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Agenda of Sessions

Sunday, March 29, 1998
Salon A Salon B Salon C Saanich Esquilmalt | Oak Bay
Registration 8:00am~6:00pm, 2nd Floor Lobby
Early Morning $:45am-10;30am. -
WS4, Temporal -
: Sali_(‘pt:l:s:l_v»é L i
Morning Break , Coffee Break -
Late Morning 0230w |
. WSB, Temporal .
Solitons2...
Lunch Break .: 12.30pnl—290p .
" NSNPS Linch Break
Early Afternoon : 2:00pn1—4:00pm"', L
WSC, Novel '
Solitons :
Afternoon Break 4:00pm-4:30pm
Coffec Break -
Late Afternoon 4:30pm-6:30pm
WSD, Spatial
Solitons 1
Evening Welcome Reception & Pub Crawl
Monday, March 30, 1998
Salon A Salon B Salon C Saanich Esquilmalt | Oak Bay
Registration 7:00am-5:00pm, 2nd Floor Lobby
Early Morning 8:00am-10:30am 8:30am-10:30am
IMA, Plenary Session WMA, Nonlinear
Periodic
Structures 1
Morning Break 10:30am-11:00am
. Morning Coffee
Break & Exhibits
Late Morning 11:00am-12:30pm | 11:00am-12:15pm | 11:00am~12:30pm | 11:00am-1:00pm
IMB, Beam IMC, Waveguide IMD,WDM WMB, Nonlinear
Propagation Materials & Periodic
Methods Devices Structures2
Lunch Break 12:30pm-2:00pm 100pm-2:00pm -
1PR Lunch Break NSNPS Luiich Break
Early Afternoon 2:00pm-3:30pm 2:00pm-3:30pm 2:00pm-3:30pm 1 2:00pne-3:30pm .
IME, Vectorial IMF, Novel IMG,WDM 2/ WMG, Poster
Simulations Fabrication Filters Session:.
Techniques :




Monday, March 30, 1998 (continued)

| SalonA Salon B Salon € Saanich Esquilmalt |  Oak Bay
Afternoon Break 3:30pm-4:00pm . -
IPR Coffee Break
and Exhibits
Late Afternoon 4:00pm-6:00pm 3:30pm-6:00pm
- IMH, Poster WMD), Spatial -
Session Solitons 2.
6:00pm-~7:30pm 6:00pm--7:30pm
IPR Conference Reception NSNPS Dinner
Crystal Ballroom, Empress Hotel Break
Evening 7:30pr0-9:30pm
WME, Panel
Discassion
Tuesday, March 31, 1998
| salonA Salon B Salon C Saanich | Esquilmalt | Oak Bay
‘li‘eugistration 8:00am~6:00pm, 2nd Floor Lobby
Early Morning 8:30am-10:00am | 830am-10:00am | 8:30am-10:00am
ITuA, Photonic ITuB, Lasers 1 [TuC, Photonic
Nanostructures 1 Packaging 1
Morning Break 10:00am-~10:30am
Coffec Break
and Exhibits
Late Morning 10:30am-12:00m 10:30am-12:00m | 10:30am-12:00m
[TuD, Photonic ITuE, Modulators/ | ITuF, Photonic
Nanostructures2 | Switches Packaging 2
Lunch Break 12:00m-1:30pm
IPR Lunch Break
Early Afternoon 1:30pm-3:00pm 1:30pm-3:00pm 1:30pm-3:00pm
ITuG, Quantum ITuH, Silicon ITul, Electrooptic
Wells 1: Carrier Based Materials and
Transport in Optoelectronic Devices
Quantum Well Technology
Devices
Afternoon Break 3:00pm-3:30pm
Coffee Break
and Exhibits
Late Afternoon 3:30pm-5:00pm 3:30pm-4:45pm 3:30pm-4:30pm
ITuJ, Quantum TuK, Novel ITuL, Polymer
Wells 2: Silicon Based Based Devices
Heterojunction Structures
Engineering,
Optical Gain and
Electroabsorption

5:00pm, IPR Postdeadline Paper Session




Salon A Salon B Salon C Saanich Esquilmalt Oak Bay
Eegistration 8:00am~6:00pm, 2nd Floor Lobby
Early Morning 8:30am~10:00am | 8:30am-10:00am | 8:15am-8:30am
IWA, Device [WB, Lasers 2: Introduction
Simulations 1 WDM/VCSELS
$:30am-10:00am
NWA, New and
Weird Soliton
Effects
Morning Break 10:00am-10:30am ’
Coffee Break
and Exhibits
Late Morning 10:30am-11:45am | 10:30am-12:00m | 10:30am-12:00m
IWC, Device IWD, Multimode ;| NWB, Nonlinear
Simulations 2 Optical Waveguides
Interconnects
Lunch Break 12:00m-1:30pm
Lunch Break
Early Afternoon 1:30pm-3:00pm
NWC,
Dispersion
" Managed Solitons
Afternoon Break 3:00pm-3:30pm
Coffee Break
and Exhibits
Late Afternoon 330pm—4:30pm
NWD, Frequency
Mixing in
Waveguides
430pm-6:30pm
NWE, Poster Session 1
Thursday, April 2, 1998
Salon A Salon B Salon C Saanich Esquilmalt |  Oak Bay
Eegistration 8:00am-6:00pm, 2nd Floor Lobby
Early Morning 8:30am~10:00am
NThA, Temporal
Propagation
Effects 1
Morning Break 10:00am-10:30am  Coffec Break
Late Morning - 10:30am-12:00m
NThB,
Semiconductor
Nonlinearities
Lunch Break 12:00m-1:30pm  Lunch Break




Thursday, Apnl 2,1998 (continued)

" ~ Salon A Salon B Salon C Saanich Esquilmalt Oak Bay
Early Aftemoon 130{Jm*3 00pm Lo 0 RS
Phatorefractm
- and Kerr: Solitons . .
Afternoon Break 3’001)1!}—3 30pm - Coffce Brmk
Late Afternoon 330pn-4:30pm -
NThD, WDM
Soliton Systems
Evening ' 443Opm-6.30pm ,
NThE, Poster Session 2
 630pm-T30pm .
Conference Reception -+ -
Crystal Ballroom, The Empress Hotel
Fnday, Apnl 3 1998
Salon A Salon B Salon C Saanich Esquilmalt Oak Bay
Registration 8:00am-6:00pm, 2nd Floor Lobby
Early Morning 8:30am--10:15am:
NBA$ second“
Order Processes
and Materials -
Morning Break 10:15am-10:45am  Coffee Break
Late Morning 10:45am-12:00m
NFB, Postdeadline
Paper Session
Lunch Break 12:00m-1:30pm  Lunch Break
Early Afternoon 1:30pm-3:00pm
NFC, Temporal
Propagation
Effects 2
Afternoon Break 3:00pm-3:30pm  Coffee Break
Late Afternoon 3:30pm-5:00pm
NFD, Non-Kerr
and Quadratic
Solitons
500pm-5:15pm
Closing Remarks
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Agenda

Il Monday
Il March 30, 1998

Salon B&C

8:00am-10:30am

IMA = Plenary Session

Robert J. Deri, Lawrence Livermore National Laboratories,
USA, Presider

8:15am (Plenary)

IMA1 = Planar lightwave circuits: penetration into
real telecom markets, Masao Kawachi, NTT Science and
Core Technology Laboratory Group, Japan. Low-loss
integrated silica waveguides with well-defined core
geometry are used to form a variety of planar lightwave
circuits (PLCs) for optical branching, filtering, switching
and hybrid optoelectronic integration. This talk reviews the
recent progress in silica-based PLC technologies which are
now penetrating real telecom markets through application
in optical access networks and dense WDM systems. (p. 2)

9:00am (Plenary)

IMA2 = Indium phosphide photonic waveguide
devices and their fiber pigtalling, Hans Melchior, Swiss
Federal Institute of Technology, Switzerland. Indium
phosphide photonic waveguide devices, including laser-
diodes, semiconductor optical amplifiers, modulators,
switches and wavelength converters evolve in fiber optical
communications. While high performance leads to
minimization of their optically active areas, efficient
coupling to optical fibers and fiber-arrays demands
monolithic beam expanders and automatic chip-to-fiber
alignment techniques. (p. 3)

9:45am (Plenary)

IMA3 m Commercialization timescales for photonic
integration, Philip J. Anthony, Lucent Technologies, USA.
The speed of the future commercialization of integrated
photonic devices can be predicted by the rate of introduc-
tion of other new technologies, both in optoelectronics and
in other fields. (p. 4)

Salon A

10:30am-11:00am
Morning Coffee Break & Exhibits

Salon B

11:00am-12:30pm

IMB = Beam Propagation Methods

G. Ronald Hadley, Sandia National Laboratories, USA,
Presider

11:00am (Invited)

IMB1 = Beam propagation method for simulation of
optical waveguides: theory, algorithm and applica-
tion, Wei-Ping Huang, Chenglin Xu, Kang Li, S.K.
Chaudhuri, Univ. Waterloo, Canada. Recent development in
the beam propagation method (BPM) for simulation of
optical waveguides is reviewed. Important issues on
theoretical and practical aspects of this powerful method
are discussed. {p. 8)

11:30am

IMB2 = Beam propagation method benchmark test:
symmetrical coupler and gain-loss waveguide, H.-P.
Nolting, M. Gravert, Heinrich-Hertz Institut, Germany;
H.J.W.M. Hoekstra, R. Stoffer, G.].M. Krijnen, Univ. Twente,
The Netherlands; C. Sibilia, M. de Minicis, Univ. Degli Studi
Di Roma, Italy; R. Pregla, O. Conradi, Fernuniversitit,
Hagen, Germany. Two new benchmark tests for BPM
algorithms have been used to investigate different interface
conditions for an arbitrary positioned waveguide on a
BPM-grid. (p. 11)

11:45am

IMB3 = A novel beam propagation algorithm for
three-dimenslonal tapers, P. Sewell, S. Sujecki, T.M.
Benson, P.C. Kendall, Univ. Nottingham, U.K. Numerical
noise in beam propagation simulations of three-dimen-
sional optical tapers arising from nonphysical staircasing is
eliminated by use of tapered and oblique coordinate
systems. (p. 14)

12:00m i

IMB4 = Beam propagation method using local
oblique coordinate systems, Yih-Peng Chiou, Hung-
chun Chang, National Taiwan Univ. A novel beam propaga-
tion method derived in local oblique coordinate system is
proposed to accurately investigate z-dependent structures
without taking staircase approximation. (p. 17)



12:15pm

IMBS = Bi-directional beam propagation method
based on full-wave analysls, Chenglin Xu, Kang Li, Wei-
Ping Huang, Univ. Waterloo, Canada; Wayne Lui, Kiyoyuki
Yokoyama, NTT Opto-electronics Laboratories, Japan. The
new bi-directional BPM overcomes the conventional plane
wave or local guided wave approximations. It applies to
waveguides with arbitrary longitudinal discontinuities.

