
1



32

TABLE OF CONTENT

Hilton Montreal Bonaventure ..................................................................................................................... 2

General Information .................................................................................................................................... 4

Message from the Organizers ..................................................................................................................... 7

Technical Program Committees .................................................................................................................. 8

Invited Speakers ........................................................................................................................................ 10

Conference Schedule ................................................................................................................................ 14

Oral presentations:

Keynote Lectures ...................................................................................................................................... 54

Session 1: Bio-Medical-Infection ............................................................................................................. 57

Session 2: Bio-sensors .............................................................................................................................. 98

Session 3: Optical communications ........................................................................................................ 130 

Session 4: CIPI projects .......................................................................................................................... 160

Session 5: Optical design and simulation ............................................................................................... 181

Session 6: General Optics and Photonics ................................................................................................ 208

Session 7: Green Energy ......................................................................................................................... 225 

Session 8: Lasers and Processes ............................................................................................................. 254 

Session 9: Non-linear optics and photonic materials .............................................................................. 269

Session 10: Ultrafast photonics and nano-optics .................................................................................... 321

Authors Index .......................................................................................................................................... 350

2012



4 5

Hilton Montreal Bonaventure
900 de La Gauchetiere W., Montreal, QC, H5A 1E4, Canada

test

Hilton Montreal Bonaventure
900 de La Gauchetiere W., Montreal, QC, H5A 1E4, Canada



6 7

GENERAL INFORMATION

Access to the Hilton Montreal Bonaventure

The main entrance is located at:
900, rue de la Gauchetière Ouest
Montreal, Quebec
H5A 1E4

Parking

Hilton Montreal Bonaventure
Self parking 19,75$ CAD

Place Bonaventure
Place Bonaventure offers a large number of on-
site parking spaces. Indoor parking is accessible by 
Mansfield Street.

Registration and Information Hours

The registration desk is located at the Ballroom level 
of the Hilton Montreal Bonaventure, according to 
the following schedule:

Wednesday, June 6th 7:00 am to 5:00 pm
Thursday, June 7th 7:00 am to 5:00 pm
Friday, June 8th 7:30 am to noon

Exhibition Hours

Hilton Montreal Bonaventure, Fontaine ABCDE

Wednesday, June 6th  10:00 am to 7:00 pm
Thursday, June 7th 10:00 am to 3:30 pm

Speakers audiovisual Desk / Preview Station 

Wednesday through Friday 7:30 am to 5:00 pm (to 
noon on Friday)
  Next to the registration desk

In order to guarantee the speakers the best conditions 
for their presentations, we invite the speakers to come 
to the registration desk the day before. A computer 
will be available to upload their presentation or to 
check it.

Posters

Poster Sesion and Reception
Wednesday, June 6th 5:00 pm to 7:00 pm
  Fontaine ABCDE

Authors have to register and they will receive their 
Poster number at the registration desk. The poster 
area opens on June 6th at 10:00 am. Your poster 
must be displayed from 10:00 am on June 6th until 
3:30 pm on June 7th. If your poster is not removed 
at the end of the exhibition it won’t be returned to 
you. 

The poster presenters have to be near their poster 
boards during the poster session to answer questions 
from attendees.

Coffee Breaks

Coffee will be served during the morning and 
afternoon coffee breaks.

Wednesday, June 6th 10:00 am and 3:00 pm 
  Exhibition Area - Fontaine ABCDE
Thursday, June 7th  10:00 am and 3:00 pm 
  Exhibition Area - Fontaine ABCDE
Friday, June 8th  10:00 am
  Foyer
 

Lunches

Lunch will be served in the exhibit hall at the Fontaine 
ABCDE for paying participants and sponsors.

Cocktail & special events

Welcome and Poster Reception
Wednesday, June 6th 5:00 pm to 7:00 pm
  Fontaine ABCDE
Cocktail and Banquet
Thursday, June 7th 6:00 pm - 10:00 pm
  Le Portage

Message Center

A message board will be available daily next to the 
registration desk.

Free Internet Wifi Access

In the hotel public area (front desk, restaurant and 
lobby) and in the hotel bedrooms only.

Hotel Information

Hilton Montreal Bonaventure
900 de La Gauchetiere W.
Montreal, QC, H5A 1E4, Canada
Phone: 1-514-878-2332
Fax: 1-514-878-3881 
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Organizing Committee:

Co-Chairman
Robert Corriveau 
 Canadian Institute for Photonic         
 Innovation, Canada

Co-Chairman
Michel Têtu
 Quebec Photonic Network,   
 Canada

Vice Chairman
George A. Lampropoulos  
 A.U.G. Signals, Canada

Program Chairman
Photonics North
Jean-Claude Kieffer
 INRS, Canada 

Logistic
Michel Walters & 
Véronique Gravel
 Conferium, Quebec, Canada

It is a great pleasure to welcome you at Photonics North 2012 in 
Montreal.  With its multilingual highly qualified personnel, its high-
tech environment, its R&D capabilities and its quality of life, Montreal 
is the flagship of the economic development of the Province of Quebec.  
Therefore, it’s the perfect place to host such an event. The excellent 
technical program put up by our Committee, led by Professor Jean-
Claude Kiefer, and the diversity in the entertaining activities provide 
excellent opportunities for our international visitors originating from 
universities, governments and industries to exchange ideas and develop 
partnerships.  The extensive and profound photonic achievements 
which will be presented during the conference should accelerate the 
use of photonics in all application domains.  We take advantage of this 
opportunity to sincerely thank our sponsors and participants for their 
continuous support and wish you all a very fruitful conference.

Robert Corriveau
President & Executive Director, Canadian Photonic Industry 
Consortium

Michel Têtu
President & CEO, Quebec Photonic Network
Professor emeritus, Université Laval

2012

A Welcome Text from the Photonics North Program Chairman

Welcome at Photonics North 2012 in Montreal. Your contributions give us the opportunity to present, again this year, 
a very exciting scientific program. With more than 300 abstracts submitted and more than 70 invited speakers, the 
2012 Photonics North conference will be a unique place to foster discussions, exchange ideas and learn about the 
latest developments in Optics and Photonics. We hope that you will enjoy having scientific discussions in the very 
dynamic and modern Montreal environment. We also thank all our sponsors who have been very supportive and we 
wish you to have a very fruitful time at this 2012 conference. 

Jean Claude Kieffer
INRS, Canada
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TECHNICAL PROGRAM COMMITTEE

Photonics North Technical Chairman:
Jean-Claude Kieffer INRS Canada 

Photonics North Session Chairs and Co-Chair:

Bio-Medical-Infection (BIO-MED): 
Caroline Boudoux École Polytechnique de Montréal Canada
Sylvain Gioux Beth Israel Deaconess Medical Center / Harvard Medical School USA

Bio-sensors (BIO-SENS): 
Paul Charrette Université de Sherbrooke Canada
Chris Backhouse University of Waterloo Canada
Pierre Berini University of Ottawa Canada
Jean-François Masson Montreal University Canada
Denis Boudreau Laval University Canada

CIPI projects (CIPI): 
Robert Fedosejevs University of Alberta Canada
Paul Jessop McMaster University Canada
Michel Piché Laval University Canada
Réal Vallée Laval University Canada
Brian Wilson Princess Margaret HospitalCanada

Optical communications (COMM): 
Christine Tremblay École de technologie supérieure Canada
André Parent National Research Council Canada Canada

Optical design and simulation (DESIGN): 
Simon Thibault Laval University Canada
Min Wang INO Canada
Jocelyn Parent Immervision Canada
John Padzer NRC-HIA Canada
Jasmin Coté Side by Side Optics Canada

Non-linear optics and photonic materials (OPTICS):
Nicolas Godbout École Polytechnique de Montréal Canada
Martin Rochette McGill University Canada
Roberto Morandotti INRS-EMT Canada

Green Energy (GREEN): 
Zetian Mi McGill University Canada
Donald Angers Centre of Excellence in Energy Efficiency Canada
John Wen University of Waterloo Canada
Nate Quitoriano McGill University Canada

Ultrafast photonics and nano-optics (ULTRA/NANO):
François Légaré INRS Canada
Andreas Ruediger INRS Canada
Tsuneyuki Ozaki INRS-ÉMT Canada
David M. Villeneuve National Research Council Canada

Lasers and Processes (LASERS): 
Jean-Pierre Monchalin National Research Council Canada Canada
Alain Blouin National Research Council Canada Canada

General Optics and Photonics (GEN O/P):
Jean-Claude Kieffer INRS Canada
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OPENING KEYNOTE SPEAKER
Katarina Svanberg, Lund University Hospital, Division of Oncology Sweden
 Laser Spectroscopy for Detection and Therapy of Human Malignant Tumours

BANQUET INVITED SPEAKER
Bill Shillue, National Radio Astronomy Observatory USA
 Photonic Technologies in the Atacama Large Millimeter Array Project

CLOSING KEYNOTE SPEAKER
Laurent Sarger, University Bordeaux 1 and RdL cluster France
 Private Partnership for dynamic economic development: The “Route des Laser” Aquitaine Photonics
 cluster

INVITED SPEAKERS

BIO-MED: Bio-Medical-Infection
Andreas Hielscher, Columbia University USA
 Clinical utility of PDE-constrained optical tomographic imaging algorithms
Carole Hayakawa, University of California USA
 The Virtual Photonics Technology Initiative
Frederic Leblond, Dartmouth College Thayer School of Engineering USA
 Single-photon counting detection improves the spatial resolution and sensitivity in diffuse fluorescence   
 tomography
 Quantitative and depth-resolved fluorescence imaging of gliomas can improve margin detection during
 surgery
Amaan Mazhar, University of California USA
 Deployment of a Clinic-Friendly Spatial Frequency Domain Imaging System
John N. Nguyen, Beth Israel Deaconess Medical Center USA
 Novel Applications of Optical Imaging in Plastic and Reconstructive Surgery
Guillermo Tearney, Harvard Med School/Massachusetts Gen Hospital USA
 Future of Coronary OCT
Jerome Mertz, Boston University USA
 Phase-contrast endomicroscopy
Albert Stolow, National Research Council Canada Canada
 Broadly Tuneable CARS Microscopy in the Fingerprint Region
Lothar Lilge, Ontario Cancer Institute Canada
 Use of Rhodium Centered Mixed-Metal Supramolecular Complexes as sensitizers for light activated
 bacterial inactivation
Anais Leproux, University of California Irvine USA
 Functional measurements of tumor response during neoadjuvant chemotherapy using diffuse optical
 spectroscopic imaging- a phase I novel technology multi-center translational study
Clemens Alt, Harvard Med School/Massachusetts Gen Hospital USA
 In vivo quantification of cellular dynamics with a scanning laser ophthalmoscope in mouse models of
 retinal injury

BIO-SENS: Bio-Sensors
Mohammed Zourob, INRS Canada
 Novel, rapid and label-free assay format for proteases detection and drug screening.
Michel Meunier, École Polytechnique de Montréal Canada
 Plasmonics: merging optical sensing with nanotechnology
Jean-Francois Masson, Université de Montreal Canada
 Plasmonic sensors based on nano- and microhole arrays

Chris Backhouse, University of Waterloo Canada
 Polymeric rapid prototyping for inexpensive and portable medical diagnostics
Denis Boudreau, Laval University Canada
 Design and Applications of Multilayer Core-Shell Nanoprobes Based on Plasmon-Enhanced
 Fluorescence and FRET
Pierre Bérini, University of Ottawa Canada
 Biosensing using long-range surface plasmon-polariton waveguides

CIPI Projects
Réal Vallée, Laval University Canada
 (LASERS & APPLICATIONS)
 Fluoride based Fibre Lasers
David Cramb, University of Calgary Canada
 (BIOMED)
 Two-photon excitation photodynamic therapy towards the treatment of macular degeneration
Sophie LaRochelle, Laval University Canada
 (COMM & SENSING)
 Performance Analysis of All-Optical Routers for Packet-Switching in Large-Scale Data Centers

GREEN: Green Energy
Zhenghong Lu, University of Toronto Canada
 Progress in organic light emitting diode technology
Izquierdo Ricardo, Université du Québec à Montréal Canada
 Enhanced photovoltaic conversion efficiency in bulk heterojunction solar cells by materials and
 device architecture engineering
Federico Rosei, INRS  Canada
 Exotic functional materials for solar energy conversion
Benoit Marsan, Université du Québec à Montréal Canada
 CuInS2/Graphene Composite Material for Electrochemical Photovoltaic Cells
Carlo Adamo, Chimie Paristech and Institut Universitaire de France France
 From the understanding of elementary steps to cell parameter optimization: a theoretical approach for
 Dye Sensitized Solar Cells design
George Demopoulos, McGill University Canada
 Green chemistry-driven development of nanostructured titania mesoporous electrodes for
 solar energy conversion and storage cells
Eugene Fitzgerald, MIT USA
 Semiconductor Materials for Energy Devices
Minjoo Larry Lee, Yale University USA
 Metamorphic InGaP and GaAsP solar cells
Xiuling Li, University of Illinois USA
 III-V Nanowires on Si for Monolithic Tandem Solar Cells
Jihun Oh, National Renewable Energy Laboratory USA
 Nanostructured Black Silicon for Efficient Photovoltaics and Solar Fuel Production
Patanjali Kambhampati, McGill University Canada
 Excitons in Semiconductor Quantum Dots: A Path towards Engineering Light Emission from
 Nanostructures
George Wang, Sandia National Laboratories USA
 III-Nitride Nanowires: Novel Materials for Lighting and Photovoltaics
Z. Q. Li, Crosslight Software Inc. Canada
 Effect of Polarization on GaN-based Light-Emitting Diodes and Solar Cells
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OPTICS: Non-linear optics and photonic materials
Jacques Albert, Carleton University Canada
 Poled glass multilayers as a new kind of second order nonlinear optical material
Martin Rochette, McGill University Canada
 Highly nonlinear As2Se3 microwires and their applications
Jean-Emmanuel Broquin, IMEP-LaHC France
 Q-switched and Mode-locked Pulsed lasers integrated on glass
Amr Helmy, University of Toronto Canada
 Second Order Nonlinearities in Laser Diodes
Antoine Proulx, INO  Canada
 Specialty Optical Fibers Technologies at INO: Lasers, Amplifiers and Sensors
Alexandre Kudlinsky, Université de lille France
 Periodic dispersion maps in optical fibers : a new degree of freedom in nonlinear fiber optics
Alain Villeneuve, Laval University Canada
 Mixing frequencies with a synchronized picosecond programmable laser system and its applications
Yves Quiquempois, CNRS France
 Recent advances in the design of Photonic Bandgap and Hybrid Fibers: From Large Mode Area to
 Highly nonlinear fibers
Alain Barthélémy, CNRS-Université de Limoges France
 Coupled lasers and nonlinearity
Thomas Jennewein, University of Waterloo Canada
 High transmission-loss and classical-quantum multiplexing QKD enabled with short wavelength photons
Hugues de Riedmatten, ICFO- Institute of Photonic Sciences Spain
 Solid State Quantum Light-Matter Interface for Photonic Polarization Qubits
Serge Massar, Université Libre de Bruxelles Belgium
 Quantum and Nonlinear Optics with Amorphous and Crystaline Silicon Wire Waveguides
Valerio Pruneri, ICFO  Spain
 Compact entangled-pair and low-number-of-photon sources for quantum communication in space
Li Qian, University of Toronto Canada
 Periodically Poled Fiber as a New Source of Entangled Photon Pairs
Félix Bussières, Université de Genève Switzerland
 Quantum storage of photonic entanglement in rare-earth-ion doped crystals
Ebrahim Mortazy, INRS-EMT Canada
 Novel Thin-Film Optical Devices

COMM: Optical Communications
Hanan Anis, University of Ottawa Canada
 Hollow core photonic crystal fiber sensors based on enhanced Raman scattering
Robert Keys, BTI Systems Canada
 The dynamic optical layer: simplified network, magnified results
K. Leong, Viscore Technologies Canada
 Hybrid compact optical components and modules for high density networking systems
Zhenguo Lu, National Research Council Canada Canada
 Quantum Dot Semiconductor Lasers around 1550 nm for Future Optical Networking Systems
Maurice O´Sullivan, Ciena Canada
 A high spectral efficiency Coherent transmission technology
Valery Tolstikhin, One Chip Photonics Canada
 Regrowth-Free Multi-Guide Vertical Integration: Technology and Applications

Lech Wosinski, Royal Institute of Technology (KTH) Sweden
 Si-based monolithically integrated triplexer transceiver for FTTH applications
Odile Liboiron-Ladouceur, McGill University Canada
 Photonic Technology Development for Efficient Data Communication
Robert Varano, Reflex Photonics Canada
 A Terabit Optical Backplane Chassis

ULTRA/NANO: Ultrafast photonics and nano-optics
Ali Belarouci, Institut des Nanotechnologies de Lyon, UMR CNRS France
 A new route toward 3D light harnessing
Ravi Bhardwaj, University of Ottawa Canada
 Laser nanostructuring of dielectrics
See Leang Chin, Laval University Canada
 Intense femtosecond filamentation science in air
Andre D. Bandrauk, Université de Sherbrooke Canada
 Monitoring Attosecond Electron Motion by High Order Harmonic Generation
Sébastien Francoeur, École Polytechnique de Montréal Canada
 Atomic size semiconductor quantum dots
Francois Lagugne-Labarthet, University of Wester Ontario Canada
 Tip enhanced Raman Spectroscopy for the study of Nanomaterials and Surfaces
Robin Marjoribanks, University of Toronto Canada
 Ultraintense laser light absorption in nanowire structures: theory and experiment
Andre Staudte, National Research Council Canada Canada
 The 2-electron Attosecond Streak camera
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Wednesday AM, June 6th
SESSION: COMM: Westmount / 

Outremont
GREEN: Longueuil LASERS: St-Pierre

CHAIR: Christine Tremblay Zetian Mi Jean-Pierre Monchalin
08:30  09:00 Invited Speaker

A Terabit Optical Backplane 
Chassis
(COMM-6-01-1)
Robert Varano
Reflex Photonics, Canada

Invited Speaker
Progress in organic light 
emitting diode technology
(GREEN-6-02-1)
M. G. Helander, Z. B. Wang, J. 
Qiu, and Z. H. Lu
Department of Materials 
Science and Engineering, 
University of Toronto, Canada

(8h30-8:50)
Speckle Interferometry at 
10 µm with CO2 lasers and 
microbolometers array
(LASERS-6-03-1)
Marc P. Georges, Jean-
François Vandenrijt, Cedric 
Thizy
Centre Spatial de Liège - 
Université de Liège, Belgium

09:00  09:20 Invited Speaker
Hybrid Compact Optical 
Components and Modules 
for High Density Networking 
Systems
(COMM-6-01-2)
K. Leong
Viscore Technologies, Canada

(9:00-9:30) Invited Speaker
Enhanced photovoltaic 
conversion efficiency in bulk 
heterojunction solar cells 
by materials and device 
architecture engineering
(GREEN-6-02-2)
J. K. Baral 1, 2, A. Sharma 1, 
J-F. Morin 4, D. Ma 3, V.V. 
Truong 2 and R. Izquierdo 1, *

1 Département d’informatique, 
University of Quebec at 
Montreal (UQAM), Canada.
2 Department of Physics, 
Concordia University, Canada.
3 INRS–Énergie, Matériaux et 
Télécommunications, Canada
4 Department of Chemistry, 
Université Laval, Canada

(8:50-9:10)
High Efficiency Inverted 
Pyramidal Texture on Silicon 
using Ultrafast Laser Direct 
Hard-Mask Writing
(LASERS-6-03-2)
K. Kumar1, K.C. Lee2, J. 
Nogami1, P.R. Herman2, N.P. 
Kherani1, 2,*

1 Department of Materials 
Science and Engineering, 
University of Toronto, Canada
2 Department of Electrical 
and Computer Engineering, 
University of Toronto, Canada

Wednesday AM, June 6th
SESSION: ULTRA/NANO: Verdun GEN O/P: Lachine

CHAIR: Andreas Ruediger Jean-Claude Kieffer
08:30  09:00 Invited Speaker

From Confocal to Tip-
Enhanced: improving 
the spatial resolution 
and specificity of Raman 
microscopy
(ULTRA/NANO-6-04-1)
Nastaran Kazemi, Farshid 
Pashaee and François 
Lagugné-Labarthet
The University of Western 
Ontario, Department of 
Chemistry, Canada 

True 3D vision with single 
eye or camera
(GEN O/P-6-05-1)
Philipp Kornreich and Bart 
Farell
Syracuse University, USA

09:00  09:20 (9:00-9:30) Invited Speaker
Atomic-size semiconductor 
nanostructures 
(ULTRA/NANO-6-04-2)
Sebastien Francoeur
École Polytechnique de 
Montréal, Canada

Digital Implementation of a 
Neural Network for Imaging 
(GEN O/P-6-05-2)
Richard Wood1, Alex 
McGlashan2, Jay Yatulis2, 
Peter Macher1, and Ian Bruce3

1Department of Engineering 
Physics and the Centre 
for Emerging Device 
Technologies, McMaster 
University, Canada, 
2Photonics Engineering 
Technology, Niagara College, 
Canada, 
3Department of Electrical 
and Computer Engineering, 
McMaster University, Canada
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June 6th COMM: Westmount / 
Outremont

GREEN: Longueuil LASERS: St-Pierre

09:20  09:40 A Monolithic Optical Front-
end for Soft-decision LDPC 
Decoders
(COMM-6-01-3)
M.N. Sakib, M.S. Hai, and O. 
Liboiron-Ladouceur
Department of Electrical 
and Computer Engineering, 
McGill University, Canada

(9:30-9:50)
Electrolyte-Gated Organic 
Light Emitting Transistors 
(GREEN-6-02-3)
J. Sayago, S. Bayatpour J. 
Borduas, F. Cicoira, C. Santato
École Polytechnique de 
Montréal, Montréal, Quebec, 
Canada

(9:10-9:30)
Dynamics of an ultra thin 
foil (15 nm) irradiated by a 
short laser pulse (30 fs) at 
relativistic intensity (1020 

W/cm2)
(LASERS-6-03-3)
S. Gnedyuka, S. Fourmauxa, S. 
Payeura, Ph. Lassondea, J. C. 
Kieffera, J. Fuchsb

a INRS-EMT, Canada
b LULI, UMR 7605, CNRS, 
Ecole Polytechnique, France

09:40  10:00 External Cavity Tunable 
InAs/InP Quantum Dot 
Lasers
(COMM-6-01-4)
C. Flueraru, Z.G.  Lu, J.R.  
Liu, P.J. Poole, P.J. Barrios, D. 
Poitras, and J. Caballero
Institute for Microstructural 
Sciences, National Research 
Council, Canada

(9:30-9:50)
Laser Cooling of Solids with 
Nanoparticles 
(LASERS-6-03-4)
Galina Nemova1, Sebastien 
Loranger2, Elton Soares de 
Lima Filho2, and Raman 
Kashyap1,2 
1 The Cool Group, Department 
of Engineering Physics and 
2 Department of Electrical 
Engineering, École 
Polytechnique de Montréal,  
Canada

10:00  10:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE
10:30  11:00 Welcome: Robert Corriveau, Michel Têtu & Jean-Claude Kieffer - Westmount / Outremont
11:00  12:00 OPENING KEYNOTE SPEAKER (KEYNOTE-6-6-1) - Westmount / Outremont

Laser Spectroscopy for Detection and Therapy of Human Malignant Tumours 
Katarina Svanberg
Lund University Hospital, Division of Oncology, Sweden

12:00  13:30 LUNCH - Exhibit Area / Fontaine ABCDE (Included)

June 6th ULTRA/NANO: Verdun GEN O/P: Lachine

09:20  09:40 (9:30-9:50)
Tip enhanced Raman 
spectroscopy for chemical 
characterization of nano-
structures
(ULTRA/NANO-6-04-3)
Mischa Nicklaus, Andreas 
Ruediger1

1INRS-EMT, Université du 
Québec, Varennes, Canada

Second Harmonic 
Generation (SHG) 
microscopy of articular 
cartilage to image 
osteoarthritis
(GEN O/P-6-05-3)
M-A. Houle 1, C.P. Brown2, 
K. Popov3, M. Nicklaus1, A. 
Ruediger1, M. Chen2, A.J. 
Price2, L. Ramuno3, H.S. Gill2, 
F. Légaré1

1 Institut National de la 
Recherche Scientifique, Centre 
ÉMT, Canada 
2Botnar Research Center, 
Nuffield Departement of 
Orthopaedics, Rheumatology 
ans Musculoskeletal Sciences, 
University of Oxford, United 
Kingdom 
3Department of Physics, 
University of Ottawa, Canada

09:40  10:00

10:00  10:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE
10:30  11:00 Welcome: Robert Corriveau, Michel Têtu & Jean-Claude Kieffer - Westmount / Outremont
11:00  12:00 OPENING KEYNOTE SPEAKER (KEYNOTE-6-6-1) - Westmount / Outremont

Laser Spectroscopy for Detection and Therapy of Human Malignant Tumours 
Katarina Svanberg
Lund University Hospital, Division of Oncology, Sweden

12:00  13:30 LUNCH - Exhibit Area / Fontaine ABCDE (Included)
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June 6th COMM: Westmount / 
Outremont

GREEN: Longueuil LASERS: St-Pierre

CHAIR: André Parent Nate Quitoriano Jean-Pierre Monchalin
13:30  14:00 Invited Speaker 

A High Spectral Efficiency 
Coherent Transmission 
Technology
(COMM-6-09-1)
Maurice O´Sullivan
Ciena, Canada

Invited Speaker 
Exotic functional materials 
for solar energy conversion 
(GREEN-6-10-1)
Federico Rosei1,
1 Canada Research Chair in 
Nanostructured Organic and 
Inorganic Materials
INRS Energie, Materiaux 
et Telecommunications, 
Université du Québec, Canada

(13:30-13:50)
Absorption Bleaching in 
Silicon induced by High-
Intensity Few-Cycle 
Terahertz Pulses: 
Dependence on Carrier 
Density
(LASERS-6-11-1)
G. Sharma, I. Al-Naib, H. 
Hafez, R.Morandotti, and T. 
Ozaki
INRS-EMT, Advanced Laser 
Light Source, Varennes, 
Canada

14:00  14:20 Invited Speaker
The dynamic optical 
layer: simplified network, 
magnified results
(COMM-6-09-2)
Robert Keys
BTI Systems, Canada

(13:50-14:10)
QCW all-fiber laser at 2.94 
mm 
(LASERS-6-11-2)
Dominic Faucher, Nicolas 
Caron, Martin Bernier and 
Réal Vallée
Center for Optics, Photonics 
and Lasers (COPL), 
Université Laval, Canada

June 6th ULTRA/NANO: Verdun OPTICS: Lachine BIO-SENS: Lasalle

CHAIR: Andreas Ruediger Nicolas Godbout P. Charette
13:30  14:00 Invited Speaker 

A new route toward 3D light 
harnessing
(ULTRA/NANO-6-12-1)
Ali Belarouci*, Taiping 
Zhang, Ségolène Callard, 
Xavier Letartre, Pierre 
Viktorovitch
Institut des Nanotechnologies 
de Lyon (INL), UMR 5270 
CNRS-ECL-INSA-UCBL
Ecole Centrale de LYON, 
France

(13:30-13:55) Invited Speaker
Poled glass multilayers as 
a new kind of second order 
nonlinear optical material 
(OPTICS-6-13-1)
Jacques Albert1, Ksenia 
Yadav1 Claire Callender2 and 
Chris Smelser2 
1 Department of Electronics, 
Carleton University, Ottawa
2 Communications Research 
Centre, Ottawa

Invited Speaker 
Novel, rapid and label-free 
assay format for proteases 
detection and drug screening
(BIO-SENS-6-14-1)
Chiheb Esseghaier1, Andy Ng1,  
M. Zourob*1

1Institut national de la 
recherche scientifique, 
Centre – Energie Matériaux 
Télécommunication, Varennes, 
Canada

14:00  14:20 Highly efficient blue organic 
light-emitting diodes using 
dual emissive layers with 
host-dopant system
(ULTRA/NANO-6-12-2)
You-Hyun Kim1, Bo Mi Lee2, 
Hyeong Hwa Yu1, Chul Gyu 
Jhun1, C.-B. Moon1, Peter 
Mascher2,* and Woo Young 
Kim1,2,*
1 Department of Green Energy 
& Semiconductor, Hoseo 
University, South Korea
2 Deprtment of Engineering 
Physics and Centre for 
Emerging Device echnologies, 
McMaster University, Canada

(13:55-14:20) Invited Speaker
Highly nonlinear As2Se3 
microwires and their 
applications
(OPTICS-6-13-2)
Amado Velázquez-Benítez2, 
Raja Ahmad1, Juan 
Hernández-Cordero2 and 
Martin Rochette1

1 Department of Electrical 
and Computer Engineering, 
McGill University, Canada
2 Instituto de Investigaciones 
en Materiales,UNAM, Mexico

Immobilized Phage Proteins 
for Specific Detection of 
Staphylococci 
(BIO-SENS-6-14-2)
Hicham Chibli1, Hala Ghali2, 
Soonhyang Park1, Yves-Alain 
Peter2*, Jay L. Nadeau1*
1 Department of Biomedical 
engineering, McGill, 
University, Canada
2 Department of Physical 
Engineering, Ecole 
Polytechnique, Montreal, 
Canada
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June 6th COMM: Westmount / 
Outremont

GREEN: Longueuil LASERS: St-Pierre

14:20  14:40 Coherent versus incoherent 
BER evaluation in a direct 
sequence OCDMA system 
(COMM-6-09-3)
M. Lourdiane, C. Lepers
Télécom SudParis, CNRS 
SAMOVAR, France

Design of Plasmonic 
Enhanced Silicon-based 
Solar Cells 
(GREEN-6-10-3)
S. Y. Ding1, Y. Sun1, F. Hejazi1, 
A. Bottomley2, A. Ianoul2, and 
W. N. Ye1

1Department of Electronics, 
Carleton University, Canada
2Department of Chemistry, 
Carleton University, Canada

(14:10-14:30)
Mode-hop-free tuning of a 
semiconductor laser with a 
chirped grating in a simple 
extended-cavity 
(LASERS-6-11-3)
Denis Panneton, Gilles Fortin 
and Nathalie McCarthy1

1 Centre d’optique, photonique 
et laser, Universite Laval, 
Canada
2 AEREX Avionics Inc.,Canada

14:40  15:00 Advanced modulation 
schemes analysis for 
100Gbps+ optical 
transmission 
(COMM-6-09-4)
Gwennael AMICE 
EXFO inc, Canada

(14:30-14:50)
Plasmonic enhanced laser 
cell transfection method: A 
comparison between femto 
and nanosecond pulsed laser 
source 
(LASERS-6-11-4)
B. St-louis, J.Baumgart, E. 
Boulais and R. Lachaine, J.J. 
Lebrun, M. Meunier
Department of Engineering 
Physic, Laser Processing and 
Plasmonics Laboratory, École 
Polytechnique de Montréal, 
Canada

15:00  15:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE

June 6th ULTRA/NANO: Verdun OPTICS: Lachine BIO-SENS: Lasalle

14:20  14:40 Laser line switching in Nd:
YSAG ceramic caused by 
thermal effect 
(ULTRA/NANO-6-12-3)
A. Labruyère, 1,* L. Jaffres, 

1,2 V. Couderc, 1 J. Carreaud, 

3 A. Maître, 3 R. Boulesteix, 

3A. Brenier, 4  G. Boulon, 4 Y. 
Guyot, 4 Y. Rabinovitch, 5 C. 
Sallé5

1Laboratoire Xlim, UMR 6172 
, France 2 Horus laser S.A.S., 
France 3 CEC, Laboratoire 
SPCTS, UMR 6638, France 
4 LPCML, UMR 5620 CNRS, 
France 5 CILAS, France

Notch Nonlinear Frequency 
Blue Shift and Observation 
of Second Harmonic 
Generation in AlGaAs Bragg 
Grating Waveguides 
(OPTICS-6-13-3)
P. Tannouri1, M. Clerici1, M. 
Peccianti1,2,*, M.J. Strain3, A. 
Pasquazi1,  S. P. Ho1,4, K. A. 
Rutkowska1,5, M. Sorel3 and R. 
Morandotti1

1) INRS EMT, Varennes, 
Canada
2) IPCF-CNR, UOS Roma, 
University “Sapienza”, Italy
3) School of Engineering, 
University of Glasgow, UK
4) Nanophotonics Research 
Alliance, Universiti Teknologi, 
Malaysia
5) Faculty of Physics, Warsaw 
University of Technology, 
Poland.

An integrated collector 
and detection platform for 
explosives detection 
(BIO-SENS-6-14-3)
K. A. Mahmoud  and M. 
Zourob* 
Institut national de la 
recherche scientifique, Canada

14:40  15:00 Extinction-ratio analysis 
and improvement of optical 
pulses emitting from a 
quantum-dot mode-locked 
laser 
(ULTRA/NANO-6-12-4)
Jiaren Liu, Z.G.Lu, P.J.Poole, 
P.J.Barrios, and D. Poitras
IMS, NRC, Canada

Measurement of the 
nonlinear optical coefficient 
of graphene in the 
picosecond pulse regime via 
the Z-scan technique 
(OPTICS-6-13-4)
Han Zhang,1 Stéphane 
Virally,2,* Qiaoliang Bao,3 Kian 
Ping Loh,3 
Serge Massar,4 Nicolas 
Godbout2 and Pascal 
Kockaert1

1 Service OPERA-Photonique, 
Université libre de Bruxelles, 
Belgium
2 Engineering Physics 
Department, École 
Polytechnique de Montréal, 
Canada
3 Department of Chemistry, 
National University of 
Singapore, Singapore 
4 Laboratoir d’Information 
Quantique, Université libre de 
Bruxelles, Belgium

Oligonucleotide 
Functionalization of Indium 
Nitride Nanowires 
(BIO-SENS-6-14-4)
Yoshihiko Nagai1, Md Golam 
Kibria2, Zetian Mi‡, and Robert 
Sladek1,3

1Research Institute of McGill 
University Medical Centre, 
2Dept. of Electrical and 
Computer Engineering, and 
3Dept. of Human Genetics and 
Medicine, McGill University, 
Montreal Canada

15:00  15:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE
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June 6th COMM: Westmount / 
Outremont

GREEN: Longueuil (CIPI) BIOMED: St-
Pierre

CHAIR: Maurice O’Sullivan Izquierdo Ricardo Robert Fedosejevs

15:30  16:00 Invited Speaker
Quantum Dot 
Semiconductor Lasers 
around 1550 nm for Future 
Optical Networking Systems
(COMM-6-15-1)
Zhenguo Lu
National Research Council 
Canada

Invited Speaker 
CuInS2/Graphene Composite 
Material for Electrochemical 
Photovoltaic Cells 
(GREEN-6-16-1)
Hayet Cherfouh1, Mohamed 
Siaj1 and Benoît Marsan1

1Département de Chimie, 
Université du Québec à 
Montréal, Canada

Invited Speaker
Two-photon excitation 
photodynamic therapy 
towards the treatment of 
macular degeneration 
(CIPI - BIOMED-6-17-1)
David Cramb, Ira Probodh
U of Calgary, Canada

16:00  16:20 Invited Speaker
Si-based monolithically 
integrated triplexer 
transceiver for FTTH 
applications 
(COMM-6-15-2)
Lech Wosinski, Jiajia Chen, 
Lena Wosinska 
Royal Institute of Technology 
(KTH) Sweden

Photoelectrochemical 
Hydrogen Production Using 
GaN Nanowire Arrays 
(GREEN-6-16-2)
B. AlOtaibi, M. Harati, Md. 
G. Kibria, S. Fan, H. P. T. 
Nguyen, S. Zhao, and Z. Mi
Department of Electrical 
and Computer Engineering, 
McGill University, Canada

Gold Nanostructure-
Integrated Silica-on-Silicon 
Waveguide for the Detection 
of Antibiotics in Milk and 
Milk Products 
(CIPI - BIOMED-6-17-2)
Jayan Ozhikandathil, Simona 
Badilescu  and Muthukumaran 
Packirisamy
Optical Bio-Microsystems 
Laboratory, Dept. of 
Mechanical and Industrial 
Engineering, Concordia 
University, Canada

June 6th BIO-MED: Verdun OPTICS: Lachine BIO-SENS: Lasalle

CHAIR: Andreas Hielscher and 
Yves Bérubé-Lauzière

Martin Rochette J.F. Masson

15:30  16:00 (15:30-15:55) Invited Speaker
Clinical utility of PDE-
constrained optical 
tomographic imaging 
algorithms 
(BIO-MED-6-18-1)
Andreas H. Hielscher (1,2,3), 
Hyun Keol Kim (1)
1-Department of Biomedical 
Engineering, Columbia 
University, New York, USA
2- Department of Electrical 
Engineering, Columbia 
University, New York, USA
3-Departments of Biomedical 
Engineering and Radiology, 
Columbia University, New 
York, USA

(15:30-15:55) Invited Speaker
CW, Q-switched and Mode-
Locked Lasers on Glass 
Substrate 
(OPTICS-6-19-1)
Jean-Emmanuel BROQUIN, 
Bertrand CHARLET, Lionel 
BASTARD
IMEP-LaHC, UMR 5130 
CNRS-UJF-UDS-Grenoble 
INP, France

Invited Speaker 
Plasmonics: merging optical 
sensing with nanotechnology 
(BIO-SENS-6-20-1)
Michel Meunier, Andre-
Pierre Blanchard-Dionne, 
Mathieu Maisonneuve, Sergiy 
Patskovsky
Ecole Polytechnique de 
Montreal, Canada

16:00  16:20 (15:55-16:15)
A two-method 
characterization bench to 
determine reference values 
of the intrinsic properties 
of scattering and absorbing 
samples 
(BIO-MED-6-18-2)
Magali Bénazech-Lavoué and 
Yves Bérubé-Lauzière
Laboratoire TomOptUS, 
Département de génie 
électrique et de génie 
informatique
Université de Sherbrooke, 
Canada

(15:55-16:20) Invited Speaker
Second Order Nonlinearities 
in Laser Diodes 
(OPTICS-6-19-2)
Amr S. Helmy, P. 
Abolghasem, B. J. Bijlani
University of Toronto, Canada

Combining Microflow 
Cytometry to Whispering 
Gallery Modes in 
Microspheres to Achieve 
Efficient and Accurate 
Biosensing 
(BIO-SENS-6-20-2)
R. Lessard1, L. S. Verret1, A. 
Paquet1, M. Charlebois1, Ch. 
Rivière2, P. Deladurantaye2, O. 
Mermut2, C. Nì. Allen1

1Centre d’optique, photonique 
et laser (COPL),  Canada,  
2Institut National d’Optique 
(INO), Canada
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June 6th COMM: Westmount / 
Outremont

GREEN: Longueuil (CIPI) BIOMED: St-
Pierre

16:20  16:40 Investigation on impact 
of connector scratches 
on 40G NRZ Optical link 
performance 
(COMM-6-15-3)
Tatiana Berdinskikh1, Rutsuda 
Thongdaeng2, Vittawat 
Phunnarungsi 2, Mike Gurreri3, 
Joshua Webb3, Mike Gurreri3, 
Joshua Webb3, Andrzej 
Tymecki4, Matt Brown5, 
Giorgio Friedrich6

1Celestica International Inc., 
Canada, 2Celestica Thailand, 
Thailand, 3TE Connectivity, 
USA, 4Telekomunikacja 
Polska, Poland, 5JDSU 
Inc., USA, 6Fachvorstand 
Energietechnik, Switzerland

Non-Invasive Stereo 
Reconstruction of the 
Organs of Mice Based on 
Fluorescence Dynamics 
Imaging 
(CIPI - BIOMED-6-17-3)
David Provencher1, Marc 
Massonneau2 and Yves 
Bérubé-Lauzière1

1 Laboratoire TomOptUS, 
Département de génie 
électrique, Université de 
Sherbrooke, Canada
2 Laboratoires Quidd Inc., 
Sherbrooke, Canada

16:40  17:00 Terrestrial Stretch Span 
Applications 
(COMM-6-15-4)
Ralph Rodschat1, John 
Campbell2
1Systems Engineering, Canada
2NorthwesTel

The alignment of silicon 
carbide whiskers for GaN 
epitaxial growth 
(GREEN-6-16-3)
Huaxiang Shen1, Bo Li2, Luke 
H. L. Yu1, Adrian Kitai1,2
1. Materials Science and 
Engineering, McMaster 
University, Canada
2. Engineering Physics, 
McMaster University, Canada

Fabrication of Surface 
Plasmon Waveguides in 
Cytop 
(CIPI - BIOMED-6-17-4)
Hamoudi Asiri1, Asad Khan2, 
Ewa Lisicka-Skrzek2, R. Niall 
Tait3 and Pierre Berini2,4

1Department of Biological 
and Chemical Engineering, 
University of Ottawa, Canada
2School of Electrical 
Engineering and Computer 
Science, University of Ottawa, 
Canada
3Department of Electronics, 
Carleton University, Canada
4Department of Physics, 
University of Ottawa, Canada

17:00  19:00 Cocktail & Poster Session (included) - Exhibit Area / Fontaine ABCDE

June 6th BIO-MED: Verdun OPTICS: Lachine BIO-SENS: Lasalle

16:20  16:40 (16:15-16:40) Invited Speaker
The Virtual Photonics 
Technology Initiative
(BIO-MED-6-18-3)
Carole Hayakawa1,2, David 
Cuccia4, Lisa Malenfant1, 
Janaka Ranashinghesagara1, 
Adam Gardner2, 
Jennifer Nguyen3, Brian 
Hill1,Jerry Spanier1, Vasan 
Venugopalan1,2,3

1 Laser Microbeam and 
Medical Program, Beckman 
Laser Institute
2 Department of Chemical 
Engineering and Materials 
Science,
3 Department of Biomedical 
Engineering, University of 
California-Irvine CA 92697, 4 
Modulated Imaging, Inc., CA

High photoinduced 
birefringence in GeAsS thin 
films 
(OPTICS-6-19-3)
K. Palanjyan, S. H. 
Messaddeq, Y. Messaddeq, R. 
Vallee, T. Galstian
Center for Optics, Photonics 
and Lasers (COPL)
Department of Physics, 
Engineering Physics and 
Optics, Laval University, 
Canada

Liquid-core low-refractive-
index-contrast Bragg fiber 
sensor 
(BIO-SENS-6-20-3)
Hang Qu, Maksim 
Skorobogatiy
Génie physique, Ecole 
Polytechnique de 
Montreal,Canada

16:40  17:00 Mesh-based Monte Carlo 
method in widefield time-
domain Fluorescence 
Molecular Tomography 
(BIO-MED-6-18-4)
Jin Chen, Qianqian Fang and 
Xavier Intes
Department of Biomedical 
Engineering, Rensselaer 
Polytechnic Institute, USA

Femtosecond Direct Laser 
Writing of Fiber Cladding 
Photonic Devices 
(OPTICS-6-19-4)
Jason R. Grenier1, Luís 
A. Fernandes1,2 Paulo V. 
S. Marques2, J. Stewart 
Aitchison1 and Peter R. 
Herman1

1Institute for Optical Sciences, 
and the Department of 
Electrical & Computer 
Engineering University of 
Toronto,  2INESC-Porto, 
Departamento de Física da 
Universidade do Porto

Selecting the Appropriate 
Splitter for a Reflective 
Optical Fiber Dosimeter 
Probe 
(BIO-SENS-6-20-4)
Serge Caron, André Croteau, 
Alexandra Rink*, David 
Jaffray*, and Ozzy Mermut
INO, 2740 Einstein Street, 
Quebec City, QC, Canada, 
G1P 4S4
* Princess Margaret Hospital, 
Department of Radiation 
Oncology, University of 
Toronto, 610 University Ave., 
Toronto, ON, Canada, M5G 
2M9

17:00  19:00 Cocktail & Poster Session (included) - Exhibit Area / Fontaine ABCDE
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Thursday AM, June 7th
SESSION: COMM: Westmount / 

Outremont
GREEN: Hampstead (CIPI) COMM & SENS-

ING: Mont-Royal
CHAIR: Lech Wosinski Patnajali Kambhampati Robert Fedosejevs

08:30  09:00 Invited Speaker 
Regrowth-Free Multi-
Guide Vertical Integration: 
Technoligy and Applications
(COMM-7-22-1)
Valery Tolstikhin
OneChip Photonics Inc., 
Ottawa, Ontario, Canada

Invited Speaker 
From the understanding 
of elementary steps to cell 
parameter optimization: a 
theoretical approach for Dye 
Sensitized Solar Cells design 
(GREEN-7-23-1)
Carlo Adamo
Laboratoire d’Electrochimie, 
Chimie des Interfaces et 
Modélisation pour l’Energie 
CNRS UMR 7575, Chimie 
Paris Tech, Paris, France 
and Institut Universitaire de 
France, France

Invited Speaker 
Performance Analysis of All-
Optical Routers for Packet-
Switching in Large-Scale 
Data Centers 
(CIPI - COMM & SENS-7-
24-1)
S. LaRochelle1, Q. Xu1, 
H. Rastegarfar2, Y. Ben 
M’Sallem1, A. Leon-Garcia2, 
and L. A. Rusch1

1 Department of Electrical and 
Computer Engineering, COPL, 
Université Laval, Canada
2 Department of Electrical 
and Computer Engineering, 
University of Toronto, Canada

09:00  09:20 Invited Speaker
Photonic Technology 
Development for Efficient 
Data Communication 
(COMM-7-22-2)
Odile Liboiron-Ladouceur
McGill University, Canada

(9:00-9:30) Invited Speaker
Green chemistry-
driven development of 
nanostructured titania 
mesoporous electrodes for 
solar energy conversion and 
storage cells 
(GREEN-7-23-2)
G. P. Demopoulos
Department of Materials 
Engineering, McGill 
University, Canada

Optically Interconnected 
High-performance Servers 
(CIPI - COMM & SENS-7-
24-2)
O. Liboiron-Ladouceur1, 
M.N. Sakib1, M. Sowailem1, 
M.S. Hai1, R. Varano2, and D. 
Rolston2

1McGill University and 2Reflex 
Photonics, Canada

Thursday AM, June 7th
SESSION: BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

CHAIR: Xavier Intes and Frederic 
Leblond

Alain Barthélémy François Légaré

08:30  09:00 Invited Speaker 
Single-photon counting 
detection improves the 
spatial resolution and 
sensitivity in diffuse 
fluorescence tomography 
(BIO-MED-7-25-1)
Frederic Leblond
Dartmouth College, Thayer 
School of Engineering, USA

(8:30-8:55) Invited Speaker
Specialty Optical Fibers 
Technologies at INO: Lasers, 
Amplifiers and Sensors 
(OPTICS-7-26-1)
Antoine Proulx
INO, Canada

Invited Speaker 
Ultraintense laser light 
absorption in nanowire 
structures:  theory and 
experiment 
(ULTRA/NANO-7-27-1)
R.S. Marjoribanks1, B. 
Mossbarger1, L. Lecherbourg1, 
G. Kulcsár1, J. Sipe1, 
A. Héron2, J.-C. Adam2, S. 
Fourmaux3, J.-C. Kieffer3, P. 
Audebert4, J-P. Geindre4

1) Department of 
Physics&Institute for Optical 
Sciences, University of Toronto, 
Canada
2) Centre de Physique Théorique 
(CPhT), CEA/CNRS/Ecole 
Polytechnique, FRANCE
3) INRS–Énergie, Matériaux et 
Télécommunications, CANADA
4) Laboratoire pour l’Utilisation 
des Lasers Intenses (LULI), 
CEA/CNRS/Ecole Polytechnique, 
FRANCE

09:00  09:20 Comparison of NIR FRET 
Pairs Labeled Transferrin 
Receptor in Live Cells using 
Full-field Fluorescence 
Lifetime Imaging 
(BIO-MED-7-25-2)
Lingling Zhao1, Ken Abe2, 
Margarida Barroso2and Xavier 
Intes1

1Department of Biomedical 
Engineering, Rensselaer 
Polytechnic Institute, USA
2Center for Cardiovascular 
Sciences, Albany Medical 
College, USA

(8:55-9:20) Invited Speaker
Periodic dispersion maps in 
optical fibers : a new degree 
of freedom in nonlinear fiber 
optics
(OPTICS-7-26-2)
A. Kudlinski, M. Droques, G. 
Bouwmans, G. Martinelli and 
A. Mussot
Université de Lille, France

Magnetic field induced 
switching of terahertz pulses 
in a liquid 
(ULTRA/NANO-7-27-2)
M. Shalaby1*, M. Peccianti1,2, 
Y. Ozturk1,3, M. Clerici1, I. Al-
Naib1, L. Razzari4,
A. Mazhorova5, M. 
Skorobogatiy5, T. Ozaki1, and 
R. Morandotti1

1INRS-EMT, Canada
2IPCF– CNR, UOS 
Montelibretti, Roma, Italy
3Ege University, Turkey
4Italian Institute of Technology, 
Italy
5École Polytechnique de 
Montréal, Génie Physique, 
Québec, Canada
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June 7th COMM: Westmount / 
Outremont

GREEN: Hampstead (CIPI) COMM & SENS-
ING: Mont-Royal

09:20  09:40 Ultra-compact Silicon-
On-Insulator polarization 
converter implemented in a 
dual-trench waveguide 
(COMM-7-22-3)
Aitor V. Velasco,1 María 
L. Calvo,1 Pavel Cheben,2 
Alejandro Ortega-Moñux,3 
Jens H. Schmid,2 Carlos 
Alonso Ramos,3 Íñigo Molina 
Fernandez,3 Jean Lapointe,2 
Martin Vachon,2 Siegfried 
Janz,2 and Dan-Xia Xu2
1Department of Optics, 
Universidad Complutense 
de Madrid, Spain , 2Institute 
for Microstructural 
Science, National Research 
Council, Canada , 3ETSI 
Telecomunicación, 
Universidad de Málaga, Spain

(9:30-9:50) 
Use of multilayer structures 
to engineer the optical 
properties of TiO2 nanotube 
arrays for light harvesting 
applications 
(GREEN-7-23-3)
Samira Farsinezhad, Xiaojiang 
Zhang, Arash Mohammadpour 
and Karthik Shankar
University of Alberta, Canada

Athermal Silicon Bridged 
Subwavelength Grating 
Waveguides 
(CIPI - COMM & SENS-7-
24-3)
M. Ibrahim1, J.H. Schmid2, 
P.Cheben2, S. Janz2, D.-X. Xu2, 
and W.N. Ye1

1Carleton University, Ottawa, 
Canada
2Institute for Microstructural 
Sciences (IMS), National 
Research Council Canada

09:40  10:00 High-contrast germanium-
doped silica-on-silicon 
waveguides 
(COMM-7-22-4)
Patrick Dumais, Claire 
Callender, Chantal 
Blanchetière and Christopher 
Ledderhof
Communications Research 
Centre Canada, 3710 Carling 
Ave., Ottawa, Canada

Distributed Vibration Sensor 
Based on Wavelet Signal 
Processing Method 
(CIPI - COMM & SENS-7-
24-4)
Zengguang Qin, Liang Chen 
and Xiaoyi Bao
Department of Physics, 
University of Ottawa, Canada

10:00  10:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE

June 7th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

09:20  09:40 Linking Molecular 
Transport and Traction 
Forces in Migrating Cells 
(BIO-MED-7-25-3)
Potvin-Trottier, L., Chen, 
L., Vicente-Manzanares, 
M., Horwitz, A.R. and P.W. 
Wiseman

THz wave guiding using 
hollow capillaries 
(OPTICS-7-26-3)
Anna Mazhorova,* Andrey 
Markov, Bora Ung, Mathieu 
Rozé, Stepan Gorgutsa,  
and Maksim Skorobogatiy
Génie Physique, École 
Polytechnique de Montréal, 
Canada

Chirp enhanced Broadband 
THz detection in gas 
(ULTRA/NANO-7-27-3)
M. Clerici1, M. Peccianti1,2, 
M. Shalaby1, L. Caspani1, A. 
Lotti3, A. Couairon4, 
D. Cooke5, T. Ozaki1, D. 
Faccio1,6, and R. Morandotti1

1 INRS-EMT  Canada.
2 Institute for Complex Systems 
– CNR, UOS Montelibretti, 
Italy.
3 Dipartimento di Scienza e 
Alta Tecnologia, Università 
dell’Insubria, Italy.
4 Centre de Physique 
Theorique CNRS UMR 7644, 
Ecole Polytechnique, France
5 Dept. of Physics, McGill 
University, Canada
6 School of Engineering and 
Physical Sciences, Heriot-Watt 
University, UK

09:40  10:00 Combined confocal 
microscopy and optical 
coherence tomography using 
a dual-band wavelength-
swept laser for head and 
neck tissue identification 
(BIO-MED-7-25-4)
Etienne De Montigny1, Nadir 
Goulamhousse1, Romain 
Deterre1, Dominic Morneau1, 
Mathias Strupler21, 
Caroline Boudoux12

1École Polytechnique de 
Montréal, Montréal, Canada 
2 Sainte-Justine Mother and 
Child Hospital University 
Center, Montréal, Canada

Fabrication and 
characterization of all-fiber 
90° optical hybrids using 
a 4x4 coupler for signal 
analysis 
(OPTICS-7-26-4)
Wendy-Julie Madore1, Mikael 
Leduc1, Stéphane Couture2, 
Sylvain O’Reilly2, Suzanne 
Lacroix1, Nicolas Godbout1

1 École Polytechnique de 
Montréal, Canada
2 ITF Labs, Canada

Q-switching of a microchip 
laser by means of a plasma 
(ULTRA/NANO-7-27-4)
A. Labruyère,1 L. Jaffres,1,2 and 
V. Couderc1

1 Xlim, France
2 Horus laser S.A.S. , France

10:00  10:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE
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June 7th COMM: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

CHAIR: Odile Liboiron-Ladouceur Nate Quitoriano Pierre Bérini

10:30  11:00 Invited Speaker 
Hollow core photonic crystal 
fiber sensors based on 
enhanced Raman scattering 
(COMM-7-28-1)
Hanan Anis
University of Ottawa, Canada

Invited Speaker 
Semiconductor Materials for 
Energy Conversion Devices 
(GREEN-7-29-1)
Eugene Fitzgerald
MIT, USA

Invited Speaker 
Plasmonic sensors based on 
nano- and microhole arrays 
(BIO-SENS-7-30-1)
Jean-Francois Masson
Universite de Montreal, 
Canada

11:00  11:20 Increased laser modulation 
bandwidth
by exploiting the photon-
photon resonance
(COMM-7-28-2)
M. Dumitrescu*a, A. Laaksoa, 
J. Viheriäläa, T. Uusitaloa, M. 
Kampb, P. Melanenc

* aOptoelectronics Research 
Centre, Tampere University of 
Technology, Finland
bTechnishe Physik, University 
of Würzburg, Germany
cModulight Inc., Tampere, 
Finland

(11:00-11:30) Invited Speaker
Metamorphic InGaP and 
GaAsP solar cells
(GREEN-7-29-2)
Minjoo Larry Lee
Yale University, USA

Spectral Surface Plasmon 
Resonance microscopy with 
enhanced spatial sensitivity 
(BIO-SENS-7-30-2)
M. Maisonneuve, B. St Louis-
Lalonde, A-P. Blanchard-
Dionne, S. Patskovsky,  M. 
Meunier
Department of Engineering 
Physics, Ecole Polytechnique 
de Montréal, Canada

June 7th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

CHAIR: Summer Gibbs and 
Amaan Mazhar

Antoine Proulx François Légaré

10:30  11:00 (10:30-10:55) Invited Speaker
Deployment of a Clinic-
Friendly Spatial Frequency 
Domain Imaging System 
(BIO-MED-7-31-1)
Amaan Mazhar1, Steve 
Saggese1, Pierre Khoury1, 
Anthony J. Durkin2,  David J. 
Cuccia1

1 Modulated Imaging Inc. 
Irvine, CA 
2 Beckman Laser Institute. 
University of California 
- Irvine

(10:30-10:55) Invited Speaker
Mixing frequencies with a 
synchronized picosecond 
programmable laser system 
and its applications
(OPTICS-7-32-1) 
Alain Villeneuve
Laval University, Canada

Invited Speaker 
Laser nanostructuring of 
dielectrics
(ULTRA/NANO-7-33-1)  
Ravi Bhardwaj
University of Ottawa, Canada

11:00  11:20 (10:55-11:20) Invited Speaker
Novel Applications of 
Optical Imaging in Plastic 
and Reconstructive Surgery 
(BIO-MED-7-31-2)
Nguyen JT1, Ashitate Y2, 
Venugopal V2, Stockdale A2, 
Lee BT1, Frangioni JV2,3, and 
Gioux S2

1Division of Plastic Surgery, 
Department of Surgery,
2Division of Hematology/
Oncology, Department of 
Medicine and 3Department 
of Radiology, Beth Israel 
Deaconess Medical Center, 
USA

(10:55-11:20) Invited Speaker
Recent advances in the 
design of Photonic Bandgap 
and Hybrid Fibers: From 
Large Mode Area to Highly 
nonlinear fibers 
(OPTICS-7-32-2)
Y. Quiquempois1, A. Baz1, 
O. Vanvincq1, C. Valentin1, 
L. Bigot1, G. Bouwmans1, A. 
Kudlinski1, A. Mussot1, E. 
Hugonnot2 and M. Douay1

1Laboratoire de Physique des 
Lasers, Atomes et Molécules, 
UMR 8523, Institut de 
Recherche sur les Composants 
logiciels et matériels 
pour l’Information et la 
Communication Avancée, USR 
CNRS  France
2Commissariat à l’Energie 
Atomique et aux Energies 
Alternatives, Centre d’Etudes 
Scientifiques et Techniques 
d’Aquitaine, France

Coulomb explosion dynamics 
of N2On+ (n=3-6) initiated by 
intense femtosecond laser 
radiation as a function of 
pulse length from 7-200fs 
(ULTRA/NANO-7-33-2)
Reza Karimi*, Benji Wales* 
Eric Bissone† Francois Légaré† 
Joseph Sanderson* Jean-
Claude Kieffer†  Mathieu 
Giguère† 
*Department of Physics and 
Astronomy, University of 
Waterloo, Canada  
† INRS-Centre 
Énergie, Matériaux et 
Télécommunications, Canada
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June 7th COMM: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

11:20  11:40 Wavelength Tunable Laser 
Based on Distributed 
Reflectors with Deep-
Submicron Slots 
(COMM-7-28-3)
Li Zou, Lei Wang, Tingting 
Yu, and Jian-Jun He
State Key Laboratory 
of Modern Optical 
Instrumentation, , Department 
of Optical Engineering, 
Zhejiang University, China

(11:30-11:50)
Back Amorphous-Crystalline 
Silicon Heterojunction 
Photovoltaic Device 
Using All Low Temperature 
Processes 
(GREEN-7-29-3)
Zahidur R. Chowdhury1, 
Davit Yeghikyan1, Nazir P. 
Kherani1,2*

1Department of Electrical 
and Computer Engineering, 
University of Toronto, Canada
2Department of Material 
Science and Engineering, 
University of Toronto, Canada

Combined surface plasmon 
resonance and fluorescence 
as a tool for living cell study 
(BIO-SENS-7-30-3)
Vincent Chabot12, Yannick 
Miron2, Michel Grandbois2, 
Paul G. Charette1

1 Département de génie 
électrique et génie 
informatique, Faculté 
de Génie, Université de 
Sherbrooke, Canada
2 Département de 
Pharmacologie, Faculté de 
Médecine, Université de 
Sherbrooke, Canada

11:40  12:00 Dumbbell Microring 
Reflector 
(COMM-7-28-4)
Han Yun1, Wei Shi, Xu Wang, 
Lukas Chrostowski, and 
Nicolas A.F. Jaeger
Department of Electrical 
and Computer Engineering, 
University of British 
Columbia, Canada

High Sensitivity Surface 
Enhanced Raman Scattering  
Detection 
of Organic Molecules and 
Amino Acids 
(BIO-SENS-7-30-4)
Archana Kandakkathara, Ilya 
Utkin and Robert Fedosejevs
Department of Electrical 
and Computer Engineering, 
University of Alberta, Canada

12:00  13:30 LUNCH (Included) - Exhibit Area / Fontaine ABCDE

June 7th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

11:20  11:40 (11:20-11:45) Invited Speaker
Quantitative and depth-
resolved fluorescence 
imaging of gliomas can 
improve margin detection 
during surgery 
(BIO-MED-7-31-3)
Frederic Leblond
Dartmouth College, Thayer 
School of Engineering, USA

(11:20-11:45) 
Coupled lasers and 
nonlinearity
(OPTICS-7-32-3)
Alain Barthélémy
CNRS-Université de Limoges, 
France

Electric-field 
characterization of long 
wavelength, few-cycles pulses 
by electric field-induced 
second-harmonic FROG
(ULTRA/NANO-7-33-3)
M. Clerici1, D. Faccio1,2, M. 
Shalaby1, M. Giguère1, B. E. 
Schmidt1, 
M. Peccianti1,3, L. Caspani1, 
F. Légaré1, T. Ozaki1, and R. 
Morandotti1

1 INRS-EMT, 1650 Blvd. 
Lionel-Boulet, Canada.
2 School of Engineering and 
Physical Sciences, Heriot-Watt 
University, UK.
3 Institute for Complex Systems 
– CNR, UOS Montelibretti, 
Italy

11:40  12:00 (11:45-12:00)
Towards minimally 
invasive surgical guidance 
using optical coherence 
tomography for precise 
localization of spinal 
structures 
(BIO-MED-7-31-4)
Liane Bernstein1, Kathy 
Beaudette1,2, Kessen Patten2, 
Mathias Strupler2, 
Florina Moldovan2 and 
Caroline Boudoux1,2
1 Department of Engineering 
Physics, École Polytechnique 
de Montréal, Canada, 2 
Sainte-Justine Hospital 
Research Center, Canada

(11:45-12:05)
Autoresonant optical 
parametric amplifier 
(OPTICS-7-32-4)
Oded Yaakobi1 and Lazar 
Friedland2
1Ultrafast Optical Processing 
Group, INRS-EMT, Varennes, 
Canada
2Racah Institute of Physics, 
The Hebrew University, Israel

Fiber ring laser using 
photonic crystal fiber loop 
mirror 
(ULTRA/NANO-7-33-4)
Shaozhen Ma, Wenbo Li, 
Hongyu Hu and Niloy K. Dutta
Department of Physics, 
University of Connecticut, USA

12:00  13:30 LUNCH (Included) - Exhibit Area / Fontaine ABCDE
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June 7th DESING: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

CHAIR: Simon Thibault Nate Quitoriano J.F. Masson

13:30  14:00 (13:30-13:40)
Introduction
Simon Thibault

Invited Speaker
III-V Nanowires on Si for 
Monolithic Tandem Solar 
Cells 
(GREEN-7-35-1)
Jae Cheol Shin, Parsian 
Mohseni, and Xiuling Li
Department of Electrical 
and Computer Engineering, 
University of Illinois, USA

Invited Speaker
Polymeric rapid prototyping 
for inexpensive and portable 
medical diagnostics 
(BIO-SENS-7-36-1)
C. Backhouse
Waterloo Institute of 
Nanotechnology, University of 
Waterloo, Canada

(13:40-14:00)
Efficient sensitivity analysis 
of photonic structures with 
transmission line modeling 
(DESIGN-7-34-1)
Osman S. Ahmed1, Mohamed 
H. Bakr1, Mohamed A. 
Swillam2, and Xun Li1
1Department of Electrical 
and Computer Engineering, 
McMaster University, Canada.         
 2Deptartment of Physics, The 
American University in Cairo, 
Egypt

14:00  14:20 Nano-optical data encoding 
using plasmonic structures 
(DESIGN-7-34-2)
Siamack V. Grayli, Sasan 
V. Grayli, Badr Omrane, 
Clint Landrock and Bozena 
Kaminska
Faculty of Engineering 
Science, Simon Fraser 
University, Canada

(14:00-14:30) Invited Speaker
Nanostructured Black Silicon 
for Efficient Photovoltaics 
and Solar Fuel Production 
(GREEN-7-35-2)
Jihun Oh, Hao-Chih Yuan, 
Todd G. Deutsch, and Howard 
M. Branz
National Renewable Energy 
Laboratory, USA

Online continuous 
detection, identification and 
quantification of organic 
contaminants in drinking 
water 
(BIO-SENS-7-36-2)
Dongxin Hu, Jenny Cai, 
Chuhong Fei, Andrew 
Boodhoo, and George A. 
Lampropoulos
A.U.G. Signals Ltd., Canada

June 7th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO:
Lasalle

CHAIR: Guillermo Tearney and 
Santiago Constantino

Valerio Pruneri François Légaré

13:30  14:00 Invited Speaker
Future of Coronary OCT 
(BIO-MED-7-37-1)
Guillermo J. Tearney MD 
PhD1,2,3

1Harvard Medical School 
and Wellman Center for 
Photomedicine, USA
2Harvard-MIT Division 
of Health Sciences and 
Technology, USA
3Department of Pathology, 
Harvard Medical School 
and Massachusetts General 
Hospital, USA

Invited Speaker
High transmission-loss 
and classical-quantum 
multiplexing QKD enabled 
with short wavelength 
photons 
(OPTICS-7-38-1)
Evan Meyer-Scott, Catherine 
Holloway, Chris Erven, 
Alessandro
Fedrizzi, Jean-Philippe 
Bourgoin, Hannes Hübel, 
Gregor Weihs,  Thomas
Jennewein
University of Waterloo, 
Canada

Invited Speaker
Intense fs filamentation 
science in air 
(ULTRA/NANO-7-39-1)
S. L. Chin
Center for Optics, Photonics 
and Laser (COPL) &
Dept. of Physics, Engineering 
Physics and Optics
Université Laval, Canada

14:00  14:20 “shedding light” on 
radiotherapy 
(BIO-MED-7-37-2)
Alex Vitkin
University of Toronto, 
Canada

(14:00-14:30) Invited Speaker
Solid State Quantum Light-
Matter Interface for Photonic 
Polarization Qubits 
(OPTICS-7-38-2)
Hugues de Riedmatten
ICFO-The Institute of Photonic 
Sciences, Barcelona Spain
ICREA- Catalan Institute 
of Research and Advanced 
Studies, Barcelona, Spain

Femtosecond laser 
pulse filamentation-
induced synthesis of gold 
nanoparticles 
(ULTRA/NANO-7-39-2)
R. Meesat, H. Belmouaddine, 
J.-F. Allard, M. A. Huels, J.-P. 
Jay-Gerin, M. Lepage, and D. 
Houde
Département de médecine 
nucléaire et de radiobiologie, 
Université de Sherbrooke, 
Canada
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June 7th DESING: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

14:20  14:40 Effect of the Spatial 
Arrangement of Split-
Ring Resonators on their 
Response to Terahertz Fields 
(DESIGN-7-34-3)
I. Al-Naib1a, R. Singh2, M. 
Shalaby1, T. Ozaki1, and R. 
Morandotti1

1INRS-EMT, Université du 
Québec, Canada
2Los Alamos 
NationalLaboratory, USA

(14:30-15:00) Invited Speaker
Excitons in Semiconductor 
Quantum Dots: A Path 
towards Engineering 
Light Emission from 
Nanostructures
(GREEN-7-35-3)
Patanjali Kambhampati
Department of Chemistry, 
McGill University, Canada

Chemical etching-
assisted femtosecond 
laser microfabrication of 
optofluidic devices 
(BIO-SENS-7-36-3)
Daiying Zhang, Liqiu Men, 
and Qiying Chen
Department of Physics and 
Physical Oceanography, 
Memorial University of 
Newfoundland, Canada

14:40  15:00 Highly Efficient Design 
methodology for Very Large 
Scale Coupled Microcavities 
(DESIGN-7-34-4)
Mohamed A. Swillam1, Osman 
S. Ahmed2, Mohamed H. 
Bakr2, and Xun Li2

1Department of Physics, The 
American University in Cairo, 
Egypt.
2Department of Electrical 
and Computer Engineering, 
McMaster University, Canada

New Bilirubin Sensors for 
Total Jaundice Management 
using Laser Diodes, LEDs 
and OLEDs 
(BIO-SENS-7-36-4)
Mostafa Hamza*, Mohammad 
H. Sayed El-Ahl **, Ahmad M. 
Hamza†, 
Aya M. Hamza, Yahya M. 
Hamza††

*Faculty of Engineering, 
Mansoura University, 
Mansoura, Egypt, **Military 
Medical Academy, Cairo, 
Egypt, † National Research 
Center, Egypt,
†† Tabarak Children’s Hospital, 
Egypt

15:00  15:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE

June 7th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO:
Lasalle

14:20  14:40 Depth-dependent matched 
filter for noise reduction 
in optical coherence 
tomography 
(BIO-MED-7-37-3)
Ameneh Boroomand, 

1 Michael Smith, 2 Dan 
Popescu, 2 Michael Sowa, 2 

and Sherif Sherif1

1 Department of Electrical 
and Computer Engineering, 
University of Manitoba, 
Canada
2 Institute of Biodiagnostics, 
National Research Council 
Canada, Canada

(14:30-15:00) Invited Speaker
Non linear and quantum 
optics using crystalline and 
amorphous silicon wire 
waveguides 
(OPTICS-7-38-3)
Serge Massar 
Université libre de Bruxelles, 
Belgique

High-energy infrared optical 
parametric amplifier at 
ALLS 
(ULTRA/NANO-7-39-3)
M. Giguère a), B.E. Schmidt a), 
F. Théberge b) and F. Légaré a)

a) ALLS Facility, 
Institut National de la 
Recherche Scientifique 
Énergie, Matériaux et 
télécommunication (INRS-
ÉMT), Canada 
b) Defence Research & 
Development Canada (DRDC) 
Valcartier, Canada

14:40  15:00 Measurement of the Fundus 
Pulse Amplitude Using 
Fourier-Domain Optical 
Coherence Tomography for 
Glaucoma Diagnosis 
(BIO-MED-7-37-4)
Kanwarpal Singh1,3, Carolyne 
Dion1,3, Mark R. Lesk1,2, 
Tsuneyuki Ozaki1,3, and 
Santiago Costantino1,2

1.Centre de Recherche de 
l’Hôpital Maisonneuve-
Rosemont, Montréal, Québec
2.Biomedical Engineering 
Institute, Université de 
Montréal, Montréal, Québec
3.Institut National de la 
Recherche Scientifique, 
Varennes, Québec

(14:40-15:10) Invited Speaker
Laser wakefield acceleration 
: application to Betatron 
X- ray radiation  production 
and X-ray imaging 
(ULTRA/NANO-7-39-4)
S. Fourmaux, P. Lassonde, S. 
Payeur, S. Gnedyuk, F. Martin 
and J. C. Kieffer
INRS-EMT, Université du 
Québec, Varennes Canada
S. Corde, K. Ta Phuoc, V. 
Malka and A. Rousse
Laboratoire d’Optique 
Appliquée, ENSTA, 
CNRS UMR7639, Ecole 
Polytechnique, France

15:00  15:30 COFFEE BREAK - Exhibit Area / Fontaine ABCDE
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June 7th DESING: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

CHAIR: Simon Thibault Zetian Mi C. Backhouse

15:30  16:00 (15:30-16:50)
Millimeter Signal 
Generation for Sensor 
Network Applications 
Based on Radio over Fibre 
Technique 
(DESIGN-7-40-1)
J.F. Baldenegro(2), M. 
Lourdiane(1), S. Villarreal-
Reyes(2), G.I. Abib(1), M. 
Muller(1), F.J. Mendieta(2) 
and C. Lepers(1)
(1) Télécom SudParis, CNRS 
SAMOVAR, France
(2) Centro de Investigación 
Científica y de Educación 
Superior de Ensenada, México

Invited Speaker
III-Nitride Nanowires: Novel 
Materials for Lighting and 
Photovoltaics
(GREEN-7-41-1)
George T. Wang, Qiming Li, 
Jonathan J. Wierer, Daniel 
D. Koleske, Jeffrey J. Figiel, 
Jeremy B. Wright, Ting S. Luk, 
Igal Brener
Sandia National Laboratories, 
Albuquerque, USA

Invited Speaker 
Design and Applications 
of Multilayer Core-
Shell Nanoprobes Based 
on Plasmon-Enhanced 
Fluorescence and FRET 
(BIO-SENS-7-42-1)
Denis Boudreau
Département de chimie & 
Centre d’optique, photonique 
et laser (COPL), Université 
Laval, Québec (QC), Canada

16:00  16:20 (15:50-16:10)
A Meshless Method for the 
Solution of Lossy Modes in 
Optical Fiber 
(DESIGN-7-40-2)
D. Burke and T. Smy
Carleton University, Canada

(16:00-16:30) Invited Speaker
Effect of Polarization on 
GaN- based Light-Emitting 
Diodes and Solar Cells 
(GREEN-7-41-2)
Z.Q. Li, M. Lestrade, C.S. Xia, 
Y.G Xiao and Z.M. Li
Crosslight Software Inc., 121-
3989 Henning Drive, Canada

Real-time analysis of multi-
laser-beam fluorescence 
for timed control of laser 
tweezers in a microfluidic 
cell-sorting device 
(BIO-SENS-7-42-2)
Lloyd M. Davis3, Jennifer L. 
Lubbeck1, Kevin M. Dean2, 
Amy E. Palmer2 and Ralph 
Jimenez1,2

1JILA at University of 
Colorado, Boulder, USA, 
2University of Colorado at 
Boulder, USA, 
3Visiting Fellow at JILA; 
Permanent Address: Center 
for Laser Applications, 
University of Tennessee Space 
Institute, USA

June 7th BIO-MED: Verdun OPTICS: Lachine GEN O/P: Lasalle

CHAIR: Jerome Mertz and Math-
ias Strupler

Serge Massar Jean-Claude Kieffer

15:30  16:00 (15:30-15:55) Invited Speaker
Phase-contrast 
endomicroscopy 
(BIO-MED-7-43-1)
Jerome Mertz
Boston University, USA

Invited Speaker 
Compact entangled-pair 
and low-number-of-photon 
sources for quantum 
communication in space 
(OPTICS-7-44-1)
M. Jofre1, F. Steinlechner1, J. 
P. Torres1,2, M. W. Mitchell1,3 
and V. Pruneri1,3

1ICFO-Institut de Ciencies 
Fotoniques, Castelldefels, E-
08860 Barcelona, Spain.
2Dept. Signal Theory and 
Communications, UPC, E-
08034 Barcelona, Spain.
3ICREA-Institució Catalana 
de Recerca i Estudis Avançats, 
E-08010 Barcelona, Spain

Fully and partially polarized 
full Poincare beams 
(GEN O/P-7-45-1)
Amber M. Beckley, Thomas 
G. Brown, and Miguel A. 
Alonso

16:00  16:20 (15:55-16:20) Invited Speaker
“Broadly Tuneable 
CARS Microscopy in the 
Fingerprint Region” 
(BIO-MED-7-43-2)
Aaron Slepkov, Adrian 
Pegoraro, Douglas J. Moffatt 
& Albert Stolow*
National Research Council 
Canada

(16:00-16:30) Invited Speaker
Periodically Poled Fiber as 
a New Source of Entangled 
Photon Pairs 
(OPTICS-7-44-2)
Eric Y. Zhu and Zhiyuan Tang 
and Li Qiang
University of Toronto, Canada

Dual-wavelength lasers 
for difference-frequency 
generation of thz radiation 
(GEN O/P-7-45-2)
M. Dumitrescu, A. Laakso, 
J. Viheriälä, T. Uusitalo, O. 
Hyvärinen, L. Toikkanen
Optoelectronics Research 
Centre, Tampere University of 
Technology, Finland
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June 7th DESING: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

16:20  16:40 (16:10-16:30)
High Precision Analysis of 
Variations in Self Image 
Quality and Position with 
Multimode Interference 
(MMI) Device Width 
(DESIGN-7-40-3)
Talal Azfar, Sundas Amin, 
Beena Malik
Electrical Engineering, 
Air University, Islamabad, 
Pakistan

(16:30-16:50)
AlGaN/GaN Nanowire Deep 
Ultraviolet Light Emitting 
Diodes Monolithically Grown 
on Si(111) 
(GREEN-7-41-3)
H. P. T. Nguyen, Y. Li, K. Cui, 
and Z. Mi
Department of Electrical and 
Computer Engineering, McGill 
University, Canada

Time-domain ellipsoidal 
localization of point-like 
fluorescence inclusions with 
early photons arrival times
(BIO-SENS-7-42-3)
Julien Pichette, Yves Bérubé-
Lauzière 
Université de Sherbrooke, 
Canada

16:40  17:00 (16:30-16:50)
Optical Latches 
Using Quantum Dot 
Semiconductor Optical 
amplifier 
(DESIGN-7-40-4)
Wenbo Li, Shaozhen Ma, 
Hongyu Hu and Niloy K. 
Dutta
Department of Physics, 
University of Connecticut, 
USA

(16:50-17:10)
Microcavity Effects in a 
Multilayer Light Emitting 
Device 
(GREEN-7-41-4)
J.E. Haysom*, S. Campbell, I. 
Calder, L. Tarof, C. Miner
Group IV Semiconductor Inc., 
Ottawa Canada
*presently at University of 
Ottawa, Canada

Biosensor for Adenosine 
Derivatives Recognition 
based on a Fluorescence 
Molecularly Imprinted 
Copolymer of a Flourogenic 
Functionalized Dye 
(BIO-SENS-7-42-4)
Parvaneh Alaei1, Shohre 
Rouhani1*

1Institute for Color Science 
and Technology (ICST), Iran

June 7th BIO-MED: Verdun OPTICS: Lachine GEN O/P: Lasalle

16:20  16:40 Using super-resolution 
microscopy to image 
membrane domains: Actin 
and influenza hemagglutinin 
colocalize but laterally 
exclude cofilin near the cell 
membrane 
(BIO-MED-7-43-3)
Manasa V. Gudheti, Nikki M. 
Curthoys, Travis J. Gould, 
Dahan Kim, Mudalige S. 
Gunewardene, Kristin A. 
Gabor, Julie A. Gosse, Carol 
H. Kim, Joshua Zimmerberg, 

and Samuel T. Hess
Department of Physics and 
Astronomy, University of 
Maine, USA

(16:30-17:00) Invited Speaker
Quantum storage of photonic 
entanglement in rare-earth-
ion doped crystals 
(OPTICS-7-44-4)
C. Clausen, I. Usmani, F. 
Bussières, N. Sangouard, M. 
Afzelius, H. de Riedmatten, N. 
Gisin

All solution-
based multilayered 
heterostructures enabling 
ultra low-cost 
light-emtting diodes for near-
infrared operation 
(GEN O/P-7-45-3)
Fan Xu1, Xin Ma1, Jaime 
Benavides1 and Sylvain G. 
Cloutier1,2,*

1Department of Electrical 
and Computer Engineering, 
University of Delaware, 
USA 2Département de 
Génie Électrique, École de 
Technologie Supérieure, 
Canada

16:40  17:00 Novel strategy to break the 
diffraction limit in laser 
scanning microscopy 
(BIO-MED-7-43-4)
Harold Dehez1,2, Yves 
DeKoninck2, and Michel 
Piché1

1Centre d’optique, photonique 
et laser, Université Laval, 
Canada
2Institut universitaire en santé 
mentale de Québec,Canada

Raman Spectroscopy 
hyperspectral imager based 
on Bragg Tunable Filters 
(GEN O/P-7-45-4)
S. Marcet1, M. Verhaegen1, S. 
Blais-Ouellette1, and R. Martel2

1Photon etc., Canada
2 Département de chimie, 
Regroupement Québécois 
sur les Matériaux de Pointe 
(RQMP), Université de 
Montréal, Canada
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June 7th DESING: Westmount / 
Outremont

GREEN: Hampstead BIO-SENS: Mont-Royal

16:50  17:10 (16:50-17:10)
The Free Space and 
Waveguide Talbot Effect: 
Phase Relations and Planar 
Light Circuit Applications 
(DESIGN-7-40-5)
Hamdam Nikkhah, Qi Zheng, 
Imad Hassan, Sawsan Abdul-
Majid, Trevor J Hall
*Centre for Research in 
Photonics, University of 
Ottawa, School of Electronic 
Engineering & Computer 
Science, Canada

17:10  17:30

18:00-22:00 Cocktail & Banquet (Not Included) - Le Portage Room
(20:00-20:30)
BANQUET INVITED SPEAKER (PLEN-7-46-1) - Le Portage Room
Photonic Technologies in the Atacama Large Millimeter Array Project
Bill Shillue
National Radio Astronomy Observatory, USA

June 7th BIO-MED: Verdun OPTICS: Lachine GEN O/P: Lasalle

16:50  17:10

17:10  17:30

18:00-22:00 Cocktail & Banquet (Not Included) - Le Portage Room
(20:00-20:30)
BANQUET INVITED SPEAKER (PLEN-7-46-1) - Le Portage Room
Photonic Technologies in the Atacama Large Millimeter Array Project
Bill Shillue
National Radio Astronomy Observatory, USA
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Friday AM , June 8th
08:45  09:45 CLOSING KEYNOTE SPEAKER (PLEN-8-47-1) - Westmount / Outremont

Public - Private Partnership for dynamic economic development: The “Route des Laser” 
Aquitaine Photonics cluster
Laurent Sarger
University Bordeaux 1 and RdL cluster. France

09:45  10:00 COFFEE BREAK - Foyer
SESSION: DESING: Westmount / 

Outremont
(CIPI) LASERS & AP-
PLICATIONS: Hamp-
stead

BIO-SENS: Mont-Royal

CHAIR: Jonny Gauvin Robert Fedosejevs P. Charette

10:00  10:30 (10:10-10:30)
Risk Reduction on Optical 
Requirements in Imaging 
System 
(DESIGN-8-48-1)
Jonny Gauvin, Benoit 
Debaque, Michel Doucet, Loic 
LeNoc, Nathalie Renaud
Institut national d’optique, 
Québec , Canada

Invited Speaker 
Fluoride glass Fiber Lasers 
for the Mid-Infrared 
(CIPI - LAS & APP-8-49-1)
Réal Vallée
Center for Optics, Photonics 
and Lasers (COPL), 
Université Laval, Canada

Invited Speaker 
Biosensing using long-range 
surface plasmon-polariton 
waveguides 
(BIO-SENS-8-50-1)
A. Krupin1 and P. Berini2,3*

1Department of Biological 
and Chemical Engineering, 
University of Ottawa, Canada
2School of Electrical 
Engineering and Computer 
Science, University of Ottawa, 
Canada
3Department of Physics, 
University of Ottawa, Canada

Friday AM , June 8th
08:45  09:45 CLOSING KEYNOTE SPEAKER (PLEN-8-47-1) - Westmount / Outremont

Public - Private Partnership for dynamic economic development: The “Route des Laser” 
Aquitaine Photonics cluster
Laurent Sarger
University Bordeaux 1 and RdL cluster. France

09:45  10:00 COFFEE BREAK - Foyer
SESSION: BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

CHAIR: Lothar Lilge and Clemens 
Alt

Yves Quiquempois François Légaré

10:00  10:30 (10:00-10:25) Invited Speaker
Use of Rhodium 
Centered Mixed-
Metal Supramolecular 
Complexes as sensitizers 
for light activated bacterial 
inactivation 
(BIO-MED-8-51-1)
Nicte Yaxal Arenas Heredia1, 
Arkady Mandel1, Lothar 
Lilge2

1 Theralase Inc., Canada, 
2 Ontario Cancer Institute, 
Canada

Invited Speaker 
Novel Thin-Film Optical 
Devices 
(OPTICS-8-52-1)
Ebrahim Mortazy and 
Mohamed Chaker
Institut National de la 
Recherche Scientifique (INRS), 
Varennes,  Canada

Invited Speaker 
Monitoring and Controlling 
Attosecond Electrons 
(ULTRA/NANO-8-53-1)
Andre D Bandrauk,Tim 
Bredtmann,S.Chelkowski
Faculte des Sciences-Chimie 
Computationnelle
Universite de 
Sherbrooke,Qc,J1K,2R1
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10:30  10:50 Simulation of the interaction 
of light and tissue in a large 
volume using a Markov 
chain Monte Carlo method 
(DESIGN-8-48-2)
Pedro F. Pereira and Sherif S. 
Sherif 
Department of Electrical and 
Computer Engineering,
University of Manitoba, 
Canada

Two-Color Yb:Fiber Chirped 
Pulse Amplifier for Tunable 
Difference-Frequency-Based 
Mid-Infrared Generation 
(CIPI - LAS & APP-8-49-2)
M. Hajialamdari and D. 
Strickland

