PROCEEDINGS OF SPIE

Nanostructured Thin Films IX

Akhlesh Lakhtakia
Tom G. Mackay
Motofumi Suzuki
Editors

30 August - 1 September 2016
San Diego, California, United States

Sponsored by
SPIE

Co-sponsored by
Kyoto University Foundation

Published by
SPIE

Volume 9929

Proceedings of SPIE 0277-786X, V. 9929

SPIE is an international society advancing an interdisciplinary approach fo the science and application of light.

Nanostructured Thin Films IX, edited by Akhlesh Lakhtakia, Tom G. Mackay, Motofumi Suzuki, Proc. of SPIE
Vol. 9929, 992901 - © 2016 SPIE - CCC code: 0277-786X/16/$18 - doi: 10.1117/12.2258300

Proc. of SPIE Vol. 9929 992901-1



The papers in this volume were part of the technical conference cited on the cover and title
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), "Titte of Paper,” in Nanostructured Thin Films IX, edited by Akhlesh Lakhtakia,
Tom G. Mackay, Motofumi Suzuki, Proceedings of SPIE Vol. 9929 (SPIE, Belingham, WA, 2016) Six-
digit Article CID Number.

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

ISBN: 9781510602496
ISBN: 9781510602502 (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 © 2016, 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/16/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
s PI E DIGITAL

e 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 articles 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 six-digit CID article
numbering system structured as follows:

= The first four 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, 0A, 0B ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each page
of the manuscript.

Proc. of SPIE Vol. 9929 992901-2



Contents

Vi Authors
iX Conference Committee

BIOSENSORS

9929 04 Ensemble of gold-patchy nanoparticles with multiple hot-spots for plasmon-enhanced
vibrational speciroscopy (Young Scientists Award Third Place) [9929-3]
PLASMONICS

9929 06 Fabrication of higher order three-dimensional layer stack nanostructure for molecular
detection and electrode [9929-5]

9929 07 Optical behavior of silver nanoparticles embedded in polymer thin film layers (Young
Scientists Award Second Place) [9929-6]

9929 08 On the frequency-selective features of gold nanorods-based columnar thin film
metamaterial absorbers [9929-7]
CONTROL AND MODIFICATION |

9929 OA Destructive and constructive routes to prepare nanostructures on surfaces by low-energy
ion beam sputtering (Invited Paper) [9929-9]

9929 0B Designing large scale chiral metamaterials by nanosphere shadowing lithography
[9929-10]

9929 0C Towards functional assembly of 3D and 2D nanomaterials [9929-11]

9929 0D Glancing angle deposition for production of optical components in UV region [9929-12]
MULTILAYERS

9929 OE On-demand refractive index for interference optical coatings (Invited Paper) [9929-13]

9929 OF Characterization of nanoscopic calcium fluoride films [9929-14]

9929 0G Application of high refractive index and/or chromogenic layers to control solar and

thermal radiations [9929-15]

Proc. of SPIE Vol. 9929 992901-3



CHARACTERIZATION AND MODELING

9929 0l Characterization and modeling tools for light management in heterogeneous thin film
layers (Invited Paper) [9929-17]
9929 0K Thermal characterization of nanoporous 'black silicon' surfaces [9929-19]
THEORETICAL APPROACH
9929 OM On gain in homogenized composite materials [9929-21]
9929 ON Homogenization of a highly contrasted array of holes [9929-22]
9929 00 Bloch-like surface waves in Fibonacci quasi-crystals and Thue-Morse aperiodic dielectric
multilayers (Young Scientists Award First Place) [9929-23]
9929 0P Periodicity effects on compound guided waves [9929-24]
9929 0Q Reflection and transmission of obliquely incident light by chiral sculptured thin films
fabricated using asymmetric serial-bideposition (ASBD) technique [9929-25]
PHOTONIC MATERIALS AND DEVICES
9929 0S Detection of mode conversion in a subwavelength thin film heterostructure [9929-27]
9929 OT Molecular diodes in optical rectennas [9929-28]
CONTROL AND MODIFICATION I
9929 0X Synthesis and characterization of one-dimensional nanostructured fluorine-doped tin
dioxide thin films [9929-33]
CONTROL AND MODIFICATION lli
9929 OY Fabrication and properties of plasmonic crystalline thin film of titanium nitride (TiN) by
pulsed laser deposition with Nd:YAG laser at 355 nm [9929-34]
9929 0Z Pyroelectric response of spray-deposited BaTiOs thin film [9929-35]
9929 10 Characterization of nitrogen doped silicon-carbon multi-layer nanostructures obtained by

TVA method [9929-36]

Proc. of SPIE Vol. 9929 992901-4



POSTER SESSION

9929 12 Thin film of the PVK and PPV applied in optoelectronic organic sensor [9929-38]

9929 13 Simple methods for polymer nanostructuring by plasma modification, metal sputtering, and
annealing [9929-39]