(p- 20)

12:30pm-2:00pm
Lunch Break

Salon C

11:00am-12:15pm
IMC = Waveguide Materials & Devices
David L. Weidman, Optical Components Tech., USA, Presider

11:00am

IMC1 = Formation of Bragg gratings on thin films
prepared by sol-gel and sputtering processes, Junji
Nishii, Osaka National Research Institute, Japan; Noboru
Tohge, Gaoyang Zhao, Kinki Univ., Japan. Bragg gratings
could be printed on thin films prepared by sol-gel and
sputtering methods by irradiation with ultraviolet laser. The
characteristics of the gratings are discussed. (p. 24)

11:15am

IMC2 m Luminescence and gain in co-sputtered Al,O,
erblum-doped waveguldes, Klein L. Johnson, Anand
Gopinath, William Berglund, Ben Ellerbusch, Univ.
Minnesota, USA; Carol Ford, Randy Ramberg, Lance Vreze,
Honeywell Military Avionics Division, USA. Luminescence
and lifetime data is presented for Er-doped Al O, planar
waveguide amplifiers fabricated on Si substrates by co-
sputtering. (p. 27)

11:30am

IMC3 = Birefringent oxidized porous silicon-based
optical waveguldes, Yu. N. Korkishko, V.A. Fedorov, S.A.
Gavrilov, Moscow Institute of Electronic Technology, Russia;
V.V. Karavanskii, Russian Academy of Science. We have found
that integrated optical waveguides based on oxidized
porous silicon have a relatively large birefringence. As a
result, the modes of both polarizations are supported. The
origin of observed phenomenon is discussed. {p. 30)

11:45am

IMC4 m Fabricatlon of planar and channel
waveguides on As-S{Se) chalcogenide glasses for
Integrated optical devices, K. Le Foulgoc, ].-F. Viens, A.
Villeneuve, Univ. Laval, Canada; K. Richardson, T. Cardinal,
Univ. Central Florida, USA. Preparation process of infrared
sulfide chalcogenide glasses waveguides are presented.
Integrated optical devices such as photoinduced waveguides
and directional couplers are investigated. (p. 33)

12:00m

IMC5 = Photoinduced Index-tapered channet
waveguides in chalcogenide glasses for guided
mode-size converslon, Siddharth Ramachandran,
Stephen G. Bishop, Univ. Illinois, USA. Enhanced photosen-
sitivity in rapid thermally annealed chalcogenide glasses is
used to demonstrate an index-tapered channel waveguide
for on-chip spot-size conversion applications. Mode
dimension changes by a factor of 2.6 over an 8-mm length
are demonstrated. (p. 36)

12:30pm-2:00pm
Lunch Break

Saanich

11:00am-12:30pm
IMD « WDM |
Julian B. Soole, Tellium, Inc., USA, Presider

11:00am (Invited)

IMD1 um Integrated optical devices for WDM net-
works, Y. Yoshikuni, NTT Opto-electronics Laboratories,
Japan. Recent progress in the WDM networks accelerates
developments of integrated optical devices. This presenta-
tion reviews recent progress in developments of the
monolithic and the hybrid integrated optical devices.

(p. 40)

11:30am (Invited)

IMD2 = Channel monitoring in WDM networks: a
systems perspective, Gabriela Livescu, Lucent Technolo-
gies, Bell Labs, USA. Optical channel monitoring ina WDM
system implies measurement of wavelength, power and
optical signal-to-noise ratio of all channels. This informa-
tion can be used for control of network elements, and for
network maintenance and performance monitoring. I shall
discuss a variety of devices applicable to optical monitoring,
and useful in control, maintenance and provisioning of
lightwave systems. (p. 43)

12:00m

IMD3 = Box-like broadband filters using chirped
waveguides, S.T. Chu, W, Pan, S. Sato, T. Maeda, Y.
Kokubun, Kanagawa Academy of Science ¢ Technology,
Japan; B. Little, Massachusetts Institute of Technology, USA;
T. Kato, Yokohama National Univ., Japan. The design of
fabrication-insensitive broadband filters with ideal spectral
response by tapering the width of the waveguides is
presented. (p. 46)

12:15pm

IMD4 = Integrated DBR laser-EA modulators for WDM
applications, P. Legay, A. Ramdane, D. Delprat, A.
Ougazzaden, Y. Sorel, M. Morvan, France Télécom/CNET,
France. The integration scheme of DBR laser-EA modula-
tors has been optimized in order to achieve a 10 Gb/s
transmission on 75 km of dispersive fiber for four 80 GHz
spaced channels. (p. 49)



12:30pm

IMDS m Sampled grating DBR lasers with integrated
wavelength monitoring, Beck Mason, Olga Lavrova, Greg
A. Fish, Steve P. DenBaars, Larry A. Coldren, Univ. Califor-
nia Santa Barbara, USA. We report on a sampled grating
DBR laser with an integrated wavelength monitor. The
monitor consists of a two mode interference waveguide
with a Y-branch that acts as a wavelength dependent splitter
with two output detectors. (p. 52)

12:45pm-2:00pm
Lunch Break

Salon B

2:00pm-3:30pm
IME » Vectorial Simulations
Wei Ping Huang, University of Waterloo, Canada, Presider

2:00pm

IME1 = Techniques of improving the imaginary-
distance full-vectorlal BPM based on Yee's Mesh,
Junji Yamauchi, Naofumi Morohashi, Hisamatsu Nakano,
Hosei Univ., Japan. High-order formulas are applied to the
analysis of a graded-index waveguide. A rib waveguide is
analyzed with use of the interface condition based on
Ampere’s law. (p. 56)

2:15pm

IME2 u Efficient multistep methods using a nonuni-
form grid, Jun Shibayama, Kenji Matsubara, Minoru
Sekiguchi, Junji Yamauchi, Hisamatsu Nakano, Hosei Univ.,
Japan. The Douglas scheme generalized for a nonuniform
grid is applied to the multistep method for wide-angle
beam propagation analysis. (p. 59)

2:30pm

IME3 = Finite-elements semivectorial beam propaga-
tion method for nonlinear integrated optical devices,
A. Cucinotta, S. Selleri, L. Vincetti, Univ. Parma, Italy. A
semivectorial beam propagation method based on finite
elements for nonlinear waveguides is presented. Because of
its semivectorial nature, the approach accounts for
polarization effects and highlights the limits of scalar
formulations. (p. 62)

2:45pm

IME4 n Vectorial beam propagation method based on
mixed elements, D. Schulz, C. Glingener, E. Voges, Univ.
Dortmund, Germany; M. Bludszuweit, Technische Univ.
Hamburg-Harburg, Germany. An efficient mixed element
beam propagation method for 3D simulations is presented
for integrated optic devices allowing energy conservation
when assuming metallic walls and lossless media. (p. 65)

3:00pm

IMES = Field singularities in full-vectorial optical
waveguide analysis, Chenglin Xu, Wei-Ping Huang, Univ.
Waterloo, Canada; Kiyoyuki Yokoyama, Wayne W. Lui, NTT
Opto-electronics Laboratories, Japan. Field singularities at
corners of rectangular dielectric waveguides are notoriously
difficult to model, let alone characterize accurately. An
algorithm is proposed to circumvent such difficulties.

(p. 68)

3:15pm

IME6 = Design and analysis of optical polarizers
incorporating MQW waveguides, M. Rajarajan, B.M.A.
Rahman, K.T.V. Grattan, City Univ.,, UK. A novel approach
has been demonstrated in the design of an optical polarizer
that uses nonidentical coupled optical waveguides with 2-D
confinement. (p. 71)

Salon A

3:30pm—4:00pm
Coffee Break and Exhibits

Salon C

2:00pm-3:30pm

IMF = Novel Fabrication Techniques
Claude Rolland, Bell Northern Research Ltd., Canada,
Presider

2:00pm (Invited)

IMF1 = Fused optoelectronic devices, John Bowers,
Near Margalit, Alexis Black, Aaron Hawkins, Bin Liu, Ali
Shakouri, Patrick Abraham, Evelyn Hu, Univ. California
Santa Barbara, USA. The integration of optical components
with electrical components is critically important and the
integration problems can be solved with wafer fusion. The
wafer fusion technique also allows the demonstration of
new devices with improved performance. Three dimen-
sional integration is possible with multiple bonded
substrates which can ease the problems of multilayer optical
interconnects. (p. 76)

2:30pm

IMF2 u Substrate-removed optical waveguides in
GaAs/AlGaAs epitaxial layers embedded in
benzocyclobutene, Steven R. Sakamoto, Cem Ozturk,
Young Tae Byun, Jack Ko, Nadir Dagli, Univ. California
Santa Barbara, USA. Optical waveguides fabricated in
GaAs/AlGaAs epitaxial layers are removed from GaAs
substrates and bonded to transfer substrates by use of
benzocyclobutene with no degradation in optical loss.

(p. 79)




2:45pm

IMF3 = High performance photoelastic semiconduc-
tor laser and electroabsorption waveguide modulator,
W.X. Chen, Q.Z. Liu, L.S. Yu, N.Y. Li, Q.J. Xing, ].T. Zhu,
G.L.Li, PK.L. Yu,S.S. Lau, C.W. Tu, Univ. California San
Diego, USA; H.P. Zappe, Paul Scherrer Institute, Switzerland.
High-performance planar InGaAsP/InP electroabsorption
waveguide modulator and separate-confinement single-
quantum-well GaAs/AlGaAs lasers are fabricated with use
of thin-film WNi photoelastic stressors for waveguiding and
ion-implantation for isolation. (p. 82)

3:00pm (Invited)

IMF4 = Pick-and-place multi-wafer bonding of
photonic devices on Sl, D. Crouse, Z.H. Zhu, Yu-Hwa Lo,
Cornell Univ., USA; H. Hou, Sandia National Labs, USA.
The technology of single wafer bonding and pick-and-place
multi-wafer bonding will be discussed. The former has been
used to make various optoelectronic devices and create new
templates for heteroepitaxial growth. The latter was
designed for optoelectronic integration, particularly large
scale, Si-based OEICs. (p. 85)

Salon A

3:30pm-—4:00pm
Coffee Break and Exhibits

Saanich

2:00pm—3:30pm
IMG B WDM Il /Filters
Janet Lehr Jackel, Bellcore, USA, Presider

2:00pm

IMG1 = Wavelength filters based on low-loss polymer
waveguldes and high-Index polymer gratings, Min-
Cheol Oh, Myung-Hyun Lee, Joo-Heon Ahn, Hyung-Jong
Lee, Seon-Gyu Han, Electronics and Telecommunications
Research Institute, Korea. Based on low-loss polymer
waveguides and high-refractive-index polymer gratings,
Bragg reflection wavelength filters are demonstrated with 30
dB reflectivity, 0.6 nm bandwidth, and 3.7 dB insertion loss.
(p. 90)

2:15pm

IMG2 = Temperature-independent optical filter at
1.55 pm wavelength using a sllica-based athermal
wavegulde, Yasuo Kokubun, Shigeru Yoneda, Shinnosuke
Matsuura, Yokohama National Univ., Japan. We realized a
temperature-independent optical filter at 1.55 pm wave-
length using a silica-based athermal waveguide in which
optical path length is independent of temperature. (p. 93)

2:30pm (Invited)

IMG3 = Tunable add/drop filters using LINbO,,
Minoru Seino, Fujitsu Laboratories Ltd., Japan. A thin-film
loaded-type SAW guide is used in the AOTF. It realizes a low
x-talk, narrow FWHM and low loss characteristics enough
for the ADM. (p. 96)

3:00pm

IMG4 = Planar waveguide grating optical spectrum
analyzer, C.K. Madsen, J. Wagener, T.A. Strasser, M.A.
Milbrodt, E.J. Laskowski, J. DeMarco, Bell Labs, Lucent
Technologies, USA. An optical spectrum analyzer is
demonstrated with a FWHM of 0.15 nm and bandwidth of
7.8 nm by use of a UV-induced grating in a planar
waveguide. (p. 99)

3:15pm

IMG5 = Planar waveguide add/drop fllter employing a
mode-converting grating in an adlabatic coupler, CK.
Madsen, T.A. Strasser, M.A. Milbrodt, C.H. Henry, A.J.
Bruce, J. DeMarco, Bell Labs, Lucent Technologies, USA. A
new planar waveguide add/drop filter is demonstrated with
adrop loss of 0.5 dB, FWHM = 0.35 nm, and transmission
isolation of 15 dB. (p. 102)

Salon A

3:30pm—4:00pm
Coffee Break and Exhibits

Salon A/Lobby

4:00pm—6:00pm
IMH B Poster Session

IMH1 = Analysis and design of rib waveguide
spotsize transformers, P. Sewell, T.M. Benson, P.C.
Kendall, Univ. Nottingham, U.K. An extended spectral index
method efficiently analyzes the guided modes of waveguide
spotsize transformers where a tapered small rib waveguide
couples vertically into a large spot rib. (p. 106)

IMH2 = Nonlinear Helmholtz equation resolution
through the finite element method, A. Cucinotta, S.
Selleri, L. Vincetti, Univ. Parma, Italy. A fast and accurate
full-FEM-based propagation method that directly imple-
ments the nonlinear Helmholtz equation is presented. The
analysis of spatial soliton evolution confirms phenomena
not described in the frame of the slowing varying envelope
approximation. (p. 109)



IMH3 = Mechanism of ultrafast pulse generation in a
symmetric three-section DFB semiconductor laser,
Byoung-Sung Kim, Youngchul Chung, Kwangwoon Univ.,
Korea; Kyoung-Hyun Park, Sun-Ho Kim, Korea Institute of
Science and Technology. The modified large-signal time-
domain model is used to clarify the mechanism of ultrafast
pulse generation resulting from the mode beating in a
symmetric three-section DFB semiconductor laser.