Waveguide Evanescent Field 
Scattering Microscopy for 
Imaging Cells 
(BIO-SENS-8-50-2)
Qamrun Nahar1, Michael 
Morawitz1,2, Christopher 
Halfpap1,2, Nicolas Detretz2, 
Daniel Imruck1,2, Jeremiah 
Shuster3, Gordon Southam3, 
Uwe Langbein2, S. Jeffrey 
Dixon4 and Silvia Mittler1

1Department of Physics and 
Astronomy, The University of 
Western Ontario, Canada
2 RheinMain University, 
Department of Engineering, 
Germany 
3Department of Earth 
Sciences, The University of 
Western Ontario, Canada
4Department of Physiology 
and Pharmacology, Schulich 
School of Medicine & 
Dentistry, University of 
Western Ontario, London, 
Canada

10:50  11:10 Optically controlled multi-
tap RF phase shifter 
(DESIGN-8-48-3)
Dritan Celo, Stéphane Paquet, 
Joe Seregelyi, John Oldham, 
Patrick Dumais, Claire 
Callender
Communications Research 
Centre Canada, Ottawa, 
Canada

Fluoride glass Raman fiber 
laser 
(CIPI - LAS & APP-8-49-3)
Vincent Fortin, Martin Bernier, 
Dominic Faucher, Julien 
Carrier and Réal Vallée
Center for Optics, Photonics 
and Lasers, Université Laval, 
Canada

Array of deep-probe optical 
waveguide for bacterial 
detection 
(BIO-SENS-8-50-3)
J.ABDUL-HADI, M. 
ZOUROB*
 Institut national de la 
recherche scientifique 
Centre Énergie, Matériaux 
et Télécommunications, 
Varennes, Canada

June 8th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

10:30  10:50 (10:25-10:50) Invited Speaker
Functional measurements 
of tumor response during 
neoadjuvant chemotherapy 
using diffuse optical 
spectroscopic imaging- a 
phase I novel technology 
multi-center translational 
study 
(BIO-MED-8-51-2)
Anais Leproux, Montana 
Compton, erin sullivan, 
Amanda Durkin, Darren 
Roblyer, Hideki Takeuchi, 
Tom O’Sullivan, Rita Mehta, 
Albert Cerussi, Bruce 
Tromberg
Beckman Laser Institute, USA

Self-organisation of white 
light in a photopolymer: a 
spontaneous route to 3-
D optical and waveguide 
lattices 
(OPTICS-8-52-2)
Matthew R. Ponte and 
Kalaichelvi Saravanamuttu
Department of Chemistry and 
Chemical Biology, McMaster 
University, Canada

(10:30-11:00) Invited Speaker
2-electron Attosecond 
Frequency Resolved Optical 
Gating 
(ULTRA/NANO-8-53-2)
André Staudte1 and Kyung 
Taec Kim1 and Paul B. 
Corkum1 and Hugh Price2 and 
Agapi Emmanouilidou2
1 Joint Laboratory for 
Attosecond Science, Canada, 
2  Department of Physics and 
Astronomy, University College 
London, UK

10:50  11:10 A dream beam for cancer 
radiotherapy based on 
femtosecond IR laser-
filamentation 
(BIO-MED-8-51-3)
D. Houde, C. Tanguay-
Renaud, H. Belmouaddine, R. 
Meesat, J.-F. Allard, R. Lemay, 
M. A. Huels, J. R. Wagner,
L. Tremblay, M. Lepage, J.-P. 
Jay-Gerin and B. Paquette
Département de médecine 
nucléaire et radiobiologie, 
Université de Sherbrooke,, 
Canada

Three-dimensionally ordered 
films of TiO2 nanotubes 
(OPTICS-8-52-3)
Xiaojiang Zhang, Samira 
Farsinezhad, Arash 
Mohammadpour and Karthik 
Shankar*
Department of Electrical 
and Computer Engineering, 
University of Alberta, Canada

(11:00-11:20)
Attosecond plasma wave 
dynamics in nanoclusters 
(ULTRA/NANO-8-53-3)
C. Varin*a, C. Peltzb, T. 
Brabeca, and T. Fennelb

a Department of Physics and 
Centre for Photonics Research, 
University of Ottawa, Canada
 b Institut für Physik, 
Universität Rostock, Germany
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11:10  11:30 Effects of Temporal Pulse 
Shape on Terahertz-induced 
Nonlinearity in n-doped 
InGaAs 
(DESIGN-8-48-4)
H. Hafez, I. Al-Naib, G. 
Sharma, X. Ropagnol,  R. 
Morandotti, and T. Ozaki
INRS-EMT, Advanced Laser 
Light Source, Université du 
Québec, Canada

Generation of GeV-class 
Electron Beams from Laser 
Wakefield Acceleration in N2 
and He gas targets 
(CIPI - LAS & APP-8-49-4)
Mianzhen Mo, Atif Ali and 
Robert Fedosejevs
University of Alberta, Canada
Sylvain Fourmaux, Philippe 
Lassonde and Jean-Claude 
Kieffer
INRS-EMT, Université du 
Québec, Canada

A new PDMS 
microcantilever with 
integrated SU8 waveguide 
for biosensing application 
(BIO-SENS-8-50-4)
Amir Sanati Nezhad; 
Mahmoud Ghanbari; Carlos 
Gustavo Agudelo; Muthu 
Packirisamy; Rama Bhat
INRS, Canada

11:30  11:50 Investigation of longitudinal 
spatial-hole burning in 
high-order laterally-coupled 
distributed feedback lasers 
(DESIGN-8-48-5)
Akram Akrout*, Kais Dridi 
and Trevor James Hall
Centre for Research in 
Photonics, University of 
Ottawa, Canada

Joining Optical Materials 
with Ultrashort Laser Pulses 
(CIPI - LAS & APP-8-49-5)
David Hélie1, Fabrice Lacroix2 
and Réal Vallée1

1- Center for Optics, 
Photonics and Lasers, 
Université Laval, Canada.
2- Institut Franco-allemand 
de recherches de Saint Louis, 
France

All-photonic-bandgap-fiber 
sensor for detection of liquid 
refractive index 
(BIO-SENS-8-50-5)
Hang Qu, Maksim 
Skorobogatiy
Génie physique, Ecole 
Polytechnique de Montreal, 
Canada

June 8th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

11:10  11:30 (11:10-11:35) Invited Speaker
In vivo quantification 
of cellular dynamics 
with a scanning laser 
ophthalmoscope in mouse 
models of retinal injury 
(BIO-MED-8-51-4)
Clemens Alt, Charles P. Lin
Advanced Microscopy 
Program, Wellman Center 
for Photomedicine and 
Center for Systems Biology, 
Massachusetts General 
Hospital, Harvard Medical 
School, USA

Infrared generation by 
filamentation with collinear 
two-pulse configurations 
(OPTICS-8-52-4)
P.Lassonde1*, F.Théberge2

, 
S.Payeur1, M.Châteauneuf2, J. 
Dubois2, J-C. Kieffer1

1Institut National de la 
Recherche Scientifique 
Énergie, (INRS-ÉMT), Canada
2Defence R&D Canada 
(DRDC), Canada

(11:20-11:40)
Electron Acceleration by a 
Tightly Focused Radially 
Polarized Laser Beam 
(ULTRA/NANO-8-53-4)
S. Payeur a), S. Fourmaux 
a), B.E. Schmidt a), J.-P. 
MacLean a), C. Tchervenkov 
a), F. Legaré a), M.Piché b) 
and J.-C. Kieffera)
a) ALLS Facility, 
Institut National de la 
Recherche Scientifique 
Énergie, Matériaux et 
télécommunication (INRS-
ÉMT), Canada
b) Centre d’Optique, 
Photonique et Laser, 
Université Laval, Canada

11:30  11:50 (11:35-11:55)
Hyperspectral Retinal 
Imager Using a Tunable 
Laser Source 
(BIO-MED-8-51-5)
J.-P. Sylvestre1, A. Symon1, S. 
Blais-Ouellette1, M. Côté2, J. 
Côté2, J. Tesar3, S. R. Patel4, A. 
M. Shahidi4, J. G. Flanagan4,5, 
C. Hudson4,5, J.-D. Arbour6 
and M. Verhaegen1

1Photon etc., Canada; 2Side by 
Side Optics, Canada; 3Tucson, 
Arizona, USA; 4Department 
of Ophthalmology and Vision 
Science, University of Toronto, 
Canada; 5School of Optometry, 
University of Waterloo, 
Canada; 6Département 
d’ophtalmologie, Université de 
Montréal, Canada

Flexible Wavelength 
Broadcasting in a PPLN with 
a Central Aperiodic Domain 
(OPTICS-8-52-5)
Meenu Ahlawat1*, Amirhossein 
Tehranchi2, Krishnamoorthy 
Pandiyan3,  
Myoungsik Cha4, and Raman 
Kashyap1,2

1Department of Engineering 
Physics, Ecole Polytechnique 
de Montreal, Canada
2Department of Electrical 
Engineering, Ecole 
Polytechnique de Montreal, 
Canada
3School of Electrical and 
Electronic Engineering, 
SASTRA University, India
 4Department of Physics, 
Pusan National University,  
Korea

(11:40-12:00)
Light Wave Controlled 
Strong Field Ionization of 
Xenon with Few-Cycle 1.8 
µm Laser Pulses 
(ULTRA/NANO-8-53-5)
Bruno E. Schmidt1, Max 
Möller2, A. Max Sayler2, 
Andrew D. Shiner3, Giulio 
Vampa3, 
J.-C. Kieffer1, François 
Légaré1, David M. Villeneuve3, 
G. G. Paulus2, Paul B. 
Corkum3

1Institut National de la 
Recherche Scientifique 
Centre Énergie Matériaux et 
Télécommunications,, Canada
2Institut f¨ur Optik und 
Quantenelektronik, Germany
3Joint Laboratory for Atto-
Second Science, University of 
Ottawa/NRC, , Canada
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11:50  12:10 Development of an 
Optomechanical Statistical 
Tolerancing Method for Cost 
Reduction 
(DESIGN-8-48-6)
Frédéric Lamontagne, Michel 
Doucet
INO, Canada

Ultrafast laser-induced spin 
dynamics of cerium and 
bismuth co-modified iron 
garnet thin film 
(CIPI - LAS & APP-8-49-6)
Yavuz Ozturk1,2, Mostafa 
Shalaby1*, Matteo Clerici1, 
Jae-Yeol Hwang1, Alain 
Pignolet1, Roberto Morandotti1 
1INRS - Énergie, Matériaux et 
Télécommunications, Canada
2Electrical and Electronics 
Engineering Department, Ege 
University, Turkey

A novel micro-optic 
light scattering detector 
for routine protein 
aggregation screening to 
accelerate protein structure 
determination & drug 
discovery 
(BIO-SENS-8-50-6)
Roger White1, John 
Allingham2,  Daniel 
Hnatchuk2, Dong Yan2

1Norton Scientific Inc, 
2Queen’s University

12:10  13:15 LUNCH (Not included)
13:15  14:30 FORUM: BIO-MEDICAL-INFECTION - Graduate Studies versus Industry

Moderator: Lothar Lilge
Panelists: Xavier Intes (I-A), Fred Leblond (I-A), Yves-Berube Lauziere (I-A), Alain Villeneuve 
(A-I) - CB, Amaan Mazhar (A-I), Olivier Daigle
Westmount / Outremont Room

14:30 END

June 8th BIO-MED: Verdun OPTICS: Lachine ULTRA/NANO: Lasalle

11:50  12:10 (11:55-12:15)
Tight neurovascular 
coupling in a rat model of 
quasi-periodic interictal 
spiking using multispectral 
optical imaging 
(BIO-MED-8-51-6)
Philippe Pouliot, Van Tri 
Truong, Cong Zhang, Simon 
Dubeau, Frédéric Lesage 
Dept. Electrical Engineering, 
Ecole Polytechnique Montréal 
and Montreal Heart Institute, 
Canada

Study of the photo 
isomerization mechanisms of 
liquid crystalline azobenzene 
dyes 
(OPTICS-8-52-6)
A. Minasyan and T. Galstian1

Center for Optics, Photonics 
and Lasers (COPL)
Department of Physics, 
Engineering Physics and 
Optics, Laval University, 
Canada

(12:00-12:20)
Control of stepwise and 
concerted dissociation 
channels of OCS3+ and OCS4+ 
using intense variable pulse-
length 7-500fs laser pulses 
(ULTRA/NANO-8-53-6)
Benji Wales*, Reza Karimi*, 
Eric Bissone† Francois Légaré† 
Joseph Sanderson*
*Department of Physics and 
Astronomy, University of 
Waterloo, Canada  
† INRS-Centre 
Énergie, Matériaux et 
Télécommunications, Canada

12:10  13:15 LUNCH (Not included)
13:15  14:30 FORUM: BIO-MEDICAL-INFECTION - Graduate Studies versus Industry

Moderator: Lothar Lilge
Panelists: Xavier Intes (I-A), Fred Leblond (I-A), Yves-Berube Lauziere (I-A), Alain Villeneuve 
(A-I) - CB, Amaan Mazhar (A-I), Olivier Daigle
Westmount / Outremont Room

14:30 END
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(PLEN-7-46-1)  Photonic Technologies in the Atacama Large Millimeter Array Project 

Bill Shillue
Associate Scientist, Research Engineer 

National Radio Astronomy Observatory, USA

The Atacama Large Millimeter/submillimeter Array (ALMA), an international partnership of Europe, North America 
and East Asia in cooperation with the Republic of Chile, is the largest astronomical project in existence. ALMA 
will be a single telescope of revolutionary design, composed initially of 66 high precision antennas located on the 
Chajnantor plateau, 5000 meters altitude in northern Chile.  Although the telescope uses radio millimeter wavelengths 
(frequency 30-950 GHz), the high performance Local Oscillator, timing, and data transmission systems are enabled 
by key photonic technologies. These will be presented by the speaker, as well as an update on the progress and status 
of this exciting new observatory.

(KEYNOTE-6-6-1) Laser techniques used for detection and treatment of human malignancies

Katarina Svanberg
Department of Oncology, Lund University Hospital, Lund University, Lund University Medical Laser Centre, Lund 
University, Sweden and Centre for Optical and Electromagnetic Research, South China Normal University, China

There are numerous challenges to be solved within clinical and preclinical medicine ranging from microbiology, 
surgery, oncology, anaesthesiology and intense care all the way to pediatrics. The ongoing effort to develope new 
methods utilising optics and photonics has resulted in some promising results and in a translational process also 
brought over to clinical early phase studies. 

Applications of optical and laser spectroscopy to the medical field, including photodynamic therapy (PDT) and 
laser-induced fluorescence diagnostics (LIF) for cancer treatment and diagnostics, respectively, will be presented. 
Photodynamic therapy in conjunction with LIF for demarcation of the treatment target area will be discussed. To 
overcome the limited light penetration in superficial illumination interstitial delivery (IPDT) with the light transmitted 
to the tumour via optical fibres has been developed. Interactive feed-back dosimetry is of importance for optimising 
this modality and such a concept has been developed and will be presented. Special emphasis will be on prostate 
cancer therapy with interstitial PDT. 
 
The most important prognostic factor for cancer patients is early tumour discovery. If malignant tumours are 
detected during the non-invasive stage, most tumours show a high cure rate of more than 90 %. There is a variety 
of conventional diagnostic procedures, such as X-ray imaging. More advanced results are given in computerised 
investigations, such as CT-, MRI- or PET-scanning. Laser-induced fluorescence (LIF) for tissue characterisation is 
a technique that can be used for monitoring the biomolecular changes in tissue under transformation from normal 
to dysplastic and cancer tissue before structural tissue changes are seen at a later stage. The technique is based on 
UV or near-UV illumination for fluorescence excitation. The fluorescence from endogenous chromophores in the 
tissue alone, or enhanced by exogenously administered tumour seeking substances can be utilised. Conventionally 
the diagnosis of e.g., skin cancer is performed by taking a biopsy, which may cause scarring and also pain besides 
leaving the patient with anxiety during the time for histopathological examination. The LIF technique is non-invasive 
and gives the results in real-time. It can be applied for point monitoring or in an imaging mode for larger areas, such 
as the vocal cords or the portio of the cervical area. The possibility to combine LIF and PDT will be discussed and 
illustrated with clinical examples from many specialities, such as dermatology, gynaecology and laryngology. 
 
A new method where free gas, such as oxygen or water vapour, can be detected will also be presented. The technique 
is called GASMAS, gas absorption spectroscopy in scattering media. In clinical studies it was shown that it can 
be used for monitoring the para nasal sinus cavities in the facial skeleton. This is of importance for patients with 
sinusitis, in particular these with recurrent problems, as the GASMAS technique relies only on light and not on 
ionizing radiation based. The method can also be used to study the gas exchange in between the nasal cavity and the 
different sinuses in the facial region. 
 
Another application of the GASMAS technique is for the preterm infants who suffer from insufficient lung function. 
Due to this the oxygenation is low and there is a risk of brain damage. With this technique the lung function can 
be monitored. The standard methods used in the clinic now are either x-ray based methods or blood tests. With this 
non-invasive optical technique the monitoring can be performed in vivo with 24 hour surveillance. This opens up an 
opportunity to follow-up the treatments the small infants are given to improve their lung function. 
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(PLEN-8-47-1)  Public - Private Partnership for dynamic economic development: The “Route des Laser” 
Aquitaine Photonics cluster

Professor Laurent Sarger
University Bordeaux 1 and RdL cluster. France

A strong commitment between the Aquitaine regional governance, the HEI -universities and research centers - 
and the economic sector has built a very efficient ecosystem where large projects and new ideas in education and 
training, technology transfer and co- development can rapidly mature. Supported by the Resource Transfer Center 
ALPHANOV* implanted near the major research labs, tens of High tech SME’s and start up have been either 
attracted or established in our community in the last 5 years. Leading French and European funding processes have 
acknowledged the cluster’s governance in its effective project selection.  Laser technology and applications have 
been especially promoted with PETAL (a Petawatt system coupled with the Megajoule Laser in CEA), the LEA  
(Laser for high Energy in Aquitaine for Laser science), and MIGA (an European gravitational antenna). The health 
sector has also been chosen among other applications with the LAS4Med project, a new platform for research and 
development dedicated to medical Applications of Lasers.

The overall scientific and technological production within our new environment has bloomed due to a good 
coordination between our institutions.

In training and Education as well, the Pyla** Platform has now a national and European visibility and is now driving 
the current development of technical skills within the photonic economic sector.

A large description of this partnership will be discussed and commented in the viewpoint of the European programs 
“Horizon 2020”.

Bio-Medical-Infection

Chair:
Caroline Boudoux, École Polytechnique de Montréal, Canada

Co-Chairs:
Sylvain Gioux, Beth Israel Deaconess Medical Center / Harvard Medical School, USA

Description:
Biophotonics encompasses devices and procedures for analytics, diagnostics or therapeutics employing light and 
optics in medicine as well as in biotechnology. These may include, for example, minimal or non-invasive treatment & 
diagnosis and understanding of disease using various forms of light-tissue interactions. It also includes optical readout 
of genetic/protein information of biological or agricultural products. Optical microscopy and micro-spectroscopy 
developments are of particular interest to the biology communities (improved resolution, both temporal and spatial, 
and improved contrast). Biophotonics may also encompass development of new materials which serve as probes or 
contrast agents in tissue, cell or molecular studies. All stages of research, from basic engineering, in vitro, in vivo to 
clinical work, are of interest to this multidisciplinary information exchange
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(BIO-MED-6-18-1)  Clinical utility of PDE-constrained optical tomographic imaging algorithms

Andreas H. Hielscher (1,2,3), Hyun Keol Kim (1)
1-Department of Biomedical Engineering, Columbia University, New York, USA
2- Department of Electrical Engineering, Columbia University, New York, USA

3-Departments of Biomedical Engineering and Radiology, Columbia University, New York, USA

It is well known that reconstruction algorithms that employ the equation of radiative transfer (ERT) provide the 
most accurate reconstruction results in optical tomographic imaging. However, these codes require large amounts 
of memory and are usually slowly converging. To overcome theses problems we have developed algorithms that 
employ so-called partial-differential-equation (PDE) constrained methods. In this approach the forward and inverse 
problem are solved simultaneously in each iteration step by using the ERT as a Lagrangian constrained on the 
generalized inverse problem.  We have developed algorithms for the cases of continuous-wave and frequency-domain 
tomography as well as fluorescence and bioluminescence tomography. The performances of these various PDE-
constrained schemes have been evaluated with numerical and experimental data. We found that the computation and 
memory requirement can be considerably reduced without affecting the accuracy of the solutions. Furthermore, we 
have demonstrated clinical utility of these codes in studies involving healthy volunteers and patients with arthritis, 
peripheral vascular diseases, and breast cancer.
 

(BIO-MED-6-18-2) A two-method characterization bench to determine reference values of the intrinsic 
properties of scattering and absorbing samples

Magali Bénazech-Lavoué and Yves Bérubé-Lauzière
Laboratoire TomOptUS, Département de génie électrique et de génie informatique

Université de Sherbrooke, Canada

Context/Problem statement: The characterization of scattering and absorbing media is central to the validation 
process of optical medical imaging systems. It is in principle possible to calibrate any set-up used for characterizing 
the scattering properties of tissue-like samples by resorting to microspheres with tight diameter tolerances and 
Mie sphere theory. Microspheres are however very expensive, and for this reason are generally purchased in small 
quantities. This is a serious drawback if large samples of scattering media are required, as is generally the case for 
phantoms.

Purpose: This presentation describes the performances in terms of accuracy and precision of a characterization bench 
that exploits two techniques. The first is based on the Beer-Lambert law. The second uses a single integrating sphere 
and the inverse adding-doubling model. The objective pursued it to have this bench provide reference measurements 
that can subsequently be used for calibrating other characterization set-ups. Since absorption is also always present 
in real biological tissues, absorption will also be dealt with.

Methods: The set-ups, characterization protocol, and calibration of the bench will be described. The first method is a 
so-called direct method. The Beer-Lambert law is used to determine the extinction coefficient from transmitted power 
measurements. It provides the intrinsic extinction coefficient (and the intrinsic absorption coefficient if additionally 
the method of added absorber is used), and the ballistic transmission for low scattering samples. The second method, 
based on an inverse adding-doubling model, is indirect and consists in measuring the total transmission and reflection. 
It allows determining the three optical properties of interest in biomedical optics (absorption µa, scattering µs and 
anisotropy g) provided the ballistic transmission is known.

Results: Characterization results are presented for polystyrene microspheres and India ink samples. First, we show 
that our characterization protocol provides the intrinsic coefficients with a standard deviation of 4% maximum, 
which quantifies the precision of the characterization results. We show these results to be accurate, as they agree to 
those obtained with Mie theory to within the standard deviation on both values. Finally, the three optical properties 
of interest can be obtained.
Conclusion: Finally we conclude that our characterization bench provides accurate and precise reference values for 
the optical properties of scattering and absorbing particles, and thus can be used to calibrate other methods, thereby 
eliminating the need for the use of microspheres.
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The Virtual Photonics Technology Initiative∗

Carole Hayakawa1,2, David Cuccia4, Lisa Malenfant1, Janaka Ranashinghesagara1, Adam

Gardner2, Jennifer Nguyen3, Brian Hill1, Jerry Spanier1 and Vasan Venugopalan1,2,3

1Laser Microbeam and Medical Program, Beckman Laser Institute, 2Department of
Chemical Engineering and Materials Science, 3Department of Biomedical Engineering,

University of California—Irvine, Irvine, CA 92697,
4Modulated Imaging, Inc., 1002 Health Sciences Rd. Irvine, CA 92612

hayakawa@uci.edu

About four years ago the Laser Microbeam and Medical Program (LAMMP) at the Beckman
Laser Institute and Medical Clinic initiated a plan to provide open-source software and
tools for the biomedical optics community. The goals are to: 1) provide user-friendly tools
to simulate the propagation and distribution of optical radiation in cells and tissues, 2)
develop improved computational models to simulate and design optical diagnostic, imaging
and therapeutic modalities, and 3) supply education resources aided by the usage of these
tools. The primary vehicle for the accomplishment of these goals is the ongoing development
of the Virtual Tissue Simulator (VTS), a modular and scalable computational engine that
provides an integrated suite of computational tools to define, solve, visualize, and analyze
relevant forward and inverse radiative transport problems in biomedical optics. Our latest
developments within the VTS, graphical-user interfaces and MATLAB interoperability with
the VTS will be presented.

∗We gratefully acknowledge support from National Institutes of Health grants P41-RR01192, P41
EB015890 (LAMMP) and NIH K25-EB007309.

(BIO-MED-6-18-3) (BIO-MED-6-18-4)  Mesh-based Monte Carlo method in widefield time-domain Fluorescence Molecu-
lar Tomography

Jin Chen, Qianqian Fang and Xavier Intes
Department of Biomedical Engineering, Rensselaer Polytechnic Institute, USA 

Objectives: Fluorescence molecular tomography (FMT) is an emerging optical imaging technique for preclinical 
applications that can solve for 3D in vivo fluorescent marker distribution maps using non-contact surface optical 
measurements. Successful reconstructions in FMT requires modeling of photon transport, where the widely used 
diffusion equation is not suitable for modeling the high absorbing and low scattering regions encountered in small 
animals and the early gates in time-resolved systems. The Monte Carlo (MC) method is more accurate; however, 
the currently available voxel-based Monte Carlo (vMC) codes suffer from limited computational efficiency and 
discretization errors on the boundary.

Methods: A software platform for wide-field illumination is developed based on mesh-based Monte Carlo (mMC) 
and optimizated utilizing multi-threading and distributed parallel computing to achieve efficient calculation. The 
computational efficiency of the hybrid parallel code was tested using Single/Dual Core CPUs (BlueGene/Opteron 
on CCNI, RPI). We validate the proposed algorithm and software by in vivo studies with a euthanized mouse with a 
fluorescently labeled tube (11mm in length, 1mm in diameter) in the thoracic cavity (Fig. 1).

Results: The mMC method is roughly 4-5 times faster than vMC when applied on mouse models having similar 
numbers of elements/valid voxels. In the in vivo reconstruction, the 50% isovolume of the reconstructed effective 
quantum yield using the mMC method has a maximum length of 11.3mm and mean diameter of 2.7mm.

Conclusion: Our Monte Carlo implementation allows the generation of spatially complex illumination patterns 
over arbitrary oriented surfaces to accurately model non-contact widefield illumination strategies. We demonstrate 
that the mMC method is an accurate and computationally efficient solution for tomographic use when modeling of 
general media is required.
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(BIO-MED-7-25-1) Single-photon counting detection improves the spatial resolution and sensitivity in dif-
fuse fluorescence tomography

Frederic Leblond
Dartmouth College, Thayer School of Engineering, USA 

Whole-body diffuse fluorescence tomography systems that employ highly sensitive photomultiplier tubes for single-
photon detection are pushing the sensitivity limits of the field. However, each of these detectors only offers a single data 
projection to be collected, implying these imaging systems either require many detectors or long scan times to collect 
full data sets for image reconstruction. We resent a method of utilizing the time-resolved collection capabilities of time-
correlated single-photon counting techniques to increase spatial resolution and to reduce the number of data projections 
to produce reliable fluorescence reconstructions. Experimental tissue phantom results demonstrate that using 10 time 
gates data in the fluorescence reconstructions for only 20 data projections provided superior image accuracy when 
compared to reconstructions on 320 continuous wave data projections. We also demonstrate that single-photon counting 
detection for diffuse fluorescence tomography can be used to image nanomolar (nM) concentrations of reporter dyes 
through a rat. Specifically, detection of Alexa Fluor 647 dyes is shown to be achievable for concentrations as low as 
1nM through more than 5cm in tissue phantoms, which indicates that this is feasible in larger rodent models. Because 
it is possible to detect sub-nM fluorescent inclusions with SPC technology in rats, it follows that it is possible to 
localize subpicomolar fluorophore concentrations in mice, putting the concentration sensitivity limits on the same 
order as nuclear medicine methods.

(BIO-MED-7-25-2) Comparison of NIR FRET Pairs Labeled Transferrin Receptor in Live Cells using 
Full-field Fluorescence Lifetime Imaging

Lingling Zhao1, Ken Abe2, Margarida Barroso2and Xavier Intes1

1Department of Biomedical Engineering, Rensselaer Polytechnic Institute, USA
2Center for Cardiovascular Sciences, Albany Medical College, USA

Objective: Fluorescence resonance energy transfer (FRET) methods have been widely applied for investigations 
on protein-protein interaction and drug discovery. However, high scattering and absorption of tissue in the visible 
range impede FRET for small animal imaging. In this work, five near-infrared (NIR) FRET pairs labeled transferrin 
receptor have been selected to overcome the limited depth penetration of light into the tissue and for targeted drug 
delivery as well. Fluorescence lifetime imaging is used to validate and characterize these new FRET pairs with 
different donor-acceptor ratios. 

Methods: Five NIR FRET pairs are used, which are Alexa Fluor 700- Alexa Fluor 750, Alexa Fluor 750-Alexa Fluor 
790, Atto700-Atto725, Atto700-Atto740, and Atto725-Atto740. These NIR FRET pairs are labeled by transferrin 
receptor with different donor-acceptor (AD) ratios of 0.25, 0.33, 0.5, 2, 3, and 4, and are transfected into human 
ductal breast epithelial tumor cells (T47D) and human mammary epithelial cells (HMEC), separately. Full-field 
fluorescence lifetime imaging of the specimen is performed on a gated Intensified CCD (ICCD) camera equipped 
with a mode-locked femtosecond Ti:sapphire laser, which produces ultrashort laser pulses(100fs, 80MHZ) with 
tunable wavelength (from 690nm to 1020nm). A modified pico projector is used for illumination over a 32 x 25 mm2 
region of interest. Band-pass fluorescence filters are used for fluorescence measurement. 

Results and Discussion: Donors labeled transferrin only, donors labeled transferrin in cells were measured as controls 
and lifetimes were estimated using bi-exponential fitting model or mono-exponential fitting model depending on the 
time-gate selected in ICCD and the properties of donor. Five AD ratios in cells were measured and lifetimes were 
estimated using bi-exponential fitting model with fixing longer lifetime obtained from controls. For example, Alexa 
Fluor 750 labeled transferrin only was estimated to be 326±96ps, 737±36ps by bi-exponential fitting. Alexa Fluor 
750 labeled transferrin in T47D and HMEC were estimated to be 375±63ps, 717±28ps, and 276±106ps, 700±51ps, 
respectively. Then 717ps and 700ps were fixed for different AD ratios in T47D and HMEC. The amplitudes of 
FRETing donor (shorter lifetime component) were also estimated and found to linearly increase versus AD ratios. 
In all cases, significant reduction in the NIR donor was observed and linearity of the estimated fraction of the donor 
fraction undergoing FRET was achieved for donor-acceptor (AD) ratios of 0.5, 2, 3, and 4. 

Conclusion and Future work: We compared and characterized new NIR FRET pairs in live cells. This work set the 
foundation to investigate FRET in small animals based on time-resolved fluorescence molecular tomography.
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(BIO-MED-7-25-3) Linking Molecular Transport and Traction Forces in Migrating Cells

Potvin-Trottier, L., Chen, L., Vicente-Manzanares, M., Horwitz, A.R. and P.W. Wiseman

Cell migration is a vital process in which cells undergo directed movement to particular locations. However, the 
molecular mechanisms that coordinate this process are still poorly understood. Here, two techniques are used in 
tandem to study cell migration. Spatio-Temporal Image Correlation Spectroscopy (STICS) can create vector maps 
of protein velocities inside a living cell while Traction Force Microscopy (TFM) allows us to measure the forces 
applied by a cell on a substrate, which play a crucial role in cell migration. Using these techniques together allows 
us to simultaneously compare adhesion protein velocities inside the cells and the underlying traction forces exerted 
by the cell, to provide greater insight into cell migration. We show that traction forces and retrograde paxillin flow 
exhibit directional correlation but an inverse magnitude relationship in motile U2OS cells, indicating slippage at the 
molecular clutch level. Finally, by coating polyacrylamide gels with different ligands, we observe differences in the 
strength of those integin-ligand binding pairs. 

(BIO-MED-7-25-4) Combined confocal microscopy and optical coherence tomography using a dual-band 
wavelength-swept laser for head and neck tissue identification

Etienne De Montigny1, Nadir Goulamhousse1, Romain Deterre1,
Dominic Morneau1, Mathias Strupler21, Caroline Boudoux12

1École Polytechnique de Montréal, Montréal, Canada 
2 Sainte-Justine Mother and Child Hospital University Center, Montréal, Canada

Spectrally encoded confocal microscopy (SECM) and optical coherence tomography (OCT) are two high 
resolution imaging techniques that have shown great potential for medical diagnosis in the fields of ophthalmology, 
gastroenterology and laryngology. OCT enables three-dimensional visualization of tissue cross-sections with good 
morphological contrast while confocal microscopy provides high resolution en face images with subcellular features. 
In order to take advantage of the complementary information and orthogonal views offered by these two techniques, 
we have developed a combined instrument capable of producing simultaneous OCT-SECM images in real time and 
without crosstalk between modalities. A novel dual band (780 nm and 1310 nm) polygon-based wavelength swept 
laser provides simultaneous wavelength scanning for SECM and swept-source OCT, respectively. Slow scanning 
(for 2D imaging) was performed using a galvanometer-mounted mirror to simulate endoscopic imaging using a 
rotating probe.

The respective wavelengths were chosen because the shorter 780nm (∆λ=30nm) wavelength laser increases the 
resolution in SECM while the 1310nm (∆λ=65nm) wavelength laser augments tissue penetration in the OCT system. 
Both modalities share the same objective lens for co-registration, but the objective pupil is under-filled by the OCT 
beam to obtain a longer Rayleigh range. Axial resolutions of 10 µm and 19 µm and lateral resolutions of 1.2 µm 
and 25 µm were respectively measured in SECM and OCT using a USAF 1951 target. Potential of this technology 
is demonstrated with ex vivo imaging of freshly excised swine tissue. Identification of different head and neck 
structures is facilitated by the orthogonal field of views and different magnifications
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(BIO-MED-7-31-1) Deployment of a Clinic-Friendly Spatial Frequency Domain Imaging System

Amaan Mazhar1, Steve Saggese1, Pierre Khoury1, Anthony J. Durkin2,  David J. Cuccia1,  

1 Modulated Imaging Inc. Irvine, CA 
2 Beckman Laser Institute. University of California - Irvine.

Spatial Frequency Domain Imaging (SFDI) is a non-contact imaging method that uses multiple frequency spatial 
illumination to generate two dimensional maps of tissue optical properties (absorption and reduced scattering). We 
present phantom validation and pilot clinical data of a deployed LED-based SFDI system. The system employs four 
wavelengths of light-emitting diodes (LED) to quantitatively assess tissue health by measurement of common tissue 
constituents (oxy-hemoglobin, deoxy-hemoglobin, and water). The system is compact (10cm x 10cm x 10cm) and 
light-weight (~ 12 lbs). The projection optics are optimized for the near infrared and typical exposure times are on 
the order of 10-50ms. These exposure times reduce typical acquisition time to seconds making the system twenty 
times faster than SFDI systems that have been described previously – thus reducing motion artifacts in clinical 
measurements. The system is designed for large field of view applications (13.5 cm x 10.5 cm) and integrates a tissue 
surface profile measurement to correct for errors caused by height variations. A co-registered color camera has been 
integrated to record a simultaneous clinical impression of the sample for every pass of SFDI data in order to provide 
a reference for users towards building clinical acceptance. Validation studies on phantoms indicate that the system 
is resistant to long-term drift (<1% over 2 hours). We have deployed the instrument in the clinic for pilot studies 
assessing burn severity, efficacy of port wine stain treatment, and monitoring of skin flaps. We will present maps of 
oxy-hemoglobin, deoxy-hemoglobin, water content, reduced scattering, and surface topography for each of these 
applications areas as well as initial impressions of clinical utility moving forward.

(BIO-MED-7-31-2)  Novel Applications of Optical Imaging in Plastic and
Reconstructive Surgery 

Nguyen JT1, Ashitate Y2, Venugopal V2, Stockdale A2, Lee BT1, Frangioni JV2,3, and Gioux S2

1Division of Plastic Surgery, Department of Surgery,
2Division of Hematology/Oncology, Department of Medicine and 3Department of Radiology, Beth Israel Deacon-

ess Medical Center, USA

Purpose: Recent advances in microsurgical anastamosis have increased the utilization of free tissue flaps in the field 
of plastic and reconstructive surgery.  Applications of free tissue flap reconstruction can be seen with the use of 
faciocutaneous flaps in breast reconstruction, composite tissue allografts (CTAs) in mandibular reconstruction, and 
in full hand and face allotransplantation.  However, significant risk of complications persists with great concern for 
tissue ischemia and rejection. Near infrared (NIR) optical imaging can assist to effectively plan, create and monitor 
the viability of transplanted microsurgical grafts.

Methods:  Using well established swine models for abdominal and submental flaps, forelimb composite 
tissue flaps, fibula bone flaps, and partial hemi-facial CTA flaps were created and assessed intra-operatively 
by clinical examination and Doppler ultrasound.  Additionally, perfusion was assessed with NIR.  Animals 
were injected with indocyanine green and NIR fluorescence excitation (745-779 nm) was performed with 
intermittent clamping of the vascular pedicle. Metrics were obtained using signal to background ratio (SBR) 
calculations to examine baseline and peak fluorescence. Partial hemi-facial CTA flaps were imaged with spatial 
frequency domain imaging (SFDI) with arterial and venous clamping.  Subsequently, oxygen saturation (StO2), 
oxyhemoglobin concentration (ctO2Hb), and deoxyhemoglobin concentration (ctHHb) images were acquired. 

Results: Using swine models for submental and abdominal flaps, real-time image guidance enables optimal flap 
design.  Forelimb and fibula flaps can be effectively monitored for the viability of vascularized bone grafts.  NIR 
indicates that vascularized bone emits fluorescence indicating perfusion along the periosteum.  Partial hemi-facial 
flap arterial perforators emit fluorescence indicating perfusion along the surface of the skin paddle.  Perfusion in the 
vascular pedicle can be discerned through an arterial and venous phase. Quantitative metrics for arterial and venous 
perfusion were derived from the SFDI measurements by extracting individual ctO2Hb and ctHHb concentrations. 

Conclusion: The ability to assess perfusion and viability of free tissue flaps is highly valuable in reconstructive 
surgery. Earlier detection of vascular compromise with these modalities can potentially improve flap salvage and 
prevent flap loss. Thus, optical imaging shows promise in the ability to monitor perfusion intra- and post-operatively 
and is valuable in reconstructive surgery. 
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(BIO-MED-7-31-3) Quantitative and depth-resolved fluorescence imaging of gliomas can improve 
margin detection during surgery

Frederic Leblond
Dartmouth College, Thayer School of Engineering, USA 

Techniques that aid visualization of pathophysiological processes are required to guide interventional procedures. 
Real-time fluorescence imaging has been shown as a promising adjunct for surgical guidance, but current 
intraoperative techniques are limited in their ability to probe diseased tissue, and fully exploit the targeting potential 
of fluorescent agents. The use of spectrally resolved in vivo fluorescence imaging offers the potential to significantly 
improve detection of disease and delineation of normal tissues because it can provide sensitive quantitative and 
depth-resolved information relating to specific fluorescent molecular markers by exploiting the signature associated 
with their emission spectrum. We introduce a wide-field fluorescence imaging system that integrates with modern 
surgical microscopes, and enables spectrally resolved quantitative and depth-resolved measurements of fluorophore 
concentrations across a surgical field of view compatible with any type of brain surgery. We present tissue-simulating 
phantom, pre-clinical and first in-human clinical results in tumor resection, in which we rapidly acquire and process 
full field of view data associated with the metabolic marker Protoporphyrin IX (PpIX) following systemic injection of 
5-aminolevulinic acid. The technique is shown to provide quantitative values of PpIX concentration in tissue as well 
as to improve detection limits and contrast by 1-2 orders of magnitude compared to state-of-the-art intraoperative 
fluorescence imaging methods.

(BIO-MED-7-31-4)  Towards minimally invasive surgical guidance using optical coherence tomography for 
precise localization of spinal structures

Liane Bernstein1, Kathy Beaudette1,2, Kessen Patten2, Mathias Strupler2, 
Florina Moldovan2 and Caroline Boudoux1,2

1 Department of Engineering Physics, École Polytechnique de Montréal, Canada, 2 Sainte-Justine Hospital Re-
search Center, Canada

Scoliosis is a complex 3D deformation of the spine that, for severe cases, requires corrective surgery. Most surgical 
approaches involve very invasive procedures and massive instrumentation resulting in the fusion of instrumented 
vertebrae. Several alternative techniques involving minimally invasive surgery (MIS) are currently under investigation. 
One of these consists in inserting small staples directly on the vertebrae’s growth plates to locally induce corrective 
growth. Endoscopic identification and precise localization of growth plates are of paramount importance to ensure 
the success of the intervention. This study aims at assessing the potential of optical coherence tomography (OCT) as 
a guiding system for MIS of the spine. 

In order to refine our understanding of the OCT contrast of spinal structures (growth plates, vertebral bodies, 
intervertebral disks and connective tissue) and optimize the imaging parameters for future clinical studies, we 
performed an ex vivo comparisons between OCT and histological sections. Volumetric data sets (~5mmx5mmx3mm) 
of fresh porcine samples were acquired using a swept-source OCT system (λ0=1325nm, Δλ=100nm, Δz=12µm). All 
samples were then marked with India ink and processed for histology.

Comparisons between OCT and histological sections allow the identification of characteristic features for each 
spinal structure: growth plate and bone tissues present an OCT signal that decays monotonically at different rates 
(different attenuation coefficients). The intervertebral disk presents a characteristic lamellar structure and connective 
tissue layers produce a banding pattern due to the birefringence of this tissue. Based on the differences in relative 
attenuation coefficients of each spinal tissue, an algorithm computing these coefficients was further implemented to 
allow an automatic segmentation of growth plates.

This study will provide surgeons with characteristic markers to precisely localize growth plates on in vivo images 
and will enable the use of OCT as a guiding tool during MIS for the correction of scoliosis.
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(BIO-MED-7-37-1)  Future of Coronary OCT

Guillermo J. Tearney MD PhD1,2,3

1Harvard Medical School and Wellman Center for Photomedicine, USA
2Harvard-MIT Division of Health Sciences and Technology, USA

3Department of Pathology, Harvard Medical School and Massachusetts General Hospital, USA

Detailed visualization of the human coronary wall at the architectural (10 µm resolution) microscopic scale in 
vivo was first made possible in early 2000’s with the first demonstration of intracoronary time-domain OCT (TD-
OCT). Studies published during the next several years showed that this technology had tremendous potential for 
characterizing plaque type, enabling visualization of important plaque structures, including lipid pools, thin fibrous 
caps, and macrophages, and for quantifying stent strut tissue coverage. TD-OCT was limited in its applicability, 
however, because blood attenuates the OCT light. Methods for removing blood in this context were cumbersome 
and carried finite risk to the patient. The introduction of second-generation frequency-domain OCT (FD-OCT), 
also termed optical frequency domain imaging (OFDI), in 2007 solved this problem by allowing intracoronary 
OCT images to be acquired at very high frame rates. This high imaging speed enables an entire coronary artery 
to be scanned while injecting 10-20 cc of radiocontrast/crystalloid and conducting rapid helical pullback of the 
catheter’s optics. As a result of this advance, it is practical to conduct intracoronary OCT in the clinical setting, 
new interventional cardiology applications for OCT have emerged, the field has grown exponentially, and several 
companies are making intracoronary OCT products. It is now likely that OCT will become a major imaging modality 
for guiding coronary interventions worldwide.

While OCT represents a tremendous step forward in coronary imaging capabilities, it currently provides only 
structural information at a resolution of approximately 10 µm. Yet, it is well known that functional, compositional/
molecular, and cellular features of the coronary wall also contribute to the pathophysiology of CAD and the stent 
healing process.  Research in our laboratory is ongoing to develop future generation intracoronary OCT technology 
so that it can be used to provide this critical additional information. In this talk, I will describe our vision for the 
future of intracoronary OCT and will provide insights on the new imaging capabilities that will be available to 
interventionalists in the upcoming decade.

(BIO-MED-7-37-2)   “shedding light” on radiotherapy 

Alex Vitkin
University of Toronto, Canada

Despite widespread use and tremendous technological and radiobiological advances, radiation therapy of cancer 
remains somewhat ‘blind’ – its relative success and outcome are often not known for weeks or months following 
treatment delivery.   Can advanced analysis of in-vivo OCT images of irradiated animal tumours detect early changes 
induced by radiotherapy?  We address this question by analyzing OCT temporal and spatial signal statistics (for 
microvascular and microstructural imaging, respectively), and will show representative results.
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(BIO-MED-7-37-3)   Depth-dependent matched filter for noise reduction in
optical coherence tomography 

Ameneh Boroomand, 1 Michael Smith, 2 Dan Popescu, 2 Michael Sowa, 2 and Sherif Sherif1

1 Department of Electrical and Computer Engineering, University of Manitoba, Canada
2 Institute of Biodiagnostics, National Research Council Canada, Canada

Objective and Method: We designed a matched filter based on the depth dependant second order statistics of noise 
in Time Domain Optical Coherence Tomography (TD-OCT) with the aim of maximizing the Signal-to-Noise-Ratio 
(SNR) in OCT images. We applied our filter to a sample of TD-OCT images of rabbit vascular tissue with different 
window sizes of 3 to 15 pixels to find an optimal window size. For the evaluation of filter performance, we performed 
SNR analysis on OCT images before and after filtering as shown in Fig. 1(d) and Fig. 2(d). 

Results and Conclusion: When we used the matched filter with window size of 7 on A-scan envelopes, we had on 
average 7dB improvement in the SNR. As shown in Fig.2 (a), our matched filter could increase imaging depth in 
OCT. Also our results highlight the utility of matched filter in the noise reduction of OCT image. It could be applied 
for other types of OCT imaging such as Fourier domain OCT. 

(BIO-MED-7-37-4)  Measurement of the Fundus Pulse Amplitude Using Fourier-Domain Optical 
Coherence Tomography for Glaucoma Diagnosis

Kanwarpal Singh1,3, Carolyne Dion1,3, Mark R. Lesk1,2, Tsuneyuki Ozaki1,3, and Santiago Costantino1,2

1.Centre de Recherche de l’Hôpital Maisonneuve-Rosemont, Montréal, Québec
2.Biomedical Engineering Institute, Université de Montréal, Montréal, Québec

3.Institut National de la Recherche Scientifique, Varennes, Québec

Objective: Fundus pulse amplitude (FPA) is a measure of the eye globe expansion, which is measured by the variation 
in the distance between the cornea and the retina. FPA is believed to play an important role in the development of 
glaucoma. It is closely related to the ocular blood flow, and arises due to the imbalance between the pulsatile inflow 
of ocular blood during systole and the steady outflow during diastole. Up to now, measuring the FPA has been 
challenging, as it is of the order of only a few microns. To resolve this problem, we used Fourier-domain optical 
coherence tomography (FD-OCT) to measure the FPA with 1 mm accuracy in glaucoma subjects at different locations 
around the optic disc area, and compared the results with those of age-matched normal subjects. 

Methods: In this study, 10 healthy normals and 12 glaucoma subjects were recruited. Using a custom-made FD-OCT 
device, we measured simultaneously at 40 Hz, the axial position of the cornea at the apex and the retina at three 
different locations, (i) at the peripapillary retina nasal side, (ii) at the peripapillary retina temporal side and (iii) at the 
optic disc. In order to obtain the FPA, the position of the cornea was subtracted from the respective position of the 
retina. The measured FPA values were analyzed using t-test model, and a p-value of less than 0.05 was considered 
to be significantly different. 

Results: For the normal subjects, the mean ± standard deviation of the root-mean-square values of the FPA was found 
to be 8.3±2.3 mm, 7.7±2.0 mm and 6.4±2.5 mm, at the optic disc, the nasal side and the temporal side, respectively. 
In glaucoma patients, the corresponding values were 12.2±9.2 mm, 12.2±5.0 mm and 9.2±4.5 mm. The mean FPA 
values for glaucoma patients were higher than those for normal subjects, and this difference reached statistical 
significance on the nasal side with a p-value of 0.01.

Conclusion: These results suggest that the FPA in glaucoma patients is higher than that for normal subjects. Given the 
small size of the sample cohort of only 12 glaucoma and 10 normal subjects, a larger clinical study would be helpful 
to validate these findings. Nevertheless, the developed FD-OCT device provides the ability to study the role of the 
pulsatile ocular dynamics in various ocular pathologies. 
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(BIO-MED-7-43-1)  Phase-contrast endomicroscopy

Jerome Mertz
Boston University, USA

Phase contrast microscopy is one of the most widely used techniques for biological imaging because it provides 
exquisite high-resolution images of sample morphology, without the use of sample labeling. However standard phase 
contrast techniques, like differential interference contrast (DIC), only work in the transmission direction and thus 
cannot be used when imaging thick samples. For this reason, standard phase contrast techniques have not made a 
great impact in in-vivo biomedical or clinical imaging. 

We have developed a new phase contrast technique that works in a reflected light configuration, and is thus amenable 
to in-vivo endomicroscopy applications. Our technique requires no labeling and provides high resolution DIC-like 
images of sub-surface sample morphology. As far as we know, DIC-like imaging in an epi-detection configuration 
has never been demonstrated before. In addition, our technique provides simultaneous amplitude contrast.

(BIO-MED-7-43-2)  “Broadly Tuneable CARS Microscopy in the Fingerprint Region”

Aaron Slepkov, Adrian Pegoraro, Douglas J. Moffatt & Albert Stolow*
National Research Council Canada

We describe extensions of a ‘single oscillator’ source for high performance CARS microscopy to the important 
‘fingerprint’ region of the Raman spectrum. Our method provides for rapid and broad tuneablility throughout this 
region, illustrated by examples of imaging in the phosphate and CC stretch bands. Using Hilbert Transform methods, 
we show how the real and imaginary contributions to the generated signal fields can be separated, allowing essentially 
‘on-the-fly’ extraction of the resonant Raman spectra and leading to enhanced imaging contrast.
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(BIO-MED-7-43-3)  Using super-resolution microscopy to image membrane domains: Actin and influenza 
hemagglutinin colocalize but laterally exclude cofilin near the cell membrane

Manasa V. Gudheti, Nikki M. Curthoys, Travis J. Gould, Dahan Kim, Mudalige S. Gunewardene, Kristin A. Gabor, 

Julie A. Gosse, Carol H. Kim, Joshua Zimmerberg, and Samuel T. Hess
Department of Physics and Astronomy, University of Maine, USA

Viruses hijack host cell actin to aid in entry, assembly, and budding. Cell membrane organization depends on the 
actin cytoskeleton, and influenza infection depends on cell membrane organization. Influenza infectivity needs 
high concentrations of the lipid raft associated viral protein hemagglutinin (HA) for entry by fusion with host cell 
endosomal membranes. On infected host cell membranes HA forms clusters that accompany other viral components 
to form new viruses and bud. We aimed to characterize the relationship between membrane associated HA and host 
cell actin. Results using superresolution fluorescence photoactivation localization microscopy (FPALM) in non-
polarized cells show HA clusters correlated with actin clusters. Trajectories of individual molecules in live cells 
indicate restricted HA mobility in actin rich membrane regions. Disrupting actin affected HA organization: treatment 
with the actin stabilizer Jasplakinolide or the actin barbed-end binder Cytochalasin D (CytoD) resulted in larger 
HA cluster areas; treatment with CytoD or the actin monomer sequestering Latrunculin A resulted in lower HA 
density in clusters. We hypothesize that HA drives structural changes in cortical actin through signalling to specific 
actin binding proteins (ABP), mediating membrane organization. Two-color FPALM was used to image HA and the 
ABP cofilin, and the distributions of each were determined at nanometer and micrometer length scales. Cofilin was 
excluded from HA clusters on length scales of tens to hundreds of nanometers, suggesting that HA, or proteins in the 
same clusters, influence local actin structure. Thus, we have demonstrated an active relationship between lipid raft 
components, membrane organization, and the underlying actin cytoskeleton. Understanding these interactions could 
provide novel means to target HA-actin associations and thereby identify specific new anti-viral therapies. 

(BIO-MED-7-43-4)  Novel strategy to break the diffraction limit in laser scanning microscopy

Authors: Harold Dehez1,2, Yves DeKoninck2, and Michel Piché1

1Centre d’optique, photonique et laser, Université Laval, Canada
2Institut universitaire en santé mentale de Québec,Canada, 

Laser scanning microscopy is usually preferred to wide-field microscopy for its z-sectioning ability.  However the 
transverse resolution of laser scanning microscopy, limited by the diffraction barrier, remains similar to that of wide-
field microscopy. 

For biomedical applications, high resolution is needed and a large variety of techniques have been developed to 
overcome the diffraction limit. Most of them are probe dependent (PALM/STORM) or require a complete modification 
of the microscope (STED). We present here a procedure independent of the probe, laser, or objective being used, that 
can easily be retrofitted in conventional laser scanning microscopes to improve the transverse resolution by a factor 
of two.

We proceed by subtracting two specific images: a positive image recorded with a laser beam having a maximum of 
intensity at its center and a negative image taken with a laser beam having null intensity at its center. By doing so the 
dimension of the PSF is strongly reduced, and resolution is enhanced. With an appropriate choice of the positive and 
negative beams, a circular PSF without side lobes is obtained. The beam switching device is composed of achromatic 
components to preserve versatility. Switching can be done faster than the line scanning dwell-time, allowing the user 
to record the two images line-by-line to avoid artefacts due to motion of the specimen. 

Results on fixed neuronal structures in confocal and two-photon microscopy will be presented where finer details 
are revealed using the subtraction method. In confocal imaging, structures were revealed by m-ruby transfection or 
immunohistochemistery labeling of tubulin (alexa 546). In two-photon imaging, single cells of mice brain slices are 
labeled by microinjection of Lucifer-Yellow. 
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(BIO-MED-8-51-1)  Use of Rhodium Centered Mixed-Metal Supramolecular Complexes as sensi-
tizers for light activated bacterial inactivation

Nicte Yaxal Arenas Heredia1, Arkady Mandel1, Lothar Lilge2

1 Theralase Inc., Canada, 2 Ontario Cancer Institute, Canada

The stalled development pipeline of new antibiotics requires the consideration of non-antibiotic based approaches 
for sterilization of non critical incidences ranging from bacterial infected wounds in humans and companion animals, 
to the health care environment.

Photodynamic Therapy has major advantageous for these indications as the drug selectivity is provided by a faster 
uptake in prokaryote compared to eukaryote and the fact that the oxygen radical species produced by the photosensitizers 
do not interfere with a particular chemical pathway, but indiscriminately destroy all lipids and proteins. Rhodium 
Mixed-Metal Supramolecular Complex have additionally demonstrated their ability to fragment DNA providing 
an additionally layer to destruction of the prokaryote. While the synthesis of these Mixed-Metal Supramolecular 
Complexes is rather time consuming they provide a superb photo-stability and hence the drug concentration can be 
exchanges for photon concentration.  Using 525 nm light provided by an LED array, delivering up to 96Jcm^2 at 10 
mWcm^2 over 8 logs of bacterial inactivation where obtained under aerobic conditions for Staphylococcus aureus  
and Escherichia coli. In anaerobic conditions the activity was reduced to 5 and 6 logs of cell kill respectively.

Hence, in situations where light activation can be prolonged very low power densities are sufficient to sterilize even 
potentially very large surface areas. Mixed-Metal Supramolecular Complexes provide a very attractive alternative 
to cross linking agents.

(BIO-MED-8-51-2)  Functional measurements of tumor response during neoadjuvant chemotherapy using 
diffuse optical spectroscopic imaging- a phase I novel technology multi-center translational study

Anais Leproux, Montana Compton, erin sullivan, Amanda Durkin, Darren Roblyer, Hideki Takeuchi, Tom 
O’Sullivan, Rita Mehta, Albert Cerussi, Bruce Tromberg

Beckman Laser Institute, USA

Objectives: Pre-surgical neoadjuvant chemotherapy (NAC) is increasingly used in oncology.  Measuring and 
predicting NAC response can potentially improve patient outcome and minimize unnecessary side effects. Several 
imaging strategies are under development to monitor and predict NAC. Diffuse optical spectroscopic imaging (DOSI) 
is a non-invasive functional imaging method that allows patients to be followed from baseline through treatment and 
surgery with a bedside, handheld scanning probe. Here, we present a clinical trial (American College of Radiology 
Imaging Networks, ACRIN-6691) that will determine whether changes in DOSI measurements can predict final 
pathologic complete response (pCR) in breast cancer patients undergoing pre-surgical neoadjuvant chemotherapy. 
Methods: A total of sixty patients will be enrolled in five ACRIN sites with identical DOSI instruments and 
procedures. The instruments combine frequency-domain photon migration with steady-state tissue spectroscopy to 
measure broadband near-infrared absorption and reduced scattering spectra (650-1000 nm) of breast tissue in vivo. 
DOSI measurements are made by placing the hand-held probe on the tissue surface and moving the probe to discrete 
locations along a grid pattern at 10 mm intervals. NIR spectra acquired in each location are used to calculate and map 
the tissue concentration of oxy and deoxy hemoglobin, water, and lipid.

Results: 15 patients were enrolled between June 2011 and February 2012 and eight patients completed chemotherapy. 
Standardized test and analysis procedures have been developed for data quality control, assessing inter- site and 
operator variability, and tumor characterization. Baseline to mid-therapy changes in a tissue optical index (TOI) 
that is based on deoxy hemoglobin, water, and lipid concentration are under investigation as an optical endpoint. 
TOI changes are hypothesized to correlate with and predict neoadjuvant chemotherapy response as measured by the 
clinical endpoint, pCR.

Conclusions: DOSI measurements can be performed in multiple clinical sites by different operators with minimal 
variability (<~5%). Tumor contrast and sensitivity to chemotherapy is best represented by a tissue optical index 
(TOI).  Patients displaying the greatest TOI changes are most likely to be responders, while non-responders can be 
identified by a characteristic optical pattern early in the course of treatment.
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(BIO-MED-8-51-3) A dream beam for cancer radiotherapy based on femtosecond IR laser-filamentation

D. Houde, C. Tanguay-Renaud, H. Belmouaddine, R. Meesat, J.-F. Allard, R. Lemay,
M. A. Huels, J. R. Wagner, L. Tremblay, M. Lepage, J.-P. Jay-Gerin and B. Paquette 

Département de médecine nucléaire et radiobiologie, Université de Sherbrooke,, Canada

In cancer radiotherapy one of the main goals is to deposit radiation dose only in the tumor while sparing the surrounding 
healthy tissues, in part to avoid radio-induced secondary cancers, metastasis, and other detrimental side effects. In 
other words, the ideal radiation beam, or “dream” beam, will deposit its entire curative dose only in the tumor, 
and nowhere else. Unfortunately to date, we have not been able to obtain this ideal dose distribution neither with 
conventional radiation sources (γ or X-rays, electrons), nor with the newest advances in intensity modulated radiation 
therapy, conformal mapping, or even costly hadrontherapy. Here, we propose a new method for radiotherapy, based 
on the interaction of a powerful femtosecond (fs) infrared laser pulse with various systems of biological interest, 
which demonstrates that this goal of radiotherapy may yet be within our reach. 

In transparent media, high power fs laser pulses induce so-called filamentation, which consists in self-focusing of 
the high intensity laser pulses extended far beyond the Rayleigh range of regular focusing. Recently, we have shown 
in a sequence of experiments that the occurrence of this non-linear optical phenomenon in biomolecular bench mark 
systems, such as thymidine and DNA plasmid solutions, yields highly localized energy deposits and clear genotoxic 
results. Furthermore, in a transparent tissue equivalent medium, we show that the depth and range of the target 
volume irradiated by filamentation is easily controlled by the laser pulse characteristics (duration, energy, focus 
geometry).
 
Here, to fully establish the potential usefulness of using laser filamentation for radiotherapeutic purposes, we report 
the effect of this fs laser irradiation technique on the breast tumor MC7-L1 implanted subcutaneously in Balb/c mice. 
We focused a 100 fs IR (800 nm) laser pulse with a 50 cm focal lens at a repetition rate of 1 kHz, yielding to a beam 
of light with an average cross-section of 100 µm on tumors with a mean surface of 35 mm2. The best laser treatment 
result was obtained by irradiating five separate spots on the tumors with 10 min irradiation times for each spot and 
showed a complete tumor regression.

In conclusion, laser filamentation can provide a micro-beam of therapeutic radiation, which deposits its dose only in a 
controllable macroscopic volume, paving the way for new applications of photonics process in cancer radiotherapy.

(BIO-MED-8-51-4) In vivo quantification of cellular dynamics with a scanning laser ophthalmoscope in 
mouse models of retinal injury

Clemens Alt, Charles P. Lin
Advanced Microscopy Program, Wellman Center for Photomedicine and Center for Systems Biology, Massachu-

setts General Hospital, Harvard Medical School, USA

The retina as an optically accessible gray matter compartment of the central nervous system (CNS) lends itself to the 
longitudinal examination of injury response and the evaluation of cellular dynamic processes. In particular, injury to 
the blood retinal barrier that separates the parenchyma from the circulation by tight junction between endothelial cells 
is thought to be a crucial contributor in a number of degenerative conditions of the CNS. Injury to the endothelial cells 
can recruit leukocytes to a site of injury by adhesion molecule mediated leukocyte endothelial interaction (LEI). Less 
is known about the effect of endothelial injury on microglia, the resident immune cells of the central nervous system, 
that play a crucial role in maintaining neuronal health and function. Their dynamic behavior, that is, the constant 
extension and retraction of microglia processes, is thought to be critical for communication between microglia and 
their cellular neighbors, such as neurons, astrocytes and the endothelial cells of neural barrier. Here, we investigated 
1) the short-term dynamic changes of retinal microglia to focal laser injury of blood vessel endothelial wall and 2) the 
long-term response of in vivo leukocyte endothelial interaction and subsequent engraftment after radiation injury.

We have developed a scanning laser ophthalmoscope specifically for mouse retinal imaging that allows retinal 
microstructure, such as the processes of microglia and retinal vasculature, to be visualized.  In order to generate 
focal laser injury in blood vessel endothelial wall, a laser photocoagulator was adapted to the SLO that generated 
mild thermal damage from millisecond-long laser pulses in CX3CR1

GFP/+ mice whose retinal microglia express GFP. 
The displacement and velocity of the microglial processes were evaluated by time lapse imaging. To investigate 
long-term microglia response and LEI over, CX3CR1

GFP/+ were exposed to a lethal dose of gamma radiation and 
subsequently rescued with bone marrow cells from universal DsRed donor mice. The resident GFP+ microglia and 
transplanted DsRed+ bone marrow derived cells (BMDC) were tracked over a time course of four months after the 
irradiation and bone marrow transplant.

Microglia react dynamically to focal laser injury of blood vessel endothelial walls. In response to local injury, 
process movement velocity approximately doubles within minutes after injury. Moreover, the previously unpolarized 
process movement assumes a distinct directionality towards the injury site, indicating signaling between the injured 
endothelial cells and the microglia. After gamma irradiation, progressive loss of GFP+ microglia was accompanied by 
delayed engraftment of DsRed+ BMDC. Morphologic examination revealed that the remaining GFP+ microglia were 
ramified, while engrafting DsRed+ cells exhibited both ramification and dendriform shape. Leukocyte endothelial 
interaction, normally absent in healthy retinal vasculature, was observed even after three months, indicating sustained 
inflammatory response long after the radiation exposure.

In vivo imaging provides a powerful means to study dynamic cellular processes over a broad range of timescales 
from seconds to months that have previously not been accessible by ex vivo analysis.
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(BIO-MED-8-51-5)  Hyperspectral Retinal Imager Using a Tunable Laser Source 

J.-P. Sylvestre1, A. Symon1, S. Blais-Ouellette1, M. Côté2, J. Côté2, J. Tesar3, S. R. Patel4, A. M. Shahidi4, J. G. 
Flanagan4,5, C. Hudson4,5, J.-D. Arbour6 and M. Verhaegen1

1Photon etc., Canada; 2Side by Side Optics, Canada; 3Tucson, Arizona, USA; 4Department of Ophthalmology and 
Vision Science, University of Toronto, Canada; 5School of Optometry, University of Waterloo, Canada; 6Départe-

ment d’ophtalmologie, Université de Montréal, Canada

There is growing interest in hyperspectral imaging as a tool for the non-invasive, early diagnosis of retinal 
pathologies. Hyperspectral imaging acquires a series of monochromatic images at specific wavelengths providing 
spectral information for each pixel within the image. In the context of retinal imaging, specific biomolecules may 
therefore be precisely quantified and localized using their spectral signature. The objective of this research project 
was to develop a versatile hyperspectral retinal imager based on a custom-made retinal camera and a tunable laser 
source as the source of illumination. The tunable laser source consists of volume Bragg grating filters that permit the 
rapid selection of a specific wavelength from a supercontinuum source with a spectral bandwidth of 2 nm (FWHM) 
and a precision < 1 nm in the spectral range of 420 to 1000 nm. The optical design of the illumination and imaging 
lines was optimized in order to respect specific safety and performance criteria. A calibration and normalization line 
was also included in order to permit absolute spectral calibration of the instrument and real-time measurement of 
the illumination light power. The resulting prototype provides comfortable and safe light illumination of the retina. 
Preliminary in vivo experiments confirm that high definition retinal imaging can be achieved with the instrument 
and that the oxy-, and deoxy-, hemoglobin spectra can be used to enhance the contrast of the blood vessels and 
differentiate arterioles and venules. Future work includes perfection of the analysis algorithms to derive oxygen 
saturation maps of the principal retinal blood vessels from the hyperspectral data. 

(BIO-MED-8-51-6)  Tight neurovascular coupling in a rat model of quasi-periodic interictal spiking using 
multispectral optical imaging 

Philippe Pouliot, Van Tri Truong, Cong Zhang, Simon Dubeau, Frédéric Lesage 
Dept. Electrical Engineering, Ecole Polytechnique Montréal and Montreal Heart Institute, Canada

 
Objectives: The neurovascular coupling in epilepsy is peculiarly complex and poorly understood [1]. Animal 
model studies allow the potential of much better controlling for variability. We report here on a rat model where the 
hemodynamic response to almost periodic interictal spiking is relatively simple.
  
Methods: Experimental procedures were approved by the ethics committee at the Montreal Heart Institute. 
Multispectral intrinsic optical imaging and electrophysiological recordings in anesthetized rats were performed as 
described in [2]. Injection of 4-aminopyridine (4-AP, 15 mM, 0.5µL), a potassium channel blocker inducing spike-
wave discharges and acute seizures, was then made near the electrode in the left somatosensory cortex [3], and 
several 15-30 minute recordings were later taken. 

Results: In one recording, interictal spikes followed an almost periodic pattern (Fig. 1A). Such rhythmic spiking 
is a well-documented phenomenon in electrophysiological studies [4], but the hemodynamics correlates have 
been less studied [5]. Spikes occurred every 12.5 ± 1.0 s (Fig. 1B). Peaks in total hemoglobin (HbT), a proxy for 
regional cerebral blood volume, followed spikes by 2.6 ± 0.3 s. Troughs in HbT preceded spikes by 1.68 ± 1.2 s. The 
narrowness of this distribution is surprising. From it, one may derive a significant but paradoxical fall in HbT several 
seconds before the spikes (Fig. 2). 
 
Conclusion: Several groups have reported hemodynamic changes prior to epileptic spikes [6], which are not well 
understood. In the model presented here, one explanation for the early hemodynamic changes prior to spikes may 
be that it is simply due to the slowly falling tail of the response to the previous spike. Alternatively, it may be that 
surround inhibition plays an active role in generating the next spike: namely, that a period of low HbT, indicating 
vessel constriction, is concomitant with lesser activity of inhibitory interneurons, which leads to spike generation [7].
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(BIO-MED-6-P-1)   Detection of atherosclerotic vascular tissue from
optical coherence tomography images

Ammu Prakash1, Mark Hewko2, Mike Sowa2 and Sherif Sherif1

1Department Electrical and Computer Engineering, University of Manitoba,Canada
2Institute for Biodiagnostics, National Research Council Canada, Canada

Currently, Atherosclerotic coronary artery diseases are a major cause of mortality.  Prevention, diagnosis and treatment 
of atherosclerotic coronary artery disease are dependent on understanding and characterization of atherosclerotic 
plaque. Optical Coherence Tomography (OCT) has established itself as an important high resolution bio-medical 
imaging modality.  OCT is considered the most promising imaging modality for detecting vascular plaque. In this 
study we develop a classifier to detect atherosclerotic tissue using OCT images without reliance on visual inspection.  
This classifier can be a valuable tool to diagnose atherosclerosis.  

A set of statistical texture features was extracted using the spatial gray level dependence matrix (SGLDM) method.  
A total of 13 textural features were estimated for each image in four directions.  Fisher’s discriminant ratio (FDR) 
and cross correlation measure between the pairs of features were employed in order to rank the features according 
to a specific class separability measure. The combination of  three best features, 1.Correlation, 2. Entropy, 3. Inverse 
difference moment, were selected using an exhaustive search method which maximizes FDR criterion.
 
We will present our statistically significant results obtained from texture detection of healthy and unhealthy tissue 
images. Our classifier based on texture analysis technique may provide an efficient tool for detecting invisible changes 
in tissue structure; thereby help clinicians diagnose atherosclerosis in its earliest stage. 

(BIO-MED-6-P-2)  Development of a new method for cervical cancer cells determination using light scatter-
ing spectrum

Yan Yang and Xuantao Su*

Department of Biomedical Engineering, School of control science and engineering, Shandong University, China

Objectives: Conventional method for cervical cancer screening employs a microscopic technique that may require 
fluorescence labeling of the cells. Mie theory acquires analytical solutions of light scattering spectrum from 
homogeneous spheres. Information about the volume ratio of the cell nucleus to the cell cytoplasm can be obtained 
by analyzing the light scattering spectrum. This volume ratio has been used for cervical cancer determination. In this 
case, light scattering method may be employed for cervical cancer detection in a rapid label-free manner. 

Methods and Results: Light scattering spectra from normal and cancerous cervical cell models are obtained with Mie 
theory. Side scatter spectrum is analyzed for size determination in contrast to the forward scatter. Fourier transform 
of the light scattering spectrum shows typical peaks for different cells models, which are used for determination of 
the cervical cancer cell models from the normal ones. 

Conclusion: A method that may be used for rapid label-free cervical cancer cell screening is developed based on Mie 
theory simulations. Fourier analysis of the simulated side scatter spectra shows that cervical cancer cell models can 
be differentiated from the normal ones. Future experiments further convincing the method proposed here may bring 
up a powerful technique that has wide applications in cervical cancer cell determination.
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(BIO-MED-6-P-3) Full field and scanning technique based holography combined with fluorescent micros-
copy in living cell morphological and functional dynamics 

Irina V. Mukhina (1), Olesya V. Shirokova (2), Maria S. Muravyeva (2), Varvara V. Dudenkova (2), 
Alexander S. Rybnikov(2), Yuri N. Zakharov (2)

(1) Nizhny Novgorod State Medical Academy, Russia  (2) N. I. Lobachevsky State University of Nizhni Novgorod, 
Russia

Long-continued monitoring of neuronal culture growth and development show, that cells undergo shape change, 
they vary its location, them processes contact each other combining cells in network. In contrast to these “large-
scale” changes, observing by usual microscope, intracellular activity often brings too small alteration, that it scale is 
under diffraction resolution limit. Moreover incoherent optic methods may don’t distinguish intracellular alterations 
because they haven’t influence on transparency. Since holographic registration allows reconstructing amplitude 
and phase of probing beam, possibility of refractive index bounding parameters detection is arise. Holographic 
interferometry is able to provide optical length difference measurements accuracy within nanometers and transverse 
space resolution limited by point spread function (PSF). It allows both disclosing of small changes in cell and cell 
processes shape and studying of intracellular cytoplasm distribution and density changes. At first we used holographic 
setup permitting both traditional analog hologram recording and reconstruction and digital holographic interferometry 
(DHI) application. On the one hand it allows DHI results verification on the other hand digital hologram recording 
and processing raises phase measurements precision and gives convenience for biophysical interpretation and final 
results presentation of living neuronal culture cells optical thickness dynamics investigation. Digital holography and 
fluorescent microscopy combination have realized on the base of modernized laser scanning confocal microscope 
when one of the photomultiplier channels creates digital hologram whereas other channels record fluorescence 
signals. It gives possibility to compare intracellular fine structure alterations with simultaneous calcium metabolic 
oscillations. We use it for investigation of intracellular processes and interaction between cells in neuronal network.

(BIO-MED-6-P-4)   Microfluidic and Nonlinear Optical device for Malaria Detection

Nageswara R Ghattamaneni, Umakanta Tripathy, Jean-Francois Desjardins, Sonia Ines Edaye,
Elias Georges, Paul W. Wiseman.

McGill University, Canada

We have designed and built an optical device that can count the bursts of third harmonic generation (THG) emission 
from hemozoin crystals in malaria infected blood cells as the blood is pumped through a microfluidic channel. 
A custom designed femtosecond fiber laser with emission wavelength of 1170 nm used as excitation source for 
THG detection of hemozoin as well as two photon autofluorescence emission (TPF) from red blood cells. We have 
collected the THG signal from 3 min sample runs of infected blood cells (Fig 1(a) blue data) and control non-infected 
blood samples (Fig 1(a) orange data). Infected cells were detected with excellent signal to noise (S/N) ratios ~ 103. 
Simultaneously fluorescence correlation spectroscopy analysis was performed on the THG data series to count the 
number of infected blood cells. The clear detection of THG signal peaks above background from infected blood cells 
containing malaria parasites with hemozoin crystals shows that we can unambiguously detect the malaria infection 
in blood using microfluidics. The use of a microfluidic channel permitted detection with a few microliters of sample. 
In fig 1, three detection platforms for malaria are shown. As compared to the current staining based techniques, our 
detection device offers a speedy and potentially cost effective solution for rapid screening of blood samples for 
malaria infection.

Fig 1. Comparison of various malaria detection platforms. (a) THG signal of infected (blue) vs unifected (orange) blood through 
microfluidic chanel. (b) THG (blue) and TPF (red) image of hemozoin and red blood cells, respectively of a sample infected 
with FCR3 Plasmodium falciparum.  (c) Bright field microscopy image of the Giemsa-stained smears of FCR3 36 h after 
synchronization.
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(BIO-MED-6-P-5)   Non-invasive imaging of scoliotic zebrafish using optical coherence tomogra-
phy: a preliminary study

Kathy Beaudette1,2, Mathias Strupler2, Fouzi Benboujja1,2, Stefan Parent2, 
Carl-Éric Aubin1,2 and Caroline Boudoux1,2

1 École Polytechnique de Montréal, Canada, 2 Sainte-Justine Hospital Research Center, Canada

In order to study different genetic mutations that could lead to scoliosis, a zebrafish model has been developed. 
Zebrafish are a commonly used model in the study of vertebrate development and gene function. However, imaging 
techniques that are currently employed make it difficult to perform non-invasive or longitudinal studies on the 
evolution of this condition. This project aims to determine whether optical coherence tomography (OCT) is a viable 
method to image scoliotic zebrafish non-invasively.

An image database outlining the different internal structures of normal fish and malformed fish at various stages of 
development was created. A commercial OCT system, including a laser source centered at 930nm and permitting 
axial and lateral resolutions of 7 and 8mm respectively, was used. Each fish was imaged in a drop of phosphate 
buffered saline (PBS) after being fixed in paraformaldehyde (PFA).

Images of 5 and 10 day-old malformed fish as well as of 5 to 29 day-old wild type fish were acquired non-invasively. 
Using 2D images and 3D reconstructions, it was possible to identify the vertebral column, the heart and the brain at 
different stages of formation. Malformations consistent with a curved back, enlarged heart, small size, as well as an 
incomplete outer lining were also observed.

It is possible to image wild type (of at least 5 to 29 days) and malformed zebrafish non-invasively using OCT. Three-
dimensional reconstructions are effective tools to visualize the vertebral column as well as the spinal deformities of 
mutated zebrafish. Next steps of this project will include the development of a segmentation algorithm to facilitate 
the 3D visualization of scoliotic spines. Because of the possibility of performing longitudinal studies on a same fish 
and reducing the image processing time compared to histology, the use of OCT would facilitate the study of genetic 
factors in zebrafish and, eventually, could contribute to the identification of the causes of scoliosis.

(BIO-MED-6-P-6)   Nonlinear microscopy for vocal folds imaging

Romain Deterre, Mathias Strupler, Simon Lemire-Renaud, Étienne de Montigny,
Dominic Morneau, Caroline Boudoux

Ecole Polytechnique of Montreal, Canada

Vocal folds are the structure located in the larynx and responsible for voice production. They consist of a layered 
tissue comprising a thin epithelium, a lamina propria and a muscle layer. The epithelium lies on the surface, and the 
muscle is deep within the folds. In between those two, the lamina propria is then subdivided – according to their 
composition – in three regions. From a clinical point of view, the knowledge of the internal structures configuration 
in each patient’s folds is critical for diagnostic purposes. The current gold standard for assessing this arrangement is 
histology, which is obviously extremely invasive and destructive. The aim of this project is to assess the potential of 
nonlinear optical microscopy as a replacement to histology. A microscope was designed specifically for this project 
and combines two non-linear techniques: Two-photon fluorescence (2PEF) and second harmonic generation (SHG). 
The SHG and 2PEF modalities are especially interesting as they show collagen and elastin distributions, respectively. 
These macromolecules are the building blocks of vocal folds extracellular matrix. These images were also coupled 
to reflectance confocal microscopy, which proved useful in assessing the overall structure of the imaged tissues. Our 
setup is based on a 35fs mode-locked Ti:Sapphire. The laser is characterized and then transmitted to galvanometer 
mounted mirrors for the scanning. It is then brought to a water immersion objective of 0.8 numerical apperture. En 
face images were made of different swine samples. We demonstrated the ability of the two non-linear modalities to 
make pictures of the lamina proria through the epithelium with a good signal to noise ratio. 
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(BIO-MED-6-P-7)   Optical Coherence Tomography probe for non-invasive pediatric vocal folds 
imaging

Fouzi Benboujja, Mathieu Auger, Emre Aslan, Caroline Boudoux
Ecole Polytechnique of Montreal, Canada

The vocal folds play a vital role in preserving the critical functions like breathing and swallowing. During 
its development, significant changes occur from an anatomical and physiological perspective. Unfortunately, 
conventional imaging techniques often invasive do not reveal the mechanisms responsible for their development 
and maturation. A clear understanding of the development of the vocal folds, is critical for a clinical evaluation and 
treatment of diseases.

As a first step, we demonstrate the design and the conception of a high-resolution Optical Coherence Tomography 
(OCT) based in vivo endoscope suitable for pediatric laryngology. 

The design is based on a full grin assembly: relaying 3D scanning from a pair of galvanometer-mounted mirrors to 
the imaging plane. In order to target a wide pediatric clientele the IR coated probe diameter was fixed to 2.7 mm and 
the length to 318 mm. To examine the free edge of the vocal cords, a 45° prism was added at the extremity of the grin 
lens redirecting the laser beam 90 degrees from optical axis. A protective tube surrounds the grin assembly for a safe 
use in clinical environment. The probe is design to be also used with an articulated arm. The optical wavelength is 
centered at 1310 nm with a bandwidth of 80 nm. The axial and lateral resolutions of the OCT probe are respectively 
12mm and 20mm and its focal length is 1mm. The field of view obtained with the probe is 1.8mm

This OCT probe will help providing a better understanding of the mechanisms that govern the development and 
maturation of vocal cords, helping the surgeon plan and refine procedures.

(BIO-MED-6-P-8)   Overview of photo-induced therapy for the treatment of PTSD

 M.Abdalla1, A.Nagy1, T.Mussivand2, and W.N.Ye1

1Carleton University, Canada
 2University of Ottawa Hearth Institute, Canada

The purpose of this literature review is to provide a comprehensive study of the different wavelengths and laser 
parameters that increase the production of Adenosine triphosphate (ATP) in mammalian cells. The paper’s focus will 
be on the effect of near-infrared (NIR) wavelengths on the ATP production. Commercial lasers are either continuous 
or pulsed, based on material systems such as Helium-Neon (He-Ne), and Argon. The critical irradiation parameters 
are wavelength (nm), irradiance (W/cm2), pulse structure (peak power (W), pulse frequency (Hz), pulse width 
(s), and duty cycle (%) ), coherence and polarization; while the irradiation time parameters are energy (J), energy 
density(J/cm2) , irradiation time(s) and treatment interval (“hours , days, or weeks” ). It has been shown that the ATP 
production was enhanced at wavelengths ranging between 600 nm and 1000 nm (also known as the optical window); 
in particular at 600nm, 632.8nm, 635nm, 650nm, and 904nm. However, in certain experiments it was shown that the 
respiration was inhibited due to the increase in the dosage supply of the light. The dosage could be either radiation 
time or irradiance.  

Light therapy, in particular the NIR wavelengths; have been used since ancient times in the medical field for healing 
wounds and as a source of pain relief. For post-traumatic stress disorder (PTSD), it has been predicted that photons 
with specific energy levels offer a potential positive effect in the healing process. ATP is the “energy currency” and a 
fundamental unit which is needed in most of the chemical reactions in the human body. There is a relationship between 
depressed patients and low level of ATP production. Depression - correlated with stress- involves the depletion in 
patients’ energy level, due to the low production of ATP, which leads to a low level of the “happy hormones”, namely 
Serotonin and Melatonin. We believe that by increasing the level of ATP, the hormone production of Serotonin and 
Melatonin would increase, and help in curing PTSD’s patients. In addition, a light-organ interaction map can be 
derived to serve as a basic guideline for diagnostic/photo-dynamic therapies. Developing a tunable device that will 
increase ATP levels in PTSD’s patients in a controlled manner can lead to an improvement in their health. 
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(BIO-MED-6-P-9)   Simultaneous rapidly swept dual-band laser for real time multimodal imaging

Nadir Goulamhoussen, Mathias Strupler, Etienne De Montigny, Caroline Boudoux
Ecole Polytechnique of Montreal, Canada

A novel dual band (780 nm and 1310 nm) wavelength swept laser providing simultaneous wavelength scanning has 
been designed for use in multimodal imaging systems such as a two-color OCT or a combined simultaneous OCT and 
SECM instrument. Spectrally encoded confocal microscopy (SECM) provides en face images of subcellular features 
with high resolution while OCT allows three-dimensional in depth imaging of tissues with good morphological 
contrast. Simultaneous images obtained by both modalities combines high resolution (SECM – lower wavelength) 
and high penetration depth (OCT – longer wavelength), providing more information for diagnosis. 

The schematic of the dual-band wavelength swept-source is shown on Figure 1. It is based on two gain media, a 
fibered semiconductor optical amplifier (SOA) centered at 1310 nm and a free-space laser diode centered at 780 
nm. Wavelength tuning for both bands is obtained by a wavelength filter set up around the same rotating polygonal 
mirror for simultaneity. For each band, a telescope in an infinite conjugate setup converge the dispersed wavelengths 
by a grating on the polygon who reflects back a narrow band of wavelengths getting amplified when returning in 
the gain media. Rotating the polygon enables wavelength tuning and enables imaging at a rate of 6 to 30 A-lines/s.  
The 780 nm source has a bandwidth of 37 nm and a fibered output power of 54 mW, while the 1310 nm source has a 
bandwidth of 67 nm and a power of 17 mW at its fibered output.  Both swept sources have an instantaneous linewidth 
smaller than 0.1 nm, thus yielding coherence lengths of 11 mm and 7.5 mm respectively.
  

Fig. 1: Setup of the dual-band rapidly wavelength swept laser

(BIO-MED-6-P-10)   Speckle Analysis of Single Cell Light Scattering Patterns for
Cell Classification

Xuming Sun , Xuantao Su*

Department of Biomedical Engineering, School of Control Science and Engineering,
Shandong University, Jinan, China

Objectives: Laser speckle analysis has been widely used in imaging of blood flow. 2D light scattering patterns from 
single cells have been shown for label-free classification of biological cells. Speckle analysis of 2D light scattering 
patterns may find new parameters for cell classification, which may have potential applications in clinics. 

Methods and Results: 2D light scattering patterns have been obtained experimentally for Jurkat and CB CD34+ 
cells. Finite-difference time-domain simulation results have also been obtained for these cells, respectively. Here 
we perform speckle analysis on the obtained 2D experiment and simulation scattering patterns. Cross section scans 
of the 2D patterns are carried out at different locations both horizontally and vertically. The number of the bright 
speckles in the scanned 1D spectra is used for classification of these two kinds of cells.

