PROCEEDINGS OF SPIE

Optical Interconnects XIV

Henning Schroder
Ray T. Chen
Alexei L. Glebov
Editors

3-5 February 2014
San Francisco, California, United States

Sponsored and Published by
SPIE

Volume 8991

Proceedings of SPIE 0277-786X, V. 8991

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

Optical Interconnects XIV, edited by Henning Schroder, Ray T. Chen, Alexei L. Glebov,
Proc. of SPIE Vol. 8991, 899101 - © 2014 SPIE - CCC code: 0277-786X/14/$18
doi: 10.1117/12.2063966

Proc. of SPIE Vol. 8991 899101-1



The papers included 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. The papers
published in these proceedings 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 fo cite material from this book:
Author(s), "Title of Paper," in Optical Interconnects X1V, edited by Henning Schréder, Ray T. Chen,
Alexei L. Glebov, Proceedings of SPIE Vol. 8991 (SPIE, Bellingham, WA, 2014) Article CID Number.

ISSN: 0277-786X
ISBN: 9780819499042

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2014, Society of Photo-Optical 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/14/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Library

SPIEDigitalLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print and on CD-ROM. Papers are published as they are submitted and
meet publication criteria. A unique, consistent, permanent citation identifier (CID) number is
assigned to each article at the time of the first 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,
print, and electronic versions of the publication. SPIE uses a six-digit CID article numbering system
in which:
= The first four digits correspond fo 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 sefts start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 0%, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID Number appears on each page of the manuscript. The complete citation is used on the
first page, and an abbreviated version on subsequent pages. Numbers in the index correspond to
the last two digits of the six-digit CID Number.

Proc. of SPIE Vol. 8991 899101-2



SESSION 1

Contents

Conference Committee

OPTICAL WAVEGUIDE TECHNOLOGIES

8991 02

899103

8991 04

899105

SESSION 2

Graded-index core polymer optical waveguide for high-bandwidth-density optical printed
circuit boards: fabrication and characterization (Invited Paper) [8991-1]
T. Ishigure, Keio Univ. (Japan)

Multilayer single-mode polymeric waveguides by imprint patterning for optical
interconnects [8991-2]

T. Korhonen, N. Salminen, A. Kokkonen, N. Masuda, M. Karppinen, VTT Technical Research
Cir. of Finland (Finland)

Laser-written polymer waveguides for embedded printed circuit board computing
applications [8991-3]
K. L. Kruse, C. T. Middlebrook, Michigan Technological Univ. (United States)

Performance of step index multimode waveguides with tuned numerical aperture for

on-board optical links [8991-4]
K. Nieweglowski, R. Henker, F. Ellinger, K.-J. Wolter, Technische Univ. Dresden (Germany)

NANOPHOTONICS FOR OPTICAL INTERCONNECTS

899108

8991 09

8991 08B

Towards 10-40 GHz on-chip micro-optical links with all integrated Si Av LED optical sources,
Si N based waveguides and Si-Ge detector technology [8991-7]

K. A. Ogudo, L. W. Snyman, Tshwane Univ. of Technology (South Africa); J.-L. Poulleux,

C. Viana, Z. Tegegne, ESYCOM, ESIEE Paris, Univ. Paris-Est Marne-la-Vallée (France);

D. Schmieder, Tshwane Univ. of Technology (South Africa)

Fabrication and characterization of the Si-photonics-integrated vertical resonant-cavity
light-emitting diode [8991-8]

D. Kong, SAMSUNG Electronics Co., Ltd. (Korea, Republic of) and Samsung Advanced
Institute of Technology (Korea, Republic of); T. Kim, S. Kim, H. Hong, I. Shcherbatko, Y. Park,
Samsung Advanced Institute of Technology (Korea, Republic of); D. Shin, K.-H. Ha,

G. Jeong, SAMSUNG Electronics Co., Ltd. (Korea, Republic of)

Spoked-ring microcavities: enabling seamless integration of nanophotonics in unmodified
advanced CMOS microelectronics chips [8991-47]

M. T. Wade, J. M. Shainline, Univ. of Colorado Boulder (United States); J. S. Orcutt,

R. J. Ram, Massachusetts Institute of Technology (United States); V. Stojanovic,

Univ. of California, Berkeley (United States); M. A. Popovic, Univ. of Colorado Boulder
(United States)

Proc. of SPIE Vol. 8991 899101-3



SESSION 3

PARALLEL OPTICAL LINKS AND ACTIVE OPTICAL CABLES

8991 0C

8991 0D

8991 OF

SESSION 4

A 1.3 Tb/s parallel optics VCSEL link (Invited Paper) [8991-10]
K. Hasharoni, S. Benjamin, A. Geron, S. Stepanov, G. Katz, I. Epstein, N. Margalit,
D. Chairman, M. Mesh, Compass Electro-Optical Systems (Israel)