(p. 112)

IMH4 m Accurate analysis of bending losses in
rectangular optical waveguides, M.G. Mirkov, B.G.
Bagley, R.T. Deck, Univ. Toledo, USA. An accurate method
for the calculation of bending losses in optical waveguides is
presented, and the results are compared with the results of
other methods. (p. 115)

IMHS » Interdiffused AlGaAs/GaAsP quantum well
lasers, K.S. Chan, City Univ. Hong Kong; Michael C.Y.
Chan, Univ. Hong Kong. The optical gain of various
interdiffused GaAs P, /Al ,,Ga, ;As quantum well
structures are calculated numericallly and found to depend
on the interdiffusion processes. (p. 118)

IMH6 = A numerica! study of spatially controlled
impurity-free vacancy-enhanced quantum well
intermixing, Y.H. Wong, K.S. Chan, E.Y.B. Pun, A.H.P. Ho,
P.S. Chung, City Univ. Hong Kong; ].H. Marsh, Univ.
Glasgow, U.K. The spatial control of impurity-free vacancy-
enhanced quantum well intermixing using SiO, capping
layer with SrF, as the mask is studied numerically. (p. 121)

IMH7 m New design procedure for large-input/output-
number multimode Iinterference couplers and
application to WDM routers, J.Z. Huang, R.
Scarmozzino, R M. Osgood, Jr., Columbia Univ., USA. A
new design procedure for N x N MMI couplers with large N
is accomplished through phase-error optimization; a low-
crosstalk 8 x 8 MMI router design is demonstrated.

(p. 124)

IMHS8 = Design optimization of a notched Y-branch
TI:LINbO, Mach-Zehnder interferometric intensity
modulator, G. Peng, G.L.Yip, EY. Gan, P. Noutios, McGill
Univ., Canada. The design optimization of a notched Y-
branch Ti:LiNbO, Mach—Zehnder interferometric intensity
modulator has been performed, yielding an extinction ratio
above 20 dB at a bandwidth of 80 GHz. {p. 127)

IMH9 = Master-slave configuration for VCSEL
synchronization, P.S. Spencer, K.A. Shore, Univ. Wales,
U.K.; C.R. Mirasso, Univ. Illes Balears, Spain; P. Colet, CSIC-
UIB, Spain. It is demonstrated numerically that synchroni-
zation of optically coupled chaotic VCSELs can be effected
in a robust manner, thus enabling application in optical
data encryption. (p. 130)

IMH10 = An Integrated CAD package for rapid design
and analysis of optoelectronic components, Peter S.
Weitzman, Concepts ETI, Inc., USA. Work has commenced
on the development of a comprehensive CAD package for
optoelectronic integrated circuits. The software will contain
optical solvers, electrical models, and layout. (p. 133)

IMH11 = Vectorial electromagnetic model for the
accurate analysis of finite length surface-relief
structures of high complexity, Kim Dridi, Anders
Bjarklev, Technical Univ. Denmark. The finite difference
time domain method is applied for accurate analysis of the
optical behavior of finite, periodic surface-relief gratings in
planar dielectric waveguides. (p. 136)

IMH12 = MolL-eigenmode analysis with precise
resolution by enhanced generalized line algorithm,
Reinhold Pregla, Fern Univ., Germany. A new eigenmode
algorithm with precise results based on the MoL is
proposed and substantiated. The algorithm uses
discretization lines in different and mutually perpendicular
directions. (p. 139)

IMH13 u A hybrid analysis method for Er-doped
planar devices, A. Shooshtari, Ecole Polytechnique de
Montreal, Canada; S. Safavi-Naeini, Univ. Waterloo, Canada.
A new analysis method based on a combination of the beam
propagation method and the rate equations for active
planar devices is presented. (p. 142)

IMH14 u Influence of laser linewldth on optical fiber
transmission: modeling and measurement, C.M.
Weinert, C. Caspar, H.-M. Foisel, B. Strebel, Heinrich-Hertz-
Institut, Germany. Enlarged laser linewidths exhibit
increasing penalties for transmission over standard fibers.
The linewidth is modeled and the simulation of signal
degradation is compared with experiment. (p. 145)

IMH15 m Paper withdrawn.

IMH1.6 = Analysis and design of high power DFB
lasers with reduced longitudinal spatial hole burning,
Jing-Yi Wang, Michael Cada, Dalhousie Univ. Polytechnic,
Canada; Toshihiko Makino, Nortel Technology Inc., Canada.
A set of nonlinear coupled-power equations is derived for
high-power DFB lasers and is used to design coupling
profiles that eliminate spatial hole burning. (p. 149)

IMH17 m Modeling a distributed spatial filter low-
noise semiconductor optical amplifier, R.P. Ratowsky, S.
Dijaili, J.S. Kallman, M.D. Feit, ]. Walker, W. Goward, M.
Lowry, Lawrence Livermore National Laboratory, USA. We
show, using a beam propagation technique, how periodic
spatial filtering can reduce amplified spontaneous emission
noise in a semiconductor optical amplifier. (p. 152)



IMHA18 m Optimizing a multi-wavelength laser design
using an expert-system-based approach, D. Van
Thourhout, T. Van Caenegem, R. Baets, Univ. Gent, Belgium.
Today’s CAD tools are limited when developing complex
PICs. Expert-system-based design tools could be an
improvement. This is illustrated for a multi-wavelength
laser. (p. 155)

IMH19 = Buried waveguides in a 1.5 pm InGaAs/
InGaAsP structure fabricated by lon-induced quantum
well intermixing, J.E. Haysom, ].H. He, P.J. Poole, Emil S.
Koteles, A. Delage, Y. Feng, S. Charbonneau, National
Research Council Canada. Using selective area
implanatation-induced quantum well intermixing, we have
fabricated buried waveguides in a 1.52 pm InGaAs/InGaAsP
laser structure. Near-field mode profiles demonstrate
guiding over a wavelength range of 1.50 pm to 1.59 pm.

(p. 158) ’

IMH20 = Four-channel wavelength demultiplexing
multiple quantum well photodetectors for 850 nm
optical local are networks, KW. Goossen, R.
Leibenguth, Lucent Technologies, Bell Labs., USA. We
demonstrate an in-line stacked n-i(MQW)-p-i(MQW)-n-
i(MQW)-p-i(MQW)-n photodiode that demultiplexes
wavelengths at 810, 825, 840, and 855 nm, for use in optical
local area networks. (p. 161)

IMH21 = All-optical wavelength converter based on
coupled semiconductor optical amplifiers, Byongjin
Ma, Yoshiaki Nakano, Kunio Tada, Univ. Tokyo, Japan. We
propose a novel wavelength converter consisting of an
active directional coupler. Operation mechanism and
several features are presented through a numerical analysis.
(p- 164)

IMH22 = Proposal of spectrum sliced multi-wave-
length light sources using integrated high power
superluminescent diodes, F. Koyama, S. Mori, Tokyo
Institute of Technology, Japan. A spectrum-sliced multi-
wavelength light source using a high power tapered
superluminescent diode (SLD) is proposed. A tapered SLD
exhibits a potential of high power exceeding several
hundreds mW. We also discuss a possibility of producing
“nearly coherent light” from sliced incoherent light using
saturated semiconductor optical amplifiers. (p. 167)

IMH23 = Application of synthetic aperture tech-
niques to arrayed-wavegulde grating passband
control, M.C. Parker, F. Farjady, Fujitsu Telecommunications
Europe Ltd. Research, U.K.; S.D. Walker, Univ. Essex, U.K. We
describe a novel synthetic aperture technique based on a
series of polynomial-profiled electrodes to control arrayed-
waveguide grating characteristics, such as passband width
and tuning. (p. 170)

Crystal Ballroom, Empress Hotel

6:00pm-7:30pm
Conference Reception



M Tuesday
I March 31, 1998

Salon B

8:30am-10:00am

ITuA = Photonic Nanostructures |

B.E. Little, Massachusetts Institute of Technology, USA and
R.W. Ziolkowski, University of Arizona, USA, Presiders

8:30am (Invited)

ITuAl1 = Advances In photonic crystals and devices,
].D. Joannopoulos, MIT, USA. During the last few years a
new class of materials has emerged, called photonic crystals,
which provide capabilities along new dimensions for the
control and manipulation of light. A photonic crystal affects
the properties oflight in much the same way that a
semiconductor affects the properties of electrons. Conse-
quently, photons in photonic crystals can have band-gaps,
localized defect-states, surface-states, etc. This new ability to
mold and guide light leads naturally to many novel
applications of these materials as microphotonic devices
and device components. An introductory survey including
recent exciting developments in the field of photonic
crystals is presented. (p. 174)

9:00am

ITuA2 = FDTD modeling of photonic nanometer-sized
power splitters and switches, Richard W. Ziolkowski,
Univ. Arizona, USA. Nanometer PBG waveguide structures
that act as power splitters (Y-junctions) and switches (Y-
junctions with a defect) have been modeled with a full-
wave, vector Maxwell equation FDTD simulator. (p. 175)

9:15am (Invited)

ITuA3 = Fabricatlon processes for 3D perlodic
nanostructures and photonic crystals, Shojiro
Kawakami, Tohoku Univ., Japan. We review process
technologies for 3D periodic nanostructures and photonic
crystals. We then propose layer-by-layer deposition by bias
sputtering, and demonstrate its usefulness. The mechanism
of stationary pattern formation is elucidated. (p. 178)

9:45am

ITuA4 m Membrane microresonator lasers with 2-D
photonic bandgap crystal mirrors for compact in-
plane optics, B. D’Urso, O. Painter, A. Yariv, A. Scherer,
Caltech, USA. We have microfabricated 2-D photonic
bandgap structures in a thin slab of dielectric material to
define reflectors and high-Q microresonators. (p. 181)

Salon A

10:00am-10:30am
Coffee Break & Exhibits

Salon C

8:30am-10:00am
ITuB u Lasers |
Jean Francois Vinchant, Alcatel Optronics, France, Presider

8:30am

ITuB1 = Single transverse mode active MMI
InGaAsP/InP laser diode, Kiichi Hamamoto, Emilio
Gini, Christoph Holtmann, Hans Melchior, Swiss Federal
Institute of Technology, Switzerland. A novel laser diode
structure incorporating active multi-mode interferometers
realized in InGaAsP/InP achieves up to 90% higher single
lobe and fiber coupled outputs at 1.3 pm. (p. 186)

8:45am

ITuB2 = Integrated amplifier/multi-mode interference
coupler laser for high optical power in a single-mode
wavegulde, F. Camacho, C.J.Hamilton, A.C. Bryce, ].H.
Marsh, Univ. Glasgow, U.K. By quantum-well intermixing,
four amplifiers have been integrated with a passive MMI
coupler and output waveguide. The device has a threshold
current of 120 mA, and generates over 180 mW of optical
power. (p. 189)