Conclusion: A method for label-free cell classification is developed, which is based on speckle analysis of 2D light 
scattering patterns. The technique is able to classify different kinds of cells by counting the number of the bright 
speckles in scan lines which are extracted from the 2D light scattering patterns. Speckle analysis of 2D light scattering 
patterns may be useful for label-free cancer diagnosis, such as early cancer screening in future. 
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(BIO-MED-6-P-11) Taking Control of the Bacterial Flagellar Motor

Guillaume Paradis, Mathieu Gauthier, Ismaël Duchesne and Simon Rainville
Department of Physics, Engineering Physics and Optics and Centre of Optics, Photonics and Lasers, Laval Uni-

versity, CANADA

The bacterial flagellar motor is a fairly complex machine embedded in the multiple layers of the bacterial membrane. 
That explains why, unlike many other molecular motors, it has not yet been studied in vitro. As spectacular studies of 
linear motors (like kinesin, myosin and dynein) have clearly demonstrated, an in vitro system provides the essential 
control over experimental parameters to achieve the precise study of the motor’s physical and chemical characteristics. 
Thus the focus of our laboratory for the past 5 years has been the development of a unique in vitro assay to study the 
bacterial flagellar motor. 

Our setup consists of a filamentous Escherichia coli bacterium partly introduced inside a micropipette. Femtosecond 
laser pulses (60 fs and ~ 15 nJ/pulse) are then tightly-focused on the part of the bacterium that is located inside the 
micropipette. This vaporizes a small portion of the membrane, leaving an essentially permanent hole in the wall 
of the bacterium. Using a patch-clamp amplifier, we then apply an external voltage between the inside and the 
outside of the micropipette. That voltage then directly contributes to the proton-motive force that powers the flagellar 
motor. As we change the applied potential, variations in the motor’s rotation speed are observed. The rotation speed 
was measured using high-speed video microscopy of fluorescently labeled filaments: image sequences from a fast 
EMCCD camera were analyzed with custom MatLab code. We are also investigating different ways to monitor the 
rotation using various nanoparticules. 

In addition to granting us direct control over the proton-motive force, this in vitro assay gives us full access to the 
inside of the cell. We can then directly control the pH (hence the other component of the pmf) or the concentration of 
various proteins that the motor is exposed to. That system therefore opens a world of new possibilities.  For example, 
we have started to study the rotation speed vs applied voltage (linear) relationship and we found that our data directly 
probes the dynamics of the torque generating units in the motor. It should also be possible to shine a new light on 
the switching mechanism and the stepping motion of the motor. This poster will present our first quantitative results 
using this in vitro assay and our plans for the future. 

(BIO-MED-6-P-12)   Ultrasound Guided Fluorescence Tomography: System and Reconstruction

Baoqiang Li1,2, Frédéric Lesage1,2

1École Polytechnique de Montréal, Canada
2Montreal Heart Institute, Canada

Objective: A hybrid-model fluorescence imaging method was investigated with the motivation of providing structural 
priors towards the improvement of fluorescence reconstruction. In a previous study, we combined 3D ultrasound 
(US) imaging with PMT-based fluorescence tomography to explore both anatomical and functional images. Herein, 
we describe an upgraded system with respect to sampling precision and reconstruction mechanism. System design: 
An EMCCD camera is used to image object from its top side with raster scanned illumination from the opposite side 
controlled by stepping motors. Using a filter wheel, both absorption and fluorescence signals could be recorded for 
Born-type normalisation processing. Acoustic imaging was achieved using the same motors with micrometer step-
size to recover accurate structural images. Reconstruction: The forward model of fluorescence field was simulated 
by a GPU-based Monte Carlo algorithm. The reconstruction was performed using a Tikhonov regularization method 
using a regularizer encoding the structural information to constrain the inverse problem. As an additional input to 
the ultrasonic structural prior, we used a FFT profiling method to retrieve the top contour of object to get an accurate 
forward model for reconstruction. Results: We validated the system and reconstruction algorithm with phantom. A 
series of transparent tubes injected with Cy5.5 of different concentrations (including zero concentration as a control 
case) were inserted into a phantom at different depths, separately. Optical and acoustic scans were conducted and the 
boundary of phantom was reconstructed by a profilometer. The positions of the tubes were recovered by the US scan 
and this structural information was used as an input for the fluorescence reconstruction. These phantom results were 
used to evaluate the reconstruction robustness. Conclusion: Comparing to our previous system, the system described 
in this paper showed improvement in both optical recording and acoustic sampling. Associated with the GPU-based 
Monte Carlo reconstruction, this imaging system is expected to result in an improved quantification and localization 
of fluorophore distribution in vivo supported by phantom data. In conclusion, this multimodal imaging system has 
the potential to explore both anatomical and functional information, and it is ready for further animal studies.
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(BIO-MED-6-P-13)   Vocal folds described by Computed Features in
Optical Coherence Tomography

Fouzi Benboujja, Mathias Strupler, Kathy Beaudette, Caroline Boudoux
Ecole Polytechnique of Montreal, Canada

The outcome of vocal folds surgery is highly dependent on the laryngologist ability to visually locate the pathology 
margins. Most diseases however originate below the epithelial layer and are invisible to the clinician. The only option 
to describe the type and severity of laryngeal diseases appears to be excisional biopsies – consisting on removing 
a small sample of tissue despite the associated risks. Although a biopsy followed by histological examination is 
the clinical “gold standard”, they produce a large amount of false negative and may be risky for young children as 
they may disrupt normal voice maturation. As alternatives methods for evaluating diseases are limited, surgeons are 
faced with a difficult choice: limiting the number of biopsies versus ensuring precise localization of the pathology 
margins. Therefore, the current invasive technologies do not permit longitudinal studies starting from neonates up to 
adulthood of the vocal folds. Deep understanding of these layers are however critical as it can generate specialized 
and adapted treatments for patients.

To overcome limitations associated with video endoscopy Optical Coherence Tomography (OCT) has attracted 
attention as a possible solution to evaluate and quantify pathologies in laryngology. However, the clinical interpretation 
of OCT images in laryngology is still uncovered field. Most computer analysis studies, using optical coherence 
tomography imaging, such as automatic segmentation or pathology detection are targeted to the specific need of 
ophthalmology.

This highlights the need for developing quantitative features extraction from non-invasive imaging technologies 
such as OCT. In this study, we explore the use of OCT image analysis for the discrimination and modeling of the 
vocal fold layers. This paper provides the initial steps to differentiate the vocal fold layers in order to provide a 
quantitative diagnosis index in laryngology.

(BIO-MED-6-P-15)    Improved Single-molecule Imaging Based On Photon Counting With An 
EMCCD Camera

Abbas Padeganeh1, Etienne Lareau2, Olivier Daigle2, Anne-Marie Ladouceur1, Paul Maddox1,3

1Institute for Research in Immunology and Cancer (IRIC), University of Montreal, Montreal, QC, Canada
 2Nüvü Camēras Inc., Montreal, QC, Canada,

 3Department of Pathology and Cell Biology, Faculty of Medicine, Université de Montréal, Montreal, QC, Canada

One important landmark of the last decade in scientific imaging has been the development of the electron-multiplying 
charge coupled device (EMCCD), an imaging detector that uses an avalanche phenomenon to amplify the weak 
photo-electron signals. EMCCDs are well suited for ultralow light applications in that a single photo-electron can 
be amplified sufficiently to allow the possibility of photon counting. However, as with all electronic detectors, the 
noise increases greatly with an increase in gain, diminishing the overall sensitivity and dynamic range and thus 
compromising images.

A new camera has been developed by Nüvü Cameras that significantly reduces the noise generated during the read-out 
process and allows efficient photon counting. This major reduction of the noise threshold represents an opportunity 
for various low-light imaging applications including single-molecule studies.

We present a demonstration of its applicability in a total internal reflection fluorescence microscopy (TIRFM) assay 
to visualize single biomolecules. In molecular biology, it is well established that most proteins exert their biological 
roles in complex with other proteins.

Thus, detecting individual components and the structure of these complexes is essential to understand the mechanism 
of biological events. To this aim, we employ TIRFM imaged in photon counting mode for visualization of single 
centromeric nucleosomes, containing a histone variant known as CENP-A.

We show that this technique is well suited to TIRFM and that it is capable of detecting single fluorescently labelled 
CENP-A in the nucleosome with an enhanced signal to noise ratio.
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Description:

In its most basic form, a biosensor consists of a molecular recognition element and a transducer that produces a 
signal in response to the binding of a target to the recognition element. Research into miniaturized biosensors, 
whether in microarray or lab-on-chip formats, has seen explosive growth in recent years. Indeed, innovations in 
micro/nanofabrication technologies motivated initially by the demands of the telecom industry, have led to sig-
nificant advances in miniaturization of bioanalysis systems for medical, environmental, and agri-food monitoring 
applications. Many of the most exciting and promising advances in biosensing technology involve photonics ele-
ments. We welcome submissions in, but not limited to, the following areas.

    Lab on a chip
    Waveguides
    Optical fiber sensors
    Optofluidics
    Optoelectronics
    Fluorescence detection
    Surface plasmon resonance
    Surface nanostructuring
    Nanoparticles
    Device integration
    Applications

(BIO-SENS-6-14-1) Novel, rapid and label-free assay format for
proteases detection and drug screening

Chiheb Esseghaier1, Andy Ng1,  M. Zourob*1

1Institut national de la recherche scientifique, Centre – Energie Matériaux Télécommunication, Varennes, Canada

Proteases constitute one of the main classes of biomolecules which play a critical role in multitude of physiological 
processes and cellular metabolisms. Protease activity could be used as a biomarker and as a potential target for 
therapeutic intervention [1]. In this work, we designed a very simple, highly-stable and inexpensive assay format for 
proteases and drugs screening suitable for various transducers. Furthermore, the assay is label-free, highly-sensitive 
and does not need any washing steps/ liquids or surface blockage. We demonstrated the assay for HIV-1 protease 
detection and drug screening. The developed assay was tested by surface plasmon resonance (SPR) and localized 
surface plasmon resonance (LSPR).

The assay relied on anchoring a HIV-1 protease substrate peptide linked with magnetic bead to the N-terminal and 
immobilized to gold surface via the sulfhydryl side chain of cysteine at the C-terminal. We placed a permanent 
magnet at the edge of the sensing area to collect rapidly the cleaved magnetic beads. We recorded a significant 
shift in SPR and LSPR signal due to the release of the magnetic bead as a result of the cleavage of the immobilized 
peptides by the HIV-1 protease. The developed assay was able quantify HIV-1 protease inhibition activity of two 
commercial AIDS drugs candidates (Nelfinavir mesylate hydrate and Saquinavir mesylate) with acceptable accuracy. 
The developed sensing layer has the potential to perform analysis with real samples.

Different conditions were optimized such as bead size and material, incubation time, and peptide spacer linkers 
between the magnetic beads and gold surface immobilization site. The detection limit was as low as 10 pg/ml of HIV 
protease with analysis time of a few minutes. We will also present various signal amplification mechanisms.

References
[1] López-Otín C, Matrisian LM.Emerging roles of proteases in tumour suppression. (2007) Nat. Rev. Cancer. 7(10) 800-808
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(BIO-SENS-6-14-2)  Immobilized Phage Proteins for Specific Detection of Staphylococci

Hicham Chibli1, Hala Ghali2, Soonhyang Park1, Yves-Alain Peter2*, Jay L. Nadeau1*
1 Department of Biomedical engineering, McGill, University, Canada; 2 Department of Physical Engineering, 

Ecole Polytechnique, Montreal, Canada

Staphylococci (Staph) are Gram positive microorganisms that cause serious skin and wound infections in humans 
and animals. Over 60% of staph infections in hospitals are now due to methicillin-resistant S. aureus (MRSA), 
which is resistant to b-lactam antibiotics. Bacteriophages have long been considered as potential anti-microbial 
agents. Endolysins are produced at the end of the phage cycle in order to lyse the host bacterial cell from within 
by hydrolyzing the peptidoglycan cell wall. The goal of this work was to evaluate the potential of immobilized 
endolysins--lysK, lysostaphin, and F11--as elements for biosensing platforms for staphylococci. 

Method
The activity of the three selected endolysin proteins was evaluated with clearing assays using different clinical isolates 
of S. aureus and control organisms of the same genus (S. epidermidis) or different genera (Micrococcus species, 
Escherichia coli). The endolysins were then immobilized on silica wafers activated by amine polyethyleneglycol 
silane through an amide bond between the amine of the silane and a carboxylic acid on the protein. The slides were 
immersed in a solution containing different concentrations of fluorescently-labeled organisms both alone and in 
combination. Bacterial binding and specificity were quantified using fluorescence microscopy. 

Results
We found that the proteins’ activities depended upon the bacterial strain and were specific at the genus level. All 
of the staphylococcus species were cleared by at least one of the proteins. E. coli and Micrococcus were not lysed 
by the proteins. 0.3 mM of lys K solution was enough to fully activate the slide and gave measurable binding to S. 
aureus at 1000 bacteria/mL in culture medium. The small size of the proteins makes the system robust and easy to 
handle, and the principle is generalizable to many different biosensor platforms, including label-free systems such 
as microresonators.

(BIO-SENS-6-14-3)  An integrated collector and detection platform for explosives detection

K. A. Mahmoud  and M. Zourob* 
Institut national de la recherche scientifique, Canada

Rapid and selective detection of nitroaromatic compounds (NACs), particularly 2,4,6-trinitrotoluene (TNT) is a 
rising priority for home land security. Homeland guards on the country borders, airports and checkpoints are in 
urgent need for integrated hand-held system comprising sampling and detection units for rapid detection of ultra-
traces of explosive compounds.

We developed an integrated and highly miniaturized on-site samples collection/processing system integrated with 
selective detection of explosive unit. SERS employed as one of the detection techniques in this developed system. 

Highly miniaturized and low-cost sample collector was integrated with an injection molding unit for nitro-compounds 
concentration/fishing. The smart fishing system: We developed a hybrid nanobeads composed of silica coated 
polystyrene nanobeads PSA/SiO 2 (200-600 nm) decorated with Fe3O4@Au magnetic nanoparticles (10-40 nm). the 
hybrid material was fully characterized by SEM, TEM, XPS, FTIR and Raman Spectroscopy. Fe3O4 nanoparticles 
showed super paramagnetic properties. The surface was decorated with a modified lignin for selective adsorption 
and pre-concentration of NACs. Our new sensing strategy integrates surface enhanced Raman spectroscopy (SERS 
of preconcentarted NACs from water samples. A thin film of the conjugated material after being exposed to NACs 
and separated by a magnetic field were deposited on gold coated surface. Binding of the TNT and 2,4-dinitrotoluene 
(DNT) within the sensing matrix containing Fe3O4@Au resulted in unique SERS bands. The SERS sensitivity of the 
substrate was probed as a function of PSA/SiO 2 beads and gold nanoparticles diameters.  The response to NACs is 
reversible and the sensor material is stable for months. The selectivity and sensitivity of the Raman signals as well as 
the association/dissociation constants will be discussed. High sensitivity towards TNT and DNT and low detection 
down to nanomolar levels was obtained. The results also featured the new hybrid material is a promising sorbent of 
NACs in water samples.
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(BIO-SENS-6-14-4)  Oligonucleotide Functionalization of Indium Nitride Nanowires

Yoshihiko Nagai1, Md Golam Kibria2, Zetian Mi‡, and Robert Sladek1,3

1Research Institute of McGill University Medical Centre, 
2Dept. of Electrical and Computer Engineering, and 

3Dept. of Human Genetics and Medicine, McGill University, Montreal Canada

Surface functionalization of biomolecules on indium nitride (InN) nanowire has been demonstrated which confirmed 
the attachments of biomolecules chemically and the distribution of biomolecules visually. InN nanowires were grown 
directly on a Si substrate and a silane linker 3-glycidoxypropyl-dimethylethoxysilane (GPMES) was covalently 
attached to cleaned and hydroxylated arrays of InN nanowires. Subsequently, 5’- amino-modified single strand 
oligonucleotide was functionalized to InN nanowires through activated GPMES. The surface chemical changes 
resulting from attachment of GPMES and single stranded oligonucleotides were unambiguously observed using X-
ray photoelectron spectroscopy. We confirmed functionalization of the InN nanowires by using scanning electron 
microscopy (SEM) to detect surface-bound oligonucleotides labeled with gold nanoparticles (Figure); hybridization 
of the functionalized oligonucleotide to an oligonucleotide encoding its sequence complement was also visualized 
on the InN nanowire surface by SEM. Biosensing applications will be discussed.

Figure, Schematic diagram of functionalization (left panel) and SEM image (right panel) of 20 nm gold nanoparticle 
conjugated single stranded oligonucleotide bound to the nanowire surface.

(BIO-SENS-6-20-1)  Plasmonics: merging optical sensing with nanotechnology

Michel Meunier, Andre-Pierre Blanchard-Dionne, Mathieu Maisonneuve, Sergiy Patskovsky
Ecole Polytechnique de Montreal, Canada

Plasmonics is quickly becoming a dominant technology in the fields of novel optical devices employing new 
experimental capabilities of subwavelength metallic nanostructures. In combination with modern nanofabrication 
technologies which allows preparation of numerous colloidal nanomaterials and alloys, regular patterns of particles, 
holes, or nanoslits this technology provides opportunities to create efficient, fast and sensitive multi and imaging 
sensor platforms for biological and medical research. In this invited talk we will be covering recents development on 
nanoplasmonics biosensing performed at École Polytechnique de Montréal with a special emphasis on  polarization 
modulation for multiplexed biosensing using nanohole rectangular arrays.
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(BIO-SENS-6-20-2)  Combining Microflow Cytometry to Whispering Gallery Modes in Micro-
spheres to Achieve Efficient and Accurate Biosensing

 
R. Lessard1, L. S. Verret1, A. Paquet1, M. Charlebois1, Ch. Rivière2, P. Deladurantaye2, O. Mermut2, C. Nì. Allen1

1Centre d’optique, photonique et laser (COPL),  Canada,  
2Institut National d’Optique (INO), Canada, 

Whispering gallery mode (WGM) biosensing techniques show sensitivities exceeding that of the extensively 
documented plasmon surface resonance technology [1]. We report an innovative label-free biosensor based on 
statistical analysis of WGM spectral shifts in polystyrene and melamine fluorescent microspheres using a custom 
microflow cytometer. Along with extremely precise refractometry, WGM analysis enables detection of nanometer-
sized analytes demonstrating promising possibilities for virus, bacteria and molecular detection [2]. To achieve this, 
the carefully chosen fluorophore-doped microspheres are mixed with Bacilus globigii spores in aqueous solution 
[3]. Then, the syringe pump pushes the solution through the fiber optic flow cell where a laser beam illuminates the 
region of interest in the microflow cytometer. This device provides a low-cost and user friendly solution to enhance 
spectrum acquisition rates due to the considerable amount of microspheres flowing through the excitation area per 
unit time [4]. Finally, the WGM spectra are statistically investigated using an algorithm to determine a reliable value 
for the refractive index since the exact radius of the microsphere scanned is unknown [5]. This refractive index 
becomes an effective value for the local perturbation caused by B. globigii on the microsphere surface and hence, 
determines whether or not bacteria are adsorbed by comparing to a control sample. We achieve a limit of detection 
of 1.9E9 spores/mL corresponding to 5 to 10 bacteria adsorbed on the microsphere surface. 

References
[1]     F. Vollmer, S. Arnold, Nat. Meth. 5, 591, 2008.
[2]     M. Noto et al., Appl. Phys. Lett. 87, 2005.
[3]     X. Fan et al., Anal. Chim. Acta. 620, 8, 2008.
[4]     P. J. Crosland-Taylor. Nat. 171, 37, 1953.
[5]     M. Charlebois et al., Nanoscale Res. Lett. 5, 524, 2010.

(BIO-SENS-6-20-3) Liquid-core low-refractive-index-contrast Bragg fiber sensor

Hang Qu, Maksim Skorobogatiy
Génie physique, Ecole Polytechnique de Montreal, Canada

 
We propose and experimentally demonstrate a liquid refractive index (RI) sensor based on a low-RI-contrast 
hollow-core (HC) Bragg fiber. This Bragg fiber features a large air core (diameter: ~0.8 mm) surrounded by an 
alternating polymethyl methacrylate (PMMA) /polystyrene (PS) Bragg reflector (npmma/nps: 1.49/1.58) and a PMMA 
supercladding (Fig. 1(a)). The advantage of the proposed sensor includes high sensitivity, short response time (~1 
s), large core, small analyte volume (~200 mL) and simplicity in sensing mechanism. Besides, the sensitivity of the 
sensor is virtually independent to the length of the Bragg fiber due to the resonant guidance of the Bragg fiber.

Fig.1 (a) Cross section of the HC Bragg fiber; (b) Transmission spectra of the Bragg fiber filled with NaCl solutions 
with different concentrations; (c) Peak positions versus RIs of the fiber core

The Bragg fiber guides by bandgap effect in which only the light within the bandgap of the Bragg reflector can be 
confined in the fiber core. From the basic theory of the low-RI-contrast Bragg fiber, the center position, lc, of the 
fundamental bandgap is given by [1]:

2 2 1/2 2 2 1/22 ( ) ( )c h h c l l cd n n d n nl = � + � , (1)

where dl, dh are the thicknesses of the low- and high- index layer in the Bragg reflector; nl, nh are the refractive indices 
of the corresponding layers; nc is the refractive index of the core material. According to (1), the resonant wavelength 
of the Bragg fiber sensor would change in response to variations in the RI of the fiber core, which constitutes the 
resonant sensing mechanism of the sensor. To characterize the sensor, we use, as liquid analytes, NaCl solutions with 
the concentration ranging from 0%-25% with a 5% interval. Experimentally, we integrate a 40-cm long Bragg fiber 
into an opto-fluidic system which enables simultaneous optical and fluidic coupling of the fiber. The transmission 
spectra (Fig. 1(b)) of the fiber filled with different NaCl solutions are analyzed by an Oriel spectrometer. The 
transmission spectrum peak of liquid-core Bragg fiber features a linear blue-shift with an increasing concentration of 
the NaCl solution, and the sensitivity of the sensor is found to be ~1400 nm/RIU (Fig. 1(c)). 

References 
[1]M. Skorobogatiy, Opt. Lett., Vol. 30, No. 22, 2991, 2005.
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(BIO-SENS-6-20-4)  Selecting the Appropriate Splitter for a Reflective Optical Fiber Dosimeter Probe

Serge Caron, André Croteau, Alexandra Rink*, David Jaffray*, and Ozzy Mermut
INO, 2740 Einstein Street, Quebec City, QC, Canada, G1P 4S4

* Princess Margaret Hospital, Department of Radiation Oncology, University of Toronto, 610 University Ave., 
Toronto, ON, Canada, M5G 2M9

We recently developed an optical fiber probe for dosimetry based on the absorbance change of a sensitive radiochromic 
material (Ref. 1 and 2). This probe works in a reflective configuration.  The increase in absorbance DA is measured 
at a single wavelength and it linearly depends on the irradiation dose. A significant drawback when working with 
a reflective configuration is that reflections coming from splitter interfaces add to the signal, and cause an apparent 
deviation from linearity. The deviation is describes by the equation below showing that the measured DA is lower 
than the true value when light (Sr) is reflected to the detector: 

We have studied the back-reflections coming from a standard fused-fiber coupler, and 7× and 19× bundles.  Figure 1 
below demonstrates that when connected to a plastic optical fibre having its own Fresnel reflection removed, no light 
is returned from the 7× bundle while it is not the case with a standard coupler.
Fig 1
When connected to an optical fiber dosimeter probe, variations of absorbance relatively to a fitted baseline, as 
shown in figure 2, are mostly equal 
when measured with the 2 bundles but 
they are higher than those measured 
with a fused-fiber coupler. This result 
proves that a proper choice of the 
splitter is imperative when developing 
a probe working in reflection, at a 
single wavelength; even when a relative 
absorbance is considered, otherwise an 
undervaluation of the relative absorbance of -30% as shown in Figure 2 will happen.
Fig 2 

References:
1. A. Croteau et al., Proc. of SPIE, 8090, 
80900G (2011)
2. A. Croteau et al., Proc. of SPIE, 7894, 
789406 (2011)

(BIO-SENS-7-30-1)   Plasmonic sensors based on nano- and microhole arrays

Jean-Francois Masson
Universite de Montreal, Canada

Our research group is interested in optimizing surface chemistry and nanomaterials for the development of sensors for 
the detection of biomolecules in crude biofluids and environmental contaminants in ground water. This presentation 
will focus on our research on the properties of hole arrays at different length scales, for surface plasmon resonance 
(SPR) and surface enhanced Raman spectroscopy (SERS). In particular, microhole arrays exhibit enhanced sensitivity 
for SPR sensing in comparison to classical thin Au films, a consequence of the micron size of the hole arrays. 
In addition to high sensitivity, performing bioassays directly in crude biofluids requires extremely stable surface 
chemistry with respect to nonspecific adsorption of proteins and other constituents of biofluids. A novel surface 
chemistry based on peptide monolayers was demonstrated to increase stability of SPR sensors in serum and cell 
lysate, which was applied to detect proteins in crude serum. Peptide monolayers were also adapted to bind His-
tagged biomolecules, suited to monitor small ligand-receptor interactions for CD36. Moreover, our efforts to develop 
surface chemistry for SERS sensors will be demonstrated to extract energetic materials from water sources.
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(BIO-SENS-7-30-2)   Spectral Surface Plasmon Resonance microscopy with
enhanced spatial sensitivity

M. Maisonneuve, B. St Louis-Lalonde, A-P. Blanchard-Dionne, S. Patskovsky,  M. Meunier
Department of Engineering Physics, Ecole Polytechnique de Montréal, Canada,

Surface plasmon resonance (SPR) biosensing has become in the last decade the leading technology in biological 
and chemical analysis for diverse application in medicine, biology and environmental industry. The need of high 
throughput system and study of biologic objects like bacteria and cells require the development of SPR in imaging 
and microscopy. The development of such system is now the focus of intensive research where many works are 
done to improve sensitivity and resolution. Indeed, SPR microscope must present local sensitivity similar to the 
commercial device (10-6 Refractive Index Units or RIU) and spatial resolution down the micrometer scale which are 
the minimum requirements to observe and analyse bacteria and cells. 

In this presentation, we will present theoretical and experimental results of the highly sensitive hyperspectral 
microscopy platform for real-time SPR and spectral characterization of living cells. This platform could provide 
more than 10 times better RI sensitivity in Surface Plasmon imaging than conventional approach and is based on 
two complementary methods: 1.Hyperspectral scanning technology by tunable optical filter in combination with fast 
detecting CCD camera. 2. Phase-sensitive SPR approach, to provide almost two-times higher sensitivity compared 
with intensity method widely used in Surface Plasmon Microscopy (SPM).

We optimized the design of the planar SPR platform in order to maximize refractive index sensitivity and dynamic 
range of measurements in microscopy set-up for improved thin film sensitivity and detection of low contrast bio-
objects on the sensing surface. A rigid optical set-up with supercontinuum white light probe beam and spectral 
scanning through high acquisition rate camera provides real time interface imaging.  Every pixel of the CCD camera 
provides a spectral SPR resonance curve. After numerical treatment the SPR image of cells imprint with high 
sensitivity is generated. Particular attention is given to differential or multisensing schemes, implying a simultaneous 
examination of several spots with different biochemical modifications. The phase properties of light under surface 
plasmon excitation is also investigated with polarimetric and phase-contrast methods with spectral modulation to 
provide higher sensitivity for cells detection compared with intensity method widely used in SPM.

(BIO-SENS-7-30-3)   Combined surface plasmon resonance and fluorescence as a
tool for living cell study

Vincent Chabot12, Yannick Miron2, Michel Grandbois2, Paul G. Charette1

1 Département de génie électrique et génie informatique, Faculté de Génie, Université de Sherbrooke, Canada
2 Département de Pharmacologie, Faculté de Médecine, Université de Sherbrooke, Canada

SPR is a rapidly developing tool for living cell sensing. However, as a non-labeling technique, the components of a 
complex SPR response such as that caused by a cellular monolayer can be hard to identify. We propose to combine 
surface plasmon resonance (SPR) with fluorescence to monitor the response of living cells. By using the evanescent 
field of the SPR to excite the fluorophores, the measured fluorescence can be directly correlated with the SPR 
measurement. The combination of both techniques will allow for a greater understanding of the underlying cellular 
response following stimulation. 

Human epithelial kidney cells (HEK-293) stably transfected with the AT1 angiotensin receptor (AT1) were seeded 
onto Poly-L-Lysine-coated SPR substrates (silver with a gold passivation layer). After proper confluence was 
assessed, the cells were transfected with a vector for the expression of a fluorescent DsRed-Actin and left in cellular 
growth conditions for 72h. Then, the SPR sample was mounted onto a custom SPR and fluorescence apparatus. The 
cell monolayer was then stimulated with Angiotensine-II (AngII) while both SPR and fluorescence were measured 
simultaneously.

SPR measurements show an increase in the effective refractive index following AngII stimulation, which could be 
attributed to a spreading of the cellular monolayer on the surface. Simultaneous fluorescence micrographs show 
a reorganization of the actin structure, along with the apparition of new focal points of adhesion. Moreover, the 
increase in overall fluorescence intensity following stimulation indicates actin mobilization towards the basal portion 
of the cell.

We have shown that combining SPR and fluorescence measurements leads to complementary information useful in 
assessing cellular response on a SPR substrate. This platform could be used to study events leading to cytoskeletal 
rearrangements and morphological changes, for example during cellular motility on a surface.
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(BIO-SENS-7-30-4)  High Sensitivity Surface Enhanced Raman Scattering  Detection 
of Organic Molecules and Amino Acids

Archana Kandakkathara, Ilya Utkin and Robert Fedosejevs
Department of Electrical and Computer Engineering, University of Alberta, Canada 

Raman spectroscopy has the capability of providing detailed information about molecular structure, but the extremely 
small cross section of Raman scattering prevents this technique from applications requiring high sensitivity. Surface 
enhanced Raman scattering (SERS) on the other hand provides strongly increased Raman signal from molecules 
attached to metallic nanostructures and thus a promising technique for high sensitivity analytical applications.  One 
particular area of interest is the application of such techniques for the analysis of the composition of biological 
cells.  However, there are issues which have to be addressed in order to make SERS a reliable technique such as 
the optimization of conditions for any given analyte, understanding the kinetic processes of binding of the target 
molecules to the nanostructures and understanding the evolution and coagulation of the nanostructures, in the case 
of colloidal solutions. 

The background electrolyte is a very important factor in SERS experiments as it controls the binding of molecules 
to the metallic structures and stabilizes the colloid in some cases.  Addition of electrolytes changes the pH of the 
solution and the Zeta potential which determines the stability of colloid is strongly related to the pH of the solution. 
Different electrolytes have been reported in literature and sodium chloride is the most commonly used one.  We 
performed a detailed study of the influence of the addition of different types of electrolytes on the amplitude and 
kinetics of the SERS signal in silver colloids.  We used sodium chloride, sodium bicarbonate and several composite 
electrolytes.  Different amino acids and organic dyes were used as test molecules in the concentration range of 10^-8 
– 10^-4 M. We found that a new proposed electrolyte containing HCO3, CO3, Cl and  SO4 ions provides very high 
enhancement of Raman signal in organic molecules we were studying. It also exhibited very good reproducibility. 
The advantages of the composite electrolyte are especially noticeable at low concentration of tryptophan where we 
observed 10^8 enhancement of Raman signal, ~ 300 times more than for the case of sodium chloride. We also studied 
the time dependence of SERS spectra and the aggregation process for the case of different electrolytes in silver 
colloids.

Funding from CIPI and NSERC is gratefully acknowledged for the project.

(BIO-SENS-7-36-1)  Polymeric rapid prototyping for inexpensive and portable medical diagnostics

C. Backhouse
Waterloo Institute of Nanotechnology, University of Waterloo, Canada

With the wide range of microfluidic technologies now demonstrated, their cost is now the central barrier to wider use. 
We have developed systems that enable implementations of a wide range of self-assembly processes in application to  
medical diagnostics and  recently reported (Kaigala et al., Analyst (2010) 135 1606®C1617) on a sample in, answer 
out system that can perform a medical diagnostic in approximately an hour. That system was relatively inexpensive 
(about $600) but its dependence on glass microfluidic chips prevented further cost reduction. In more recent work we 
have  moved to laser-patterned polymeric chips with similar functionality.  This approach provides interesting (and 
rapid ways) of analyzing genetics as well as allowing the formation of self-assembled structures under automated 
conditions. This talk will present our work in moving to these polymeric chips, with an emphasis on the development 
of extremely inexpensive diagnostic systems (as well as for exploring 
nanobiotechnologies).
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(BIO-SENS-7-36-2)   Online continuous detection, identification and quantification of organic contaminants 
in drinking water 

Dongxin Hu, Jenny Cai, Chuhong Fei, Andrew Boodhoo, and George A. Lampropoulos
A.U.G. Signals Ltd., Canada

TOC (Total Organic Carbon) is considered an indicator of water quality in water treatment process and distribution 
management. However, as a non-specific measurement, TOC lacks the capability to identify organic carbon sources. 
This limits its application as a more useful reference to direct water treatment process and event monitoring towards 
specific contaminants.

In order to realize online identification and quantification of organic chemicals in water, we developed an online 
spectroscopic system which identifies organic chemical contaminants in drinking water, such as benzene, methanol, 
ethylene glycol and 2,4-D, based upon these contaminants’ unique signatures at selected spectral regions (Figure 1a). 
Compared with single wavelength (254 nm) detection, full spectral analysis was proved to provide more specific and 
accurate recognition of contaminants especially at concentrations lower than drinking water standards (e.g. 10 ppm 
for ethylene glycol). A data fusion algorithm was also developed to integrate the identification results with online 
TOC measurement to improve detection results. Concentration of the identified contaminant was also estimated 
by correlating spectral analysis with TOC variations for optimal accuracy. In simulated contamination tests with 
ethylene glycol at 0.44 to 6.7ppm, this integral system successfully identified the contaminant and concentration 
estimation results gave higher than 98% accuracy (Figure 1b). Tests with other organic chemicals also indicated save 
level of identification and quantification accuracy. 

  

  (a)                                                             (b)
Figure 1. (a) Spectral signature of Ethylene Glycol; (b) Identification and quantification results.

(BIO-SENS-7-36-3)  Chemical etching-assisted femtosecond laser microfabrication of optofluidic devices 

Daiying Zhang, Liqiu Men, and Qiying Chen
Department of Physics and Physical Oceanography, 

Memorial University of Newfoundland, Canada

Optofluidics has emerged as a powerful technique for diagnosis of biomedical and chemical fluids with merits of 
versatile functionalities, compactness, minimized waste, and low cost. Femtosecond laser microfabrication has been 
an enabling technology with unprecedented high precision and quality. Based on our recent study on the fabrication 
of complicated three-dimensional structures in fused silica with a femtosecond laser (fundamental wavelength at 800 
nm, repetition rate of 1 kHz, and pulse energy up to 1 mJ), we report a chemical etching-assisted femtosecond laser 
microfabrication technique for the realization of optofluidic devices. In this study, effects of fabrication parameters, 
such as laser energy, polarization of laser, and writing speed, will be studied in order to identify optimal parameters 
for the fabrication of optofluidic devices.     

A prototype optofluidic system has been established in this study, in which an aqueous solution of fluorescein 
isothiocynate isomer I (FITC, Sigma-Aldrich) and distilled water are introduced to a femtosecond laser microfabricated 
optofluidic device while the flow of fluid is monitored simultaneously. The experimentally observed laminar flow and 
diffusion of the fluid inside the microchannel indicating excellent agreement with the simulation results. The results 
demonstrate that the femtosecond laser microfabrication is a powerful technology to realize optofluidic devices 
with high precision three-dimensional microfabrication and the advantages of minimized heat-affected zones, high 
throughput, and controllability in the specifications of various structures. The roles of chemical etching as a post-
processing step for the fabrication processes will be discussed. 
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(BIO-SENS-7-36-4)  New Bilirubin Sensors for Total Jaundice Management using Laser Diodes, 
LEDs and OLEDs

Mostafa Hamza*, Mohammad H. Sayed El-Ahl **, Ahmad M. Hamza†, 
Aya M. Hamza, Yahya M. Hamza††

*Faculty of Engineering, Mansoura University, Mansoura, Egypt, **Military Medical Academy, Cairo, Egypt, † 

National Research Center, Egypt,
†† Tabarak Children’s Hospital, Egypt

It is important to detect jaundice in its early stages to prevent Kernicterus in newborn infants.  When jaundice 
is properly diagnosed, severe elevation of serum Bilirubin can be prevented and effectively treated, preventing 
brain injury.  However the accuracy and precision of the results obtained from conventional Bilirubin meters have 
undesirable variability.   

In this paper the authors introduce the theory, design and operating principles of new non-invasive transcutaneous 
Bilirubin sensors. The sensors are implemented using blue–green laser diodes and LEDs. The new design 
incorporates four wavelengths to avoid any spurious measurements due to the presence of melanin or due to skin 
maturity.  The operation principle of these novel compact and low-cost Bilirubin sensors is primarily based on the 
absorption characteristics of Bilirubin in the blue–green region of the spectrum. The choice of these prescribed four 
wavelengths follows the principles of optical bilirubinometry.  Accurate measurement of Bilirubin concentration 
is a major determinant in the clinical management of neonatal jaundice. The management of neonatal jaundice 
utilizes blue laser diodes, or LEDs and Organic LEDs (OLEDs) for efficient phototherapy of jaundice. Non-invasive 
transcutaneous bilirubinometry using these novel sensors was used in our clinics and hospitals for the efficient and 
timely identification of neonates at risk of hyperbilirubinemia. The new system was found to provide an easy, quick 
and reliable screening of the neonates in the early stages of jaundice. 

(BIO-SENS-7-42-1)  Design and Applications of Multilayer Core-Shell Nanoprobes Based on Plas-
mon-Enhanced Fluorescence and FRET

Denis Boudreau
Département de chimie & Centre d’optique, photonique et laser (COPL), Université Laval, Québec (QC), Canada

The development of optical nanoprobes incorporating metallic nanoparticles is an active field of research. In 
particular, it has recently been shown that the brightness and stability of molecular dyes can be improved by their 
incorporation into hybrid core-shell nanoparticles, and that plasmonic coupling with the metal cores increases the 
range and efficiency of Förster resonant energy transfer (FRET) between donor and acceptor shell-encapsulated 
fluorophores [1].

During this seminar, the development of a novel plasmonic-based DNA sensing approach will be presented. This 
detection scheme combines a cationic conjugated polymer (CCP) with a fluorescent core-shell multilayer nanoparticle 
(NP) grafted with oligonucleotide probes (see Figure 1). This approach exploits the transduction mechanism of the 
CCP based on intensity and spectral changes in absorption and luminescence caused by conformational changes 
upon electrostatic binding to DNA strands. Each hybridization event is signalled by a potentially large number of 
excited reporters following the plasmon-enhanced energy transfer between the target-activated polymer donor and 
fluorophore acceptors embedded in the silica shell [2]. Furthermore, binding of positively charged polymer chains 
onto negatively charged probe-grafted NPs partially neutralizes the particles’ surface charge and leads to the formation 
of NP aggregates allowing collective plasmonic interactions between NPs [3]. The formation of these nanoparticle 
networks amplify the optical signal generated by DNA hybridization events and improve the overall detection 
sensitivity, paving the way for the development of sensitive, fast and reliable molecular typing procedures.

[1] M.L. Viger, M. Rioux, L. Rainville, D. Boudreau, “FRET Enhancement spot in Multilayer Core-Shell Nanoparticles”, Nano 
Letters (2009) 9, 3066-3071.  [2] M.L. Viger, D. Brouard, D. Boudreau, “Plasmon-Enhanced Resonance Energy Transfer from a 
Conjugated Polymer to Fluorescent Multilayer Core-Shell Nanoparticles: A Photophysical Study”, J. Phys. Chem. C. (2011) 115, 
2974-2981. [3] D. Brouard, M.L. Viger, G. Bracamonte, D. Boudreau, “Label-Free Biosensing Based on Multilayer Fluorescent 
Nanocomposites and a Cationic Polymeric Transducer”, ACS Nano (2011) 5, 1888-1896.



118 119

(BIO-SENS-7-42-2)  Real-time analysis of multi-laser-beam fluorescence for timed control of laser tweezers 
in a microfluidic cell-sorting device

Lloyd M. Davis3, Jennifer L. Lubbeck1, Kevin M. Dean2, Amy E. Palmer2 and Ralph Jimenez1,2

1JILA at University of Colorado, Boulder, USA, 
2University of Colorado at Boulder, USA, 

3Visiting Fellow at JILA; Permanent Address: Center for Laser Applications, 
University of Tennessee Space Institute, USA

We have developed a microfluidic cell sorter for mammalian cells expressing intrinsic fluorescent proteins, which 
enables selection of cells with proteins that have enhanced photophysical properties, such as reduced fluorescence 
photobleaching and/or reversible dark state conversion.  Previous ensemble imaging studies have used an acousto-
optic modulator (AOM) to provide millisecond pulsed laser illumination for in vivo assays that distinguish reversible 
dark-state conversion from irreversible photobleaching.1  However, in the sorter, cells are hydrodynamically focused 
into a stream, which flows through a series of 4 or 8 line-focused, continuous, 532-nm laser beams, such that each cell 
experiences a similar millisecond modulated excitation. The amplitude and timing of the fluorescence response from 
each of the beams are measured by a red-sensitive photomultiplier and analyzed in real time to separately determine 
initial fluorescence brightness and photobleaching characteristics. In addition, each cell’s flow speed is found from 
its time of passage through the beams, and if the analysis results are within adjustable limits, a 1064-nm optical trap 
beam is switched on and moved along an intersecting trajectory at a matching speed, so that the cell becomes deflected 
by the optical trapping forces towards another exit channel of the microfluidic device. The optical sorting of cells is 
similar to that demonstrated by others,2 except that the motion of the trap beam is achieved using a piezo mirror under 
computer control, rather than an AOM; also, rather than a single-beam brightness measure using a hardwired circuit, 
a more complex multi-beam analysis is performed in software using the Real-Time module of LabView (National 
Instruments) on a separate computer to achieve deterministic timing and low latency. The software displays updated 
statistics of the sort, obtained by counting cells that pass through an extra laser beam in the exit channel. A mixture 
of cells expressing different proteins was resolved to select those with slowest photobleaching. Cells collected from 
the instrument were viable and could reproduce.

1 “Analysis of red-fluorescent proteins provides insight into dark-state conversion and photodegradation,” K.M. Dean, J.L. 
Lubbeck, J.K. Binder, L.R. Schwall, R. Jimenez and A.E. Palmer, Biophysical Journal 101, 961–969 (2011). 
2 “Microfluidic sorting of mammalian cells by optical force switching,” M.M. Wang, E. Tu, D.E. Raymond, J.M. Yang, H. 
Zhang, N. Hagen, B. Dees, E.M. Mercer, A.H. Forster, I. Kariv, P.J. Marchand and W.F. Butler, Nature Biotechnology 23, 83–87 
(2005).

(BIO-SENS-7-42-3)    Time-domain ellipsoidal localization of point-like fluorescence inclusions with early 
photons arrival times

Julien Pichette, Yves Bérubé-Lauzière 
Université de Sherbrooke, Canada

We introduce a novel approach for localizing a plurality of discrete fluorescent inclusions embedded in a thick 
scattering medium using time-domain (TD) data. It relies on the assignment of arrival times to the early photons 
emitted by one or many fluorescent inclusions from measured photons time of flight (TOF) distributions. Our 
experimental set-up allows multi-view multi-channel TD data acquisition from multiple tomographic projections 
over 360 degrees without contact with the medium. Fluorescence time point-spread functions (FTPSFs) are acquired 
all around the medium with ultra-fast time-correlated single photon counting after short pulse laser excitation. From 
these FTPSFs, the early photons arrival time (EPAT) of a fluorescent wavefront at a detector position is extracted 
by thresholding. A phantom serves to simulate tissue optical properties (cylindrical glass tube O.D.= 5cm, wall 
thickness 1.5mm, height 12cm, filled with a 48:1 V/V aqueous dilution of Intralipid® 20% ⇒ reduced scattering 
coefficient μs’=5cm-1). In this phantom, we embed fluorescent inclusions (each made with a glass tube, O.D.=4mm, 
wall thickness 0.5mm, length 5mm, capped at both ends) filled with indocyanine green (ICG - NIR fluorophore, 
absorption/emission peaks 780nm/830nm), at a concentration of 10μmol/L. As we previously showed [1], the depth 
of an inclusion relative to a detection position on the boundary of the medium depends almost linearly on its arrival 
time. Herein, we describe an approach to localize a plurality of inclusions in 3D via the intersection of ellipsoids. 
With this technique, we show that we can localize 5 inclusions, each with an error of less than a millimeter. The 
exploitation of time-resolved optical signals to localize point-like fluorescence first came from Feld et al. [2]. Point-
like localization has also been explored by Comsa et al. [3] using intensity information, in distinction to the TD 
approach we present. Ellipsoids come about because EPATs allow determining the total time, hence the distance, 
traveled by light from the point of laser light injection into the scattering medium to a detection point at some other 
location around the medium’s boundary. Using mesh-based Monte Carlo (MMC) simulations, we are able to justify 
the central hypothesis on which our localization technique is based, which is that light propagates as spherical diffuse 
photon density wavefronts in a highly scattering medium.

References
[1] Y. Bérubé-Lauzière and V. Robichaud, “Time-resolved fluorescence measurements for diffuse optical tomography using 
ultrafast time-correlated single photon counting,” SPIE Optics East, Proc. SPIE 6372(Paper 6372-6), pp. 637206–1 – 637206–8, 
(2006).
[2] J. Wu, Y. Wang, L. Perelman, I. Itzkan, R. Dasari, and M. Feld, “Time-resolved multichannel imaging of fluorescent objects 
embedded in turbid media,” Optics Letters 20(5), pp. 489–491, (1995).
[3] Comsa, Farrell, and Patterson, “Quantitative fluorescence imaging of point-like sources in small animals,” Physics in 
Medicine and Biology, 53, 5797-5814, (2008).
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(BIO-SENS-7-42-4)    Biosensor for Adenosine Derivatives Recognition based on a Fluorescence 
Molecularly Imprinted Copolymer of a Flourogenic Functionalized Dye

Parvaneh Alaei1, Shohre Rouhani1*

1Institute for Color Science and Technology (ICST), Iran.

During recent years, luminescent materials have become a focus of investigation. In this context, 1,8-naphthalimide 
derivatives have been extensively applied in many fields, such as fluorescent dyes , sensors, organic light emitting 
diodes (OLEDS), fluorescent probes and photochemical DNA studies owing to their high fluorescent quantum yield 
. Polymerisable 1,8-naphthalimides and their copolymers have also enjoyed attention .

In this work adenosine derivatives was employed as the template,N-aryl 1,8- naphthalimidsphate derivative with a 
functionalize urea group as the fluorogenic compound and methacrylic acid (MAA) as functional monomers was 
used. Thermal polymerization was applied in this work (60ºC). The polymer was used as for selective trapping and 
recognition of derivatives. Because of presence of naphthalimide derivative in the polymer’s frame, florescence 
changes were observed in the bulk polymer in the presence and absence of target compound. Different concentrations 
of target were exposed to MIP and NIP and after that the shifts in its UV-vis and fluorescence spectra was observed. 
Also we could draw a calibration curve to find the unknown concentrations of target molecule. Synthesized 
moleculary imprinted polymer (MIP) were successfully applied for recognition of adenosine derivatives (adenosine 
-mono(AMP),-di(ADP) and- three(ATP)phosphates.

(BIO-SENS-8-50-1)   Biosensing using long-range surface plasmon-polariton waveguides

A. Krupin1 and P. Berini2,3*

1Department of Biological and Chemical Engineering, University of Ottawa, Canada
2School of Electrical Engineering and Computer Science, University of Ottawa, Canada

3Department of Physics, University of Ottawa, Canada

The suitability and use of long-range surface plasmon-polaritons for biological and biochemical sensing is discussed. 
Emphasis is placed on sensors integrating metal stripe waveguides with microfluidic channels in straight and Mach-
Zehnder interferometer geometries. Thiol-based chemistries and antibodies are used to render Au stripes selective to 
the target analyte. The sensing platform is capable of detecting analyte of mass within a very large range (from cells 
to proteins) with very competitive sensitivity and detection limit.
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(BIO-SENS-8-50-2)   Waveguide Evanescent Field Scattering Microscopy for Imaging Cells

Qamrun Nahar1, Michael Morawitz1,2, Christopher Halfpap1,2, Nicolas Detretz2, Daniel Imruck1,2, Jeremiah 
Shuster3, Gordon Southam3, Uwe Langbein2,

 S. Jeffrey Dixon4 and Silvia Mittler1

1Department of Physics and Astronomy, The University of Western Ontario, Canada
2 RheinMain University, Department of Engineering, Germany 

3Department of Earth Sciences, The University of Western Ontario, Canada
4Department of Physiology and Pharmacology, Schulich School of Medicine & Dentistry, University of Western 

Ontario, London, Canada

Waveguide Evanescent Field Scattering (WEFS) microscopy is introduced with its potential application in real-time 
imaging of living cells and also the formation of contact regions between cells and their substratum. In recent years, 
Waveguide Evanescent Field Fluorescence (WEFF) microscopy was investigated for the imaging of cell-substratum 
interactions onto a waveguide surface via close junctions.  Both WEFS and WEFF techniques utilizes the evanescent 
field of a waveguide mode in a planer waveguide with a probing film thickness of around 100 nm. The big advantage 
of WEFS over WEFF microscopy is the label-free approach. It is now possible to image living cells adhered to a 
surface without the addition of chemical treatment such as staining. Osteoblast cells and bacterial biofilms were 
imaged to study the adherence of the cells to their substrate. This study shows that the WEFS microscope can be used 
as a tool for cell membrane imaging and cell-substrate interaction study with high contrast and sensitivity.

(BIO-SENS-8-50-3)  Array of deep-probe optical waveguide for bacterial detection 

J.ABDUL-HADI, M. ZOUROB*
 Institut national de la recherche scientifique Centre Énergie, Matériaux et Télécommunications, Varennes, Canada 

Most bacterial pathogens have infectious doses ranging from 10-104 cells/ml. Commercially available optical 
sensors such as surface plasmon resonance (SPR, BIAcore, Uppsala, Sweden) and resonant mirror (RM, Affinity 
sensors, Cambridge, UK) require up to 107cells/ml to provide a detectable signal1,2. Waveguide sensors are generally 
inadequate in terms of sensitivity, for the detection of bacteria for two reasons. Firstly, the short penetration depth of 
the evanescent field, which places most of the entire volume of the particles outside the evanescent field. Secondly, 
the sensitivity of the capture-sensor combination is often diffusion limited for large particles such as bacteria. 

During our research much attention has been paid to increase the evanescent field penetration in order to place most 
of the entire volume of the bound bacteria to the immobilized recognition receptors by developing a metal clad, leaky 
waveguide sensor. We developed array of deep probe optical waveguide biosensing platforms as a highly sensitive 
and simultaneous detection of various bacterial analytes. 

Ultrasound standing waves was integrated with the deep probe optical waveguide sensors to concentrate and enrich 
the bacteria onto the immobilized antibody on the sensor surface. This technique enhanced and improved the detection 
limit, shortened the analysis time (few minutes in comparison with hours) and reduced the non-specific binding, 
which cause false positive results.

1- Perkins, E.; Squirrell, D., Development of instrumentation to allow the detection of microorganisms using light scattering in 
combination with surface plasmon resonance Biosens. Bioelectron. 2000, 14, 853-859.
2- Zourob Mohammed; Elwary, Sauna; Turner, Anthony Principles of bacterial detection; biosensors recognition receptors and 
Microsystems, Springer, ISBN ISBN 978-0-387-75112-2
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(BIO-SENS-8-50-4)   A new PDMS microcantilever with integrated SU8 waveguide for biosensing 
application

Amir Sanati Nezhad; Mahmoud Ghanbari; Carlos Gustavo Agudelo; Muthu Packirisamy; Rama Bhat
INRS, Canada

This paper reports a novel biosensor monolithically integrate SU8 waveguide within PDMS microcantilever. The 
chip consists of optical fibers, multimode SU8 waveguides and horizontal PDMS microcantilever suspended in 
Polydimethylsiloxane (PDMS) microfluidic channel. In order to fabricate the biosensor, multilayer PDMS fabrication 
process has been employed. As the first step, the thin PDMS layer involving PDMS microcantilever, microfluidic 
cannels and optical channels is peeled off from SU8 mold. The thin layer is then covered using semi-bonding of glass 
and PDMS layer in order to inject SU8 into the waveguide through the side microchannels. The SU8 is cured within 
the PDMS microcantilever using UV light source. The top and bottom layers are then replaced by other PDMS layers 
which have hollow features to release the microcantilever for free deflection and to seal microfluidic network.

 The core of the waveguide is made of standard SU-8 and the cladding would be PDMS with lower refractive index. 
The input and output multimode fibers are horizontally inserted into the optical channels. The light is conducted 
through the SU8 waveguide and is delivered to the output fiber. In order to calibrate the sensor, fluid flow test has 
been introduced on the microcantilever. The deflection of microcantilever distorts the light and causes power loss at 
the output fiber. 

The biosensor has been simulated using COMSOL Multiphysics 3.5 software. Fluid structure interaction is done on 
PDMS microcantilever  to assess the cantilever defection due to fluid flow. The optical simulation is then conducted 
to estimate the power loss due to cantilever deflection. The numerical comparison of the results verifies the feasibility 
of light guidance through the SU8 waveguide. The biosensor has the application to measure the force within the 
range of living cell growth force. Monitoring the real time power loss will be used to study the dynamics of plant cell 
growth force growing toward the microcantilever.  

(BIO-SENS-8-50-5) All-photonic-bandgap-fiber sensor for detection of liquid refractive index

Hang Qu, Maksim Skorobogatiy
Génie physique, Ecole Polytechnique de Montreal, Canada

We demonstrate an all-photonic-bandgap-fiber sensing system for liquid refractive index detection. The sensing 
system comprises a hollow core (HC) Bragg fiber to hold and probe the analyte, and a solid-core Bragg fiber bundle 
for spectral acquisition of the transmitted light. The sensing system realizes liquid RI detection with the advantages 
of high sensitivity, small analyte volume (~200 ml), short response time (~ 1s) and parallel spectral acquisition of all 
wavelength components. Besides, using the fiber bundle spectrometer to replace a monochromator based on movable 
gratings leads to significant cost-saving and increased sensing speed. The HC Bragg fiber in the sensor features a 
large air core surrounded by a periodical polymethyl methacrylate (PMMA)/polystyrene (PS) multilayer as a Bragg 
reflector (npmma/nps: 1.49/1.58). This Bragg fiber guides by bandgap effect in which only the light within the bandgap 
of the Bragg reflector could be confined in the fiber core. From the basic theory of Bragg fiber, the transmission peak 
(bandgap center) of the Bragg fiber shifts in response to the variations of the RI of the liquid analyte filling the fiber 
core, which constitutes the sensing mechanism of the sensor [1]. The transmission spectrum of the HC Bragg fiber 
filled with liquid analyte is detected by a fiber bundle spectrometer comprising 100 solid-core Bragg fibers. The 
individual Bragg fiber in the bundle has a PMMA core surrounded by the PMMA/PS Bragg reflector. The test light 
filtered by these Bragg fibers in the bundle is then registered by a monochrome CCD camera. By interrogating the 
intensities of all Bragg fibers in the bundle we could reconstruct the incoming spectrum using a transmission-matrix-
method deconvolution algorithm [2]. As an example of the application of the sensor, we use it to detect the RIs of 
NaCl solutions with different concentrations (Fig. 1(a)). For comparison, we also measured these spectra using a 
grating monochromator (Fig. 1(b)). The sensitivity of the sensing system is found to be ~1100 nm/RIU. 

Fig. 1. Transmission spectra of liquid-filled Bragg fiber measured by (a) the fiber spectrometer and (b) a grating 
monochromator. The concentrations (wt%) and RIs of the NaCl solutions are given in the inset of (a)

References 
[1] H. Qu and M. Skorobogatiy, Appl. Phys. Lett., Vol. 98, 201114, 2011.
[2] H. Qu, B. Ung, M. Rose, M. Skorobogatiy, Sens. Actuators B, Vol. 161, 235, 2012 
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(BIO-SENS-8-50-6)   A novel micro-optic light scattering detector for routine protein aggregation screening 
to accelerate protein structure determination & drug discovery

 
Roger White1, John Allingham2,  Daniel Hnatchuk2, Dong Yan2

1Norton Scientific Inc, 2Queen’s University

Various light scattering (LS) techniques, sometimes combined with molecular separation systems, have been used 
over the years to study macromolecules, viruses, bacteria, micro-organisms, and other nano-particles, but all suffer 
from a variety of drawbacks that limit their usefulness when studying complex biological systems of interest in 
early stage drug discovery research. These range from having to select sample concentration ranges that best suit the 
analysis theory used for the measurement rather than measuring aggregation at the concentration required for other 
experiments, through to the need to consume significant amounts of scarce purified sample merely to determine 
aggregation levels, leaving insufficient material for subsequent crystallisation attempts.

In addition to the technical issues surrounding current LS instrumentation, their use for routine analysis of protein 
aggregation, whether as a static screening technique or to follow reaction kinetics, has been restricted by their cost 
& complexity. Moreover, these studies often require the creation of dedicated analytical facilities away from the lab 
bench and recruitment of high-level analytical personnel to interpret the data collected. Since the main reason for 
sample screening is to accelerate the identification of specific aggregation conditions suitable for growing protein 
crystals and reduce development costs, these limitations have severely constrained the use of LS in this type of 
application.

This paper reports on a new innovation called the Protein Aggregation Monitor (PAM) that combines state of the art 
fibre optic technology with a novel measurement chamber to allow as little as 2μl of a protein sample to be analysed 
while retained in a laboratory pipette tip. This eliminates the need to place the sample solution in cuvette or cell, 
and prevents loss of precious sample and/or cross contamination between different sample compositions. Software 
design has also focussed on making the user interface as simple as possible so that the unit can be used by a bench 
chemist with minimal training to get a measure of the amount of aggregate present in as little as 4 seconds.

Results from a variety of early studies using the PAM to measure how buffer conditions used in protein crystallisation 
and other aggregation studies will be presented that demonstrate the benefits of this new method. Also presented are 
suggestions on how to further improve the measurement technology using an automated user interface and multi-
variate algorithms to enable the prediction of suitable crystallisation conditions for 

(BIO-SENS-6-P-2)  In-Fiber Fabry-Perot Cavity Arrays for Sensing Applications

Pin Long and Saju Thomas
O/E Land Inc.,  Canada  

Fiber-based Fabry Perot (FP) etalon sensors are more attractive than the conventional fiber-optic sensors because of 
its compact size and high resolution performance. Conventional techniques for realizing fiber-optic FP etalon were 
generally involving methods like placing a small section of fiber between two dielectric mirrors [1], placing an air 
gap between two cleaved fiber end faces [2] or micromachining of FP cavities into a standard single mode fiber 
(SMF) core [3]. Problem with all these techniques were their poor reproducibility and reliability due to the complex 
fabrication method. The technique demonstrated here can well overcome these limitations and this guarantees the 
accuracy of fiber sensors made using it.

In this invention, we present a novel in-fiber FP etalon array consisting of many single fiber etalons. Each single fiber 
FP etalon cavity is made in one fiber segment with its core refractive index modulated using an ultra fast laser, such 
as femtosecond (FS) laser or with a UV laser, and by placing the SMF on a computer controlled translating stage, 
as shown in figure (1). Figure (2) shows the transmission spectrum of the FP cavity array fabricated using a 1 kHz 
femtosecond laser of pulse width 120 fs. A single pass exposure was effectively writing periodic cavities into the 
fiber core with a constant period of 3.4 μm and the total length of the array was 15 mm.

Figure 1: (a) Schematic of the FP etalon cavity array using femtosecond laser (MO: microscope objective) and (b) 
Structure of FP etalon cavity array.

Figure 2: Transmission spectrum of the FP etalon cavity array 
Compared with the conventional techniques for fabricating FP etalons; (i) this technique doesn’t have any reflectivity 
limitations, effective reflectivity of the etalon array can be increased by increasing the number of cavities and (ii) 
cavity length can be controlled precisely, because single-pass refractive index modulation is much precise than multi-
pass micromachining.  

References
[1] C. E. Lee and H. F. Taylor, Electron Lett. 24, 193-194 (1988).
[2] R. O. Claus et al., J. Smart Mater. Struct. 1, 237–242 (1992).
[3] Tao Wei et al., Opt. Lett. 33, 536-538 (2008).
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(BIO-SENS-6-P-3)   Analysis of bacterial growth by Uv/Vis Spectroscopy and Laser Reflectometry 

Mary Carmen Peña-Gomara, Gonzalo Viramontes-Gamboaa, Grethel Peña-Gomarb, 
Mauricio Ortiz Gutierreza, Mariano Hernández Ramíreza

aFacultad de Ciencia Físico Matemáticas 
Universidad Michoacana de San Nicolás de Hidalgo, México

bUniversidad Politecnica de Chiapas, México

This work presents a preliminary study on an experimental analysis of the lactobacillus bacterial growth in liquid 
medium with and without the presence of silver nanoparticles. The study aims to quantify the bactericidal effect of 
nanoparticles. Quantification of bacterial growth at different times was analyzed by spectroscopy UV/visible and 
laser reflectometry near the critical angle. From these two techniques the best results were obtained by spectroscopy, 
showing that as the concentration of silver nanoparticles increases, it inhibits the growth of bacteria, it only grows 
63% of the population. Regarding Laser Reflectometry technique, the variation of reflectance at an angle near the 
critical angle is measured in real time. The bacteria are placed in a container where the total internal reflection is 
done. The observed results in a short time are reasonable, since they indicate a gradual growth of the bacteria and 
the stabilization stage of the population. But at long time, the observed results show trends and abrupt changes 
caused by the effect of temperature. The bacteria were isolated from samples taken from commercial yougurth, and 
cultured in MRS broth at pH 6.5, and controlled with citric acid and constant temperature of 32 °C. Separately, silver 
nanoparticles were synthesized  at 3 ° C from aqueous solutions of 1.0 mM silver nitrate and chemically reduced 
with sodium borohydride to 2.0 mM, with magnetic stirring.. The particles thus obtained have average dimensions 
of 12 nm ± 2 nm. In the beginning the experiments bacteria is inoculated in 70 mL liquid medium RMS with 30 mL 
of silver nanoparticles at different concentrations.

(BIO-SENS-6-P-4)   Performance of tissue perfusion characterization optical techniques

Brahim Chebbi
Bharti School of Engineering, Laurentian University, CANADA

Since the early 1970s when the first non-intrusive measurements of blood flow were reported, several methods 
and techniques have been developed for both whole field and point measurements. The importance of perfusion 
characterization in clinical applications and the proliferation of light sources such as laser diodes and also photo-
detectors such as photodiodes, avalanche photodiodes (APD) and complementary metal oxide semiconductor (CMOS) 
detectors greatly benefited this area of research. Different techniques were proposed, but probably the most common 
ones are either based on the Doppler shift of scattered light or on the fluctuations of the speckle pattern generated by 
the reflected light. In this work we review these techniques and we compare their performance and applications.  We 
show that some these techniques can be consolidated to give a comprehensive assessment of the blood flow and we 
suggest modifications to improve the accuracy of measurements and better depth control of measurements location.



130 131

(BIO-SENS-6-P-5)   Optrodes of photonic fiber optic to pH sensor

A. Rendón-Romero1,2, M. Peña-Gomar1, M. Ortíz-Gutiérrez1, E. Alvarado-Méndez2,
M. Trejo-Durán2, J. M. Estudillo-Ayala2.

1 Facultad de Ciencias Físico-Matemáticas. Universidad Michoacana de San Nicolás de Hidalgo, Morelia Micho-
acán, México.

2 Guanajuato University, DICIS, A.P. 215-A, Salamanca, Gto., 36730, México,

We present the preparation of photonic optic fiber optrodes for pH measurement. The photonic fiber has 12 μm core 
and 250 μm cladding. Figure 1a shows the transversal profile. 

Figure 1a). Transversal profile; b) Empty photonic fiber; c) Photonic fiber full of TEOS and pH dyes

We use sol-gel technique for the fabrication of optrodes, with tetraethyl orthosilicate (TEOS) as a crosslinking agent 
in silica polymers, we use blue bromophenol. The linear range of pH of measurement is of 5 to 6.8. The photonic 
fibers are full by capillarity with TEOS and dyes of pH mixed; then the gelation process starts and a bulk is formed. 
Figure 1b show the longitudinal view of photonic fiber empty and Figure 1c shows the photonic fiber full. The 
transmittance of optrodes also was studied and are efficient in wavelength from 600 nm to 700 nm. Finally, the 
optrodes could be used to measure pH.

(BIO-SENS-6-P-6)   Pure surface plasmon-polariton optical sensor using an H-cross-section fiber and Bragg 
gratings

Mohamad Diaa Baiad1*, Saurabh Mani Tripathi2, Arun Kumar3, and Raman Kashyap1,2

1Department of Electrical Engineering, Ecole Polytechnique de Montreal, Canada
2Department of Computer Science and Engineering, University of Quebec, Québec, Canada 

3Indian Institute of Technology Delhi, INDIA
4Department of Engineering Physics, Ecole Polytechnique de Montreal, Canada

In this paper, we develop a novel structure and approach of a pure surface plasmon polariton (SPP) sensor with 
fiber Bragg gratings (FBG) in a gold coated specially designed bi-moded, H-cross-section fiber, as shown in Fig. 
1 (a). We evaluate its potential for biological sensing applications of the ambient refractive index (ARI) since , 
pure SPP has almost all its field concentration at the metal-dielectric interfaces and hence, it is highly sensitive 
to changes in the sensed medium refractive index [1], [2]. This scheme represents an “in-line” optical fiber SPP 
sensor scheme. It allows the construction of a sensor with reduced complexity and sensitivity to fiber deformations 
or bending compared with other configurations. Also, it provides larger and more flexible sensing area along its 
flat side. Simulation results show that the gold layer thickness essentially influences the sensitivity, and the shape 
of the reflection spectrum.  Increasing the gold layer thickness decreases its sensitivity and broadens the spectrum, 
increasing the FWHM bandwidth. Results show a maximum sensitivity of 230 nm/RIU and maximum figure of 
merit, defined as the ratio of sensitivity to FWHM bandwidth of the reflection spectrum, of 10952 RIU-1 (Sensitivity 
= 230 nm/RIU and FWHM = 2.1 x 10-2 nm) with gold thickness of 10 nm. Fig. 1 (b) shows the sensitivity and the 
spectrum shape of two different metal thicknesses. In conclusion, the proposed sensor is highly sensitive and free 
from any moving parts and can be used as bio-chemical sensor.

         

   (a)        (b)

Figure 1: (a) Unique H-cross-section fiber (b) FBG reflection spectrum and sensitivity for different gold thicknesses 
of 10 nm (blue spectrum), and 24 nm (red spectrum) with l = 1.55 µm, and upper cladding thickness of 0.5 μm.

[1] M. D. Baiad, S. M. Tripathi, A. Kumar, G. Nenova, and R. Kashyap, “Integrated optical bio-sensor based on pure surface 
plasmon-polariton excited by a waveguide grating,” in Fibre and Optical Passive Components (WFOPC), 2011 7th Workshop 
on, 2011, pp. 1-5.
[2] R. Kashyap and G. Nemova, “Surface Plasmon Resonance-Based Fiber and Planar Waveguide Sensors,” Journal of Sensors, 
vol. 2009, pp. 1-10, 2009. 
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Description:

Papers which present new applications of integrated optical devices in communications, computing, and 
sensing are encouraged. Topics include, but are not limited to: laser processing of waveguides and inte-
grated optical devices; polymer optoelectronics; electro-optical and magneto-optical devices; nonlinear 
optics; frequency conversion; optical switching and routing devices and applications; integrated sources, 
detectors and modulators; integrated optical circuits, monolithic and hybrid integration technologies; 
optical communication networks, optical WDM engineering and system design; photonic components 
and their applicability to optical networks; emerging technologies in optical communications; tests and 
measurements of optical devices, systems and networks.

(COMM-6-01-1)    A Terabit Optical Backplane Chassis

David Rolston
Reflex Photonics, Canada.

A terabit optical backplane interconnect is demonstrated using standard multimode OM3 fiber and 72-fiber MT 
connectors. The novel placement of optical ports on the chassis structure allow a scalable method for interconnecting 
any number of links between any combination of line-cards, while continuing to take advantage of the electrical 
backplane as well. The interconnect topology also lends itself to numerous architectures, including the distributed 
switch architecture, while keeping costs and power consumption very low. The optical interconnect is retro-fitted 
in to a standard Advanced-TCA chassis, and demonstrates how most chassis enclosures can be designed or re-built 
using this type of construct.
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(COMM-6-01-2)   Hybrid Compact Optical Components and Modules for High Density Networking Systems

Leon Liu 
Viscore Technologies, Canada.

Discrete passive components technology has long been the workhorse of the optical industry, offering performance 
close to the theoretical limit. However, the need to reduce space and energy consumption is driving network 
equipment manufacturers to seek novel passive module designs to compactly and efficiently integrate many discrete 
functions with higher density, while still maintaining performance with competitive price.  Monolithic approaches 
are limited by basic physics to fulfil the need of power applications, e.g. EDFA/EDRA.  Viscore Technologies’ next 
generation of advanced mini-hybrid products have benefited from the know-how and experience learnt from its 
continual investment in hybrid and mini component development.  These include advanced 4in1 high performance 
linear integrated mini components which save almost half the space.  The same mini hybrid platform can evolve into 
mini-hybrid arrays offering dense and parallel product solutions.  Integrated with ribbon fibers, these mini-hybrid 
products can significantly simplify the amplifier manufacturing process, time, and cost.

(COMM-6-01-3)   A Monolithic Optical Front-end for Soft-decision LDPC Decoders

M.N. Sakib, M.S. Hai, and O. Liboiron-Ladouceur
Department of Electrical and Computer Engineering, McGill University, Canada.

In this paper, we propose a monolithic optical front-end for soft-decision low-density parity-check (LDPC) decoders 
based on 112 Gb/s PDM-QPSK coherent detection. The novel front-end is a low complexity and low cost solution 
with a performance of 1.7 dB from ideal case.
Index Terms—Optical coherent receiver, photonic integrated circuit, soft-decision decoders.
There has recently been a renewed interest in optical coherent receivers for the next generation optical communication 
systems [1]. In coherent receivers, an analog-to-digital converter (ADC) digitizes the signal into multiple levels. 
However, high-speed ADCs required in the next generation of optical transmission systems are challenging beyond 
30 Gs/s [1]. Advanced soft decision low-density parity-check (LDPC) codes have been shown to be an effective 
solution with coding gain as high as 5 dB (BER of 10-12) compared to Reed-Solomon codes (RS(255,239)) [1]. Soft 
decision codes require multiple levels of the incoming signal, which can be provided by conventional ADCs. In this 
paper, we propose an alternate solution using a novel optical front-end that provides multiple bits of information to 
the FEC decoder with much lower complexity than a conventional ADC. The front-end is monolithically integrated 
with the photodetectors for lower loss and higher performance. The 90° optical hybrid is at the heart of the coherent 
optical receiver and can be implemented using 4×4 MMI couplers as shown in Fig. 1. In our design, we propose 
the use of an optical coupler to tap out light to optically determine the most (MSB) and least (LSB) significant bits 
instead of relying on an electronically digitized signal from an ADC. The MSB and LSB are combined and used as 
a 2-bit flash type ADC [1,2]. 
Results and Discussion—The simulated results were obtained using VPItransmissionMaker for 112 Gb/s (4×28 Gb/
s) polarization division multiplexed quadrature phase shift keyed (PDM-QPSK) signal over a span length of 80 km. 
The signal is encoded based on LDPC(32000,29759) with a 7% overhead [2]. The device losses and responses are 
calculated using Lumerical FDTD simulations for SOI technology (220 nm Si on 2 µm SiO2). The fiber chromatic 
and polarization mode dispersion were compensated using digital signal processing (DSP). Fig. 2 shows the bit 
error rate (BER) performance as a function of optical signal to noise ratio (OSNR) for the novel optical front-end 
compared to the performance without coding and with ideal front-end without quantization. Results show that coding 
can improve the performance by 5.8 dB in the ideal unquantized case. The performance of the optical front-end is 
only 1.7 dB from the ideal case, but with significant reduction of complexity and cost. The front-end also outperforms 
the conventional RS(255,239) based codes by 0.88 dB at the BER of 10-6 which increases sharply at lower BER.
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Fig. 1. Proposed optical front-end.
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Fig. 2. Simulated performance of the optical front-end.

Conclusion— In this paper we studied the performance of a CMOS compatible optical front-end based on 4×4 MMI 
optical hybrid and directional couplers. The results show that the front-end performs close to the ideal unquantized 
front-end and has good prospects of low complexity on chip implementation. 
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(COMM-6-01-4) External Cavity Tunable InAs/InP Quantum Dot Lasers

C. Flueraru, Z.G.  Lu, J.R.  Liu, P.J. Poole, 
P.J. Barrios, D. Poitras, and J. Caballero

Institute for Microstructural Sciences, National Research Council, Canada

As internet data traffic grows from year to year, simple WDM systems are reaching their capacity limit, particularly 
on long haul links. The next generation of optical networks must increase the “data rate per channel” from a few 
hundred Gigabits per second (Gbit/s) to tens of Terabits per second (Tbit/s). To achieve this, coherent transmission 
and detection techniques are being adopted, and a flexible bandwidth approach will be used in assigning data streams 
to wavelength channels – a fixed grid of wavelength channels no longer exists. In these coherent systems, the laser 
must have ultra-low phase-noise and tunability because the phase of the laser carries information and the laser also 
must be able to operate at any wavelength, so that that wavelength of a data stream can be arbitrarily assigned using 
a single laser. 

It has been predicted for many years that replacing bulk and quantum well (QW) with quantum dots (QDs) as the 
active gain medium for semiconductor lasers should result in a number of enhancements in laser device performance, 
such as larger broad spectral gain bandwidths and smaller linewidth enhancement factors. In this paper, we will 
present our recent research results of the external cavity lasers with ultra-narrow linewidth and ultra-broad tunable 
wavelength range around 1550 nm by using InAs/InP QD gain materials.

(COMM-6-09-1)   A High Spectral Efficiency Coherent Transmission Technology

Maurice O´Sullivan
Ciena, Canada.

Spectral efficiency is the average number of information bits per second per Hz normalized over the network 
spectrum. For more than thirty years spectral efficiency growth has underpinned a continuous reduction in the cost 
per bit of optical transmission. The reason for this is a dilution of the cost per bit as more bits share a common 
electro-optic, circuit pack, backplane, transmission line, etc….Until recently, optical bandwidth of fiber was so 
abundant in comparison to network spectral utilization that spectral efficiency could be readily grown  by symbol rate 
increase and WDM. These methods, combined with coherent detection and field modulation have brought networks 
to a spectral efficiency of 2 b/s/Hz based on a transceiver capacity of 100 Gb/s. The next stages of cost reduction 
implicate capacities from 200 Gb/s to 1Tb/s. At these capacities, containment of linear crosstalk between channels 
by spectral shaping is required in order to implement a commensurate spectral efficiency increase and drive down 
the cost per bit of transmission. We show that a transmitter equipped with digital to analog converter (DAC) and 
DSP is a practical solution for spectral shaped transmission and use it to demonstrate Tb/s transmission at a spectral 
efficiency of 5 b/s/Hz.
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(COMM-6-09-2)   The dynamic optical layer: simplified network, magnified results

Robert Keys
BTI Systems, Canada

With the growing demand for capacity in metro networks driven by the unprecedented volume of high bandwidth 
video and data content - combined with an increase in mobile devices, service providers are challenged with the 
lack of predictability impacting their ability to plan capacity and effectively monetize the delivery of services. 
This unprecedented growth is driving the need for metro infrastructure solutions that support rapid service turn-up, 
simplified operations, cost–optimized scale and investment security in an uncertain environment. In this presentation 
we will discuss the introduction of flexible spectrum ROADM-based networking and the evolutionary path to next-
generation directionless, colorless, and contentionless 

(COMM-6-09-3)  Coherent versus incoherent BER evaluation in a direct sequence OCDMA system

M. Lourdiane, C. Lepers
Télécom SudParis, CNRS SAMOVAR, France

Objectives: Coherent versus incoherent all-optical CDMA system with temporal spreading behavior is studied. A 
BER model is established to evaluate system performances in the two different configurations. We will show that 
numerical simulations are in good agreement with BER experimental measurements.

Method and results: We introduce some important consideration on the impact of the noises of the optical channel on 
Multiple Access Interference (MAI). We demonstrate that it is different if the Optical Code Division Multiple Access 
(ODCMA) receiver is electrical or all-optical. We also establish a simple Bit Error Rate (BER) model to compare the 
performances of a coherent versus incoherent all-optical OCDMA system. Finally we compare the analytical error 
probability expressions resulting from our proposed model to the experimental BER measurements performed on a 
Diecrt Sequence - OCDMA. The used encoders / decoders are based on sampled fiber Bragg gratings.
 

Fig 1: Intensity-based autocorrelation function (dotted line) and measured auto-correlation function C1*C1.  
Fig 2: Simulated and experimental BER

The measured autocorrelation function compared with the intensity-based autocorrelation function confirms that the 
system considered here is coherent (Fig 1). In fact, the coherence degree of OCDMA system is strongly related to the 
coherence time of the optical source compared with the integration time of the photodetector. The BER experiment 
of the DS-OCDMA system has been performed with a data bit rate of 1.25 Gbps per user (Fig 2). We plot in the same 
time the values of theoretical error probability in different user configurations

Conclusion: Numerical simulations show that the BER performances in a coherent DS-OCDMA system may be better 
than in an incoherent one. It strongly depends on the shape of the autocorrelation function as optical interferences may 
improve signal to (MAI + beat noise) ratio or not. These results are confirmed by the experimental measurement.
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(COMM-6-09-4)   Advanced modulation schemes analysis for 100Gbps+ optical transmission

Gwennael AMICE 
 EXFO inc, Canada

In this abstract we will first recapitulate the different optical modulation technics actually in development for 
100Gbps, 400Gbps, 1Tbps. We will then explain the critical parameters that need to be controlled and measured for 
each modulation schemes. 

This will include studies and measurements on the following parameters: Amplitude and Phase analysis, Error vector 
magnitude (EVM), Symbol error rate(SER), Bit error rate (BER), mask test for constellations and I&Q eye diagram 
on advanced modulation schemes: phase shift keying (QPSK, 8PSK), Quadrature Amplitude Modulation (QAM), 
and its declinations, namely: Differential or coherent detection, dual polarization (DP or PM)) and Orthogonal (or 
optical) frequency domain multiplexing (OFDM). 

  (COMM-6-15-1)   Quantum Dot Semiconductor Lasers around 1550 nm for
Future Optical Networking Systems

Zhenguo Lu
National Research Council Canada.

Current optical networking systems will not be able to keep up with the exponential growth of today’s internet traffic, 
and the telecommunications industry is looking for radically new photonics devices. At NRC, we have developed 
InAs/InP quantum dot (QD) semiconductor lasers around 1550 nm that may make a new generation of optical 
networking systems possible. Unlike the conventional semiconductor lasers, in these QD lasers light is emitted and 
amplified by millions of semiconductor QDs less than 40 nm in diameter. Each QD acts like an isolated light source 
acting independently of its neighbours, and each QD emits light at its own unique wavelength. The end result is a 
laser that is more stable, has less chirp, and is much less sensitive to temperature and optical feedback from other 
elements in the network. But most importantly, a single QD laser can be made emit light at any wavelength over the 
telecommunications C- and L-bands, one device can simultaneously produce 100 or more separate laser beams at 
distinct wavelengths. In this presentation, we will report our most recent results on QD laser devices around 1550 
nm based on InAs/InP QD gain materials. These QD laser devices include monolithic QD multi-wavelength lasers 
(QD-MWLs), mode-locked lasers (QD-MLLs) and distributed feedback (QD-DFB) lasers. Their performance and 
potential applications for next generation of optical communications networks will be discussed in details.
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 (COMM-6-15-2)  Si-based monolithically integrated triplexer transceiver for FTTH applications 

Lech Wosinski, Jiajia Chen, Lena Wosinska 
Royal Institute of Technology (KTH) Sweden.

In this paper we present a Si-based monolithically integrated triplexer transceiver along with some applications 
in Passive Optical Networks (PONs). The device can be used to provide an additional channel for TV distribution 
where three wavelengths are assigned according to ITU G. 983 standard, 1310 nm for upstream voice and data, 
1490 nm for downstream voice and data, and 1550 nm for downstream TV distribution, respectively. Moreover, 
the device can be utilized for PON monitoring by its inherent ability to terminate the supervision channels, e.g. 
U-band wavelengths (1625-1675 nm).  In this way, no extra component is required at the Optical Network Unit 
(ONU) to filter the monitoring wavelengths and hence no added insertion loss is introduced.  Furthermore, when 
using monitoring technique based on Optical Time-Domain Reflectometry (OTDR), the Rayleigh backscattered and 
discretely reflected radiation can be detected without additional noise coming from the ONU.

(COMM-6-15-3)  Investigation on impact of connector scratches on 40G NRZ Optical link performance

Tatiana Berdinskikh1, Rutsuda Thongdaeng2, Vittawat Phunnarungsi 2, Mike Gurreri3, Joshua Webb3, Mike 
Gurreri3, Joshua Webb3, Andrzej Tymecki4, Matt Brown5, Giorgio Friedrich6

1Celestica International Inc., Canada, 2Celestica Thailand, Thailand, 3TE Connectivity, USA, 4Telekomunikacja 
Polska, Poland, 5JDSU Inc., USA, 6Fachvorstand Energietechnik, Switzerland

The influence of scratches on high data rate transmission (40G and beyond) has not been investigated. The objectives 
of the research was to investigate the impact of scratches on 40G NRZ optical link transmission and to understand  if 
industry standards on connector scratches are sufficient for 40G applications.

A sample set of twelve optical cable assemblies were prepared and characterized by TE Connectivity. Each assembly 
was a mated connector pair. The samples were divided into 6 groups with varying levels of polishing scratches 
applied to control for Return Loss (RL) of the assemblies: from RL~ 26dB ( minimum)  to RL~80dB ( maximum). 
All samples had Attenuation < 0.1dB.  Experimental links were built based on 40G NRZ Bit Error rate Tester, EDFA 
with attenuator, cable assemblies and a fiber (maximum up to 3 km ITU-G652 fiber).  Bit Error Rate curve, Eye 
diagram, Jitter (Total, Periodic and Deterministic), Inter Symbolic Interference and Q-factor were measured for all 
experimental links. We found that it was no significant change in BER performance, Eye diagram, Q-factor, Jitter 
(Total, Periodic and Deterministic) for the links with different connector assemblies but with the same fiber length 
of optical link.  The insertion of fiber (up to 3km) resulted in degradation of BER curve, Eye diagram, Q-factor and 
Random Jitter. The 40G NRZ link with multiple cable assemblies (up to 4 samples) and a fiber (1-3km) demonstrated 
significant robustness to the connector scratches. 
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(COMM-6-15-4)   Terrestrial Stretch Span Applications

Ralph Rodschat1, John Campbell2

1Systems Engineering, Canada
2NorthwesTel

Stretch span applications have been used extensively in submarine applications for un-repeatered links for inter-
island or festoon applications.  In the context of the expanding development of the Canadian North, hybrid 
configurations making use of high-powered Raman and EDFA amplifiers can be applied to terrestrial applications to 
avoid the need for expensive repeater sites housed in shelters.  The objective of this presentation is to review some 
of the unique design criteria associated with these systems and discuss how engagement between photonic systems 
suppliers, subcomponent partners as well as the construction companies associated with these terrestrial installations 
is fundamental to successful deployment.  

Regrowth-Free Multi-Guide Vertical Integration: 
Technology and Applications

Valery Tolstikhin,
OneChip Photonics Inc., 495 March Road, Suite 200, Ottawa, Ontario, Canada K2K 3G1

valery.tolstikhin@onechipphotonics.com

Photonic integration in Indium Phosphide (InP) is an attractive option for transmitter (Tx),
receiver (Rx) and transceiver (TxRx) components in new generation optical fiber links since it 
allows for increase of interface density and reduction of operating costs while enabling for higher 
cost-efficiency and volume scalability in a commercial production. Still, economical advantages 
of photonic integrated circuits (PICs) can be materialized only if the Tx, Rx and TxRx PICs are 
themselves inexpensive. One major factor that affects the PIC cost is the method of integration. 
Multi-guide vertical integration (MGVI) is a recently developed regrowth-free photonic 
integration technology in InP, which offers substantial cost saving by decoupling epitaxial 
growth and wafer processing while outsourcing both to high-volume commercial foundries [1].