Photonic integration enabling new multiplexing concepts in optical board-to-board and
rack-to-rack interconnects (Invited Paper) [8991-11]

D. Apostolopoulos, P. Bakopoulos, D. Kalavrouziotis, G. Giannoulis, G. Kanakis, N. lliadis,
C. Spatharakis, National Technical Univ. of Athens (Greece); J. Bauwelinck, Univ. Gent
(Belgium); H. Avramopoulos, National Technical Univ. of Athens (Greece)

Array fiber welding on micro optical glass substrates for chip-to-fiber coupling [8991-13]

H. Schréder, Fraunhofer-Institut fUr Zuverl@ssigkeit und Mikrointegration (Germany); M. Neitz,
Technische Univ. Berlin (Germany); L. Brusberg, Fraunhofer-Institut fUr Zuverl@ssigkeit und
Mikrointegration (Germany); M. Queiser, N. Arndt-Staufenbiel, K.-D. Lang, Technische Univ.
Berlin (Germany)

FIBER OPTICS AND MICRO-OPTICS INTEGRATION

8991 0G

8991 OH

8991 0l

8991 0J

Efficient and scalable single mode waveguide coupling on silicon based substrates
(Invited Paper) [8991-14]

E. Mohammed, R. Tseng, B. Rawlings, S. Liff, I. Ban, W. McFarlane, M. Reshotko, P. Chang,
Intel Corp. (United States)

Fabrication of Fresnel micro lens array in borosilicate glass by F2 laser ablation for glass
interposer application [8991-15]

L. Brusberg, M. Neitz, H. Schréder, Fraunhofer-Institut fUr Zuverl@ssigkeit und Mikrointegration
(Germany); T. Fricke-Begemann, J. Inlemann, Laser-Lab. Géttingen e.V. (Germany)

Low-loss connections between no-polish optical fibers in elastically deformable
connectors [8991-16]

T. Aoki, H. Muranaka, S. Aoki, Fujitsu Labs., Ltd. (Japan); K. Suematsu, M. Iwaya, M. Shiino,
T. Yagi, Furukawa Electric Co., Ltd. (Japan)

New single-mode multi-fiber expanded-beam passive optical interconnect [8991-17]
D. Childers, M. Hughes, T. Satake, US Conec Ltd. (United States)

Proc. of SPIE Vol. 8991 899101-4



SESSION 5

SILICON PHOTONIC DEVICES

8991 0K

8991 ON

8991 00

SESSION 6

Silicon on insulator optical modulators for integration in photonic optical circuits

(Invited Paper) [8991-18]

G.T.Reed, D. J. Thomson, F. Y. Gardes, G. Z. Mashanovich, Y. Hu, L. Ke, P. W. Wilson, Univ.
of Southampton (United Kingdom); L. Zimmermann, D. Knoll, S. Lischke, IHP GmbH
(Germany); H. Porte, Photline Technologies (France); B. Goll, H. Zimmermann, Technische
Univ. Wien (Austria); S.-W. Chen, S. H. Hsu, National Tsing Hua Univ. (Taiwan); J. M. Fedeli,
CEA-LETI-Minatec (France); K. Debnath, L. O'Faolain, Univ. of St. Andrews (United
Kingdom); T. F. Krauss, The Univ. of York (United Kingdom); M. Aamer, A. Brimont, P. Sanchis,
A. Hakansson Univ. Politécnica de Valéncia (Spain)

Composite-CMOS integrated photonics for high bandwidth WDM optical interconnects
(Invited Paper) [8991-21]

T. Creazzo, E. Marchena, S. B. Krasulick, P. K. L. Yu, D. Van Orden, J. Y. Spann, C. C. Blivin,
L. He, H. Cai, J. M. Dallesasse, R. J. Stone, A. Mizrahi, Skorpios Technologies, Inc. (United
States)

Hybrid silicon-electro-optic-polymer integrated high-performance optical modulator
[8991-22]

X. Zhang, The Univ. of Texas at Austin (United States); A. Hosseini, Omega Optics, Inc.
(United States); J. Luo, A. K.-Y. Jen, Univ. of Washington (United States); R. T. Chen, The Univ.
of Texas at Austin (United States)