9:00am

ITuB3 m Efficient InP-based integrable spot-size
converter, J. Stulemeijer, M.K. Smit, FH. Groen, Delft
Univ. Technology, The Netherlands; A.F. Bakker, BBV
Softwave BV, The Netherlands; 1. Moerman, Univ. Gent-
IMEC, Belgium. An InP-based spot-size converter has been
realized in a relatively simple technology, showing less than
3 dB coupling loss to a cleaved fiber for TE polarized light.
(p. 192)

9:15am

ITuB4 m High power InGaAsP laser diodes with
circular beam profile, Heonsu Jeon, Atul Mathur,
Mehrdad Ziari, SDL Inc., USA. We report high power 1.55
um InGaAsP laser diodes integrated with vertically tapered
mode transformer providing the beam divergence angles of
12° X 14° at FWHM with the maximum output power over
130 mW. (p. 195)

9:30am (Invited)

ITuBS m Overview of integrated semiconductor
multiwavelength lasers, C.R. Doerr, Bell Labs, Lucent
Technologies, USA. We discuss and compare two types of
semiconductor transmitters consisting of multiple lasers
and an integrated combiner/multiplexer: those with the
lasers combined extra-cavity and those with the lasers
combined intra-cavity. (p. 198)



10:00am

ITuB6 m Monolithic integration of a quantum well
laser and an optical amplifier using an asymmetric
twin-waveguide structure, P.V. Studenkov, M.R. Gokhale,
J.C. Dries, S.R. Forrest, Princeton Univ., USA. A novel,
asymmetric twin-waveguide structure is used for mono-
lithic integration of a 1.55 pm wavelength InGaAsP/InP
multiple quantum well laser and a traveling-wave optical
amplifiers. (p. 201)

Salon A

10:15am-10:30am
Coffee Break & Exhibits

Saanich

8:30am—-10:00am

ITuC = Photonic Packaging |

Nan Marie Jokerst, Georgia Institute of Technology, USA,
Presider

8:30am (Invited)

ITuC1 m Manufacturing technology of VCSEL mod-
ules, Jun-Young Kim, Samsung Electron-Mechanics Co. Ltd.,
Korea. No abstract available. (p. 206)

9:00am (Invited)

ITuC2 m Overview of MEMS technology for packaging
optoelectronic components, Ming C. Wu, Univ.
California Los Angeles, USA. The emerging MEMS technol-
ogy has opened up many new possibilities for packaging
optoelectronic components. We will review the current state
of the art of the MEMS technology, and describe examples
of optoelectronic packaging. (p. 207)

9:30am

ITuC3 m Hybrid 4 x 4 optical matrix switch module on
silica-based planar lightwave circult by self-align
multiple chip bonding technlque, J. Sasaki, H.
Hatakeyama, T. Tamanuki, M. Yamaguchi, N. Kitamura, T.
Shimoda, M. Kitamura, T. Kato, M. Itoh, S. Kitamura, NEC
Corp., Japan. We developed a 4 x 4 gate matrix switch by
hybridly integrating spot size converter integrated semicon-
ductor optical amplifier gate arrays and optical fibers on a
Si platform with silica waveguides, employing the newly
developed self-align multiple chip assembly technique.

{(p. 210)

9:45am

ITuC4 m New promising technological approach for
optoelectronic hybridization, P. Mottier, Cl. Massit, G.
Parat, G. Grand, CEA-LETI, France. A cost-effective
technique for achievement of hybrid optoelectronics units
is proposed. Compared with the previous ones, it offers
relaxed alignment tolerances and high versatility. (p. 213)

Salon A

10:00am-10:30am
Coffee Break & Exhibits

Salon B

10:30am—-12:00m

ITuD = Photonic Nanostructures Il

B.E. Little, Massachusetts Institute of Technology, USA and
R.W. Ziolkowski, University of Arizona, USA, Presiders

10:30am (Invited)

ITuD1 m Meso-optoelectronic devices and applica-
tions, A.EJ. Levi, Univ. Southern California, USA. This talk
presents a case for developing meso-optic technology based
on its potential to enhance the capabilities of otherwise all-
electronic systems. (p. 218)

11:00am

ITuD2 m Photonic bandgap membrane
microresonator, O. Painter, R. Lee, A. Yariv, A. Scherer,
California Institute of Technology, USA; ]. O’Brien, Univ.
Southern California, USA. We have designed and fabricated
an optical microcavity formed from a defect in a two-
dimensionally patterned, half-wavelength-thick, InGaAs/
InGaAsP multi-quantum well membrane. (p. 221)

11:15am

ITuD3 m Dynamic analysis of lasing microcavities, Ira
B. Schwartz, Joana Triandaf, Naval Research Laboratory,
USA. Dynamics and active control of light dumping of
lasing microcavities are analyzed theoretically. Mean escape
times for light dumping are controlled via cavity boundary
perturbations. (p. 224)

11:30am

ITuD4 m FDTD analysis and comparison of circular
and elongated ring designs for waveguide-coupled
microcavity ring resonators, S.C. Hagness, D. Rafizadch,
S.T. Ho, A. Taflove, Northwestern Univ., USA. Using FDTD
models of integrated microcavity ring resonators, we
investigate geometries such as the racetrack resonator that
allow wider coupling gaps between the ring and adjacent
waveguides, easing fabrication requirements. (p. 227)

11:45am

ITuDS um Noise characteristics of two-polarization
microcavity semiconductor lasers, G.P. Bava, P.
Debernardi, Politecnico di Torino, Italy. Noise properties of
semiconductor microcavity post lasers are studied for the
realistic case of two quasi-degenerate modes. The model is
based on quantum mechanical equations and Langevin
noise forces. (p. 230)

12:00m-1:30pm
Lunch Break



Salon C

10:30am-12:00m
ITuE = Modulators/Switches
S. Chandrasehkar, Lucent Technologies, USA, Presider

10:30am (Invited)

ITuEL = Optical processing with electroabsorption
modulators, F. Devaux, Alcatel Alsthom Recherche, France;
A. Carenco, France Telecom. Specific characteristics of
electroabsorption (EA) modulators allow unique processing
functions. We consider multiple EA modulators in series for
coding, pulse generation and demultiplexing, and in parallel
for single-side-band (SSB) conversion, duobinary coding
and filtering. (p. 234)

11:00am

ITUE2 m Low-loss and efficient InAsP/GalnP MQW
electroabsorption waveguide modulators for analog
fiber-optic links, K.X. Loi, X.B.Mei, ].H. Hodiak, C.W. Tu,
W.S.C. Chang, Univ. California San Diego, USA. The
microwave performance of electroabsorption modulators
was characterized and a 5 dB fiber-to-fiber insertion loss, 23
GHz electrical bandwidth, and —26 dB RF link gain have
been achieved. (p. 237)

11:15am

ITUE3 m A compact Integrated phasar-based optical
crossconnect on InP, C.G.P. Herben, C.G.M. Vreeburg,
D.H.P. Maat, X.].M. Leijtens, Y.S. Oei, EH. Groen, M.K.
Smit, Delft Univ. Technology, The Netherlands; ].J.G.M. van
der Tol, KPN-Research, The Netherlands; P. Demeester, Univ.
Gent, Belgium. We report the first InP-based integrated
optical crossconnect. The device can crossconnect signals at
four wavelengths independently from two input fibers to
two output fibers. (p. 240)

11:30am

ITuE4 m InGaAsP/InP scaleable, photonic
crossconnects using optically amplified suppressed
modal Interference switch arrays, Gregory A. Fish,
Larry A. Coldren, Steven P. DenBaars, Univ. California Santa
Barbara, USA. A novel, compact 1 X 2 optical switch
incorporating two unique switches with an integrated
curved amplifier is demonstrated as a basic building block
for scaleable, lossless photonic crossconnects. (p. 243)

11:45am

ITUES m Polarization-independent InP-based switch
with relaxed fabrication tolerances, D.H.P. Maat,
C.G.P. Herben, M.K. Smit, EH. Groen, H. van Brug, H.J.
Frankena, Delft Univ. Technology, The Netherlands; 1.
Moerman, Univ. Gent-IMEC, Belgium. A polarization-
independent MZI switch is presented in which the
fabrication tolerances are relaxed by use of double,
orthogonal phase-shifting sections. (p. 246)

12:00m-1:30pm
Lunch Break

Saanich

10:30am-12:00m
ITuF = Photonic Packaging Il

Robert J. Deri, Lawrence Livermore National Laboratories,
USA, Presider

10:30am (Invited)

ITuF1 = Molded plastic optics in fiber optic transceiv-
ers, Ching-Long Jiang, AMP Inc., USA. Molded plastic
optics have been widely used in fiber optic transceivers. In
this talk, salient features of the molded plastic optics will be
presented. (p. 250)

11:00am

ITuF2 = Flip-chip GaN LED with highly reflective Ag p-
contact, You Kondoh, Satoshi Watanabe, Yawara Kaneko,
Shigeru Nakagawa, Norihide Yamada, Hewlett-Packard
Laboratories, Japan. A new flip-chip technique that uses a
highly reflective Ag p-contact was developed for blue GaN
LEDs, which is twice as bright as top-emitting GaN LEDs.
(p. 253)

11:15am

ITuF3 m Nonperipheral epilayer cleaving of GaAs for
hybrid device applications, J. Fujita, M. Levy, R M.
Osgood, Jr., Columbia Uniy., USA. A new technique for
nonperipheral epilayer cleaving is described, demonstrated,
and optically characterized. An on-chip polarizer with >20
dB extinction ratio has been demonstrated. (p. 256)

11:30am

ITuF4 = Alignment-tolerant smart pixel bi-directional
optoelectronic links using co-located emitters and
detectors, Jeffrey Cross, Mikkel A. Thomas, Nan Marie
Jokerst, Georgia Institute of Technology, USA. We report
optimization of packaging alignment tolerance for
fabricating low-cost free-space bi-directional optoelectronic
links with co-located emitters and detectors. (p. 260)

11:45am

ITuF5 m Single-mode stability of Fabry-Pérot taper-
lasers with external fiber Bragg gratings, E.
Rénneberg, G. Vollrath, B. Hiibner, Ch. Gréus, H. Burkhard,
Deutsche Telekom AG, Germany. We have theoretically and
experimentally investigated the effect of variation of the
resonator phase on the single-mode stability of Fabry-Pérot
taper-lasers with external fiber Bragg gratings. (p. 263)

12:00m-1:30pm
Lunch Break



Salon B

Salon C

1:30pm-3:00pm

ITuG » Quantum Wells 1: Carrier Transport
in Quantum Well Devices

Shun-Lien Chuang, University of Illinois Urbana-
Champaign, USA, Presider

1:30pm (Invited)

ITuG1 m Simulation of nonlinear gain and the modula-
tion of quantum well laser diodes, Karl Hess, Matt
Grupen, Univ. llinois—Urbana, USA. We present a simulator
(MINILASE II) for quantum well laser diodes that includes
the effects of capture and hot electron as well as hot phonon
effects. Comparison with experimental results shows the
predictive power of the simulator. (p. 268)

2:00pm

ITuG2 m Carrler transport effects In the frequency
modulation response of quantum well lasers, Luis
Pesquera, N. Mustafa, Instituto de Fisica de Cantabria, Spain;
1. Esquivias, Univ. Politecnica de Madrid, Spain. We show
that carrier transport has a significant effect in the FM
response of QW lasers as a result of the contribution of the
unconfined carriers. (p. 271)

2:15pm

ITuG3 = Optical gain enhancement in InP-based
quantum-well lasers with ndoped separate confine-
ment heterostructure layers, Shunji Seki, Kiyoyuki
Yokoyama, NTT Opto-electronics Laboratories, Japan. We
demonstrate that n-type doping in separate confinement
heterostructure layers exerts a significant effect on optical
gain over a wide range of temperature in InP-based
quantum-well lasers. (p. 274)

2:30pm (Invited)