MGVI platform is based on vertical stacking of optical waveguides with different 
functionalities onto a common InP substrate, in a descending order of their core layer bandgap 
[2]. Uniquely, it allows for a monolithic integration of multiple functions, passive and active, in 
one epitaxial growth step. Neither re-growth or post-growth modification of epitaxial material 
are required and the bulk of PIC processing is reduced to repeated yet standard etch, passivation, 
planarization and metallization steps. Even though intentionally limited to a relatively few 
generic building blocks, this integration platform is very versatile and suitable for PIC 
functionality required for most Tx, Rx and TxRx applications.

In this talk, the fundamentals of the MGVI platform will be presented, along with its key 
building blocks. The design, fabrication and characterization of the functional elements based on 
these building blocks and used in Tx, Rx and TxRx PICs will be discussed, including: a
distributed feedback laser connected to a passive waveguide and complemented with a power 
monitor; a PIN waveguide photodetector, also connected to a passive waveguide; a vertical 
wavelength splitter; a planar wavelength division (de)multiplexer; and various elements of 
passive waveguide circuitry. The MGVI PICs will be introduced as multi-functional photonic 
devices built from such functional elements, by positioning the functional elements appropriately 
in a vertical waveguide stack and providing in-plane and out-of-plane optical connectivity 
between them. Along the way, decoupling of the device and circuit designs, as well as 
decoupling of the device design and fabrication, will be emphasized as enablers for functionally 
different PICs to be based on the same integration platform, and, eventually, the key to a
realization of application specific PIC paradigm. Exemplary MGVI PICs will be discussed in the 
context of bidirectional optical TxRx for fiber to the home applications and unidirectional Tx and 
Rx for high-capacity wavelength division multiplexing optical interconnects applications.

References
[1] V. Tolstikhin – Proc. IPRM’11, Paper 6.2.1. Berlin, 2011.
[2] V. Tolstikhin, et al – US Patent No. 7,444,055, Oct. 2008.

(COMM-7-22-1)
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(COMM-7-22-2)   Photonic Technology Development for Efficient Data Communication

Odile Liboiron-Ladouceur
McGill University, Canada.

Since the end of the last century, we have experienced a revolution in global communication enabled by optical 
communications. Today again, photonic technology is playing a critical role in determining the outcome of next-
generation communication systems. Beyond the need for high throughput and low latencies, energy efficiency has 
moved up in the list of system requirements partly caused by the deluge of data surrounding us. This talk discusses 
concepts and approaches proposed for more energy conscious data communication. Specific cases will be discussed 
in which photonic technologies not only exhibit the well-known advantages such as large bandwidth and scalability, 
but also better energy efficiency including and not limited to the one obtained from technology improvements such 
as photonic integration.

(COMM-7-22-3)    Ultra-compact Silicon-On-Insulator polarization converter implemented in a dual-trench 
waveguide

Aitor V. Velasco,1 María L. Calvo,1 Pavel Cheben,2 Alejandro Ortega-Moñux,3 
Jens H. Schmid,2 Carlos Alonso Ramos,3 Íñigo Molina Fernandez,3 Jean Lapointe,2 Martin Vachon,2 Siegfried 

Janz,2 and Dan-Xia Xu2
1Department of Optics, Universidad Complutense de Madrid, Spain , 2Institute for Microstructural Science, Na-

tional Research Council, Canada , 3ETSI Telecomunicación, Universidad de Málaga, Spain

The design, fabrication and characterization of an ultracompact polarization mode converter for Silicon-On-Insulator 
(SOI) integrated optics are reported. An extinction ratio of 16 dB for TE to TM mode conversion is achieved for 
a central wavelength of 1.5 μm within a device length of only 10 μm. The device is based on a wire waveguide 
in which two trenches of different widths and depths are etched. The resulting asymmetry allows the propagation 
of hybrid modes with their optical axes rotated 45 degrees with respect to the TE/TM axes. The difference in the 
propagation constants (β1, β2) of the two hybrid modes results in full polarization conversion (TE to TM, or vice 
versa) after a half-beat length L1/2=π/(β1-β2).

Full mode hybridization can be achieved with different combinations of trench widths and depths. However, in order 
to implement different depths within a single Inductively Coupled Plasma (ICP) etching step, we take advantage 
of the Reactive Ion Etch (RIE) Lag effect, which results in a progressive decrease in etch depths for feature sizes 
smaller than 140 nm. Since width and depth are univocally associated under this threshold, final design parameters 
have to be selected among all the possible combinations according to the RIE lag characterization curve.  

For the fabricated device, a 97.5% TE to TM conversion efficiency η was measured for the central wavelength (where 
η=PTM/[PTM+PTE]×100%, being PTM and PTE the output powers of the TM and TM polarized fundamental 
modes). A conversion efficiency in excess of 90% is achieved for a spectral bandwidth of 47 nm. Measured intrinsic 
losses of the device are 0.7 dB. 
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(COMM-7-22-4)    High-contrast germanium-doped silica-on-silicon waveguides

Patrick Dumais, Claire Callender, Chantal Blanchetière and Christopher Ledderhof
Communications Research Centre Canada, 3710 Carling Ave., Ottawa, Canada

Silica-on-silicon planar lightwave circuits have a number of advantages including stability and low insertion loss 
to optical fibre networks. Standard GeO2 doping levels in the waveguide cores lead to a refractive index contrast, 
Dn, of 0.75%–2%. This range of index contrast requires relatively large bend radii in order to minimize bend 
losses. This limits the density scaling of these circuits. By using high dopant levels for a Dn of 4%, the bend radius 
can be decreased to less than 1 mm, from which significant gains in optical circuit density can be obtained.  In 
addition, low-loss ring resonators with free spectral ranges of a few tens of gigahertz can be realized, enabling some 
additional optical signal processing and filtering on that scale. Optical devices with such high dopant levels have 
been reported by Bellman et al. in 2004 [1] but to the authors' knowledge, no other experimental work on high-delta 
GeO2-doped waveguides has been reported since. In this paper, we present experimental measurements on high-
delta devices including directional couplers, MMI couplers, Mach-Zehnder interferometers, and ring resonators. 
Device performance, including  propagation loss, bend loss, interferometer contrast ratio and birefringence will be 
presented. We demonstrate that  ring resonators with 40 GHz free spectral range can be fabricated for optical signal 
processing.

Reference:
[1] R. A. Bellman, G. Bourdon, G. Alibert, A. Beguin, E. Guiot, L. B. Simpson, P. Lehuede, L. Guiziou, and E. LeGuen, 
“Ultralow loss high delta silica germania planar waveguides,” J. Electrochem. Soc., vol. 151, pp. G541,547, 2004.
 

 (COMM-7-28-1)    Hollow core photonic crystal fiber sensors based on enhanced Raman scattering

Hanan Anis
University of Ottawa, Canada.
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 (COMM-7-28-2)    Increased laser modulation bandwidth
by exploiting the photon-photon resonance

M. Dumitrescu*a, A. Laaksoa, J. Viheriäläa, T. Uusitaloa, M. Kampb, P. Melanenc

* aOptoelectronics Research Centre, Tampere University of Technology, Finland
bTechnishe Physik, University of Würzburg, Germany

cModulight Inc., Tampere, Finland

High-speed directly-modulated multi-section distributed feedback (MS-DFB) lasers have been fabricated from 
legacy epiwafers (intended for Fabry-Perot lasers) at 1.3 and 1.55 µm. The fabricated lasers have laterally-coupled 
ridge waveguide (LC-RWG) surface gratings (Fig. 1a), whose fabrication avoids the problematic overgrowth implied 
in the fabrication of the conventional buried-grating DFB lasers. The fabrication of the LC-RWG surface gratings, 
employing UV nanoimprint lithography, was simpler, applicable to different materials (including Al-containing 
ones), more flexible and cost-effective. 

 

Fig. 1: a) LC-RWG grating sketch; b) measured small-signal modulation response and simulations performed with 
a conventional rate-equation model (without PPR) and with our model (including PPR); experimental small-signal 
modulation for: c) 1.6 mm long 1.55 µm MS-DFB laser; and d) 1.5 mm long 1.3 µm MS-DFB laser.

The MS-DFB lasers have been designed to have photon-photon resonance (PPR), which takes place at the frequency 
difference between two (quasi-)phase-locked modes. Fig. 1b shows an experimental modulation response compared 
with simulations performed using a conventional rate-equation model and our improved model [1]. Fig. 1c and 1d 
show experimental tuning of the PPR and the associated changes in the carrier-photon resonance (CPR) position and 
in the gap between CPR and PPR. All these experimental results point out to the possibility of fabricating low-cost 
directly-modulated lasers with modulation bandwidths in excess of 40 GHz.

[1] A. Laakso, M. Dumitrescu, Opt. Quantum Electron., vol. 42, No. 11-13, p. 785-781 (2011).

(COMM-7-28-3) Wavelength Tunable Laser Based on Distributed Reflectors with Deep-Submicron Slots

Li Zou, Lei Wang, Tingting Yu, and Jian-Jun He
State Key Laboratory of Modern Optical Instrumentation, Department of Optical Engineering, Zhejiang Univer-

sity, Hangzhou, China

Low-cost, reliable and wideband wavelength tunable semiconductor laser is a key enabling technology for optical 
networks. Present devices, including sample grating distributed Bragg reflector (SG-DBR) lasers, digital superrmode 
DBR lasers and arrayed distributed feedback (DFB) lasers, could costly reach desired performance.

To reduce the cost, Engelstaedter et al. reported a wavelength tunable laser using periodically etched slots as 
distributed reflectors, featuring a 30nm quasi-continuous tuning range, 37nm wavelength coverage and a side mode 
suppression ratio (SMSR) over 30dB. However, the slots with a width around 1μm used in this structure may introduce 
a significant amount of scattering loss. To overcome the problem, deep-submicron slot with a slot width <300nm 
is a better choice in term of optical loss reduction. However, to fabricate deep-submicron slots, a high resolution 
lithography technique is required.

Here we report a tunable laser using a novel cost-effective process which enables us to fabricate a deep-submicron 
slotted reflector by standard contact UV lithography. By using our newly developed pillar-reversing etching technique, 
the slots with a feature width as narrow as 174nm and a depth of 1.2μm was fabricated. The test results of tunable 
lasers by utilizing periodical arranged 300nm×1.6μm slots as reflectors fabricated based on the proposed method 
are also reported. The device shows a maximum SMSR of 47dB, a maximum tuning range of 38nm and a quasi-
continuous tuning range of 30nm under multiple electrodes and temperature control.

[1] Jens Buus et al, “Tunable Lasers in Optical Networks”, J. Lightwave Technol. 24 (1), pp. 5-11 (2006).
[2] J.P. Engelstaedter et al, “Wavelength Tunable Laser Using an Interleaved Rear Reflector”, IEEE Photon. Technol. Lett. 22(1), 
pp. 54-56 (2009). 
semiconductor Laser
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  (COMM-7-28-4) Dumbbell Microring Reflector 

Han Yun1, Wei Shi, Xu Wang, Lukas Chrostowski, and Nicolas A.F. Jaeger
Department of Electrical and Computer Engineering, University of British Columbia, Canada

Objective: Wavelength-selective reflectors are of great interest in modern optoelectronics and may find applications 
in numerous photonic components, e.g., lasers, modulators, filters, sensors, etc. [1]-[3]. Functioning as wavelength 
filters, microring resonator reflectors can be fabricated using silicon-on-insulator (SOI) technology and be integrated 
into photonic integrated circuits. Here, we report on a “dumbbell shape” microring resonator that is designed for use 
as a notch reflector. 
Method: Our device, which contains three directional couplers, has the shape of 
a dumbbell (see Fig.1).

 The reflector consists of a dual-coupler microring resonator with an additional 
directional coupler located at the “handle” of the dumbbell structure to achieve 
the reflection. In the design phase, we use the transfer matrix method and 
coupled-mode theory to analyze and characterize the reflection properties of our 
device. We define Rp to be the maximum reflectivity and Rv to be the minimum reflectivity for the various possible 
combinations of cross-coupling coefficients of the three couplers. We scan the reflection spectrum and calculate 
the reflectivity difference Rp-Rv and the reflectivity extinction ratio 10log10(Rp/Rv) as a function of the three cross-
coupling coefficients of the couplers. Based on the calculated results, we choose the values for the three cross-
coupling coefficients of the directional couplers to meet the requirements of high reflectivity and high extinction 
ratio. 
Results and Conclusion: The device was designed and fabricated based on 500-
nm-wide, 220-nm-high SOI nanowires, with a gap of 200 nm in the coupling 
regions by using 193-nm lithography from IMEC. A Q factor of ~11,000 and an 
extinction ratio greater than 20 dB were measured showing good agreement to 
our simulation results (see Fig.2). 

References: [1] Y. Chung, et al., J of Lightwave Tech, Vol.24, No.4, pp.1865-1874, 2006.; [2] W. Shi, et al., Optics Lett., Vol.35, 
No.17, pp.2901-2903, 2010.; [3] J. K. S. Poon, et al., IEEE Photonics Tech. Lett., 16, pp.1331-1333, 2004.

(COMM-6-P-1)   A Robust Buffer Management and Packet Scheduling Algorithm with QoS in an Optical 
Ingress Node

Mohammad GHARAEI, Mounia LOURDIANE, and Hind CASTEL-TALEB 
Télécom SudParis, CNRS SAMOVAR, France.

Objectives: Traffic growth management with providing quality of Service (QoS) guarantee is one of the main 
challenges in near future optical networks [1]. In this paper, we point out the impact of buffer management and 
packet scheduling policy on QoS parameter values. We propose a new buffering/scheduling algorithm adopted in 
optical metro/core network with a low delay and a high packet loss ratio (PLR) performance.  

Methods: The buffering/scheduling analysis is carried out in an optical ingress node in a context of 100 Gb/s 
network by taking into account a realistic metro/core optical network architecture. Three priority packet classes 
are taken into consideration (high priority: HP, medium priority: MP, and low priority: LP). We first study different 
buffer management approaches such as buffer partitioning and buffer sharing along with deterministic/probabilistic 
scheduling policy. Then, in order to distinguish packets based on their applications, a new multi-criteria approach 
for QoS is proposed: PLR and average waiting time are considered as our evaluation parameters. Furthermore, the 
fairness concept between classes is enforced by setting a dynamic threshold over the multi-criteria QoS performance. 
Packets are aggregated at the final stage of an optical ingress node into optical frame by using a timer-length based 
packet aggregation algorithm at 10 Gb/s [2]. Finally, these optical frames are transported by a 100 Gb/s optical 
network.

Results: By evaluating the network performance via PLR and delay performance, we find a tradeoff performance with 
fairness by putting a threshold on PLR. Then, we develop a new dynamic buffer management using the probabilistic 
scheduling in classified systems with QoS guarantee. This new buffering/scheduling algorithm demonstrates a robust 
PLR and delay performance in the metro/core network. This algorithm is finally used to evaluate the network capacity 
constraint based on PLR in a metro/core network (Fig. 1).

Conclusion: We have demonstrated a robust buffering/scheduling algorithm providing an acceptable delay 
performance and PLR with QoS in an optical ingress node.
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(COMM-6-P-2)     Constant-V Fiber Design with Silica Core

Salim Tariq and Samir F. Mahmoud†

Ciena Corporation, Canada, †Kuwait University, Kuwait

We propose & analyze optical fibers with constant normalized frequency (V), which require glass with specific 
spectral behavior. Theoretically, these fibers do not possess cut-off wavelength but still can be designed for single- or 
multi-mode operation. Spectral profiles of core & cladding indices are designed such that n_1^2 (‘)-n_2^2 (‘)=(‘’)^2, 
where ‘ is a constant, n_1 (‘) and n_2 (‘) are core and cladding refractive index profiles. This leads to V=2’a’’ ‘(n_1^2 
(‘)-n_2^2 (‘) )=2’a’. If the core radius ‘a’ and ‘ values ensure that V > 2.405 then the fiber is multimode; otherwise 
it is single-mode.

In this paper we investigate a single-mode design with silica core, while cladding refractive index profile is designed 
with lower refractive index for constant-V operation. To study, we first developed a numerical model and verified 
LP01 mode parameters of a regular fiber with good accuracy. At 1550nm we predict mode field diameter & dispersion 
as 10.2mm & 16.8ps/[nm.km] as compared to 10.4±0.5mm & <18 ps/[nm.km] from SMF-28e literature. This model 
was then used to evaluate the parameters of the constant-V silica core fibers which are listed in Table 1

Table 1: Comparison of optical fiber parameters.

Parameter  [1.53-1.65mm]
Single-mode fiber type

Regular 0.8Vc 0.9Vc
Core Material Doped Pure Silica Pure Silica

Cladding Material Pure Silica Doped Doped
Cut-off Wavelength 1260 nm Nil Nil
Core Radius [μm] 4.1 5.1 5.1

∆ [%] 0.33 0.2 – 0.21 0.26 – 0.27
NA 0.12 0.092-0.094 0.1 – 0.11

D [ps/(nm.km)] 15.6 – 17.6 28.6 - 31 29.5-32
Aeff [μm2] 80.6 – 83.6 130.4 109.4

Confinement Factor [%] 72.5 – 73.5 71.8 78.2
Bend Loss at R=4cm, 1550nm [dB/km] 0.01 743 0.16

Constant-V, silica-core fibers achieve high local dispersion & constant, larger, wavelength independent Aeff, which 
is better for DWDM systems [1], while bend losses are higher. Note that material & waveguide dispersions add up 
to give higher values.

References
[1] R. Chen, M. O’Sullivan, C. Ward, S. Asselin, and M. Belanger, “Next Generation Transmission Fiber for Coherent Systems,” 
OFC/NFOEC 2010.

(COMM-6-P-3)   Differential Measurement of Transmission Losses of Integrated Optical Compo-
nents Using Waveguide Ring Resonators

Wei Shi1, Han Yun, Ting-Kai Chang, Wen Zhang, Charlie Lin, 
Nicolas A. F. Jaeger, and Lukas Chrostowski

Department of Electrical and Computer Engineering, University of British Columbia, Canada 

Due to high-index-contrast enabled miniaturization and compatibility with CMOS fabrication, silicon photonics 
is rapidly becoming a mainstream technology for intensely integrated photonic circuits [1]. Ultra-compact optical 
components, such as Y-branch power splitters and waveguide crossings, have been developed for the silicon 
platform and used for subsystems and novel devices, such as Mach-Zehnder interferometer (MZI) modulators [2] 
and waveguide ring reflectors [3]. Precise qualification of losses of these optical components is critical for device 
design and optimization. The conventional method is to cascade a series of these components and measure their total 
transmission. It usually requires multiple measurements to compensate for the uncertainty in the fibre-to-waveguide 
coupling and reflections that may cause significant errors when the measured losses are comparable with, or smaller 
than, the fibre-to-waveguide coupling losses. Here we demonstrate a ring-resonator-based technique for transmission-
loss measurement of integrated optical components. Two different designs of Y-branch splitters, namely adiabatic 
and S-bend, are used to demonstrate the concept. The devices were fabricated by Imec, Belgium, using 193-nm 
lithography. The approach presented is based on characterizing the spectral response of a ring resonator with a 
number of Y-branches inserted inside the cavity and subtracting the roundtrip loss of a reference ring resonator with 
the same coupler design. This differential approach is independent of the fibre-to-waveguide coupling and reflections, 
enabling higher accuracy and efficiency due to the high sensitivity of the ring resonator’s response to losses. Two 
methods are presented for extracting the transmission losses of the Y-branches. The first method is to fit the measured 
spectral responses. The second method is an analytic model using the measured extinction ratio. While both of the 
two methods yield deterministic results, the second method is easier for wide-band loss characterization.

References:  [1] M. Hochberg and T. B.-Jones, Nature Photonics 4, 492 - 494 (2010);
[2] A. Liu, R. Jones, L. Liao, D. S.-Rubio, D. Rubin, O. Cohen, R. Nicolaescu, and M. Paniccia, Nature 427, 615-618 (2004); [3] 
W. Shi, R. Vafaei, M. A. G-Torres, , L. Chrostowski, and N. A. F. Jaeger, Optics Letters 35, 2901-2903 (2011).
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(COMM-6-P-4)   Dynamic performance of filterless optical networks:
network resources and transmission quality

Andrew CASSIDY1, Christine TREMBLAY1, 
Michel P. BELANGER2, Paul LITTLEWOOD2

1École de technologie supérieure (ÉTS), Département de génie électrique, Canada 
 2Ciena Corp., Canada 

In this poster, we present our first simulation results of dynamic performance of filterless optical networks.  Filterless 
networks are characterized by an agile cost effective architecture that allows dynamic reconfiguration of the network 
according to the traffic demand.   In this architecture, the switching effort is shifted at egress and ingress nodes by the 
use of tunable transceivers and coherent receivers and by the replacement of wavelength selective switching devices 
by passive optical components at intermediate nodes.  Coherent receivers and tuneable transmitters equipped with 
digital signal processing (DSP) modules have the advantages of being able to compensate for chromatic dispersion 
(CD), polarization mode dispersion (PMD) and polarization dependent loss (PDL) thus increasing the system 
reach.  

The simulator is able to take into account both the propagation of the physical layer impairments (such as noise 
funnelling, optical signal to noise ratio degradation, propagation delays) as well as the dynamical behaviour of the 
control plane for and efficient traffic management which is aware of these impairments.  A custom C++ simulator 
based on the discrete event simulator OMNeT++ has been developed to study this behaviour in order to facilitate the 
development of physical layer impairments aware control plane adapted to the filterless architecture.  Simulations 
have been performed using models from current generation, state of the art, tuneable 46 Gbs DQPSK optical 
transceivers.   We show how different network topologies and varying traffic demands, dynamically impact the 
quality of transmission as well as the wavelength assignment managed by the control plane. 

(COMM-6-P-5)   Impact of Modulation Index on Transmission Performance of Millimeter Wave Multi Band 
OFDM Ultra-Wideband Wireless Signal over Fiber System

Mohmoud Mohamed1, Xiupu Zhang2, and Ke Wu3

1) Electrical and Electronics Departemen, Benghazi University, Libya 
2) Advanced Photonic Systems Laboratory, Concordia University, Canada 
3) PolyGram Research Center, Ecole Polytechnique de Montreal, Canada 

Performance of millimeter-wave (mm-wave) multi-band orthogonal frequency division multiplexing (MB-OFDM) 
ultra-wideband (UWB) signal over fiber transmission system is investigated considering impact of modulation index 
(MI). Experiments are conducted to verify our theoretical analysis and good agreement is obtained. In this work, we 
propose an optical frequency quadrupling technique using two cascaded Mach-Zehnder modulators (MZMs) biased 
at quadrature and driven by the same local oscillator frequency but with 180 degree phase shift between the two 
MZMs. We demonstrate 30GHz mm-wave wireless that carries three-bands OFDM UWB signals, and error vector 
magnitude is used to analyze the transmission quality. It is found that the EVM decreases from ~-13.63 to -18.9 dB 
when increasing the LO modulation index (MI) from 66 to ~117%.
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(COMM-6-P-6)   Improving transmission efficiency in optical communication

Robert Radziwilowicz, Christian Charette
Unlimi-Tech Inc. Canada 

The rapidly growing popularity of internet-based services has increased the number of end users that are being 
connected to access networks every year. Internet Service Providers (ISPs) have to deal with an increasing density 
of access networks that result in congestion and high error and loss ratios in urban areas. Extending the network 
reach in remote locations causes increase in transmission latency. Use of Transmission Control Protocol (TCP) 
in networks with high loss ratio and high latency leads to significant deterioration of the available bandwidth and 
it increases operational costs. Existing telecommunication infrastructure, built mainly on Internet Protocols (IP) 
networks, requires cost effective solution that would allow using all available bandwidth.

User Datagram Protocol (UDP) was studied to evaluate its candidacy for cost efficient transmission protocol that 
would improve effectiveness of bandwidth use in commercial optical telecommunication infrastructure. To ensure 
that test systems and research tasks reflected real conditions when deployed in the field, the research was conducted 
using 10G optical Ethernet with deployed commercial traffic generators that provided modulation of transmission 
characteristics such as latency, loss ratio and error ratio. 

Research consisted of UDP-based system characterization according to its performance, cost of implementation and 
deployment as well as cost of maintenance. The testing procedure included Ethernet and IP-based communication 
between remote nodes across the public network with speed ranging from 1Gb/s to 10Gb/s.

To evaluate the potential enhancement of optical networks with implemented UDP, comparison research was done in 
existing optical infrastructure with different values of transmission speed, latency and data loss ratio. The comparison 
study showed that UDP significantly outperforms TCP in congested networks with high latency and therefore it is 
a good candidate to be implemented in commercial optic networks as a main transmission protocol. High level of 
UDP integration with existing telecommunication technologies ensures low production and deployment costs. High 
effectiveness of optical link use and low cost of implementation make UDP a very attractive and highly promising 
component of optical telecommunication systems with low maintenance costs and high dependability.

(COMM-6-P-7)   Optical Multiple Millimeter-Wave Signal Generation Using Frequency Quadrupling for 
Radio-over-Fiber Systems

Mohmoud Mohamed1, Xiupu Zhang2 and Salah Kuwairi1

1Garyounis University, Benghazi, Libya
2Concordia University, Montreal, Canada

 
In this work, we have proposed and investigated a novel modulation technique in generating multiple millimeter 
wave (mm-wave) data signals using frequency up-conversion with a dual-electrode Mach-Zehnder modulator (DE-
MZM). The laser output is split into two branches by the use of a polarization beam splitter. We use polarization 
multiplexing to avoid the inter-symbol interference between multiple mm-wave signals. The proposed technique is 
comprised of two parallel MZMs.

Two parallel DE-MZMs, each driven by a low frequency oscillator, can be used for generating multiple mm-wave 
signals. As an example, we analyze 30 and 32.5 GHz generation using radio frequency (RF) of 7.5 and 8.125 GHz, 
respectively. The generated two mm-waves at 30 and 32.5 GHz consists of only beating between two second order 
harmonics and thus mm-wave power hardly fluctuates with fiber length, i.e. robust to fiber chromatic dispersion. For 
comparison, we also investigate Radio over fiber (RoF) systems with mm-wave generation using non-polarization 
multiplexing. It is found that the RoF system does not work if using the conventional technique for frequency up-
conversion due to intersymbol interference. On the contrary it is shown that our proposed technique is immune to 
inter-symbol interference between multiple mm-wave channels.



160 161

(COMM-6-P-8)   Proposed optical control plane concepts for filterless networks

Guillaume MANTELET1, Andrew CASSIDY1, Christine TREMBLAY1, 
Michel P. BELANGER2, Paul LITTLEWOOD2, David V. PLANT3

1École de technologie supérieure (ÉTS), Département de génie électrique, Canada 
 2Ciena Corp., Canada

3McGill University, Department of Electrical & Computer Engineering, Canada

The booming growth of broadband applications, such as video on demand, high-definition television, leads to 
an increase of the traffic demand, and of the network complexity. The current generation of all-optical networks 
relies on wavelength selective switch (WSS) based reconfigurable optical add-drop multiplexers (ROADM) as key 
components to agility.  These components allow dynamic per wavelength reconfigurability for efficient management 
of traffic variations, at the expense of a relatively high cost and dependence to the ITU grid.

We present filterless optical networks as a promising colorless, gridless and cost-effective solution for metropolitan 
and wide area network applications. In a filterless network, passive optical splitters and combiners are used for 
link interconnection and local add-drop and the network agility is delivered by end nodes equipped with tunable 
transmitters and frequency selective coherent receivers. The resulting broadcast and select network consists in a set 
of passive light trees in which active WSS elements are replaced by passive components. 

We show that solutions provided by the Filterless network design and simulation tool (FNDS) developed at the ÉTS 
lead to a decrease of the capital and operational expenses (CAPEX, OPEX), and of the power dissipation. For this 
comparison with ROADM-based approaches, we also use results brought back by OPNET’s SP Guru Transport 
Planner.

The “drop and continue” architecture of the filterless nodes enables multicast applications, but it also limits wavelength 
reuse. If a channel has reached its destination and is dropped, the signal from this channel continues downstream. 
These unblocked wavelengths are a further source of contention, and can increase the blocking probability. We 
introduce new wavelength contention constraints (defined as the competition of two signals for the same wavelength) 
for filterless networks. We propose a filterless control plane is able to avoid contention and we present performance 
results in terms of wavelength usage, path lengths, unblocked channel count and blocking probability obtained from 
simulations. 

(COMM-6-P-9)    The effect of dopant diffusion on modal birefringence in silica-on-silicon waveguides

Patrick Dumais, Claire Callender, and Christopher Ledderhof
Communications Research Centre Canada, Canada

Polarization multiplexing in complex modulation formats of optical signals such as dual-polarization quadrature 
phase-shift keying (DP-QPSK) require that the birefringence of waveguide-based devices be controlled in order 
to separate or preserve the orthogonally-polarized optical channels. In silica-on-silicon waveguides, birefringence 
emerges from a combination of form birefringence and stress birefringence, both of which can be affected by the 
core dopant distribution in the case of rectangular-core waveguides. In this paper, we present a numerical and 
experimental study of the effect of dopant diffusion on waveguide modal birefringence. In the numerical study, 
modal birefringence is calculated with a finite-element model that includes thermal stress effects. The effect of 
diffusion on form birefringence and stress birefringence will be illustrated. It will be shown that the initial index 
step of the waveguide has an influence on the evolution of the modal birefringence as a function of diffusion. 
In the experimental study, measurements of the phase and group birefringence will be presented as a function of 
waveguide width for waveguides with thermally diffused cores. It will be shown that thermal diffusion can be used 
for birefringence control of rectangular silica-on-silicon waveguides.

 



162 163

CIPI Projects

Chair:
Robert Fedosejevs, University of Alberta, Canada

Co-Chairs:
Paul Jessop, McMaster University, Canada
Michel Piché, Université Laval, Canada
Réal Vallée, Université Laval, Canada
Brian Wilson, Princess Margaret Hospital, Canada

Description:

The CIPI sessions will be dedicated to presenting results from the broad range of projects which have been 
funded by CIPI over the last few years. The sessions will be organized into topical areas along the lines of 
the Thrust Areas for CIPI:
1) Biophotonics
2) Applied Photonics
3) Information and Telecommunication Photonics
4) Frontier Photonics.
The latest results from CIPI funded projects in these areas will be presented in a series of talks and poster 
presentations. In most cases the talks will be integrated into joint sessions with the related photonics ar-
eas.

(CIPI - BIOMED-6-17-1)   Two-photon excitation photodynamic therapy towards the
treatment of macular degeneration

David Cramb, Ira Probodh
U of Calgary, Canada

Photodynamic therapy (PDT) exploits the cytotoxic effects of light-activated compounds to achieve spatially selective 
tissue eradication. It is used in treating a wide range of tumors (Lou et al., 2003), localized infections (Hamblin & 
Hasan, 2004), and diseases like the wet form of age-related macular degeneration (Bressler & Bressler, 2000). The 
treatment involves application of a non-toxic photosensitizer that is preferentially taken up by the target cells/tissue. 
Optical excitation of the photosensitizer produces reactive oxygen species that cause localised, apoptotic cell death. 
Herein we review the application of a new modality ‘ two-photon excitation-PDT (TPE-PDT) - to the treatment of 
wet age-related macular degeneration (wet-AMD). We show that the application of TPE-PDT, in conjunction with 
newly developed photosensitizers, has the potential to greatly improve therapy of wet- AMD.
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(CIPI - BIOMED-6-17-2)  Gold Nanostructure-Integrated Silica-on-Silicon Waveguide for the Detection of 
Antibiotics in Milk and Milk Products

Jayan Ozhikandathil, Simona Badilescu  and Muthukumaran Packirisamy
Optical Bio-Microsystems Laboratory, Dept. of Mechanical and Industrial Engineering, Concordia University, 

Canada 

Antibiotics are extensively used in veterinary medicine for the treatment of infectious diseases. The use of antibiotics 
for the treatment of animals used for food production raised the concern of the public and a rapid screening method 
became necessary.  A novel approach of detection of antibiotics in milk is reported in this work by using an 
immunoassay format and the gold Localized Surface Plasmon Resonance property. The immunoassay format, because 
of the high selectivity, allows a direct detection, without the need of preliminary sample treatment (extraction, pre-
concentration) procedures. Antibiotics from the Penicillin family are used for testing.  Gold nanostructures deposited 
on a glass substrate by a novel convective assembly method were heat-treated to form a nanoisland morphology. 
The Au nanostructures were functionalized and the corresponding antibody was absorbed from a solution. Solutions 
with known concentrations of antigen (antibiotic) were subsequently added and the spectral changes were monitored 
step by step. The Au LSPR band corresponding to the new nanoisland structure was found to be suitable for the 
detection of the antibody-antigen interaction. This process was subsequently adopted for the integration of gold 
nanostructures into the silica-on-silicon waveguide for the purpose of detecting antibiotics, by using a novel nano-
enhanced evanescent technique. The results allowed the design of a compact, low-cost, and sensitive biosensor 
capable to detect traces of antibiotics in milk. 

(CIPI - BIOMED-6-17-3)   Non-Invasive Stereo Reconstruction of the Organs of Mice Based on Fluores-
cence Dynamics Imaging

David Provencher1, Marc Massonneau2 and Yves Bérubé-Lauzière1

1 Laboratoire TomOptUS, Département de génie électrique, Université de Sherbrooke, Canada
2 Laboratoires Quidd Inc., Sherbrooke, Canada

Dynamic fluorescence molecular imaging (DFMI) is an all-optical technique developed recently to obtain maps of 
the internal organs of mice. By acquiring time series of fluorescence images of indocyanine green (ICG) and applying 
principal component analysis (PCA) or non-negative least squares fitting (NNLSF) to the data, 2D anatomical maps 
can be obtained. DFMI maps can also possibly be easily co-registered to molecular information obtained with 
another fluorescent probe injected in an animal during the same imaging session with the same system. It is, however, 
desirable to obtain 3D rather than 2D maps of the mouse anatomy to achieve better spatial localization of organs, as 
well as of the eventual molecular information. 

To achieve mouse 3D DFMI, we use the QOS® (Quidd, France), a novel small animal optical imaging system with 
a rotating CCD camera to acquire time series of ICG fluorescence images from 5 different views around the mouse. 
We then temporally interpolate and mosaic the images prior to applying PCA (or NNLSF) to produce similar 2D 
anatomical maps for each view. From the 5 views, 4 stereo pairs of images around the animal are obtained via multi-
stereo calibration. Finally, 3D reconstruction of the anatomical model is achieved using stereo vision algorithms.

With our technique, we succeed in reconstructing anatomical parts of the mouse in 3D. This is validated by co-
registering the optical images with magnetic resonance imaging (MRI) and X-ray computed tomography (CT) images 
of the same mouse as well as using mouse anatomy atlases. This allows validating our stereo reconstruction and 
make sure that structures outlined by PCA (or NNLSF) correspond to actual anatomical structures in the mouse.

Our work shows that it is possible to obtain 3D anatomical models of mice by improving on DFMI using an all-optical 
system with a rotating camera and stereo vision algorithms. Moreover, using a faster and more sensitive EMCCD 
camera could lead to sharper anatomical maps due to better temporal sampling of fluorescence dynamics. Also, 
implementing state-of-the-art stereo vision algorithms could improve the 3D model density and spatial accuracy.
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(CIPI - BIOMED-6-17-4)  Fabrication of Surface Plasmon Waveguides in Cytop

Hamoudi Asiri1, Asad Khan2, Ewa Lisicka-Skrzek2, R. Niall Tait3 and Pierre Berini2,4

1Department of Biological and Chemical Engineering, University of Ottawa, Canada
2School of Electrical Engineering and Computer Science, University of Ottawa, Canada

3Department of Electronics, Carleton University, Canada
4Department of Physics, University of Ottawa, Canada

   
There is considerable interest in Long-Range Surface Plasmon-Polariton (LRSPP) waves, which inherently have 
a low attenuation, for sensing applications. LRSPPs propagating along thin metal stripes arranged as integrated 
optical structures, such as Mach-Zehnder interferometers (MZIs), are or particular interest for biosensing. In order 
for sensors to be functional, high-quality metal stripe waveguides integrated with microfluidic channels are required. 
Wafer-based fabrication processes have been developed and implemented to fabricate thin (35 nm) Au stripes and 
features embedded into Cytop claddings, with etched microfluidic channels exposing sections of the stripes for 
sensing. Cytop is a fluoropolymer having a refractive index close to that of water, motivating its use as a cladding 
material. The fabrication processes developed are discussed and measurements (physical and optical) on operating 
sensors are presented.

(CIPI - COMM & SENS-7-24-1)    Performance Analysis of All-Optical Routers for Packet-Switch-
ing in Large-Scale Data Centers

S. LaRochelle1, Q. Xu1, H. Rastegarfar2, Y. Ben M’Sallem1, A. Leon-Garcia2, and L. A. Rusch1

1 Department of Electrical and Computer Engineering, COPL, Université Laval, Canada
2 Department of Electrical and Computer Engineering, University of Toronto, Canada

All-optical packet switching can overcome limitations of electronic switches in terms of power consumption, 
speed, cost, and footprint [1]. Switch architectures combining wavelength converters and fiber delay lines (FDLs) 
provide tunable routing and contention resolution when used with N×N arrayed waveguide gratings (AWG). An 
AWG passively routes either single or multiple input port wavelengths to output ports. A single wavelength per port 
strategy reduces crosstalk but drastically increases the dimensionality of the device. AWG design constraints due to 
fabrication process limit the port number for the foreseeable future to under 100. In order to scale optical switches 
to emerging network requirements, we must use multiple wavelengths per port. In this paper, we examine several 
optical router architectures for data center applications using multiple wavelengths per port and quantify the physical 
layer impairments. We consider not only the AWG crosstalk, but also Q-factor degradation caused by the multiple 
tunable wavelength converters (TWCs) needed to buffer packets for contention resolution.  We present the results as 
a function of the number of recirculations for OOK signal formats. We focus on accumulated intensity noise due to 
crosstalk and amplified spontaneous emission (ASE). 

We study in detail four architectures that incorporate space, wavelength, and time for implementation of all-optical 
packet routers. Architecture A1 uses one wavelength per port in a single AWG plane, offering limited scalability 
due to the AWG size and TWC tuning range requirements. In order to extend the routing capacity, we propose three 
distributed switching architectures (A2, A3 and A4) that incorporate multi-stage designs when the routing needs 
exceed the capacity of the largest feasible single AWG. Architectures A2 and A3 both have a four-stage configuration 
that consists of “line switching” and “wavelength switching”, using multiple wavelengths per port at the third stage. 
The main differences between A2 and A3 are the position and the number of buffering FDLs. Architecture A4 is a 
three-stage design using only “line switching” at the input, and single wavelength per port at the middle stage. 

Unlike previous research [2], we analyze accumulated noise to quantify the signal Q-factor degradation in OPS 
routers taking into account all the independent noise contributions in a complete multi-stage system. We also evaluate 
how recirculation of contending packets affects the overall performance for different architectures. Results show 
that TWC ASE noise and AWG intraband crosstalk are the dominant impairments, especially the high-level AWG 
crosstalk when a multiple wavelengths per input port scenario applies. Based on our routing analysis, A4 that uses 
distributed N-plane fabric suffers from moderate crosstalk and is our most promising design in terms of scalability 
and signal quality. Recently developed low-crosstalk AWG would further improve the routing performance and 
follow large-scale all-optical router implementation.

1. S. J. Ben Yoo, “Optical packet and burst switching technologies for the future photonic Internet,” Journal of Lightwave 
Technology, vol. 24, pp. 4468-4492, Dec 2006.
2. R. Gaudino et al, “Can Simple Optical Switching Fabrics Scale to Terabit per Second Switch Capacities?,” Journal of Optical 
Communications and Networking, vol. 1, pp. B56-B69, Aug 1 2009.
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(CIPI - COMM & SENS-7-24-2)    Optically Interconnected High-performance Servers

O. Liboiron-Ladouceur1, M.N. Sakib1, M. Sowailem1, M.S. Hai1, R. Varano2, and D. Rolston2

1McGill University and 2Reflex Photonics, Canada.

In this project the viability of an optically-enhanced chassis providing n x10 Gbit/s bandwidth for both point-to-point 
and broadcast communication between servers is determined.

Introduction— High performance computing platforms such as data centers for Internet search engines and 
supercomputers for climate modeling are expected to support increasing bandwidth as the speed of multi-core 
processors increases. However, the full computational potential of processors has become difficult to achieve due to 
larger amount of data to transfer between processors in a computer cluster. The project in collaboration with Reflex 
Photonics aim at specifically addressing the density and power dissipation issues regarding the next generation 
of high-performance computing platforms. The primary objective is to develop a power-efficient interconnection 
architecture with optically enhanced backplane that uses LightABLE parallel optical engine prototypes [1]. This 
parallelism requires also some modifications in the implementation of the Media Access Control (MAC) layer in the 
transmitter and the receiver sides. The project will enable to investigate and compare the energy efficiency of optical 
interconnection for different applications running on the server.

Results and Discussion— The physical layer of this chassis with the interconnection between one of the servers 
and the optical backplane is shown in Fig. 1 and 2 where each server is connected to all other servers using either 
point-to-point (P2P) or broadcast (P2MP) link using 1:8 optical splitter. The interconnection between the servers is 
done inside the optical backplane and each server links to the optical backplane via MT connectors. Fig. 3 shows 
the simulated received optical power versus BER performance for P2P link and using P2MP link when considering 
the losses (splitters and connectors). The results show that the power margin for BER of 10-12 is 16.2 and 6.2 dB for 
P2P and P2MP link, respectively for the receiver. A MAC layer processor is dedicated for each link to deal with the 
received 10 Gb/s Ethernet packets which are inserted in the MAC layer buffers upon reception as shown in Fig. 2.  
To assess the buffer size requirement for the optically interconnected server, the network is simulated for the worst 
case scenario as described in Fig. 4. In Fig. 4, we see the buffer size effect on the throughput at different average 
service times taken by the MAC layer to process the largest packet. The results show that if the required throughput 
exceeds 77.6%, the service rate should be equal to the data rate or faster. Also, if the required throughput approaches 
100%, the buffer size should be around 10 Kbyte per link. Fortunately, since the worst case scenario is a very rare 
case, besides the parallel computation capabilities available now in receivers, a margin of tolerance for the service 
rate is expected. 
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Fig. 1. Optically interconnected servers.

Conclusion— In this paper the performance of optically interconnected servers is studied. The results show that for 
broadcast communication using 8 servers there is a power margin of 6.2 dB for BER of 10-12. The relation between 
the throughput and the buffer size of the receiver is demonstrated in the worst case scenario. Thus, according to the 
required throughput, the buffer size per link can be determined according to the speed capability of the receiver 
prototype.

(CIPI - COMM & SENS-7-24-3) Athermal Silicon Bridged Subwavelength Grating Waveguides

M. Ibrahim1, J.H. Schmid2, P.Cheben2, S. Janz2, D.-X. Xu2, and W.N. Ye1

1Carleton University, Ottawa, Canada
2Institute for Microstructural Sciences (IMS), National Research Council Canada 

Subwavelength grating (SWG) waveguides have been proven an interesting alternative to conventional photonic wire 
(PW) waveguides [1]. In SWGs, the grating pitch is smaller than a half of the operating wavelength of light inside the 
medium to suppress diffraction. SWG waveguides give an extra degree of freedom in the design of photonic circuits 
since the waveguide’s effective index (neff) can be modified through the spatial averaging effect predicted by the 
effective medium theory [1,2]. The size of the core segments as well as the grating pitch can be adjusted to engineer 
the optical properties of the SWG waveguides.

The realization of temperature-independent SWG waveguides has been demonstrated by combining two materials 
with opposite thermo-optic coefficients [3, 4]. For example, SU-8 polymer (dn/dT ≈ -1.1x10-4 K-1) can compensate 
for silicon’s positive thermo-optic coefficient (dn/dT = 1.9x10-4 K-1). For waveguides with a width of 470 nm, a 
height of 260 nm, and a grating pitch of 250 nm, the duty ratio required for athermal behaviour is about 65% for 
TE and about 82% for TM polarized light [5]. Since SWG waveguides with high grating duty ratios are difficult 
to fabricate due to the requirement of very small polymer gaps between the core segments, a different grating 
configuration is hence required for guiding TM polarized light. Here, we investigate the athermal properties of 
bridged subwavelength grating (BSWG) waveguides for both TE and TM polarized light where the adjacent SWG 
segments are now partially connected.

We show that for BSWG waveguides with a specific geometry ( a width of 490 nm, a height of 260 nm, a grating 
pitch of 250 nm, and a duty ratio of 52%), athermal behavior can successfully be obtained if their bridge width is 
about 225 nm for TE, and 250 nm for TM polarized light. This suggests that polarization independent athermal 
operation is feasible for silicon microphotonic waveguides. 

[1] Bock, P. J. et al., Optics Express 18 (19) 20251-20261 (2010)
[2] P. Cheben et al., Optics Letters 35 2526 – 2528 (2010)
[3] Ye, W. N. et al., IEEE Photonics Technology Letters 20 (11) 885-887 (2008)
[4] Schmid et al., Optics letters 36 (11) 2110-2112 (2011)
[5] Ibrahim, M. et al., Proceedings of SPIE 8007 80071L (2011)



170 171

(CIPI - COMM & SENS-7-24-4)  Distributed Vibration Sensor Based on
Wavelet Signal Processing Method

Zengguang Qin, Liang Chen and Xiaoyi Bao
Department of Physics, University of Ottawa, Canada

Fiber optical vibration sensors have attracted a significant amount of research attention in recent years due to 
their immunity to electromagnetic interference, compactness, geometric versatility and economy. The difficulty of 
vibration measurement, in comparison to the static measurement is that commonly used many trace averages is not 
usable due to the dynamic change of the signal, even with short interaction length and much weaker Rayleigh signal. 
In this paper, we introduce the wavelet denoising method to the phase-sensitive optical time domain reflectometry 
(OTDR) vibration sensor with coherent detection to eliminate the noise. Wavelet transform decomposes a signal into 
a series of base functions of dilated and translated versions of the mother wavelet function. Discrete-time wavelet 
transform (DWT) of the signal can be computed by using a bank of low-pass and high-pass quadrature mirror filters 
(QMFs).The signal passes the filter banks and is decomposed into the approximation coefficients obtained from the 
low-pass filter and the detail coefficients obtained from the high-pass filter,respectively. Since wavelet transform 
has a built-in capacity of adapting to local changes along the fiber length, optimal denoised data could be obtained 
with an appropriate threshold algorithm to reject the random noises induced by varied polarization states in different 
position and detectors. Experimental results show a vibration event with a frequency as high as 8kHz with a 0.5m 
spatial resolution can be detected even in the single mode fiber. Furthermore, a non-stationary vibration signal is 
analyzed using the continuous wavelet transform and the evolution of the frequency with time is obtained.

(CIPI - LAS & APP-8-49-1)  Fluoride glass Fiber Lasers for the Mid-Infrared 

Réal Vallée
Center for Optics, Photonics and Lasers (COPL), Université Laval, Canada

Rare earth doped silica fibers have greatly contributed to the development of compact and reliable laser sources 
operating at 1µm (Yt3+) at 1.5 µm (Er3+) as well as 2 µm (Tm3+ and Ho3+). Unfortunately, the infrared-limited 
transparency window of silica glass does not allow for the development of fiber lasers beyond 2.1 µm although a 
growing number of applications in the biomedical (e.g. dentistry, aesthetics, microsurgery) or environmental (e.g. 
LIDAR, spectroscopy, pollution detection) sectors would greatly benefit from such sources. Rare-earth doped Fluoride 
glass optical fibers are especially suited for that purpose since they can now be produced with low background losses. 
Moreover, the demonstration of the writing of a reliable Fiber Bragg grating (FBG) in a thulium-doped ZBLAN 
fiber by a femtosecond pulse train at 800 nm [1] has indeed confirmed the huge potential of these fibers for the 
development of monolithic fiber lasers operating in the Mid-Infrared. 

We will present an overview of our recent results pertaining to the development of monolithic fiber lasers operating 
beyond 2.1 µm.  Specifically, we will describe a double-clad highly erbium-doped fluoride glass all-fiber laser 
operating in the vicinity of 3 µm [2]. Accordingly, the implementation of the various versions of this fiber laser 
will be discussed along with its cw power scalability up to several tens of watts as well as its quasi-cw mode of 
operation. The first fluoride glass Raman all-fiber laser operating around 2.2 µm will also be presented. To conclude, 
an overview of the future developments of fiber lasers operating even further in the infrared range, especially within 
the 3-5 µm atmospheric window, will be presented.

 [1] M. Bernier, D. Faucher, R. Vallée, A. Saliminia, G. Androz, Y. Sheng, and S.L. Chin, “Bragg gratings photoinduced in 
ZBLAN fibers by femtosecond pulses at 800 nm,” Opt. Lett. 32, 454-456 (2007).
 [2]  D. Faucher, M. Bernier, N. Caron, and R. Vallée, “Erbium-doped all-fiber laser at 2.94 μm,” Opt. Lett. 34, 3313-3315 
(2009).
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(CIPI - LAS & APP-8-49-2) Two-Color Yb:Fiber Chirped Pulse Amplifier for Tunable Difference-Frequen-
cy-Based Mid-Infrared Generation

M. Hajialamdari and D. Strickland

We have developed a wavelength-tunable two-color Yb-doped fiber chirped pulse amplifier in near-infrared (1038-
1110 nm). We have demonstrated a wavelength-tunable mid-infrared source (16-20 µm) by difference-frequency 
mixing of the two tunable colors in GaSe.

We have developed a two-color Yb-doped fiber amplifier (YDFA) which is tunable from 1038 nm to 1046 nm 
and from 1100 nm to 1110 nm. The experimental setup has been explained previously [1]. A supercontinuum is 
generated after injection of 200-fs laser pulses into a 2-m photonic crystal fiber (PCF). The wavelength and bandwidth 
tunability of the colors are achieved by spectrally slicing the supercontinuum in a three-grating pulse stretcher using 
four movable knife edges and also by rotating two bandwidth-angle-dependent notch filters located after the pre-
amplifier. The intensity and spectral profile of the two colors are optimized by rotating the polarization plane of the 
laser beam before the PCF. The pre-amplifier has now been modified to an 8-m single-clad YDFA pumped with 
500-mW single-mode diode lasers from both ends to generate a higher-power, better-balanced two-color spectrum. 
A simulation program described previously [2] has been used to model the optimal fiber length of the pre-amplifier. 
A typical average power including amplified spontaneous emission after the pre-amplifier is now 200 mW. The 200-
mW power decreases to 40 mW after the two notch filters and a Faraday isolator. The 40-mW two-color spectrum is 
seeded into a modified 11-m double-clad polarization maintaining YDFA counter-pumped with a 5-W diode laser. 
A typical average power after pulse compressor is 1200 mW and 100 mW at the short- and long-wavelength colors 
respectively. After the pulse compressor, the two colors are collinear and orthogonally polarized and then focused 
into a 1-mm GaSe crystal to generate Mid-infrared (MIR) by difference frequency mixing of the two colors. We 
have demonstrated a tunable MIR source between 16 µm and 20 µm by tuning the central wavelengths of the two 
colors and rotating the GaSe crystal to fulfill phase matching condition between the two colors. The Mid-IR spectra 
have been measured using a setup described previously [1]. The measured spectra show a typical full width at half 
maximum of 0.5 µm to 1 µm. 

[1] A. M. Alkadry and D. Strickland, Opt. Lett. 36, 1080-1082 (2011).
[2] M. Hajialamdari, A. M. Alkadry, and D. Strickland, Opt. Commun. 284, 2843-2848 (2011).

(CIPI - LAS & APP-8-49-3)   Fluoride glass Raman fiber laser

Vincent Fortin, Martin Bernier, Dominic Faucher, Julien Carrier and Réal Vallée
Center for Optics, Photonics and Lasers, Université Laval, Canada.

Raman fiber lasers (RFLs) can operate on virtually any emission wavelength when using a suitable choice of pump 
and fiber material. This unique characteristic is very appealing to applications requiring wavelengths where no rare 
earth emission bands exist. In the last decade, many studies have focused on the 1-2.2 microns spectral region as 
it is attainable using common oxide based fibers (notably SiO2, GeO2 and P2O5). Recently, we reported on the first 
fluoride glass Raman fiber laser, operating at 2185 nm and delivering a maximum output power of 580 mW [1]. Since 
then, we have made several upgrades to improve the laser efficiency and maximum output power.

The fiber laser setup is made of a Tm3+:silica fiber followed by an undoped fluoride glass fiber, joined together by a 
butt-coupling alignment. Two grating pairs were written to form a pump cavity at 1981 nm and a first order Stokes 
cavity at 2231.4 nm. 

Figure 1 : Experimental setup of the fluoride glass Raman fiber laser

Thus far, our nested cavity RFL generated a maximum Stokes output power of 1.24 W and a slope efficiency of 15 
% with respect to the laser diode power at 791 nm. We also measured a Raman threshold of about 8 W. We did not 
observe any significant efficiency roll-over as we reported for our previous laser setup [1]. We believe this is partly 
due to a better thermal management of the FBGs, preventing them to shift at high power levels. The main challenge 
in setting up this laser was with respect to the butt-coupling alignment between the silica and fluoride fibers, which 
induced a slow power drift when it was not optimised correctly.

In conclusion, we have demonstrated a 1.24 W fluoride glass Raman fiber laser operating at 2231 nm. We believe 
those results constitute an important step toward high power RFLs in the mid-IR. Future experiments will focus on 
improving the butt-coupled junction to lower the intracavity losses and increase the long term power stability.

[1] V. Fortin, M. Bernier, J. Carrier, and R. Vallée, “Fluoride glass Raman fiber laser at 2185 nm,” Opt. Lett. 36, 4152-4154 
(2011).
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(CIPI - LAS & APP-8-49-4)   Generation of GeV-class Electron Beams from Laser Wakefield Ac-
celeration in N2 and He gas targets

Mianzhen Mo, Atif Ali and Robert Fedosejevs
University of Alberta, Canada

Sylvain Fourmaux, Philippe Lassonde and Jean-Claude Kieffer
INRS-EMT, Université du Québec, Canada

Laser driven plasma accelerators are proposed as the next generation of table-top electron accelerators for medical, 
industrial and university research applications. Here we demonstrated the generation of GeV-class quasi-monoenergetic 
electron beams in Nitrogen and Helium gas targets via wakefield acceleration with 80 TW, 30 fs laser pulses. 

Using a 1-cm-long pure Nitrogen gas jet, electron beams with peak energy higher than 0.5 GeV and divergence as 
low as 2.2 mrad were created at an electron density of 4.3x1018 cm-3, as shown in Fig.1. Long-tail features of the 
accelerated electron beams due to continuous ionization injection were also observed. The measured peak electron 
energy decreases with increasing plasma density, which agrees with the predicted maximum energy gain scaling for 
electrons. Experiments also show a threshold density of 3x1018 cm-3 for self-trapping. Using a 5-mm-long Helium 
gas target, we observed secondary higher energy monoenergetic electron bunches with peak energy of 1 GeV at 
an electron density of 8x1018 cm-3, as depicted in Fig.2. Multiple bunches were often generated in the self injection 
process with Helium as the interaction medium. The measured electron energy scaling with the plasma density 
implies the laser intensity amplification due to the relativistic self-focusing that occurs during the laser propagating 
inside the plasma, leading to a higher peak electron energies than predicted by the nonlinear scaling model (W. Lu, 
et al., Phys. Rev. ST Accel. Beams 10, 061301(2007)).  

Fig.1 (a) Image of the quasi-monoenergetic electron beams achieved with pure nitrogen at a plasma density of 
4.3x1018 cm-3, (b) Corresponding electron number density per MeV.

Fig.2 (a) Image of the monoenergetic electron beams achieved with pure helium at a plasma density of 8x1018 cm-3, 
(b) Corresponding electron number density per GeV.

(CIPI - LAS & APP-8-49-5)   Joining Optical Materials with Ultrashort Laser Pulses

David Hélie1, Fabrice Lacroix2 and Réal Vallée1

1- Center for Optics, Photonics and Lasers, Université Laval, Canada.
2- Institut Franco-allemand de recherches de Saint Louis, France.

With growing interest in new processes for direct joining of materials in ambient conditions without recurring to 
adhesives, a method for welding optical materials with femtosecond laser pulses is presented. When ultrashort laser 
pulses are focused at the optically contacted interface between two transparent materials, such as glasses, the non-
linear absorption and propagation effects can be harnessed to inscribe microscopic welded regions with minimal 
collateral thermal effects around the exposed region[1]. We also analysed the glass’ behaviour to focussed femtosecond 
laser pulses near the surfaces in exposure conditions typical to welding[2]. The absence of thermal effects during laser 
exposure also permits joining material combinations with great differences in their thermal expansion properties, 
such as dissimilar glasses, glass-metal, glass-semiconductor and glass-ceramic, as long as one of the materials is 
substantially transparent to the laser’s spectral content. 

Although the material modification results in successful joining, it alters the optical transmission properties of 
the assemblies. In light of these results, we developed a novel process using laser micro-welding technology for 
reinforcing a direct bond[3] (state of optical contact applied over an important part of the area between two polished 
bonding surfaces). Weld seams are written in a rectangular or circular sealing pattern, so as to preserve an optical 
transmission window bound by the sealed region. In these circumstances, we observed a threefold increase in shear 
strength of such reinforced bonds between fused silica glass blocks, yielding a maximum shear strength of 5.25 MPa 
for an applied load of 75 Kg. Furthermore, laser reinforced direct bonds between dissimilar materials have proven 
to be more resistant to thermal shocks than unreinforced direct bonds[4]. This joining process is most promising in 
applications where adhesives must be avoided and the optical properties of assemblies must remain unaltered. 

References: 
[1] T. Tamaki, W. Watanabe, J. Nishii and K. Itoh, Welding of Transparent Materials using Femtosecond Laser Pulses, Jap. Jour. 
Appl. Phys.44, pp. L687-L689(2005).
[2] F. Lacroix, D. Helie and R. Vallée, Optical Bonding Reinforced by Femtosecond Laser Welding, Proc. SPIE 8126, 
812612(2011).
[3] J. Haisma, G.A.C.M. Spierings, Contact Bonding, including Direct-Bonding in a Historical and Recent Context of Materials 
Science and Technology, Physics and Chemistry, Mater. Sci. Eng. Reports. R37, pp. 1–60(2002).
[4] D. Helie, M. Bégin, F. Lacroix and R. Vallée, Reinforced Direct Bonding of Optical Materials by Femtosecond Laser 
Welding, To be published in Applied Optics (2012).
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(CIPI - LAS & APP-8-49-6)    Ultrafast laser-induced spin dynamics of cerium and bismuth 
co-modified iron garnet thin film 

Yavuz Ozturk1,2, Mostafa Shalaby1*, Matteo Clerici1, Jae-Yeol Hwang1, Alain Pignolet1, Roberto Morandotti1 
1INRS - Énergie, Matériaux et Télécommunications, Canada

2Electrical and Electronics Engineering Department, Ege University, Turkey 

We have investigated the laser induced spin dynamics of Ce and Bi co-modified iron garnet thin films by recording 
the time-resolved polarization rotation induced by a pump pulse on a probe pulse via the magneto-optical Faraday 
Effect. The investigated 630 nm thick garnet film, Ce2.43Bi0.57Fe4.53O12 (CeBiIG), was grown by pulsed-laser deposition 
on a (111) oriented Gadolinium Gallium Garnet (GGG) substrate [1]. The experiment layout follows a pump-and-
probe scheme with 200 fs pulse duration, 800 nm carrier wavelength, 3 mJ/cm2, linearly polarized optical pump 
and 800 nm, linearly polarized non-collinear weak probe. The external, magnetic field oriented in plane provides 
the collective orientation of the magnetization, whereas the optical pump induces an effective magnetic field and 
the consequent magnetization precession is recorded trough the polarization rotation induced on the probe pulse 
via the Faraday Effect. Figure 1 shows the polarization rotation as a function of the delay between the pump and 
the probe pulse for different values of the external magnetic field. For an applied external magnetic field of 2255 
Oe, we observed significant precession, whose amplitude corresponds to a polarization rotation as high as 68 mdeg. 
Compared to the data typically reported for garnets [2, 3], CeBiIG exhibits a higher optically induced Faraday 
rotation at infrared wavelengths and is thus a perfect candidate for ultrafast optical switching applications. 

  

Fig. 1. Magnetic field dependence of precession under a 45o polarized pump (a), precession frequency dependence 
on applied DC field (b).

[1] Hwang J-Y, Pignolet A., and Morandotti R., App. Phys. Let. 99, 051916  (2011) 
[2] Hansteen F., Kimel A., Krilyuk A., and Rasing T., Phys. Rev. B. 73, 014421 (2006)
[3] Atoneche F., et al., Phys. Rev. B 81, 214440 (2010). 

(CIPI --6-P-1)   Clinical Validation of PRODIGI™ as a Real-Time Intra-Operative Fluorescence Image-
Guided Margin Assessment Tool 

1JJ. Wang, 2JD. McMullen, 2B. Wilson, 2AM. Easson, 2S. Done, 2WL. Leong & 2R.S. DaCosta
1University of Toronto, Canada , 2University Health Network, Canada

Background Breast conservation surgery (BCS) is commonly performed to treat breast cancer. Currently, the intra-
operative tumour margin is assessed by visual inspection and palpation by the surgeon, or by specimen radiograph 
for non-palpable tumours. A pathologically positive margin requires a second surgery (~20-70%), increasing patient 
discomfort and costs.  Real time imaging technology to assess the margin intra-operatively would be of great clinical 
value, by possibly reducing reoperation rates. We report here findings of a pilot clinical trial evaluating a handheld 
fluorescence imaging system (PRODIGI™) for real-time surgical guidance in BCS patients. Methods In this on-
going pilot study (30 patients), PRODIGI™ was used to study the autofluorescence (AF) characteristics of ex 
vivo lumpectomy and mastectomy specimens. White light (WL) and AF imaging - using blue/violet excitation and 
green/red fluorescence emission wavelengths - is combined with spatially-localized biopsy and histopathology to i) 
determine the sensitivity and specificity for tumour detection, ii) identify the biological sources of tumour/normal 
fluorescence signatures obtained with PRODIGI™ and iii) allow optimization of imaging parameters for better tumour 
discrimination. Fluorescence images were quantified based on image intensity and correlated with histopathology to 
create a tissue fluorescence-pathology ‘look-up-table’ (LUT), which will be used to guide future surgical procedures. 
Results PRODIGI™ could correctly differentiate between normal adipose and connective tissues (dim red and bright 
green AF signatures) and certain tumour tissues based on AF alone. However, different tumour subtypes produced a 
range of AF signatures depending on their composition, thus suggesting need for a tumor-specific contrast agent. For 
this we have pilot data demonstrating that the exogenous fluorescent prodrug (aminolevilinic acid, ALA) is specific 
for MCF7 and SK-BR-3 breast tumor cell lines, compared with controls.  ALA induced production of protoporphyrin 
IX (PpIX) which can be detected by PRODIGI™. Conclusions Interim results (n=28) demonstrate that AF imaging 
alone at these specific wavelengths has sufficient sensitivity to differentiate between connective, adipose and tumor 
tissues in ex vivo tissues. However, AF lacks tumor specificity. Our next step is to test ALA as a means to improve 
the detection sensitivity and specificity in vivo of this approach, first in a murine breast xenograft tumor model and 
then intra-operatively in a pilot clinical trial with patients. 
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(CIPI --6-P-2)   Femtosecond laser-induced refractive index modifications in GeS binary glass.

J.P. Bérubé*, S.H. Messaddeq, M. Bernier, I. Skripachev, Y. Messaddeq and R. Vallée
Centre d’optique, photonique et laser, Université Laval, Canada

The fabrication of optical devices in transparent material using femtosecond (fs) laser pulses has attracted much 
interest since direct waveguide (WG) inscription was first demonstrated by Davis et al.1 Using this technique, 
waveguides operating in the mid-IR were successfully fabricated in chalcogenide glasses2. In this paper, the photo-
induced refractive index modification of binary GeS glass exposed to 800nm femtosecond laser pulses is reported.
Homogeneous GeS2.2 glasses were obtained by conventional melt-quenching technique using high purity Ge and S. 
Planar samples were irradiated with fs pulses using a Ti:saphire laser system operating at a repetition rate of 100kHz. 
The beam was focused in the bulk by a 40X aspheric microscope objective. Samples were translated, across the focal 
point, perpendicular to the laser beam at different translation speed. After the inscription, the sample end faces were 
polished and the photo-induced structures were examined under a phase contrast optical microscope. The radial 
refractive index profiles of the WGs were also measured using the quantitative phase microscopy (qpm) method.
Two distinct behaviors are observed, depending essentially on laser fluence. At low laser fluence, the photo-induced 
refractive index change is mostly negative and localized, whereas a delocalized and mostly positive index change is 
formed at high laser fluence. The phase contrast image and the corresponding radial index change of photo-induced 
structures obtained at high and low laser fluences are presented in fig 1.

Fig. 1.  Microscope pictures and corresponding radial refractive index obtained at pulse energy of 600nJ and 
translation speeds of a) 0.05 mm/s and b) 5mm/s.

Using the fs direct write technique, WGs with circular cross sections, smooth positive index changes of a maximal 
magnitude of ~3x10-3, and diameters ranging from 8 to 50μm were formed in GeS glass3. The present results illustrate 
the potential of this family of glasses for the development of integrated mid-IR photonics circuits.

(CIPI --6-P-3)   Grating couplers for broadside coupling to membrane supported long-range sur-
face plasmons

Norman R. Fong1, Pierre Berini 2, R. Niall Tait3

1Department of Electronics, Carleton University, Canada,2School of Information Technology and Engineering and 
Department of Physics, University of Ottawa, Canada,3Department of Electronics, Carleton University, Canada

The design of gratings for broadside coupling of a Gaussian beam to the long-range mode of a long-range surface 
plasmon polariton (LRSPP) waveguide is explored. The waveguide is a gold slab supported by a large-area thin (~70 
nm) Cytop membrane bounded by air and forms a baseline structure for potential use as a gas sensor. Grating coupler 
designs are proposed and modeled in two dimensions using the finite element method (FEM). A large design space 
of varying grating dimensions and input positions is examined and the resulting simulations predict a best case input 
coupling efficiency of approximately 31%.
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(CIPI --6-P-4)   High-resolution OFDR-based distributed sensing for concrete  
structure crack detection

Wenhai Li, Xiaoyi Bao, Senior Member, IEEE, Fellow
Department of Physics, University of Ottawa, Canada

We present a novel distributed crack sensor based on high-resolution optical frequency domain reflectometry (OFDR). 
With this approach, a single optical fiber is capable to detect and monitor a number of cracks along  concrete beam 
with high spatial resolution up to <3.5mm. A pre-obtained knowledge of crack locations is not required. sensing 
principle is first explained. Then, results from recent experimental investigations will be described to demonstrate 
the practical applicability of the sensing concept. We have found out that the strain of the concrete beam along its 
length show multiple-spike distribution. The number of the spikes in the strain distribution equals to the number of 
the dominated cracks happened along the beam as the test beam failed. The dominated cracks occurred at the areas 
where the strain spikes happened. The quantitative information on crack opening, which is important for durability 
considerations, is obtained. This OFDR based technique is reliable, cost-effective and easy to implement, and it will 
become a specific candidate for civil structural degradations or damages assessment.

(CIPI --6-P-5)  Hydrothermal Synthesis of Epitaxial BiFeO3 for bulk Photovoltaics

I. Velasco-Davalos*1, M. Moretti1, M. Nicklaus1, C. Nauenheim1,2, S. Li1, R. Nechache3,1, D. Drouin2, A. Ruediger1.
1Centre Énergie, Matériaux et Télécommunications, INRS, Varennes, Canada.

23IT,Université de Sherbrooke, Canada.
3Department of Chemical Science and Technology and NAST Center, University of Rome, Italy.

Bismuth ferrite (BiFeO3 or BFO) has a remarkably large piezoelectric coefficient; as a multiferroic perovskite 
material, it has a polar and a magnetic order parameter at the same time. The interesting photovoltaic properties have 
reiterated a strong interest in the bulk photovoltaic effect. Heteroepitaxial BFO films were successfully produced 
on SrTiO3:Nb (100) substrate via hydrothermal synthesis which is an excellent alternative route due to its low cost 
mass production. Bi(NO3)3 and Fe(NO3)3 were used as precursors with low concentration of KOH as mineralizer 
in order to reduce electronic leakage. The crystallization and film growth were carried out in a batch reactor under 
autogenous pressure that corresponds to vapor pressure of water. The obtained films were characterized by X-ray 
diffraction (XRD), atomic force microscopy (AFM), scanning electron microscopy (SEM), piezoresponse force 
microscopy (PFM) and photoelectric atomic force microscopy (PhAFM). In this work, we did a first demonstration 
of polarization reversal in hydrothermally synthesized BFO by reducing significantly the electronic leakage and we 
did a first demonstration of a photovoltaic effect in hydrothermally grown BFO.
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(CIPI --6-P-6) Smart Micromachining and Fast Detection of Buried Layer Inside Semiconductor 
Using Femtosecond Laser Pulses

S. P. Banerjee, Zhijiang Chen, Ilya Utkin, and Robert Fedosejevs
Department of Electrical and Computer Engineering

University of Alberta, Canada 

Femtosecond lasers along with suitable optics and spectrometer provide an efficient capability to detect emission 
of a buried layer with minimal damage to the sample. Depth profile measurements using Laser Induced Breakdown 
Spectroscopy (LIBS) has been demonstrated by several researchers [1, 2] where they could detect materials at 
different depths from a multi layer sample. The objective of this project is to develop an optimized technique for high 
speed drilling of blind connection holes, with detection of the material sample layers while drilling for the fabrication 
of through holes for microfluidic, flip chip and MEMS devices. We have carried out a series of measurements on a 
test sample with a 10-50 µm Silicon over a buried Chromium metallic layer.  The laser is used to generate an access 
hole through the silicon to the buried metallic layer. To carry out the laser drilling we use 400 nm, 120 fs laser pulses, 
focused with a Mitutoyo 10X objective with Numerical Aperture 0.28.  Optical emission from the laser produced 
plasma while drilling is collected, reimaged to the entrance slit of an imaging spectrometer and detected by an 
ICCD camera. Silicon and Chromium have distinct spectral signatures at 288.15 nm and 357.86 nm respectively 
which are used to track the rate and progress of the drilling. Drilling is terminated once the emission from the buried 
chromium layer is detected in order to allow for conducting connection to be made to the buried layer.  This process 
will be investigated for different drill hole sizes and sample materials with buried metal layers at different depths. 
The experimental results will be presented and the characterization of the drilling process will be described and 
discussed.

Acknowledgement: Funding from the ‘Canadian Institute for Photonic Innovations’ is greatly appreciated.

[1] David R Anderson et. al. Appl. Spec. 49, 691-701 (1995)
[2] V Margetic et. al. J Anal. At. Spectrom. 16, 616 – 621 (2001)
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Description :

Optical design and simulation are fascinating activities, ranging as it does from lens design and mod-
eling with the help of the immensely powerful design software currently available, to the semi-in-
tuitive art of creating the conceptual design which underlies any successful optical system. The ex-
pert in lens design and simulation may employ the tools of radiative transfer, electromagnetic theory 
for detailed diffraction or polarization modeling, principles of scattering, beam propagation, and 
other appropriate modeling tools and techniques for deriving suitable performance metrics aris-
ing from many field of optics. And beyond the simulation, the scientist is concerned with the fabrica-
tion of components, assembly and alignment techniques, metrology and calibration, as well as the in-
teraction with other engineering disciplines such as mechanical, thermal, electronic, and software.

Submissions are solicited in these areas:
• Optical design and simulation for biomedical applications
• Optical design and simulation software
• Novel design, simulation and optimization methods
• Optical design and simulation education
• Micro and nano-optics simulation
• Exotic and unconventional optics (simulation)
• Light propagation in optical systems
• Non paraxial light propagation
• Phase retrieval
• Optical instrumentation simulation
• Special optical effects
• Optical design with software post-processing of the images
• Optical technology inspired by biological systems
• Tricks of the trade in optical design and simulation
• Diffractive and holographic optics
• Space optics
• Beam shapping optics
• 3D image optics
• Advanced optical materials
• Multi-aperture optical design
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(DESIGN-7-34-1)   Efficient sensitivity analysis of photonic structures with
transmission line modeling 

Osman S. Ahmed1, Mohamed H. Bakr1, Mohamed A. Swillam2, and Xun Li1
1Department of Electrical and Computer Engineering, McMaster University, Canada.         

 2Deptartment of Physics, The American University in Cairo, Egypt.

Adjoint variable method (AVM) is a versatile approach for the calculation of device sensitivity at a minimal 
computational cost. Utilizing AVM, the sensitivities with respect to all n optimization variables are calculated 
utilizing only one extra simulation. Conventional finite difference approach at the response level requires at least 
n extra simulation. The AVM procedure involves conducting an original and adjoint simulation. The field values at 
the perturbed computational subdomains are stored for both simulations. This possibly introduces a huge memory 
overhead for sensitivity analysis of bulk dielectric materials where a volumetric perturbation is introduced.  

 Transmission line modeling (TLM) has been utilized for modeling of photonic and nanoplasmonic structures 
[1]. It is proposed as a multiphysics platform for both electromagnetic and electronic coupled problems (e.g. solar 
cells). In two dimensional transmission line modeling, 5 voltage ports per node are utilized in order to accurately 
model lossy dielectric materials. This makes the memory overhead for AVM calculation 5 fold the overhead in other 
approaches.

 In this paper we introduce a memory efficient approach for the reduction of the required memory storage 
in TLM-based AVM. The proposed approach is based on manipulating the TLM scattering matrices to remove all 
redundant calculations. The required memory overhead for our approach is drastically reduced to only 10% of the 
reported earlier. This represents the ultimate memory reduction preserving the same accuracy of previously reported 
AVM approaches [2]. Utilizing this approach, we can conduct AVM calculations for dielectric bulk structures 10 
times larger.  Our algorithm has been verified by comparison to the expensive finite difference approaches.

[1] O. S. Ahmed, M. A. Swillam, M. H. Bakr, X. Li, “Modeling and design of nano-plasmonic structures using transmission line 
modeling” opt. express, vol. 18, pp.21784-21797, 2010.
[2] O. S. Ahmed, M. H. Bakr, X. Li, “A memory efficient implementation of TLM-based adjoint sensitivity analysis” to be 
published in IEEE Trans. Antenna. Propagat., vol. 60, no. 4, 2012. DOI 10.1109/TAP.2012.2186237

(DESIGN-7-34-2)   Nano-optical data encoding using plasmonic structures

Siamack V. Grayli, Sasan V. Grayli, Badr Omrane, Clint Landrock and Bozena Kaminska
 Faculty of Engineering Science, Simon Fraser University, Canada

The use of different methods for encoding data has been researched by engineers and computer scientists over 
the past decades. This work focuses on the possible benefits of using alternative methods for encoding in order to 
achieve higher storage density and transmission rates. The pinnacle of the storage/transmission pair lies within the 
structure of the data fields and the media that can directly represent them. The properties of the data field that can 
be effectively influenced by an alternate data structure are: i) the source entropy and the ii) encoding schemes. The 
properties of the media that can be influenced by an alternate physical representation are: i) actual storage density 
and ii) storage dimensions. We chose light and nano-scale optical features as our data field and medium respectively. 
Our research focuses on using nano-optical features in the form of periodic nano-hole arrays for encoding data. The 
need for the development of a data structure that encompasses and employs the unique properties of these features in 
data storage and data transmission is also investigated. The plasmonic signature of the nano-hole arrays is regarded 
as a multidimensional field that allows higher level of data storage. Based on the wavelength dependent diffractive 
nature of the nano-optical features, a model is developed that allows defining a unit of information as an alternative to 
the classical “bit”. Preliminary results are presented that show higher signal-to-noise ratio (SNR) for optical signals. 
Easy to use signal acquisition techniques, and the effects of nano-scale dimensions of the data storage media on the 
compression ratios are as well part of this work. Our preliminary results confirm that although using nano-optics for 
encoding rises the challenges of accuracy for signal acquisition but as a result higher signal to noise ratios can be 
achieved. Our encoding scheme allows direct numerical representation with less required physical space per number. 
The back of the envelope calculation for a natural compression scheme is reducing the 8-bit probability model for 
the data range [0 255] to 4-bit scheme where each nano-optical bit can take on to values represented by different 
wavelengths. 
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(DESIGN-7-34-3) Effect of the Spatial Arrangement of Split-Ring Resonators on
their Response to Terahertz Fields

I. Al-Naib1a, R. Singh2, M. Shalaby1, T. Ozaki1, and R. Morandotti1

1INRS-EMT, Université du Québec, Canada
2Los Alamos NationalLaboratory, USA

We investigate the effect of the spatial arrangement for different two split ring macrocell configurations. Planar 
metamaterials are of high practical interest for a plethora of applications, such as filtering, modulation, sensing, and 
many others [1]. Conventionally, planar metamaterials have been designed as two-dimensional (periodically arranged) 
metallic resonators with given spacing and unit cell dimensions. Split-ring resonators (SRRs) have been used widely 
as unit cells of these structures. While the coupling effects have been broadly studied at the microscopic level using 
the SRRs as a unit cell [2], very limited attention has been given to the related phenomena at the macroscopic level. 
In this conference paper, we present a macro unit cell where each cell consists of two SRRs spatially arranged. We 
investigate the effect of placing the two-SRR vertically, horizontally, and diagonally on the spectral response. The 
layouts of three different macrocells with two SRRs arranged vertically, horizontally, and diagonally are shown as 
insets in Fig. 1. The simulated amplitude transmission spectra for the three structures are presented in Fig. 1(a). 
The Q-factors for the vertically and horizontally arranged SRRs is about 8.5. For the diagonal arrangement, we 
observe narrowing of the resonance line, and thus an enhanced Q-factor of 15.6. Very good agreement has been 
obtained between the measurements in Fig. 1(b) and the simulations in Fig. 1(a). We attribute the improvement in 
the resonance quality factor associated to the diagonal design to the suppression of the vertical and the horizontal 
coupling between the two SRRs. This study may open up new venues toward the realization of high Q-factor 2D 
planar metamaterials.

Fig. 1. Simulated (a) and measured (b) transmission spectra for the three structures proposed here. The dimensions 
are: l= 23 mm, w= 2.6 mm, g= 2.74 mm, b= 85 mm, and a = 170 mm. A thick high resistivity silicon wafer is used 
as a substrate.

References 
[1] N. Engheta and R. W. Ziolkowski, Metamaterials: Physics and Engineering Explorations, (Wiley, 2006).
[2] I. Sersic, et al., “Electric and magnetic coupling in near-infrared split-ring metamaterials array,” Phys. Rev. Lett. 103, 213902 
(2009).

(DESIGN-7-34-4) Highly Efficient Design methodology for Very Large Scale Coupled Microcavities 

Mohamed A. Swillam1, Osman S. Ahmed2, Mohamed H. Bakr2, and Xun Li2

1Department of Physics, The American University in Cairo, Egypt.
2Department of Electrical and Computer Engineering, McMaster University, Canada

We propose a novel approach for efficient design of large number of coupled microcavities. This approach is based 
on formulating the design problem as a convex optimization problem. This formulation allows for fast, efficient 
solution of the design problem. A filter design using 150 coupled microcavities has been achieved in less than 
one second of simulation using personal computer. The proposed technique requires no initial design to start the 
optimization process [1].

[1] M. A. Swillam, O. A. Mohamed, M. H. Bakr, and X. Li, “Filter design using multiple coupled microcavities,” Photonics 
Technology lett., vol. 23, no. 16, Aug.15th , 2011.
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(DESIGN-7-40-1)  Millimeter Signal Generation for Sensor Network Applications Based on Radio over 
Fibre Technique

J.F. Baldenegro(2), M. Lourdiane(1), S. Villarreal-Reyes(2), G.I. Abib(1), M. Muller(1),
F.J. Mendieta(2) and C. Lepers(1)

(1) Télécom SudParis, CNRS SAMOVAR, France
(2) Centro de Investigación Científica y de Educación Superior de Ensenada, México 

Objectives: The aim of this work is to investigate photonic components and build blocks to enable the delivery 
of Ultra Wide Band (UWB) radio signal in 60 GHz range [1], over optical fibre, by using Radio over Fibre (RoF) 
implementations. These UWB - RoF millimeter waves will be used to manage a Wireless Sensor Network (WSN) 
[2].

Method and results: The radio signal used in this work is based on the Impulse Radio (IR) UWB proposed in the IEEE 
802.15.4a standard. A 56 GHz UWB signal with a bandwidth (BW) of 1 GHz is obtained by usin VPI software. First, 
the baseband UWB signal is frequency-up converted by using a mixer and a local oscillator (LO) at 6 GHz. Then, 
the performed optical link is based on a Single Side Band (SSB) modulation. To achieve this modulation, an external 
Mach-Zehnder Modulator (MZM) is used. The MZM is polarized with the Vπ/2 voltage and the modulating signal 
peak to peak level is considered in order to get a linear conversion. The signal is double injected in the MZM with a 
π/2 phase offset using a phase shifter. The optical source is a Continuous Wave (CW) laser with a central frequency 
of 193.1 THz. The obtained optical signal includes the SSB at 6 GHz from the reference point and the second CW 
laser that is in the 62 GHz range. Consequently, the frequency difference is around 56 GHz and both optical carriers 
travel trough a 25 km of optical fibre. At the receiver, a proper selection of bandpass filter can improve the signal 
characteristics. One side of the signal shows non-consecutive pulses that are invading one time slot (484 to 486 ns). 
This should be empty. The other side corresponds to the case where a bandpass filter is used showing enhanced UWB 
signal characteristics. We also show that the impact of the optical link on the signal format is transparent.

Conclusion: It has been demonstrated by simulations the generation of a 56 GHz RF signal with 1 GHz BW. The 
use of an optical link has solved problems encountered in WSN such as power consumption management, data 
centralization …

[1] D. Cassioli, “UWB Moves up to mmWaves: a Channel Modeling Perspective”, IEEE International Conference on UWB 
(IUWB), pp 521-525, 2011
[2] X.Q and al, “Integrated architecture of EPON and multi-band ROF links for broadband and ubiquitous in-building networks”, 
IEEE Information Photonics and Optical Communications (IPOC), 2011

(DESIGN-7-40-2)     A Meshless Method for the Solution of Lossy Modes in Optical Fiber 

D. Burke and T. Smy
Carleton University, Canada

Improvements in fabrication techniques for micro-structured optical waveguides have allowed for the design and 
creation of more complex structures and require the ability to closely model their behavior and characteristics.  The 
loss parameters are highly important to such analysis and tools that can accurately solve for these properties are 
in high demand [1].  A meshless tool, using the Finite Cloud Method (FCM), has been created and presented as a 
potential solution for such a problem [2].  The method uses a collocation scheme and a fixed reproducing kernel to 
accurately approximate the partial differential equations and solve the coupled eigenvalue vector field problem.  Two 
separate absorbing boundary conditions (ABCs) have been implemented to solve for the lossy modes using either 
a perfectly matched layer (PML) or a transparent boundary conditions (TBC) [3]. We present a detailed analysis 
of PML variables including the reflection coefficient, depth of PML and the order of the stretching variable and 
compare these with the TBC solutions.  Problems, such as cladding modes, iteration, convergence and mode fixing,  
along with suggestions for best practices in implementing these boundary conditions are discussed.

Fig. 1 (a) a photonic crystal fiber with 6 circular air holes and meshless point structure (b) The first six modes of the 
circular air hole photonic crystal fibre.