OPTICAL INTERCONNECT DEVICES AND SWITCHES

8991 0Q

8991 OR

8991 0S

8991 0T

Silicon/electro-optic polymer hybrid directional coupler switch [8991-24]
O. D. Herrera, R. Himmelhuber, K.-J. Kim, R. A. Norwood, N. Peyghambarian, The Univ. of
Arizona (United States)

Polymer waveguide with tunable optofluidic couplers for card-to-backplane optical
interconnects [8991-25]
G. Jiang, S. Baig, M. R. Wang, Univ. of Miami (United States)

Microsecond regime optical cross connect: 32 port to 32 port scalable device [8991-26]
B. Lynn, A. Miles, P.-A. Blanche, J. Wissinger, The Univ. of Arizona (United States); D.
Carothers, Texas Instruments Inc. (United States); R. A. Norwood, N. Peyghambarian, The
Univ. of Arizona (United States)

Chip-to-chip optical interconnects based on flexible integrated photonics [8991-27]
L. Li, Y. Zou, H. Lin, J. Hu, Univ. of Delaware (United States); X. Sun, N.-N. Feng, LaXense, Inc.
(United States); S. Danto, K. Richardson, CREOL, The College of Optics and Photonics, Univ.
of Central Florida (United States); T. Gu, M. Haney, Univ. of Delaware (United States)

Proc. of SPIE Vol. 8991 899101-5



vi

SESSION 7 NANOPHOTONICS FOR OPTICAL INTERCONNECTS I
8991 0V Plasmonic modulator for three-dimensional chip-to-chip optical interconnects [8991-29]
F.Ren, X. Wang, A. X. Wang, Oregon State Univ. (United States)
8991 OW Tunable nanoscale-efficient plasmonic demultiplexers [8991-30]
A. Azzazi, M. A. Swillam, The American Univ. in Cairo (Egypt)
8991 0X Ulira-low loss and compact coplanar waveguide crossing (Invited Paper) [8991-31]
A. Hosseini, Omega Optics, Inc. (United States); Y. Zhang, R. T. Chen, The Univ. of Texas at
Austin (United States)
SESSION 8 OPTICAL INTERCONNECT SYSTEMS
8991 07 Optical RAM-enabled cache memory and optical routing for chip multiprocessors:
technologies and architectures (Invited Paper) [8991-33]
N. Pleros, P. Maniotis, T. Alexoudi, D. Fitsios, C. Vagionas, S. Papaioannou, Aristotle Univ. of
Thessaloniki (Greece) and Ctr. for Research and Technology Hellas (Greece); K. Vyrsokinos,
G. T. Kanellos, Ctr. for Research and Technology Hellas (Greece)
899110 Demonstration of fully enabled data center subsystem with embedded optical
interconnect [8991-34]
R. Pitwon, A. Worrall, P. Stevens, A. Miller, K. Wang, Xyratex Technology Ltd. (United
Kingdom); K. Schmidtke, Finisar Corp. (United States)
8991 11 Mixed-level optical-system simulation incorporating component-level modeling of
interface elements [8991-35]
P. V. Menaq, B. Stone, E. Heller, D. Herrmann, E. Ghillino, R. Scarmozzino, Synopsys, Inc.
(United States)
899112 Fabrication of modulators and 2x2 switches in SOl based on the carrier depletion
mechanism for optical interconnects (Invited Paper) [8991-36]
F. Lopez-Royo, A. Brimont, Univ. Politécnica de Valéncia (Spain); C. Vagionas, G. Dabos,
N. Pleros, Cir. for Research and Technology Hellas (Greece) and Aristotle Univ. of
Thessaloniki (Greece); K. Vyrsokinos, Cir. for Research and Technology Hellas (Greece);
A. Griol, J. Hurtado, L. Bellieres, N. S. Losilla, P. Sanchis, L. Sanchez, J. Marti, Univ. Politécnica
de Valencia (Spain)
SESSION 9 MANUFACTURING TECHNOLOGIES
899113 Development of eleciro-optical PCBs with embedded waveguides for data center and
high perfformance computing applications (Invited Paper) [8991-37]
M. Immonen, TTM Technologies, Inc. (Finland); J. Wu, H. J. Yan, L. X. Zhu, P. Chen,
T. Rapala-Virtanen, TTM Technologies, Inc. (China)
8991 14 Polymer integration of optoelecironic devices in on-board and board-to-board optical

communication systems [8991-38]
E. Bosman, B. Van Hoe, J. Missinne, G. Van Steenberge, Univ. Gent (Belgium)

Proc. of SPIE Vol. 8991 899101-6



899115 Optical connecting devices fabricated by self-written waveguide technology for smart
optical interconnect [8991-39]
T. Enomoto, Y. Soeda, O. Mikami, Tokai Univ. (Japan)