ITuG4 = Direct measurement of capture and escape
rates in quantum well active layers, Kerry Vahala,
Roberto Paiella, Guido Hunziker, California Institute of
Technology, USA; Uzi Koren, Lucent Technologies, USA.
Results from two measurement techniques that provide
frequency domain response functions (1 GHz to several 100
GHz) for carrier capture and interwell equilibration are
presented. (p. 277)

Salon A

3:00pm-3:30pm
Coffee Break and Exhibits

1:30pm-3:00pm

ITuH = Silicon Based Optoelectronic
Technology

Richard A. Soref, Rome Laboratory, AFRL/SNHC, USA,
Presider

1:30pm

ITuH1 = Fabrication and characterization of a 1-to-48
fanout H-tree structure for clock signal distribution
system, Linghui Wu, Bipin Bihari, Jianhua Gan, Ray T.
Chen, Univ. Texas-Austin, USA; Suning Tang, Radiant
Research Inc., USA; Randy Wickman, Cray Research Inc.,
USA. Fabrication and characterization of a low-loss 1-to-48
fanout H-tree structure for high-performance optical clock-
signal distribution systems using cascaded 3-dB curved 1-
to-2 splitters are presented. (p. 282)

1:45pm

ITuH2 m Waveguide-fed SiGe avalanche pin photode-
tector grown on SOl substrate with 0.2 A/W external
responsivity at 1.3 ym, T. Yoshimoto, S. Thomas, K.L.
Wang, B. Jalali, Univ. California Los Angeles, USA. We
demonstrate a SiGe avalanche photodetector grown on a
silicon-on-insulator (SOI) passive waveguide. The thick SOI
waveguide couples the light from an optical fiber into the
SiGe detector with strain-limited thin absorption region.
The detector exhibits low dark current, sharp breakdown
and an external responsivity of 0.2 A/W at 1.3 pm. (p. 285)

2:00pm (Invited)

ITuH3 m Gbit/s integrated Si/InGaAs telecommunica-
tion photodetectors, Barry Levine, Bell Labs, Lucent
Technologies, USA. High-performance 1550-nm PIN and
avalanche photodiodes have been fabricated by direct
bonding of I1I-V and Si wafers. These detectors show 100%
internal quantum efficiency, RC-limited 21 GHz response
and less than 100 pA dark current at 4V bias. (p. 289)

2:30pm

ITuH4 m Silicon-on-insulator waveguide Bragg
gratings, Jolyon Tidmarsh, John Drake, Bookham
Technology Ltd., U.K. Successful narrow line-width
operation of silicon waveguide Bragg gratings to select
wavelengths in the 1550 nm range illustrates potential for
successful registration of ITUT channels. (p. 290)

2:45pm

ITuH5 = Amorphous silicon light modulators for I.R.
fiber optic digital communications, G. Cocorullo, FG.
Della Corte, 1. Rendina, Consiglio Nazionale delle Ricerche,
Italy; R. De Rosa, A. Rubino, E. Terzini, Ente per le Nuove
Tecnologie, Italy. A light modulator based on a low loss
amorphous silicon rib-like waveguide is presented. The
prototype shows a switching frequency of 600 kHz.

(p. 293)



Salon A

3:00pm-3:30pm
Coffee Break and Exhibits

Saanich

1:30pm-3:00pm

ITul = Electrooptic Materials and Devices
William Minford, Lucent Technologies/Bell Labs, USA,
Presider

1:30pm

ITul1 = Influence of phase state of Li, H NbO,
wavegulding layer on rate of copper exchange and
photorefractivity, S.M. Kostritskii, Kemerovo State Univ,,
Russia; Y.N. Korkishko, V.A. Fedorov, Moscow Institute of
Electronics Technology, Russia. The copper exchange of
waveguides, containing the different Li, H NbO, phases, is
investigated. The significant increase of holographic
sensitivity, depending on phase state, is observed because of
the copper exchange. (p. 298)

1:45pm

ITul2 m Evolution of crystal phases and refractive
index profiles in X-cut annealed proton-exchanged
LiTa0,, David B. Maring, Robert E. Tavlykaev, Ramu V.
Ramaswamy, Univ. Florida, USA; Yuri N. Korkishko,
Moscow Institute of Electronic Technology, Russia; John M.
Zavada, U.S. Army Research Office, USA. A complete phase
diagram for annealed proton exchanged LiTaO, is pre-
sented, for the first time. The evolution of index profiles
with annealing, as well as temporal stability, are character-
ized. (p. 301)

2:00pm

ITul3 m Integrated optical Ti:Er:LINbO, DBR laser with
fixed photorefractive grating, Hubertus Suche, Ch.
Becker, A. Greiner, Th. Oesselke, A. Pape, W. Sohler, Univ.-
GH Paderborn, Germany. For the first time, we believe, an
integrated optical DBR laser with fixed photorefractive
grating in LINbO, has been realized. Sample preparation,
grating fabrication, and laser characteristics for emission at
A =1531.7 nm are reported. (p. 304)

2:15pm

ITul4 m Drive voltage reduction in Mach-Zehnder
electrooptic modulators using systems approach,
Nadir Dagli, Univ. California Santa Barbara, USA. A system
behaving just like the Mach-Zehnder electrooptic modula-
tors it contains but with significantly reduced drive voltage
and identical frequency response was proposed and
analyzed. (p. 307)

2:30pm

ITul5 m 10-GHz modelocked Ti:Er:LINbO, waveguide
laser, R. Wessel, A. Greiner, W. Qiu, H. Suche, W. Sohler,
Univ.-GH Paderborn, Germany. Modelocked laser operation
with a stabilized, packaged, and diode-pumped
Ti:Er:LiNbO, waveguide laser has been demonstrated at
1561 nm (TE) and 1575 nm (TM) wavelength with 14%
slope efficiency. Pulse widths of <10 ps at 10-GHz pulse
repetition rate have been measured. (p. 310)

2:45pm

ITul6 = Fabrication of new abrupt waveguide bends in
lithium niobate, Tzyy-Jiann Wang, Pei-Kuen Wei, Way-
Seen Wang, National Taiwan Univ. A new abrupt waveguide
bend in lithium niobate with proton-exchanged micro-
prism is fabricated for the first time, we believe, and a great
improvement of bend loss is obtained. (p. 313)

Salon A

3:00pm-3:30pm
Coffee Break and Exhibits

Salon B

3:30pm-5:00pm

ITu) » Quantum Wells II: Heterojunction
Engineering, Optical Gain and
Electroabsorption

Joseph P. Donnelly, MIT Lincoln Laboratory, USA, Presider

3:30pm

ITuJ1 m InGaAs/InAlAs asymmetric triple coupled
quantum well for blue-chirp electroabsorption optical
modulators, Masaki Kato, Kunio Tada, Yoshiaki Nakano,
Univ. Tokyo, Japan. We present a lattice-matched ternary
InGaAs/InAlAs asymmetric triple coupled quantum well
with which blue-chirp electroabsorption optical modulators
with low insertion loss are obtainable. (p. 318)

3:45pm

ITu)2 « MQW waveguide electroabsorption modula-
tors on InGaAsP with absorption edge merging, A.
Ahland, D. Schulz, E. Voges, Univ. Dortmund, Germany. An
optimized InGaAsP based MQW modulator with low chirp
is proposed. The TE absorption is enhanced by field-
induced heavy and light hole absorption merging. (p. 321)

4:00pm

ITu)3 m Design of polarization insensitive semicon-
ductor optical amplifiers at 1300 nm, Sangin Kim,
WoonJo Cho, Xiaobo Zhang, Mark Hopkinson, Anand
Gopinath, Univ. Minnesota, USA. Semiconductor optical
amplifiers at 1300 nm have been built in AlInGaAs, with
tensile strain in the wells to equalize the gain of both
polarizations. (p. 324)



4:15pm

ITuJ4 m Many-body optical gain of wurtzite InGaN
quantum-well lasers, Seoung-Hwan Park, Shun-Lien
Chuang, Univ. lllinois—Urbana-Champaign, USA. Theoreti-
cal results on the optical gain of wurtzite InGaN QW lasers
taking into account the many-body effects are presented
and they agree very well with experimental data. (p. 327)

4:30pm (Invited)

ITul5 m Wavefunction engineering: optimizing
heterostructure design, L.R. Ram-Mohan, WP, USA;
J.R. Meyer, Naval Research Laboratory, USA. Computational
tools permit wavefunction engineering of optical properties
of semiconductor heterostructures with complex geom-
etries, e.g., the Interband Cascade Laser, and allow optimiz-
ing specific physical properties. (p. 330)

Salon C

3:30pm—4:45pm
ITuK = Novel Silicon Based Structures
Gregory A. Magel, Texas Instruments Inc., USA, Presider

3:30pm (Invited)

ITuK1 = Si-based nanostructures for optoelectronics,
Kang L. Wang, Univ. California Los Angeles, USA. The talk
will address the current status and opportunities of Si-based
nanostructures for optoelectronic applications. Si-based
nanostructures can now be prepared by several methods for
sizes down to as small as a few nanometers. We will review
different growth modes as well as the control of strain for
improving the optical properties. Device applications of Si-
based quantum dots, with emphasis onlight emission will
also be discussed. (p. 334)

4:00pm

ITuK2 m Enhancement of propagation characteristics
in all-silicon wavegulde by ion implantation, Giuseppe
Cocorullo, Francesco G. Della Corte, Mario Iodice, Ivo
Rendina, IRECE, Italy; Pasqualina M. Sarro, TuDelft, The
Netherlands. A 7.0 dB/cm propagation loss improvement
and higher confinement are achieved by ion implantation
in all-silicon waveguides matched to fiber size. Simulations
for optimized structures predict 4.0 dB/cm attenuation.

(p. 339)

4:15pm

ITuK3 m Bistable Si-micromachined fiber switches, M.
Hoffmann, P. Kopka, T. Grof, E. Voges, Univ. Dortmund,
Germany. A bistable single-mode fiber optical 1 x 2 switch
based on silicon-micromechanics has been fabricated. The
input fibers is switched and fixed in a V-groove clamp by
use of thermal actuators. (p. 342)

4:30pm

ITuK4 m Polarization insensitive vycor-based optical
waveguide for planar lightwave circults on silicon
substrate fabricated by aerosol flame deposition,
Hyang Gon Jeong, Yong Tae Lee, Young Yun Chun, Jong Ha
Moon, Hyung Jong Lee, Chonnam National University,
South Korea. (p. 345)

Saanich

3:30pm-4:30pm
ITuL « Polymer Based Devices
Lewis Aronson, Hewlett Packard, USA, Presider

3:30pm

1TuL1 m 3D directional coupler device with nine
channels In three layers, Th. Hennig, Ch. Wichter, W.
Karthe, A. Briuer, Fraunhofer Institut fiir Angewandte Optik
und Feinmechanik Jena, Germany; Ch. Véron, Friedrich-
Schiller Univ. Jena, Germany; H. Wolter, Fraunhofer Institute
for Silicate Research Wiirzburg, Germany. Numerical and
experimental results of investigating a compact monomode
powersplitter with a three-dimensional layout are presented.
We show that the chosen configuration is advantageous
with respect to production tolerances. (p. 350)

3:45pm (Invited)

ITuL2 m Polymeric optical space switches, Norbert
Keil, Huihai Yao, Crispin Zawadzki, Heinrich-Hertz-Institut,
Germany. The research and development of polymeric
optical space switches, including interferometric and digital
type switches, are reviewed. These switches will find wide
applications in telecommunications, CATV, LAN and in
sensor and measurement techniques. (p. 353)

4:15pm

ITuL3 m Organic light-emitting diodes for integrated
optics, Yutaka Ohmori, Katsumi Yoshino, Osaka Univ.,
Japan. Organic light-emitting diodes integrated with plastic
waveguides have been proposed and their optical and
electrical characteristics discussed. (p. 356)
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Salon B

8:30am-10:00am
IWA = Device Simulations |
K. Alan Shore, University of Wales, UK., Presider

8:30am

IWA1 = Design and simulation of phased-array
wavelength router with flat response using Fourler
optics concept, Youngchul Chung, Namhoon Kim,
Kwangwoon Univ., Korea. A new design of passband-
flattened phased-array wavelength router based on Fourier
optics concept is presented. The wavefront shaping is
accomplished through proper removal of waveguide
sections and the resulting wavelength router shows the
desired performances. (p. 360)

8:45am

IWA2 = Improved extinction ratio in ultrashort
directional couplers using asymmetric structures,
Boo-Gyoun Kim, Ali Shakouri, Bin Liu, John E. Bowers,
Univ. California—Santa Barbara, USA. The asymmetry
required to realize ultrashort directional couplers (10-200
pm) with high extinction ratio (>30 dB) is analyzed. The
application to fused vertical couplers are discussed.