[1] Birks, T.A.; , “Photonic bandgap fibres,” Optical Communication, 2008. ECOC 2008. 34th European Conference on , vol., 
no., pp.1-30, 21-25 Sept. 2008
[2] D.R. Burke, S. Moslemi-Tabrizi, and T.J. Smy, Simulation of inhomogeneous models using the finite cloud method, Mat.-
wiss. u. Werkstofftech. 41 (2010), no. 5, 336–340.
[3] H.P. Uranus and H.J.W.M Hoekstra, Modelling of microstructured waveguides using a finite- element-based vectorial mode 
solver with transparent boundary conditions, Optics Express 12 (2004), no. 12, 2795–2809.
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(DESIGN-7-40-3)  High Precision Analysis of Variations in Self Image Quality and Position with Multimode 
Interference (MMI) Device Width

Talal Azfar, Sundas Amin, Beena Malik
Electrical Engineering, Air University, Islamabad, Pakistan

In modern optical integrated circuits (OIC), optical power couplers and combiners form the basic backbone of optical 
power distribution and switching circuit architecture. For this purpose, Multimode Interference (MMI) devices are 
an excellent solution. MMI are compact, fabrication tolerant, have low optical losses, and easily reproducible in 
1xN or NxN formation. Once properly designed, they can be copied anywhere in OIC without further simulations. 
We present in this paper the results of high accuracy design of these devices, which to our knowledge have not been 
discussed in literature before. 

In complicated OIC’s, where a number of these couplers are connected in series, a small error in these device designs 
will cascade and significantly deteriorate the performance of the whole circuit. We use high accuracy phase and 
optical field combined calculations in Matlab, all along the MMI length, with equal precision at each point as the 
basis of our analysis of the position and quality of the self images. These fast varying calculations are typically not 
handled well in other optical simulation methods such as Beam Propagation, Finite Difference or Finite Element 
methods. We also show that using our method we can eliminate the inherent inaccuracy of results as presented in 
reference [1] due to approximations. 

The number of modes in MMI device is determined by material refractive indices and the width W of the MMI 
section. The propagation constant ‘ of each mode is also a strong function of W. Thus MMI width is a fundamental 
device design parameter and in our calculations we look at the position and the field profile of the self images by 
varying W. The optical field profile in MMI is defined as  f(x)=’_n’’c_n  ‘_n (x) e^(j’_n z) ‘ , where ‘ are the profiles 
of n modes of MMI and z is the propagation direction. The amplitude of each mode, cn , is calculated using overlap 
integrals with input field. We show in our results that if we keep the number of modes constant, we can still improve 
the quality of the self image by varying W. We quantify the quality of image by calculating overlap integral of self 
image optical field with input field and also by phase inter-relations of various modes. We define a new combined 
phase function, ‘(x)=’_1^n’{1-cos’[(‘_n-’_0 )z] } , summed over all n modes of MMI, which should reduce to zero 
for best quality image. ‘o is the propagation constant of fundamental mode. The quality of image is best just before 
the onset of a new mode in MMI, and immediately deteriorates after this point. We also show that position of self 
image is almost a linear function of width W, however a few ‘kinks’ in the graph occur at points when a new mode is 
formed. Later in the paper we extend our analysis to 2 and 3 self image formations as well and show the results. 

[1] L.B. Soldano and E.C.M. Pennings., “Optical multi-mode interference devices based on self-imaging: principles and 
applications”, J. Lightwave Technol., vol. 13, pp. 615-627, 1995.
[2] R. Ulrich, “Image formation by phase coincidences in optical waveguides,” Optics Commun., vol. 13, no. 3, pp. 259-264, 
1975.

(DESIGN-7-40-4)   Optical Latches Using Quantum Dot Semiconductor Optical amplifier

Wenbo Li, Shaozhen Ma, Hongyu Hu and Niloy K. Dutta
Department of Physics, University of Connecticut, USA

Optical latches are important for a wide range of applications including communication systems, optical logic systems, 
optical random access memory (RAM) and encryption. All optical logic operations using quantum dot (QD) based 
semiconductor optical amplifier (SOA) and Mach-Zehnder interferometer (MZI) have been studied. The building 
block of an optical latch such as NAND gate has been fabricated and their operation experimentally demonstrated at 
~ 80 GHz.  This SOA-MZI was fabricated using hybrid integration technology. The waveguides of the MZI (which 
include attenuators, phase shifters, splitters) are fabricated using silica based planar lightguide circuits and the SOA 
is fabricated using InP/InGaAsP based semiconductor materials. 

A rate equation model has been developed for the QD-SOA-MZI and it has been used to analyze the Boolean logic 
operation. The model has been used to analyze the Set-Reset (S-R) latch, the gated S-R latch and the D-Flip-Flop 
(DFF) devices. The DFF has the property that the output Q is the same as D (data) if the gate (G) is high and Q will 
remain latched to whatever state it was in before the high to low transition in gate (G). The DFF is the basic device 
for building larger logic circuits. The Q-factors of the latch outputs have been calculated. The results show good 
operation for the typical parameters of quantum dot amplifiers.



192 193

(DESIGN-7-40-5) The Free Space and Waveguide Talbot Effect:
Phase Relations and Planar Light Circuit Applications

Hamdam Nikkhah, Qi Zheng, Imad Hassan, Sawsan Abdul-Majid, Trevor J Hall
*Centre for Research in Photonics, University of Ottawa,

School of Electronic Engineering & Computer Science, Canada

Optical fields that are periodic in transverse plane self-image periodically as they propagate along the optical axis: 
a phenomenon known as the Talbot effect. A transfer matrix may be defined that relates the amplitude and phase of 
point sources placed on a particular grid at the input to their respective multiple images at an image plane. The Free-
space Talbot effect may be mapped to the waveguide Talbot Effect. Applying this mapping to the transfer matrix 
enables the prediction of the phase and amplitude relations between the ports of a Multimode Interference (MMI) 
coupler– a planar waveguide device. The transfer matrix approach has not previously been applied to the free-space 
case and its mapping to the waveguide case provides greater clarity and physical insight into the phase relationships 
than previous treatments.

The presentation first introduces the underlying physics of the Talbot effect in free space with emphasis on the positions 
along the optical axes at which images occur; their multiplicity; and their relative phase relations determined by the 
Gauss Quadratic Sum of number theory. The analysis is then adapted to predict the phase relationships between the 
ports of an MMI. These phase relationships are critical to planar light circuit applications such as 90  optical hybrids 
for coherent optical receiver front-ends, external optical I-Q modulators for coherent optical transmitters; and optical 
phased array switches. These applications are illustrated by results obtained from devices that have been fabricated 
and tested by the PTLab in Si micro- and nano-photonic integration platforms.

(DESIGN-8-48-1)   Risk Reduction on Optical Requirements in Imaging System

Jonny Gauvin, Benoit Debaque, Michel Doucet, Loic LeNoc, Nathalie Renaud
Institut national d’optique, Québec , Canada

One of the critical tasks before designing an imaging system is to clearly define and validate with the user the critical 
requirements for a specific application. This is particularly true for the optical requirements where a miss-specified 
requirement can lead to overdesign, cost overrun, or poor performances. To overcome this problem, we developed a 
Matlab simulation tool to set and validate the critical requirements prior to the beginning of the design process. The 
method includes a complete image simulation loop based on parametric models and a validation panel.  

The simulation tool we developed (SimSysIm) considers contributors to system performance including atmospheric 
conditions, optics, detector, proximity electronics, post-processing, and display.  Each module can be configured via 
a set of parameters defined according to sub-system characteristics.  In this paper, the emphasis is put on wavefront 
errors produced by the optics and their effect on image quality.  At the early stage of the design process, the wavefront 
error is defined as a function of Seidel coefficients but it is also possible to use wavefront map extracted from ray trace 
software.  SimSysIm allows producing a set of representative images with various aberration levels corresponding to 
diffraction limited optics up to highly aberrated systems.

In conjunction to SimSysIm development, we have integrated and tested an Image Quality Metrics (IQM) protocol 
to support the evaluation of all images produced by SimSysIm.  The method is inspired from video and image 
compression IQM standards and has been adapted to our application. The method correlates a subjective Mean 
Opinion Score (MOS) coming from a panel of human experts with a quantitative metrics.  As expected, statistics 
show strong correlations between the IQM, MOS, and the aberration levels.  This method allows determining the 
maximum aberration level the application can tolerate when considering all other sub-systems. In many applications, 
this new IQM based aberration criterion is generally less restrictive than the traditional methods. For now the 
technique has been tested on infrared imaging applications.
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(DESIGN-8-48-2)  Simulation of the interaction of light and tissue in a large volume using a Mar-
kov chain Monte Carlo method 

Pedro F. Pereira and Sherif S. Sherif 
Department of Electrical and Computer Engineering,

University of Manitoba, Canada

Numerical simulation of the interaction between light and tissue is important for the design and analysis of many 
optical imaging modalities. Most current simulations are based on the Transport Theory of light in a dielectric, 
and only calculate the intensity of light in a volume. These simulations do not provide phase information, which 
is important for many biomedical imaging systems. We are interested in obtaining the optical field, magnitude and 
phase, due to the interaction of light with tissue. Therefore, we need to solve the integral equation for scalar scattering 
in a volume of interest. Since the wavelength of light is in the order of nanometers, simulation of volumes of more 
than a few millimeters requires intensive computational resources.  

A numerical solution of the scalar scattering equation is typically obtained by e.g., the Method of Moments. However 
for large volumes, Monte Carlo methods are a better choice because their computational complexity is independent 
of the dimension of the problem. Also by a careful selection of the random sampling scheme the number of samples 
can be further reduced. In this work we chose a Reversible Jump Markov chain Monte Carlo (RJMCMC) based 
method to solve the scalar scattering integral equation. This method allows us to obtain a solution of any order. 

We will present simulation results of light propagation in tissues with different distributions of the refractive index. 
In addition we will discuss the performance of our solver, e.g., computational time and memory requirements.

(DESIGN-8-48-3)   Optically controlled multi-tap RF phase shifter

Dritan Celo, Stéphane Paquet, Joe Seregelyi, John Oldham, Patrick Dumais, Claire Callender
Communications Research Centre Canada, Ottawa, Canada

An increasing number of applications in RF photonics require a very wideband phase shifter. Analog pre-distorters 
to linearize Ka-band amplifiers and phased-array antenna feed networks are examples of such applications. Most 
electrical phase shifters have a limited operating range, discrete phase shift steps (e.g., 5-bit control) and some 
frequency and temperature dependent responses, resulting in sub-optimum system performance. As an alternative, 
an integrated photonic wideband phase shifter based on a nested Mach-Zehnder interferometer architecture operating 
at 8 to 20 GHz frequency range has been demonstrated.[1] 

The phase shifter architecture with single-input/single-output can be upgraded to a multiple output device. The 
possibility of generating several channels of phase shifted signals with one component is very attractive, especially 
in feed networks. Based on this, a hybrid integrated multi-tap RF phase shifter will be presented. The proposed 
device has four outputs with independent phase adjustment ability and consists of a silica planar lightwave circuit 
(PLC) integrated with a lithium niobate electro-optic modulator.[1] This paper will focus on the design, fabrication 
and optical characterization of the silica PLC thermo-optic phase shifter. Variations in the design are investigated, 
including implementations with Y-junction or MMI couplers and different spacing between MZI arms. A reduction of 
DC power consumption for a full modulation depth is achieved by optimizing thermo-optics effects and introducing 
deep etched channels on both sides of a heating element.[2] Optimized waveguide crossings[3] are also implemented 
allowing balanced output intensities to vary within 1dB range.

References   
[1] Paquet S, et. al. Proc. SPIE 7750, 77500L (2010).
[2] Blanchetiere C, et. al. Proc. SPIE 8007, 80070Q (2011).
[3] Celo D, et. al. Proc. SPIE 8007, 80070P (2011).
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(DESIGN-8-48-4)   Effects of Temporal Pulse Shape on Terahertz-induced Nonlinearity in n-doped 
InGaAs

H. Hafez, I. Al-Naib, G. Sharma, X. Ropagnol,  R. Morandotti, and T. Ozaki
INRS-EMT, Advanced Laser Light Source, Université du Québec, Canada

We present results of simulations using an intervalley-scattering-based Drude model to study the effect of terahertz 
(THz) pulse shape on THz-induced nonlinearity in n-type InGaAs. 

1. Introduction: Using the intense few-cycle THz sources of the INRS, we have observed THz absorption bleaching in 
photoexcited GaAs and in n-type InGaAs semiconductors [1, 2]. Theoretical treatment based on the classical Drude 
model has been introduced to study nonlinear THz effects in such semiconductors, assuming intervalley scattering of 
electrons in the conduction band. Here, we simulate the effect of the THz temporal pulse shape on the induced THz 
nonlinearity in a thin film of n-type InGaAs. An intervalley scattering-based Drude model [1, 2] is used for this study. 
Moreover, open aperture Z-scan technique is considered for exploring the nonlinear dynamics in the sample. 
 
2. Results:  Figure 1 shows the nonlinear behavior of the THz transmission of the sample that is strongly affected by 
the shape of the exciting THz pulse.  Such THz pulse shaping could be achieved using a binary phase mask applied 
on an interdigitated photoconductive antenna [3]. The traces show distinct change in transmission with the peak 
electric field (Fig. 1a) and with the location along the Z-scan (Fig. 1b) for two different THz pulses shown in the inset 
of Fig. 1a. In fact, at least three factors are controlling this behavior, namely, the peak electric field, the pulse energy 
and the temporal distribution of the pulse field. The calculations in Fig. 1b are carried out for the same peak electric 
field but different pulse shapes. Even if one keeps both the peak field and the pulse energy fixed for the two THz 
pulses, their temporal distribution cannot be the same. Therefore, the behavior noticed here will always be achieved. 
A more detailed analysis and some measurements will be given in the conference.

Fig. 1. Normalized transmission of the total THz pulse energy for two different pulse shapes (the inset) as function 
of (a) the peak field at the focus (z=0 mm) and (b) the position of the sample from the focus of the THz beam in the 
Z-scan for a 180 kV/cm peak electric field. 
3. Conclusions: We have demonstrated that the THz-induced nonlinearity in n-type InGaAs is strongly affected by 
the shape of the exciting THz pulse.

4. References
[1] F. H. Su, F. Blanchard, G. Sharma, L. Razzari, A. Ayesheshim, T. L. Cocker, L. V. Titova, T. Ozaki, J. C. Kieffer, R. 
Morandotti, M. Reid, and F. A. Hegmann, Opt. Express, 17, 9620, 2009.
[2] L. Razzari, F. H. Su, G. Sharma, F. Blanchard, A. Ayesheshim, H. C. Bandulet, R. Morandotti, J. C. Kieffer, T. Ozaki, M. 
Reid, and F. A. Hegmann, Phys. Rev. B, 79, 193204, 2009.
[3] X. Ropagnol, R. Morandotti, T. Ozaki, and M. Reid, Opt. Lett. 36, 2662, 2011.

(DESIGN-8-48-5)   Investigation of longitudinal spatial-hole burning in high-order laterally-cou-
pled distributed feedback lasers

Akram Akrout*, Kais Dridi and Trevor James Hall
Centre for Research in Photonics, University of Ottawa, Canada

By lithographically patterning the grating directly out of the ridge waveguide, laterally-coupled distributed feedback 
(LC-DFB) lasers eliminate the regrowth steps required in the fabrication of conventional distributed feedback (DFB) 
laser. Additionally, using high-order grating offers more relaxed lithographic tolerances. This results in the reduction 
of the fabrication time and enhances the manufacturing throughput. In this work, we numerically study the effect 
of high-order λ/4 phase-shift grating in LC-DFB lasers performance. It is well known that single-mode operation 
is achieved by introducing λ/4 phase-shift grating in conventional DFB lasers.  However, introducing λ/4 phase-
shift region increases the optical intensity around this region and results in strong longitudinal spatial-hole burning 
(LSHB). To flatten the longitudinal carrier density distribution, we have numerically studied the effect of the radiation 
modes on high-order LC-DFB using a modified time-domain travelling-wave algorithm1. It is shown that, the degree 
of LSHB can be effectively reduced when considering high-order LC-DFB lasers with grating duty-cycle tailored 
to optimal value. As it can be seen in Figure 1, LC-DFB laser cavity with high-order gratings shows a strong non-
uniformity of the carrier density distribution for duty cycles ≥ 0.75. However, as we finely engineer gratings features, 
LSHB is highly reduced.  

Fig 1. The longitudinal carrier density distribution for 1st to 4th order gratings for duty cycles of (a) 0.78, 0.8, 0.85, 
and 0.9 respectively, and (b) 0.78, 0.3, 0.5, and 0.6 respectively.

1 W. Li, W.P. Huang, X. Li, and J. Hong, IEEE JQE, 36, 1110-1116 (2000).
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(DESIGN-8-48-6)    Development of an Optomechanical Statistical Tolerancing Method for Cost Reduction

Frédéric Lamontagne, Michel Doucet
INO, Canada

Optical systems generally require a high level of optical components positioning precision resulting in higher 
manufacturing cost. The optomechanical tolerance analysis is usually performed by the optomechanical engineer 
using his personal knowledge of the manufacturing precision capability. Worst case or root sum square (RSS) 
tolerance calculation methods are frequently used. In most situations, the chance to encounter the worst case error 
is statistically almost impossible. On the other hand, RSS method is generally not an accurate representation of the 
reality since it assumes a normal distribution with the same standard deviation for all errors and is not suitable for 3D 
tolerance analyses that combine translational and rotational variations.

 An optomechanical tolerance analysis method using statistics has been developed at INO to reduce overdesign 
caused by pessimist manufacturing and assembly error predictions. Manufacturing data errors have been compiled 
and computed to be used as input for the optomechanical Monte Carlo tolerance model. This is resulting in a 
more realistic prediction of the optical components positioning errors (decenter, tilt & air gap). Calculated errors 
probabilities were validated on a real lens barrels assembly using a high precision centering machine. 

Results show that the statistical error prediction is more accurate and can relax significantly the precision required 
in comparison to the worst case method. Manufacturing, inspection, adjustment mechanism and alignment cost can 
then be reduced considerably.

(DESIGN-6-P-1)   A Ring Resonator Optical Amplitude Modulator using Coupling Control via 
Carrier Injection in the Coupler

Michael Gad1, Wei Shi, Lukas Chrostowski, and Nicolas A. F. Jaeger
Department of Electrical and Computer Engineering, University of British Columbia,  Canada

Ring resonator based amplitude modulators have been studied theoretically [1] and implemented practically [2] 
where the input bus to resonator coupling coefficient is controlled using a Mach-Zenhder Interferometer (MZI) and 
two 3dB couplers [3].  Here, an amplitude modulator with a different coupling control mechanism is proposed. The 
device is comprised of a straight bus waveguide evanescently coupled to a ring resonator in the shape of a racetrack.  A 
PN junction, formed in the bus waveguide, is used to control the degree of phase-match in the coupler.  Consequently, 
the coupling, and hence the power transmission, is controlled by the voltage across the PN junction. Since the 
proposed device controls the coupling, it is also different from frequency modulators in which the PN junction shifts 
the resonance wavelength [4]. Hence, our modulator should not be limited by the resonator’s photon lifetime, and the 
chirp should be significantly reduced. Our design is based on the same waveguide parameters as the MZI modulator 
in [5], and, hence, is expected to operate with a similar switching speed, i.e., ~12 GHz. The power transmission is 
shown in the figure above for the ON (dashed blue) and OFF (red) states.  The insertion loss, the free spectral range, 
and the cross-talk are, respectively, 1dB, 0.4 nm, and -50 dB, while the device dimensions are approximately 0.7 mm 
by 0.15 mm and the switching voltage is 7.5 Volt.  We conclude that this device’s compact size, high switching speed, 
and low insertion loss will make it a competitive candidate for integrated optics applications. 
                     
[1] W.D. Sacher et al, Journal of Lightwave Technology, vol. 17, no. 17, 2009
[2] W.D. Sacher et al, CLEO Paper PDPA8, 2011
[3] A. Yariv, IEEE Photonics Technology Letters, vol. 14, no.4, 2002
[4] G. T. Reed et al, Nature Photonics, vol. 4, pp.518-526, 2010
[5] N. Feng et al, Optics Express, vol. 18, no. 8, pp. 7994-7999, 2010
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(DESIGN-6-P-2)  A WDM optical recirculating loop for studying polarization effects in amplified 
long reach optical links and novel link engineering models

Egmont NICOLAS, Christine TREMBLAY 
École de technologie supérieure, Département de génie électrique ,Canada

Recirculating loops have been crucial to the development of long distance optical links, be they terrestrial or 
submarine, and historically enabled the current global telecommunication network. They still represent a key step 
between computer simulation and full network deployment.

In this presentation we first describe the experimental setup and optimization process of a WDM optical recirculating 
loop intended to emulate a conventional 10 Gb/s terrestrial communication link. The loop includes amplified spans 
of G.652 fiber with per-span dispersion compensation and spectrum equalization. The signals cover the red half C 
band on a 50 GHz ITU grid in accordance with the amplifier bandpass.

We then present possible applications of our loop, such as the study of novel optical components like a custom 
designed reconfigurable optical add-drop multiplexer (ROADM), the validation of novel optical layer link engineering 
models and the exploration of polarization effects in conjunction with the latest line rates and modulation formats. 
Finally we present our latest link engineering model developed with VPItransmissionMakerTM through comparison 
of simulation results with experimental BER and OSNR measurements.

(DESIGN-6-P-3)  Apodization of the incident light beam by an optimized quasi-Gaussian profile shifted 
along an aperture of the acousto-optical cell with appreciable acoustic losses

Alexandre S. Shcherbakov (1), Alexander Laskin (2), Ana Virginia Hanessian de la Garza(1)

1) National Institute for Astrophysics, Mexico.
2) AdlOptica GmbH, Germany

It is well known that an appropriate apodization of the light beam within acousto-optical data processing makes 
it possible to increase the potential dynamic range of a system up to 40 dB and more. Customary, the Gaussian 
apodization is used when a light beam incidents on a rectangular uniform operative aperture of acousto-optical cell. 
However, modern acousto-optics exploits often rather high-frequency radio-wave signals in a view of increasing 
the frequency bandwidth by itself or/and growing the time-bandwidth product inherent in a cell. Anyway, similar 
acousto-optical cells operate with such frequencies that acoustic losses become so pronounced that the effect of 
these losses along an aperture of a cell has to be taken into account. Typically, acceptable level of the acoustic losses 
account about 3’6 dB per cell’s aperture. Together with this, the effect of acoustic losses is significant due to obvious 
asymmetry and no-uniformity in distribution of the acoustic energy along optical aperture of a cell. Moreover, 
the appearing no-uniformity in this distribution is not the same within the frequency bandwidth ‘f of a cell. The 
central frequency f0 is determined as f0=p’’f. The ratio ‘ of the highest frequency to the lowest one in each given 
frequency band is ‘=(2p+1)/(2p’1);usually p=2,and one yields ‘=5/3.Initsturn,the peak-ratio between two coefficients 
of the acoustic losses, corresponding to these pair of boundary frequencies, is ‘^2’2.78 , i.e. 4.44dB, due to square 
dependence of the acoustic losses on the frequency. By this it means that the expected no-uniformity of distributing 
the acoustic energy, compounded by its divergence along the cell’s aperture, is already not negligible. Thus to obtain 
really optimized profile of the incident light beam apodization the expected influence of acoustic losses ought to be 
analyzed theoretically and estimated experimentally. In connection with the afore mentioned asymmetry, one can 
propose exploiting a quasi-Gaussian profile of the incident light beam reasonably shifted relative to the center of an 
aperture of the acousto-optical cell with appreciable acoustic losses.
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(DESIGN-6-P-4)  Design and Simulation of InN Nanowire Ring Resonators on a Si Platform

M. Djavid and Z. Mi
Department of Electrical and Computer Engineering, McGill University, Canada

Significant progress has been made in the development of nanowire lasers. However, for applications in Si-photonics, 
it is highly desired the devices can exhibit controllable emission characteristics in the spectral range of ~ 1.55 µm 
and can be fabricated on a Si-platform. With an energy bandgap of ~ 0.7 eV, InN nanowires grown directly on a 
Si-platform hold tremendous promise for such applications. In this context, we have investigated the design and 
performance characteristics of InN nanowire optical ring resonators on Si. The resulting optical cavity can support 
multiple resonance modes with reasonably high Q factors (>104). 

The proposed InN nanowire optical ring resonator is schematically shown in the right inset of Figure 1, which 
consists of InN nanowires selectively grown on a SiO2 layer on Si substrate. In this study, the ring resonator is ~ 
5 µm, and the InN nanowires have a diameter of 200 nm and an air gap of 190 nm between adjacent wires. Such 
a design can be readily achieved using the technique of selective area growth. Optical field distribution in such an 
optical cavity is simulated using the 2-dimensional finite-difference time domain method with perfectly matched 
layers (PML) absorbing boundary condition. Results achieved for this device shows strong resonant modes in the 
1500-1700 nm wavelength range. In this study, side-coupling to trap and emit photons at the resonance frequency 
through evanescent coupling is applied to each of the nanowires. Figure 1 shows the transmission characteristics 
of the designed ring resonator. The resulting optical cavity also exhibits reasonably high (>104) Q factors, which is 
suitable for ultralow threshold laser operation. Snapshot of the time-domain simulation is depicted in the left inset, 
which shows the optical field pattern for one of the resonance modes. 

Work is currently in progress to study the effect of the nanowire size, spacing, and ring diameter on the device 
performance. These results, in conjunction the experimental demonstration of such novel nanoscale optical cavities 
on a Si-platform will be reported.

(DESIGN-6-P-5)   Enlightening darkness to diffraction limit and beyond

Svetlana N. Khonina1,* and Ilya Golub2,** 

1Image Processing Systems Institute of the Russian Academy of Sciences,  Russia
2School of Advanced Technology, Algonquin College, Canada

We compare generation of a dark spot using focusing of beams with azimuthally polarizion, radially polarization 
with a vortex, and a circular polarization with a second order vortex. By optimization of amplitude-phase pupil it is 
shown that azimuthal polarization is the most suitable one to obtain the diffraction bounded dark spot whose scalar 
approximation limit has FWHM = 0.29l. Consequently, for dark spot generation this polarization plays the role of 
the radial polarization in creation of the diffraction limited bright spot. Using this polarization, it is shown that an 
amplitude-phase filter allows generation of a sub-diffractive dark spot in a prescribed finite area.
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(DESIGN-6-P-6)  Laser induced plasma filaments waveguides for microwave guiding:
a theoretical study of microwave interaction with plasma filaments

Anca Marian1, François Vidal1, Stéphane Payeur1, Jean-Claude Kieffer1, 
Francis Théberge2, Marc Châteauneuf2

1Institut  National  de  la  Recherche  Scientifique, Centre Énergie,  Matériaux  et  Télécommunication  (INRS-
ÉMT), Varennes, Canada

2Defence R&D Canada (DRDC) Valcartier, Canada

Introduction. Hollow cylindrical laser-induced plasma waveguides offer an attractive solution to guide microwave 
radiation through air. This kind of waveguide may consist in multiple plasma filaments induced by intense ultrashort 
pulses propagating in air. [1]

Objective. Our objective was to gain insight into the interaction of a microwave radiation with walls made of regularly 
spaced plasma filaments, in order to further predict the propagation of microwaves in waveguides made by such 
filaments. 

Method. We considered the interaction of a microwave with a periodic structure of infinitely long cylindrical 
plasma filaments. FDTD (finite difference time domain) simulations were used to solve the Maxwell equations. 
The microwave was launched both parallel and perpendicular to the filaments and both P and S polarization of the 
incident wave were considered. The reflection and transmission coefficients were calculated at incidence angles 
varying from 0 to 90 degrees and their time evolution was also investigated, as well as the influence of parameters 
such microwave frequency, plasma electron density and temperature, filament radius and spacing. 

Results. Our results show that the filaments wall becomes transparent (maximum transmission and zero reflection) 
when the polarization of the microwave radiation is perpendicular to the filaments, regardless the orientation or the 
incidence angle of the incident wave with respect to the filaments. This phenomenon does not happen when the 
polarization is parallel to the filaments and could be explained by similarity with the optical wire-grid polarisers. 
These results are in agreement with experiments performed in the Advanced Laser Light Source (ALLS) laboratory 
of INRS-ÉMT.

Conclusion. We are now able to predict the behaviour of reflection and transmission coefficients at the interaction 
of a microwave radiation with layered walls made of plasma filaments. This opens the way to investigate more 
complicated models of filaments structures to be used to create optimal waveguides for microwave propagation.

[1] M. Châteauneuf et al., Appl. Phys. Lett. 92, 091104 (2008).

(DESIGN-6-P-8) Structured illumination microscopy using
subwavelength surface plasmon polaritons

Xifeng Xiao, Sang-Yeon Cho, and David Voelz
Klipsch School of Electrical and Computer Engineering

New Mexico State University,  USA

The lateral resolution of optical microscopy is fundamentally limited by the diffraction of light. To overcome this 
physical limitation, a number of different approaches have been demonstrated, such as 3D super-resolution optical 
fluctuation imaging, structured illumination microscopy (SIM), and stimulated emission depletion microscopy. 
Among these existing high-resolution microscopy techniques, the SIM approach proposed by Gustafsson is of 
special interest because of its compatibility with non-fluorescent objects and fast image acquisition. By illuminating 
a specimen with a spatially modulated beam, shifting information in high-spatial frequency into the observable 
region of reciprocal space, the conventional SIM can improve the diffraction limit NA2l where l is the free space 
wavelength of an illumination source and NA is the numerical aperture of the microscope. The spatial resolution of 
the SIM is doubled with nine measurements. 

In this work, we propose a plasmonic-assisted structured microscope that is based on focused subwavelength surface 
plasmon polariton (SPP) waves. Compared to the conventional SIM approach, the spatial resolution of this approach 
is significantly enhanced with the same number of measurements. In this design, we first obtain the image of a 
target object using a uniform SPP wave. Then the object is illuminated by a spatially modulated SPP wave in two 
different directions that are perpendicular to each other. The periodicity of these SPP fringe patterns is designed to be 

2sppl  where lspp is the wavelength of the excited SPP waves. After changing the periodicity of the fringe patterns 
to 2sppl , the object is illuminated again. These second fringe patterns are generated at an angle of 45 degree from 
the first two fringes. The spatial resolution of this new approach is enhanced by a factor of 3 compared to that of a 
conventional optical microscope.  

Key words: optical microscopy, structured illumination microscopy, surface plasmons.
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(DESIGN-6-P-9) Study of Plasmonic Properties of Gold Nanoparticles of Different Shapes with 
emphasis on Gold Nanopyramids

Ahmed Abumazwed, and Andrew Kirk
Electrical and Computer Engineering, McGill University, Canada

We present a study of gold nanopyramids and their optical properties. A comparison with gold nanorods is also 
given to investigate the improvement that these nanopyramids could introduce to the extinction properties of gold 
nanorods. This can be useful in many applications such as biosensors. The Finite Difference Time Domain (FDTD) 
method is used for the study of optical properties as the nanoparticles are excited by a Gaussian modulated CW 
signal to cover the band of interest (400-900nm). Two parameters are to be taken into account; the volume of the 
nanoparticles specified by a factor called the equivalent volume spherical radius (re), and the Aspect Ratio (AR). 
Figures (1) and (2) show the effect of altering these parameters on the plasmonic response of gold nanoparticles. 
As can be seen in Figures (1), the magnitude of the Localized surface Plasmonic Resoance (LSPR) increases as the 
volume of the nanoparticle increases assuming a fixed Aspect ratio (AR=1.5). As for the effect of changing the aspect 
ratio, it can be noticed that for nanoparticles having the same volume (re=39.31nm equivalent sphere radius having 
the same volume), increasing the aspect ratio red shifts the longitudinal mode of the SPR.  It is also important to 
have (re )  and AR fixed when comparing nanoparticles with different shapes. Figure (3) shows the SPR spectrum for 
nanoparticles with different shapes. The nanorod and the nanocube have a similar SPR spectrum with a slight shift 
with respect to the SPR wavelength position. However, they have the same magnitude.  For a nanopyramid with 
the same AR and volume, the SPR resonance is shifted to a longer wavelength by almost 100nm which is desired in 
sensing applications as the response is sharper than that of the nanorod. The Longitudinal SPR can be improved by 
having higher values of the AR on the account of the transverse mode. Figures (4) and (5) show this effect. Figure 
(4) shows the longitudinal SPR for nanopyramids with the same volume and different values of the AR, the SPR 
wavelength is red shifted and the magnitude is also increased as the AR increases. However, the transverse mode 
resonance is decreased in magnitude according to this increase of the AR as shown in Figure (5). Conclusions will 
be drawn as to the optimum aspect ratio required for biosensing.

(DESIGN-6-P-10) Time-bandwidth product of the acousto-optical cell based on a TeO2-crystal

Alexandre S. Shcherbakov (1), Ana Virginia Hanessian de la Garza (1),
Vahram Chavushyan (1), and Sergey A. Nemov (2).

1) National Institute for Astrophysics, Optics and Electronics, Mexico.
2) Saint – Petersburg State Polytechnic University, Polytechnicheskaya, Russia

Performances of any system for a high-bit-rate data processing based on acousto-optical technique are mainly 
determined by parameters of each particular acousto-optical cell (AOC) exploited within the chosen schematic 
arrangement. Here, basic properties of the AOCs involved into creating a novel triple-product processor for modern 
astrophysical applications are under consideration. Because practical application of this processor is oriented on 
investigations in extra-galactic astronomy as well as of extra-solar planets, the algorithm of space-and-time integrating 
will be realized to provide spectrum analysis of low-level signals in a wide frequency bandwidth with an improved 
spectral resolution. These circumstances dictate us uprated requirements to the AOCs due to be applied as one-
dimensional input devices for a two-dimensional optical processing.

From the above line of reasoning the AOC based on the specifically shifted cut of a tellurium dioxide single crystal has 
been considered as an optimal choice, and its time-bandwidth product has been analyzed theoretically and measured 
experimentally. In so doing, the model of estimating both the frequency bandwidth and the spectral resolution had 
been developed. The frequency bandwidth was precisely calculated including the contributions from cubic terms 
in expansions related to optical anisotropy of this material as well as from really high acoustic anisotropy in the 
tellurium dioxide crystal leading to remarkable divergence for acoustic beams. The resolution was described using, 
in particular, corpuscular approach to this problem, which includes a look at the uncertainty principle. During the 
performed experiments, the tellurium dioxide AOC, produced with the specifically shifted crystalline cut providing 
the almost-shear acoustic wave velocity of s/cm1065.0 5× , with the clear optical aperture of mm40  operating 
within the radio-signal frequency range up to MHz100  had been used. As a result of the realized optimization, 
the frequency bandwidth of MHz65  had been achieved, so that experimental estimation for the obtained time-
bandwidth product was about 4000 .
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(DESIGN-6-P-11) Triple product acousto-optical processor for the astrophysical applications

Alexandre S. Shcherbakov (1), Ana Virginia Hanessian de la Garza (1),
Vahram Chavushyan (1), and Joaquin Campos Acosta (2).

1) National Institute for Astrophysics, Optics and Electronics, Mexico.
2) CSIC – Institute for Applied Physics, Madrid, Spain.

The designed processor is oriented to studies in the extra-galactic astronomy as well as to searching 

the extra-solar planets, so that the algorithm of space-and-time integrating is desirable for a 

wideband spectrum analysis with an improved resolution. It includes -acousto-optic cells as the 

input devices for a -optical data processing. Advantages of this algorithm are based on exploiting 

the chirp transform technique providing a -Fourier transform of the input signal . That 

technique involves two frequency-chirp signals whose parameters  and  

represent the frequency variables along the output axes  and  (  is the acoustic velocity). If the 

factor  is chosen so that  is the bandwidth of the signal , the spectrum of 

 will be registered and shown along the axis  with relatively low resolution similar to the 

conventional space-integrating spectrum analysis. Its resolution is characterized by the value  

inherent in a -pixel CCD-matrix. If one takes , only a -part from the 

spectrum of  will be depicted along the axis  for each position along the axis . Thus the 

resolution along the axis  becomes to be equal to . These estimations are true when the 

time of integration  exceeds . This processor produces the folded spectrum, 

accumulating advantages of both space and time integrating. Within our design,  is taken, 

and  is practically equal to the bandwidth of transducers on acousto-optical cells. With the 

available cells, we can vary  from  up to . Then, this processor is able to provide a 

high frequency resolution , which is practically equal to the reciprocal of the CCD-matrix photo-

detector integration time . Within optimal choosing of system parameters in the designed 

processor, one can expect the frequency resolution  lying from  down to  under 

ability to increase significantly the integration time . 

(DESIGN-6-P-12)    Optical Transmission of Fundamental-Mode in Tapered Fibers with PDMS 
Layer

                               
X. Dai, H. Ding, C. Blanchetiere, and S. J. Mihailov

Communications Research Centre, Canada

The organic compound/ pressure sensor has been developed by tapering a SMF-28 fiber to a few micrometers and 
coating polydimethylsiloxane (PDMS) in the waist.  The light propagation in the tapered region is influenced by the 
refractive index and shape changes of the PDMS layer due to the optical evanescent field.  In the paper, to investigate 
how the geometric structures of the fiber taper waist and the thickness of PDMS layer affect the light propagates in 
the tapered fiber, the optical transmission changes and cutoff wavelength of the fundamental-mode in the tapered 
fibers with different sizes of core and PDMS cladding are theoretically investigated by using a fiber simulation 
software. By the result of theoretical analysis, the sensitivity of the sensor is improved by optimizing the structures 
of the tapered fiber and PDMS cladding layer.

Keyword: tapered optical fiber, sensor, transmission, simulation, size, optimization
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(GEN O/P-6-05-1) TRUE 3D VISION WITH SINGLE EYE OR CAMERA
 

Philipp Kornreich and Bart Farell
Syracuse University, USA

An imager that can measure the distance from each pixel to the point on the object that is in focus at the pixel is 
described here. This is accomplished by the use of a short lightguide sections combined with each pixel light sensor1. 
The lens selects the object point who’s range is to be determined at the particular pixel. The lens reproduces the light 
pattern of the object point at the image point with the addition of a phase shift proportional to the distance from object 
point to image point. The light from the object point sums to zero at all other points on the image surface. This is the 
input to the pixel lightguide. First the signal is integrated over the length of the contacts along the photoconducting 
lightguide. This outcome multiplied by the input phase signal results in a frequency domain sink function. This 
range sensitive sink faction is, next, integrated over the broad bandwidth of the white light signal. This integral is 
proportional to the inverse Fourier transform of the broad bandwidth of the light signal. It is a function of the distance 
from object pint to the image point divided by the speed of light.  Thus, this imaging device is capable of depth 
perception. We believe that the rod and cone lightguides in animal eyes can, and probably perform this task. This 
range information is independent of binocular vision. One can construct an electronic camera that has this capability. 
Each pixel in such a camera would provide, Light Intensity, Color, and Range information. This process provides 
three dimensional vision with a single eye or camera. It is different from systems that passively measure LIDAR like 
range information only2,3. 

REFERENCES:

1. “Photoreceptor Waveguides and Effective Retinal Image Quality”  by Brian Vohnsen Journal Optical Society of America, A 
59, Vol. 24, No. 3 March 2007

2. “Single-lens Single-Image Incoherent Passive-Ranging Systems” by Edward R. Dowski, Jr., and W. Thomas Cathey, Applied 
Optics, Vol. 33, pp. 6762 – 6773,  October 1994 
 
3. “Passive Ranging Through Wave-Front Coding: Information and Application” by Gregory E. Johnson, Edward R. Dowski, 
Jr., and W. Thomas Cathey, Applied Optics, Vol. 39, No. 11 pp 1700 – 1710, 10 April 2000.
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(GEN O/P-6-05-2) Digital Implementation of a Neural Network for Imaging

Richard Wood1, Alex McGlashan2, Jay Yatulis2, Peter Macher1, and Ian Bruce3 
1Department of Engineering Physics and the Centre for Emerging Device Technologies,

McMaster University, Canada, 
2Photonics Engineering Technology, Niagara College, Canada, 

3Department of Electrical and Computer Engineering, McMaster University, Canada

This paper outlines the design and testing of a digital imaging system that utilizes an artificial neural network with 
unsupervised and supervised learning to convert streaming input (real time) image space into parameter space. The 
primary objective of this work is to investigate the effectiveness of using a neural network to significantly reduce 
the information density of streaming images so that objects can be readily identified by a limited set of primary 
parameters. Many applications are envisioned including use in biomedical imaging, anomaly detection and as an 
assistive device for the visually impaired.

A digital circuit was designed and tested using an Field Programmable Gate Array FPGA and an off the shelf digital 
camera. The circuit utilized visual pre-processing through the separation of real time images into; discrete Fourier 
transforms, Sobel edge detection, low-resolution grey scale, and color space conversion. These optical transforms 
are then recombined to form a low dimension ‘pre-feature’ space. This space is then sent through a neural network 
matrix that converts the image space into parameter space. The neural matrix was trained using both supervised 
and unsupervised learning. In the case of supervised learning, the feature space is predetermined. For unsupervised 
learning, the feature space was self-generated. 

The neural network acts to re-format the visual information into a less dense format that can be transmitted into a low 
information density stream. Our results indicate that the networks can be readily trained when subject to limited sets 
of objects such as the alphabet. From this, a simple 1 x 6 parameter space can be used to uniquely represent the letters 
(with orthogonality of the parameter space). We can also separate limited object sets with rotational and positional 
invariance. The results also show that limited visual fields form with only local connectivity. 

The work has so far demonstrated that image space can be converted into parameter space using a neural network, 
when the training and assessment environment has limited dimensionality. Further work will involve the development 
and testing in increasingly complex environments.

(GEN O/P-6-05-3) Second Harmonic Generation (SHG) microscopy of
articular cartilage to image osteoarthritis.

M-A. Houle 1, C.P. Brown2, K. Popov3, M. Nicklaus1, A. Ruediger1, M. Chen2, A.J. Price2,
L. Ramuno3, H.S. Gill2, F. Légaré1

1 Institut National de la Recherche Scientifique, Centre ÉMT, Canada 
2Botnar Research Center, Nuffield Departement of Orthopaedics, Rheumatology ans Musculoskeletal Sciences, 

University of Oxford, United Kingdom 
3Department of Physics, University of Ottawa, Canada 

Osteoarthritis is a painful and debilitating condition involving the dysfunction and degeneration of joint tissue. The 
irreversible stage of this degeneration is thought to be damage to the collagen meshwork, which leads to a cascade of 
degradation. Recent studies have shown that SHG microscopy has considerable potential for imaging this degradation 
[1]. Here, we use SHG microscopy to image the modification of the collagen structure in the deep cartilage matrix. 
In thin sections of human tissue, we have measure the intensity and the polarisation dependence of the SHG signal 
in the forward and in the backward direction. For tissues with early-stage disease, we found regions (~400mm2) of 
high forward SHG signal in which the polarization angle at maximum amplitude sometimes differs from elsewhere 
in the tissue (see figure 1). While the signal in the diseased regions in the forward direction significantly increases, 
the signal in the backward direction only slightly decreases. Finally, we will present numerical simulations showing 
that the reorganisation of the collagen matrix cause this modification of the SHG signal in the forward and in the 
backward direction.

Figure 1: Forward SHG image of diseased articular cartilage. Circled region show a damaged collagen region where 
the signal is higher.

[1]. C.P. Brown, M-A Houle et al. (2011) Damage initiation and progression in the cartilage surface probed by nonlinear optical 
microscopy, Journal of the Mechanical Behaviour of Biomedical Materials, 5, 62-70.
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(GEN O/P-7-45-1)   Fully and partially polarized full Poincare beams

Amber M. Beckley, Thomas G. Brown, and Miguel A. Alonso

In recent years, polarization and especially unconventional polarization states have seen increased interest1. We 
have previously presented a family of beams with unconventional polarization states which preserve their axially-
symmetric transverse intensity profile under propagation while spanning the entire Poincare sphere surface at each 
cross-section, the so-called full Poincare (FP) beams2. Here we present theoretical descriptions and experimental 
demonstrations of a class of optical fields whose polarization content spans a disk-like region within the volume of 
the Poincare sphere.

In this class of partially-polarized FP beams, we present two variations. For the first, the disk rotates under propagation, 
spanning all possible states of polarization. For the second, the disk expands or collapses under propagation. The 
original FP beams are created using a superposition of orthogonally polarized Gaussian and Laguerre-Gauss (LG) 
modes. These partially polarized beams are then constructed from pairs of mutually uncorrelated FP beams. 
 We utilize a stress-engineered optical element (SEOE) to create the polarization distributions for FP beam creation. 
The Jones matrix for the SEOE is given by 
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where c is a constant proportional to the stress applied, and ρ and φ are the pupil polar coordinates. When illuminated 
by an appropriately apodized circularly polarized beam, the SEOE phase mask approximately creates a Gaussian 
mode with the input polarization and a LG-01 mode with the orthogonal circular polarization.  With the addition of 
two liquid crystal retarders, we can experimentally create time-averaged, uncorrelated superpositions of differently 
polarized FP beams and test the Stokes parameters and degree of polarization against the theoretically predicted 
distributions of the through-focus propagating beams. We find that the experimentally created beams match well to 
the theoretical prediction and present simulations and experimental data of both variations of partially-polarized FP 
beams.

1 Thomas Brown and Qiwen Zhan, “Introduction: Unconventional polarization states of light focus issue,” Opt. Express 18, 
10775-10776 (2010).
2 Amber M. Beckley, Thomas G. Brown, and Miguel A. Alonso, “Full Poincare beams,” Opt. Express 18, 10777-10785 
(2010).

(GEN O/P-7-45-2)  Dual-wavelength lasers for difference-frequency generation of thz radiation 

M. Dumitrescu, A. Laakso, J. Viheriälä, T. Uusitalo, O. Hyvärinen, L. Toikkanen
Optoelectronics Research Centre, Tampere University of Technology, Finland

Dual-wavelength multi-section distributed feedback (DFB) lasers with laterally-coupled ridge-waveguide surface 
gratings have been fabricated from legacy epiwafers (intended for Fabry-Perot lasers) at 1.3 and 1.55 µm. The 
developed multi-section DFB lasers emit in two dominant quasi-phase-locked modes. The frequency spacing of the 
two dominant modes can be controlled broadly, at the fabrication stage, through the device structure, from tens of 
GHz to a few THz. The frequency spacing can also be fast-tuned during device operation by adjusting the current of 
the laser sections, thus enabling the modulation of the generated THz radiation during operation. 

Fig. 1: a-b) Simulated and experimental dual-wavelength emission with 47 Ghz and 1.0 THz frequency spacing; c) 
simulated dual-wavelength emission with 3.0 THz frequency spacing; d) experimental 90 GHz difference-frequency 
tuning by current changes

The experiments have demonstrated dual-wavelength emission with difference-frequency ranging from 20 GHz to 
1.3 THz and the simulations indicate that the maximum frequency spacing is mainly limited by the extension of the 
active region gain spectrum (Fig. 1a-1c). The experiments have also shown linewidths in the range of 0.5-1.0 MHz 
for both emission lines and difference-frequency changes of up to 90 GHz by adjusting the current of the lasers 
sections (without added design elements) (Fig. 1d).

The simulations and the first experimental results indicate that these dual-wavelength DFB lasers can be a key 
element for developing low-cost tunable narrow-linewidth sources covering the whole 0.05–3.0 THz spectrum and 
beyond, for medical and safety-security applications.
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(GEN O/P-7-45-3)   All solution-based multilayered heterostructures enabling ultra low-cost 
light-emtting diodes for near-infrared operation

Fan Xu1, Xin Ma1, Jaime Benavides1 and Sylvain G. Cloutier1,2,*

1Department of Electrical and Computer Engineering, University of Delaware, USA 2Département de Génie Élec-
trique, École de Technologie Supérieure, Canada 

In recent years, self-assembled nanocrystalline films have led to a new generation of ultra low-cost optoelectronic 
devices with promising performances including field-effect transistors, photodetectors and solar cells [1-3]. Similar 
structures have also been used to produce low-cost light-emitting diodes [4]. While these structures offer good 
performances for the visible, their potential for near-infrared operation remains limited. 

As we report, self-assembled lead-chalcogenide nanocrystalline film structures with superior properties can be used to 
form hybrid polymer-nanocrystal heterostructures with superior performances [5]. For example, carefully-controlled 
dithiol ligand-exchange treatment can be used to controllably alter the optoelectronic properties of the resulting film 
structure and provide an ideal platform to achieve low-cost and high-performance hybrid light-emitting structures 
operating in the near-infrared [6]. 

These promising results contribute to improving the understanding such nano-engineered hybrid multilayered 
heterostructures and their full potential for integration. In the long term, we believe these low-cost and high-
performance nanocomposites will create new paradigms for several key applications such as lighting & displays, 
biomedical devices, lab-on-a-chip, flexible optoelectronics, night-vision and photovoltaics. The authors are most 
thankful to the DARPA - COMPASS program and the U.S. Air Force Office of Scientific Research (AFOSR) for 
their outstanding support.

References
[1] D. V. Talapin and C. B. Murray, Science 310, 86-89 (2005).
[2] S. A. McDonald et al., Nature Materials 4, 138-142 (2005).
[3] J. M. Luther et al., ACS Nano 2, 271-280 (2008).
[4] K.-S. Cho et al., Nature Photonics 3, 341-345 (2009).
[5] X. Ma, F. Xu, J. Benavides and S. G. Cloutier, Organic Elect. 13, 525-531 (2012).
[6] F. Xu et al., ACS Nano 5, 9950-9958 (2011).

(GEN O/P-7-45-4)  Raman Spectroscopy hyperspectral imager based on Bragg Tunable Filters

S. Marcet1, M. Verhaegen1, S. Blais-Ouellette1, and R. Martel2

1Photon etc., Canada
2 Département de chimie, Regroupement Québécois sur les Matériaux de Pointe (RQMP), Université de Montréal, 

Canada
 
A new type of Raman spectroscopy hyperspectral imager based on Bragg tunable filter has been developed by 
University of Montreal and Photon etc.

Because the signal from Raman diffusion is much weaker than other optical characterization techniques, maximum 
efficiency is required from the imager. The standard methods, point-to-point measurements or imagers using liquid 
crystal tunable filters, increase substantially the acquisition time because of the downtime of mechanical displacements 
of the sample or the low filter transmission and polarization sensitivity.

The decision to use spectral rather than spatial scanning allows for saving in acquisition time while keeping high 
spatial and spectral resolutions. The technology of Bragg tunable filter has an efficiency of 90%, allowing for non-
destructive molecular analysis with high sensitivity. The transmission is continuously tunable over 400 nm with a 
spectral resolution of 0.2 nm (down to 2 cm-1).

A single wavelength of the entire image is filtered through a Bragg tunable filter where a single wavelength is 
diffracted and transmitted; other wavelengths are refracted and split from the optical path. The beam is then focalized 
on a CCD camera where a monochromatic image is formed. Wavelengths are scanned by changing the angle of 
incidence of the beam on the Bragg tunable filter.

We present hyperspectral Raman images of Si/Ti structured wafer taken with a spectral resolution of 0.2 nm on the 
whole field of view of the microscope.
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(GEN O/P-6-P-1) Controllable Hybrid Side-Polishing Method for Optical Fibers by Combination of Polish-
ing and Etching

Hamid.E.Limodehi1,2, Ezatollah Arzi1, Morteza Mozafari2, François. Légaré3, Alireza Hassani3

1. Department of Physics, University of Tehran, Iran
2. Niroo Research Institute, Iran

3. Institut National de la Recherche Scientifique, Centre ÉMT, Canada

The fabrication of optical fiber evanescence field components based on side-polished methods has been the center 
of attention of the optical fiber sensor industry and scientists since past two decades. Side-polished optical fibers has 
been used in the body of many optical fiber components and sensors [1,2]. Generally, fiber polishing and material 
deposition are in the fabrication process of these devices; although the technology of various material deposition 
on silica are easily available, the techniques of bare side-polishing for optical fibers with superior surface quality 
haven’t been very well developed. The roughness of the surface and its distance to the center of fiber are the two 
crucial parameters that always should be known and controlled in a fabrication process including taking to account 
the mechanical fragileness of fiber [3,4]. 

We are proposing a new approach called Controllable Hybrid Polishing Method (CHPM), which is based on the 
combination of enhanced polishing and etching methods leading to a more controllable and precise polishing process 
for optical fibers. The CHPM benefits forms  the advantage of both the polishing and chemical etching methods, 
where in polishing method only one side of fiber is removed and other side remains untouched, resulting in more 
mechanical strength for the fragile fiber. On the other hand, chemical etching offers better surface smoothness 
leading to superior surface quality by the price of etching all part of cladding making the fiber more fragile [5]. The 
determined combination of these two methods in CHPM improves the mechanical stability of a polished optical fiber 
as well as the smoothness of the polished surface.

REFERENCES
[1].Anuj K. Sharma, Rajan Jha, B. D.Gupta, “ Fiber-Optic Sensors Based on Surface Plasmon Resonance: A Review,” IEEE 
Sensors Journal 7, 1118-1129 (2007).
[2] B. Lee, S. Roh, J. Park, “Current status of micro- and nano-structured optical fiber sensors, ” Optical Fiber Technology 15, 
209–221 (2009).
[3] M.J.F. Digonnet, J.R. Feth, L.F. Stokes, H.J. Shaw,“ Measurement of the core proximity in polished fiber substrates and 
couplers,” Opt. Lett. 10, 463–465 (1985).
[4] S.M. Tseng, C.L. Chen, “Side-polished fibers,” Appl. Opt 31, 3438–3447 (1992)
[5] N. P. Mellott,S. L. Brantley,J. P. Hamilton and C. G. Pantano, “Evaluation of surface preparation methods for glass,” Surf. 
Interface Anal 31, 362–36 (2001).

(GEN O/P-6-P-2)  Improving the Short Circuit Current and Open Circuit Voltage Simultaneously of a ZnO 
based Organic Solar cell by Mixing Self-assembled Monolayers

Desalegn Manayeh, Jian-Ming Chiu, Yian Tai
National Taiwan University of Science and Technology, Taiwan

In this study, we utilized three different molecules, namely, benzoic acid (BA), thiopropanoic acid (TPA), and C60-
propandioic acid (CPA) individually as interfacial modifier to form self-assembled monolayer (SAM) in hybrid 
polymer solar cell consisting of P3HT and ZnO as charge generation and transporting layers. We found that the 
short circuit current (Jsc) of the device can be drastically increased by applying the CPA-SAM while the open 
circuit voltage (Voc) can be enhanced by the utilization of BA-SAM. Mixing SAMs of CPA and BA in different 
compositions can improve both the Jsc and Voc simultaneously. The power conversion efficiency improved more 
from 0.15% for the device without SAM modification to 0.33% with the interfacial modification with mixing SAMs 
in optimized ratio. We attribute the improvement to higher carrier mobility of CPA-SAM and the work function 
modulation of ZnO by the BA-SAM. Our findings demonstrate that mixing SAM at the inorganic/organic interface 
improves both Jsc and Voc simultaneously, which further improves the performance of hybrid polymer solar cells.
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(GEN O/P-6-P-3) Improving the spatial resolution and accuracy of a Laser Doppler
Velocimetry system

Brahim Chebbi
Bharti School of Engineering, Laurentian University, CANADA

Laser Doppler Velocimetry (LDV) is a well established technique for fluid velocity measurement. We propose the 
design of a new system to optimize the spatial resolution and measurement accuracy of a component LDV system. 
The spatial resolution of LDV systems is defined by the measuring volume which is formed by the intersection of 
two laser beams. Depending on the configuration needed for the system, and by using axicons, it may be possible to 
obtain a smaller measuring volume and better accuracy than current systems, by taking advantage of the near non-
diffracting property of Bessel beams compared to Gaussian beams. We may also end up with a narrow but long depth 
of field, which amounts to a better spatial resolution in the transverse direction and a poorer longitudinal resolution. 
The trade-off between the transverse and longitudinal resolutions can be beneficial in some types of two dimensional 
laminar flows if the longitudinal direction of the measuring system is aligned with the axis of two dimensionality 
of the flow. The fringe system formed in the intersection of the two beams also affects the velocity accuracy. The 
Gaussian beams, usually used with current LDV systems, are diffracting beams and consequently susceptible of 
generating non-uniform fringe spacing which affects the accuracy of the measurements. On the other hand, the 
beams obtained from axicons are considered nearly non-diffracting, and are expected to generate more uniform 
fringe spacing and consequently fewer errors due to non-uniformity of the fringes. A one velocity component LDV 
system will be modified with the new optical system to replace its Gaussian beam measuring volume with a Bessel 
beam measuring volume. The measuring volume and the fringes obtained with the new system will be characterized 
experimentally.

(GEN O/P-6-P-5) Photoinduced birefringence in an azopolymer-coated microwire

Amado Velázquez-Benítez2, Raja Ahmad1, Juan Hernández-Cordero2* and Martin Rochette1

1Deptartment of Electrical and Computer Engineering, McGill University, Canada.
2Instituto de Investigaciones en Materiales, UNAM, México

Organic polymers based on azobenzenes have shown good potential for photonic related applications.  In these 
materials, birefringence and dichroism can be optically induced through photoisomerization, a process involving a 
reorientation of molecules triggered by a linearly polarized laser beam.  These photoinduced effects are reversible 
upon illumination with circularly polarized light or, if the proper polymer matrix is used, through azobenzene 
relaxation via thermal effects.  Such properties are of interest for optical devices since they could provide a means 
for developing optically controlled functions in optical fiber and integrated optics systems.  To date, switching and 
polarization rotation triggered by an external laser beam have been achieved using tapered single-mode silica fibers 
and fused couplers coated with azopolymers.

Azopolymers could enable new optical functionalities in other waveguide structures such as optical fiber nanowires 
and microwires.  In this paper we demonstrate an optical fiber microwire with a PMMA-DR13 azopolymer coating.  
Fabrication of the device is done upon tapering simultaneously an AsSe fiber and a PMMA capillary.  The azobenzene 
is subsequently incorporated via diffusion into the coating by immersing it in a highly concentrated solution of 
methanol-DR13.  The photoinduced birefringence achieved through photoisomerization of the azopolymer coating is 
randomly oriented, thus providing polarization mode dispersion. The availability of different azobenzenes combined 
with other polymer matrices offers the possibility for developing optically controlled fiber microwires.
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(GEN O/P-6-P-6) Polarization dependence compensation in transmission of chiral elements by use of
a p-shifted Sagnac loop interferometer

Hourieh Exir and Ilya Golub 
School of Advanced Technology, Algonquin College, CANADA

Chiral materials possess circular dichroism property that leads to difference in absorption between left and right 
handed circularly polarized beams. Using these materials in an optical system or measuring their properties causes 
transmission impairments such as polarization dependent loss (PDL). 

Using Jones matrix analysis we show the polarization independence in transmission of a chiral element placed in a 
Sagnac loop interferometer containing a half-wave plate. Preliminary experimental results will be reported too.

(GEN O/P-6-P-7) PVAc based Benzophenone-8 Filter for Fluorescence Imaging of
Calcium Sensitive Fura-2 Dye

Lior Blockstein, Anil Kumar Mudraboyina and Orly Yadid-Pecht
Department of Electrical and Computer Engineering, University of Calgary, Canada

In our present work, we demonstrate design, fabrication and testing of a PVAc based benzophenone-8 (PVAcB-8) 
emission filter to image calcium sensitive fura-2 dye. We used fura-2 as it is calcium sensitive fluorescence dye which 
has dual excitation wavelengths at 340nm, 380nm with fluorescence at 510nm. To attenuate excitation wavelengths 
in UV region and transmit emission light with peak at 510nm, benzophenone-8 absorption dye was chosen as it 
exhibits high attenuation across 300nm to 400nm. PVAcB-8 filter fabricated was measured to have an attenuation of 
approximately two and half orders of magnitude which is sufficient enough to collect weak fluorescence signal from 
fura-2 solution of very low concentration. The filter has been tested with a fura-2 solution with varying concentration 
50µM, 20µM and 10µM. PVAcB-8 filter was compared with commercially available dichroic filters and proven 
more efficient in fluorescence imaging. 
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(GEN O/P-6-P-8)   Recent Development of Soft X-ray Point Source for Scientific Analysis

Robert Dotten
ALFT Inc., Canada

ALFT Inc has been developing soft X-ray sources for a number of years utilizing vacuum spark discharge technology. 
We report here our recent progress in the development of a soft X-ray source as an analytical tool for scientific and 
industrial analysis that are currently being performed at synchrotron facilities around the world. Through the re-
engineering of the mechanical structure and geometry, improvement in cooling system design, high electrical voltage 
pulsing system optimization, and gas trigger modification, a compact vacuum spark soft X-ray source (VSX-C) 
with stable and high X-ray photon flux has been developed at ALFT. VSX-C is a plasma point source emitting soft 
X-ray pulses. The spectrum is featured with distinct characteristic line emissions superimposed on low background 
continuum. The X-ray photon energy of line emissions varies from below 750eV to above 10 keV, which depends 
on the anode materials and can be optimized by the operation voltage of the source. VSX-C can operate at 20 kHz 
with the maximum output X-ray power over 1 W with the line emission of 1013 photons/Sr/s at 0.93 keV and 
8.04 keV, respectively for the source with a copper anode. The source size is around 1 mm in diameter and can be 
reduced to about 100um by a polycapillary X-ray lens. VSX-C suits a wide range of scientific analysis and industrial 
applications and is now commercially available.

(GEN O/P-6-P-9) Study and application of Cu nanoparticles deposited by
wet chemistry in Si solar cells

Michele L. Souza, Paola Corio, Alexandre G. Brolo
University of Victoria, Department of Chemistry, Canada

University of São Paulo, Institute of Chemistry, Brazil 

It is well understood that optical fields in the vicinity of metallic nanoscale structures can be strongly enhanced due 
to surface plasmon resonance (SPR, collective oscillation of the conducting electrons). This effect can be exploited 
in a variety of applications, including for enhanced spectroscopy (surface enhancement Raman scattering, SERS) 
and for improving solar cells efficiency through scattering of light [1,2,3]. Indeed, gold and silver nanoparticles (Au 
and Ag NPs) have been studied as a strategy to improve the efficiency of semiconductor-based and organic-based 
photocells [2]. Despite the application in plasmonics, copper nanoparticles (Cu NPs) have lagged behind Ag and Au 
NPs due to its low chemical stability and low SPR, however Cu annealed island showed better results than Ag and 
Au in Silicon-on-Insulator device, with strong photocurrent enhancement centered at 800 nm.[2]

In order to observe photocurrent response and power variations, citrate stabilized Cu NPs presenting SPR peak at 569 
nm were immobilized on top of Si wafer-based solar cells through self-assembled 3-aminopropyltrimethoxysilane 
(APTMS) layer (SEM image in figure 1(A)). Short-circuit current variation (∆Isc, figure 1(B)) and power were 
calculated by acquisitions before and after surface modifications.

  

Figure 1. (A) SEM image of a Si solar cell with surface coverage of 51.9 ± 11.4 NPs/µm2; (B) Contour graph of ∆Isc 
as function of surface coverage and irradiated wavelength.

 The reflectance spectrum after Cu NPs immobilization (not shown) showed an intense decrease on the 
reflected light at wavelengths below 400 nm. This region is corroborant with absorption due metallic Cu interband 
transition confirmed by UV-VIS spectra in solution and which may be related to the Isc damping at high surface 
coverage. A slight continuous decrease of the reflected light in the visible range was attributed to the plasmonic 
internal scattering into the solar cell and agrees with the observed Isc enhance. Isc increases from 8% to 12% 
up to 750 nm was observed to surface coverage from 48.5 to 51.9 NPs/µm2 and power measurements revealed 
enhancements from 7.9% to 16.4% at this same surface coverage range.

[1] S.E.J. Bell, N.M.S. Sirimuthu, Chem. Soc. Rev. 37 (2008) 1012-1024.
[2] H. A. Atwater, A. Polman, Nature Materials 9 (2010) 205-213.
[3] H. R. Stuart, D. G. Hall, Appl. Phys. Lett. 69 (1996) 2327 – 2329.
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(GEN O/P-6-P-10) Multiphoton event detection using multiple time-multiplexed
single photon detectors

Jean-Simon Corbeil, Stéphane Virally, Wendy-Julie Madore, Nicolas Godbout
Laboratoire des fibres optiques, Département de génie physique, École Polytechnique de Montréal, Canada

Many quantum optics applications such as linear-optics quantum computing, conditional non-classical state creation 
and super-resolution, require the ability to distinguish between different photon number states. Over the years, 
many promising photon-number-resolving detection technologies have been proposed to resolve the issue of photon 
number discrimination. Those involve mainly superconductor or multi-pixel detectors, but their technology makes 
a path towards commercialization difficult. On the other end of the spectrum, commercially available single-photon 
avalanche photodiodes have a binary response and cannot discriminate the number of photon involved in the initial 
photoionization process. To fulfill the same task, they can be combined with a time-multiplexing scheme. We propose 
here to integrate novel 4x4 fibre couplers into such a scheme where photons contained in an optical pulse are spread 
throughout different spatial modes and time windows. 

The setup is shown below and designed to operate around 1550nm. An optical pulse synchronized with the detectors’ 
activation gate is strongly attenuated to the low photon  number regime. The 4x4 fiber couplers we fabricated are used 
to split the signal (or the photon presence probability) evenly between each spatial and temporal mode of detection. 
A large number of detection events are recorded to produce the detection statistics required for our theoretical model. 
The results show that such a scheme enables the reconstruction of photon number statistics with a greater accuracy 
than when using only one single photon detector.

Green Energy

Chair:
Zetian Mi, McGill University, Canada

Program Committee:
Donald Angers, Centre of Excellence in Energy Efficiency, Canada
John Wen, University of Waterloo, Canada
Nate Quitoriano, McGill University, Canada

Description:

The session on Green Energy is open to papers in various aspects of clean, renewable energy related 
research using photonic materials and technologies, including solar cells, solar-hydrogen, thermoelectric 
devices, and light emitting diodes. It will cover a wide range of topics, spanning from design and simulation, 
materials growth/synthesis, device fabrication, to various integration technologies that are directly related 
to the generation and utilization of sustainable energy. We welcome submissions in, but not limited to, the 
following areas:

    Solar cells
    Photoelectrochemical cells
    Thermoelectric devices
    Solar-hydrogen
    Photo-reduction of carbon dioxide
    Growth/synthesis and characterization of both conventional and nanostructured  materials for 
    applications in energy related devices
    Design and simulation of novel materials and device concepts
    Light emitting diodes for lighting and display applications
    Solid state lighting
    Materials processing and fabrication techniques for energy devices
    Novel device concepts and designs for green energy
    Novel integration schemes and architectures for the large scale generation and 
    utilization of green energy
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 (GREEN-6-02-1) Progress in organic light emitting diode technology

M. G. Helander1, Z. B. Wang, J. Qiu, and Z. H. Lu2

Department of Materials Science and Engineering, University of Toronto, Canada 

In 1987 the first organic light emitting diode (OLED) was demonstrated by Eastman-Kodak; a simple device composed 
of two layers of organic molecules sandwiched between a pair of electrodes. Over the last 25 years OLEDs have 
attracted an incredible amount of research interest, driven by the promise of low-cost displays and light sources with 
ultra-thin, or even flexible, form factors. Although large-area OLED displays have yet to penetrate the TV market, 
small area OLED displays have garnered significant market share in high-end smartphones. In this talk key advances 
in OLED technology are discussed with an emphasis on recent developments in high efficiency flexible OLEDs. 
Emerging trends and future directions for the technology are also discussed.

(GREEN-6-02-2)  Enhanced photovoltaic conversion efficiency in bulk heterojunction solar cells by 
materials and device architecture engineering

J. K. Baral 1, 2, A. Sharma 1, J-F. Morin 4, D. Ma 3, V.V. Truong 2 and R. Izquierdo 1, *

1 Département d’informatique, University of Quebec at Montreal (UQAM), Canada.
2 Department of Physics, Concordia University, Canada.

3 INRS–Énergie, Matériaux et Télécommunications, Canada
4 Department of Chemistry, Université Laval, Canada 

 
Polymer solar cells are emerging as an alternative inexpensive renewable source of green energy due to their interesting 
properties, such as, low–temperature based manufacturing, mechanical flexibility and solution processablility. 
However, efficiency still to be improved in order to make a viable technology.  Here we report on various approaches 
to increase the efficiency by engineering the materials or the device architecture. First, a modified bulk heterojunction 
(BHJ) solar cell in which a nanohybrid composite material made of lead sulfide (PbS) colloidal quantum dots (QDs) 
and multiwall carbon nanotubes (MWCNTs) was incorporated onto a standard regioregular poly(3–hexylthiophene) 
(rr–P3HT):phenyl–C61–butyric acid methyl ester (PCBM) blend. This hybrid device exhibits a higher power 
conversion efficiency (PCE) of ~3.40% as compared to that of ~2.57% for a control rr–P3HT:PCBM BHJ solar 
cell made under the same experimental conditions. The increase in efficiency by 33% is mainly attributed to the 
extended quantum-dot-sensitization in the near–infrared (NIR) due to the absorbance of PbS–QDs/MWCNTs in the 
spectral range from 700 nm to 1500 nm. In a second approach, engineering of both electrode interfaces through the 
introduction of ultra thin layers of donor– and acceptor– type materials at the anode/BHJ and BHJ/cathode interfaces, 
was done. The introduction of the P3HT and modified C60 at the anode and cathode interfaces improve the hole and 
electron extraction from the BHJ layer to either electrode. From the experimental observations, we presume that 
upon interposing such interfacial layers at the anode/BHJ and BHJ/cathode interfaces could repair poor contact at the 
anode/hole–donor and electron–acceptor/cathode interfaces and prevent undesired vertical phase segregation. The 
PV cell fabricated from poly(3–hexylthiophene) (P3HT) as donor and C55H36O as acceptor, exhibit an optimal power 
conversion efficiency (PCE) of 4.14%, where when  C72H16S is used a highest PCE of 4.35% was observed.
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(GREEN-6-02-3)  Electrolyte-Gated Organic Light Emitting Transistors

J. Sayago, S. Bayatpour J. Borduas, F. Cicoira, C. Santato
École Polytechnique de Montréal, Montréal, Quebec, Canada.

 

Organic Light Emitting Transistors (OLETs) are attractive for applications in large area flexible full-color 
electroluminescent displays, organic injection lasers, and solid state lighting. OLETs are simple three-terminal 
devices that combine the switching function of a transistor with the light generating properties of a light-emitting 
diode. OLETs open the possibility of greatly simplifying the design of active-matrix organic displays since they 
naturally combine the properties of light generation with light modulation in a single device at the pixel scale. One of 
the factors preventing the commercial application of OLETs is their excessively high operating voltage (typically 15 
V for devices based on 200 nm-thick SiO2 gate dielectric [1]). With the aim to lower the operating potential of OLETs 
we explored novel structures making use of electrolyte gate dielectrics [2]. The high charge density achievable in 
electrolyte gated OLETs makes them ideal tools to study the light-emitting properties of organic semiconductors 
in conditions of high exciton density. Specifically, we investigated OLETs based on solution processed poly [2-
methoxy-5-(2’-ethyl-hexyloxy)-1,4-phenylene vinylene (MEH-PPV) as the light emitting material and 1-ethyl-3-
methylimidazolium[EMIM] bis(trifluoromethylsulfonyl)imide [TFSI], or  [EMIM] bis(fluoro- sulfonyl)imide [FSI], 
as the electrolyte gate dielectrics. The electrolytes were confined using a PDMS well. A Pt wire was used as the 
gate electrode. Different processing conditions in terms of solvent, rotation speed during spin coating, and thermal 
treatment temperature were investigated to optimize the MEH-PPV/electrolyte dielectric interface. All the MEH-PPV 
films were imaged using fluorescence hyperspectral imaging to study the morphology and the spectral properties of 
the processed films before coupling with the electrolyte. We measured the current-light intensity-voltage curves of 
the electrolyte gated OLETs in vacuum conditions. We also imaged the light emission region within the transistor 
channel as a function of the applied voltage.
 
[1] F. Cicoira, C. Santato, Adv. Funct. Mater. 17(17) (2007) 3421-3434
[2] J. Ho Cho, J. Lee, Y. He, BongSoo Kim, T. P. Lodge, C. D. Frisbie, Adv. Mater. 20 (2008) 686–690

(GREEN-6-10-1)   Exotic functional materials for solar energy conversion

Federico Rosei1,
1 Canada Research Chair in Nanostructured Organic and Inorganic Materials

INRS Energie, Materiaux et Telecommunications, Université du Québec, Canada

Nanostructured materials are considered important because of their novel fundamental properties and their 
technological potential [1-3]. In particular, one dimensional nanowires and nanotubes have attracted interest because 
of their unusual electronic, optical and mechanical properties, for possible use in electronics, sensing and solar 
energy conversion [4-6]. While ferroelectric films are known to convert photons into excitons, their solar conversion 
efficiency is very low as they are insulators. We report the growth and characterization of BFCO multiferroic 
structures [8] and their photovoltaic properties [9]. The photovoltaic mechanism for this exotic system is currently 
under investigation.

[1] F. Rosei, J. Phys. Condens. Matter 16, S1373 (2004).
[2] D.F. Perepichka, F. Rosei, Angew. Chem. Int. Ed. 46, 6006 (2007).
[3] D. Riabinina, C. Durand, F. Rosei, M. Chaker, Phys. Stat. Sol. A 204, 1623 (2007).
[4] D.F. Perepichka, F. Rosei, Small 2, 22 (2006).
[5] S. Barth, C. Harnagea, S. Mathur, F. Rosei, Nanotechnology 20, 115705 (2009).
[6] M.A. El Khakani, V. Le Borgne, B. Aissa, F. Rosei, C. Scilletta, E. Speiser, M. Scarselli, P. Castrucci, M. De Crescenzi, Appl. 
Phys. Lett. 95, 083114 (2009).
[7] R. Nechache, C.-V. Cojocaru, C. Harnagea, C. Nauenheim, M. Nicklaus, A. Ruediger, F. Rosei, A. Pignolet, Adv. Mater. 23, 
1724–1729 (2011).
[8] R. Nechache, C. Harnagea, S. Licoccia, E. Traversa, A. Ruediger, A. Pignolet, F. Rosei, Appl. Phys. Lett. 98, 202902 
(2011).
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(GREEN-6-10-3)   Design of Plasmonic Enhanced Silicon-based Solar Cells

S. Y. Ding1, Y. Sun1, F. Hejazi1, A. Bottomley2, A. Ianoul2, and W. N. Ye1

1Department of Electronics, Carleton University, Canada
2Department of Chemistry, Carleton University, Canada

We report a novel plasmonic design implemented in an amorphous silicon solar cell. The enhancement of the 
scattering and trapping of the light is achieved by embedding nano-metallic cubic particles within the cell junction. 
Silicon is a common material that is used to produce solar cells due to its low cost and long term durability. Our 
thin-film amorphous silicon cells range between the thicknesses of 150 to 200 nm. The intrinsic indirect bandgap 
of the silicon limits the spectral absorption of the cells at long wavelengths. Our proposed solar cell has a p-i-n 
configuration, using amorphous silicon as the photo-active layers. Metal cubic nanoparticles are embedded in the i-
region of the solar cell. The novelty of the proposed solar cell is three-fold. Firstly, the metallic nanoparticles are used 
as subwavelength scattering elements to couple and trap light into the absorbing i-region, causing an increase in the 
effective optical path length in the cell. Secondly, the metallic nanoparticles act as subwavelength antenna in which 
the surface-plasmon-polariton excitation promotes a strong localized field enhancement, increasing the effective 
absorption in the surrounding medium (i-region). Thirdly, the metallic nanoparticles are cubic, rather than spherical, 
enabling precise control on the resonant wavelengths.

We use FDTD simulations to characterize the optical performance of the solar cell. Our results show that the plasmonic 
properties of the cubic nanoparticles are more attractive for sensing applications compared to the traditional spherical 
configuration. The anisotropy in the geometry of the cubic nanoparticles enables control over plasmon resonances 
both in the resonant wavelength and the degree of field enhancement. Initial experimental measurements show that 
the silver cubic nanoparticles improve the refractive-index sensitivity on a thin silicon film, as well as increase the 
scattering and trapping of light. Our simulations predict that the silver metallic nanoparticles will enhance the solar 
cell efficiency, by optimizing the plasmonic properties of the silver nanocube monolayer.

(GREEN-6-16-1)   CuInS2/Graphene Composite Material for Electrochemical Photovoltaic Cells

Hayet Cherfouh1, Mohamed Siaj1 and Benoît Marsan1

1Département de Chimie, Université du Québec à Montréal, Canada

Electrochemical photovoltaic cells are based on a junction between a semiconductor and an electrolyte containing 
one redox couple; an auxiliary electrode completes the device. CuInS2 is one of the most promising semiconducting 
materials for photovoltaic applications. In order to improve the electron transfer between CuInS2 particles, which 
affects significantly the device energy conversion efficiency, the main objective of the present work is to prepare 
and characterize CuInS2/graphene/PVdF composite electrodes, where PVdF is poly(vinylidene difluoride), and to 
compare with the electrochemical behavior of CuInS2/PVdF electrodes. Furthermore, for a better understanding, 
synthesized CuInS2 particles and graphene sheets were characterized separately. 

Recently, our laboratory discovered a novel and simple colloidal method to prepare pure and highly crystalline CuInS2 
nanoparticles [1]. An aqueous suspension of graphene oxide (GO) was prepared using a modified Hummer’s method. 
CuInS2/graphene composite films were obtained by preparing a suspension of CuInS2 particles in the GO solution, 
followed by deposition of an aliquot onto an ITO/glass substrate (8 Ω/□), where ITO is indium tin oxide, drying at 
40oC, and annealing at 400oC for 2h. X-ray and electronic diffraction analyses demonstrated that CuInS2 grows in 
the tetragonal-chalcopyrite phase, and that annealing enhances the crystallinity of CuInS2, while graphene presents 
an hexagonal structure. Scanning and transmission electron microscopy images indicate that CuInS2 particles have 
spherical morphology with diameters ranging from 10 to 15 nm. The Raman spectrum of the CuInS2/graphene film 
shows the characteristic bands of CuInS2 and graphene. Cyclic voltammetry shows that the addition of graphene to the 
film composition reduces significantly the irreversibility of the oxidation and reduction processes of the T2/T- redox 
couple in acetonitrile, where T- stands for 5-mercapto-1-methyltetrazole ion and T2 for the corresponding disulfide, 
and gives enhanced current densities. This result is explained by the excellent electronic properties of graphene that 
improves the electron transfer between the CuInS2 particles, and of CuInS2 particles with the substrate. CuInS2/
graphene/PVdF composite film is therefore a very promising candidate to be used in electrochemical photovoltaic 
cells. 

[1] F.M. Courtel, A. Hammami, R. Imbeault, R.W. Paynter, B. Marsan and M. Morin, Chem. Mater., 22, 3752-3761 (2010).  



234 235

(GREEN-6-16-2) Photoelectrochemical Hydrogen Production Using GaN Nanowire Arrays

B. AlOtaibi, M. Harati, Md. G. Kibria, S. Fan, H. P. T. Nguyen, S. Zhao, and Z. Mi
Department of Electrical and Computer Engineering, McGill University, Canada

Application of photoelectrochemical (PEC) cells for direct conversion of solar energy to hydrogen has been intensively 
studied. In this context, we have investigated the use of III-nitride nanowire arrays as the working electrode in a 
PEC cell, whose energy bandgap can be varied across nearly the entire solar spectrum. Under UV illumination, 
spontaneous hydrogen production was achieved on GaN nanowire arrays under zero bias in potassium bromide 
(KBr), which was used as electrolyte. 
In this experiment, GaN nanowire arrays were grown on p-type Si(111) substrate using radio-frequency plasma-
assisted molecular beam epitaxy under nitrogen rich conditions. The nanowires were doped p-type using Mg. Shown 
in Fig. 1 is the scanning electron microscopy image of GaN nanowires grown on Si(111). The wires are nearly 
vertically aligned to the substrate and exhibit a high degree of size uniformity. The wire lengths are ~ 0.6 µm, and 
the diameters are the in the range of ~ 40 to 100 nm. PEC characterizations were performed in 1 M KBr electrolyte 
using a customized three-electrode electrochemical cell configuration as the reactor, wherein the GaN:Mg nanowire 
arrays, a Pt wire, and a double-junction Ag/AgCl were used as the photoactive working electrode, counter electrode, 
and reference electrode, respectively. The PEC reaction was performed by adopting a 300 W xenon lamp as an outer 
irradiation source. Figure 2 shows the measured current density as a function of applied potential V (versus Ag/AgCl) 
in KBr electrolyte under dark and illumination. We did not observe any saturation in the photocurrent density under 
more positive potentials, which indicates efficient charge separation in nanowires under illumination. A quantitative 
description of the generated hydrogen as a function of time at zero bias under light illumination is shown in Fig. 3. 
The H2 evolution rate is measured to be ~ 30 µmol per hour. The achievement of H2 production at zero bias in this 
experiment is attributed to the superior charge transport properties of GaN nanowires as well as the substantially 
reduced electron tunnelling barrier, due to the use of p-type doping. Further enhanced hydrogen production rate is 
being investigated and will be reported. 

Figure 1: SEM image p-GaN nanowire
arrays grown on Si (111) substrate. cm2

Figure 3: Evolution of hydrogen as a function of
time in KBr under UV light illumination at zero bias.

Figure 2: Current density versus applied bias in
KBr electrolyte under dark and illumination.

(GREEN-6-16-3)    The alignment of silicon carbide whiskers for GaN epitaxial growth

Huaxiang Shen1, Bo Li2, Luke H. L. Yu1, Adrian Kitai1,2
1. Materials Science and Engineering, McMaster University, Canada

2. Engineering Physics, McMaster University, Canada

LED manufacturing cost reduction is an ongoing issue. In 2010, costs were $13 per kilolumen for cool white LEDs 
and $18 per kilolumen for warm white LEDs, remain uncompetitive with traditional lamps. The U.S. Department 
of Energy is targeting a cost of $1 per kilolumen for 2020 for both cool and warm white LEDs. Current LED 
manufacturing technology is an expensive process due to the use of wafered sapphire boules, chip dicing and binning 
for uniform performance. 

We are investigating SiC whiskers as a low-cost micron-scale substrate for GaN films. Silicon carbide whiskers are 
(111) oriented beta-phase single crystal structure 2 microns in diameter and 18 microns in length. Moreover, the 
whiskers are made from rice hulls by a low cost thermal reduction method. 

In order to achieve high quality GaN thin films epitaxially grown on silicon carbide whiskers, we have to facilitate the 
GaN thin film growth to take place on the (111) surface of the whiskers, as the (111) plane is the desired hexagonal 
plane with small lattice constant mismatch (3%) with GaN. The key issue is the manipulation and alignment of 
silicon carbide whiskers. 

An effective way to achieve alignment of SiC whiskers is discussed here. Sodium dodecyl sulfate solution is 
employed to improve the dispersion of whiskers. After the whiskers are dispersed in sodium dodecyl sulfate solution, 
the suspension with 3mg/mL whiskers is transferred onto the surface of 3M Vikuiti brightness enhancement film. 
As the 3M film was patterned with straight parallel inverted-triangle grooves with depth of 12 microns, the SiC 
whiskers touch down at the bottom of the groove by gravity. Thus, the alignment of SiC whiskers can be achieved as 
the whiskers arrange along the direction of grooves. The well-aligned whiskers can be transferred from 3M film by 
tape-cast aluminum oxide green tape for GaN thin film deposition purpose. 

The optical microscope and scanning electron microscope(SEM) images, together with X-ray diffraction (XRD) 
patterns, have demonstrated the alignment of SiC whiskers by this approach. We can easily see the well-aligned 
silicon carbide whiskers which are parallel to the direction of grooves in the optical and SEM images. In order to take 
XRD and SEM examination on the whiskers, we have to transfer the well-aligned whiskers from 3M film surface 
into the matrix of latex in the following way: after the suspension of whiskers is deposited on 3M film, we can mix 
the suspension with latex and cure the mixture for 6 hr. After curing, the whiskers will be included in the dry latex, 
which can be peeled off from the surface of 3M film for further characterization by SEM and XRD. The latex can 
keep the original alignment of whiskers. From the XRD patterns, we found the ratio of the intensity of the (220) 
plane relative to the intensity of the (111) plane of silicon carbide whiskers increased compared to the standard 3C-
SiC powder XRD pattern. The (220) plane is perpendicular to the (111) plane. Once the silicon carbide whiskers are 
lined up and parallel to each other, the (111) plane diffraction signal cannot be collected by the detector but the (220) 
plane can. 93% of SiC whiskers are aligned according to XRD patterns. This further confirms the alignment of SiC 
whiskers.
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(GREEN-7-23-1)   From the understanding of elementary steps to cell parameter optimization: a theoretical 
approach for Dye Sensitized Solar Cells design.

