (Invited Paper) [10942-3]
10942 05 Emerging high-dynamic-range mini-LED displays (Invited Paper) [10942-4]
NTE DISPLAYS
10942 06 Near-eye light-field display with polarization multiplexing [10942-5]
10942 07 Piezo-actuated varifocal head-mounted displays for virtual and augmented reality [10942-6]
10942 08 Integrated head-mounted display system based on a multi-planar architecture [10942-7]
10942 09 Wide field-of-view dual-focal-plane augmented reality display [10942-8]
PROJECTION DISPLAYS AND HUMAN FACTOR
10942 0J Development of a 340° display based on transparent projection surface: application to a
theatrical performance [10942-17]
10942 0K Dynamic focal tracker display [10942-18]
10942 OL Applying the discovery of melanopsin photoreceptors in the human retina to enhancing the

performance of visual displays [10942-19]

Proc. of SPIE Vol. 10942 1094201-3



3D DISPLAYS

10942 OM A novel control method of the combination of simple active barrier pitch control and image
processing to extremely expand the viewing zone in forward and backward directions of
stereoscopic 3D displays [10942-20]

10942 OP Resolution-enhanced mobile three-dimensional display based on computer-generated
integral imaging [10942-23]
DISPLAY COMPONENTS

10942 OR All-dielectric colored truncated cone metasurfaces with silicon mie magnetic resonators
[10942-26]

10942 0S Full-color optical combiner based on multilayered metasurface design [10942-27]
POSTER SESSION

10942 0X Analysis of displayable depth range for retinal projection type super multi-view 3D head-
mounted display using the time division projection optical system [10942-33]

10942 07 Time-sequential super multiview theater system [10942-35]

10942 10 Anisotropic holographic screen for wide field-of-view augmented-reality system [10942-36]

10942 11 3D display with active parallax barrier using the monochromatic LC panel of specifications
same as the image display panel [10942-37]

10942 15 Enhancement of inorganic electroluminescence by chlorine-functionalized CNTs [10942-41]

10942 16 Holographic waveguide-type three-dimensional augmented-reality display using the
holographic optical element-mirror array [10942-42)

10942 17 Performance analysis for holographic display based on phase only spatial light modulator
[10942-43]

10942 19 Compensation for temperature dependency of 1D position sensitive detector [10942-45]

Proc. of SPIE Vol. 10942 1094201-4



Authors

Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of articles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etfc.

Ahn, Sunggyun, 0Z
Alam, Md. Shahinur, OP
Allen, Annette E., OL
Avayu, Ori, 0S

Basak, Ugur Yekta, 09
Bazin, Jean-Charles, 07
Bin Abdul Jalil, Shukri, 07
Boudier, Nicolas, 0J
Brunner, David, 19
Buyukburc, Kutluhan, 07
Cao, Liangcai, 17
Clement, Nicolas, 0J
Darkhanbaatar, Nyamsuren, 16
Deng, Huan, 03

Deng, Teng, 07
Ditcovski, Ran, 0S
Ellenbogen, Tal, 0S
Erdenebat, Munkh-Uchral, OP, 16
Fujishima, Takuya, OM, 11
Gil, Sang-Keun, OP
Guillemet, Pierre-Yves, 07
Hahn, Joonku, 0Z
Hamagishi, Goro, OM, 11
Han, Chao, 17

Hasnain, Ali, 07

He, Min-Yang, 03

He, Zehao, 17

Heo, Daerak, 0Z

Hu, Yunpu, OK

Huang, Yuge, 05
Ishikawa, Masatoshi, OK
Iwakabe, Yasushi, 04
Jang, Changwon, 02, 10
Jun, So-Yeon, 15
Kazempourradi, Seyedmahdi, 09
Khoo, Ligiang, 07

Kim, Dongyeon, 02

Kim, Min Young, OP

Kim, Nam, OP, 16
Kimura, Shunichi, 04
Kohno, Junya, OX
Komura, Shinichi, 04
Kusafuka, Kaoru, OM, 11
Kwon, Ki Hoon, OP
Kwon, Ki-Chul, OP
Laffont, Pierre-Yves, 07
Lee, Byoungho, 02, 10
Lee, Chang-Kun, 10
Lee, Hong-Seok, 10