9929 14 Effects of chloride additives on the mechanical stability and environmental durability of
porous MgF: thin films (Young Scientists Award Third Place) [9929-40]

9929 15 Mechanochromic behavior of a luminescent silicone rubber under tensile deformation
[9929-41]

9929 16 Mechanochromism of a luminescent natural rubber under tensile deformation [9929-42]

9929 17 Room-temperature wide-range luminescence and structural, optical, and electrical
properties of SILAR deposited Cu-Zn-S nanostructured thin films [9929-43]

9929 19 Synthesis of nanoparticles through x-ray radiolysis using synchrotron radiation [9929-45]

9929 1C In situ study of structural and optical properties of Pd thin film during hydrogen exposure
[9929-48]

9929 1F Au NPs immersed in sol-gel matrix: nonlinear optical characterization [9929-51]
9929 1G Optical properties of a-C:H thin films modified by Ti and Ag [9929-52]

9929 1H Simultaneous optical sensing of multiple fluids via spatially multiplexed surface-
multiplasmonic-resonance imaging [9929-53]

9929 11 Effects of oxygen ion irradiation on PMN-PT ferroelectric materials for space applications
[9929-54]

9929 1J Diamond-based protective layer for optical biosensors [9929-55]

Proc. of SPIE Vol. 9929 992901-5



Proc. of SPIE Vol. 9929 992901-6



Authors

Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first four 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, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Abouelkhair, Hussain, 0Z
Ackermann, Jorg, 07, OT
Aguilera-Zavala, Angélica, 1F
Alfonso, Claude, 0T

Alhasan, Sarmad Fawzi Hamza, 0Z

Alvarado-Méndez, Edgar, 1F
Balaban, Téodore Silviu, 0T
Bandara, Ajith, 0X

Bagir, M. A., 08

Baran, T., 1J

Batra, A. K., 11

Bazzan, Marco, 1C
Berginc, G., 07, Ol
Bouchitté, Guy, ON
Bourel, Christophe, ON
Buzelis, Rytis, 0D
Caraiane, Aureliana, 10
Carlberg, M., 07, 0l
Charai, Ahmed, 0T
Chen, Kai, 04

Chiadini, Francesco, OP
Choudhury, P. K., 08
Ciupina, Victor, 10
Cleary, Justin W., 0Z
Cornejo-Monroy, Delfino, 1F
Corso, Alain J., 1C
Cunha, Idaulo Jose, 12
Dang, Florian-Xuan, OT
Dao, Thang Duy, 04
Dauthan, Kuanysh, 1G
Dinca, Paul, 10

Dinca, Virginia, 10
Drazdys, Ramutis, 0D
Duan, Weng;i, 0K
Duché, David, 0l, 0T
Escoubas, Ludovic, 07, O, 0T
Felbacq, Didier, ON
Ficek, M., 1J

Fiumara, Vincenzo, OP
Flory, F., Ol

Frost, Frank, OA
Fukuoka, T., 06, 19
Garoli, Denis, 1C
Ghasemi, Masih, 08
Gourgon, Cécile, 0T
Grinevicitte, Lina, 0D
Guedes, Andre F. S., 12
Guedes, VimarP., 12
Guggilla, Padmaija, 11

Ha, Jimin, 16

He, Yizhuo, OB

levlev, Anton V., 0C
Ishihara, M., 06, 19

Ivanov, llia N., 0C

Jacobs, Christopher B., 0C

Jedrzejewska-Szczerska, M., 1J

Jeong, Kwang-Un, 15, 16
Jepu, lonut, 10

Jose, Edwin, 17

Jurik, Petr, 13

Kemnitz, E., OF, 14

Kim, Yeon Ju, 15

Kimani, Martin, 0Z

Kling, Emmanuel, ON

Koju, Vijay, 00

Kumar, M. C. Santhosh, 17

Lakhtakia, Akhlesh, OM, OP, 0Q, TH

Le Rouzo, Judikael, 07, OI, OT
Lee, Sang Hwan, 15

Lungu, Cristian P., 10
Mackay, Tom G., OM
Majchrowicz, D., 1J

Maijlis, B. Y., 08

Maksimova, Suyumbika Ya., 1G

Manabaeyv, Nurlan K., 1G
Mandes, Aurelia, 10
Manzanares-Martinez, J., 0S
Margeat, Olivier, 07, OT
Martucci, Alessandro, 1C
Masunaka, Shoma, 0G
McAtee, Patrick D., 0Q
Mikhailova, Svetlana L., 1G
Mohamed, M. A., 08
Muckley, Eric S., 0C

Mukhametkarimov, Ershan C., 1G

Murakami, Keniji, 0X
Muroi, Naoto, 0G
Nagao, Tadaaki, 04
Nah, Changwoon, 15, 16
Namura, Kyoko, 0G
Nghiem, Ha Lien Thi, 04
Nichols, Logan, 0K
Nicolescu, Virginia, 10
Nishiura, Kensuke, 0G
Okada, I., 19