8991 16 Towards roll-to-roll manufacturing of polymer photonic devices [8991-40]
H. Subbaraman, Omega Optics, Inc. (United States); X. Lin, The Univ. of Texas at Austin
(United States); T. Ling, L. J. Guo, Univ. of Michigan (United States); R. T. Chen, The Univ. of
Texas at Austin (United States)

SESSION 10 PICs FOR OPTICAL INTERCONNECTS: JOINT SESSION WITH CONFERENCES 8989 AND 8991

899117 Advances in integrated photonic circuits for packet-switched interconnection
(Invited Paper) [8991-41]
K. A. Williams, R. Stabile, Technische Univ. Eindhoven (Netherlands)

899118 Silicon photonic integrated devices for datacenter optical networks (Invited Paper)
[8991-42]
M. Fiorentino, C.-H. Chen, G. Kurczvell, D. Liang, Z. Peng, R. Beausoleil, Hewlett-Packard
Labs. (United States)

POSTER SESSION

899119 Pitch control of multi-channel graded-index core polymer waveguide for optical PCB using
the Mosquito method [8991-43]
R. Kinoshita, D. Suganuma, T. Ishigure, Keio Univ. (Japan)

8991 1A Surface normal coupling to multiple-slot and cover-slotted silicon nanocrystalline

waveguides and ring resonators [8991-44]
J. Covey, R.T. Chen, The Univ. of Texas at Austin (United States)

Author Index

vii

Proc. of SPIE Vol. 8991 899101-7



Conference Committee

Symposium Chairs

David L. Andrews, University of East Anglia Norwich (United Kingdom)
Alexei L. Glebov, OptiGrate Corporation (United States)

Symposium Co-chairs

Jean Emmanvuel Broquin, IMEP-LAHC (France)
Shibin Jiang, AdValue Photonics, Inc. (United States)

Program Track Chair

Yakov Sidorin, Quarles & Brady LLP (United States)

Conference Chairs

Henning Schroder, Fraunhofer-Institut fUr Zuverl@ssigkeit und
Mikrointegration (Germany)

Ray T. Chen, The University of Texas at Austin (United States)

Alexei L. Glebov, OptiGrate Corporation (United States)

Conference Program Committee

Bill Blubaugh, US Conec Litd. (United States)

Swapngjit Chakravarty, Omega Optics, Inc. (United States)

Patrick B. Chu, Sandia National Laboratories (United States)

Michael W. Haney, University of Delaware (United States)

Ruth Houbertz-Krauss, Fraunhofer-Institut fUr Silicatforschung
(Germany)

Yidong Huang, Tsinghua University (China)

Wei Jiang, Rutgers, The State University of New Jersey (United States)

Mikko Karppinen, VTT Technical Research Center of Finland (Finland)

Ashok V. Krishnamoorthy, Oracle (United States)

Bert-Jan Offrein, IBM ZUrich Research Laboratory (Switzerland)

Hyo-Hoon Park, KAIST (Korea, Republic of)

Richard C. Pitwon, Xyratex Technology Ltd. (United Kingdom)

Richard Soref, University of Massachusetts Boston (United States)

Peter Van Daele, Universiteit Gent (Belgium)

Michael R. Wang, University of Miami (United States)

lan H. White, University of Cambridge (United Kingdom)

Proc. of SPIE Vol. 8991 899101-8



Session Chairs

1

10

Optical Waveguide Technologies
Henning Schroder, Fraunhofer-Institut fUr Zuverl@ssigkeit und
Mikrointegration (Germany)

Nanophotonics for Optical Interconnects
Peter Van Daele, Universiteit Gent (Belgium)

Parallel Opftical Links and Active Optical Cables
Bill Blubaugh, US Conec Lid. (United States)

Fiber Optics and Micro-Optics Integration
Alexei Glebov, OptiGrate Corporation (United States)

Silicon Photonic Devices
Ray T. Chen, The University of Texas at Austin (United States)

Optical Interconnect Devices and Switches
Michael R. Wang, University of Miami (United States)

Nanophotonics for Optical Interconnects |l
Patrick B. Chu, Sandia National Laboratories (United States)

Optical Interconnect Systems
Mikko Karppinen, VTT Technical Research Center of Finland (Finland)

Manufacturing Technologies
Richard C. Pitwon, Xyratex Technology Ltd. (United Kingdom)

PICs for Optical Inferconnects: Joint Session with Conferences 8989

and 8991
Louay A. Eldada, Quanergy, Inc. (United States)

Proc. of SPIE Vol. 8991 899101-9