(p. 363)

9:00am

IWA3 m Amplification of strong plcosecond optical
pulses in semiconductor optical amplifiers, ]. M. Tang,
K.A. Shore, Univ. Wales, U.K. It is shown that both two-
photon absorption and ultrafast nonlinear refraction effects
play important roles in the amplification of picosecond
optical pulses in SOAs. (p. 366)

9:15am

IWA4 = Application of a hybrid implicit-explicit FDTD
scheme to nonlinear distributed Bragg resonators,
Vien Van, Sujeet K. Chaudhuri, Univ. Waterloo, Canada. A
hybrid finite-difference time-domain scheme employing
both explicit and implicit time discretizations is presented,
with application to nonlinear distributed Bragg resonators.
{p. 369)

9:30am

IWAS5 = Efficlent analysis of nonsymmetric perlodic
optical devices, Stefan F. Helfert, Fern Univ., Germany.
The combination of Floquet’s theorem with an impedance
transfer results in a very efficient and stable algorithm for
analysis of nonsymmetric periodic structures. (p. 372)

9:45am

IWA6 m Mode engineering in periodically segmented
waveguides, D. Ortega, ].M. Aldariz, ].S. Aitchison, Univ.
Glasgow, U.K. We report on the fabrication and testing of
Ti:LiNbO, periodically segmented waveguides and the use
of a 3D finite difference beam propagation method to
simulate the evolution of the optical field. (p. 375)

Salon A

10:00am-10:30am
Coffee Break and Exhibits

Salon C

8:30am-10:00am
IWB u Lasers II: WDM/VCSELS
Richard M. DeLaRue, University of Glasgow, UK., Presider

8:30am

IWB1 = Vertical-cavity surface-emitting lasers with
spatially adjustable DBR reflectivity to enable free-
space photonic repeaters, Aaron E. Bond, P. Daniel
Dapkus, Univ. Southern California, USA. By use of selective
oxidation of AlAs, high performance top and bottom
emitting VCSELs were fabricated from the same epitaxial
structure to enable complex free-space optical intercon-
nects. (p. 380)

8:45am

IWB2 = First demonstration of highly TM reflective
and highly polarization-selective diffraction gratings
for long-wavelength VCSELs, S. Goeman, S. Boons, B.
Dhoedt, K. Vandeputte, K. Caekebeke, R. Baets, P. Van
Daele, Univ. Ghent-IMEC, Belgium. We present experimen-
tal results on surface relief gratings in GaAs and InP with
high reflectivity (>85%) and polarization selectivity to
normal incidence. The potential for polarization stabiliza-
tion with a reduced mirror complexity for long-wavelength
VCSELs is discussed. (p. 383)

9:00am

IWB3 m Compact semiconductor lasers with photonic
microstructure mirrors and oxide apertures, Thomas
F. Krauss, Axel Scherer, California Institute of Technology,
USA; John S. Roberts, Sheffield Univ., U.K.; Richard M. De
La Rue, Communications Research Lab, Japan. We demon-
strate the combination of selective oxidation and photonic
microstructure mirrors, which have already shown
reflectivities near 100%, as an enabling technology for
ultracompact light-emitting devices. (p. 386)



9:15am

IWB4 » Simultaneous time-window gating and
wavelength conversion using an injection-locked
Fabry-Periot laser diode, L.Y. Chan, H.K. Tsang, S.P.
Yam, C. Shu, The Chinese University of Hong Kong. An all-
optical time-window gating device has been implemented
using a dual-wavelength injection-locked Fabry—Periot laser
diode. Demultiplexing of a 2 GHz pulse train with
simultaneous wavelength conversion was successfully
demonstrated. (p. 389)

9:30am (Invited)

IWBS5 = Semiconductor integrated devices for all-
optical wavelength conversion, S.J.B. Yoo, Bellcore, USA.
This talk reviews semiconductor wavelength conversion
techniques and examines the advantages and disadvantages
of each technique in light of all-optical network applica-
tions. After a brief introduction of the network issues and a
remark on the O/E/O conversion method, we will discuss
all-optical wavelength converters, which fall into two
categories: optical gating (e.g. cross-gain and cross-phase
modulation) and wavemixing (e.g. four-wavemixing and
difference-frequency-mixing). (p. 392)

Salon A

10:00am-10:30am
Coffee Break and Exhibits

Salon B

10:30am-11:45am
IWC = Device Simulations Il
Anand Gopinath, University of Minnesota, USA, Presider

10:30am

IWC1 m Modeling of normal and backward integrated
electroabsorption modulator and laser, A. Hsu, W.
Fang, S.L. Chuang, Univ. Illinois—-Urbana-Champaign, USA.
A theoretical comparison of the spectrum and longitudinal
photon density profiles for a normal EML and an integrated
wavelength-tunable laser, or backward EML, is presented.
(p. 396)

10:45am

IWC2 m Calculations of highly nondegenerate four-
wave mixing characteristics of A/4-shifted DFB
lasers, Jacques W.D. Chi, Jean Le Bihan, Ecole Nationale
d’Ingénieurs de Brest, France; K. Alan Shore, Univ. Wales,
U.K. An analysis of wavelength conversion using highly
nondegenerate four wave mixing in A/4-shifted DFB lasers
predicts conversion efficiency 220 dB for probe-pump
detuning ~2 THz. (p. 399)

11:00am

IWC3 m Numerical investigation of leaky mode
coupling In VCSELs, G. Ronald Hadley, Sandia National
Laboratories, USA. We investigate various aspects of leaky
mode coupling behavior in VCSELs using a 2D finite
difference model to simulate two coupled pixels. Phase-
locking is shown to occur in a manner consistent with
previous simple models. (p. 402)

11:15am

IWC4 m Nolse properties and selection of transverse
modes In external cavity vertical-cavity surface-
emitting lasers, Angel Valle, L. Pesquera, Instituto de
Fisica de Cantabria, Spain; J. Dellunde, Univ. Barcelona,
Spain; K.A. Shore, Univ. Wales, U.K. Low mode partition
noise of solitary multi-mode vertical cavity lasers is
maintained with optical feedback. Multiple reflections affect
mode selection depending on feedback delay. (p. 405)

11:30am

IWC5 = Simulation of scattering and reflection
problems via solution of the 2D Helmholtz equation,
Frank Schmidt, Konrad-Zuse-Zentrum, Germany. A finite-
element method to solve general scalar reflection problems
is developed. This includes the construction of a new type
of discrete transparent boundary conditions. (p. 408)

12:00m-1:30pm
Lunch Break

Salon C

10:30am-12:00m
IWD = Multimode Optical Interconnects
Lewis B. Aronson, Hewlett-Packard, USA, Presider

10:30am (Invited)

IWD1 = VCSEL devices and packaging for fiber optic
transcelvers, Michael S. Lebby, Motorola, USA. This paper
will detail OPTOBUS™ packaging as well as two ap-
proaches to discrete VCSEL packaging that are commer-
cially competitive: the flip-chip and the angled TO-can.

(p. 412)

11:00am

IWD2 m Optical interface issues in VCSEL-based
multimode fiber-optic interconnects, D. Haritos, K.
Giboney, A. Yuen, P. Rosenberg, B. Lemoff, L. Aronson, L.
Buckman, J. Straznicky, K. Wu, D. Dolfi, Hewlett-Packard
Laboratories, USA. A key component of affordable
fiberoptic links is the optical interface coupling light
between fiber and optoelectronics. Critical issues and
tradeoffs will be discussed. (p. 416)



11:15am

IWD3 = Simple fabrication of WDM filters for byte-
wide, multimode cable interconnects, R.]. Deri, S.
Gemelos, H.E. Garrett, R.E. Haigh, B.D. Henderer, J.D.
Walker, M.E. Lowry, Lawrence Livermore National Labora-
tory, USA. We demonstrate a simple approach to fabricate
add/drop WDM filters for byte-wide multimode fiber
ribbon cable with low loss (1.0 dB) and small footprint.
(p. 419)

11:30am

IWD4 = Four-channel multimode wavelength division
demultiplexer based on photopolymer volume
holographic gratings and substrate-guided waves,
Charles C. Zhou, Sean Sutton, Ray T. Chen, Univ. Texas—
Austin, USA; Boyd V. Hunter, Paul Dempewolf, LightPath
Technologies Inc., USA. We report a multimode four-
channel integrated wavelength division demultiplexer
operating at 750, 780, 810, and 840 nm. Surface-normal
configuration is realized with use of volume holographic
gratings and substrate-guided waves. (p. 422)

11:45am

IWD5 u A planarized two-dimensional multi-wave-
length routing network with 1-to-many cascaded
fanouts, Jian Liu, Ray T. Chen, Univ. Texas—Austin. A
planarized two-dimensional wavelength-division
demultiplexing device is demonstrated to separate and
distribute optical signals having 760, 790, and 820 nm by
integrating stacked input holograms and 1-to-many

cascaded output holograms on a waveguiding plate.
{p. 425)



Workshop on Novel Solitons and Nonlinear

Periodic Structures

March 29-30, 1998

Abstracts and Schedule

M Sunday
M March 29, 1998

Esquilmait

8:45am-10:30am

WSA & Temporal Solitons 1

Benjamin Eggleton, Bell Labs, Lucent Technologies, USA,
Presider

8:45am

Introduction

William Torruellas, Washington State University, USA,
General Chair

Benjamin Eggleton, Bell Labs, Lucent Technologies, USA

9:00am (Keynote)

WSA1 = Massive WDM with solitons: the challenge
and the golden opportunity, Linn E. Mollenauer, Bell
Labs, Lucent Technologies, USA. Systems developers are now
beginning to demand total transmission capacities of many
hundreds of Gbit/s on a single fiber, robust and error-free
over very great distances. Many real world problems, such as
polarization-mode-dispersion, polarization-dependent loss,
and those associated with the required wide wavelength
bands, make this a most daunting challenge. To meet it,
there is no one magic bullet. Rather, one must combine the
very best of dispersion-managed solitons, passive optical
regeneration, and the latest in advanced fiber designs.

10:00am (Invited)

WSA2 » Wavelength division multiplexed (WDM)
solitons: four wave mixing and collision induced
timing Jitter, Mark J. Ablowitz, Univ. Colorado, Boulder,
USA. Wavelength division multiplexed (WDM) soliton
communication offers a number of practical advantages.
However at the same time there are associated potential
technological difficulties. Analytical results will be outlined
regarding two important issues: i) resonance between four
wave mixing (FWM) and amplifier spacing and ii) collision
induced timing jitter due to soliton interactions in the
presence of filters and dispersion management.

Oak Bay

10:30am-11:00am
Coffee Break

Esquilmalt

11:00am-12:30pm

WSB a Temporal Solitons 2

Alejandro B. Aceves, University of New Mexico, USA,
Presider

11:00am (Invited)

WSB1 » Remarkable properties of dispersion
managed solitons, N.J. Doran, W. Forysiak, J.H.B. Nijhof,
A. Niculae, Aston Univ.,, U.K. Dispersion managed solitons
are shown to have remarkable properties related to the map
strength which allows soliton propagation in the normal, as
well as the anomalous, dispersion region.