Carlo Adamo
Laboratoire d’Electrochimie, Chimie des Interfaces et Modélisation pour l’Energie CNRS UMR 7575, Chimie 

Paris Tech, Paris, France and Institut Universitaire de France, France

 A step-by-step theoretical protocol based on DFT at both molecular and periodic levels is proposed for assisting 
the design of Dye Sensitized Solar Cell (DSSC) devices. This computational tool is tested and discussed for 
ZnO and TiO2 based DSSCs. First, the ability of DFT for the prediction of the UV-Vis spectrum of isolated 
dyes will be discussed. Then the electronic structure of the dye adsorbed on the oxide semiconductor’s surface 
will be considered, also including solvent and electrolyte additives effects.

Our stepwise protocol was successfully validated by the consistency with experiments. This procedure should be 
useful not only as a complement to experimental approaches but also for lightening them as regards time and resource 
consumption.

References
1) I. Ciofini et al JACS 133 (2011) 8005
2) C. Adamo et al JACS 131 (2009) 14290.
3) C. Adamo et al.  JPC  C 115 (2011) 4297
4) C. Adamo et al. ACR 42 (2009) 326
5) C. Adamo et al. ACR in press.

(GREEN-7-23-2)    Green chemistry-driven development of nanostructured titania mesoporous electrodes 
for solar energy conversion and storage cells

G. P. Demopoulos
Department of Materials Engineering, McGill University, Canada

Solar energy by far constitutes the most abundant renewable energy source if cost-effective and sustainable solar 
technologies are widely developed and implemented. Currently <0.11% of the global electricity generation is based 
on photovoltaics (PV). Installed PV cell production global capacity has increased at ~40% rate in recent years due 
in particular to government financial incentives. However such generous subsidy programs are not sustainable. 
The only true viable option is to make solar energy competitive without subsidies, hence the current intensive 
development of new generation solar cell technologies based on thin films and nanostructures. One very promising 
new PV technology is the dye-solar cell (DSC) that is using an abundant non-toxic material, TiO2. In addition to 
the development of cost-effective and efficient solar energy conversion technology equally important is energy 
storage both from the standpoint of transportation as well as from the point of grid-integration of PV installations. 
Rechargeable lithium-ion batteries constitute a potentially enabling technology to accomplish this task. But in pursuit 
of the development of these technologies what is often forgotten is the cost, scale-up and environmental implications 
of some of the proposed material and fabrication solutions. Development of renewable energy technologies has to be 
done in consistence with the principles of green chemistry and manufacturing.

Within this context we undertake research that is focusing on green fabrication of nanostructured mesoporous 
electrode films for either dye-sensitized solar energy conversion or lithium-ion   energy storage applications. Thus in 
one of the projects reviewed in this presentation the development of a new aqueous-based (green) paste formulation 
made of a blend of nanocrystalline anatase (5-10 nm) and sub-micron sized nanostructured rutile particles (200-
400 nm) allowing for direct single-layer film deposition by screen-printing of DSC electrodes is pursued. The so-
prepared single-layer film provides equivalent performance to the more costly to fabricate standard dual-layer film 
construction that comprises a separate scattering layer. In a parallel study organic-free electrophoretic deposition 
of nano-TiO2/ZnO composite photoanodes has been successfully demonstrated on conducting glass substrates 
currently being extended to flexible polymeric substrates. In another front, as an avenue of increasing the DSC 
efficiency we investigate the harvesting of near-infrared light by exploiting the up-conversion properties of phosphor 
rare-earth-doped nanocrystals.  Finally the presentation will touch on hydrothermal fabrication of Li-TiO2/graphene 
nanocomposite electrodes that can lead to cost-effective production of high power Li-ion batteries needed to increase 
the growth of the hybrid and plug-in electric vehicle markets. Highlights from this research in terms of nanocrystal 
synthesis, photoanode fabrication and cell performance will be presented.  
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(GREEN-7-23-3)   Use of multilayer structures to engineer the optical properties of TiO2 nanotube 
arrays for light harvesting applications

Samira Farsinezhad, Xiaojiang Zhang, Arash Mohammadpour and Karthik Shankar
University of Alberta, Canada

Anodically formed TiO2 nanotube arrays (TNAs) are being actively researched for use as electron collecting scaffolds 
in excitonic solar cells1 and as photo-catalysts for sunlight-driven CO2 reduction2 and water-splitting.  Engineering 
the optical properties of TNAs for such light harvesting applications3 has received less attention but is much needed.  
Calculations indicate that improving the utilization of red photons in the best performing dye-sensitized TNA-based 
solar cells would improve efficiencies from values of ~7%4 to ~11%. Likewise, enhancing the broad-spectrum trapping 
of light would increase photocatalytic rates. Using a combination of experiments and simulations, we explore the 
use of multilayer nanotube array architectures in engineering the optical properties of TNAs.  In a bilayer array 
consisting of NTs 50 nm and 250 nm in diameter, Mie scattering from the larger NTs increased the absorption of blue 
photons near the band-edge of TiO2 (left), also confirmed by 3D-FDTD simulations (bottom-left).   In conclusion, 
multilayer TNAs offer an attractive route for management of light in the active layer of light harvesting devices. 

1. K. Shankar et al, Nano Le tt., 2008, 8, 1654-1659.
2. O. K. Varghese et al, Nano Lett., 2009, 9, 731-737.
3. A. Mohammadpour and K. Shankar, J. Mat. Chem., 2010, 20, 8474-84773. 4. M. Paulose et al, Nanotechnology, 2006, 17, 
1446-1448

(GREEN-7-29-1)  Semiconductor Materials for Energy Conversion Devices

Eugene Fitzgerald
MIT, USA

Semiconductor materials are at the heart of energy devices.  The presentation will focus on our development of 
electronic materials for silicon-based high-efficiency multi-junction III-V solar cells, multi-junction III-V thermal 
photovoltaic devices (TPV), and superlattice III-V/IV materials for thermoelectrics.  Our progress in the direction 
of high-efficiency multi-junction solar on silicon is founded on our ability to reduce threading dislocation densities 
to 10^5-10^6 cm^-2 in the solar cell and produce III-V/IV heterointerfaces free of anti-phase boundaries and 
additional dislocation nucleation.  By building the solar cells on a lattice-constant closer to silicon than traditional 
III-V multi-junction cells on Ge, we are able to access more optimal band-gaps for converting solar radiation as well.  
Competition for future high efficiency solar cells may arise from thermal photovoltaic conversion, in which solar 
radiation is first converted to heat, and then converted to electricity using a TPV device.  We present our progress on 
creating a high efficiency multi-band-gap TPV device.  In this work, we also build the device on an unconventional 
lattice in order to optimize the band-gaps for the conversion of higher-energy blackbody radiation emitted from a 
photonic band gap filter in the hypothesized thermal photovoltaic converter.  Finally, we present the first superlattice 
structures we are creating to test the limits of practical semiconductor thermoelectric devices.  In order to retain 
reasonable electrical conductivity but reduce thermal conductivity, we fabricate short-period superlattices composed 
of III-V/IV layers.  We have been able to demonstrate reduced thermal conductivity in these nanostructures, but are 
still far from demonstrating ZT values of greater than 2.  We conclude that, at the current state of development, high 
efficiency multi-junction solar remains the most attractive energy conversion device in our research scope; however, 
this conclusion may change as research on TPV and TE proceed.
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(GREEN-7-29-2)  Metamorphic InGaP and GaAsP solar cells

Minjoo Larry Lee
Yale University, USA

Triple-junction solar cells currently hold the record for solar cell efficiency and may become an important future 
source of green energy through the use of concentrator systems. In order to attain concentrated efficiencies surpassing 
50%, a 4-6 junction design will likely be necessary. However, these devices require top subcells with bandgap 
energies (Eg) of 2.0-2.2 eV. Most III-V materials in this desired bandgap range possess an indirect gap, requiring 
thick absorber layers to fully collect the incident light. InyGa1-yP (0.27≤y≤0.40) is a direct-gap, Al-free material 
with 2.05 ≤ Eg ≤ 2.26 eV, but is lattice-mismatched to conventional substrates such as GaAs and GaP. Thus, the 
InyGa1-yP active region must be grown on a graded buffer to obtain material with low threading dislocation density 
(TDD ≤ 106 cm-2) and long minority carrier diffusion lengths. 

In this talk, I will discuss our work on the molecular beam epitaxial growth (MBE) of GaAs1-xPx/GaAs graded 
buffers as a platform for low-TDD, wide-Eg InyGa1-yP (0.36≤y≤0.43) and GaAs0.66P0.34 solar cells. I first show 
that a morphological defect, referred to here as a faceted trench (FT), leads to locally reduced carrier collection. 
To minimize this detrimental effect, we optimized the GaAs1-xPx graded buffer structure, resulting in solar cells 
completely free of FTs. We used electron-beam induced current mapping to show that the optimized GaAs1-xPx 
graded buffers possess low TDDs of 0.7-1.6×106 cm-2 for 0.16 ≤ x ≤ 0.34. Using this low-TDD GaAs1-xPx platform, 
we demonstrated InyGa1-yP solar cells with Eg ≤ 2.07 eV and Voc as high as 1.49 V, as well as GaAs0.66P0.34 solar 
cells with Eg=1.81 eV and Voc=1.28 V.

In this talk, I will also discuss our more recent work on the growth of GaAs1-xPx solar cells on GaP. These devices 
may be important for dual-junction device integration on Si, where a potential 1-sun efficiency of 37% has been 
modeled. Taken together, we have demonstrated that GaAs1-xPx graded buffers are an appropriate platform for low-
TDD, metamorphic GaAs1-xPx and InyGa1-yP solar cells, covering a wide bandgap range.

(GREEN-7-29-3)    Back Amorphous-Crystalline Silicon Heterojunction Photovoltaic Device 
Using All Low Temperature Processes

Zahidur R. Chowdhury1, Davit Yeghikyan1, Nazir P. Kherani1,2*

1Department of Electrical and Computer Engineering, University of Toronto, Canada
2Department of Material Science and Engineering, University of Toronto, Canada

Low temperature processing of photovoltaic (PV) solar cells with excellent passivation quality enables the effective 
use of ultra-thin wafers for solar cell manufacturing, thus paving the way for high-efficiency low-cost silicon 
photovoltaics. Fabrication of low cost cells using such schemes is viable because of the reduced material costs and 
low thermal budget.

Crystalline silicon solar cells are predominantly fabricated using high temperature processes. These processes 
can result in significant thermal stresses in silicon wafers, adversely affecting the semiconductor properties of the 
absorber. The recently proposed Back Amorphous-Crystalline Silicon Heterojunction (BACH) solar cell [1] can be 
fabricated using low temperature processes while integrating high efficiency features of heterojunction silicon solar 
cells and back-contact homojunction solar cells. 

Doped region of the BACH cell is deposited using low temperature (<200° C) hydrogenated amorphous silicon 
(aSi:H) deposition techniques. Previously reported passivation layer for the BACH cell [1] involved the use of high 
temperature (~1000° C) thermal oxide. This article presents BACH cell performance using low temperature (<= 
400° C) native oxide-PECVD Silicon nitride (SiNx) dual layer passivation scheme. A maximum cell efficiency of 
16% is obtained with VOC of 651  mV, JSC of 35.4 mA/cm2 and fill-factor of 0.694 for a 1 cm2 untextured cell under 
AM 1.5 global spectrum illumination. The cells were fabricated using double side polished n-type FZ wafer with 
1-5 W resistivity. The cell performance exceeds the highest reported cell efficiency (~15%) [2] which uses a similar 
configuration and all low temperature processing.

The presentation will highlight the novel development of the native oxide – silicon nitride passivation layer, the role 
of charge at the passivated interface, and the systematics of cell design vis-à-vis transport.

[1] Anthony Hertanto et al. IEEE 34th PVSC pp. 1767-1770 (2009).
[2] B. Shu et al. IEEE 35th PVSC pp. 3223–3228 (2010).
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(GREEN-7-35-1)   III-V Nanowires on Si for Monolithic Tandem Solar Cells

Jae Cheol Shin, Parsian Mohseni, and Xiuling Li
Department of Electrical and Computer Engineering, University of Illinois, USA

Integrating III-V with silicon (Si) through direct growth at the chip level has been one of the holy grails of III-V 
semiconductor devices, because it provides opportunities to realize integrated electronics and photonics systems and 
enable high efficiency multijunction tandem solar cells. The biggest barrier has been that III-V and Si semiconductors 
do not have the same lattice constants or thermal expansion coefficients, and therefore cannot be stacked on top of 
each other in a straightforward way without generating dislocations. Because of this, multijunction tandem solar cell 
structures often consist of layers with graded compositions through metamorphic growth, which inevitably results 
in lower material quality. 

Vertical one-dimensional (1D) nanowire (NW) geometry, on the other hand, allows a lot more freedom from lattice-
matching requirements by dissipating the mismatch strain energy through the vast surface areas. However, different 
compositions have different amount of lattice mismatch and integrating all compositions onto the same platform with 
a unified deposition method is challenging. In this presentation, we report the realization of ternary III-V (InxGa1-
xAs or GaxAs1-yPy) NWs on Si substrates in a wide composition (energy) range through direct heteroepitaxy 
using metalorganic chemical vapor deposition (MOCVD). We demonstrate monolithically grown axial and radial 
p-n junctions in the III-V NWs, the interband tunneling diode junctions between III-V NWs and Si, as well as the 
improvement of solar cell efficiency by incorporating III-V NW structures in a planar Si cell.

   This work validates the feasibility, viability, and compatibility of array based heterogenous integration of 
a diverse range of III-V nanowires directly grown on Si, which is otherwise impossible using conventional planar 
geometry. The demonstration of array based devices here truly paved the way to realize high performance multi-
junction tandem solar cells on a cost-effective silicon platform, using an efficient growth method that works at a 
wafer level. 

(GREEN-7-35-2)   Nanostructured Black Silicon for Efficient Photovoltaics and
Solar Fuel Production 

Jihun Oh, Hao-Chih Yuan, Todd G. Deutsch, and Howard M. Branz
National Renewable Energy Laboratory, USA

 
Silicon nanostructures provide a viable route to achieve highly-efficient and low-cost solar energy conversion and 
storage devices, due to excellent optical properties including superior anti-reflection (AR). Here, we report an 18.2% 
efficient nanostructured black Si solar cell featuring a low-cost liquid etch that replaces more expensive AR coatings. 
Our nanostructured black silicon is fabricated by nanometal-assisted etching and forms a density-graded layer that 
provides broadband AR properties (R < 4%) for the photons above the Si bandgap. To design efficient black Si solar 
cell, we investigate recombination mechanisms in high surface area Si solar cells. We will present novel processing 
schemes that enable us to control those recombination mechanisms in the nanostructures.

In addition, we report use of our nanostructured black Si as an H2-producing photocathode for photoelectrochemical 
water splitting. Our black Si photocathode shows three improvements in the hydrogen evolving reaction (HER) over 
planar Si: 20 % increase in HER photocurrent, significant reduction in HER overpotential, and efficient H2 bubble 
evolution. We will also report our recent effort on further improving HER kinetics by applying catalysts to the 
surface nanostructures of black Si p/n junctions.

All work was performed under DOE Contract No. DE-AC36-08-GO28308. The PEC H2 work was entirely supported 
by the SISGR program of the U.S. Department of Energy, Office of Basic Energy Sciences, Division of Chemical 
Sciences, Biosciences, and Geosciences. The photovoltaic work was entirely supported by the U.S. Department of 
Energy (DOE), Office of Energy Efficiency and Renewable Energy, through both the Solar Energy Technologies 
Program (SETP) and a DOE American Recovery and Reinvestment Act (ARRA) grant. Yuan was supported entirely 
by the SETP and ARRA programs. Deutsch was supported entirely by the SISGR program. 
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(GREEN-7-35-3)     Excitons in Semiconductor Quantum Dots: 
A Path towards Engineering Light Emission from Nanostructures

Patanjali Kambhampati
Department of Chemistry, McGill University, Canada

Semiconductor quantum dots (QD) have been under intense investigation in order to explore the physics of quantum 
confinement effects as well as their promise in a wide variety of optoelectronic applications ranging from lasers to 
lighting to photovoltaics. Quantum confinement effects gives rise to a rich electronic structure described in terms of 
confined excitons. These excitons undergo complex cooling and trapping dynamics which we have recently explored 
via real-time femtosecond laser spectroscopy [1,2]. Here, we will discuss recent work in our laboratory which build 
upon these measurements of elementary exciton dynamics to move towards rational implementation of quantum dots 
as energy efficient light sources for lasers and lighting applications. 

 This talk will focus on model QD systems (CdSe nanocrystals) in order to set the stage for newer work on 
novel epitaxial QD-in-wire systems (InGaN/GaN) [3]. We have recently shown using femtosecond pump/probe 
spectroscopy that the interaction of excitons gives rise to optical gain dynamics in CdSe QD [1]. Here, we will 
connect direct observation of multiexcitons using coherent multidimensional spectroscopy towards the goal of 
efficient QD lasers. We will then connect these femtosecond laser spectroscopic measurements to new efforts in our 
lab to design QD for white light emission as a step towards energy efficient room lighting. Finally, we will use these 
results on model QD systems to set the stage for the more technologically relevant epitaxial QD.   

[1] P. Kambhampati, Acc. Chem. Res., 44, 1 (2011).
[2] P. Kambhampati, J. Phys. Chem. C, 115, 22089 (2011).
[3] Nano Lett., 11, 1919 (2011).

(GREEN-7-41-1)   III-Nitride Nanowires: Novel Materials for Lighting and Photovoltaics

George T. Wang, Qiming Li, Jonathan J. Wierer, Daniel D. Koleske, Jeffrey J. Figiel, Jeremy B. Wright, Ting S. 
Luk, Igal Brener

Sandia National Laboratories, Albuquerque, USA

Nanowires based on the III nitride (AlGaInN) materials system have attracted attention as potential nanoscale 
building blocks in LEDs, lasers, sensors, photovoltaics, and high power and high speed electronics.  Compared to 
planar films, III-nitride nanowires have several potential advantages including higher crystalline quality and reduced 
strain, which enables growth on arbitrary substrates as well as allowing for a greater range of alloy compositions 
and hence bandgap energies to be achieved. However, before their promise can be fully realized, several challenges 
must be addressed in the areas of 1) controlled nanowire synthesis; 2) understanding and controlling the nanowire 
structural, electrical, thermal, and optical properties; and 3) nanowire device integration.  Our work seeks to address 
these areas to lay the scientific and technological foundation for nanowire-based lighting and other energy-related 
applications.

I will discuss results involving the aligned, bottom-up growth of Ni-catalyzed GaN and III-nitride core-shell 
nanowires, along with extensive results providing insights into the nanowire properties obtained using cutting-
edge structural, electrical, and optical nanocharacterization techniques.  I will also discuss the development of an 
inexpensive, lithography-free technique employing vertically aligned nanowire templates for the growth of high-
quality nonpolar GaN.

Bottom-up nanowire growth methods do however have the disadvantage of requiring highly specific growth conditions 
to increase the on-axis growth rate while minimizing lateral growth, which can lead to non-optimal material quality 
and less flexibility in material design, such as doping and heterostructures.  I will describe a more recent “top-down” 
approach for fabricating ordered arrays of high quality GaN-based nanowires with controllable height, pitch and 
diameter.  The fabrication, structure, optical properties, lasing characteristics, and device performance of top-down-
fabricated nanowires and nanowire LEDs and solar cells will be discussed.

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly 
owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security 
Administration under contract DE-AC04-94AL85000.
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(GREEN-7-41-2)  Effect of Polarization on GaN- based Light-Emitting Diodes and Solar Cells

Z.Q. Li, M. Lestrade, C.S. Xia, Y.G Xiao and Z.M. Li
Crosslight Software Inc., 121-3989 Henning Drive, Canada

Spontaneous and piezoelectric polarizations play an important role in the performance of light-emitting diodes (LED) 
and solar cells based on GaN materials. For multi-quantum well (MQW) LEDs, the polarization charge causes a 
severe quantum confinement Stark effect (QCSE) and leads to low internal quantum efficiency. For solar cells, the 
polarization charge usually generates an electric field which impedes the collection of photon-generated carriers. 
Nevertheless, we may harness the polarization to design better devices. In this talk, we will discuss several new designs 
of LEDs and solar cells with two-dimension (2D) simulations, using the APSYS software. The software package 
has been widely used in LED and solar cell research and development. It solves Poisson equation and continuity 
equations for electrons and holes using the finite-element method. Most salient features of nitride semiconductor 
devices are taken into account. In particular, the electronic structure of the valence band is described using a 6 × 6 k 
· p Hamiltonian and the polarization charge of the nitride materials are automatically included.

         A new p-side down structure with low turn-on voltage and high light-power is proposed. By using a graded EBL 
layer, we show that polarization-induced hole ionization results in higher p-type doping in the EBL and higher light 
power. The graded EBL also improves band structure which leads to considerably lower turn-on voltage.

        Blue InGaN/GaN MQW LEDs with the conventional and graded last barriers (GLB) are also numerically 
investigated. When the last GaN barrier is replaced by a linearly graded InxGa1_xN barrier with increasing indium 
composition in the growth direction, the forward voltage is reduced from 3.60V to 3.25 V, and the efficiency droop is 
improved from 36% to 13%. Simulation results indicate that these improvements can be attributed to the formation of a 
deep potential well in the GLB which enhances the electron confinement and improves the holeinjection efficiency.

        Finally we analyze the performance of a high external quantum efficiency InGaN/GaN solar cells, and find out 
that the polarization charge reduces the open circuit voltage Voc considerably while the short circuit current Isc is 
limited by the absorption of the InGaN layer. The polarization charge could be reduced or eliminated by using graded 
InGaN layer or growing the device on [000-1] direction.
 
1) Z.Q. Li et al., Compound Semiconductor, vol. 17, p.24,2011
2) C.S. Xia et al., Appl. Phys. Lett., vol.99, p233501, 2011
3) Z.Q. Li et al., Phys. Stat. Sol A. Vol.208, p.908, 2011

(GREEN-7-41-3)     AlGaN/GaN Nanowire Deep Ultraviolet Light Emitting Diodes Monolithically Grown on 
Si(111)

H. P. T. Nguyen, Y. Li, K. Cui, and Z. Mi
Department of Electrical and Computer Engineering, McGill University, Canada

Deep ultraviolet (DUV) light emitting diodes (LEDs) with emission wavelengths below 300 nm hold tremendous 
promise for applications in water sterilization, air-purification, and environment-disinfection. The performance of 
conventional AlGaN-based planar DUV LEDs, however, suffers severely from the presence of large dislocation 
densities and polarization fields.  In this paper, we show that strong DUV emission can be readily achieved from 
AlGaN nanowire heterostructures grown directly on Si(111) substrates, which exhibit drastically reduced dislocation 
densities, due to the highly effective lateral stress relaxation.

In this experiment, catalyst-free AlGaN nanowires are grown directly on a thin (~ 0.1 to 0.2 µm) GaN nanowire 
template on Si(111) substrate by radio-frequency plasma-assisted molecular beam epitaxy under nitrogen rich 
conditions. Illustrated in Figure 1 is the SEM image of AlGaN/GaN nanowire heterostructures. The nanowire 
diameters are ~ 100 nm, and the areal density is ~ 1×1010 cm-2. Detailed TEM studies further confirm that the wires 
are nearly free of dislocations and exhibit core-shell-like structures, with enhanced Al compositions in the near-
surface region of the wires. The nanowire heterostructures exhibit strong photoluminescence at room temperature. 
Shown in Figure 2, the emission wavelengths can be readily tuned in the range of ~ 280 nm to 360 nm by varying 
the Al compositions. Preliminary studies also show that such nanowire heterostructures can exhibit relatively high 
internal quantum efficiency (>50%) at room temperature. 

Work is currently in progress to achieve AlGaN nanowire LED heterostructures with emission wavelengths in the 
spectral range of ~ 220 nm. The fabrication and characterization of such high performance nanowire DUV LEDs 
will also be presented.  
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(GREEN-7-41-4)    Microcavity Effects in a Multilayer Light Emitting Device

J.E. Haysom*, S. Campbell, I. Calder, L. Tarof, C. Miner
Group IV Semiconductor Inc., Ottawa Canada

*presently at University of Ottawa, Canada

We present the detailed study of microcavity interference on the output of discrete light emitter layers embedded 
in a multilayer structure, which may be of importance in many solid-state light devices such as white light sources, 
organic light-emitting diodes , and down-converter layers for solar cells.  For an embedded emitter, there are two 
interference terms that must be considered,2,  the standard Fabry-Perot term, and the two-beam interference term 
(the latter results from light reflecting off the back surface interfering with light emitted directly from the emitter) 
as illustrated in Figure 1.  The device structure under consideration consists of a dielectric cavity which contains 
alternating layers of non-emitting and light-emitting materials forming a superlattice, grown on a Si substrate and 
topped with an indium tin-oxide (ITO) transparent upper contact.  The emission intensity and spectrum outside of 
the device are strongly affected by the cavity interference, resulting in, for example, a very non-linear relationship 
between thickness of the superlattice (i.e. number of light-emission layers) and output intensity, as can be seen in 
Figure 2.  Experimental device results for different cavity thicknesses (d), positions of the light emitters within the 
cavity (z), different angles of emission (θ), and different light-emitters spectrums (including red, blue and green) 
compare well with modeling, which uses extensive spectro-ellipsometry measurements of the refractive indices of 
the materials.  An accurate model allows one to engineering an optimal layer structure with the desired light emission 
properties.

United States Patent 7,122,842, Steven E. Hill, Group IV Semiconductor, Ottawa, Oct. 17, 2006.
B-Y Jung and C.K. Hwangbo, J. Korean Phys. Soc., vol. 48 (6), p. 1281, June 2006.
Kristian A. Neyts, J. Opt. Soc. Am. A, Vol. 15 (4), p. 962, April 1998.

(GREEN-6-P-1)   Gold nanorods on the cathode electrode for enhancing the efficiency of
polymer solar cells

Alaa Y Mahmoud1, Neda Etebari1, Ricardo Izquierdo2, and Vo-Van Truong1

1Department of Physics, Concordia University, Canada 
2Département d’informatique, Université du Québec à Montréal (UQAM), Canada 

The effect of inserting layers of gold nanorods in the back electrode of bulk heterojunction organic solar cells has 
been studied. Gold nanorods layers were deposited on top of poly(3-hexylthiophene) and phenyl-C61-butyric acid 
methyl ester layer using spin-casting and inkjet printing techniques. The structural and optical characterizations of 
the resulting layers were carried out using scanning electron microscopy and spectrophotometry. Solar cell devices 
containing one layer of gold nanorods showed enhancement in both power conversion efficiency and short-circuit 
current by up to 13% and 22% respectively as compared to devices without gold nanorods. This result suggested that 
gold nanorods in the back electrode of polymer solar cells trapped the incident light into surface-plasmon-polariton 
modes that propagated between metal/organic interface, which enhanced the electric field in the active layer and, 
in turn, its absorption of light. The increase in the electric field resulted in an increase in the photo-generation of 
the charge-carriers in the active layer, which improved the short-circuit current and the overall power conversion 
efficiency. Introduction of several layers (3 and 5) of gold nanorods on top of the active layer resulted however in an 
increase in the device series resistance, and consequently a decrease in the device performance. 
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(GREEN-6-P-2) Lateral Diffusion Epitaxial Growth of Single Crystal Silicon Platelets from
an Indium-Silicon Melt

Luke H. L. Yu1, Bo Li2, Huaxiang Shen1, A. H. Kitai1, 2

1Department of Materials Science Engineering, McMaster University, Canada
2Department of Engineering Physics, McMaster University, Canada

An increase in the aspect ratio of silicon platelets grown by Lateral Diffusion Liquid Phase Epitaxy (LDLPE) is 
achieved. Epitaxial growth is achieved by a compound graphite slider boat in which an oxidized silicon plate is 
placed above the seed line on the substrate. The function of the plate is to i) limit the silicon growth thickness by 
impeding the diffusion of silicon toward seed line, and ii) to homogenize the thickness by limiting nucleation on the 
substrate. We have studied layer growth from the In-Si liquid phase by reducing the gap between substrate and plate. 
By reducing the gap, it allows for a more uniform growth of silicon from the side wall of the strip. In addition, we 
investigate repositioning the silicon seed line to a downward orientation. In this case, the diffusion rate increases due 
to a gravity effect.

Two improvements of LDLPE are demonstrated in this research:
1. Reduction of the gap between substrate and plate:
The gap between substrate and plate is reduced from 0.5mm to 0.25mm. We observe a self-separating phenomenon 
due to heavier indium atoms that segregate in the seed line creating undercuts separating the platelets from the 
substrate. This allows the platelets to self-release from the substrate.

2. Reposition the seed line (Downward-oriented seed line):
A layer of silicon dioxide is forming on an n-type single crystalline silicon substrate with [111] orientation. A 
patterned seed line of single crystalline silicon with a width of 100μm is prepared by lithography and is arranged 
facing downward towards the substrate.

Both modified methods demonstrate LDLPE has the potential to grow single crystalline silicon strips with high 
aspect ratios and smooth surfaces. Scanning electron microscopy (SEM) has been used to quantify the aspect ratio 
of the width and height as well as to obtain details of the self-separation process. This technology is useful for low 
cost preparation of silicon platelets. These can be considered for high efficiency photovoltaic applications in which 
the growth of a single crystalline sheet of silicon without wafering is an attractive prospect.

(GREEN-6-P-3)  Modelling Ottawa solar radiation with parameters extracted from measured di-
rect normal solar irradiance

J. Mohammed, R. M. Beal, A. Muron, M. Yandt, K. Hinzer and H. Schriemer 
SUNLAB, University of Ottawa, Canada

The design and operation of photovoltaic systems depends on the nature of the local solar resource, specifically, 
on the direct normal irradiance (DNI) for concentrating photovoltaic CPV systems. Having long-term measured 
DNI data for a proposed CPV site is essential for the evaluation of these systems [1]. It is however economically 
unviable to directly measure statistically significant DNI data at every potential site. Radiative models are therefore 
often used to simulate the solar resource available. One such model, a Simple Model for the Atmospheric Radiative 
Transfer of Sunshine (SMARTS2), has been developed to describe average local solar radiation [2, 3]. In this work, 
an automated DNI model is developed for Ottawa using SMARTS2. We draw on parameters gathered from various 
sources, such as the Canadian Weather Energy and Engineering Data Sets (CWEEDS). Temporally resolved aerosol 
optical depth (AOD) values have been extracted according to published procedures [4]. Spectral irradiance data was 
measured at a SUNLAB test site and then incorporated into our SMARTS2 model. The SMARTS2 model for the 
Ottawa locale is then used in conjunction with measured spectral irradiance data to analyse various cloud effects on 
photo-current generation in CPV systems.

[1] L.T. Wong, W.K. Chow, “Solar radiation model”, Applied Energy 69, 191–224 (2001).
[2] Christian A. Gueymard, “Direct solar transmittance and irradiance predictions with broadband models. Part I: detailed 
theoretical performance assessment”, Solar Energy 74, 355–379 (2003).
[3] Christian Gueymard, “SMARTS2, A Simple Model of the Atmospheric Radiative transfer of sunshine: Algorithms and 
performance Assessment”, Florida Solar Energy Center, Publication Number FSEC-PF-270-95 (1995). 
[4] Lee Harrison and Joseph Michalsky, “Objective algorithms for the retrieval of optical depths from ground-based 
measurements”, Applied Optics. 33, 5126-5132 (1994).
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(GREEN-6-P-4) On the Temperature-Dependent External Quantum Efficiency of Top-Down Fabricated 
Nanowire Light Emitting Diodes

S. Zhang1, Y. Li1, S. Fathololoumi1, Q. Li2, G. Wang2, and Z. Mi1

1Department of Electrical and Computer Engineering, McGill University
2Advanced Materials Sciences, Sandia National Laboratories

InGaN/GaN based nanowire light emitting diodes (LEDs) have been intensively investigated for applications in 
solid state lighting. Such nanoscale devices can exhibit drastically reduced dislocation densities and polarization 
fields, compared to their planar counterparts. However, a detailed understanding of the role of surface states/defects 
on the device performance has remained elusive. In this context, we have investigated the temperature-dependent 
external quantum efficiency of top-down etched InGaN/GaN blue LEDs under optical pumping, which shows severe 
efficiency droop, compared to the as-grown quantum well heterostructures, and is attributed to the nonradiative 
carrier recombination on the nanowire surface.  

In this experiment, InGaN/GaN quantum well LED heterostructures were first grown on c-plane sapphire by metal 
organic vapor phase epitaxy. They were subsequently etched into nanowire arrays with controllable diameters. Optical 
characteristics of both planar and nanowire LED heterostructures were measured using a micro-photoluminescence 
system with a semiconductor diode laser (λ ~ 405 nm). The peak emission wavelengths are at ~ 430 nm at room-
temperature for both the as-grown and etched samples. Illustrated in Figures 1(a) and (b) are the relative external 
quantum efficiency measured from the planar and etched nanowire LEDs at various temperatures, respectively. For 
the as-grown planar LED heterostructure, it is seen that, with increasing temperature, the optical power at which 
the quantum efficiency first reaches its maximum shifts to higher values, which can be explained by the enhanced 
nonradiative carrier recombination at elevated temperatures. No apparent efficiency droop is observed. For the 
nanowire LEDs, however, dramatic efficiency droop is observed, shown in Figure 1(b). Moreover, the efficiency 
droop becomes more severe at lower temperatures. Detailed studies strongly suggest that the efficiency drop of top-
down fabricated nanowire LED arrays is directly related to the nonradiative carrier recombination on the nanowire 
lateral surfaces. A fundamental understanding of the role of surface states/defects on the performance characteristics 
of nanowire LEDs is being investigated and will be reported. 

(GREEN-6-P-5)  Performance of polymer solar cells on flexible substrates 

Yanfei Ding,1 Liqiu Men,1,2 and Qiying Chen1

1Department of Physics and Physical Oceanography, 
Memorial University of Newfoundland, Canada

2CREAIT Network, Memorial University of Newfoundland, Canada

We report the fabrication and performance of an all-polymer bulk heterojunction flexible solar cell and the effect of the 
physical geometry on its photovoltaic performance. The photovoltaic devices adopted in this study consist of poly(3-
hexylthiophene) (P3HT) as a donor and [6,6]-phenyl-C61-butyric acid methyl ester (PCBM) as an acceptor, which 
are fabricated on flexible plastic substrate of polyethylene terephthalate (PET) with a highly conductive polymer 
of poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate (PEDOT:PSS) (PH510, H.C. Starck) as the anode. To 
reveal the operation of the flexible polymer solar cells, the following aspects of the devices have been studied: (1) 
Photovoltaic performance of the solar cells in order to identify mechanisms corresponding to the observed changes 
as compared with the solar cells of standard configuration. (2) Morphology observation to identify the efforts of 
physical distortion of the cells on the photovoltaic performance of the devices.

In conclusion, with the demonstration of all-polymer flexible solar cells, the mechanisms underlying the changes in 
the photovoltaic performance, in particularly the power conversion efficiency, will be analyzed and some approaches 
to increase the efficiency will be discussed. 
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(GREEN-6-P-6)   Photo-catalytic Degradation on ZnO Nanowires

Tracey Zhou, John Wen
University of Waterloo, Canada

Zinc Oxide has been proven as one of the best photocatalysts in degrading environmental pollutants utilizing solar 
energy. In this study, the growth of ZnO nanowires on a flat substrate is investigated in determining the controlling 
parameters that affect their photocatalytic activity. The seed layer is obtained by spin coating of a zinc acetate 
solution on glass. Then this substrate is immersed in a base solution of zinc sulphate at 60°C. These influences from 
the concentration of the precursor, the thickness of the seed layer, the hydrothermal growth parameters, and the rate 
of crystal growth on the seed layer during the hydrothermal treatment are characterized. The as-synthesized ZnO 
nanowires are characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) to study their morphologies and structures. The results show a normal single crystalline 
phase with pure hexagonal wurtzite crystal structures of the nanowires. UV-Visible spectroscopy is utilized to study 
the photo-catalytic degradation while the reaction activity is evaluated by the degradation rates of an organic dye in 
an aqueous solution under the UV light irradiation. The concentrations are measured by the UV-Vis spectrometer at 
the maximum absorption wavelength of the organic dye. This study suggests that the photo-catalytic activity of ZnO 
nanowires depends on the crystalline phase, surface area, seed layer and concentration of the precursor.

(GREEN-6-P-7)   Reduced Electron Overflow in InGaN/GaN Dot-in-a-Wire White-Light-Emitting 
Diodes by Using an Electronically Coupled Quantum Well

M. Djavid, H. P. T. Nguyen, S. Zhang, K. Cui, and Z. Mi
Department of Electrical and Computer Engineering, McGill University, Canada

It has been recognized that the output characteristics of InGaN/GaN light emitting diodes (LEDs) can be strongly 
influenced by electron overflow, which can lead to efficiency degradation at high injection levels. For the emerging 
nanowire LEDs, the device performance is more susceptible to carrier leakage/electron overflow, due to the very large 
surface-to-volume ratios. In this context, we have performed a detailed study, both theoretically and experimentally, 
of electron overflow in InGaN/GaN dot-in-a-wire white LEDs, wherein an InGaN well is incorporated between n-
GaN and the device active region to effectively control electron overflow. 
The device heterostructure, illustrated in the inset of Fig. 1, consists of GaN:Si, InGaN quantum well, vertically 
aligned InGaN quantum dots, and GaN:Mg sections. The 
nanowire heterostructures were grown on Si(111) by RF 
plasma-assisted molecular beam epitaxy under nitrogen rich 
conditions. Intrinsic white emission is achieved from the 
InGaN quantum dots. Studies on the electron overflow were 
first performed by simulating the band-diagram and carrier 
distribution in the device active region using the advanced 
LED device simulation software APSYS. Shown in Fig. 1, 
electron overflow can be observed through the center region 
of the dot-in-wire structures, with an average In composition 
of ~20%. However, with the incorporation of an In0.1Ga0.9N 
well, the electron overflow can be reduced. Detailed studies 
further confirm that the InGaN quantum well can significantly 
reduce electron overflow through the near-surface GaN 
region. Compared to the commonly used AlGaN electron 
blocking layer between the device active region and p-GaN, 
the incorporation of a suitable InGaN quantum well between 
n-GaN and the active region does not adversely affect the hole 
injection process. 
Experimentally, we have also demonstrated electron overflow 
can be effectively controlled in such nanowire LEDs. In 
addition, a blue-emitting InGaN quantum well is incorporated 
between the quantum dot active region and p-GaN, wherein 
electrons escaping the device active region can recombine 
with holes to contribute to white-light emission. The resulting 
device exhibits highly stable emission characteristics and 
virtually no efficiency droop, illustrated in Fig. 2. 
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Lasers and Processes

Chair:
Jean-Pierre Monchalin, National Research Council Canada, Canada

Co-Chair:
Alain Blouin, National Research Council Canada, Canada

Description:

Optics and lasers offer unique capabilities for industrial materials fabrication and diagnostics and are 
increasingly used in many industries for a wide range of applications. This conference will feature these 
applications with a particular focus on the ones that have been transferred from the laboratory to industry 
or at the stage of prototype or pilot production. Topics to be considered include in particular:

1) Fabrication techniques, such as laser cutting, drilling, marking and welding, laser cladding and surface 
modification, laser-assisted deposition and consolidation, laser-shock peening and laser bending, laser 
micro-machining, laser nano-fabrication, etc. and modeling of all these processes.

2) Diagnostics techniques for industrial products or material characterization or process sensing, such 
as measurement of shapes or profiles by scanning techniques (laser triangulation, OCT…) or full field 
techniques (structured light, holography, speckle interferometry, shearography, Moiré …), measurement 
of chemical composition by optical spectroscopy (IR, Raman, Laser Plasma Spectroscopy…), techniques 
that combine optics and acoustics (photo-thermo-acoustics, laser-ultrasonics,…), signal processing and 
imaging techniques for industrial diagnostics, etc.

(LASERS-6-03-1)   Speckle Interferometry at 10 µm with CO2 lasers and microbolometers array

Marc P. Georges, Jean-François Vandenrijt, Cedric Thizy
Centre Spatial de Liège – Université de Liège, Belgium

Holographic and speckle based techniques are well known for measuring full-field displacements and performing 
non destructive testing on solid objects. The measurement range and accuracy of these techniques are related to the 
wavelength of the laser. In visible light they are often not well suited for field applications or for large displacement 
measurement due to the short wavelength used, which imposes high stability constraints. One way to decrease 
this sensitivity is to use a longer wavelength. Our purpose is to investigate holography in the Long Wave InfraRed 
(LWIR) range and more specifically at 10 µm with CO2 lasers. This provides a typical 20 factor of decrease of the 
stability requirements; meantime the range of measurement is increased by the same factor. 

We present here advanced results obtained within the FANTOM European FP7 project. Besides the lower sensitivity 
to external perturbations, another interesting feature that is put forward in this project is the possibility to develop 
a sensor which combines displacement by holography/speckle together with thermography measurements, 
simultaneously on every pixel. This is due to the fact that the necessary observation device for the holographic signal 
is a thermographic camera. Such combination finds an interest in various applications such as analysis of thermo-
mechanical behaviour of structures or non destructive testing, where often displacements and temperature fields 
need to be observed and correlated one to another. Some results will be presented on various composite samples 
representative of structures and defects in the aeronautics sector. The following figure (left) shows the deformation 
in grey level of a repaired zone of a helicopter composite structure undergoing thermal stress. In the middle is shown 
the simultaneously acquired temperature variation during the stress. On the right is shown a composite image of both 
the deformation and temperature variation.
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(LASERS-6-03-2)   High Efficiency Inverted Pyramidal Texture on Silicon using Ultrafast Laser Direct 
Hard-Mask Writing

K. Kumar1, K.C. Lee2, J. Nogami1, P.R. Herman2, N.P. Kherani1, 2,*

1 Department of Materials Science and Engineering, University of Toronto, Canada
2 Department of Electrical and Computer Engineering, University of Toronto, Canada

A major trend driving the development of low-cost high-efficiency crystalline silicon (c-Si) based photovoltaics 
(PVs) is a reduction in material cost through the use of thinner wafer. However, thin Si wafers do not readily 
lend themselves to high efficiency PVs owing to large penetration depth of infrared wavelengths. Consequently, 
in addition to surface reflection reduction an effective light-trapping scheme is imperative for the use of thinner 
wafers in PVs. Further, grating textures at the 5-10mm level are not deemed appropriate for thin wafers owing to 
the high Si consumption during etching, as well as the absence of optical diffraction. Optical modeling studies have 
shown reduced surface reflection and strong diffraction for effective light-trapping in thin wafers is feasible provided 
grating textures are reduced to feature sizes comparable with the wavelength. 

We present for the first time an innovative high resolution hard-mask laser writing technique to facilitate selective 
etching of c-Si into inverted-pyramidal (I.P.) texture at wavelength scale. The method enables engineered positional 
placement of I.P. which is necessary for the attainment of optimal high-efficiency texture design and is scalable for 
large area micro-fabrication of thin c-Si PVs. Using a femtosecond laser with λ = 522nm, we report on controlled 
catapulting of blisters formed in thin-film dielectric (silicon nitride) coating on c-Si (001), and thus the formation of 
a high resolution hard-mask on c-Si to facilitate chemical etching of Si into high-fidelity I.P array.

I.P arrays were produced with defects of less than 1 in 104. The specular reflectance (various incident angles; i ) 
and total reflectance (i = 90º) was measured on 2cm×2cm texture with different I.P size (1.13µm and 1.3µm) at 
our highest pitch density (1.5µm in both directions) to evaluate the effect of mesa width and incident angle on the 
optical performance of textures, respectively. With an anti-reflective coating, the average specular reflectance over 
280nm-1200nm for 1.13mm I.P’s lies below 2% for i = 8° to 40° and rapidly increases to 3%, 4.6% and 7.9% for i = 
48º, 56º and 64º, respectively, indicating better optical performance compared with 9mm I.P texture in the grid-less 
PERL cell. Wave-optical simulations suggest the fabricated front- textures with 1.3mm and 1.13mm I.P.s increase the 
energy conversion efficiency by 3.1 and 2.3 percentage points, respectively, in contrast with the PERL-cell texture 
on a 400µm thick wafer. 

(LASERS-6-03-3)   Dynamics of an ultra thin foil (15 nm) irradiated by a short laser pulse (30 fs) at 
relativistic intensity (1020 W/cm2)

S. Gnedyuka, S. Fourmauxa, S. Payeura, Ph. Lassondea, J. C. Kieffera, J. Fuchsb

a INRS-EMT, Canada;, b LULI, UMR 7605, CNRS, Ecole Polytechnique, France;

We present an experimental study of thin foils (15nm thin) irradiated at relativistic intensity (1020 W/cm2) by a short 
laser pulse (30fs). The general goal of these experiments is to achieve Ultra-Hot Dense Matter (UHDM), a required 
state to optimize relativistic laser ion acceleration. A specific goal is to study the energy deposition at solid density 
before any hydrodynamic expansion, the so-called target isochoric heating, and infer initial plasma conditions from 
target decompression following the heating. We use the 200 TW laser system at the Advanced Laser Light Source 
(ALLS) facility. The beam is temporally shaped to clean any pedestal and prepulses, and 30fs pulses with energy of 
3J are focused in a 5µm spot (FWHM) giving intensity on target around 1020 W/cm2. Diagnostics include ion time of 
flight detectors, calorimeters, shadowgraphy and interferometry, both used with a femtosecond laser probe (40fs) for 
the characterization of plasma expansion. 2D time resolved electron density maps are obtained from measurements 
of the fringe shifts at various probing time after the main pulse interaction. Ultrafast plasma expansion observed for 
the first time with thin foils will be qualitatively discussed.
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(LASERS-6-03-4)   Laser Cooling of Solids with Nanoparticles

Galina Nemova1, Sebastien Loranger2, Elton Soares de Lima Filho2, and Raman Kashyap1,2 
The Cool Group,Department of Engineering Physics1 and Department of Electrical Engineering2,

 École Polytechnique de Montréal,  Canada, 

Nanoparticles are a powerful tool of modern science with a wide veriety of applications. In this paper we consider the 
advantages of using nanoparticles for laser cooling of solids with anti-Stokes fluorescence. The idea of cooling solid 
state matter with anti-Stokes fluorescence was first proposed by Pringsheim in 1929 [1].  In 1995, Epstein’s research 
team observed for the first time the net radiation cooling by anti-Stokes fluorescence in solid state materials [2]. The 
first observation of cryogenic operation in an all-solid-state refrigerator was reported by Sheik-Bahae’s group in April 
2009 [3]. Yb3+ ions doped in a bulk host have been involved in cooling process in these experiments. We consider 
and compare two theoretical schemes for laser cooling with anti-Stokes fluorescence based on nanoparticles: the 
colloidal lead-salt PbSe quantum dots (QDs) doped in a glass host and laser cooling in Tm3+-doped oxy-fluoride glass 
ceramic (GC). 

As soon as a semiconductor becomes small (comparable to the Bohr radius) it transforms into a QD and quantum 
confinement leads to transformation of the continuous energy bands of the bulk mate rial into discrete atomic-like 
energy levels of QDs, which operate like artificial atoms. Like traditional ions doped in hosts, QDs may exhibit 
Stokes and anti-Stokes fluorescence. The relatively short (μs) lifetime of the excited level of the PbSe QDs in 
comparison with millisecond  lifetime of the excited level of RE ions allows the cooling process to be accelerated, 
and new materials with higher phonon energy to be used as hosts, which are normally considered unsuitable for 
cooling with rare-earth ions. The considerable increase (by ~104) in the absorption cross section of PbSe QDs in 
comparison with the absorption cross section of the RE ions doped in glasses or crystals increases the efficiency of 
the cooling process considerably, lowering the pump power requirements. 

Our second scheme for laser cooling of solids is based on Tm3+-doped oxy-fluoride glass ceramic (GC). Tm3+-doped 
GC has a unique combination of high chemical and mechanical stability related to the oxide glass and low phonon 
energy of the fluoride nanocrystals, which trap a majority of Tm3+ ions and in which the cooling process takes place. 
The effective embedding of rare-earth ions in the crystalline phase with low phonon energy provides high quantum 
efficiency for the 3F4 ‡ 3H6 transition in the Tm3+ ions, which is a crucial condition for laser cooling of solids. Our 
recent progress in this new area will be reviewed.

[1] P. Pringsheim,  Z. Phys. 57, 739 (1929). 
[2] R. I. Epstein M. I. Buchwald, B. C. Edwards, T. R. Gosnell and C. E. Mungan, Nature (London) 377, 500 (1995). 
[3] D.V. Seletskiy, S.D. Melgaard, S. Bigotta, A. Di Lieto, M. Tonelli, M. Sheik-Bahae, Nature Photon. 4, 161 (2010).

(LASERS-6-11-1)   Absorption Bleaching in Silicon induced by High-Intensity Few-Cycle 
Terahertz Pulses: Dependence on Carrier Density

G. Sharma, I. Al-Naib, H. Hafez, R.Morandotti, and T. Ozaki
INRS-EMT, Advanced Laser Light Source, Varennes, Canada

Due to its low cost and ease of mass-fabrication, researchers have strived to create silicon-based optical devices. 
One of the challenges encountered indeveloping such devices stems from the nonlinear effects that arise when 
silicon is exposed to high fields [1]. In this work we use an optical-pump / high-power terahertz (THz) probe (OPTP) 
technique to investigate the effect of carrier density on the THz induced absorption bleaching in silicon. Fig. 1 shows 
the normalized transmission of the main peak of the THz probe pulse as a function of the pump-probe delay time at 
different optical pump fluences. As shown in Figs. 1(a) and 1(b), we observe two features: (i) for the same optical 
pump fluence, absorption bleaching takes place: the THz transmission increases for the “high” (133kV/cm) when 
compared to the low THz fields (9kV/cm), where , and (ii) with increase in optical pump fluences, ΔE decreases. 
When the optical pump fluence is augmented from 40μJ/cm2 to 60μJ/cm2, ΔE is decreased from 21% to 11%. The 
reason for this decrease in ΔE is the increase of the electron-hole scattering rate with the increase in carrier density, 
which in turn reduces the overall mobility of the electrons [2].The intervalley scattering based Drude model is used 
to simulate this observation and the results are in good agreement with the experimental data as shown in Fig. 1.

Fig. 1: Experimentally observed normalized transmission of the peak THz electric field at low (dashed red line) and 
high (dashed black line) THz fields as a function of pump probe delay for (a) 40μJ/cm2 and (b) 60μJ/cm2, with the 
corresponding simulated THz pulses for un-pumped (solid blue line), after pump for low (solid red line) and high 
(solid black line) THz, respectively.

References
[1] J. Leuthold et al., Nat. Photonics 4, 535 (2010).
[2] W. Walukiewiczet. al., J. Appl. Phys. 50, 899 (1979).
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(LASERS-6-11-2)    QCW all-fiber laser at 2.94 mm

Dominic Faucher, Nicolas Caron, Martin Bernier and Réal Vallée
Center for Optics, Photonics and Lasers (COPL), Université Laval, Canada

Compact, robust and efficient laser sources near 3 mm are needed for applications such as laser surgery, mid-infrared 
laser pumping and sensing. Extending the benefits of fiber laser technology to this wavelength region is challenging 
due to the scarcity of low maximum phonon energy glasses that can be drawn into suitable optical fibers. Recent 
results [1] show that erbium-doped fluoride glass is an excellent candidate, thanks to the availability of high quality 
double-clad fibers, low loss fusion splicing capability and strongly reflective fiber Bragg gratings (FBGs) [2]. The 
ability to control the pulse duration, peak power and repetition rate of QCW fiber lasers is ideal for many materials 
processing applications. This versatility is especially important in applications such as laser surgery, where one wants 
to control both ablation depth and collateral thermal damage in a variety of different tissues. Few demonstrations 
of QCW laser emission around 3 mm in Er3+-doped fluoride glass are reported and all show undesirable, large 
fluctuations in output power and emission wavelength [3]. 
In this paper, we present our latest results on a QCW all-fiber laser emitting at 2.94 mm. The laser was built with a 
4.75 m long Er3+-doped fluoride glass fiber (FGF) from Le Verre Fluoré, which has a 0.12 numerical aperture (NA), 
15 mm diameter, 7 mol% Er3+-doped single-mode core. The cavity was made by fusion splicing the doped fiber to 
two fiber Bragg gratings (FBGs) of 98% and 30% reflectivity written in an undoped, mode-matched fiber. The pump 
source, 3 pump modules of 30 W emitting at 976 nm, was spliced to the cavity on the highly reflecting FBG’s side. 
The modules were driven by current pulses of 8 ms at a repetition rate of 25 Hz, providing 75 W of maximum peak 
power.
Fig. 1a shows that the laser produced a maximum pulse energy of 134 mJ at a slope efficiency of 21.4%. For 
absorbed pump powers <4 W, the laser oscillates around the peak gain wavelength of 2790 nm. As shown in Fig. 1b, 
the transient pulse dynamics shows that laser emission gradually shifts to larger wavelengths in a series of discrete 
hops following the start of the pump pulse, reaching 2942 nm after about 153 ms. The output power reaches 90% of 
its peak value of 16.1 W after about 0.88 ms. 
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Fig. 1 a) Laser average output power as a function of absorbed pump power, b) transient pulse dynamics.
We believe such a laser would have interesting medical applications, especially in microsurgery, which could benefit 
from both the singlemode, high quality output beam and the wavelength located near the liquid water absorption 
peak. QCW operation allows the control of heat build-up in the tissue under treatment by adjusting the pulse peak 
power and duration. We believe shorter pulse durations and higher peak powers will be achieved in the near future.

References
[1] D. Faucher, M. Bernier, G. Androz, N. Caron and R. Vallée, “20 W passively cooled single-mode all-fiber laser at 2.8 mm", 
Opt. Lett 36, 1104 (2011).
[2] M. Bernier, D. Faucher, R. Vallée, A. Saliminia, G. Androz, Y. Sheng and S. L. Chin, "Bragg gratings photoinduced in 
ZBLAN fibers by femtosecond pulses at 800 nm", Opt. Lett. 32, 454 (2007)
[3] M. Gorjan, M. Marincek, M. Copic, "Spectral dynamics of pulsed diode-pumped erbium-doped fluoride fiber lasers", J. Opt. 
Soc. Am. B 27, 2784 (2010)

(LASERS-6-11-3)    Mode-hop-free tuning of a semiconductor laser with a chirped grating in a simple ex-
tended-cavity

Denis Panneton1, Gilles Fortin2 and Nathalie McCarthy1

1 Centre d’optique, photonique et laser, Universite Laval, Canada
2 AEREX Avionics Inc.,Canada

The possibility of tuning a laser source, without any mode-hop over a wide range of wavelength, could afford 
many applications in telecommunication and spectroscopy. Among the multiple techniques proposed to obtain true 
continuous tuning, many involve a wavelength selective element (grating) that needs to be rotated in order to select 
the output wavelength. Such methods usually require more optical components than the technique proposed in this 
presentation.

Our group developed a holographic technique to fabricate custom-engineered chirped gratings. The variation in the 
grating line space allows the continuous modification of the output wavelength by a simple translation of the grating. 
The useful beam out-coupled through the 0th-order is propagating in a constant direction for any tuned wavelength.

The translation of the grating simplifies the mechanical process, reducing possible errors in ultra-sensitive tuning 
patterns. The variation in the line space also induces a focal effect in the axis perpendicular to the grooves; it is 
exploited to compensate a part of the beam divergence in the external cavity. Moreover, a transverse focal effect from 
the holographic grating is introduced for improving reinjection in the semiconductor laser. These latest developments 
contributed to simplify the extended cavity which now includes only an aspheric lens (to reduce the large divergence 
of the emitted beam) followed by our chirped grating. The simplification of the experimental setup increases stability 
and significantly reduces losses.

With this simple configuration, it has been possible to obtain a continuous tuning of a semiconductor laser over 10 
nm at an average wavelength close to 1540 nm. The output power of such a laser was near 8 mW and quite stable 
over all the tuning range. Fine adjustments are still made to obtain a greater tuning range.
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(LASERS-6-11-4)   Plasmonic enhanced laser cell transfection method: A comparison between 
femto and nanosecond pulsed laser source 

B. St-louis, J.Baumgart, E. Boulais and R. Lachaine, J.J. Lebrun, M. Meunier
Department of Engineering Physic, Laser Processing and Plasmonics Laboratory,

École Polytechnique de Montréal, Canada

The ability to introduce an exogenous molecule such as a plasmid or SiRNA into a desired cell is of high importance 
in biology and medicine researches. The studies of gene expression and gene silencing as well as therapeutical studies 
would greatly benefit from a transfection method that combines high efficacy, high throughput, low cytotoxicity, 
repeatability and ease of operation. Our group has developed such technique based on the local amplification of 
the electric field near plasmonic nanostructures (1) . Gold nanoparticles (AuNP) deposited on human cells act as 
scatterers when they are irradiated with a pulsed laser at a wavelength far from the AuNP plasmonic peak. Even 
for off-resonance plasmonic nanostructures, a near field amplification occurs upon irradiation (~4.5X at 800 nm 
and ~3.2X at 1064nm for 100nm particles) resulting in an irradiance above the optical breakdown threshold. This 
creates small nanometer size bubbles, which in turn transiently increase cell membrane permeability by perforating 
nanoscale pores directly on the membrane. In our studies we show that the membrane permeability of melanoma 
cells (wm278) is significantly increased to allow the internalization of extracellular molecules (Lucifer yellow and 
YFP plasmid). The process can be achieved using either a femtosecond or a nanosecond pulsed laser although both 
mechanisms leading to the bubble formation are quite different. For these two type of laser sources, we present a 
detailed study comparing the perforation rates, the short and long term viability, the fate of the irradiated NPs and the 
ability to successfully transfect a plasmid. 

(1) Judith Baumgart, Laure Humbert, Étienne Boulais, Rémi Lachaine, Jean-Jaques Lebrun, Michel Meunier, Off-resonance 
plasmonic enhanced femtosecond laser optoporation and transfection of cancer cells, Biomaterials 33 (2012) 2345-2350

 (LASERS-6-P-1)   1.55 µm Laterally-coupled ridge-waveguide distributed feedback lasers  
with 3rd-order surface gratings.

Kais Dridi1*, Abdessamad Benhsaien1, Xia Zhang2, and Trevor Hall1

1Centre for Research in Photonics, University of Ottawa, Canada
2CMC Microsystems, Canada

Laterally-coupled distributed feedback (LC-DFB) lasers offer compelling advantages over standard DFB lasers. 
The use of surface gratings on the ridge waveguide sidewalls in LC-DFB devices avoids any epitaxial overgrowth. 
This provides a considerable simplification in the fabrication process, reducing cost and time of manufacturing, and 
ultimately increasing yield. It offers also the potential for monolithic integration with other devices; paving the way 
towards low-cost and mass-production of photonics integrated circuits. 
 
In this work, we report on the realization of high-order gratings InGaAsP/InP multiple-quantum-well (MQW) LC-
DFB lasers by means of stepper lithography and inductively-coupled reactive-ion as well as wet chemical etching. 
Third-order rectangular-shaped gratings have been lithographically defined on the ridge waveguide sidewalls with a 
relatively deep etching along the laser cavity. The optical design has been numerically optimized using the modified-
coupled mode theory1, 2.The epitaxial structure has been engineered to design an active region emitting at 1.55 μm.

Preliminary measurements show interesting results for as-cleaved devices tested at room temperature under CW 
operation. This paper describes the design, fabrication, and optical performances of 3rd-order LC-DFB lasers. As an 
illustration, a design with 1500 µm cavity-long device  showed a stable single-mode operation at 1553 nm with a side 
mode suppression ratio as high as 50 dB. The light-current characteristic of this device revealed a threshold current 
between 65-70 mA. 

1 R. Millett, K. Dridi, A. Benhsaien, H. Schriemer, K. Hinzer, T. Hall, “Fabrication-tolerant 1310nm laterally coupled distributed 
feedback lasers with high side mode suppression ratios”, Photonics and Nanostructures - Fundamentals and Applications, vol. 
9, no. 2, pp.111-118,  Feb. 2011.
2 Ronald Millett, Karin Hinzer, Abdessamad Benhsaien, Trevor J. Hall, and Henry Schriemer, “Impact of Laterally-Coupled 
Grating Microstructure on Effective Coupling Coefficients”, Nanotechnology, vol. 21, no. 13, p.134015, 2010.
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(LASERS-6-P-2)  Digital holographic interferometer for diagnostics of fast surface and volume 
nonuniformities in the field from science to industry

Yu.N. Zakharov (1), M.E. Gusev (2), V.I. Redkorechev (3)
(1) Radiophysical faculty, N. I. Lobachevsky State University of Nizhni Novgorod, Russia,

(2) “Algorithm-Opto, Ltd.” , Russia. (3) NPO Akadempribor, Academy of Sciences of Uzbekistan, Uzbekistan

Determination of optimal conditions for the formation, propagation and reflection of surface acoustic waves (SAW) can 
significantly improve the performance of modern electronic devices that work is based on this physical phenomenon. 
Digital holographic interferometer (DHI) makes possible to increase the accuracy of characteristic measurement and 
studying of the dynamics of high-speed processes. Modern CCD and CMOS sensors allow hologram recording with 
wide temporal (from femtoseconds to continuous time length) and spectral (350 – 1100 nm) range. For nonuniformity 
dynamics detection two exposure DHI give much opportunities. It is based on differented phase surface generation 
which gives information about object changing over a period of time between expositions. We develop this method 
using novel multicolor DHI setup and data processing algorithm based on Fourier transformation with the filtering in 
frequency domain and phase unwraping. Multiply-wavelength DHI eliminates the uncertainty when phase difference 
between adjacent pixels is more than π. Moreover it gives opportunity to measure dispersion characteristics. On the 
128°Y–Х LiNBO3 crystal cut propagation of surface acoustic waves (SAW), excited by interdigital transducer on 60 
MHz frequency, were investigated. Holograms of SAW were recorded and their characteristics were reconstructed. 
Quantitative data of SAW amplitude (3-3.5 nm), length (63.5 mcm) and velocity have been obtained. Possibility of 
axial space shifts measurements with nanometer accuracy is shown. Possibility of GHz-band SAW measurement 
is in potential. Also we have investigate relaxation dynamics of phase nonuniformity, produced by nanosecond 
and picosecond’s laser pulses in LiNBO3 crystals, doped by iron ions of different concentration. Both long-term 
changes and short intense laser pulses induce dynamic nonlinear heterogeneity were recognized.  Not only pilot 
but industrial condition operable device is created. It can work even without vibroprotection on the usual table and 
can be transformed for measurements of objects from large (up to a few meters, such as turbine) to micro-(part of 
millimeter, for example, semiconductor devices and even living biological cells) size.

(LASERS-6-P-3)  Distributed feedback fiber laser with pulsed excitation at 2 mm

Jérôme Leclerc-Perron, Michel Piché, Julien Carrier, and Réal Vallée 
Centre d’Optique, Photonique et Laser, Université Laval, Canada

There is a growing interest for efficient and compact laser systems emitting in the infrared.  For instance, many 
applications in material processing and security would benefit of the availability of an eye-safe laser source delivering 
high power short pulses.  Thulium-doped fiber lasers emitting at 2 mm are often considered for that purpose as they 
offer high conversion of pump power.  In this presentation, we will describe our theoretical and experimental results on 
the dynamics of a distributed feedback Thulium-doped fiber laser with pulsed excitation.  We have made a numerical 
model of a DFB laser cavity where feedback is provide by Bragg gratings written in a Tm-doped fiber; we have 
found conditions where such a laser would generate pulses with a duration ranging from 100 picoseconds to a few 
nanoseconds, assuming that pumping is provided by a nanosecond laser source at 1535 nm.  A conversion efficiency 
of 40% would be possible, according to our calculations.  Pulse duration is sensitive to the cavity parameters and 
also to self-phase modulation at high power.  In parallel, we have put into operation a laser system at 1535 nm that 
generates pulses of 200-mJ energy and 15-ns duration.  These high-energy pump pulses allow reducing the length of 
the DFB cavity, hence favoring the emission of short pulses at 2 mm.  We are presently using a femtosecond system 
to write Bragg gratings in a Tm-doped fiber from CorActive; the fiber has a single clad with a 300 dB/m absorption 
at 1600 nm.  Results obtained with such fibers will be presented.

This work was supported by grants from the Canadian Institute for Photonic Innovations and the Natural Sciences 
and Engineering Research Council.  The authors thank CorActive (Quebec City) for providing us with the thulium-
doped fibers.



268 269

(LASERS-6-P-4)  Light emission enhancement of silicon nanocrystals by a gold layer

R. Karmouch, D. Barba, D. Koshel, F. Martin, G. G. Ross
INRS-Centre Énergie Matériaux Télécommunications, Varennes, Québec, Canada

A thin gold metal layer, was deposited on the top of silicon oxide films containing embedded Si nanocrystals (Si-nc). 
The sample was annealed in a gas containing nitrogen, and subsequently characterized by photoluminescence. The 
coupling between the Si-nc and the surface plasmons (SP) induced by the deposited gold layer was found to greatly 
increase the photoluminescence (PL) from the Si-nc upon CW laser pumping. We obtained 3-fold enhancement of 
photon emission from the Si-nc embedded in silicon dioxide covered with a gold layer as compared with uncovered 
sample. We attribute this enhancement to the increase of the spontaneous emission rate caused by the coupling of 
the Si-nc emitters with the surface plasmons (SP). The evolution of PL emission with laser irradiated time was also 
collected from covered samples, and compared to that from uncovered sample. In uncovered sample, the PL intensity 
decreases with time, approximately with two decay constants. Although the decrease of the initial PL intensity 
associated with the increase of sample temperature under CW pumping is still observed in sample covered with 
a gold layer, this film could contribute to reduce the permanent deterioration of the PL intensity. The use of a thin 
gold layer is compared to other techniques for reducing the effect of photodeterioration. Controlling the permanent 
photodeterioration is essential for a reliable optical gain measurement.

(LASERS-6-P-5)  High power nanosecond laser pulses from a phosphate glass fiber amplifier

Simon Duval1, Karl-Alexandre Jahjah1, Jérôme Leclerc-Perron1, Reno Lessard1, Michel Piché1, and André Croteau2 
1Centre d’Optique, Photonique et Laser, Université Laval, Canada

2INO,  Canada 

Nanosecond laser pulses have found a number of applications, particularly in material processing and remote sensing.  
Laser systems based on erbium-doped optical fibers emitting at 1.5 mm have the added advantage of eye safety.  
However, pulse propagation in erbium-doped fiber amplifiers is subject to nonlinear effects at high power that lead 
to various instabilities.  In order to push the pulse power to values in the tens of kilowatts, one has to minimize 
the length of the fiber amplifiers, hence increase the erbium doping.  Unfortunately, in silica fibers, quenching 
mechanisms put an upper limit to the maximum value of erbium doping that can be used.  Phosphate glass fibers, 
on the other hand, allow for much higher erbium concentration than in silica fibers [1].  Hence they allow for much 
more compact amplifiers and offer a practical solution to the management of fiber instabilities at 1.5 mm.  In this 
presentation, we will describe how we have built a compact laser system delivering pulses at 1535 nm with a 1.8 
kHz repetition rate; the pulses had 15-ns duration and an energy exceeding 200 mJ.  The nanosecond pulses were 
generated by a microchip laser and amplified in a 17-cm long phosphate glass fiber amplifier. The phosphate glass 
fiber was co-doped with erbium (0.9 wt%) and ytterbium (7 wt%) and it has a double clad structure.  Its active core 
has a radius of 5.5 mm and a numerical aperture of 0.12.  Results obtained with femtosecond pulses will also be 
presented. 

This work was supported by the Canadian Institute for Photonic Innovations, the Natural Sciences and Engineering 
Research Council and INO.

[1] C. Lafond, J. Osouf, P. Laperle, J.-L. Soucy, C. Desrosiers, S. Morency, A. Croteau, A. Parent «Er3+ - Yb3+ co-doped 
phosphate glass optical fiber for application at 1.54 microns” Proc. of SPIE, 6343, art. no. 63430M, 2006



270 271

(LASERS-6-P-6)    Hybrid Q-switch Laser Source With Low Frequency Jitter 

 Lionel Jaffrès1,2, Farid El-Bassri1,3 , Vincent Couderc1, Alexis Labruyère1, 
Paul-Henri Pioger2 

1 Xlim research Institute, University of Limoges, UMR CNRS 6172, France
2 Horus Laser SAS, , France

3Compagnie Industrielle des LASers, France

Several applications such as range finding, CARS microspectroscopy, imaging or flow cytometry require high peak 
power optical pulses with duration as short as few hundred of picoseconds and low frequency jitter. We present here 
a new hybrid passive-active laser source with a very low frequency jitter.
This system is based on a dual cavity where a sub-nanosecond passively Q-switched Nd:YAG/Cr:YAG microchip 
laser is coupled with an acousto-optic modulator (AOM) inside a long cavity. The microchip laser is pumped below 
its emitting threshold. The AOM is modulated with a square signal and a tunable frequency. When the AOM is 
ON, the fluorescence is diffracted and lost: the microchip laser is kept under its lasing threshold. When the AOM is 
OFF, the fluorescence goes inside the second cavity and is reflected by the third mirror into the microchip laser: the 
microchip laser is lasing. 
A non linear crystal is also inserted inside the second cavity for extracting the power at the second harmonic. The 
AOM is then used for fine tuning the repetition rate.
With this new design, the microchip laser emitted 700 ps long pulses with a repetition rate tunable up to 30 kHz 
and with a frequency jitter shorter than 80 ns (peak-to-peak) and 40ns (average) (fig. 1). In comparison, the same 
microchip laser without the second cavity and the AOM would have a 400 times longer frequency jitter.
Fig 1 : Jitter vs repetition rate
This laser source represents then a very good, and low cost alternative suitable for these applications. For broad band 
applications, the non-linear crystal could be replaced by high non linear fibre.

Non-linear optics and photonic materials

Chair:
Nicolas Godbout, École Polytechnique de Montréal , Canada

Co-Chairs:
Martin Rochette, McGill University , Canada
Roberto Morandotti, INRS-EMT , Canada

Description:
Original contributions are invited on the topics of nonlinear and quantum optics, materials for optics and 
photonics, as well as related structures and devices. A non exhaustive list of sub-topics includes:

- novel crystals and glasses
- thin films, micro- and nano-structures
- meta-materials
- measurement of nonlinear optical properties
- optical frequency converters, optical parametric oscillators
- nonlinear propagation effects
- generation and measurement of quantum states of light
- quantum entanglement of photons
- optical memory
- micro-structured optical fibres
- optical waveguides and fibres
- passive and active photonic devices
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(OPTICS-6-13-1)  Poled glass multilayers as a new kind of second order nonlinear optical material.

Jacques Albert and Ksenia Yadav, Department of Electronics, Carleton University, Ottawa
Claire Callender and Chris Smelser, Communications Research Centre, Ottawa

 
While glass possesses many important properties that make it the material of choice for in optical applications, 
its second order nonlinearity is identically zero.  Therefore second harmonic generation and electro-optic (fast) 
switching are not possible in glass materials and waveguides.  While it is possible to introduce a weak second order 
nonlinearity in glass by poling it with high voltage at moderately elevated temperatures, this effect is too weak 
for most practical applications.  In the work to be presented here, we introduce a new technique that enhances the 
effective second order linearity of silica glass by two orders of magnitude.  In order to achieve this enhancement 
with conventional poling techniques, we deposited a large number of thin (nm-scale) Germanium-doped silica layers 
by plasma enhanced CVD on a fused silica substrate. The presence of interfaces and alternating doped and undoped 
layers breaks the natural symmetries of glass and facilitates the build up of internal frozen-in electric fields during 
poling. Second harmonic generation measurements with an ultrafast laser operating at 800 nm as well as progressive 
etching experiments are used to confirm the large induced nonlinearity and its location in the deposited layers.

(OPTICS-6-13-2) Highly nonlinear As2Se3 microwires and their applications

Amado Velázquez-Benítez2, Raja Ahmad1, Juan Hernández-Cordero2 and Martin Rochette1
1Department of Electrical and Computer Engineering, McGill University, Canada.        

 2Instituto de Investigaciones en Materiales,UNAM, Mexico

Optical microtapers made of As2Se3 find application in many processes requiring high nonlinearity and flexible 
chromatic dispersion. This presentation summarizes results of the research on As2Se3 microwires, from their 
fabrication up to their use as building blocks for nonlinear components.



274 275

(OPTICS-6-13-3)  Notch Nonlinear Frequency Blue Shift and Observation of Second Harmonic 
Generation in AlGaAs Bragg Grating Waveguides

P. Tannouri1, M. Clerici1, M. Peccianti1,2,*, M.J. Strain3, A. Pasquazi1,  S. P. Ho1,4, K. A. Rutkowska1,5, M. Sorel3 and 
R. Morandotti1

1) INRS EMT, Varennes, Canada
2) IPCF-CNR, UOS Roma, University “Sapienza”, Italy

3) School of Engineering, University of Glasgow, UK
4) Nanophotonics Research Alliance, Universiti Teknologi, Malaysia

5) Faculty of Physics, Warsaw University of Technology, Poland.

A wide set of phenomena has been predicted and partially demonstrated for the nonlinear self-action of light in 
periodic structures, including pulse compression, pulse shaping, bi- and multi-stability, chaos and optical switching 
[1-3]. In particular, nonlinearities can be exploited for the dynamical tuning of the pulse propagation velocity in 
nonlinear Bragg gratings and to support pulse self-trapping in the form of gap solitons or for enabling ultrafast all-
optical switching. This effect has been recently observed, but explored only in fiber based structures, i.e. in a non-
integrated geometry[4]. Bragg grating waveguides (BGWs) on the other hand, are ideal candidates for studying these 
phenomenona in integrated platforms: BGWs possess the advantage of a nonlinearity enhancement induced by tight 
confinement, which largely reduces the required powers. Up to now several experimental issues have prevented a clear 
demonstration of the ultrafast (non-resonant) nonlinear shift of the notch frequency at low switching intensities. 
Exploring a highly nonlinear, AlGaAs ridged BGW, we demonstrated the nonlinear blue shift of the filter resonance 
notch up to ~0.5nm as the pulse energy increases, as well as spectral reshaping. Remarkably, the direction of the 
observed notch frequency shift resulted independent from the position of the input pulse spectrum with respect 
to the linear notch frequency, thus confirming that no separate self-phase modulation effects are contributing to 
the transmission function reshaping. It is interesting to notice that the blue shift is consistent with an equivalent 
negative Kerr effect, which can be associated to a non-electronic-Kerr origin of the nonlinearity like cascading 
second harmonic generation. In this presentation we will show the detailed measurement of the second harmonic 
generation in our structure. By comparison with a theoretical model, we demonstrate the first observation of notch 
blue shift in AlGaAs waveguides due to second order ultrafast nonlinearity.

 
Fig. 1: Second harmonic detected spectra at the output of the bragggrating for 2mW (black curve), 3mW (blue curve) 
and 4.5mW (red curve) power excitation for a 400fs pulse centered at 1520nm.

[1] H. G. Winful et al., “Theory of bistability in nonlinear distributed feedback structures,” Appl. Phys. Lett. 35, 379 (1979).
[2] S. Trillo et al. ,“From parametric gap solitons to chaos by means of second-harmonic generation in Bragg gratings,”Chaos 
10, 590 (2000).
[3] P. Millar et al., “Nonlinear propagation effects in an AlGaAs Bragg grating filter,” Opt. Lett. 24, 685 (1999).
[4] M. Imai and S. Sato, “Optical switching devices using nonlinear fiber-optic grating coupler,” IPAP Books 2, pp. 293-303 
(2005).

(OPTICS-6-13-4)  Measurement of the nonlinear optical coefficient of graphene in the picosecond 
pulse regime via the Z-scan technique

Han Zhang,1 Stéphane Virally,2,* Qiaoliang Bao,3 Kian Ping Loh,3 
Serge Massar,4 Nicolas Godbout2 and Pascal Kockaert1

1 Service OPERA-Photonique, Université libre de Bruxelles, Belgium
2 Engineering Physics Department, École Polytechnique de Montréal, Canada

3 Department of Chemistry, National University of Singapore, Singapore 
4 Laboratoir d’Information Quantique, Université libre de Bruxelles, Belgium* 

We use the z-scan technique to measure the nonlinear coefficient of a loose stack of few-layer graphene under strong 
illumination by a picosecond-regime pulsed laser. Under those circumstances, graphene exhibits both a transmittance 
increase due to saturable absorption and a nonlinear phase shift. If great care is taken to ensure that no cumulative 
thermal effects play a role in the experiment, Z-scan measurements enable an unambiguous distinction between these 
two nonlinear optical effects. We thus can measure both the real and imaginary parts of the third-order susceptibility 
coefficient of graphene. Our results show that the nonlinear phase shift increases linearly with the number of layers 
but that the nonlinear optical coeffcient itself is independent of the number of layers, although it might vary with 
the illumination regime. We further show that in the picosecond regime, graphene possesses a giant non-linear Kerr 
coefficient n2≈6.10-8 cm2 W-1, almost nine orders of magnitude larger than that of bulk dielectrics. In addition, we find 
that even when saturation effects start limiting the absorption, the nonlinear phase shift still increases with increasing 
illumination, albeit at a lower pace. This suggests that graphene may be a very promising nonlinear Kerr medium at 
high power range, paving the way for graphene-based nonlinear Kerr photonics.
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(OPTICS-6-19-1)   CW, Q-switched and Mode-Locked Lasers on Glass Substrate

Jean-Emmanuel BROQUIN, Bertrand CHARLET, Lionel BASTARD
IMEP-LaHC, UMR 5130 CNRS-UJF-UDS-Grenoble INP, France,

Ion exchange on glass is a technology that has been used since the early 1970s to realize first waveguides and then 
Integrated Optical Circuits (IOC). Nowadays this technology is mature and allows realizing several kinds of passive 
integrated devices ranging from power splitter to telescope recombiners for exo-planet imaging on giant telescopes. 
Nonetheless, though passive devices were of high interest, a huge effort has been carried-out during the last decade 
of the XXth century to develop active devices like optical amplifiers and lasers mainly for Telecom applications. 
However, the remarkable properties of integrated lasers in terms of compacity, robustness and reliability as well as 
the possibility to manufacture them at relatively low-cost thanks to planar integration, entailed a shift in the use of 
these devices, which are nowadays interesting for many sensors applications.

In this presentation, we will review the development carried-out at the IMEP-LaHC during the last 15 years concerning 
integrated lasers made by ion exchange on rare-earth doped glass substrate. First, the principle of ion-exchange and 
the main characteristics of ion-exchanged waveguides will be presented. Then, we’ll briefly show the performances 
of some Erbium Doped Waveguide Amplifiers before introducing the realization of ultra-narrow linewidth DFB 
lasers realized by a silver-sodium ion-exchange on an Ytterbium-Erbium co-doped dedicated phosphate glass. An 
application of this laser into a LIDAR instrument will be presented in order to show how the high coherence and 
stability of these lasers can be used for positioning airplanes and serve as a back-up system for  Pitot gauges. 

The main part of the talk will be dedicated to pulsed lasers made on a Neodymium-doped substrate. Integrated 
passively Q-switched lasers with peak-powers higher than 2 kW in a single mode waveguide will be described 
as well as their successful use as a pump for supercontinuum generation in a photonic crystal fiber. We will also 
present our latest results on bicolor mode-locked lasers for the generation of THz signals using dissipative soliton 
generation.

Finally, some perspectives of our researches in terms of hybrid passive / active microsystems will be discussed 
before conclusion.

(OPTICS-6-19-2)   Second Order Nonlinearities in Laser Diodes

Amr S. Helmy, P. Abolghasem, B. J. Bijlani
University of Toronto, Canada

Developing monolithically integrated widely tunable sources of coherent light in the mid-IR can greatly benefit 
sensing and other applications. A monolithic source that is completely integrated has not however been achieved, 
due to the lack of a suitable platform that supports both efficient nonlinear processes and a powerful pump source. 
Popular nonlinear materials such as PPLN, BBO, LBO and KDP have appreciable nonlinearities but do not lend 
themselves to complex photonic integration such as cavities and couplers. In addition they cannot be integrated with 
a pump source. Semiconductor diode lasers, on the other hand offer efficient laser pumps. Semiconductor materials 
also have significant nonlinearities. However, they are not easy to harness due to challenges associated with phase 
matching.

Bragg reflection waveguides are discussed in this paper as a platform which enables the integration of diode lasers 
and structures where second order nonlinearity can be harnessed effectively. A simple method of designing phase-
matched laser structures utilizing transfer-matrix analysis is described. The talk will elucidate who such structures 
can be optimized in terms of laser performance and for the enhancement of chi (2) nonlinearity. The associated trade-
offs are also discussed.

In this paper we also report intracavity parametric fluorescence (PF) in AlGaAs Bragg reflection waveguide lasers. 
The active region of the diode laser is composed of two InGaAs quantum-wells with GaAs barriers with a lasing 
wavelength between 966-980 nm. The laser serves as the pump for parametric fluorescence which arises from the chi 
(2) nonlinearity. The cavity of the laser is designed to satisfy the phase-matching condition for down-conversion of 
pump photons to a pair of signal and idler with their spectrum located between 1620-1699 nm and 2240-2480 nm, 
respectively.
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(OPTICS-6-19-3)   High photoinduced birefringence in GeAsS thin films

K. Palanjyan, S. H. Messaddeq, Y. Messaddeq, R. Vallee, T. Galstian
Center for Optics, Photonics and Lasers (COPL)

Department of Physics, Engineering Physics and Optics, Laval University, Canada

Photo-induced structural changes were well studied on As-S chalcogenide glasses because of their considerable 
technological importance, having applications as electron-beam resists [1], waveguide [2] optical-imaging [3], and 
pixilated panels for LCDs [4]. For As-S binary chalcogenide the network is locally two-dimensional with weak van 
der Waals bonding between the layers leading to glasses with low glass transition temperature (at the order of 150 – 
180 °C) and thus environmentally is not very robust. The addition of fourfold-coordinated atoms such as germanium 
increases the network rigidity, Tg, strength and hardness by creating bonds between layers. 

In the present work, we report the photoinduced changes (such as bandgap shift, photo contraction and photoinduced 
birefringence) in Ge25AsxS75-x (5≤x≤40) thin films. Depending on composition, deposition conditions and exposure, 
high photoinduced birefringence value (above 0.03) was obtained. 

Preliminary model is proposed based on Raman spectra which shows the role of bond breaking and bond weakening 
of Ge-Ge/Ge-As bonds on the observed photo induced birefringence. 

References
 (Endnotes)
1 Vlcek, M. & Jain, H. Nanostructuring of chalcogenide glasses using electron beam lithography. J. Optoelectron. Adv. Mat. 8, 
2108–2111 (2006).
2 Viens, J.-F. et al. Fabrication and characterization of integrated optical waveguides in sulphide chalcogenide glasses. J. Light. 
Tech. 17, 1184–1191 (1999).
3 Zhang, X. H., Guimond, Y. & Bellec, Y. Production of complex chalcogenide glass optics by molding for thermal Imaging. J. 
Non-Cryst. Sol. 326, 519–523 (2003).
4 D.-K. Yang and S.-T. Wu, Fundamentals of Liquid Crystal Devices _Wiley, New York, 2006

(OPTICS-6-19-4)   Femtosecond Direct Laser Writing of Fiber Cladding Photonic Devices 

Jason R. Grenier1, Luís A. Fernandes1,2 Paulo V. S. Marques2, J. Stewart Aitchison1 and Peter R. Herman1

1Institute for Optical Sciences, and the Department of Electrical & Computer Engineering University of Toronto,  
2INESC-Porto, Departamento de Física da Universidade do Porto

Femtosecond laser direct writing in bulk transparent dielectric materials has attracted considerable interest and has 
resulted in the three-dimensional (3D) fabrication of numerous integrated optical devices. While these laser-written 
devices promise to expand the component toolkit for fabricating highly functional integrated optical circuits, their 
integration in the cladding of a single-mode optical fiber represents an attractive extension of this technology. To this 
end, we extend the femtosecond direct laser writing of optical waveguides and high strength, first order Bragg grating 
waveguides (BGW) to the cladding of single-mode optical fibers to enable 3D optical sensing microsystems.