Lee, Kwon-Yeon, 16
Lee, Seok-Lyul, 05

Lee, Seungjae, 02

Lee, Yann, 0J

Lee, Yun-Han, 06

Li, Jing. OR

Li, Ming-Chun, 05

Lim, Sungijin, 0Z

Liu, Chang, OR

Liu, Yumin, OR

Lucas, Robert J., OL
Maeda, Hiroaki, 0X
Martial, Franck P., OL
Martinez, Christophe, 0J
Mathieu, Joris, 0J
Matsumoto, Takuya, OM, 11
Matsushima, Toshiharu, 04
Moon, Seokil, 10
Nakamura, Hiiro, OM, 11
Nakamura, Takashi, 04
Narels, Martins, 08
Osmanis, limars, 08
Osmanis, Kriss, 08
Sarrasin, Denis, 0J
Schitter, Georg, 19

Seki, Kenta, 04

Sermet, Frédéric, 0J
Shin, Chang-Won, 16
Smukulis, Rendijs, 08
Sung, Geeyoung, 10
Takahashi, Hideya, OM, 0X, 11
Tan, Guanjun, 05, 06
Thurner, Thomas, 19
Tsujino, Tomoya, OM, 11
Uchida, Makoto, 04
Ulusoy, Erdem, 09

Urey, Hakan, 09

Wang, Lihui, OK

Wang, Qiong-Hua, 03
Wang, Yu, OR
Watanabe, Yoshihiro, 04
Wirajaya, Samuel, 07
Wu, Shin-Tson, 05, 06
Xiong, Jianghaoo, 06

Xu, Hongjin, 0K

Ye, Han, OR

Yoo, Han Woong, 19
Yoshimoto, Kayo, OM, 0X, 11
Yu, Li, OR

Proc. of SPIE Vol. 10942 1094201-5



vi

Yu, SeGi, 15

Yu, Zhongyuan, OR
Zabels, Roberts, 08
Zhan, Tao, 06
Zhang, Han-Le, 03
Zhou, Tingting, 17
Zhu, Ting, OR

Proc. of SPIE Vol. 10942 1094201-6



Conference Committee

Symposium Chairs

Connie J. Chang-Hasnain, University of California, Berkeley
(United States)

Graham T. Reed, Optoelectronics Research Centre, University of
Southampton (United Kingdom)

Symposium Co-chairs

Sailing He, KTH Royal Institute of Technology (Sweden) and Zhejiang
University (China)
Yasuhiro Koike, Keio University (Japan)

Program Track Chair

Liang-Chy Chien, Kent State University (United States)

Conference Chairs

Jiun-Haw Lee, National Taiwan University (Taiwan)
Qiong-Hua Wang, Beihang University (China)
Tae-Hoon Yoon, Pusan National University (Korea, Republic of)

Conference Program Committee

Karlheinz Blankenbach, Hochschule Pforzheim (Germany)
Pierre M. Boher, ELDIM (France)

Liangcai Cao, Tsinghua University (China)

Janglin Chen, Industrial Technology Research Institute (Taiwan)
Liang-Chy Chien, Kent State University (United States)
Nobuyuki Hashimoto, Citizen Holdings Co., Ltd. (Japan)
Yi-Pai Huang, National Chiao Tung University (Taiwan)
Byoungho Lee, Seoul National University (Korea, Republic of)
Sin-Doo Lee, Seoul National University (Korea, Republic of)
Akihiro Mochizuki, i-CORE Technology, LLC (United States)
Michael Wittek, Merck KGaA (Germany)

Session Chairs

] AR/VR and HDR Displays
Jiun-Haw Lee, National Taiwan University (United States)

2 NTE Displays
Qionghua Wang, Beihang University (China)

vii

Proc. of SPIE Vol. 10942 1094201-7



viii

OLED Materials and Devices
Tien-Lung Chiu, Yuan Ze University (Taiwan)

OLED Physics
Juozas Vidas Grazulevicius, Kaunas University of Technology
(Lithuania)

Projection Displays and Human Factor
Qionghua Wang, Beihang University (China)

3D Displays
Byoungho Lee, Seoul National University (Korea, Republic of)

Display Components
Jiun-Haw Lee, National Taiwan University (Taiwan)

Proc. of SPIE Vol. 10942 1094201-8