Okuya, Masayuki, 0X
Oladeii, Isaiah O., 0Z
Ortiz-Jiménez, Orlando, 1F

Proc. of SPIE Vol. 9929 992901-7

vii



Oshikane, Yasushi, 0Y
Palanchoke, Ujwol, 0T
Park, Minwook, 16
Pasquinelli, M., Ol
Patrone, Lionel, OT
Peale, Robert E., 0Z
Pelizzo, Maria Guglielmina, 1C
Petronis, Laurynas, 0D
Porosnicu, Corneliu, 10
Pourcin, F., 07

Powell, Rachel, 11
Prikhodko, Oleg Yu., 1G
Prodan, Gabriel C., 10
Rajapakse, R. M. G., OX
Rauschenbach, Bernd, 0A
Rehmer, Antonio, OF
Robertson, William M., 00
Ruiz, C. M., Ol

Sakurai, I., 19

Sauvage, R.-M., 07
Scaglione, A., OP
Scheurell, K., 14

Scholz, G., 14

Schitz, F., 14
Severiano-Cairrillo, Israel, 1F
Shimomura, Masaru, 0X
Simon, Jean-Jacques, Ol, OT
Slepicka, Petr, 13

Smith, Evan M., 0Z

Struk, P., 1J

Suzuki, Motofumi, 0G
Svorcik, Vaclav, 13
Swiontek, Stephen E., TH
Sytchkova, A., OE
Tartari, Simone, 12
Terracciano, Luigi, OT
Thierry, F., Ol

Todorovski, Dalibor, 0Z
Tolenis, Tomas, 0D

Toor, Fafima, 0K
Trejo-Durdn, Ménica, 1F
Utsumi, Y., 06, 19

Vasile, Eugeniu, 10
Vasilyev, Viadimir, 0Z
Vladoiu, Rodica, 10
Wang, Kai, 0C
Wasowicz, M., 1J
Yamaguchi, A., 06, 19
Zaharia, Agripina, 10
Zain, A.R. M., 08

Zhao, Yiping, 0B
Zuppella, Paola, 1C

viii

Proc. of SPIE Vol. 9929 992901-8



Conference Committee

Symposium Chairs

Harry A. Atwater Jr., California Institute of Technology (United States)
Nikolay I. Zheludev, Optoelectronics Research Centre
(United Kingdom) and Nanyang Technological University
(Singapore)

Symposium Co-chairs

David L. Andrews, University of East Anglia (United Kingdom)
James G. Grote, Air Force Research Laboratory (United States)

Conference Chairs

Akhlesh Lakhtakia, The Pennsylvania State University (United States)
Tom G. Mackay, The University of Edinburgh (United Kingdom)
Motofumi Suzuki, Kyoto University (Japan)

Conference Program Committee

Bharat Bhushan, The Ohio State University (United States)

Stephane Bruynooghe, Carl Zeiss AG (Germany)

Francesco Chiadini, Universitd degli Studi di Salerno (Italy)

Pankaj K. Choudhury, Universiti Kebangsaan Malaysia (Malaysia)

Didier Felbacq, Université Montpellier 2 (France)

Francgois Flory, Institut Matériaux Microélectronique Nanosciences de
Provence (France)

Frédéric Guittard, Université de Nice Sophia Antipolis (France)

Yi-Jun Jen, Natfional Taipei University of Technology (Taiwan)

Anders Kristensen, Technical University of Denmark (Denmark)

H. Angus Macleod, Thin Film Center, Inc. (United States)

Geoffrey B. Smith, University of Technology, Sydney (Australia)

Session Chairs

1 Inaugural Lecture
Tom G. Mackay, The University of Edinburgh (United Kingdom)

2 Biosensors
Tom G. Mackay, The University of Edinburgh (United Kingdom)

3 Plasmonics
Motofumi Suzuki, Kyoto University (Japan)

Proc. of SPIE Vol. 9929 992901-9



Control and Modification |
Pankaj K. Choudhury, Universiti Kebangsaan Malaysia (Malaysia)

Multilayers
Judikaél Le Rouzo, Institut Matériaux Microélectronique Nanosciences
de Provence (France)

Characterization and Modeling
Anna Krasilnikova Sytchkova, ENEA (ltaly)

Theoretical Approach
Pankaj K. Choudhury, Universiti Kebangsaan Malaysia (Malaysia)

Photonic Materials and Devices
Tom G. Mackay, The University of Edinburgh (United Kingdom)

Control and Modification i
Motofumi Suzuki, Kyoto University (Japan)

Control and Modification llI
Anil U. Mane, Argonne National Laboratory (United States)

Proc. of SPIE Vol. 9929 992901-10