11:30am (Invited)

WSB2 = Optimal launching of solitons in wavelength-
division-multiplexed dispersion-managed optical
fibers, Tian-Shiang Yang, William L. Kath, Northwestern
Univ., USA. The performance of data transmission in
optical fibers can be significantly improved by varying the
group-velocity dispersion periodically with distance, a
technique known as dispersion management. We use
averaging methods to analyze pulse propagation in such
systems, and derive expressions for the launch points in
wavelength-division-multiplexed systems which minimize
the radiative shedding of energy.

12:00m (Invited)

WSB3 = Chirped nonlinear pulse propagatlon in a
periodically dispersion compensated system, Yuji
Kodama, Osaka Univ., Japan. There exists a quasi-stationary
pulse in an optical transmission line having periodic
dispersion compensation. The width and chirp of the pulse
oscillate with the period of the dispersion compensation.
The average behavior of the pulse can be described by the
nonlinear Schrédinger equation with a nontrapping
quadratic potential. Using this equation, we theoretically
explain several new feature of the pulse.

12:30pm-2:00pm
Lunch Break



Esquilmalt Oak Bay
2:00pm—4:00pm 4:00pm—4:30pm
WSC = Novel Solitons Coffee Break

Falk Lederer, Friedrich Schiller University of Jena, Germany,
Presider

2:00pm (Invited)

WSC1 = Polarlzation domain wall solitons with
counterpropagating beams in optical fibers, G. Millot,
S. Pitois, S. Wabnitz, Université de Bourgogne, France. In
analogy with magnetic materials, cross-polarization
interaction between counterpropagating beams in fibers
leads to topologically stable domain wall solitons. First
experimental observations confirm this prediction.

2:30pm (Invited)

WSC2 = Solitons in systems with gain and loss, N.N.
Akhmediev, Australian National Univ. I consider solitons
generated by passively mode-locked lasers, taking into
account slow and fast parts of the semiconductor saturable
absorber response. Despite the fact that lumped effects are
present in the laser, it can be modeled as a distributed
system in certain conditions. Solitons in these systems have
a number of unusual properties.

3:00pm (Invited)

WSC3 m Ultrafast time-division-multiplexed networks
integrating all-optical access nodes and soliton
technologies, Mohammed N. Islam, Univ. Michigan, USA.
This talk will present the motivation and goals of ultra-
high-speed TDM networks as well as critical technologies
that will be required. In particular, key enabling technolo-
gies required for reading the address on an information
packet at speeds of 100 Gbit/s will be reviewed. Technology
challenges exist in all-optical switching, compact diode-
pumped short pulse lasers, high-speed synchronization and
short pulse propagation in fibers. The materials challenge
centers on the need for high-nonlinearity materials that can
be fabricated into guided-wave structures. Our experiments
on all-optical switching use low-birefringent nonlinear
optical loop mirrors. We use passively-modelocked short
pulse erbium-doped fiber lasers as the optical power
supplies, and we synchronize two lasers using a novel
acousto-optic modulator/grating scheme and a phase-lock
loop. Finally, we will report our progress on integrating the
lasers, logic gates, synchronization circuits and propagation
for rudimentary system demonstrations of header process-
ing at network nodes or add/drop multiplexers.

3:30pm (Invited)

WSC4 m What is the polarization of that soliton?,
Yaron Silberberg, Yaniv Barad, Weizmann Institute of
Science, Israel. We shall discuss the possible polarization
states of optical solitons, and report experiments on
temporal soliton polarization evolution in various environ-
ments.

Esquilmalt

4:30pm—6:30pm
WSD » Spatial Solitons 1

. Alain Barthelemy, University de Limoges, France, Presider

4:30pm (Invited)

WSD1 n» Photorefractive spatial solitons, Mordechai
Segev, Princeton Univ., USA. We present an overview on
spatial solitons in photorefractive materials along with
recent results on 3D collisions of interacting solitons and
self-trapping of incoherent bright and dark light beams.

5:00pm (Invited)

WSD2 um All we know about ‘real solitons’, Yuri
Kivshar, Australian National Univ. I am going to review a
number of common properties of solitary waves of
nonintergrable systems (solitons of real physical models)
comparing them with the results for intergrable systems.
Unlike a common belief that ‘real solitons’ are all different, I
will try to show that, similar to ‘integrable solitons’, solitary
waves of nonintegrable models (e.g., the generalized NLS
equation, two- and three-wave parametric solitons in }®
materials, vectorial solitons, etc.) do possess many common
features. This includes stability, evolution of unstable states
and switching, internal modes, collisions, etc.

5:30pm (Invited)

WSD3 = 1D solitary waves due to cascaded second-
order nonlinearities, Roland Schiek, Technical Univ.
Muechen, Germany. We report on our experiments with (in
1 dimension) self-trapped optical waves in lithium niobate
film waveguides. The formation, steering and interaction of
solitary waves were investigated.

6:00pm (Invited)

WSD4 m Self-localization in nonlinear waveguide
arrays, J. S. Aitchison, R. Morandotti, Univ. Glasgow, U.K.;
H. Eisenberg, Y. Barad, Y. Silberberg, The Weizmann Institute
of Science, Israel. In this presentation we will describe our
experimental results on nonlinear waveguide arrays
fabricated in AlGaAs and operated in the half-band gap
spectral region. We observe evidence of self-localization and
will present results on both strong and weakly coupled
waveguide arrays. The conditions for the observation of
discrete spatial solitons will also be discussed.



IR Monday
I March 30, 1998

Esquilmalt

8:30am-10:30am
WMA = Nonlinear Periodic Structures 1
John Sipe, University of Toronto, Canada, Presider

8:30am (Invited)

WMAL1 = Nonlinear effects In fiber gratings: switch-
Ing, solitons and other surprises, Martijn de Sterke,
Univ. Sydney, Australia. The nonlinear optics of periodic
media is now a blossoming field, with contributions coming
from theory and experiments. Here I review some of the
history of this area, and point to possible future develop-
ments.

9:00am (Invited)

WMA2 = Bragg soliton experiments, R.E. Slusher, B.].
Eggleton, Bell Labs, Lucent Technologies, USA. Bragg solitons
were observed for the first time in 1995 in uniform fiber
gratings. These experiments revealed that at high intensities,
the combination of the strong dispersion provided by the
Bragg grating, along with the third order nonlinear
response give rise to pulse compression and pulse retarda-
tion. Indeed it was confirmed by numerical simulation that
we had observed the formation and propagation of solitons
that propagate at velocities substantially less than the speed
of light. In this talk we discuss our recent experiments
studying soliton propagation and soliton dynamics in novel
fiber grating structures and highly nonlinear materials. The
phenomena of modulational instabilities has been observed
in apodized gratings in good agreement with numerical
simulations and a simple analytical model based on the
nonlinear Schroedinger equation. We have also explored
various schemes for slowing soliton pulses to a fraction of
the speed of light using chirped gratings as well as using
defect states to “trap” solitons. Initial experiments on
soliton-soliton interactions will also be described along
with simulations that show behavior for the symmetric and
anti-symmetric cases that are remarkably similar to solitons
in normal fiber. Initial results on pulse propagation in
highly nonlinear chalcogenide fiber gratings will also be
described.

9:30am (Invited)

WMAS3 = Nonlinear switching using Bragg gratings,
N.G.R. Broderick. D. Taverner, D.]. Richardson, M. Ibsen,
R.I. Laming, Univ. Southampton, U.K. We report on the
construction of three different kinds of nonlinear switches
involving nonlinear fiber Bragg gratings. Two switches
involve gap soliton formation while the last relies on cross-
phase modulation and is based on the optical pushbroom.

10:00am (Invited)

WMA4 » Parametric gap solitons, Stefano Trillo,
Fondazione Ugo Bordoni, Italy. An overview of recent studies
on gap solitons sustained via parametric three-photon
conversion in Bragg structures will be carried out. This will
be made on the basis of recent theoretical achievements
including existence and classification of solutions, their
stability and excitability, and finally outlining the open
problems and directions.

Salon A

10:30am-11:00am
Morning Coffee Break and Exhibits

Esquilmalt

11:00am-1:00pm
WMB = Nonlinear Periodic Structures ll
Herbert G. Winful, University of Michigan, USA, Presider

11:00am (Invited)

WMBL1 = All-optical switching with chirped gratings
in semiconductor optical amplifiers, Govind P. Agrawal,
Drew Maywar, Univ. Rochester, USA. Bragg gratings in a
semiconductor optical amplifier allow access to the
nonlinear effects at much lower powers compared with
those needed for fiber gratings. The response time of the
gain-induced nonlinearity (~100 ps) is fast enough to be
useful for all-optical switches operating at power levels
below 1 mW. In this talk, we discuss the physical mecha-
nism behind such devices and consider how chirped
gratings can be used to improve the switching characteris-
tics.

11:30am (Invited)

WMB2 = Spontaneous emission and nonlinear effects
in photonic band-gap materlials, Ishella S. Fogel, Jon M.
Bendickson, Michael D. Tocci, Mark J. Bloemer, Michael
Scalora, Charles M. Bowden, Jonathan P. Dowling, U.S.
Army Aviation and Missile Command, USA. We summarize
and review our theoretical and experimental work on
spontaneous emission and nonlinear effects in one-
dimensional, photonic band-gap (PBG) structures;
including second-harmonic generation, optical limiting and
switching, and spontaneous emission control.



12:00m (Invited)

WMB3 a Nonlinear Bragg reflectors in semiconductor
waveguides: what, how and why?, Thomas G. Brown,
Univ. Rochester, USA. Periodic structures with a semicon-
ductor as the nonlinear medium were the first to demon-
strate the optical switching behavior that had long been
predicted to occur in nonlinear Bragg reflectors. We discuss
the materials, fabrication, and waveguide design consider-
ations which are important for providing efficient coupling
of pulses into semiconductor periodic structures. Finally, we
will discuss two classes of structures which raise interesting
possibilities for gap-soliton experiments: 1) Higher-order
gratings which (for planar waveguides) allow direct
excitation by radiation modes; and 2) Structures which
allow control over both the amplitude and phase of the
coupling coefficient.

12:30pm (Invited)

WMB4 = Multi-dimenslonal parametric solitons in
photonic bandgaps, Peter Drummond, Univ. Queensland,
Australia. We analyze novel soliton behavior in coupled
periodic structures with a ¥ nonlinearity, via a coupled
mode Hamiltonian. Starting from the mode structure of a
Bragg grating, we are able to reduce this problem to the
travelling-wave x® problem with solitons in one, two or
three dimensions. The analytic results are numerically
checked for stability via the full coupled equations.

1:00pm-2:00pm
Lunch Break

Oak Bay Room

2:00pm-3:30pm
WMC » Poster Session

Esquilmalt

3:30pm-6:00pm
WMD = Spatial Solitons 2
Alex A. Zozulya, University of Colorado, USA, Presider

3:30pm (Invited)

WMD1 » Cavity spatial solitons, L.A. Lugiato, F. Prati, L.
Spinelli, G. Tissoni, Univ. di Milano, Italy; M. Brambilla,
Politecnico di Bari, Italy. We discuss a novel kind of spatial
solitons that are obtained by shining short and narrow laser
pulses in a nonlinear material contained in an optical cavity
driven by a coherent field. We illustrate how they interact,
how they can be controlled, arranged in arrays and utilized
for purposes of information processing.

4:00pm (Invited)

WMD2 = Transverse Instabilities Iin nonlinear optics
and atomoptics, Mark Saffman, Rise National Laboratory,
Denmark. Modulational instabilities of both plane waves
and localized solitary solutions lead to the formation of
complex spatial structures. These instabilities limit single

spatial mode energy transfer in nonlinear media, yet are
also useful as a means of generating sophisticated
waveguide topologies. I will discuss aspects of convective
transverse instabilities in photorefractive, and atomoptical
interactions.

