PROCEEDINGS OF SPIE

Advanced Photon Counting
Techniques Xl

Mark A. lizler
Joe C. Campbell
Editors

12-13 April 2017
Anaheim, California, United States

Sponsored and Published by
SPIE

Volume 10212

Proceedings of SPIE 0277-786X, V. 10212

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

Advanced Photon Counting Techniques XI, edited by Mark A. ltzler, Joe C. Campbell, Proc. of SPIE
Vol. 10212, 1021201 - © 2017 SPIE - CCC code: 0277-786X/17/$18 - doi: 10.1117/12.2280654

Proc. of SPIE Vol. 10212 1021201-1



The papers in this volume were part of the technical conference cited on the cover and fitle
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 Advanced Photon Counting Techniques X|, edited by Mark A. ltzler,
Joe C. Campbell, Proceedings of SPIE Vol. 10212 (SPIE, Belingham, WA, 2017) Seven-digit Article
CID Number.

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

ISBN: 9781510609259
ISBN: 9781510609266 (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 © 2017, Society of Photo-Opfical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the infernal 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/17/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
s P I 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 seven-digit CID article
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 letfters. 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. 10212 1021201-2



Contents

v Authors
Vii Conference Committee

SINGLE PHOTON METROLOGY

10212 04 Coherent quantum frequency bridge: phase preserving, nearly noiseless parametric
frequency converter (Invited Paper) [10212-3]

SEMICONDUCTOR SPDS

102120D Fully industrialised single photon avalanche diodes (Invited Paper) [10212-12]

10212 0G Progress in low light-level InAs detectors- towards Geiger-mode detection (Invited Paper)
[10212-15]

10212 OH Room temperature 1040fps, 1 megapixel photon-counting image sensor with 1.1um pixel
pitch [10212-34]

SPAD ARRAYS

102120l Ultra-high cell-density silicon photomultipliers with high detection efficiency (Invited Paper)
[10212-16]

APPLICATIONS OF PHOTON COUNTING I

10212 0Q Time stamping of single optical photons with 10 ns resolution [10212-24]

10212 0R X-ray backscatter sensing of defects in carbon fibre composite materials [10212-25]

POSTER SESSION

10212 0S The uliraviolet detection component based on Te-Cs image intensifier [10212-26]
10212 0T Characterizing the Nash equilibria of three-player Bayesian quantum games [10212-27]

10212 0U Software-defined network abstractions and configuration interfaces for building
programmable quantum networks [10212-31]

Proc. of SPIE Vol. 10212 1021201-3



Proc. of SPIE Vol. 10212 1021201-4



Avuthors

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 arficles 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.

Acerbi, Fabio, 0l

Allen, Brian P., OR

Balu, Radhakrishnan, OT
Borghi, Giacomo, 0Ol
Burenkov, Ivan A., 04
Chakaberia, Irakli, 0Q
Cheng, Y.-H., 04
Cotlet, Mircea, 0Q
Crews, Chiaki, OR
Dasari, Venkat R., OU
David, John, 0G
Fisher-Levine, Merlin, 0Q
Fossum, E. R., OH

Fox, Nicholas, OR
Geerhart, Billy E., OU
Gerrits, Thomas, 04
Gola, Alberto, 0Ol
Hodges, Diedra R., 0Q
Humble, Travis S., OU
Krysa, Andrey, 0G

Lita, Adriana, 04

Ma, J., OH

Masoodian, S., OH
Migdall, Alan L., 04
Nam, Sae Woo, 04

Ng, Jo Shien, 0G
Nguyen, Jayke, 0Q
Nomerotski, Andrei, 0Q
O'Flynn, Daniel, OR
Paternoster, Giovanni, Ol
Pellegrini, S., 0D
Piemonte, Claudio, Ol
Polyakov, Sergey V., 04
Qian, Yunsheng, 0S
Rae, B., OD

Regazzoni, Veronica, Ol
Sadlier, Ronald J., OU
Sammons, Mark, OR
Shalm, L. Krister, 04
Snow, Nikolai A., OU
Solmeyer, Neal, 0T
Solomon, Glenn S., 04
Speller, Robert D., OR
Starkey, D., OH

Tan, Chee Hing, 0G
Thomay, Tim, 04

Wang, T. J., OH

Wang, Yan, 0S
Williams, Brian P., OU

Wu, Yujing, 0S

Xu, Hua, 0S
Yamashita, Y., OH
Zhang, Shiyong, 0G
Zhou, Xiaoyu, 0S
Zhou, Xinxin, 0G
Zorzi, Nicola, Ol

Proc. of SPIE Vol. 10212 1021201-5



Proc. of SPIE Vol. 10212 1021201-6



Conference Committee

Symposium Chair

Maijid Rabbani, Rochester Institute of Technology (United States)

Symposium Co-chair

Robert Fiete, Harris Corporation (United States)

Conference Chair

Mark A. lizler, Princeton Lightwave, Inc. (United States)

Conference Co-chair

Joe C. Campbell, University of Virginia (United States)

Conference Program Committee

Gerald S. Buller, Heriot-Waftt University (United Kingdom)

William H. Farr, Jet Propulsion Laboratory (United States)

Robert H. Hadfield, University of Glasgow (United Kingdom)

Majeed Hayat, The University of New Mexico (United States)

Michael A. Krainak, NASA Goddard Space Flight Center
(United States)

Robert A. Lamb, SELEX Galileo Ltd. (United Kingdom)

K. Alex Mcintosh, MIT Lincoln Laboratory (United States)

Alan L. Migdall, National Institute of Standards and Technology
(United States)

Michael Wahl, PicoQuant GmbH (Germany)

Hugo Zbinden, University of Geneva (Switzerland)

Ivan Rech, Politecnico di Milano (Italy)

Session Chairs

1

Single Photon Metrology
Alan L. Migdall, National Institute of Standards and Technology
(United States)

DARPA DETECT Program |
Mark ltzler, Princeton Lightwave, Inc. (United States)

DARPA DETECT Program
Joe C. Campbell, University of Virginia (United States)

vii

Proc. of SPIE Vol. 10212 1021201-7



viii

Superconducting Nanowire SPDs
Joe C. Campbell, University of Virginia (United States)

Semiconductor SPDs
K. Alex Mcintosh, MIT Lincoln Laboratory (United States)

SPAD Arrays
K. Alex Mclintosh, MIT Lincoln Laboratory (United States)

Applications of Photon Counting |
Mark ltzler, Princeton Lightwave, Inc. (United States)

Applications of Photon Counting I
Joe C. Campbell, University of Virginia (United States)

Proc. of SPIE Vol. 10212 1021201-8