In this work, a femtosecond fiber laser of 300 fs pulse duration was frequency-doubled to 522 nm  and applied at 500 
kHz repetition rate to fabricate waveguides and BGWs in the cladding of an optical fiber. In order to drive stronger 
laser interactions and avoid strong spherical and astigmatic optical aberrations, a 100X, 1.25 NA oil-immersion lens 
was used to focus the laser pulses.  BGW fabrication was enabled by using an acousto-optic modulator to generate 
laser burst trains, which formed a segmented waveguide consisting of an array of partially overlapping refractive 
index voxels. The resulting BGWs were single mode at 1560 nm, supporting a nearly circular mode profile of 
10.5 × 9.1 μm (1/e2 intensity diameters) that are within ±1.3 μm of a SMF (10.4 μm) and have a 3 dB insertion loss 
for a 25 mm long grating waveguide. A peak reflection of -3.5 dB, transmission grating strength of -32 dB and 3 
dB bandwidth of 0.2 nm were also measured from the recorded spectrum. Laser polarization and pulse energy were 
varied for trimming the laser-induced waveguide birefringence over the range of 2.5 × 10-5 to 3 × 10-4, which was 
inferred from the polarization-induced spectral shifting of the Bragg resonances. A temperature independent bend 
sensor is demonstrated whereby Bragg wavelength shifts induced in four BGWs that were orthogonally distributed 
about the azimuth of the cladding for the purpose of distributed sensing of fiber position, torsion, and angle. The 
unique opportunity of using femtosecond direct laser writing to fabricate optical circuit components in the cladding 
of optical fibers opens new directions for compact and functional, optical and optofluidic microsystems for telecom, 
sensing and lab-on-a fiber concepts.
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(OPTICS-7-26-1)   Specialty Optical Fibers Technologies at INO: Lasers, Amplifiers and Sensors

Antoine Proulx
INO, Canada

The presentation will show an overview of INO’s expertise and R&D activities related to optical fiber design, 
fabrication, post-processing and applications, with an emphasis on specialty optical fiber designs for fiber lasers and 
amplifiers, as well as optical fiber sensors’ development. In the active fiber area, INO most recent advancements 
regarding multiclad optical fiber technology, which offers superior control on the mode quality of active fibers will 
be presented. In the fiber sensor area, various custom optical fiber realizations involving microstructured optical fiber 
technology for specific sensing applications will be described. 

(OPTICS-7-26-2) Periodic dispersion maps in optical fibers :
a new degree of freedom in nonlinear fiber optics

A. Kudlinski, M. Droques, G. Bouwmans, G. Martinelli and A. Mussot
Université de Lille, France

Modulation instability (MI) is an ubiquitous nonlinear phenomenon which occurs in many physical sub-fields such as 
plasma physics, solid-state physics, fluid dynamics and optics. In optical fibers, MI is characterized by the parametric 
amplification of two symmetrical sidebands in the spectrum at frequencies satisfying a phase-matching condition for 
which dispersive and nonlinear effects are counterbalanced. We report here the experimental demonstration of a MI
process in an optical fiber characterized by a longitudinal periodic dispersion. Although such a periodicity has been 
shown to be detrimental in telecommunication networks (at a ~100 km scale) [1], we show here that it can be tailored 
to exhibit a multiple-wideband parametric gain spectrum. Indeed, by controlling the periodicity during fiber drawing 
at a ~10 m scale, we report the formation a complex parametric gain spectrum with about 20 gain bands spanning 
over more than 20 THz in a discrete way, in excellent agreement with numerical integrations of the generalized 
nonlinear Schrödinger equation. An analytical treatment based on a truncated threewave model [2] allows to get 
physical insight into the rich dynamics of this process, and to interpret it as a quasi-phase matched four-wave mixing. 
This work opens the way to new and promising potentialities in the design of wideband parametric amplifiers and/or 
oscillators. From a larger view, this new degree of freedom with regards to traditional nonlinear fiber optics has the
potential to revolutionize the way in which we think about this field.

[1] N. J. Smith and N. J. Doran, Opt. Lett. 21, 570 (1996). 
[2] K. Inoue and T. Mukai, Opt. Lett. 26, 10 (2001).
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(OPTICS-7-26-3) THz wave guiding using hollow capillaries

Anna Mazhorova,* Andrey Markov, Bora Ung, Mathieu Rozé, Stepan Gorgutsa,  
and Maksim Skorobogatiy

Génie Physique, École Polytechnique de Montréal, Canada 

We show that chalcogenide glass As2Se3 capillaries can act as efficient waveguides in the terahertz range. The 
thin-walled capillaries guide via total internal reflection (TIR), whereas for the thick-walled capillaries guiding 
mechanism is dictated by the anti-resonant reflection (ARROW) conditions where the wall of the capillary acts 
as a Fabry–Perot resonator[1]. The capillaries are fabricated using a double crucible glass drawing technique. The 
wall thickness of each glass capillary is properly designed and controlled during drawing, thus allowing to produce 
capillaries with different wall thicknesses, starting from 130 µm down to 12 µm. The thicker capillaries (~100 µm) 
show clear anti-resonant guidance with periodic minima and maxima as a function of frequency. Fig. 1 (d) illustrates 
the transmittance through 50 cm long capillary with wall thickness t = 98 ± 12 μm. The first transmittance peak at 
0.26 THz corresponds to the propagation of the TIR mode as the conditions for the excitation of the ARROW mode 
are not met, since the wavelength is comparable with the diameter of the capillary. All subsequent peaks correspond 
to the ARROW propagation regime. Thinner capillaries (wall thickness < 20 µm) show a very broad transmission 
peak [Fig. 1 (c)]. The total internal reflection mode is guided in the frequency region between 0.5 and 0.9 THz having 
low attenuation constant (below 0.2 cm-1). The obtained results show the high potential of the hollow capillaries in 
THz waveguiding and sensing applications.

Fig. 1. Optical micrographs of the capillary used in the experiments (a) with OD of 1.56 mm and t=12 µm, (b) with 
OD of 0.95 mm and t=98 µm; (c) the transmittance of the capillary with 12 μm wall thickness for various values 
of the capillary length.(d) Transmittance of the capillary with 98 µm average wall thickness in the spectral range 
between 0 - 2.5 THz. Orange dashed lines correspond to the positions of the water lines in the THz spectrum.
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1. E. Nguema, D. Férachou, G. Humbert, J.-L. Auguste, and Jean-M. Blondy, “Broadband terahertz transmission within the air 
channel of thin-wall pipe,” Opt. Lett. 36, 1782-1784 (2011)

(OPTICS-7-26-4) Fabrication and characterization of all-fiber 90° optical hybrids using a 4x4 cou-
pler for signal analysis

Wendy-Julie Madore1, Mikael Leduc1, Stéphane Couture2, Sylvain O’Reilly2, Suzanne Lacroix1, Nicolas Godbout1

1 École Polytechnique de Montréal, Canada
2 ITF Labs, Canada

We report our progress on the fabrication of all-fiber 90° optical hybrids as well as the characterization technique for 
phase analysis. An optical hybrid is a device having two input and four output ports. The first input is a modulated 
signal (S) and the second is a reference signal (R).  The amplitudes of the output signals are proportional to the 
sum and difference of the amplitudes of the local oscillator used as a reference R and the amplitudes of the two 
quadratures of the signal S.

A 4x4 fiber coupler in a square cross-section geometry can fulfill the requirements for optical hybrids. Such a device 
can be manufactured by a standard fusion-tapering technique. The design and fabrication parameters (degree of 
fusion, length and taper ratio) can be adjusted to obtain the properties of a 90° optical hybrid. Using two adjacent 
input ports, the device exhibits the amplitude equipartition and required phases between the output signals. The 
ideal 4x4 coupler is lossless, polarization-independent, and working over the C-band for telecommunications. As 
it enables the unambiguous measurement of the optical amplitude and phase of a signal with respect to a known 
reference, such a component is firstly designed for coherent demodulation.

We fabricated and characterized 4x4 couplers that meet all the requirements of 90° optical hybrids. We then tested 
the device as a demodulator in a standard telecommunication phase-modulation scheme and obtained the expected 
constellations.
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(OPTICS-7-32-1)  Mixing frequencies with a synchronized picosecond programmable laser system 
and its applications

Alain Villeneuve
Laval University, Canada

(OPTICS-7-32-2)   Recent advances in the design of Photonic Bandgap and Hybrid Fibers: From Large 
Mode Area to Highly nonlinear fibers

Y. Quiquempois1, A. Baz1, O. Vanvincq1, C. Valentin1, L. Bigot1, G. Bouwmans1, A. Kudlinski1, A. Mussot1, E. 
Hugonnot2 and M. Douay1

1Laboratoire de Physique des Lasers, Atomes et Molécules, UMR 8523, Institut de Recherche sur les Composants 
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 Photonic BandGap Fibers (PBGF) belongs to the family of microstructured optical fibers whereby the 
cladding is made of high refractive index inclusions as compared to the material background. In such fibers, light is 
confined to the core by an anti-resonant mechanism and several high transmission windows separated by high loss 
regions compose the transmission spectrum. Such PBGFs have proven to be good candidates for single-mode high 
power delivery [1] and for controlling the spectral extension of supercontinuum generation [2]. Mixing different types 
of resonators in the cladding or mixing PBG with TIR mechanism lead to original and more flexible fiber designs. 
Recent developments in the design and realization of LMA and Highly nonlinear fibers will be presented, including 
single-mode ring-structured Bragg fibers, LMA fibers exhibiting a fundamental mode with a flat-top profile, and 
hybrid fibers for supercontinuum generation or frequency conversion.

[1] T. Murao, K. Saitoh and M. Koshiba, Optics Express 19, 1713 (2011)
[2] A. Bétourné, A. Kudlinski, G. Bouwmans, O. Vanvincq, A. Mussot, and Y. Quiquempois, Optics Lett. 34, 3083 (2009)
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(OPTICS-7-32-3)   Coupled lasers and nonlinearity

Alain Barthélémy
CNRS-Université de Limoges, France

 The talk will discuss some situations where nonlinearity plays a key role in the behavior and in the dynamics 
of coupled lasers. Focusing on fiber lasers, Kerr nonlinearity and resonant contribution from the gain will be 
compared. In particular measurement of gain dependent phase-shift versus signal power in Ytterbium doped fiber 
amplifiers will be reported. In the context of coherently coupled fiber laser array, specific resonator and specific 
filtering can be implemented to compensate for path length differences in the laser array by nonlinear contribution. 
Theoretical results will be reported showing improvement in the phase-locking of fiber laser array through resonant 
nonlinearity.

(OPTICS-7-32-4)    Autoresonant optical parametric amplifier

Oded Yaakobi1 and Lazar Friedland2
1Ultrafast Optical Processing Group, INRS-EMT, Varennes, Canada

2Racah Institute of Physics, The Hebrew University, Israel

Autoresonance is a unique property of many driven nonlinear systems to stay in resonance (phase-locking) with the 
driving oscillations if the parameters of the system vary in space and/or time gradually. The first study of the idea 
of autoresoance in the field of nonlinear optics was about two-wave mixing process in a spatially chirped nonlinear 
directional optical coupler [1].

Applying the autoresoance effect for improving the performance of Optical Parametric Amplifiers (OPAs), was 
suggested for the first time in the context of Four-Wave Mixing (FWM) in tapered optical fibers [2]. In autoresonance, 
the interacting waves stay phase-locked continuously due to variation of system parameters (spatial tapering). This 
spatially extended phase-locking allows complete pump depletion in the system and uniform amplification spectrum 
in a wide frequency band. These unique properties of the amplification spectrum are a consequence of the fact that 
the amplitude of the signal grows monotonically along the tapered fiber. On the contrary, in conventional OPAs that 
are based on a uniform fiber, the amplitude is a periodic function of position and one has to choose a particular length 
to maximize the amplification. Since such an optimal length is a function of the signal frequency, the amplification 
spectrum has strong spectral variability.

In our research we derived an analytical theory describing the dynamics of autoresonant FWM in tapered fibers, 
and verified it by numerical computations. We examined various aspects of autoresonant OPA, including the initial 
phase-locking, conditions for autoresonant transition, stability, and spatial range of the autoresonant interaction.
The robustness of the autoresonance effect makes it an attractive concept that has already been implemented in 
many fields of physics and engineering and has potential to many industrial applications. A variety of exciting new 
autoresonant applications in the field of nonlinear optics is currently being investigated by us.

References
[1] A. Barak, Y. Lamhot, L. Friedland, and M. Segev, Phys. Rev. Lett., 103, 123901 (2009). 
[2] O. Yaakobi and L. Friedland, Phys. Rev. A 82, 023820 (2010).
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(OPTICS-7-38-1)   High transmission-loss and classical-quantum multiplexing QKD enabled with 
short wavelength photons

Evan Meyer-Scott, Catherine Holloway, Chris Erven, Alessandro
Fedrizzi, Jean-Philippe Bourgoin, Hannes Hübel, Gregor Weihs,  Thomas

Jennewein
University of Waterloo, Canada

I will present recent work on demonstration quantum key distribution  (QKD) with short optical wavelengths 
(532nm, 810 nm), and how it offers unique applications such as operation with ultra-high channel losses of 60dB, 
and entanglement based QKD over existing - and fully active -  optical telecom networks.

Short-wavelength QKD has been around ever since experiments have been performed, and is therefore widely studied. 
One important benefit for systems operating at that wavelength is the use Silicon (Si) avalanche-photo-diodes for the 
photon detection. These offer high detection efficiency, very low dark counts and free-running operation.

The visible wavelength range is ideally suited for free-space applications, because the transmission through 
atmosphere is very good and the beam diffraction is still small. The use of such systems is to exchange quantum keys 
or entangled photons between mobile sites, and in the future even satellites. We implemented a system using the best 
available Si-detectors, an advanced and high-precision timing analysis system, and an ultrafast and modulated faint-
laser source to achieve operation at ultra-high losses of 60dB. Our system shows a viable approach for operating 
under difficult situations such as the uplink of photons to a satellite, as well high-background, and these possible 
applications will be briefly reviewed.

In terms of fibre optic based transmissions, the current systems usually favour telecom wavelength over the short 
wavelengths, because existing IT infrastructure is single mode for telecom signals. This comes at the cost of needing 
sophisticated, and noisier photon detectors based on InGaAs. However, it has been established that also short 
wavelengths can be utilized over telecom optical fibres. The use of spatial and temporal filters must be implemented 
to suppress higher order modes in the optical fibres. We will show our recent experimental demonstration of 
entanglement based QKD, where the photon pairs created from a simple continuous wave operated entangled photon 
source can be distributed symmetrically over telecom optical fibre, and generated high quality secure keys. In a 
further experiment we show that this system directly allows the parallel transmission of QKD and classical telecom 
signals over the same optical fibres.

(OPTICS-7-38-2) Solid State Quantum Light-Matter Interface for Photonic Polarization Qubits.

Hugues de Riedmatten,
ICFO-The Institute of Photonic Sciences, Barcelona Spain

ICREA- Catalan Institute of Research and Advanced Studies, Barcelona, Spain

The ability to transfer quantum information in a coherent, efficient and reversible way from light to matter plays 
an important role in quantum information science. It enables the realization of photonic quantum memories which 
are required to render scalable elaborate quantum protocols involving many probabilistic processes that have  to 
be combined (e.g, quantum repeaters, quantum networks, linear optics quantum computing).  In this talk, I will 
present our efforts towards the realization of a long lived quantum memory in a solid state environment, using a 
praseodymium doped crystal (Pr3+:Y2SiO5). We have demonstrated quantum storage of photonic polarization qubits 
carried by weak coherent states at the single photon level in the excited state of the Pr ions.   I will also describe how 
the stored excitations can be transferred to spin waves in order to enable longer storage time, and present the recent 
progress in this direction.  Finally I will describe our approach to implement a quantum light source compatible with 
praseodymium quantum memories. 
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(OPTICS-7-38-3) Non linear and quantum optics using crystalline and
amorphous silicon wire waveguides.

Serge Massar 
Université libre de Bruxelles, Belgique

Integrated silicon photonics is one of the most rapidly progressing areas of photonics. Due to the high index of silicon 
and using CMOS compatible lithography, high quality linear optics components can be realised with very small 
footprint on a silicon chip. However crystalline silicon, which is the main platform studied so far, does not offer a 
good figure of merit for non linear optics applications, because of the unfavorable ratio of Kerr non linearity to non 
linear absorption. In the first part of the talk we show that hydrogenated amorphous silicon, which is also CMOS 
compatible, is much more promising in this respect, with a figure of merit 3.6 times higher. This has enabled us to 
demonstrated on-chip parametric amplification with 26.5dB gain in an 11mm long amorphous silicon waveguide. We 
will also report on a 4-wave mixing frequency conversion experiment used to optically sample data from a 320Gbit/s 
serial optical waveform.

The Kerr non linearity of silicon also enables quantum optics experiments in which photon pairs are generated 
by 4-wave mixing in the wire waveguides. We report the experimental generation of photon pairs in a continuous 
wave regime in both crystalline and amorphous silicon wire waveguides. Silicon photonics also enables the design 
of high Q micro-ring cavities. Generating photon pairs in such cavities is highly attractive, as the process is much 
more efficient due to the field confinement. We report the first (to our knowledge) generation of photon pairs in such 
micro-ring cavities.

(OPTICS-7-44-1)   Compact entangled-pair and low-number-of-photon sources for quantum com-
munication in space

M. Jofre1, F. Steinlechner1, J. P. Torres1,2, M. W. Mitchell1,3 and V. Pruneri1,3

1ICFO-Institut de Ciencies Fotoniques, Castelldefels, E-08860 Barcelona, Spain.
2Dept. Signal Theory and Communications, UPC, E-08034 Barcelona, Spain.

3ICREA-Institució Catalana de Recerca i Estudis Avançats, E-08010 Barcelona, Spain.

We report on the development of compact optical sources for high bit rate quantum communication (QC) using 
space-qualified components, the latter being an essential aspect for their deployment in space missions. 

We developed a high-flux source of polarization-entangled photon pairs [1], based on spontaneous parametric down-
conversion (SPDC) emission using periodically poled potassium titanyl phosphate (PPKTP) crystals, pumped with 
a compact 405 nm laser diode. The spectral SPDC characteristics were chosen to maximize the detectable flux rate 
over long-distance atmospheric links. For photon-pair emission at non-degenerate wavelengths around 810 nm, we 
achieved a record number of 0.64 Mpair detection events per mW of pump power, as well as a high entanglement 
visibility, with a Bell-state overlap fidelity of 0.98. 

A compact polarization-encoded low-number photon or faint pulse source (FPS), for free-space quantum key 
distribution applications has been also demonstrated [2]. The source achieves emission rates of 100 Mbps with 
reduced side-channel information correlated to the polarization. It uses a single laser diode (LD) followed by four 
semiconductor optical amplifiers (SOAs) and thin-film polarizers, connected through a fiber network. 

References
[1] F. Steinlechner, et. al., “A high brightness source of polarization entangled photons optimized for applications in free space,” 
Opt. Express, to be published, (2012).
[2] M. Jofre, et. al.,”Fast optical source for quantum key distribution based on semiconductor optical amplifiers,” Opt. Express 
19, 3825-3834 (2011).
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(OPTICS-7-44-2)   Periodically Poled Fiber as a New Source of Entangled Photon Pairs

Eric Y. Zhu and Zhiyuan Tang and Li Qiang
University of Toronto, Canada

We report a new in-fiber approach to generate polarization entangled-photons, based on spontaneous parametric 
downconversion (SPDC) in a periodically poled fiber that exhibits an effective second-order nonlinearity. The weak 
birefringence of the fiber allows us to spectrally separate the type-II phase matching, which is used to generate 
polarization entanglement directly. We argue that this is the simplest approach to polarization-entangled photon pair 
generation, and, unlike those in-fiber approaches based on spontaneous four-wave mixing, ours is immune to Raman 
noise. As a result, we are able to achieve a coincidence-to-accidental ratio (CAR) of >80:1, and high-visibility 
(>95%) two-photon interference, indicating a violation of Bell’s inequality by 18 standard deviations. We will also 
present quantum state tomography results demonstrating high fidelity, high concurrence and tangle. Furthermore, we 
show that such high degree of entanglement is maintained for a large signal-idler wavelength separation, making it 
a highly practical, versatile, broadband entangled photon source in the telecom band.

(OPTICS-7-44-4)  Quantum storage of photonic entanglement in rare-earth-ion doped crystals

C. Clausen, I. Usmani, F. Bussières, N. Sangouard, M. Afzelius, H. de Riedmatten, N. Gisin

Quantum networks require the crucial ability to entangle quantum nodes. A prominent example is the quantum 
repeater which allows overcoming the distance barrier of direct transmission of single photons, provided remote 
quantum memories can be entangled in a heralded fashion. We report on two important steps towards this goal. First, 
we demonstrated entanglement between a photon at telecommunication wavelength and a single collective atomic 
excitation stored in a rare-earth-ion doped crystal. Building on this work, we demonstrated heralded entanglement 
between two separate crystals. Our results highlight the potential of these crystals for entangled quantum nodes and 
bring quantum networks based on solid-state resources one step closer.
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(OPTICS-8-52-1)   Novel Thin-Film Optical Devices 

Ebrahim Mortazy and Mohamed Chaker
Institut National de la Recherche Scientifique (INRS), Varennes,  Canada 

Thin-film electro-optic materials play an important role in the building structure of novel prospective integrated 
optical devices for high-frequency telecommunication systems. Optimization on the performance of optical switches 
and modulators are more interested because of the limitation in their lossy electrode structure for millimeter-wave 
(mmW) and sub-mmW transmission. In addition to the lossy electrode structure, conventional devices are utilized 
bulk substrates such as lithium-niobate (LiNbO3) which have the difficulty in terms of their integration with other 
optical components. However, for the integration purpose, fabrication of the switches and modulators using a thin 
layer of LiNbO3 substrate needs a difficult process of laser micromachining. Therefore, thin-film materials, grown 
on widely used substrates such as silicon can be considered as a replacement for bulk substrates. Vanadium-dioxide 
(VO2) [1] and calcium-barium-niobate (CBN) [2-3] as promising candidates for switches and modulators can be 
grown as a thin-film on quartz and/or silicon substrate. In this paper, VO2 thin-film is considered in realization of an 
optical switch. The VO2 as an interesting thin-film can be switched from the transparent semiconductor state to opaque 
metallic state by increasing the temperature. Another electro-optic thin-film, CBN, is considered in development of 
an electro-optic modulator on silicon substrate. In conclusion, different interesting structures of the thin films and 
their simulation and measured results are presented for the optical devices.
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Fig. 1. (a) Measured metal-semiconductor transition of VO2 thin-film versus temperature and (b) measurement result 
for CBN thin-film optical waveguide sandwiched between SiO2 layers.     
 

References 
[1] M. Soltani, M. Chaker, E. Haddad, R. V. Kruzelesky, “Thermochromic vanadium dioxide smart coatings grown on Kapton 
substrates by reactive pulsed laser deposition,” J. Vac. Sci. Technol. A 24, 612 (2006).
[2] P. F. Ndione, M. Ferrera, D. Duchesne, L. Razzari, M. Gaidi, M. Chaker, R. Morandotti, “Hybrid integration of 
Ca0.28Ba0.72Nb2O6 thin film electro-optic waveguides with silica/silicon substrates,” Opt. Express 17, 15128–15133 (2009). 
[3] E. Mortazy, I. Stateikina, A. Tehranchi, S. Delprat, M. Chaker, and K. Wu, “Calcium Barium Niobate Ridge Waveguide on 
Silicon Substrate,” J. Optical Engineering, 7, 074601 (2010).

(OPTICS-8-52-2)  Self-organisation of white light in a photopolymer: a spontaneous route to 3-D 
optical and waveguide lattices

Matthew R. Ponte and Kalaichelvi Saravanamuttu
Department of Chemistry and Chemical Biology, McMaster University, Canada

 3-D microperiodic polymer structures, which play critical roles in photonics, microfluidics, biomimetics 
and electronics, have been generated both through self-assembly1 and holographic2 and directed-beam lithography.3 

Our group previously reported a route to 3-D optical and microstructural lattices that combines the spontaneity of 
self-organisation to the precision and directionality of lithography.4 This method exploits the inherent instability, 
known as modulation instability,5 of a broad, uniform beam of white light propagating in a photopolymer and its 
consequent division into identical filaments of light.6 By imposing spatially controlled noise on the light beam, 
the self-organising MI-induced filaments can be coaxed into 2-D2 and 3-D lattices.1 Unlike any other known self-
organised or lithographically constructed structure, these lattices comprise entirely of functional, multimode and 
multiwavelength cylindrical waveguides. The objective of this project is to push the limits of this technique to 
determine the types of microstructures that can be generated by employing multiple (up to 5) beams and by exploiting 
their interactions. The talk will describe our progress in generating several microstructures consisting of intersecting 
arrays of polymer waveguides. It will discuss the design of the optical assemblies as well as the fabrication and 
characterisation of several 3-D waveguide lattices. These structures, which are composed of dense multi-direction 
arrays of waveguides, hold significant potential as highly efficient light-collecting and guiding systems. Recent 
results of the light-collection and guiding properties of the waveguide lattices will also be presented.

1. H. Cölfen, S. Mann, Angew. Chem. Int. Ed., 2003, 42, 2350.
2. M. Campbell, D. N. Sharp, M. T. Harrison, R. G. Denning, A. J. Turberfield, Nature, 2000, 404, 53.
3. M. Deubel, G. von Freymann, M. Wegener, S. Pereira, K. Busch and C. M. Soukoulis, Nat. Mater. 2004, 3, 444. 
4. I. B. Burgess, M. R. Ponte, K. Saravanamuttu,  J. Mater. Chem., 2008, 18, 4133.
5. Spatial Solitons, S. Trillo, W. Torruellas, New York, 2001.
6. I. B. Burgess, W. E. Shimmell, K. Saravanamuttu, J. Am. Chem. Soc., 2007, 129, 4738.
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(OPTICS-8-52-3) Three-dimensionally ordered films of TiO2 nanotubes

Xiaojiang Zhang, Samira Farsinezhad, Arash Mohammadpour and Karthik Shankar*
Department of Electrical and Computer Engineering, University of Alberta, Canada  

The increased adoption of photonic crystals for sensing and photonic applications is limited by cost due to the 
predominance of top-down lithographic methods for photonic crystal (PhC) fabrication.  In this study, an effective 

and facile bottom-up approach based on self-assembly for fabricating 
3D-ordered titania nanotube array (TNA) photonic crystal templates 
is presented.  The high refractive indices of both the rutile and anatase 
phases of TiO2 make it a particularly interesting material for PhCs with a 
band-gap in the visible spectral range.  Dual current pulses with various 
amplitudes and durations generated by a custom-made power supply 
were used to obtain TNAs with periodic structures by an electrochemical 
process. Our process allows us to tailor the length and diameter of the 
repeating motifs.  In addition, the phase composition of the structures 
can be adjusted to be between pure anatase and rutile-rich anatase by a 
subsequent heat-treatment.  The optical properties of the TNA-based PhCs 
were investigated using both experiments and simulations. Applications in 
biosensing and photovoltaics will be discussed. 

Fig. 1 (above)  a) Schematic illustration of a TNA photonic crystal with 
dual periodic structures.  b) SEM image of a single TNA with dual periodic 
structures on a titanium substrate.  c) SEM image of TNA photonic crystal 
layer.  

Fig. 2 (left) Optical spectrum of the TNA photonic crystal (red), and of 
regular TNA (black).

(OPTICS-8-52-4)  Infrared generation by filamentation with collinear two-pulse configurations 

P.Lassonde1*, F.Théberge2
, S.Payeur1, M.Châteauneuf2, J. Dubois2, J-C. Kieffer1

1Institut National de la Recherche Scientifique Énergie, (INRS-ÉMT), Canada
2Defence R&D Canada (DRDC), Canada

We demonstrated the remote generation of infrared (IR) radiation by using filamentation of a spectrally shaped 
femtosecond laser beam.  The spectrum is divided in two distinctive parts using an acousto-optic programmable 
dispersive filter (AOPDF) as a pulse shaper, resulting in two perfectly collinear pulses of different colors.  In a first 
configuration, the beam (composed of two pulses with wavelengths close from the fundamental one) is focused 
to produce an optical filament and efficient infrared generation occurred through the cascaded four-wave-mixing 
process.  In a second configuration, one of the two collinear pulses is frequency doubled and direct four-wave-mixing 
was observed.  This in-line setup allowed perfect spatial overlap of the pulses, fine control of the relative delay and 
the remote control of the infrared spectral distribution through spectral shaping of the initial femtosecond laser beam 
via the AOPDF. 
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(OPTICS-8-52-5) Flexible Wavelength Broadcasting in a PPLN with a Central Aperiodic Domain 

Meenu Ahlawat1*, Amirhossein Tehranchi2, Krishnamoorthy Pandiyan3,  
Myoungsik Cha4, and Raman Kashyap1,2

1Department of Engineering Physics, Ecole Polytechnique de Montreal, Canada
2Department of Electrical Engineering, Ecole Polytechnique de Montreal, Canada

3School of Electrical and Electronic Engineering, SASTRA University, India
 4Department of Physics, Pusan National University,  Korea

High-speed WDM networks demand for flexible wavelength broadcasting to replicate a signal to several channels 
[1]. Here, we demonstrate tunable wavelength broadcasting based on cascaded second-harmonic (SH)/sum-frequency 
(SF) generation and difference frequency generation in a novel periodically poled lithium niobate (PPLN) structure 
with a central aperiodic domain. The device is a 10-mm-long PPLN having a period of Λ = 18.5 μm with an aperiodic 
domain of width Λ, fabricated by electric-field poling [2]. The SH power of the device versus wavelength has a dual 
peak nature attributed to the phase reversal caused by the aperiodic domain in the center as depicted in Fig. 1(a). Two 
tunable pump lasers and a fixed signal wavelength in C-band are launched into the PPLN. For a fixed-wavelength 
signal, desired wavelength spacing between the idlers is obtained by the tuning of pump wavelengths which are set 
at each of the two quasi-phase-matched (QPM) wavelengths (1536.1 nm and 1538.2 nm, at 80°C) resulting in two 
SH peaks and one SF peak in between as illustrated in Fig. 1(b). Difference frequency mixing of a signal wavelength 
at 1545.3 nm with these three SH/SF peaks gives three idlers. By tuning the pump wavelengths around two QPM 
peaks of SH power we successfully vary the spacing of 0.4 nm, 0.8 nm and 1.2 nm between the idlers, as shown in 
Fig.1 (c), targeting successive WDM channels keeping the signal wavelength fixed. In Summary, flexible wavelength 
broadcasting in an engineered PPLN is realized by pumps tuning. 

  
 (a)   (b)    (c)

Figure 1: (a) SH power vs. pump wavelength. (b) Spectrum of multiple SH and SF generation. (c) Spectral variation 
of idler spacing for pump wavelengths separation. 

[1] M. Gong, et al., Opt. Lett., vol. 35, pp. 2672-2674, 2010.  
[2] K. Pandiyan, et al., Opt. Express, vol. 17, pp. 17862-17867, 2009.

(OPTICS-8-52-6)  Study of the photo isomerization mechanisms of
liquid crystalline azobenzene dyes

A. Minasyan and T. Galstian1

Center for Optics, Photonics and Lasers (COPL)
Department of Physics, Engineering Physics and Optics, Laval University, Canada

Azobenzene dyes have been studied in various optical systems, for example, for holographic [1] and photo alignment [2] 
applications. While the mechanism of rotation (in-plane or out of plan) of one of the phenol groups of such molecules 
was widely discussed in the scientific literature [3], the resulting rotation of the molecular dipole moment (usually 
parallel to the long molecular axis) was shown to happen almost in all cases, even when the molecular packaging was 
very tight (in the form of a Langmuir Blodgett film) prohibiting thus the photo isomerization reaction [4]. 

The development of photo alignment techniques for liquid crystal displays [5] propelled the development of various 
azobenzene (including mesogenic or liquid crystalline) molecules [6]. The most frequently used mechanism of such 
alignment was the photo induced reorientation of azobenzene molecules. However, one of the developed mesogenic 
azobenzene dyes (LC 5721) appears to be very special since it undergoes photo isomerization process but has no 
angular mobility. Thus the photo induced rotation of its axis is prohibited. We have studied these processes in 
various environments, including other mesogens or isotropic matrices. Spectroscopic, polarizational and dynamic 
characteristics of the photo isomerization process will be described and possible molecular origins of our observations 
will be discussed.

References
1 T. Todorov, L. Nikolova, and N. Tomova, Appl. Opt. 23, 4309 (1984); L. Nikolova and T. Todorov, Opt. Acta 31, 579 (1984); 
V. P. Pham, T. Galstyan, A. Granger, R. A. Lessard, Jpn. J. Appl. Phys. 36, 429 (1997).
2 V. G. Chigrinov, V. M. Kozenkov, H. S. Kwok, Photoalignment of Liquid Crystalline Materials: Physics and Applications, 
Wiley, New York, 2008.
3 Rau, H. J. Photochem. 1984, 26, 221.
4 M. Schonhoff, M. Mertesdorf, M. Losche, J. Phys. Chem. 1996, 100, 7558-7565.
5 D.-K. Yang and S.-T. Wu, Fundamentals of Liquid Crystal Devices _Wiley, New York, 2006
6 U. Hrozhyk, S. Serak, N. Tabiryan, L. Hoke, D. M. Steeves, G. Kedziora, B. Kimball, Liquid Crystals XII, edited by I.C. Khoo, 
Proc. of SPIE Vol. 7050, 705007, (2008).
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(OPTICS-6-P-1)   Apodization of broadband SHG response in an aperiodically poled lithium niobate using a 
tightly-focused Gaussian beam

Ameneh Bostani1*, Amirhossein Tehranchi2,3, Roberto Morandotti3, 
and Raman Kashyap1,2

1Department of Engineering Physics, Ecole Polytechnique de Montreal, Canada
2Department of Electrical Engineering, Ecole Polytechnique de Montreal, Canada, 

3INRS-EMT,  Canada

Generation of broadband coherent light at short wavelengths, using quasi-phase matched second-harmonic generation 
(SHG) in poled crystals, has many applications in pulse compression and ultrafast optical signal processing [1]. 
Apodized chirped gratings in the form of aperiodically poled lithium niobate (APPLN) have already been proposed 
to realize a broadband SHG response for which imposing apodization on the gratings also diminishes ripples in the 
response [2]. However, fabrication of an apodized structure in chirped gratings with extremely fine poled regions 
needs very precise and advanced equipments. In this paper we show that the use of a tightly-focused light beam can 
introduce an apodization on the SHG intensity response of an unapodized chirped grating. Change of the electric 
field intensity in a Gaussian beam as it passes through the chirped grating can be translated into a change of the 
effective second order nonlinearity in the length of crystal. Here, the effect of focused light on the SH intensity of 
a 10-mm-long chirped grating is presented. The length of the first and the last pitch is calculated to be 6.51 μm and 
6.78 μm, respectively to achieve an SH response with the central fundamental-harmonic (FH) wavelength of 1072 
nm. The variation of the effective second-order nonlinearity versus grating length for different beam waists (w0) 
of the focused light is shown in Fig. 1(a). SHG intensity responses versus FH wavelength for various beam waists 
are plotted in Fig. 1(b). In summary, the tightly-focused Gaussian beam significantly suppresses the ripples in the 
wideband SHG response of the chirped grating. 

                     
                               (a)                                         (b)
Figure 1: (a) Normalized effective second-order nonlinearity vs. grating length and(b). Normalized SH intensity  
vs. FH wavelength, for a focused light with different beam waists.

[1] Z. Zheng, aet al, J. Opt. Soc. Am. B, vol. 19, no. 4, pp. 839-848, 2002.
[2] A. Tehranchi and R. Kashyap, IEEE Journal of Quantum Electron., vol. 45, no. 2, pp. 187-194, 2009.  

(OPTICS-6-P-2)   Broadband THz Faraday rotation in a magnetic liquid

M. Shalaby1*, M. Peccianti1,2, Y. Ozturk1,3, M. Clerici1, I. Al-Naib1, L. Razzari4,
A. Mazhorova5, M. Skorobogatiy5, T. Ozaki1, and R. Morandotti1

1INRS-EMT, Varennes, Canada
2IPCF– CNR, UOS Montelibretti, Roma, Italy

3Ege University, 35100 Izmir, Turkey
4Italian Institute of Technology, Genova 16163, Italy

5École Polytechnique de Montréal, Génie Physique, Québec, Canada

Ferrofluids, colloidal suspensions of ferrimagnetic nanoparticles in a carrier liquid, underwent extensive investigation 
since their first development in the early 60s [1]. Under no magnetic field, random orientation gives rise to zero net 
magnetization. When an external magnetic field is applied, the nanoparticles tend to align parallel to the magnetic 
field, thus leading to a net magnetization in its direction. The magnetic properties of ferrofluids have been studied 
in the NIR-MIR regime [2]. Here we show, for the first time, that ferrofluids present a high and broadband Faraday 
Rotation (FR) in the THz-regime under a very low external magnetic field. Given the low absorption of the liquid, 
this gives rise to a high magneto-optical figure of merit (5 - 16 rad.cm/T). The used liquid consists of ~ 10 nm-sized 
nanoparticles of Fe3O4 dispersed in a hydrocarbon carrier fluid.  FR has been measured using a THz-TDS system 
and a crossed ellipsometry setup (Fig. 1a) as in [3]. Fig. 1b shows the experimental measurement, which leads to 
a broadband rotation extending over 0.2-0.9 THz, reaching 110 mrad / 10 mm for a 30 mT applied field. Such low 
magnetic field requirements and the flexibility associated to the use of liquid compounds may open up the path to 
incorporating magneto-optic effects into THz metamaterials and guiding structures. The experimental measurements 
and the associated model will be presented in detail.
(a)       (b)

Fig.1: (a) Schematic diagram of the cross ellipsometry setup used to measure FR. (b) FR measurements in the spectral 
range 0.2-0.9 THz for different levels of the applied magnetic field (H). The dotted curves show the corresponding 
rotation when the external magnetic field direction is reversed.

[1] (a) Papell S. S., U.S. Patent 3 215 572, Nov. 2 (1965). (b) Ellis A. B., et al, Teaching General Chemistry: A Materials Science 
Companion; American Chemical Society: Washington, DC (1993); Chapter 2; (now available from Oxford University Press).
[2] Fang X., Nanoscale Research Letters, 6, 237 (2011)
[3] Morikawa O. et al., J. Appl. Phys. 100, 033105 (2006).
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(OPTICS-6-P-3)  Characterisation of internal damage and artefact in ZBLAN fibre by using stimulated 
Brillouin and Rayleigh scattering

Sébastien Loranger*, Victor Lambin Iezzi*, Mohammed Saad#, Raman Kashyap*+

Advanced Photonics Concepts Laboratory,* Department of Engineering Physics and +Department of Electrical 
Engineering, Ecole Polytechnique, Canada

#IRPhotonics, Canada

In recent years, ZBLAN (ZrF4-BaF2-LaF3-AlF3-NaF) glass fibre has been widely developed [1]. This type of fibre 
exhibits very interesting characteristics [2] such as very wide band of transmission (0.3 µm to 4.3 µm), low phonon 
energy, etc. These characteristics have led to a great number of applications, such as fibre lasers [3], amplifiers, 
laser cooling [4], supercontinuum laser[5], etc. However, this type of fibre sometimes exhibits poor mechanical 
and chemical properties  although there have been many advances recently and excellent characteristics have been 
routinely reported [6]. However, in order to understand the mechanisms, which might contribute to internal damage 
caused during fabrication or during usage, or any other localised artefacts (micro-bubbles, local index change, etc.), 
we have used optical techniques to study these properties.

First, we demonstrated Stimulated Brillouin scattering (SBS) in 25 m of ZBLAN fibre at 1550 nm. SBS has 
already been proven to be highly dependent on fibre characteristics (refractive index of core, type of dopant, dopant 
concentration and diameter of the core) and is therefore a good method to find abnormalities in a spool of fibre 
for quality control. As a second characterisation technique, we used Rayleigh scattering to find localised defects 
in the fibre. A very short pulse (less than 0.5 ns width at half intensity) at 1550 nm was injected in the fibre. The 
presence of small defects induces scattering in both directions and a high speed detector (2 GHz) was used to collect 
the scattered light returning from the fibre, giving a resolution on defect position of 15 cm. In summary, the SBS 
measurement gives a more general view of the fibre parameters, while the Rayleigh scatter localises the defects with 
better precision.

[1] M. Poulain and J. Lucas, “Verres fluores au tetrafluorure de zirconium proprietes optiques d’un verre dope au Nd3+,” 
Materials Research Bulletin, vol. 10, pp. 243-246, 1975.
[2] F. Gan, “Optical properties of fluoride glasses: a review,” Journal of non-crystalline solids, vol. 184, pp. 9-20, 1995.
[3] X. Zhu and N. Peyghambarian, “High-power ZBLAN glass fiber lasers: review and prospect,” Adv. Opt. Electron, vol. 
501956, p. 2010, 2010.
[4] C. E. Mungan, M. I. Buchwald, and G. L. Mills, “All-Solid-State Optical Coolers: History, Status, and Potential,” in 
Cryocoolers 14, S. D. Miller and R. G. J. Ross, Eds., ed: International Cryocooler Conference, Inc, 2007, pp. 539-548.
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(OPTICS-6-P-4)  Comparison of high-order harmonics generation from carbon plasma and
argon with 400 nm pulse

Yoann Pertot1,3, Sabih D. Khan2, Yan Cheng2, Zenghu Chang2 and Tsuneyuki Ozaki1

1Institut National de la Recherche Scientifique, Canada
2Department of Physics, Kansas State University, Manhattan, USA

3 Department of Physics and CREOL, University of Central Florida, USA

1. Objectives and methods 
Carbon plasma has been demonstrated to be a very efficient medium for high-harmonic generation (HHG) [1,2]. 
Experiments have shown that its efficiency is at least ten times higher than with argon. In this work, we perform 
the first study to optimize conditions for HHG from carbon plasma driven by a 400 nm laser. Experiments were 
performed using the MARS laser [3,4] at the James R. MacDonald Laboratory of Kansas State University. For high-
order harmonic generation using the 400 nm laser, the femtosecond laser is sent to a half-wave plate and a BBO 
crystal, which generates 400 nm laser pulses with 1.2 mJ of energy at 1 kHz. For the prepulse that creates the plasma, 
we used the 800 nm, 30 fs laser that was transmitted through the dichroic mirror, whose energy was 1.35 mJ. The gas 
cell and the solid carbon target were simultaneously placed in the same vacuum chamber. To measure the harmonic 
spectrum, the high-order harmonics are spectrally dispersed using an XUV spectrometer.

2. Results 
First, we performed detailed study of the optimum conditions for carbon plasma under the specific laser conditions 
used in this work. The corresponding conditions are already known for argon. With the plasma harmonic method, 
additional degrees of freedom need to be taken into account. There are two additional parameters, (i) the delay 
between the prepulse and the generating pulse and (ii) the position of the generating pulse in the plasma. We find 
based on spectral measurement that for 400 nm generating lasers, the harmonics generated from argon were higher 
than from carbon plasma. This is in contrast to the case with 800 nm generating laser, where the carbon method 
was around 10 times more efficient. Indeed, we find after complementary experiments at the INRS that even with 
optimum prepulse, we need to increase the energy in the generating 400 nm pulse to have the same conversion 
efficiency as with the 800 nm pulse, typically above 2 mJ. This may be related with absorption of the 400nm laser in 
the carbon plasma. We are currently planning other experiments to better understand this phenomenon.

3. Conclusion
To conclude, we performed a detailed study of the phase-matching conditions for high-order harmonics from carbon 
and argon, using 400 nm generating pulse. The generated harmonics were more intense for argon than for carbon, 
which is in contrast with the results using 800 nm generating pulse. 

4.  References 
[1] L. B. Elouga Bom, Y. Pertot, V. R. Bhardwaj and T. Ozaki, Opt. Exp. 19, 3077 (2011).
[2] Y. Pertot, L. B. Elouga Bom, V. R. Bhardwaj and T. Ozaki, Appl. Phys. Lett. 98, 101104 (2011).
[3] H. Mashiko, S. Gilbertson, S. Li, S. D. Khan, M. M. Shakya, E. Moon and Z. Chang, Phys. Rev. Lett. 100,  (2008). 
[4] C. Yun, S. Chen, H. Wang, M. Chini and Z. Chang, Appl. Opt. 48, 5127 (2009). 
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(OPTICS-6-P-5)  Development of microstructured tellurite glass fibers for supercontinuum generation 

Mathieu Boivin, Mohammed El Amraoui, Yannick Ledemi and Younès Messaddeq
Centre d’optique, photonique et laser (COPL), Université Laval, Canada

Supercontinuum (SC) sources emitting in the second atmospheric transmission window (3 to 5 µm) have a strong 
potential for many applications such as remote sensing of chemical species, optical coherent tomography, infrared 
countermeasures, etc.  Microstructured optical fibers (MOFs) made of tellurite glasses are excellent candidates for 
such type of applications. Indeed, tellurite glasses have interesting properties for SC generation: they usually transmit 
light from 0.4 to 6.0 µm, they have a relatively high refractive index and they possess good chemical, thermal and 
mechanical properties. However, these glasses are particularly sensitive to moisture. Without special care during 
their synthesis, their transmission spectrum usually contains a strong absorption band between 3.0 and 4.0 µm due 
to free hydroxyl (OH) groups.  In this work, we present our methods for tellurite glass purification and high quality 
MOF fabrication. With these fibers, we aim to generate a SC up to 5 µm using a relatively low power pump source 
like, for example, a commercial telecommunication laser diode. 

MOF fabrication begins by tellurite glass synthesis using tellurium dioxide, and ‘’reagent grade’’ oxides and 
carbonates.  Batches of 100 g are directly melted together in a platinum or gold crucible using an induction furnace 
under a dry oxygen atmosphere at ~800 oC. Then, the melt is cast into a stainless steel mold in order to obtain a 
cylindrical preform.  After annealing near glass transition temperature, three holes are made along the long axis of 
the preform to create the template of the microstructure.  The preform is then drawn into a fiber.

We first explored tellurite MOF fabrication with the ternary 80TeO2-10Na2O-10ZnO (TZN) glass. Assuming an OH 
molar absorptivity similar to that of silicate glasses (49.1×102 cm2/mol), we estimated that our synthesis method 
reduces the OH content of the TZN glass to an approximated concentration level of 11 ppm. With this glass, we 
have fabricated a MOF with a suspended core of ~3 µm diameter. Further developments will hopefully lead to the 
generation of a supercontinuum in this fiber. 

(OPTICS-6-P-6)  Enhanced anisotropy of nanocomposite films based on
gold nanorods for optical applications

Stefan Stoenescu*a, Simona Badilescua, Muthukumaran Packirisamya, Vo-Van Truongb

aDept. of Mechanical Engineering, Concordia Univ., Canada bDept. of Physics, Concordia Univ., Canada 

The strong optical absorption, scattering and local electric field enhancement associated with the longitudinal Surface 
Plasmon Resonance (SPR) of gold nanorods (AuNRs) have important applications in imaging, sensing, nonlinear 
optics, thermal therapy and data encoding. Since in cast polymer based nanorod composite films, the NRs orientation 
is random, the longitudinal SPR mode can be fully excited only in the NRs well aligned with the electric field of 
the linearly polarized incident light. Thus, only a fraction of the embedded NRs is actually usable to the maximal 
extent for the intended applications. To enhance the application efficiency, we have developed a polyvinyl alcohol 
composite film containing completely aligned AuNRs. This was achieved by optimizing the chemical composition of 
the polymer with respect to uniaxial drawing ratios and designing a suitable drawing device to reduce the crack risks. 
The nanocomposite film was characterized by Scanning Electron Microscopy and by spectroscopy using linearly 
polarized light in the UV-Visible range. The average orientation angle of the AuNRs was calculated based on a 
statistically significant number of NRs with a standard deviation that was found to be 0.02. The linear dichroic ratio 
of 7.1 of the stretched nanocomposite film was calculated based on the ratio of the peak absorbance of the incident 
light parallelly polarized, to that of the light polarized perpendicularly to the NRs axes and the resulting absorption 
anisotropy of the film was 0.7. Numerical simulations of the nanorods light absorbance carried out with the Finite 
Difference Time Domain method have also confirmed the spectroscopic measurements.
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(OPTICS-6-P-7)  Fabrication and characterization of all-fiber 120° optical hybrids using a 3x3 
coupler for signal analysis

Wendy-Julie Madore, Vincent Mai, Mikaël Leduc, Suzanne Lacroix, Nicolas Godbout
École Polytechnique de Montréal, 2500 Ch. De Polytechnique, Canada 

We report the fabrication of all-fiber 120° optical hybrids as well as a novel characterization technique for phase 
analysis. An optical hybrid is a device that has two input and three output ports. The first input is a modulated signal 
(S) and the second is a reference signal (R). The sum of the amplitude of the local oscillator used as a reference R 
and the amplitudes of the four quadratures of the signal S can be reconstructed from he amplitudes of the output 
signals.

A 3x3 fiber coupler in triangle cross-section geometry can fulfill the requirements for optical hybrids. Such a device 
can be manufactured by a standard fusion-tapering technique. The design and fabrication parameters (degree of 
fusion, length and taper ratio) can be adjusted to obtain the properties of a 120° optical hybrid. Using two adjacent 
input ports, the device exhibits the amplitude equipartition and required phases between the output signals. The 3x3 
coupler is lossless, polarization-independent, and working over the C-band for telecommunications. As it enables the 
unambiguous measurement of the optical amplitude and phase of a signal with respect to a known reference, such 
a component is firstly designed for coherent demodulation. We propose a post-processing of the output signals for 
phase measurement.

Such a device can be used to perform accurate surface measurements for inspection of mechanical parts or used 
instead of a typical interferometry set-up for optical coherence tomography. The device is more stable mechanically 
and in temperature than conventional equivalent interferometers. 

(OPTICS-6-P-8)  Fabrication of geometry-controllable nano-pillars on quartz for photonic devices

Sasan V. Grayli, Yindar Chuo, Badr Omrane, Clint Landrock and Bozena Kaminska
Faculty of Engineering Science, Simon Fraser University, Canada

Due to recent advancements in the field of nano-photonics, the number of applications involving photonic devices 
has significantly increased. The consequent drive for more complex nano-structure arrangements has added further 
challenges to the difficulties in mass replication. Nano-imprint lithography (NIL) and elastomer casting are among the 
techniques which have been demonstrated in replicating nano-scale structures with consistency from master moulds; 
however, certain complex arrangements of nano-structures over large surface areas are still inherently difficult to 
transfer exactly. It is understood that the shape (profile) of the nano-pillars on the master moulds, for example, in 
creating subsequent nano-hole arrays influence the replication accuracy. In this work, fabrication of nano-pillar 
arrays with various profiles, simply by altering the parameters of the chromium (Cr) positive mask and reactive ion 
etching (RIE), is demonstrated. Both the height and slope of the nano-pillars on quartz are adjustable (Figure 1). The 
fabricated nano-pillar master moulds are used to investigate a casting process using polydimethylsiloxane (PDMS). 
The results show a relation between certain pillar profiles for certain arrangements, to the success of casted features. 
The combination of pillar profile tuning on the master mould and reliable PDMS casting, establishes a baseline 
process for large area nano-structure replication. 

Figure 1. Scanning electron micrograph of nano-pillar arrays on quartz: LEFT – conical pillars showing a profile of 
70° sloped sidewall; RIGHT – conical pillars showing a profile of 45° sloped sidewall and tapering to a sharp tip. 
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(OPTICS-6-P-9)   Femtosecond laser microstructured optical fibers for
sensing applications

Ping Lu and Qiying Chen
Department of Physics and Physical Oceanography, 

Memorial University of Newfoundland, Canada

Microstructured optical fibers have received significant attention for their applications in optical signal processing, 
telecommunication, and sensing. Besides photonic crystal fibers, other kinds of microstructured fibers, especially those 
fabricated in standard optical fibers, possess significant merits of versatility and low cost. In this study, we demonstrate 
a femtosecond laser microfabrication technique to realize microstructured fiber Mach-Zehnder interferometer, which 
is capable of sensing temperature, strain, and refractive index. We will reveal dependences of the sensitivities of 
different environmental parameters on the specifications of the interferometer. Different factors influencing the 
sensitivities of the sensors are investigated, including the operation wavelength of the selected interference order and 
the length of the interferometer. For a 30-mm-long fiber interferometer consisting of a femtosecond laser irradiated 
spot and an electric arc induced fiber taper, the sensitivities of temperature, axial strain, and refractive index are 
found to be 0.103 nm/°C, -1.35 pm/µε, and -15.294 nm/RIU (refractive index unit), respectively.  These fiber sensors 
present a compact one-fiber solution for the measurement with the merits of simplicity in the sensing principle, 
high sensitivities, ease of fabrication and low cost. Microstructured fiber sensors possess significant advantages of 
high degree of integration and compact in-line measurement, in addition to the well-known merits of immunity to 
electromagnetic interference and the possibility of distributed measurement over a long distance.   

(OPTICS-6-P-10)  Phase stack limit charge transport in polymer photovoltaic devices

Fei Dou1,2, Carlos Silva2, Baozeng Wang1, Le Kong1, Xinping Zhang1 
1 Institute of Information Photonics Technology and College of Applied Sciences,

Beijing University of Technology, China.
2 Département de Physique and Regroupement Québécois sur les Matériaux de Pointe, Université de Montréal, 

Canada

We found the external quantum efficiency of the photovoltaic device of poly(9,9¢-dioctylfluorene-co-bis(N,N¢- 
(4,butylphenyl) bis(N,N¢- phenyl -1,4- phenylene)diamine) (PFB) and poly(9,9¢-dioctylfluorene- co- benzothiadiazole) 
(F8BT) can be strongly modified through changing the mixed polymer composite ratio, which obtained the optimum 
at ratio 1:3 of F8BT: PFB. After comparing the influence of charge separation and charge recombination at polymer 
interface, and comparing different charge transport road at different composite ratio samples, we proposed that not 
only the phase interface area, but also the phase stack configuration can largely influence the device performance. It 
implies that the device performance can be improved by better control the phase separation and phase stack through 
changing the blend film morphology.
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(OPTICS-6-P-11)  Magneto-optical analysis of cerium and bismuth substituted iron garnet thin film 

Yavuz Ozturk1,2, Maribel Hidalgo1, Mostafa Shalaby1, Jae-Yeol Hwang1, Alain Pignolet1, Roberto Morandotti1 
1INRS - Énergie, Matériaux et Télécommunications,  Canada

2Electrical and Electronics Engineering Department, Ege University, Turkey 

The dodecahedral sites in garnet crystals can accept several rare-earth ions. Each ion   introduces its own specific 
modifications to the properties of the garnet, especially Bi3+ and Ce3+ increase the Faraday Rotation (FR) within 
certain wavelengths range [1,2]. In this work we report the results of our investigation on the Magneto-Optic (MO) 
FR spectra of a newly developed material: cerium and bismuth co-modified iron garnet films (CeBiIG) with chemical 
composition of Ce:Bi:Fe = 2.43:0.57:4.53, deposited on (111) and (100) oriented Gadolinium Gallium Garnet (GGG) 
substrates by pulsed laser deposition [3]. The FR for the 450 to 900 nm spectral region was measured by a custom 
made setup [4] and is shown in Fig.1 (blue and red curves). The experimental FR was found in good agreement with 
numerical results (black curves in Fig.1), where the two different contributions were independently considered. For 
the Bi case, we used the theory developed by Helseth et al. [2], consisting of two diamagnetic transitions, while the 
Ce behaviour was modeled by means of of paramagnetic transitions [1, 5]. The differences between the spectra are 
discussed in terms of the effects of the Fe-deficiencies at the tetrahedral and octahedral sites of the garnet structure.   
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Figure 1. Experimental and theoretical Faraday rotation spectrum of CeBiIG films.

[1] M.Gomi, H. Furuyama, and M. Abe, J. Appl. Phys. 70,7065(1991); 
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[3] J.-Y. Hwang, R. Morandotti, and A. Pignolet, Appl. Phys. Lett. 99, 051916 (2011); 
[4] S. Kahl, et al., J. Appl. Phys. 91, 9556 (2002);
[5] Y.Xu, J. H. Yang, and X. J. Zhang, Phys. Rev. B, 50, 13428(1994).

(OPTICS-6-P-12)   Nano-crystalline GaAs thin films by Pulsed Laser Deposition

Fatema Rezwana Chowdhury, Manisha Gupta, Ying Yin Tsui
Electrical and Computer Engineering, University of Alberta, Canada

Gallium Arsenide (GaAs) is a direct band gap III-V semiconductor with a wide variety of applicability in photonics 
and electronics. It is a well-established material for the fabrication of photovoltaic devices, laser diodes, Light 
Emitting Diodes and many other optical and electronic devices [1]. Several growth techniques [2] including pulsed 
laser deposition (PLD) are being studied for growing GaAs nano-crystals and nanostructures [3]. The unique features 
offered by PLD such as precise thickness control, preserved stoichiometry and relatively simple set up makes it 
an attractive method for depositing compound semiconductor thin film heterostructures. However, the number of 
reports in literature on PLD deposited GaAs has been somewhat limited. In this work we investigate the effect 
of substrate temperature on the structure, crystal size and orientation of thin film GaAs on Silicon (Si) substrate 
deposited by PLD.

A Krypton Fluoride (248 nm, 25 ns) laser was used to ablate a single crystalline GaAs target to deposit GaAs thin 
films on Silicon substrate with a repetition rate of 20 Hz. The background pressure of the deposition chamber was 
2x10-5 Torr and the substrate to target distance was 5 cm. The laser fluence was in a range of 2-3 J/cm2 on the surface 
of the GaAs target. The typical thickness of the GaAs thin films deposited was 200 nm. The substrate temperature 
was varied from room temperature (25 ℃) to 500 ℃. From x-ray diffraction (XRD) studies it was observed that 
the GaAs films were nano-crystalline and the average size of the crystals were increased with increasing substrate 
temperature. From atomic force microscopy (AFM) studies, uniform uniformly formed small grains with a size of 
around 40 nm were observed for GaAs films deposited with substrate temperature of 500 ℃ but no grains were 
visible for films grown at room temperature. The results indicate substrate temperature plays an important role in 
controlling the size of nano-crystals in GaAs thin films deposited on Si by PLD. 

References:
1. B. Ullrich and A. Erlacher, Appl. Phys. Lett. 87, 151115 (2005). 
2. J. Nayak and S.N. Sahu, Solid State Elect., 50, 164-169, (2006).
3. B. Ullricha and G.J. Brow, Mat. Lett., 63, 2489–2491, (2009).
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(OPTICS-6-P-13)  Negative Refraction Angular Characterization in One-Dimensional Photonic 
Crystals

R.Doti, J.E. Lugo and J. Faubert
Visual Psychophysics and Perception Laboratory, School of Optometry, University of Montreal, ,Canada

Photonic crystals are artificial structures that have periodic dielectric components with different refractive indices. 
Under certain conditions, they abnormally refract the light, a phenomenon called negative refraction. Here we 
experimentally characterize negative refraction in a one dimensional photonic crystal structure; near the low frequency 
edge of the fourth photonic bandgap [1,2]. By using standard photonic techniques we experimentally determined the 
relationship between incidence and negative refraction angles and found the negative refraction range.

1. J. E. Lugo, B. de la Mora, R. Doti, R. Nava, J. Tagueña, A. del Rio, and J. Faubert, “Multiband negative refraction in one-
dimensional photonic crystals,” Opt. Express 17, 3036-3041 (2009) http://www.opticsinfobase.org/abstract.cfm?URI=oe-17-5-
3036
2. Lugo JE, Doti R, Faubert J (2011) Negative Refraction Angular Characterization in One-Dimensional Photonic Crystals. 
PLoS ONE 6(4): e17188. 
doi:10.1371/journal.pone.0017188

(OPTICS-6-P-14)  Negative refraction in one-dimesional photonic crystals

J.E. Lugo, R.Doti and J. Faubert
Visual Psychophysics and Perception Laboratory, School of Optometry, University of Montreal, Canada

Photonic crystals are artificial structures that have periodic dielectric components with different refractive indices. 
Under certain conditions, they abnormally refract the light, a phenomenon called negative refraction. Recently [1], 
we simulated a lossless one-dimensional photonic crystals (1DPC) structure and showed that negative refraction 
could be present near the low frequency edge of at least the second, fourth and sixth bandgaps. We experimentally 
demonstrate negative refraction in strongly modulated porous silicon 1D-PC in the visible and near infrared regions. 
We compare the experimental results with current theory and a theory based on the group velocity developed in 
[2]. We also analytically derived the negative refraction correctness condition that gives the angular region where 
negative refraction occurs. By using standard photonic techniques we experimentally determined the relationship 
between incidence and negative refraction angles and found the negative refraction range by applying the correctness 
condition. In order to compare both theories with experimental results an output refraction correction was utilized. 
The correction uses Snell’s law and an effective refractive index based on two effective dielectric constants. We 
found good agreement between experiment and both theories in the negative refraction zone. Since both theories 
and the experimental observations agreed well in the negative refraction region, we can use both negative refraction 
theories plus the output correction to predict negative refraction angles. This can be very useful from a practical 
point of view for space filtering applications such as a photonic demultiplexer or for sensing applications. Finally, an 
advantage of Psi based structures is its simplicity allowing for cheap and rapid fabrication of samples. 

1. J. E. Lugo, B. de la Mora, R. Doti, R. Nava, J. Tagueña, A. del Rio, and J. Faubert, “Multiband negative refraction in one-
dimensional photonic crystals,” Opt. Express 17, 3036-3041 (2009) http://www.opticsinfobase.org/abstract.cfm?URI=oe-17-5-
3036
2. Lugo JE, Doti R, Faubert J (2011) Negative Refraction Angular Characterization in One-Dimensional Photonic Crystals. 
PLoS ONE 6(4): e17188. 
doi:10.1371/journal.pone.0017188
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(OPTICS-6-P-15)  Nonlinear Optical Characterization of Ionics Liquids of 1-methylpyrrolidine family

J. L. González-Córdoba1,2, M. Trejo-Durán1,*, E. Alvarado-Méndez1, E. Vargas-Rodriguez1, 
J. M. Estudillo-Ayala1

1 Guanajuato University, México, 2CONACYT 

Research nonlinear optical properties of the materials for the fabrication of opto-electronic devices have growth in 
the last years. Ionics liquids present some of these nonlinear optical properties. In this work we present the results 
of Nonlinear optical properties of four ionic liquids of 1-methylpyrrolidine family: 1-methylpyrrolidinium nitrate 
([MePyrr][NO3]), 1-methylpyrrolidinium hydrogen sulfate ([MePyrr][HSO4]), 1-methylpyrrolidinium formate 
([MePyrr][HCOO]), 1-methylpyrrolidiniumacetate ([MePyrr][CH3COO]); We analyze the UV-Vis spectra and then 
we use z-scan technique to obtain the nonlinearity. Determination of nonlinearity in the Ionics liquids was made 
using an argon laser of 514 nm (with and without chopper), a lens (focus 80mm) and cell (2 mm). Z –scan signature 
for the compound gives the value of the transmission from valley to peak (DTp-v). We compare the results using a 
beam with and without chooper and estimate an index change of <Dno>. Values were recorded using Dfo=kDnoLeff, 
where k is the wave vector, and Leff =(1-exp(-aL)/a, with L the sample length and α the linear absorption coefficient. 
We present analyses of data difference. We observe ionic Liquids have a negative nonlinearity (self-defocusing). This 
effect is due local variation of refractive index with the temperature. The nonlinearity is of thermal origin.

(OPTICS-6-P-16)  Optochemical self-organisation of light in photoresponsive materials

Oskar Niburski and Kalaichelvi Saravanamuttu
Department of Chemistry and Chemical Biology, McMaster University, Canada

Nature abounds in self-organised structures and patterns ranging from the cell’s organelles to the striated clouds 
floating on a sunny day. Often exquisite in their structural complexity, these patterns are critical to the functionality 
of their system. We study patterns in the controlled environments of an optical laboratory.  By launching light beams 
into photoresponsive media, we elicit patterns similar to those found in nature. The two individual components of 
our system - the material and the light beam – do not possess any order of their own. Yet, upon interaction, the beam 
self-organises into a lattice built from thousands of thread-like filaments of light. This lattice of light inscribes the 
corresponding structural lattice into its photoresponsive medium.

This fundamentally new idea of optochemical self-organisation will be the focus of my presentation. I will describe 
my own contributions to this research.  I have shown that the self-organisation of a beam can be controlled by a 
second beam. This for the first time enables simultaneous control over the trajectories of tens of thousands of light 
filaments. My work provides fundamental insight into pattern formation processes and opens an exciting pathway to 
active microphotonics systems based on all-optical control of information-carrying light signals.
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(OPTICS-6-P-17)     Photo-  and solvatochromic behaviors of substituted benzospiropyrans in 
binary mixtures

Mohamad Shahbazi1, Shohre Rouhani1,Khamaledin Gharanjig1

1Institute for Color Science and Technology (ICST), Iran.

Organic photochromic (PC) compounds have been attractive due to their potential use in reversible information memory 
media . Light and thermal treatment will govern their reversible photochromic properties at an ambient condition. 
Spiropyran is probably the most well known class of organic photochromes that generate colored merocyanines 
under illumination of ultraviolet (UV) light. the energetically stable SP form changes to the zwitterionic merocyanine 
(MC) form as a result of UV-light irradiation in organic solvents.

The photo-, and solvatochromic properties of two different 1,3,3-trimethyl-x-indolinospirobenzopyrans(X=H,Br) 
were studied in several polar/nonpolar and protic/nonprotic pure and mixed solvents by monitoring their uv-vis 
spectral change at room temperature . The absorption maxima exhibit linear behavior, in agreement   with Kamlet–
Taft’s  parameter. The hydrogen bonding  solvents such as alcohols cause different effects on the spectra.

It was found that the kinetics of the SP(closed) and MC(open) forms of spiropyranes strongly depend on the solvent 
media and solvent parameters.4 It was also observed that the equilibrium was sensitive to the nature of the substituted 
group.Presence of the withdrawing group in 6 position of benzo ring affected on the exchange rate of MC and SP  
isomers and also showed different behaviors in various solvents  . 

(OPTICS-6-P-18)  Photonic crystal fiber supercontinuum source in a loop geometry for enhanced 
narrow-band emission efficiency.

Philippe Richelet1,*, Sébastien Blais-Ouellette2, Daniel Gagnon2, Suzanne Lacroix1 and Nicolas Godbout1

1 École Polytechnique de Montréal, Canada
2 Photon etc. inc., Canada

We investigate the possibility to recycle the supercontinuum (SC) generated by a photonic crystal fiber (PCF) to 
increase the efficiency of actual SC based laser sources. We demonstrate that by recycling the SC, one can convert 
power from the broad spectrum to the selected wavelength, increasing the laser source efficiency.  

The pump laser is injected into the loop by a volume Bragg grating (VBG) and then coupled to the PCF fiber. This 
solid core fiber broadens the pump spectrum into a SC, from witch a wavelength is selected and extracted out of the 
loop by a second VBG. The remaining light is transmitted and recoupled to the fiber. 

The remaining SC, in which there is now a “hole”, is then flattened by the same mechanism that created it, giving 
rise to a net increase in optical output power at the desired wavelength.
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(OPTICS-6-P-19)  Physical properties study of Sb2O3- PbO- MnO ternary system

M. Nouadji a, R. El Abdi b*, M. Poulain c and A. Attaf a

aDépartement de Physique, Université de Biskra, Algérie
bLarmaur, Université de Rennes1, France

cVerres et Céramiques, Université de Rennes1, France

Heavy metal oxide glasses (HMOG) make up an important group of special glasses that specifically are free of classic 
vitrifiers such as oxides of boron, silicon and phosphorus. While this definition leads to a large variety of HMOG 
families based on V2O5, Ga2O3, MoO3, WO3, Bi2O3, TeO2 and Sb2O3 as main glass formers, generic research focuses 
rather on tellurites and antimonites. Oxide glasses might be better because of their higher stability and mechanical 
properties. But for conventional oxide glasses up-conversion emissions are usually weak. By comparison to current 
oxide glasses, the general features of HMOG encompass low melting temperature, low phonon energy, extended IR 
transmission, high refractive index and large optical non linearity. 

Antimonite glasses based on Sb2O3 have been the subject of various studies, and they exhibit close similarities to 
tellurite glasses that have been more extensively studied.
 
This paper is centred on ternary glasses in the Sb2O3-PbO-MnO ternary system, with a special emphasis on mechanical 
and physical properties. Lead oxide is known to enhance vitrification and is assumed to act as a network modifier, 
although it may also enter the vitreous network and manganese oxide has been chosen as the third component for 
future magnetic and spectroscopic measurements.

Optical transmission was recorded in the UV-visible spectrum and in the mid infrared, using a double beam 
spectrometer (Varian Cary 5) and a Bomem Michelson 100 IR spectrometer. The extrinsic absorption bands in the 
infrared spectrum are observed: OH and SiO. The processing conditions i.e. room atmosphere and silica crucible, 
lead to obtaining these groups. Conversely, the UV spectrum shows the shift of the UV visible absorption edge with 
increasing manganese content. When the MnO concentration changes, a decrease in UV transmission is observed 
with an inflection of the curve towards lower wavelengths. The local field leads to various energy levels, which result 
in three main absorption bands between 300 nm and 600 nm. 

Finally, Vickers hardness measurements show an increase of micro-hardness as well as an increase in Young modulus 
versus the molar concentration MnO.

(OPTICS-6-P-20)  SSRM and SCM study for doping concentration of THZ QCL devices

Rudra S. Dhar, and Dayan Ban
Department of Electrical & Computer Engineering, Waterloo Institute for Nanotechnology,

University of Waterloo, Canada

Two-dimensional (2D) dopant profiling of the active region of THz quantum cascade laser (QCL) devices has been 
achieved with atomic force microscopy (AFM). Scanning spreading resistance microscopy (SSRM) and scanning 
capacitance microscopy (SCM) are shown as the two promising AFM techniques for 2D dopant profiling and mapping 
of dopant concentration for the sub-nanometer regime devices. 

A Dimension 3100 AFM (Bruker) was employed with a conductive tip to measure the SSRM and SCM images on 
the cross section of the THz QCL devices. Figure 1 shows a high resolution SSRM image of a 1 x 0.5mm area of 
the active region of the device scanned at 0.25 Hz speed under a tip bias of 1V. The delta doped lines present in the 
injector barrier of each module of the active region are clearly resolved from the image distinguishing 14 modules in 
a thickness of 0.5mm with a thickness of ~ 36nm for each module. Similar measurements were also done with SCM. 
Calibrated SSRM and SCM measurements were performed on the device, by utilizing known GaAs dopant standard 
staircase samples to calibrate the instrumentation using secondary ion mass spectroscopy (SIMS) data. 

Doping concentrations were also derived from SSRM and SCM measurements in addition to imaging of the multi-
module structures. Measurement accuracy was confirmed through the good correlation between the average designed 
doping concentration and the measured carrier concentration using the n-type GaAs standard staircase sample.

Figure 1. SSRM image of the active region of the THz 
QCL for a 1 x 0.5mm scan area at scan rate of 0.25Hz 
showing 14 modules of delta doped layers. Thickness 
~36 nm of individual modules can be resolved.
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The main difficulty in designing terahertz waveguides lies in the fact that almost all materials are highly absorbent 
in the terahertz region [1]. Since the lowest absorption loss occurs in dry air, an efficient waveguide design must 
maximize the fraction of power guided in the air. Based on this concept we propose two different kinds of polymer 
suspended core fibers inside a tubular jacket (one with solid core [Fig.1 (a)] and one with porous core [Fig.1 (b)]). 
Their modal and transmission properties are characterized by a combination of THz near-field microscopy and THz 
spectroscopy [2]. The proposed fibers allow a quasi-single-mode propagation regime over a 0.20 THz bandwidth 
with losses as low as 0.02 cm-1. The porous core fiber exhibits transmission from 0.1 to 0.27 THz, and the solid core 
- from 0.25 to 0.51 THz. The experimental near field images of the suspended core fiber output |E| profiles are shown 
in Figure 1 (c). They indicate that the core guided mode is well confined inside the outer tubular jacket and isolated 
from external perturbations, which make these fibers suitable for practical THz applications. 

Fig. 1. Cross sections and close-up views of the of the (a) suspended core fiber with diameter of 5 mm and core of 
150 µm, and (b) porous core fiber with diameter of 3 mm and core of 900 µm. (c) experimental near field imaging of 
the output field profile of suspended solid core fiber at 0.30 and 0.48 THz and (d) corresponding simulations.

References 
1. Y.-S. Jin, G.-J. Kim, S.-G. Jeon “Terahertz Dielectric Properties of Polymers,” Journal of the Korean Physical Society, 49, 2, 
513 (2006)
2. M. Rozé, B. Ung, A. Mazhorova, M. Walther, and M. Skorobogatiy, “Suspended core subwavelength fibers: towards practical 
designs for low-loss terahertz guidance,” Opt. Express 19, 9127-9138 (2011).  

(OPTICS-6-P-22)  Tunable trajectory and spectra reshaping of
Airy beams in biased photorefractive crystal

Yi Hu1,2, Zhe Sun2, Domenico Bongiovanni1, Daohong Song2, Zhuoyi Ye2, Cibo Lou2, Jingjun Xu2, Zhigang 
Chen2,3, and Roberto Morandotti1*
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Airy beams are self-accelerating beams without diffraction in linear homogeneous space [1]. In nonlinear media, 
infinite self-bending self-trapped beams have been studied in [2]. Finite Airy beams (FABs) can be self-trapped by 
diffusion nonlinearity [3] and almost keep their unique properties under self-defocusing nonlinearity [4]. However, 
they tend to lose their accelerations under self-focusing nonlinearity [4]. Thus, it is natural to question whether or 
not the acceleration can persist with self-focusing nonlinearity and how the nonlinearity affects the trajectory of Airy 
beams. In our study, by altering the initial input conditions through shifting the cubic phase mask coded on a spatial 
light modulator (SLM) [5], we experimentally and theoretically demonstrated that a finite Airy beam can change its 
trajectory while maintaining acceleration in nonlinear photorefractive media. During this process, the spatial spectral 
profile reshapes dramatically, leading to negative (positive) spectral defects on the initial spectral distribution under 
a self-focusing (self-defocusing) nonlinearity, respectively. Our results may prove useful for studying and exploiting 
Airy beams in nonlinear media.
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Abstract: An As2Se3 microwire is exposed to bandgap light to generate free-carriers and induce a broadband 
attenuation. The photoinduced attenuation is finely adjustable in the range of 0-20 dB and its dynamic response is 
quantified.

Introduction
The exposure of a semiconductor to light at a wavelength that is sufficiently energetic to reach the bandgap threshold 
is well known to generate free-carriers. A chalcogenide (ChG) glass such as As2Se3 is such a semiconductor in an 
amorphous state with a bandgap energy Eg = 1.79eV (lg = 0.7 μm) [1]. For instance, it has been observed that exposure 
of amorphous As2Se3 to light at a wavelength close to lg generates dichroism [2], photosensitivity [3,4], structural 
changes [5,6], and photodarkening [7,8]. It has been suggested that photodarkening is a process that saturates with a 
sufficient dose of absorbed light and that further exposition does not induce additional photoinduced losses [5].

ChG waveguides are of great interest for optical transmission systems due to their wide transmission window and 
strong nonlinearity. The transparency window of amorphous As2Se3 ranges from 0.8 to 15 μm [9], making it extremely 
desirable for guiding mid-infrared light, with applications in optical instrumentation, medicine and defense. ChG 
glasses are also amongst the most intrinsically nonlinear glasses known so far and this property is widely investigated 
for the fabrication of compact nonlinear devices [10,11].

In this paper, we study the photoinduced generation of free-carriers in an As2Se3 microwire and use this mechanism 
for broadband adjustable attenuation. The dynamic carrier response under light exposition and withdrawal is also 
investigated to provide the free-carrier dynamics of this variable attenuator.
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of Raman microscopy 
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Probing the vibrational signature of nanomaterials with a spatial resolution in the range of 10-100 nm is of tremendous 
interest to understand the properties of nanoscale materials. Surpassing the resolution limit of conventional optical 
microscopy by a combination of scanning near-field techniques with confocal microscopy is a challenge that presents 
many advantages in terms of spatial resolution, acquisition time improvements and surface specificity.1 Herein, we 
have studied materials with nanometer dimensions using tip-enhanced Raman spectroscopy (TERS) with the desire 
to improve spatial resolution and surface specificity. The principle of TERS is to enhance the Raman signal of 
samples using a sharp metallic AFM tip. The sensitivity and the spatial resolution of the TERS experiment depends 
strongly on how efficiently the localized surface plasmon resonance (LSPR) of the metallic tip is excited. This is 
very dependent on the polarization of the exciting beam  and radially polarized mode is of particular interest since 
it provides a strong longitudinal polarization component at the focal point of a tightly focused laser beam. This 
provides ideal conditions to illuminate the metal coated tip and excite its localized surface Plasmon resonance. In this 
work, we provide details of the optical setup to generate a radially polarized beam using a liquid crystal modulator. 
This setup is tested by measuring the Raman signal of a α-quartz Z cut crystal which is sensitive to the z-polarized 
component of the impinging field. Finally, we present finite domain time domain (FDTD) calculations that are 
performed in typical geometries of TERS in order to extract the individual polarized component of the beam in the 
vicinity of the tip. Samples like isolated GaN nanowires and functionalized nanocrystals have been investigated 
using TERS showing clearly an improved spatial resolution as well a surface specificity due to the short range LSPR 
excitation. 

(ULTRA/NANO-6-04-2)   Atomic-size semiconductor nanostructures

Sebastien Francoeur
École Polytechnique de Montréal, Canada

Shrinking quantum dots or any nanostructures to the size of a single atom or small molecule offers many interesting 
advantages: they provide the uniformity and predictability of atomic defects, they exhibit the high symmetry 
necessary for a number of promising applications, and they confine electrons to volumes of atomic dimension close 
to the ultimate limit of device integration. Moreover, just like other semiconductor nanostructures, their emission 
wavelength can be tuned over a broad range. 

After a presentation of these little-studied atomic size nanostructures and their characteristics, I will present our latest 
findings on the emission spectroscopy of nitrogen, tellurium and beryllium molecules embedded in semiconductor 
crystals (group IV, III-V and II-VI). We find that these molecular nanostuctures can, just like their larger counterparts, 
bind various charged configurations: negatively and positively charged excitons and biexcitons. This ability to bind 
multiple charges should allow initializing individual spins or generating entangled photons via the biexcitonic 
emission cascade. 

The radiative lifetime can be strikingly different for the various states forming the excitonic fine structure, allowing 
the determination of the shape and size of the exciton wavefunction. Modelling the exchange coefficient as well, 
we find that the exciton wavefunction is elongated along the molecule, resulting in a larger longitudinal exchange 
coefficient and a shorter excitonic lifetime for all transitions polarized along that direction. These results indicate that 
the size of the electron wavefunction bound to nitrogen molecule in GaAs is about 0.5 nm, confirming the atomic 
dimensions of this nanostructure with which devices of atomic dimensions could be envisioned. 

These atomic-size dots are also exceptionality sensitivity probes of their environment and they allow monitoring 
subtle effects at play in materials that could hardly be observed otherwise. As an example, I will show that an external 
magnetic field induced a quadratic shift of the phonon energy. This effect is explained by a minute magnetostriction 
of the host material under very modest magnetic field.
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Nano-electronics and biotechnology call for analytical methods with nanometer precision. Common techniques 
to achieve high resolution are electron microscopy (SEM) and scanning probe microscopy (e.g. STM and AFM). 
Although some of these techniques can probe the topography of the sample with atomic resolution, they are insensitive 
to chemical and structural properties. 

With the goal of making chemical characterization available at nanometer resolution, we are working on tip enhanced 
Raman spectroscopy (TERS). This aperture-less near-field scanning microscopy technique is based on an atomic 
force microscope scanning in the focal plane of a confocal microscope. It uses localized surface plasmons at the apex 
of the microscopy tip to generate an optical near-field of a few nanometers in diameter. While scanning the surface 
of the sample, the plasmons at the tip act as light source for the Raman spectroscopy and the chemical structure of 
the sample can be mapped with molecular sensitivity.

We specifically designed our system to characterize insulating and opaque samples. We are therefore using a tuning 
fork AFM operated in shear force mode with electro-chemically etched gold tips. The optical access for the confocal 
Raman measurement is established from the side with a piezo-driven objective scanner.

We are presenting TERS scans of carbon nanotubes (CNT) with an optical resolution of 14 nm. With the tip placed on 
a CNT, we show laser scans of the contact area between the tip and the sample to visualize the Raman enhancement 
due to the near-field. Our results show the high resolution of TERS for chemical surface analysis.

(ULTRA/NANO-6-12-1)   A new route toward 3D light harnessing

Ali Belarouci*, Taiping Zhang, Ségolène Callard, Xavier Letartre, Pierre Viktorovitch
Institut des Nanotechnologies de Lyon (INL), UMR 5270 CNRS-ECL-INSA-UCBL

Ecole Centrale de LYON, France
 

In recent years, we have witnessed a flurry of activity in the fundamental research and development of surface plasmon 
based structures and devices. The present surge in plasmon based research is happening at a time where crucial 
technological areas such as optical lithography, optical data storage, and high density electronics manufacturing 
are approaching fundamental physical limits. Although it may seem that metallic nanoparticules (or optical nano-
antennas (NAs)) are almost an off-the-self product, some issues need special attention and specific research. A key 
challenge is to address and collect light from those nano-scale systems. The tiny active area of the optical antenna 
is both an advantage for its miniaturization, and a real limit for the level of the collected signal. Therefore, one 
needs to reconsider how to drive efficiently such nano-antenna. Nano-antennas are usually illuminated from the far 
field in a large, at best diffraction limited, focus. However, this procedure is not very efficient to address metallic 
micro-nano-structures or NAs. The reason lies in the difficulty to achieve a sufficient coupling rate between the 
incoming optical beam and the NA in order to compensate for the rather large optical losses (radiation to free space 
and metallic absorption). A new approach is proposed in the present work for the optimum addressing of NA with a 
free space optical beam via the use of an intermediate coupling resonator structure, which is aimed at providing the 
appropriate modal conversion of the incoming beam, in the time and space domain. As the dielectric building block 
of the hybrid device we use a photonic crystal (PC) lattice of air holes formed in an active high refractive index InP-
based membrane. Processing of the PC is done by electron beam lithography on a polymethylmethacrylate (PMMA) 
and Reactive ion etching (RIE) is used to transfer the pattern to the semiconductor material. Individual metallic 
nano-antennas are then deterministically positioned on the backbone of the PC cavity by a second e-beam exposure 
followed by a lift-off process. Optical antennas with gap sizes down to 10nm have been successfully produced. 
Overlay measurements showed that the deviation in the alignment error could be as small as 20nm. While the 
plasmonic component leads to strongly localized fields, photon storage mechanism is provided by the surrounding 
photonic crystal structure. The combined effect of plasmonic field enhancement and high quality factor opens new 
routes for the control of light-matter interaction at the nanoscale.
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1Department of Green Energy & Semiconductor, Hoseo University, South Korea
2Deprtment of Engineering Physics and Centre for Emerging Device echnologies, McMaster University, Canada

In this paper, blue Organic Light Emitting Devices (OLEDs) with dual host materials of 4,40-bis(2,20-diphenylyinyl)-
1,10-biphenyl  (DPVBi) and 9,10-bis(2-naphthyl)anthracene (ADN) with 4,4’-bis(9-ethyl-3-carbazovinylene)-
1,1’biphenyl (BCzVBi) as blue dopant were fabricated to improve its electrical and optical characteristics.  Fig. 1 
and Table 1 show organic materials and device structures of blue OLEDs. The devices were prepared by using high 
vacuum (1.0 x 10-7 torr) thermal evaporation and their optical and electrical properties of current density, luminance, 
luminous efficiency, and CIExy (Commission Internationale de l’E´ clairage) coordinates were measured. Current 
densities of blue OLED devices, A, B, C, D, E and F as a function of bias voltages are shown in Fig. 2.Device E has 
the highest current density of 218.7 mA/cm2 at 8 V due to the quantum well structure in the reverse p-n junction 
of surface contact as shown in Fig. 3. As shown in Fig. 4, luminance and luminous efficiency of blue OLEDs were 
examined and again, device E had the highest luminous efficiency of 6.82 cd/A which is mainly caused by exothermic 
Förster energy transfer from DPVBi to BCzVBi. With increasing current density, device F has lower luminous 
efficiency compared to device E because electrons are trapped on the surface of DPVBi and Bphen according to 
the LUMO gap of 0.8 eV between BCzVBi and Bphen. Föster energy transfer and electromer transition occurred 
through hole and electron recombination between DPVBi and ADN interface with BCzVBi doping.
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We investigate the fluorescence and laser properties of a 2 at.% Nd-doped YSAG (Y3ScAl4O12) polycrystalline 
ceramic [see Fig.1 (a)], a promising laser material having a fluorescence lifetime which is significantly longer than 
for conventional Nd:YAG laser media [1-3]. We demonstrate the role of temperature in tailoring the fluorescence of 
Nd:YSAG ceramic, whose spectral positions and intensities of the peaks are particularly depending on temperature 
[see Fig.1 (b)]. As a direct consequence of the evolution of the fluorescence spectrum, we discovered that the laser 
properties of the ceramic are strongly impacted by the accumulation of heat caused by pumping [see Fig.1 (c)]. In 
particular, we demonstrate that Nd:YSAG ceramic laser emission can be switched between the two main laser lines 
located at 1061 nm and 1064 nm depending on the maximum local temperature within the ceramic. Additionnally, 
we show that the positions of the laser lines are also shifted under the influence of the thermal load of the laser gain 
medium.

Figure 1 – (a) 2 at % Nd:YSAG ceramic (diam. 20mm×2mm thick); (b) fluorescence spectra of a 2 at % Nd:YSAG 
ceramic measured for the different temperatures of 30 °C, 111 °C, and 166 °C, respectively; (c) laser spectra obtained 
for different pump powers of 3.22 W, 3.68 W, 4.37 W, 5.52 W, 6.75 W, 7.52 W, 9.67 W, and 11.97 W, respectively.
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a quantum-dot mode-locked laser
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Generation of optical ultrafast pulses with a quantum-dot (QD) diode lasers attracts a lot of attention in recent years. 
Ultra high repetition rate [1], super narrow RF linewidth [2] and reasonable short pulse width [3] have successfully 
demonstrated. But because only tens of optical modes are involved in mode-locking process, its pulse extinction ratio 
is much lower than that of a normal Ti:Saphire or a fiber mode-locked laser where ten of thousands of optical modes 
are completely mode-locked together.  In this presentation, we analyzed the optical pulses of a QD mode-locked laser 
with a reconfigurable filter and an intensity autocorrelator. We found that the un-wanted un-lasing modes outsides the 
lasing band and the incomplete mode-locking of lasing modes located in the outmost of the lasing band are the first 
two contributors to a poor extinction ratio. Through out-cavity optimization in the frequency domain, the extinction 
ratio could go up to 50:1, which is the highest in all mode-locked diode lasers reported.
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The absorption of ultra-intense ultra-short laser pulses in solid targets depends on the optical physics of interaction with 
near-solid plasma, and subsequently on the hydrodynamics of that plasma. 
As a way to manipulate absorption, and to control and direct generation 
of the energetic electrons produced, specially nanostructured materials 
have been introduced as targets for intense laser-matter interaction. 
We’ve used nickel nanowire targets, individual wires ~70 nm, and about 
1-2 µm in length, to create structures that alter the bulk metallic dielectric 
function, making what is normally a metal into a material which in two 
directions is effectively a dielectric. Using effective-medium modelling, 
and 2D PIC simulation, we’re studying whether this dielectric nature 
persists robustly even at high laser intensities — when even glass would 
become metallic because of ionization.

I present experimental re-sults of 
irradiation with 35fs laser pulses at 
inten-sities up to 1×1019 W/cm2, showing the development of strong anisotropies 
in x-ray emission at relativistic intensities, suggesting the development of 
systematic electron motion at the highest intensities.  We dis-cuss this together 
with new results of small-signal linear modelling, assuming temperature-
dependent plasma dielectric functions, and finally two-dimensional particle-
in-cell (PIC) code simulations of ultra-intense interaction, which show the 

potential for systematic effects of electron conduction and acceleration within these nanostructures.
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Recently, there has been much interest in the development of devices capable to modulate THz signals. Although 
there are no approaches that can be defined as “standard”, different amplitude and modulation techniques have 
been demonstrated using optical [1], electronic [2], and temperature [3] control means in bulk materials.  Here, 
we demonstrate for the first time polarization-sensitive broadband THz amplitude modulation using applied low 
magnetic fields in a liquid medium. Our sample consists of  ~10 nm-sized nanoparticles of Fe3O4 dispersed with a 
concentration of 7.3% in weight in a hydrocarbon carrier fluid. The measurements have been performed using a THz-
TDS system. Two configurations are considered, with the THz electric field linearly polarized parallel and orthogonal 
to the magnetic field, respectively. In the first configuration, the THz electric field is polarized parallel to the applied 
magnetic field; the transmitted THz pulse is attenuated as shown in Fig. 1(a) and (b), with a weak spectral reshape. 
Intensity modulations of 65% have been obtained using magnetic fields of 49.5 mT. In the second configuration [Fig 
1(c)] we observed a negligible attenuation of a THz field having its polarization orthogonal to the magnetic field.  We 
attribute this polarization-dependent attenuation to the induced dichroic brought about by the particles alignment in 
the magnetic field. Our experiments and related modeling will be presented in detail.

Fig.1: THz modulation under an applied magnetic field. In (a) and (b) the THz electric field polarization is parallel to 
the applied magnetic field. In (c) the THz electric field is orthogonal to the applied magnetic field.
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Terahertz (THz) pulses are of particular interest for diagnostic and sensing applications [1]. This requires investigation 
over large bandwidths. Air-Biased Coherent Detection (ABCD) [2] has been recently proposed for broadband THz 
detection. This technique depends on the THz-optical field nonlinear interactions where optical pulse parameters play 
a major role in its efficiency. Here, for example, we experimentally investigated the contribution of the probe pulse 
chirp. Using 400 mJ, 45 fs, 800 nm pump pulses, broadband single-cycle THz pulses were generated employing 
the THz-plasma technique [3] and then detected through the ABCD scheme by investigating the dependence on 
the probe chirp. Our measurements show that at low pulse energies, the transform limited condition provides the 
larger detection bandwidth and signal – see Figs. 1 (a) and (b). On the other hand, when increasing the pulse energy, 
the propagation becomes nonlinear and we report an increase in the detection signal and bandwidth for positively 
chirped probe pulses – see the blue curves in Fig. 1(b-c). Indeed, although the recorded detection bandwidth is larger 
for a slightly negative chirped pulse, this comes at the expense of much lower signals and deeply modulated spectra 
artifacts – Fig. 1(a).

Figure 1. (a) THz spectra recorded for a 200μJ probe pulse energy. (b) THz recorded bandwidth at 1/e2 for different 
probe chirps and two different energies. (c) Total rectification signal recorded in the coherent condition for different 
probe chirps and energies. The conjunction lines between data points are for eye guidance.

We attribute the basic mechanism underlying the enhanced interaction between the optical probe pulse and the THz 
field to the nonlinear dynamics observed in pulse filamentation and the consequent spontaneous pulse compression 
occurring within the filament. The experiment and the related model will be presented in details.

[1] Roskos H. G. et al., Laser & Photon. Rev. 1, 349-368 (2007).
[2] Dai J. et al., Phys. Rev. Lett. 97, 103903 (2006).
[3] Cook D. et al., Opt. Lett. 25, 1210 (2000).
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1 Xlim, France
2 Horus laser S.A.S. , France

We demonstrate active Q-switching of a microchip laser by using light deflection through a plasma. A spark gap 
is used to create an air plasma in the miniature resonator of the microchip laser. The gradient of refractive index 
produced by the flow of charges between electrodes of the spark gap is sufficient to cause a significant deflection 
of the light beam oscillating in the resonator [1]. The laser resonator which is initially misaligned, attains perfect 
alignment for a short period of time when the plasma is introduced, that is enough to initiate laser oscillations 
irreversibly [2]. The microchip laser represented in Fig. 1 (a) is basically made of a 2×2×5-mm Nd3+:YAG crystal 
and a 2×2×3-mm Cr4+:YAG crystal used as a saturable absorber. The crystals are not bonded but separated by a 
sufficient distance that a spark can form in-between. To initiate the electric spark, two electrodes separated by a gap 
of 2 mm are placed transversally so that the light oscillating between the two crystals passes as well through the gap. 
We proceeded to the experiment as follow: first, we have set the applied voltage to zero so that no electric discharge 
occurs. The relative orientation of the two mirrors is rendered parallel and thus the laser oscillates. In this situation, 
the laser is passively Q-switched and delivers nanosecond pulses. Subsequently, the orientation of the output mirror 
is slightly modified so as to form an angle in the order of few mrad with the entrance mirror, that is sufficient to 
prevent the laser from oscillating, and hence no laser radiation is measured at the output. Then the voltage applied 
to the electrodes is increased up to the value of ~ 5 kV sufficient to trigger repeated electric discharges at a rate of 
~ 1.5 Hz [see Fig 1(c)]. In Fig. 1 (b), we have represented the profile of the laser pulses generated at the output at 
the same rate as that of electric discharges. The average pulse creation delay is about ~ 3.5 ms and the timing jitter 
is ~ 300 ns. The pulse duration is ~ 1.5 ns FWHMI and energy is 10.5 mJ. The main advantage of the method is the 
ease with which it can be implemented as well as a reduction of the cost of microchip lasers since there is no need 
for a miniaturized actuator as for example acousto-optic modulator. Another advantage of the method is possibility 
to operate at any laser line.

Figure 1 – (a) Schematic representation of the microchip laser. (b) Output pulse profile.
(c) Photograph of the microchip laser during an electric discharge.

References
[1] C. L. Enloe, M. L. Brake, and T. E. Repetti, Am. J. Phys. 58, 400 (1990).
[2] M. A. Greenspan, and K. V. Reddy, Appl. Phys. Lett. 40, 576 (1982).
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Summary Femtosecond laser pulses from 7-200fs have been used to explore the ionization process and dissociation 
dynamics of N2O. We observe the energy released for a number 
of channels and compare the results with the energy expected 
from Coulombic break up from equilibrium. We characterize 
the degree to which ionization channels are Coulombic for 
few cycle pulses and we conclude that the 3+ state is not 
Coulombic.

Femtosecond laser initiated coulomb explosion has proven 
to be a successful tool for imaging the equilibrium geometry 
of small molecules and studying their ionization dynamics 
[1,2]. Few cycle laser pulses were generated using spectral 
broadening in a hollow core fiber filled with Argon at a pressure 
of 1.1 Atm. In the target chamber the laser pulses were focused 
on a well collimated supersonic jet of molecules inside a uniform electric field ion imaging spectrometer. By using a 
time and position sensitive delay-line anode detector, the resulting fragments were detected and their 3-D momenta 
determined.

Figure 1 shows the kinetic energy release for the channels (1,1,1) to (2,2,2) as a percentage of that 
expected from a Coulomb explosion from equilibrium.  It is clear that the highest ionized state 6+ is 
close to Coulombic below 10fs with energy at nearly 90% while the 3+ state is the least Coulombic with 
energy release independent of pulse length below 35fs.  In comparison with CO2 the energy released 
from the 3+ channel changes more with pulse length indicating more dynamics on lower charge states. 

References
[1] Bocharova et al 2011 Phys. Rev. Lett 107, 063201
[2] F Légaré et al 2005 Phys. Rev. A 72 052717
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Few-cycle pulses in the mid-infrared (MIR) and terahertz (THz) spectral regions are of fundamental impact e.g. for 
sensing and spectroscopic applications, when combined to field resolved diagnostic techniques. Frequency-Resolved-
Optical-Gating (FROG) is widely used for pulse characterization in the near-infrared region. Longer wavelengths 
are however associated to increasing difficulties in characterization and as such, novel schemes able to resolve the 
optical field of ultra-broadband pulses have been recently proposed, such as the air biased coherent detection (ABCD) 
[1]. Here we describe a technique that can directly recover the full electric field profile, i.e. without the need for any 
iterative retrieval algorithm, and can be applied from sub-THz frequencies down to the mid-infrared region. The 
layout follows the scheme proposed by Dai and coworkers [2]: the pulse under measurement is overlapped, in air, 
with a probe pulse leading to an “electric-field-induced” second harmonic – EFISH – signal. The EFISH spectrum 
as a function of the delay between the two pulses generates a spectrogram similar to that used in standard FROG 
measurements. The interference of the two sidebands induced by the frequency mixing process in gas: ω+ω±Ω, (ω 
and Ω are the probe and the probed pulse frequencies, respectively) carries the information on the square of probed 
pulse electric field. We tested the proposed technique experimentally by characterizing a ~10 THz bandwidth, single 
cycle pulse centered at ~4 THz generated by a two-color scheme in plasma [3]. Figure 1(a) shows the measured 
spectrogram. A lineout is taken at 390 nm (dashed line) chosen as the one providing better contrast in the nodes of 
the field, displayed in (b), where it is also compared with the same pulse characterized using the ABCD technique. 
Figure 1(c) shows the two spectra obtained by Fourier transforming the two field traces. Further optimizations are 
under way and include the enhancement of the high-frequency sideband by pulse shaping the optical probe pulse. 

[1] Bates P. K. et al., Opt. Lett., 35, 1377 (2010).
[2] Dai J. et al., Phys. Rev. Lett., 97, 103903 (2006).
[3] Cook D. et al., Opt. Lett., 25, 1210 (2000).
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(ULTRA/NANO-7-33-4)   Fiber ring laser using photonic crystal fiber loop mirror

Shaozhen Ma, Wenbo Li, Hongyu Hu and Niloy K. Dutta
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The design of optical sources with short pulse width is important for future high speed optical transmission systems. 
A scheme to generate high speed optical pulse train with ultra short pulse width is proposed and experimentally 
studied. A rational harmonic mode locked ring laser incorporating a Mach-Zehnder type modulator driven by a 
10 GHz RF synthesizer is used to generate stable 40 GHz and 20 GHz RZ optical pulse trains. In the cavity we 
used a semiconductor optical amplifier (SOA) to serve as a fast saturable absorber in order to suppress self-pulsing 
behavior. Without the SOA, similar pulse will be generated with degraded signal to noise extinction ratio up to 3 dB 
and degraded stability. The pulse widths are ~ 4.4 ps which are further compressed. 

Two-step compression is used in the scheme: the pulse trains generated from a rational harmonic actively mode-
locked fiber ring laser is compressed to a full width at half-maximum (FWHM) of ~1.8 ps using adiabatic soliton 
compression with dispersion shifted fibers (DSF) followed by a single mode fiber (SMF). The pulse trains then 
undergo a pedestal removal process by transmission through a cascaded two photonic crystal fiber (PCF)-nonlinear 
optical loop mirrors (NOLM) realized using a double-ring structure. The resulting output pulse width obtained was 
~610 fs for 20 GHz pulse train and ~570 fs for 40 GHz pulse train. The signal to noise ratio of the RF spectrum of 
the output pulse train is larger than 30dB. Theoretical simulation of the NOLM transmission is conducted using split-
step Fourier method, the results agree with the experimental data. 

-80

-60

-40

-20

0

20

0 20 40 60 80 100 120

A
m

pl
itu

de
 (a

.u
.)

Delay (ps)

-80
-70
-60
-50
-40
-30
-20
-10

0
10

-6 -4 -2 0 2 4 6

-60

-40

-20

0

20

40

60

0 20 40 60 80 100

A
m

pl
itu

de
 (a

.u
.)

Delay (ps)

-50
-40
-30
-20
-10

0
10
20

-3 -2 -1 0 1 2 3

(a) (b)

Figure 1: Autocorrelation trace of: (a) 40 GHz pulse train after first compression step, pulse width ~1.7 ps. (b) 40 
GHz pulse train after cascaded PCF-NOLM ring structure, pulse width ~570 fs. The insets show the autocorrelation 
trace of a single pulse.

(ULTRA/NANO-7-39-1) Intense fs filamentation science in air

S. L. Chin
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Dept. of Physics, Engineering Physics and Optics

Université Laval, Canada

The high laser intensity (~5x1013 W/cm2) and the very low plasma density (~ 1015-16 cm-3) inside a femtosecond 
filament core at one atmospheric pressure allow the majority of the neutral (air) molecules (~ 1019 cm-3) to undergo 
nonlinear interaction with ‘ease’. That is to say, many collisionless nonlinear atomic and molecular phenomena could 
be easily observed at one atmospheric pressure without using high vacuum systems. Thus, a few phenomena will 
be discussed. These include population trapping (or interference stabilization), lasing in air and the measurement 
of absolute humidity in air. The talk will terminate with the demonstration of filament induced snow fall. This 
latter work on snow fall was discovered in the Shanghai Institute of Optics and Fine Mechanics, Chinese Academy 
of Sciences. The leaders of the project are Zhizhan Xu, Ruxin Li and Jiansheng Liu. Other collaborators include 
Jingjing Ju, Cheng Wang, Haiyi Sun, Wentao Wang, Xiaochun Ge, Chuang Li and the speaker.
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R. Meesat, H. Belmouaddine, J.-F. Allard, M. A. Huels, J.-P. Jay-Gerin, M. Lepage, and D. Houde.
Département de médecine nucléaire et de radiobiologie, Université de Sherbrooke, Canada

Gold nanoparticle synthesis is currently of great interest for technological and biomedical applications, in particular 
the use of biocompatible gold nanoparticles (GNPs).  Traditionally, there are several methods that can be used 
to synthesize the metallic particles using chemical and radiation mediated synthesis. However, these techniques 
can be toxic and are often time consuming.  Among GNP synthesis methods, laser-ablation processes are efficient 
techniques that can produce ultra-pure colloids with controllable size and without any additional chemical agents. 
These techniques generally use ablation from a gold target to fabricate the GNPs.

Here we report a new laser-assisted method without using ablation to synthesize the GNPs. This approach is based 
on the use of femtosecond (fs) laser pulse filamentation. Filamentation is a non-linear optical effect that is related 
to a change in refractive index of a medium in response to high electric field (Kerr effect) provided here by the 
ultra-short intense IR laser pulses. The resulting self focusing of laser beam creates filaments of ionized medium. In 
water, electrons, radical and molecular species are formed quite similarly to the action of ionizing radiations. This 
phenomenon results in high “local” dose rates (~1012 Gy/s) within the area of filamentation in the sample solution.

We find that GNPs can be synthesized by a simple one-step method using fs laser pulse filamentation in a gold colloid 
solution held in a single cuvette. The gold colloid solution is composed of 1 mM HAuCl4.3H2O, 0.1 M of poly (vinyl 
alcohol) as a stabilizer, and 0.2 M 2-propanol as an •OH and H• scavenger.  This solution (2 ml) is irradiated in the 
cuvette with a volume “average” dose rate of ~7.8 Gy/s, as measured by the ceric-cerous dosimeter.

With such high dose rates of laser pulse filamentation, we could easily prepare GNPs in a very short time, free from 
pre-added reducing agents, and in a single step. The size of the nanoparticles after treatment was 12 ± 3 nm.  Such a 
size distribution of GNPs is quite comparable to what can be obtained with the laser-ablation synthesis method.

(ULTRA/NANO-7-39-3) High-energy infrared optical parametric amplifier at ALLS

M. Giguère a), B.E. Schmidt a), F. Théberge b) and F. Légaré a)

a) ALLS Facility, Institut National de la Recherche Scientifique Énergie, Matériaux et télécommunication (INRS-
ÉMT), Canada 

b) Defence Research & Development Canada (DRDC) Valcartier, Canada

We report the generation of high-energy infrared laser pulses based on an optical parametric amplifier (OPA) 
pumped by a 100Hz Terawatt class Ti:Sapphire laser system of the ALLS facility. Infrared laser pulses at 1450nm 
with 6.6 millijoule (mJ) of energy and sub-25fs duration have been generated using this setup, leading to a peak 
power exceeding 200GW.  The system is based on a commercial OPA system (HE-TOPAS, Light Conversion Ltd) 
generating a seed for an external for an external parametric amplifier stage pumped by 35mJ, 40fs, 800nm laser 
pulse, leading to a 34% optical efficiency (Signal + Idler). Pulse compression by a factor close to 2 of the seed has 
been observed through high-energy amplification. This source has been used to study filamentation in air which is, 
to our knowledge, the first time this type of experiment has been done at this wavelength range.
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(ULTRA/NANO-7-39-4)   Laser wakefield acceleration : application to Betatron X- ray radiation  
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S. Corde, K. Ta Phuoc, V. Malka and A. Rousse
Laboratoire d’Optique Appliquée, ENSTA, CNRS UMR7639, Ecole Polytechnique, France

High intensity femtosecond laser technology allow to attain intensities in the relativistic range (>1018 W/cm2) where 
the laser electric field accelerate the electrons close to the speed of light. At these intensities when a femtosecond 
laser pulse is focused onto a gas jet target, it interacts with the instantaneously created under-dense plasma and excites 
a wakefield wave in which electrons are trapped and accelerated to high energies in short distances. Femtosecond 
electron bunches with more than several hundred of MeV are routinely achieved using such mechanism at the 
Advanced Laser Light Source (ALLS) 200 TW laser system (5 J, 25 fs, 10 Hz) located at INRS-EMT in Canada. 
Apart from its interest to conceive compact electrons accelerators, laser wakefield acceleration can also be used 
to produce femtosecond beams of X-ray radiation. Indeed, the electrons trapped in the wakefield wave perform 
Betatron oscillations across the propagation axis and emit X-ray photons. The Betatron X-ray beam is broadband 
: the radiation emission is described by a synchrotron distribution characterized by a critical energy Ec

1. The X-ray 
beam is collimated within tens of milli-radians and its pulse duration is femtosecond which would allow ultrafast 
time resolved X-ray studies using X-ray diffraction or absorption. For high resolution and phase contrast X-ray 
imaging applications, the important feature of the X-ray Betatron beam is the µm source size. Using ALLS 200 TW 
laser system we demonstrate that the Betatron X-ray beam is both energetic and bright enough to produce single shot 
phase contrast imaging of small complex objects located in air like a bee2. In our experiment  the critical energy is 
close to 12 keV, and we measure 109 photons per shot in the whole spectrum.  

1S. Fourmaux, S. Corde ,K. Ta Phuoc et al., “Demonstration of the synchrotron type spectrum of laser produced Betatron 
radiation”, New J. Phys., 13 033017 (2011).
2S. Fourmaux, S. Corde, K. Ta Phuoc et al., “Single shot phase contrast imaging using laser produced Betatron x-ray beams”, 
Optics Letter, 36  2426 (2011).

(ULTRA/NANO-8-53-1)  Monitoring and Controlling Attosecond Electrons
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Universite de Sherbrooke,Qc,J1K,2R1.

Intense laser physics has led to a revolution in the imaging and eventual control of electron dynamics (motion) on 
the electron’s natural time scale, the attosecond (10^{-18} s). The nonlinear nonperturbative response of atoms and 
molecules to   intense ultrashort laser mid-infrared pulses is currently a major   source of attosecond pulses from high 
order harmonics generated by   laser induced recollision of ionized electrons with parent or neighbor   ions [1,2]. Such 
attosecond pulses are the obvious tools for probing   electron motion on the attosecond time scale Using  pump-probe 
techniques in which an ultrashort pump pulse prepares a superposition of two or more electronic states followed by 
probe   attosecond ionization, ¨.Attosecond electron motion in such a coherent     superposition can be probed by 
measuring photoelectron momentum distributions as   function of the pump-probe delay time.It is also possible to 
probe the   electron motion on the attosecond time scale in coherent   electron-nuclear state superpositions using   
few cycle intense( 800   nm wavelength) probe pulses and measuring the high order harmonic   spectra generated 
by recolliding ionized electrons. Our numerical calculations, based on the time dependent Schroedinger   equation 
with full electron-nuclear motion,ie,beyond   Born-Oppenheimer,in H2+ show that harmonic intensities as function 
of the pump-probe delay   time vary strongly on the attosecond time scale .  We observe   modulation of harmonic 
spectra with the period 400 attoseconds which   is the period of oscillations in a coherent superposition of two states 
separated by 10.3 eV. The strong   variation of harmonic intensities, is a function of time delay between   the pump 
pulse for creating the coherent electron-nuclear wave packet   and the probe pulse .Thisis  related to the correlation 
between the   recolliding electron velocity and corresponding velocity of the bound   state electron.It disappears 
when the nuclear wave packet on two   electronic states no longer overlap. Thus by measuring this   correlation we 
monitor nuclear motion as well. Whereas at the end of the 20-th century the focus was on femtosecond (10^{-15} s) 
photochemistry and photophysics for monitoring atomic motion in molecules via coherent superposition of nuclear 
wave packets,   culminating with a Nobel prize to A.H. Zewail (Caltech) for   “Femto-Chemistry”, the study of 
electron motion on attosecond time   scale is a new chapter in modern science.We present the first   demonstration 
how electron dynamics such as long-range electron   transfer which evolve on attosecond time scale is influenced 
by nuclear motion. Of further interest to the  ultrafast laser community is that   long range, i.e., at large internuclear 
distance, electron phase   coherence remains preserved (locked),thus providing another example of   a paradox 
similar to the “Einstein-Podolsky Rosen”, EPR,paradox, where   the electron is delocalized simultaneously at two 
different places as   investigated by us earlier in [3]. It is shown in the present paper   how to measure, through 
harmonic generation, that the phase of the electron wave function is “transported” equally on two different atoms as 
the simple molecular ion dissociates simultaneously on two different potential surfaces, thus providing for a clear 
example of electron-nuclear entanglement in molecules. 

[1]. A D Bandrauk,S Chelkowski,Intnl Rev Atom Molec Phys,2,1-22(2011)
[2] F. Krausz, M.Yu. Ivanov, Rev.Mod. Phys. 81, 163 (2009)
[3] S. Chelkowski, A.D. Bandrauk, Phys. Rev. A 81, 062101 (2010)
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(ULTRA/NANO-8-53-2) 2-electron Attosecond Frequency Resolved Optical Gating

André Staudte1 and Kyung Taec Kim1 and Paul B. Corkum1 and Hugh Price2 and Agapi Emmanouilidou2
1 Joint Laboratory for Attosecond Science, Canada, 2  Department of Physics and Astronomy, University College 

London, UK

Attosecond science offers time resolution through extreme ultra-violet (XUV)- or electron pulses in the attosecond 
range. However, pump-probe experiments using attosecond XUV-pulses are technically very challenging. Hence, 
the streaking of photo-electrons with an infrared (IR) laser field has become a successful technique for bringing time 
resolution to photo-ionization. The attosecond streak camera, and its extension to FROG CRAB (Frequency Resolved 
Optical Gating for Complete Reconstruction of Attosecond Bursts) originally aiming to characterize attosecond 
XUV-pulses, have been applied to study the delayed time emission of single photo-electron from atoms and solids. 
While single ionization is an important tool for structural analysis, double ionization, i.e., the simultaneous emission 
of two electrons, is a unique tool to study electron correlation, addressing one of the key challenges of modern 
physics. 

We extend the recently proposed 2-electron attosecond streak camera to what we call 2-electron attosecond frequency 
resolved optical gating. In equivalence to FROG the sum energy of the photo-electrons is resolved as a function of 
the phase delay between attosecond pulse and the infrared gating laser field. 

In our model we assume extreme ultra-violet (XUV) attosecond pulses with a full width at half maximum of 24 
attoseconds, centered at 120 eV and a gating infrared laser field with a wavelength of 1600 nm and intensity of 
3x1012 W/cm2. We build on our previously employed classical trajectory Monte-Carlo simulation of the classical 
He*(1s2s) model system. We choose He*(1s2s) as a prototype system to clearly formulate the concept of streaking 
two-electron dynamics while avoiding the unnecessary complexity of many-electron systems. The proposed method 
is shown to be capable to time resolve intra-atomic collisions in single-photon double ionization. 

(ULTRA/NANO-8-53-3)   Attosecond plasma wave dynamics in nanoclusters

C. Varin*a, C. Peltzb, T. Brabeca, and T. Fennelb

a Department of Physics and Centre for Photonics Research, University of Ottawa, Canada
 b Institut für Physik, Universität Rostock, Germany

Abstract  
To bridge the gap between microscopic particle interactions and macroscopic wave propagation phenomena, we 
developed a microscopic particle-in-cell (MicPIC) approach that allows to model the dynamics of 108 to 1010 particles 
at solid density. First simulations on large cluster processes in femtosecond laser pulses reveal an attosecond plasma 
wave dynamics in clusters with radii R > 30nm. In this process, energetic electron hot spots are generated along with 
highly localized attosecond electric field fluctuations whose intensity exceeds the driving laser by more than two 
orders of magnitude.

Keywords: Laser-plasma interactions, Charge-density waves, Plasma simulation, Atomic clusters

1. resolving microscopic and macroscopic PLASMA phenomena

One of the main challenges in modeling laser-driven plasma physics is to properly resolve microscopic and 
macroscopic phenomena at the same time. Atomic collision processes require Angstrom space resolution and sub-
attosecond time resolution, whereas the space and time resolution requirements of macroscopic phenomena are 
determined by the wavelength and optical period of the driving laser pulse. For example, to resolve the propagation 
of a near-infrared pulse in a solid-density plasma, it is necessary to cover about four to five orders of magnitude in 
space -- from Angstroms to microns. Currently, no approach can satisfactorily bridge this gap. MicPIC is a major 
step forward in reaching this goal: it can currently track 107 particles with atomic-scale resolution on a single CPU 
(1010 is expected with parallelization).

2. Attosecond plasma wave dynamics in nanoclusters

The figure below shows the dynamics of a R = 30nm cluster driven at resonance by a 7-fs (1/e) 800-nm laser pulse 
whose intensity is 6x10.13 W/cm2. (a) At the beginning of the pulse, the cluster has a linear response with regular 
surface plasmon field enhancement. (b) Just before the peak of the laser pulse, plasma waves  created by electrons 
recolliding with the cluster surface travel towards the center. (c) When the charge-density waves from the left and 
right meet in the center, they collide and break. During this process, energetic electron hot spots [the blue regions 
in (c)] are generated along with highly localized electric fields whose intensity exceeds the driving laser by more 
than two orders of magnitude. The density and field fluctuations, that evolve on the attosecond time scale, increase 
local ionization and lead to a strongly inhomogeneous ion charge distribution. The observed nonlinear plasma wave 
phenomena offers a route to extreme nanoplasmonic field enhancements.
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(ULTRA/NANO-8-53-4)   Electron Acceleration by a Tightly Focused Radially Polarized Laser Beam

S. Payeur a), S. Fourmaux a), B.E. Schmidt a), J.-P. MacLean a), C. Tchervenkov a), F. Legaré a), M.Piché b) and 
J.-C. Kieffera)

a) ALLS Facility, Institut National de la Recherche Scientifique Énergie, Matériaux et télécommunication (INRS-
ÉMT), Canada

b) Centre d’Optique, Photonique et Laser, Université Laval, Canada

Generation of ultrashort electron bunches are needed in many application, ranging from Time-Resolved Electron 
Microscopy to Free Electron Laser Injection. In recent years, laser based particle acceleration schemes for generating 
ultrashort electron bunches such as Wakefield Acceleration, UltraShort Laser Pulse Photocathode Illumination and 
Direct Vacuum Acceleration have been theoretically studied and experimentally investigated. In parallel, a few groups 
have proposed accelerating electrons by focusing a radially polarized TM01 ultrashort laser pulse into a low density 
gas. This process has been described theoretically for high peak power laser systems. We present the demonstration 
that this mechanism is also feasible using low peak power with the help of an extreme focusing optic. To our 
knowledge, this is the first experimental proof of electron acceleration using the longitudinal field produced by a 
TM01 laser mode. The experiment was conducted on the ultrashort IR beamline at the ALLS Facility. The longitudinal 
field intensity, in the order of 10^18 W/cm2, was generated by focusing a radially polarised TM01 ultrashort IR pulse 
(1,8 microns, 550 uJ, 15 fs, 100Hz) with a high numerical aperture parabola. The created longitudinal field was high 
enough to ionise and accelerate electrons at a few tens of keV from a low density oxygen gas. The energy, spectrum, 
number of charges per shot and divergence of the generated electron bunches have been measured and will be 
presented. Electron bunch pulse duration, space charge effects and energy tunability will also be discussed.

(ULTRA/NANO-8-53-5)   Light Wave Controlled Strong Field Ionization of Xenon with Few-Cycle 1.8 µm 
Laser Pulses

Bruno E. Schmidt1, Max Möller2, A. Max Sayler2, Andrew D. Shiner3, Giulio Vampa3, 
J.-C. Kieffer1, François Légaré1, David M. Villeneuve3, G. G. Paulus2, Paul B. Corkum3

1Institut National de la Recherche Scientifique Centre Énergie Matériaux et Télécommunications,, Canada
2Institut f¨ur Optik und Quantenelektronik, Germany

3Joint Laboratory for Atto-Second Science, University of Ottawa/NRC, , Canada

The demonstrated method of interferometric carrier envelope phase (CEP) control does not relay on glass insertion 
into the beam to change the ratio between phase and group velocity of few-cycle laser pulse. Our method is dispersion 
free and wavelength independent. Therefore, a white light seeded optical parametric amplifier is utilized in which the 
relative phase shifting between white light and pump beam prior to their difference frequency generation results in 
CEP controlled Idler pulses as shown in the figure.

Few-cycle pulse compression is carried with a hollow core fiber setup and the bulk compression method [1] and 
the pulses are applied to study stereo above threshold ionization (ATI) of xenon. A very strong CEP dependence 
of directly tunnel ionized electron is observed at 1.8µm which is much stronger than previously reported at 800nm 
[2]. This light wave control of direct tunnel ionization is characterized by asymmetric electron emission in opposite 
directions along the laser polarization axis and yielded an asymmetry parameter of 60%.

Furthermore, we recorded CEP dependence over 8 hours and found the passive CEP stabilization of the few -cycle 
pulses to be extremely stable during this time.

[1] Schmidt et al., “Compression of 1.8 micron laser pulses to sub two optical cycles with bulk material,” APL 96, 121109 
(2010).
[2] Wittmann  et al., “Single-shot carrier–envelope phase measurement of few-cycle laser pulses,” Nat. Phys. 5, 357-362 
(2009).
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(ULTRA/NANO-8-53-6)   Control of stepwise and concerted dissociation channels of OCS3+ and OCS4+ using 
intense variable pulse-length 7-500fs laser pulses 

Benji Wales*, Reza Karimi*, Eric Bissone† Francois Légaré† Joseph Sanderson*
*Department of Physics and Astronomy, University of Waterloo, Canada  

† INRS-Centre Énergie, Matériaux et Télécommunications, Canada

We show that by varying pulse length from 7 to 500fs we can modify the mode of dissociative ionization for OCS 
between stepwise to a concerted process, for the 3+ and 4+ charge states.   We conclude that this control is applied 
through laser induced dynamics on the doubly charged potential.

The experiment was performed using use a Coulomb explosion imaging (CEI) apparatus located at the Advanced 
Laser Light Source in Montreal. A highly collimated super-sonic beam of gas phase OCS is passed through the focal 
point (f=10cm) of a femtosecond   laser beam which has been compressed to 7fs using the hollow fiber method. Ions 
are extracted via 3kV field time of flight mass spectrometer and detected with a position sensitive detector ultimately 
measuring the asymptotic momenta of fragment ions in coincidence. We are interested in the triple and quadruple 
charge states of OCS which dissociate into the detected three body channels: OCS3+ -> [O+, C+, S+] directly and  
through intermediates [CO2+, S+], and [O+, CS2+] in a stepwise process. The coincident sets of 3-dimensional momenta 
are presented in Dalitz plots as illustrated in Figure 1 the plot expresses fractional energy of the carbon atom in the 
y-axis and the difference in fractional energies between the terminal ions in the x-axis. Here the diagonal regions 
represent the stepwise processes and the concerted process is in the lower middle. In both the 3+ and 4+ charge 
states, bond length stretching and bond angle compression are shown to have positive correlations with increased 
pulse length. Similarly, pulse length is shown to control the ratio of ions fragmenting through the sequential pathway 
versus the concerted pathway.

(ULTRA/NANO-6-P-1)   A comparison of switching energy of resonant and non-resonant electro 
optic switches 

Fatemeh Soltani, Andrew G. Kirk
Electrical Engineering Department , McGill University, Canada 

Optical space switching is an important functionality in dense wavelength division multiplexing(DWDM)  
optical communication systems, particularly within reconfigurable optical add-drop multiplexers (ROADMs) 
[1]. Current commercially available ROADMs are based on micro-electromechanical systems (MEMS) or 
liquid crystal switches but these do not have sufficient switching speed for future network requirements. Power 
consumption (i.e. energy per switching operation multiplied by switching rate) is a very important parameter in 
the selection of a switching technology. Space switches based on current injection in silicon have been reported 
with nanosecond switching speeds and average power consumption on the order of mW [2], which becomes 
significant if many switches are required in a fabric.  Electro-optic (EO) switches, which utilize the Kerr effect 
in which the refractive index changes when an external voltage is applied [3], only dissipate power when the 
switch state is changed. Electro-optic switches can be implemented either as non-resonant designs (for example the 
Mach-Zehnder interferometer (MZI)) or as resonant designs (for example the Fabry Perot interferometer ( FPI)). 
        
In this study we compare the switching energies of electro-optic MZI and FPI switches by considering the capacitance 
of the switch, which is determined by the length of the active region of the switch. We show that for a non-resonant 
switch, switching energy increases linearly with device length, regardless of applied voltage, and so is simply 
determined bythe strength of the electro-optic coefficient. We assume that the resonant switch is implemented as 
a switchable comb filter [4], with a free-spectral range equal to twice the wavelength spacing. This then fixes the 
interferometer length. As a result the resonant switch has requires significantly less switching energy for the same 
material parameters and is thus of interest for future ROADM implementations. 
 
[1] El-Bawab, T. S. , “Optical Switching.”, Springer, New York , 2006
 
[2] Joris Van Campenhout, W. M. J. G., Solomon Assefa, and and Y. A. Vlasov “Low-power, 2×2 silicon electro-optic 
switch with 110-nm bandwidth for broadband reconfigurable optical networks.” OPTICS EXPRESS 17(26): 24020-24029. 

[3] Hinton, H. S. (1994). “Free-Space Digital Optical Systems.” PROCEEDINGS OF THE IEEE, 82(NO. I I ,).

[4] M.Menard, A.G.Kirk,’Integrated Fabry-Perot Comb Filters for Optical Space Switching’, J.Lightwave Technol., 28, pp 768-775, 2010 
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(ULTRA/NANO-6-P-2) Electron acceleration in vacuum by ultrashort and nonparaxial radially 
polarized laser pulses : theory and simulations

Vincent Marceau and Michel Piché
Centre d’optique, photonique et laser, Université Laval, Canada

The advent of ultra-intense laser facilities has triggered a growing interest in laser-driven electron acceleration. 
Among the proposed methods, the use of ultra-intense radially polarized laser beams (RPLBs) in vacuum is very 
promising, as it takes advantage of the strong longitudinal electric field at beam centre to accelerate electrons to 
relativistic velocities along the optical axis. Previous studies of electron acceleration by RPLBs have shown that 
decreasing the beam waist size and pulse duration generally increases the maximum energy gain of the accelerated 
electrons. However, those studies relied on the paraxial and slowly varying envelope approximations, which lose 
their validity when the beam waist size is of the order of the laser wavelength and the pulse duration is only a few 
optical cycles. There is therefore a need to investigate the acceleration of electrons by RPLBs in the nonparaxial and 
ultrashort pulse regime.

Using the complex source/sink model, we obtain exact closed-form solutions to Maxwell’s equations for the 
electromagnetic fields of a TM01 laser pulse. By integrating the Newton-Lorentz equation of motion, we then 
investigate the acceleration dynamics of electrons driven by strongly focused laser pulses that may be as short as one 
optical cycle. We show that after optimizing for the electron’s initial position and pulse phase, an electron initially at 
rest on the optical axis generally experiences the highest energy gain for the tightest focusing and the shortest pulse 
duration. Moreover, we demonstrate that synchronized forward- and backward-propagating relativistic electron 
pulses may be produced with 4π focusing systems (for example a high-aperture parabolic mirror), which suggests 
that the proposed acceleration scheme could be used in pump-probe experiments. In conclusion, our results stress 
the importance of going beyond the usual paraxial and slowly varying envelope approximations in the analysis of 
electron acceleration by RPLBs in vacuum.

(ULTRA/NANO-6-P-3) Micro-photoluminescence studies of
erbium-doped silicon-rich silicon oxide films

Hossein Alizadeh, David Stanley, Ali Alamin Dow, Wahid Shams-Kolahi, Nazir Kherani, Stefan Zukotynski
University of Toronto, Canada

Formation of unique micrometer-scale clusters in erbium-doped silicon-rich silicon oxide (ErSRSO) thin films 
produced by thermal evaporation is studied. Through scanning electron microscopy (SEM) and energy dispersive 
x-ray spectroscopy (EDX), these micro-clusters are identified as structures where the film curves away from the 
substrate to encase erbium-rich aggregates. We demonstrate that the micro-clusters as a whole exhibit significantly 
enhanced erbium photoluminescence (PL), with emissions as much as 24 ± 5 times brighter than the surrounding 
non-cluster region. Mapping micro-PL measurements onto SEM images reveals that the erbium aggregates alone do 
not generate the enhanced PL, but rather the thin film encasing the aggregates is the origin of the emissions. Analysis 
of the PL Stark splitting shows a correlation between the micro-clusters’ fine structure and the strength of their PL.
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Friedrich, Giorgio (COMM-6-15-3)
Fuchs, Julien (LASERS-6-03-3)
Gabor, Kristin A. (BIO-MED-7-43-3)
Gad, Michael (DESIGN-6-P-1)
Gagnon, Daniel (OPTICS-6-P-18)
Galstian, Tigran (OPTICS-6-19-3)  (OPTICS-8-
52-6)
Gardner, Adam (BIO-MED-6-18-3)
Gauthier, Mathieu (BIO-MED-6-P-12)
Gauvin, Jonny (DESIGN-8-48-1)
Georges, Elias (BIO-MED-6-P-4)
Georges, Marc (LASERS-6-03-1)
Ghali, Hala (BIO-SENS-6-14-2)
Ghanbari, Mahmood (BIO-SENS-8-50-4)
Gharaei, Mohammad (COMM-6-P-1)
Ghattamaneni, Nageswara Rao (BIO-MED-6-P-4)
Giguere, Mathieu (ULTRA/NANO-7-33-3) (UL-
TRA/NANO-7-39-3) (ULTRA/NANO-7-33-2)
Gill, H.S. (GEN O/P-6-05-3)
Gioux, S (BIO-MED-7-31-2)
Gisin, Nicolas (OPTICS-7-44-4)
Gnedyuk, Semen (ULTRA/NANO-7-39-4) (LA-
SERS-6-03-3)
Godbout, Nicolas (OPTICS-6-13-4) (OPTICS-7-

26-4) (OPTICS-6-P-7) (OPTICS-6-P-18)
Golub, Ilya (GEN O/P-6-P-6) (DESIGN-6-P-5)
Gonzalez-Cordoba, Jose Luis (OPTICS-6-P-15)
Gorgutsa, Stepan (OPTICS-7-26-3)
Gosse, Julie A. (BIO-MED-7-43-3)
Goulamhoussen, Nadir (BIO-MED-6-P-9) (BIO-
MED-7-25-4)
Gould, Travis J. (BIO-MED-7-43-3)
Grandbois, Michel (BIO-SENS-7-30-3)
Grenier, Jason (OPTICS-6-19-4)
Gudheti, Manasa V. (BIO-MED-7-43-3)
Gunewardene, Mudalige S. (BIO-MED-7-43-3)
Gupta, Manisha (OPTICS-6-P-12)
Gurreri, Mike (COMM-6-15-3)
Gusev, Michael (LASERS-6-P-2)
Gustavo Agudelo, Carlos (BIO-SENS-8-50-4)
Guyot, Yves (ULTRA/NANO-6-12-3)
Hafez, Hassan (LASERS-6-11-1) (DESIGN-8-48-
4)
Hai, Md. Shafiqul (CIPI - COMM & SENS-7-24-
2)
Hai, Mohammed Shafiqul (COMM-6-01-3)
Hajialamdari, Mojtaba (CIPI - LAS & APP-8-49-
2)
Halfpap, Christopher (BIO-SENS-8-50-2)
Hall, Trevor James (DESIGN-8-48-5) (DESIGN-
7-40-5) (LASERS-6-P-1)
Hamza, Ahmad (BIO-SENS-7-36-4)
Hamza, Aya (BIO-SENS-7-36-4)
Hamza, Mostafa (BIO-SENS-7-36-4)
Hamza, Yahya (BIO-SENS-7-36-4)
Hanessian, Ana (DESIGN-6-P-10) (DESIGN-6-P-
11) (DESIGN-6-P-3)
Harati, Mohammad (GREEN-6-16-2)
Harhira, Aissa 
HASSAN, IMAD (DESIGN-7-40-5)
Hassani, Ali reza (GEN O/P-6-P-1)
Hayakawa, Carole (BIO-MED-6-18-3)
Haysom, Joan (GREEN-7-41-4)
He, Jianjun (COMM-7-28-3)
Hejazi, Fouad (GREEN-6-10-3)
Helander, Michael G. (GREEN-6-02-1)
Hélie, David (CIPI - LAS & APP-8-49-5)
Heredia, Nicte Yaxal Arenas (BIO-MED-8-51-1)
Herman, Peter (LASERS-6-03-2) (OPTICS-6-19-
4)
Hernandez-Cordero, Juan (OPTICS-6-13-2) (GEN 

O/P-6-P-5)
Hernández-Ramíreza, Luis Mariano (BIO-SENS-
6-P-3)
Hess, Samuel T. (BIO-MED-7-43-3)
Hewko, Mark (BIO-MED-6-P-1)
Hidalgo, Maribel (OPTICS-6-P-11)
Hielscher, Andreas H. (BIO-MED-6-18-1)
Hill, Brian (BIO-MED-6-18-3)
Hinzer, Karin (GREEN-6-P-3)
Hnatchuk, Daniel (BIO-SENS-8-50-6)
Ho, Sze Phing (OPTICS-6-13-3)
Horwitz, Rick (BIO-MED-7-25-3)
Houde, Daniel (ULTRA/NANO-7-39-2) (BIO-
MED-8-51-3)
Houle, Marie-Andrée (GEN O/P-6-05-3)
Hraimel, Bouchaib (COMM-6-P-5)
Hu, Dongxin (BIO-SENS-7-36-2)
Hu, Hongyu (ULTRA/NANO-7-33-4) (DESIGN-
7-40-4)
Hu, Yi (OPTICS-6-P-22)
Hudson, Alex (OPTICS-6-P-16)
Hudson, Christopher (BIO-MED-8-51-5)
Huels, Michael (ULTRA/NANO-7-39-2) (BIO-
MED-8-51-3)
Hugonnot, Emmanuel (OPTICS-7-32-2)
Hwang, Jae-Yeol (OPTICS-6-P-11) (CIPI - LAS 
& APP-8-49-6)
Hyvarinen, Outi (GEN O/P-7-45-2)
Ianoul, Anatoli (GREEN-6-10-3)
Ibrahim, Marc (CIPI - COMM & SENS-7-24-3)
Imruck, Daniel (BIO-SENS-8-50-2)
Intes, Xavier (BIO-MED-7-25-2) (BIO-MED-6-
18-4)
Izquierdo, Ricardo (GREEN-6-P-1) (GREEN-6-
02-2)
J. Bijlani, Bhavin (OPTICS-6-19-2)
Jaeger, Nicolas (COMM-6-P-3) (COMM-7-28-4) 
(DESIGN-6-P-1)
Jaffray, David (BIO-SENS-6-20-4)
Jaffres, Lionel (ULTRA/NANO-7-27-4) (LA-
SERS-6-P-6) (ULTRA/NANO-6-12-3)
Janz, Siegfried (COMM-7-22-3) (CIPI - COMM 
& SENS-7-24-3)
Jay-Gerin, Jean-Paul (ULTRA/NANO-7-39-2) 
(BIO-MED-8-51-3)
Jennewein, Thomas (OPTICS-7-38-1)
Jhun, Chul Gyu (ULTRA/NANO-6-12-2)

Jia, Rongfeng (BIO-MED-6-P-2)
Jimenez, Ralph (BIO-SENS-7-42-2)
Jofre, Marc (OPTICS-7-44-1)
Kahn, Sabih D. (OPTICS-6-P-4)
Kambhampati, Patanjali (GREEN-7-35-3)
Kaminska, Bozena (OPTICS-6-P-8) (DESIGN-7-
34-2)
Kamp, Martin (COMM-7-28-2)
Kandakkathara, Archana (BIO-SENS-7-30-4)
Karimi, Reza (ULTRA/NANO-7-33-2)
Karmouch, Rachid (LASERS-6-P-4)
Kashyap, Raman (OPTICS-8-52-5) (LASERS-6-
03-4) (OPTICS-6-P-1) (BIO-SENS-6-P-7)
Kazemi, Nastaran (ULTRA/NANO-6-04-1)
Keys, Robert (COMM-6-09-2)
Khan, Asad (CIPI - BIOMED-6-17-4)
Kherani, Nazir (GREEN-7-29-3) (LASERS-6-03-
2) (ULTRA/NANO-6-P-3)
khetani, altaf (COMM-7-28-1)
Khonina, Svetlana (DESIGN-6-P-5)
Khoury, Pierre (BIO-MED-7-31-1)
Kibria, Md Golam (BIO-SENS-6-14-4)
Kibria, Md. G. (GREEN-6-16-2)
Kieffer, Jean Claude (LASERS-6-03-3) (CIPI 
- LAS & APP-8-49-4) (ULTRA/NANO-8-53-4) 
(ULTRA/NANO-8-53-5) (ULTRA/NANO-7-39-
4) (OPTICS-8-52-4) (DESIGN-6-P-6) (ULTRA/
NANO-7-33-2)
Kim, Carol H. (BIO-MED-7-43-3)
Kim, Dahan (BIO-MED-7-43-3)
Kim, Hyun Keol (BIO-MED-6-18-1)
Kim, WooYoung (ULTRA/NANO-6-12-2)
Kim, You-Hyun (ULTRA/NANO-6-12-2)
Kirk, Andrew (DESIGN-6-P-9)
Kirk, Andrew G. (ULTRA/NANO-6-P-1)
Kitai, Adrian (GREEN-6-P-2) (GREEN-6-16-3)
Kockaert, Pascal (OPTICS-6-13-4)
Koleske, Daniel (GREEN-7-41-1)
Kong, Beihua (BIO-MED-6-P-11) (BIO-MED-6-
P-2)
Kong, Le (OPTICS-6-P-10)
Kornreich, Philipp (GEN O/P-6-05-1)
Krupin, Alex (BIO-SENS-8-50-1)
Kudlinski, Alexandre (OPTICS-6-P-18) (OP-
TICS-7-26-2) (OPTICS-7-32-2)
Kumar, Kitty (LASERS-6-03-2)
Kuwairi, Salah (COMM-6-P-7) (COMM-6-P-7)
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Laakso, Antti (COMM-7-28-2) (GEN O/P-7-45-2)
Labruyère, Alexis (ULTRA/NANO-7-27-4) (UL-
TRA/NANO-6-12-3) (LASERS-6-P-6)
Lachaine, Rémi (LASERS-6-11-4)
Lacroix, Fabrice (CIPI - LAS & APP-8-49-5)
Lacroix, Suzanne (OPTICS-7-26-4) (OPTICS-6-
P-7) (OPTICS-6-P-18)
Ladouceur, Anne-Marie (BIO-MED-6-P-15)
Lagugné-Labarthet, François (ULTRA/NANO-6-
04-1)
Lambin Iezzi, Victor (OPTICS-6-P-3)
Lamontagne, Frédéric (DESIGN-8-48-6)
Lampropoulos, George A. (BIO-SENS-7-36-2)
Landrock, Clint (OPTICS-6-P-8) (DESIGN-7-34-
2)
Langbein, Uwe (BIO-SENS-8-50-2)
Lapointe, Jean (COMM-7-22-3)
Lapointe, Jerome 
Lareau, Etienne (BIO-MED-6-P-15)
LaRochelle, Sophie (CIPI - COMM & SENS-7-
24-1)
Laskin, Alexander (DESIGN-6-P-3)
Lassonde, Philippe (CIPI - LAS & APP-8-49-4) 
(ULTRA/NANO-7-39-4) (LASERS-6-03-3) (OP-
TICS-8-52-4)
Le Noc, Loic (DESIGN-8-48-1)
Lebel, Réjean (CIPI - BIOMED-6-17-3)
Leblond, Frederic (BIO-MED-7-31-3) (BIO-
MED-7-25-1)
Lebrun, Jean Jacques (LASERS-6-11-4)
Ledderhof, Chris (COMM-6-P-9) (COMM-7-22-
4)
Ledemi, Yannick (OPTICS-6-P-5)
Leduc, Mikael (OPTICS-7-26-4) (OPTICS-6-P-7)
Lee, Bo Mi (ULTRA/NANO-6-12-2)
Lee, BT (BIO-MED-7-31-2)
Lee, Kenneth (LASERS-6-03-2)
Lee, Minjoo Larry (GREEN-7-29-2)
Légaré, Francois (ULTRA/NANO-7-33-3) (UL-
TRA/NANO-7-39-3) (ULTRA/NANO-8-53-4) 
(GEN O/P-6-P-1) (GEN O/P-6-05-3) (ULTRA/
NANO-8-53-5)
Lemay, Rosalie (BIO-MED-8-51-3)
Lemire-Renaud, Simon (BIO-MED-6-P-6)
Leon-Garcia, Alberto (CIPI - COMM & SENS-7-
24-1)
Leong, K (COMM-6-01-2)

Leong, Wey-Liang (CIPI --6-P-1)
Lepage, Martin (ULTRA/NANO-7-39-2) (BIO-
MED-8-51-3) (CIPI - BIOMED-6-17-3)
LEPERS, Catherine (COMM-6-09-3) (DESIGN-
7-40-1)
Leproux, Anais (BIO-MED-8-51-2)
Lesage, Frédéric (BIO-MED-6-P-13) (BIO-MED-
8-51-6)
Lesk, Mark (BIO-MED-7-37-4)
Lessard, Reno (BIO-SENS-6-20-2)
Lessard Viger, Mathieu (BIO-SENS-7-42-1)
Lestrade, M. (GREEN-7-41-2)
Letartre, Xavier (ULTRA/NANO-6-12-1) (UL-
TRA/NANO-6-12-1)
Li, Baoqiang (BIO-MED-6-P-13)
Li, Bo (GREEN-6-P-2) (GREEN-6-16-3)
Li, Qiming (GREEN-7-41-1) (GREEN-6-P-4)
Li, Shun (CIPI - 6-P-5)
Li, Wenbo (ULTRA/NANO-7-33-4) (DESIGN-7-
40-4)
Li, Wenhai (CIPI - 6-P-4)
Li, Xiuling (GREEN-7-35-1)
Li, Xun (DESIGN-7-34-1) (DESIGN-7-34-4)
Li, Yukun (GREEN-6-P-4) (GREEN-7-41-3)
Li, Z.M. (GREEN-7-41-2)
Li, Z.Q. (GREEN-7-41-2)
Liboiron-Ladouceur, Odile (COMM-6-01-3) 
(CIPI - COMM & SENS-7-24-2) (COMM-7-22-
2)
Lilge, Lothar (BIO-MED-8-51-1)
Lin, Charles P. (BIO-MED-8-51-4)
Lin, Charlie (COMM-6-P-3)
Lisicka-Skrzek, Ewa (CIPI - BIOMED-6-17-4)
Littlewood, Paul (COMM-6-P-8) (COMM-6-P-4)
Liu, J.R. (COMM-6-01-4)
Liu, Jiaren (ULTRA/NANO-6-12-4)
Liu, Leon (COMM-6-01-2)
Loh, Kian Ping (OPTICS-6-13-4)
Long, Pin (BIO-SENS-6-P-2)
Loranger, Sebastien (LASERS-6-03-4) (OPTICS-
6-P-3)
Lotti, Antonio (ULTRA/NANO-7-27-3)
LOURDIANE, Mounia (COMM-6-09-3) (DE-
SIGN-7-40-1)
Lourdiane, Mounia (COMM-6-P-1)
Lu, Ping (OPTICS-6-P-9)
Lu, Wujing (BIO-MED-6-P-11)

Lu, Z.G. (COMM-6-01-4)
Lu, Zhenghong (GREEN-6-02-1)
Lu, Zhenguo (ULTRA/NANO-6-12-4) (COMM-
6-15-1)
Lubbeck, Jennifer L. (BIO-SENS-7-42-2)
Lugo, J. Eduardo (OPTICS-6-P-14) (OPTICS-6-
P-13)
Luk, Ting (GREEN-7-41-1)
Ma, Shaozhen (ULTRA/NANO-7-33-4) (DE-
SIGN-7-40-4)
Ma, Xin (GEN O/P-7-45-3)
MacLean, Jean-Philippe (ULTRA/NANO-8-53-4)
Madore, Wendy-Julie (OPTICS-7-26-4) (OP-
TICS-6-P-7) (GEN O/P-6-P-10)
Maddox, Paul (BIO-MED-6-P-15)
Mahmoud, Khaled (BIO-SENS-6-14-3)
Mahmoud, Samir (COMM-6-P-2)
Mai, Vincent (OPTICS-6-P-7)
Maisonneuve, Mathieu (BIO-SENS-7-30-2) 
(BIO-SENS-6-20-1)
Maître, Alexandre (ULTRA/NANO-6-12-3)
Malenfant, Lisa (BIO-MED-6-18-3)
Malik, Beena (DESIGN-7-40-3)
Malka, Victor (ULTRA/NANO-7-39-4)
Mamoud, Alaa Y. (GREEN-6-P-1)
Mandel, Arkady (BIO-MED-8-51-1)
Mantelet, Guillaume (COMM-6-P-8)
Marceau, Vincent (ULTRA/NANO-6-P-2)
Marcet, Stephane (GEN O/P-7-45-4)
Marian, Anca (DESIGN-6-P-6)
Marjoribanks, Robin (ULTRA/NANO-7-27-1)
Markov, Andrey (OPTICS-7-26-3)
Marques, Paulo (OPTICS-6-19-4)
Marsan, Benoît (GREEN-6-16-1)
Martel, Richard (GEN O/P-7-45-4)
Martin, François (ULTRA/NANO-7-39-4)
Mascher, Peter (ULTRA/NANO-6-12-2) (GEN 
O/P-6-05-2)
Massar, Serge (OPTICS-6-13-4) (OPTICS-7-38-
3)
Masson, Jean-Francois (BIO-SENS-7-30-1)
Massonneau, Marc (CIPI - BIOMED-6-17-3)
Mazhar, Amaan (BIO-MED-7-31-1)
Mazhorova, Anna (OPTICS-6-P-21) (OPTICS-7-
26-3) (OPTICS-6-P-2) (ULTRA/NANO-7-27-2)
McCarthy, Nathalie (LASERS-6-11-3)
McGlashan, Alex (GEN O/P-6-05-2)

McMullen, Jesse (CIPI --6-P-1)
McNeely, Adrian (BIO-SENS-8-50-6)
Meesat, Ridthee (ULTRA/NANO-7-39-2) (BIO-
MED-8-51-3)
Mehta, Rita (BIO-MED-8-51-2)
Melanen, Petri (COMM-7-28-2)
Men, Liqiu (BIO-SENS-7-36-3) (GREEN-6-P-5)
MENDIETA, Francisco Javier (DESIGN-7-40-1)
Mermut, Ozzy (BIO-SENS-6-20-4) (BIO-SENS-
6-20-2)
Mertz, Jerome (BIO-MED-7-43-1)
Messaddeq, Sandra (OPTICS-6-19-3)
Messaddeq, Sandra Helena (CIPI - 6-P-2)
Messaddeq, Younes (OPTICS-6-19-3) (CIPI - 6-
P-2) (OPTICS-6-P-5)
Meunier, Michel (BIO-SENS-7-30-2) (LASERS-
6-11-4) (BIO-SENS-6-20-1)
Mi, Zetian (BIO-SENS-6-14-4) (GREEN-6-P-4) 
(GREEN-6-P-7) (GREEN-7-41-3) (GREEN-6-16-
2) (DESIGN-6-P-4)
Minasyan, Amalya (OPTICS-8-52-6)
Miron, Yannick (BIO-SENS-7-30-3)
Mitchell, Morgan (OPTICS-7-44-1)
Mittler, Silvia (BIO-SENS-8-50-2)
Mo, Mianzhen (CIPI - LAS & APP-8-49-4)
Moffatt, Douglas J. (BIO-MED-7-43-2)
Mohamed Alaujali, Mohmoud (COMM-6-P-7) 
(COMM-6-P-5)
Mohammadpour, Arash (GREEN-7-23-3) (OP-
TICS-8-52-3)
Mohammed, Jafaru (GREEN-6-P-3)
Mohseni, Parsian (GREEN-7-35-1)
Moldovan, Florina (BIO-MED-6-P-5)
Molina-Fernández, Iñigo (COMM-7-22-3)
Möller, Max (ULTRA/NANO-8-53-5)
momenpour, ali (COMM-7-28-1)
Moon, ChangBum (ULTRA/NANO-6-12-2)
Morandotti, Roberto (ULTRA/NANO-7-27-3) 
(ULTRA/NANO-7-33-3) (LASERS-6-11-1) 
(OPTICS-6-P-2) (ULTRA/NANO-7-27-2) (OP-
TICS-6-P-22) (OPTICS-6-P-11) (CIPI - LAS & 
APP-8-49-6) (OPTICS-6-P-1) (OPTICS-6-13-3) 
(DESIGN-8-48-4) (DESIGN-7-34-3)
Morawitz, Michael (BIO-SENS-8-50-2)
Moretti, Matthieu (CIPI - 6-P-5)
Morneau, Dominic (BIO-MED-7-25-4) (BIO-
MED-6-P-6)
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Mortazy, Ebrahim (OPTICS-8-52-1)
Mozafari, Morteza (GEN O/P-6-P-1)
Mudraboyina, Anil Kumar (GEN O/P-6-P-7)
Mukhina, Irina (BIO-MED-6-P-3)
MULLER, Muriel (DESIGN-7-40-1)
Muravyeva, Maria (BIO-MED-6-P-3)
Muron, Aaron (GREEN-6-P-3)
Mussivand, Tofy (BIO-MED-6-P-8)
Mussot, Arnaud (OPTICS-7-32-2)
Nadeau, Jay (BIO-SENS-6-14-2)
Nagai, Yoshihiko (BIO-SENS-6-14-4)
Nagy, Abdulhak (BIO-MED-6-P-8)
Nahar, Qamrun (BIO-SENS-8-50-2)
Nauenheim, Christian (CIPI - 6-P-5)
Nechache, Riad (CIPI - 6-P-5)
Nemov, Sergey (DESIGN-6-P-10)
Nemova, Galina (LASERS-6-03-4)
Ng, Andy (BIO-SENS-6-14-1)
Nguyen, H. P. T. (GREEN-6-P-7)
Nguyen, Hieu (GREEN-6-16-2)
Nguyen, Hieu Pham Trung (GREEN-7-41-3)
Nguyen, Jennifer (BIO-MED-6-18-3)
Nguyen, JT (BIO-MED-7-31-2)
Nì. Allen, Claudine (BIO-SENS-6-20-2)
Nicklaus, Mischa (CIPI - 6-P-5) (GEN O/P-6-05-
3) (ULTRA/NANO-6-04-3)
NICOLAS, Egmont (DESIGN-6-P-2)
NIKKHAH, HAMDAM (DESIGN-7-40-5)
Nogami, Jun (LASERS-6-03-2)
Nouadji, Malika (OPTICS-6-P-19)
O’Reilly, Sylvain (OPTICS-7-26-4)
O’Sullivan, Maurice (COMM-6-09-1)
O’Sullivan, Tom (BIO-MED-8-51-2)
Oh, Jihun (GREEN-7-35-2)
Oldham, John (DESIGN-8-48-3)
Omrane, Badr (OPTICS-6-P-8) (DESIGN-7-34-2)
Ortega-Moñux, Alejandro (COMM-7-22-3)
Ortiz-Gutiérrez, Mauricio (BIO-SENS-6-P-3)
Ozaki, Tsuneyuki (BIO-MED-7-37-4) (OP-
TICS-6-P-4) (ULTRA/NANO-7-27-3) (ULTRA/
NANO-7-33-3) (LASERS-6-11-1) (OPTICS-6-
P-2) (ULTRA/NANO-7-27-2) (DESIGN-8-48-4) 
(DESIGN-7-34-3)
Ozhi Kandathil, Jayan (CIPI - BIOMED-6-17-2)
Ozturk, Yavuz (OPTICS-6-P-2) (ULTRA/NANO-
7-27-2) (OPTICS-6-P-11) (CIPI - LAS & APP-8-
49-6)

Packirisamy, Muthu (BIO-SENS-8-50-4)
Packirisamy, Muthukumaran (CIPI - BIOMED-6-
17-2) (OPTICS-6-P-6)
Padeganeh, Abbas (BIO-MED-6-P-15)
Palanjyan, Kristine (OPTICS-6-19-3)
Palmer, Amy E. (BIO-SENS-7-42-2)
Pandiyan, Krishnamoorthy (OPTICS-8-52-5)
Panneton, Denis (LASERS-6-11-3)
Paquet, Alexandre (BIO-SENS-6-20-2)
Paquet, Stephane (DESIGN-8-48-3)
Paquette, Benoit (BIO-MED-8-51-3)
Paradis, Guillaume (BIO-MED-6-P-12)
Parent, Stefan (BIO-MED-7-31-4)
Park, Soonhyang (BIO-SENS-6-14-2)
Pashaee, Farshid (ULTRA/NANO-6-04-1)
Pasquazi, Alessia (OPTICS-6-13-3)
Patel, Sunni R. (BIO-MED-8-51-5)
Patskovsky, Sergiy (BIO-SENS-7-30-2) (BIO-
SENS-6-20-1)
Patten, Kessen (BIO-MED-6-P-5)
Paulus, Gerhard (ULTRA/NANO-8-53-5)
Payeur, Stephane (ULTRA/NANO-8-53-4) (UL-
TRA/NANO-7-39-4) (LASERS-6-03-3) (OP-
TICS-8-52-4) (DESIGN-6-P-6)
Peccianti, Marco (ULTRA/NANO-7-27-3) (UL-
TRA/NANO-7-33-3) (OPTICS-6-P-2) (ULTRA/
NANO-7-27-2) (OPTICS-6-13-3)
Pegoraro, Adrian (BIO-MED-7-43-2)
Peltz, Christian (ULTRA/NANO-8-53-3)
Peña-Gomar, Grethel (BIO-SENS-6-P-3)
Peña-Gomar, Mary Carmen (BIO-SENS-6-P-5) 
(BIO-SENS-6-P-3)
Pereira Bogado, Pedro (DESIGN-8-48-2)
Pertot, Yoann (OPTICS-6-P-4)
Peter, Yves-Alain (BIO-SENS-6-14-2)
Phunnarungsi, Vittawat (COMM-6-15-3)
Piché, Michel (ULTRA/NANO-6-P-2) (ULTRA/
NANO-8-53-4) (LASERS-6-P-5) (LASERS-6-P-
3) (BIO-MED-7-43-4)
Pichette, Julien (BIO-SENS-7-42-3)
Pignolet, Alain (OPTICS-6-P-11) (CIPI - LAS & 
APP-8-49-6)
PIOGER, Paul-Henri (LASERS-6-P-6)
Plant, David V. (COMM-6-P-8)
Poitras, D. (ULTRA/NANO-6-12-4)
Poitras, Daniel (COMM-6-01-4)
Ponte, Matthew (OPTICS-8-52-2) (OPTICS-6-P-

16) (OPTICS-6-P-16)
Poole, P.J. (ULTRA/NANO-6-12-4)
Poole, Philip (COMM-6-01-4)
Popescu, Dan (BIO-MED-7-37-3)
Popov, Konstantin (GEN O/P-6-05-3)
Potvin-Trottier, Laurent (BIO-MED-7-25-3)
Poulain, Marcel (OPTICS-6-P-19)
Pouliot, Philippe (BIO-MED-8-51-6)
Prakash, Ammu (BIO-MED-6-P-1)
Price, Andrew J (GEN O/P-6-05-3)
Price, Hugh (ULTRA/NANO-8-53-2)
Probodh, Ira (CIPI - BIOMED-6-17-1)
Proulx, Antoine (OPTICS-7-26-1)
Provencher, David (CIPI - BIOMED-6-17-3)
Pruneri, Valerio (OPTICS-7-44-1)
Qian, Li (OPTICS-7-44-2)
Qiao, Xu (BIO-MED-6-P-11) (BIO-MED-6-P-2)
Qin, Zengguang (CIPI - COMM & SENS-7-24-4)
Qu, Hang (BIO-SENS-6-20-3) (BIO-SENS-8-50-
5)
Quiquempois, Yves (OPTICS-7-32-2)
Rabinovitch, Yoël (ULTRA/NANO-6-12-3)
Radziwilowicz, Robert (COMM-6-P-6)
Rainville, Simon (BIO-MED-6-P-12)
Ramunno, Lora (GEN O/P-6-05-3)
Ranashinghesagara, Janaka (BIO-MED-6-18-3)
Rastegarfar, Houman (CIPI - COMM & SENS-7-
24-1)
Ratelle, Olivier (BIO-SENS-7-42-1)
Razzari, Luca (OPTICS-6-P-2) (ULTRA/NANO-
7-27-2)
Redkorechev, Vyacheslav (LASERS-6-P-2)
Renaud, Nathalie (DESIGN-8-48-1)
Rendon-Romero, Antonio (BIO-SENS-6-P-5) 
(BIO-SENS-6-P-3)
Richelet, Philippe (OPTICS-6-P-18)
Rink, Alexandra (BIO-SENS-6-20-4)
Rivière, Christophe (BIO-SENS-6-20-2)
Roblyer, Darren (BIO-MED-8-51-2)
Rochette, Martin (OPTICS-6-13-2) (GEN O/P-6-
P-5) (OPTICS-6-13-2)
Rodschat, Ralph (COMM-6-15-4)
Rolston, David (CIPI - COMM & SENS-7-24-2) 
(COMM-6-01-1)
Ropagnol, Xavier (DESIGN-8-48-4)
Rosei, Federico (GREEN-6-10-1)
Ross, Guy G (LASERS-6-P-4)

Rouhani, Shohre (OPTICS-6-P-17) (BIO-SENS-
7-42-4)
Rousse, Antoine (ULTRA/NANO-7-39-4)
Rozé, Mathieu (OPTICS-6-P-21) (OPTICS-7-26-
3)
Ruediger, Andreas (CIPI - 6-P-5) (GEN O/P-6-05-
3) (ULTRA/NANO-6-04-3)
Rusch, Leslie (CIPI - COMM & SENS-7-24-1)
Rutkowska, Katarzyna (OPTICS-6-13-3)
Rybnikov, Alexander (BIO-MED-6-P-3)
S. Helmy, Amr (OPTICS-6-19-2)
Saggese, Steve (BIO-MED-7-31-1)
Sakib, Meer Nazmus (COMM-6-01-3) (CIPI - 
COMM & SENS-7-24-2)
Sallé, Christian (ULTRA/NANO-6-12-3)
Sanati Nezhad, Amir (BIO-SENS-8-50-4)
Santato, Clara (GREEN-6-02-3)
Saravanamuttu, Kalaichelvi (OPTICS-8-52-2) 
(OPTICS-6-P-16)
Sarger, Laurent (PLEN-8-47-1)
Sauer, Vincent  (OPTICS-6-P-12)
Sayago, Jonathan (GREEN-6-02-3)
Sayed El-Ahl, Mohamed (BIO-SENS-7-36-4)
Sayler, Max (ULTRA/NANO-8-53-5)
Schmid, Jens H. (COMM-7-22-3) (CIPI - COMM 
& SENS-7-24-3)
Schmidt, Bruno (ULTRA/NANO-7-33-3) (UL-
TRA/NANO-8-53-4) (ULTRA/NANO-8-53-5)
Schmidt, Bruno E. (ULTRA/NANO-7-39-3)
Schriemer, Henry (GREEN-6-P-3)
Seregelyi, Joseph (DESIGN-8-48-3)
Shahidi, Ayda M. (BIO-MED-8-51-5)
Shalaby, Mostafa (ULTRA/NANO-7-27-3) (UL-
TRA/NANO-7-33-3) (OPTICS-6-P-2) (ULTRA/
NANO-7-27-2) (OPTICS-6-P-11) (CIPI - LAS & 
APP-8-49-6) (DESIGN-7-34-3)
Shams-Kolahi, Wahid (ULTRA/NANO-6-P-3)
Shankar, Karthik (GREEN-7-23-3) (OPTICS-8-
52-3)
Sharma, Gargi (LASERS-6-11-1) (DESIGN-8-48-
4)
Shcherbakov, Alexandre (DESIGN-6-P-10) (DE-
SIGN-6-P-11) (DESIGN-6-P-3)
Shen, HuaXiang (GREEN-6-P-2) (GREEN-6-16-
3)
Sherif, Sherif (BIO-MED-7-37-3) (BIO-MED-6-
P-1) (DESIGN-8-48-2)
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Shi, Wei (COMM-6-P-3) (COMM-7-28-4) (DE-
SIGN-6-P-1)
Shillue, Bill (PLEN-7-46-1)
Shin, Jae Cheol (GREEN-7-35-1)
Shiner, Andrew (ULTRA/NANO-8-53-5)
Shirokova, Olesya (BIO-MED-6-P-3)
Shuster, Jeremiah (BIO-SENS-8-50-2)
Siaj, Mohamed (GREEN-6-16-1)
Silva, Carlos (OPTICS-6-P-10)
Singh, Kanwarpal (BIO-MED-7-37-4)
Singh, Ranjan (DESIGN-7-34-3)
Skorobogatiy, Maksim (OPTICS-6-P-21) (OP-
TICS-7-26-3) (BIO-SENS-6-20-3) (BIO-SENS-8-
50-5) (OPTICS-6-P-2) (ULTRA/NANO-7-27-2)
Skripachev, Igor (CIPI - 6-P-2)
Sladek, Robert (BIO-SENS-6-14-4)
Slepkov, Aaron (BIO-MED-7-43-2)
Smelser, Christopher (OPTICS-6-13-1)
Smith, Michael (BIO-MED-7-37-3)
Smy, Tom (DESIGN-7-40-2)
Soares de Lima Filho, Elton (LASERS-6-03-4)
Soltani, Fatemeh (ULTRA/NANO-6-P-1)
Song, Kun (BIO-MED-6-P-11) (BIO-MED-6-P-2)
Sorel, Marc (OPTICS-6-13-3)
Southam, Gordon (BIO-SENS-8-50-2)
Souza, Michele (GEN O/P-6-P-9)
Sowa, Mike (BIO-MED-6-P-1)
Sowailem,  Mohammed (CIPI - COMM & SENS-
7-24-2)
Spanier, Jerry (BIO-MED-6-18-3)
St Louis Lalonde, Bastien (BIO-SENS-7-30-2) 
(LASERS-6-11-4)
Stanley, David (ULTRA/NANO-6-P-3)
Staudte, Andre (ULTRA/NANO-8-53-2)
Steinlechner, Fabian (OPTICS-7-44-1)
Stockdale, A (BIO-MED-7-31-2)
Stoenescu, Stefan (OPTICS-6-P-6)
Stolow, Albert (BIO-MED-7-43-2)
Strain, Micheal (OPTICS-6-13-3)
Strickland, Donna (CIPI - LAS & APP-8-49-2)
Strupler, Mathias (BIO-MED-6-P-5) (BIO-MED-
7-31-4) (BIO-MED-6-P-9) (BIO-MED-7-25-4) 
(BIO-MED-6-P-6) (BIO-MED-6-P-14)
Su, Xuantao (BIO-MED-6-P-11) (BIO-MED-6-P-
2)
Sullivan, Erin (BIO-MED-8-51-2)
Sun, Qiyong (BIO-MED-6-P-2)

Sun, Xuming (BIO-MED-6-P-11)
Sun, Yao (GREEN-6-10-3)
Svanberg, Katarina (KEYNOTE-6-6-1)
Swillam, Mohamed (DESIGN-7-34-1) (DESIGN-
7-34-4)
Sylvestre, Jean-Philippe (BIO-MED-8-51-5)
Symon, Arnaud (BIO-MED-8-51-5)
Ta Phuoc, Kim (ULTRA/NANO-7-39-4)
Tai, Yian (GEN O/P-6-P-2)
Tait, Niall (CIPI - BIOMED-6-17-4)
Tait, R. Niall (CIPI - 6-P-3)
Takeuchi, Hideki (BIO-MED-8-51-2)
Tanguay-Renaud, Catherine (BIO-MED-8-51-3)
Tannouri, Pamela (OPTICS-6-13-3)
Tariq, Salim (COMM-6-P-2)
Tchervenkov, Christopher (ULTRA/NANO-8-53-
4)
Tearney, Guillermo J. (BIO-MED-7-37-1)
Tehranchi, Amirhossein (OPTICS-8-52-5) (OP-
TICS-6-P-1)
Tesar, John (BIO-MED-8-51-5)
Théberge, Francis (ULTRA/NANO-7-39-3) (OP-
TICS-8-52-4) (DESIGN-6-P-6)
Thizy, Cedric (LASERS-6-03-1)
Thomas, Saju (BIO-SENS-6-P-2)
Thongdaeng, Rutsuda (COMM-6-15-3)
Tiwari, vidhu (COMM-7-28-1)
Toikkanen, Lauri (GEN O/P-7-45-2)
Tolstikhin, Valery (COMM-7-22-1)
Torres, Juan (OPTICS-7-44-1)
Trejo-Duran, Monica (OPTICS-6-P-15) (OP-
TICS-6-P-15)
Tremblay, Christine (COMM-6-P-8) (COMM-6-
P-4)
TREMBLAY, Christine (DESIGN-6-P-2)
Tremblay, Luc (BIO-MED-8-51-3)
Tripathy, Umakanta (BIO-MED-6-P-4)
Tromberg, Bruce (BIO-MED-8-51-2)
Truong, Van Tri (BIO-MED-8-51-6)
Truong, Vo-Van (GREEN-6-P-1)
Tsui, Ying (OPTICS-6-P-12)
Tymecki, Andrzej (COMM-6-15-3)
Ung, Bora (OPTICS-6-P-21) (OPTICS-7-26-3)
Utkin, Ilya (CIPI - 6-P-6) (BIO-SENS-7-30-4)
Uusitalo, Topi (COMM-7-28-2) (GEN O/P-7-45-
2)
Vachon, Martin (COMM-7-22-3)

Valentin, Constance (OPTICS-7-32-2)
Vallée, Réal (OPTICS-6-19-3) (CIPI - LAS & 
APP-8-49-5) (CIPI - LAS & APP-8-49-3) (CIPI 
- 6-P-2) (LASERS-6-11-2) (CIPI - LAS & APP-8-
49-1)
Vampa, Giulio (ULTRA/NANO-8-53-5)
Vandenrijt, Jean-François (LASERS-6-03-1)
Vanvincq, Olivier (OPTICS-7-32-2)
Varano, Robert (CIPI - COMM & SENS-7-24-2) 
(COMM-6-01-1)
Vargas-Rodriguez, Everardo (OPTICS-6-P-15)
Varin, Charles (ULTRA/NANO-8-53-3)
Velasco Davalos, Ivan (CIPI - 6-P-5)
Velazquez-Benitez, Amado (OPTICS-6-13-2) 
(GEN O/P-6-P-5)
Venugopa, V (BIO-MED-7-31-2)
Venugopalan, Vasan (BIO-MED-6-18-3)
Verhaegen, Marc (GEN O/P-7-45-4) (BIO-MED-
8-51-5)
Verret, Louis Simon (BIO-SENS-6-20-2)
Vicente-Manzanares, Miguel (BIO-MED-7-25-3)
Vidal, François (DESIGN-6-P-6)
Viheriala, Jukka (COMM-7-28-2) (GEN O/P-7-
45-2)
Viktorovitch, Pierre (ULTRA/NANO-6-12-1) 
(ULTRA/NANO-6-12-1)
Villafranca Velasco, Aitor V. (COMM-7-22-3)
VILLARREAL-REYES, Salvador (DESIGN-7-
40-1)
Villeneuve, David (ULTRA/NANO-8-53-5)
Virally, Stephane (OPTICS-6-13-4) (GEN O/P-6-
P-10)
Viramontes-Gamboa, Gonzalo (BIO-SENS-6-P-3)
Vitkin, Allex (BIO-MED-7-37-2)
Vo-Van, Truong (OPTICS-6-P-6)
Voelz, David (DESIGN-6-P-8)
Vosoogh-Grayli, Sasan (OPTICS-6-P-8) (DE-
SIGN-7-34-2)
Vosoogh-Grayli, Siamack (DESIGN-7-34-2)
Wagner, Richard (BIO-MED-8-51-3)
Wajszilber, Marcelo (BIO-MED-7-37-4)
Wales, Benji (ULTRA/NANO-8-53-6)
Walther, Markus (OPTICS-6-P-21)
Wang, Baozeng (OPTICS-6-P-10)
Wang, George (GREEN-7-41-1)
Wang, George T (GREEN-6-P-4)
Wang, Jenny (CIPI --6-P-1)

Wang, Lei (COMM-7-28-3)
Wang, Xu (COMM-7-28-4)
Wang, Zhibin (GREEN-6-02-1)
Webb, Joshua (COMM-6-15-3)
Wen, John (GREEN-6-P-6)
White, Roger (BIO-SENS-8-50-6)
Wierer, Jonathan (GREEN-7-41-1)
Wilson, Brian (CIPI --6-P-1)
Wiseman, Paul (BIO-MED-7-25-3)
Wiseman, Paul W. (BIO-MED-6-P-4)
Wood, Richard (GEN O/P-6-05-2)
Wosinska, Lena (COMM-6-15-2)
Wosinski, Lech (COMM-6-15-2)
Wright, Jeremy (GREEN-7-41-1)
Wu, Ke (COMM-6-P-5)
Xia, C.S. (GREEN-7-41-2)
Xiao, Xifeng (DESIGN-6-P-8)
Xiao, Y.G. (GREEN-7-41-2)
Xu, Dan-Xia (COMM-7-22-3) (CIPI - COMM & 
SENS-7-24-3)
Xu, Fan (GEN O/P-7-45-3)
Xu, Qing (CIPI - COMM & SENS-7-24-1)
Yaakobi, Oded (OPTICS-7-32-4)
Yadav, Ksenia (OPTICS-6-13-1)
Yadid-Pecht, Orly (GEN O/P-6-P-7)
Yan, Dong (BIO-SENS-8-50-6)
Yandt, Mark (GREEN-6-P-3)
Yang, Yan (BIO-MED-6-P-2)
Yatulis, Jay (GEN O/P-6-05-2)
Ye, Winnie (GREEN-6-10-3) (BIO-MED-6-P-8)
Ye, Winnie N. (CIPI - COMM & SENS-7-24-3)
Yeghikyan, Davit (GREEN-7-29-3)
Yu, HyeongHwa (ULTRA/NANO-6-12-2) (UL-
TRA/NANO-6-12-2)
Yu, Luke H. L. (GREEN-6-16-3)
Yu, Luke Hao-Ling (GREEN-6-P-2)
Yu, Tingting (COMM-7-28-3)
Yuan, Hao-Chih (GREEN-7-35-2)
Yun, Han (COMM-6-P-3) (COMM-7-28-4)
Zakharov, Yuri (LASERS-6-P-2) (BIO-MED-6-P-
3)
Zhang, Cong (BIO-MED-8-51-6)
Zhang, Daiying (BIO-SENS-7-36-3)
Zhang, Han (OPTICS-6-13-4)
Zhang, John Xiupu (COMM-6-P-5)
Zhang, S. (GREEN-6-P-7)
Zhang, Shaofei (GREEN-6-P-4)



364 365

Zhang, Taiping (ULTRA/NANO-6-12-1) (UL-
TRA/NANO-6-12-1)
Zhang, Wen (COMM-6-P-3)
Zhang, Xia (LASERS-6-P-1)
Zhang, Xiaojiang (GREEN-7-23-3) (OPTICS-8-
52-3)
Zhang, Xinping (OPTICS-6-P-10)
Zhang, Xiupu (COMM-6-P-7)
Zhao, Lingling (BIO-MED-7-25-2)
Zhao, Songrui (GREEN-6-16-2)
Zheng, Qi (DESIGN-7-40-5)
Zhou, Tracey (GREEN-6-P-6)
Zimmerberg, Joshua (BIO-MED-7-43-3)
Zou, Li (COMM-7-28-3)
Zourob, Mohammed (BIO-SENS-8-50-3) (BIO-
SENS-6-14-1) (BIO-SENS-6-14-3)
Zukotynski, Stefan (ULTRA/NANO-6-P-3)



2

Centre d'optique,
photonique et laser

COPL

Réseau photonique du Québec
Quebec Photonic Network

2012
WE THANK OUR PARTNERS / SPONSORS

COOPERATING ORGANIZATIONS