4:30pm (Invited)

WMD3 = Optical vortex propagation dynamics,
Grover A. Swartzlander, Jr., Worcester Polytechnic Institute,
USA. Optical vortices are robust topological features of a
wave that remain in tact in both linear and nonlinear
optical materials. In self-defocusing media they form dark
solitons which resemble graded index optical fibers. These
structures may be used not only to guide light, but, owing
to their propagation dynamics, may also be used to form
dynamic waveguides with variable guiding properties and
reconfigurable positioning. We will describe our experi-
mental and numerical investigations of the propagation
dynamics of optical vortices in linear and nonlinear media,
and describe our efforts to form nonlinear guided wave
modulators, logic gates, and active interconnects.

5:00pm (Invited)

WMD4 = Interaction of spatial photorefractive
solitons, W. Krolikowski, B. Luther-Davies, Australian
National Univ.; M. Saffman, Rise National Laboratory,
Denmark; M. Belic, A. Stepken, Darmstadt Univ. Technology,
Germany. We present results of numerical and experimental
investigations of interaction of 3D spatial solitons in
photorefractive media with anisotropic nonlocal nonlinear
response. We show that collision of photorefractive
screening soliton may result in soliton annihilation, fusion,
or birth. We also demonstrate that photorefractive
nonlinearity leads to anomalous interaction of incoherent
solitons which may experience both attractive or repulsive
force depending on their mutual location and separation.

5:30pm (Invited)

WMDS5 = Spatio-temporal solitons for optical switch-
Ing, Kelvin Wagner, Steve Blair, Kishore Yellampalle, Robert
Mcleod, Univ. Colorado, Boulder, USA. The asymmetric
spatial dragging interaction of initially overlapping
orthogonally polarized 1+1 dimensional spatial, 2+1 D and
3+1 D spatio-temporal optical solitons, in a saturating
nonlinear optical medium will be shown to be capable of
achieving high speed, parallel, phase insensitive, cascadable,
high contrast, logic operations with gain.

6:00pm-7:30pm
Dinner Break

Esquilmalt

7:30pm-9:30pm

WME « Panel Discussion: A Shared Vision
of Novel Solitons and Nonlinear Periodic
Structures

Gaetano Assanto, Terza University of Rome, Italy, Presider
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Nonlinear Guided Waves & Their Applications

Abstracts and Schedule

Il Wednesday
M April 1, 1998

Saanich Room

8:15am—8:30am
Opening Remarks
Martin Fejer, Stanford University, USA

Saanich Room

8:30am—10:00am

NWA = New and Weird Soliton Effects
Stefano Trillo, Fondazione Ugo Bordoni, Italy, Presider

8:30am (Invited)

NWA1 = Optical bullet-holes, William J. Firth, Univ.
Strathclyde, U.K. Stable two-dimensional soliton-like states
occur in many nonlinear optical cavity configurations.
Their physics and potential applications will be reviewed.

9:00am

NWA2 u Observation of multi-hump multi-mode self-
trapped beams, Matthew Mitchell, Mordechai Segev,
Princeton Univ., USA; Demetrios N. Christodoulides, Lehigh
Univ.,, USA. We present the first observation of multi-hump
multi-mode self-trapped beams in nature. Double and
triple humped spatial profiles are found by incoherently
populating two modes of the beams’ self-induced
waveguide.

9:15am

NWA3 m Oscillating cavity solitons with a saturable
defocusing nonlinearity, Dirk Michaelis, Ulf Peschel, Falk
Lederer, Eriedrich-Schiller-Univ. Jena, Germany. We show for
the first time, to our knowledge, that cavity solitons may
undergo a Hopf bifurcation that leads to pronounced self
oscillations.

9:30am

NWA4 » Beam control and switching In nonlinear
meso-optical structures, David S. Citrin, Steven
Tomsovic, William E. Torruellas, Washington State Univ.,
USA. The presence of cross-phase modulation coupling a
strong pump and a trapped intracavity field prevents the
appearance of spatial chaos in an otherwise chaotic
mesoscopic cavity.

9:45am

NWAS = Self-organization, motion and decay of
vectorial dichromatic cavity solitons, U. Peschel, D.
Michelis, C. Etrich, F. Lederer, Friedrich-Schiller-Univ. Jena,
Germany. We demonstrate that symmetry breaking in
intracavity vectorial second harmonic generation leads to
the formation of new types of resting and moving cavity
solitons.

Salon A

10:00am-10:30am
Coffee Break and Exhibits

Saanich Room

10:30am-12:00m
NWB = Nonlinear Waveguides
]. Stewart Aitchison, University of Glasgow, U.K., Presider

10:30am (Invited)

NWB1 = Ultrafast all-optical wavegulde devices
based on bandgap resonant nonlinearities, Patrick
LiKam Wa, CREOL, Univ. Central Florida, USA. Carrier
induced nonlinearities in semiconductor multiple quantum
wells have been utilized to achieve ultrafast optical gating in
waveguide devices. A temporal switching window of 9ps has
been demonstrated.

11:00am

NWB2 u All-optical buffers via localization of two-
color quadratic gap solitons, Gaetano Assanto, Terzo
Univ. Rome, Italy; Claudio Conti, Stefano Trillo, Fondazione
Ugo Bordoni, Italy. Bragg localization of two-color gap
solitons can be achieved in frequency-doubling media. Self-
trapped states are “stored” via collision of
counterpropagating pulses, and probed by another pulse.

11:15am

NWB3 n All-optical switching using modal interfer-
ence resulting from the cascaded nonlinearity, Y.
Back, G. Assanto, R. Schiek, G.1. Stegeman, Univ. Central
Florida, USA. The inversion of the output beam position
from a single lithium niobate channel waveguide was
observed as a result of the modal interference condition
change caused by the cascaded nonlinearity.



11:30am

NWB4 = Optical Bloch oscillations and solitons in
nonlinear arrays with linearly varying wave number,
U. Peschel, F. Lederer, Friedrich-Schiller-Univ. Jena,
Germany; T. Pertsch, Fraunhofer-Institut, Germany. In a
waveguide array with linear variation of the propagation
constant soliton multistability, nonlinearly induced energy
transport and symmetry breaking resulting from discrete-
ness are identified.

11:45am

NWBS n Self-writing channel waveguides in As,S,
thin films by two-photon absorption, Chiara Meneghini,
Alain Villeneuve, Univ. Laval, Canada. Self-writing of
channel waveguides in As,$, thin films, by two-photon
absorption of femtosecond pulses near 800 nm, is pre-
sented.

12:00m-1:30pm
Lunch Break

Saanich Room

1:30pm-3:00pm

NWC » Dispersion Managed Solitons

Alexei N. Pilipetskii, TYCO Submarine Systems Laboratories,
USA, Presider

1:30pm (Invited)

NWC1 = Dispersion-managed soliton systems, Gary
M. Carter, John M. Jacob, Univ. Maryland—Baltimore
County, USA. We present experimental evidence and
modeling that indicate pulse dynamics and communication
performance are closely coupled by in-line optical filters in
dispersion-managed soliton systems.

2:00pm

NWC2 = Dispersion management in optical fiber
links: a differential equation for the eigenmode(s), C.
Paré, P.-A. Bélanger, Univ. Laval, Canada. An ordinary
differential equation for the stationary chirped pulse
propagating in a dispersion-managed system is derived and
solved. We discuss the existence of higher-order solutions
and the possible implications for optical communications.

2:15pm

NWC3 m Analysis of stabilizing effect of filters in
dispersion-managed soliton systems, Masayuki
Matsumoto, Osaka Univ,, Japan. Effects of guiding filters on
dispersion-managed solitons is theoretically analyzed. It is
shown that the strength of stabilization of pulse energy
decreases as the strength of the management is increased.

2:30pm

NWC4 = Conditions for stationary pulse propagation
in the strong dispersion management regime, T.I.
Lakoba, D.J. Kaup, Clarkson Univ., USA; J. Yang, Univ.
Vermont, USA; B.A. Malomed, Tel Aviv Univ., Israel.
Analytical conditions for stationary propagation of a
Gaussian pulse in a strongly dispersion-managed fiber are
obtained and verified numerically. Both the lossless fiber
and that with losses and periodic amplification are
considered.

2:45pm

NWCS5 m Dispersion-managed solitons with average
normal dispersion, Stephen G. Evangelides Jr., Tyco
Submarine Systems Ltd. Laboratories, USA; J. Nathan Kutz,
Hong Kong Polytechnic Univ. Using a variational approach,
we demonstrate that dispersion-managed solitons can exist
even when the path average dispersion is in the normal
regime.

Salon A

3:00pm-3:30pm
Coffee Break & Exhibits

Saanich Room

3:30pm—4:30pm
NWD s Frequency Mixing in Waveguides
Martin M. Fejer, Stanford University, USA, Presider

3:30pm (Invited)

NWD1 = Wavelength conversion by difference-
frequency-generation for telecommunications
applications, S.]. B. Yoo, Bellcore, USA. This paper reviews
difference-frequency-generation (DFG) in light of all-
optical network applications. Compared to other wave-
length conversion techniques, DFG offers a number of
unique advantages including strict transparency to signal
formats, simultaneous multi-channel conversion, and chirp
reversal. Recent results obtained on DFG in an AlGaAs
waveguide show polarization independent simultaneous
conversion of 2.5 and 10 Gb/s signals.

4:00pm

NWD2 = Efficient generation of infrared light in
LiNbO, waveguides with integrated coupling struc-
tures, M.H. Chou, M.A. Arbore, M.M. Fejer, Stanford
Univ., USA; A. Galvanauskas, D. Harter, IMRA America Inc.,
USA. We report generation and wavelength conversion of
infrared light by difference frequency mixing and optical
parametric generation in periodically poled LiNbO,
waveguides. Integrated coupling structures were used for
efficient launching of the input light.



4:15pm

NWD3 = Third harmonic generation of Nd:YAG laser
light In periodically poled LINbO, wavegulde, K.
Kintaka, M. Fujimura, T. Suhara, H. Nishihara, Osaka Univ,
Japan. We demonstrate a LINDO, waveguide device with
cascading a quasi-phase-matched second-harmonic
generation part and a quasi-phase-matched sum-frequency
generation part, and achieved 355 nm light generation.

Oak Bay and Esquimalt Rooms

4:30pm—6:30pm
NWE » Poster Session |

NWE1 a Dispersion management in optical fiber
links: self-consistent solution for the RMS pulse
parameters, P.-A. Bélanger, C. Paré, Univ. Laval, Canada.
Self-consistent solutions and propagation laws for the RMS
characteristics of the stationary pulse of a dispersion-
managed system are derived from invariance relations of
the nonlinear Schrodinger equation and second-order
moment theory.

NWE2 » Conjugate solitons in optical fibers, Stefan
Wabnitz, Univ. Bourgogne, France; J. Soto-Crespo, Instituto
de Optica, Spain. A new class of two-color stable coupled
solitary waves is found, which represents the optimal
frequency conversion of an ultrashort soliton pulse.

NWE3 = Soliton propagation in the vicinity of a two-
photon resonance, J. Hickmann, ].M. de Oliveira, Solange
B. Cavalcanti, Univ. Federal de Alagoas, Brazil. We investigate
the effects of frequency dispersion of the nonlinear
susceptibility associated with two-photon resonance,
obtaining the necessary conditions for a solitary wave
solution, even in the presence of a self-steepening term.

NWE4 m Higher-order quasi-solitons of an adapted
dispersion profile, C. Paré, Univ. Laval, Canada. It is
argued that the dispersion profile adapted to the so-called
“quasi-soliton” introduced by Kumar and Hasegawa can
also support higher-order modes sharing the same
propagation law.

NWES = Nonlinear gulded soliton pulse trains in lossy
optical fibers, M.V. Guerreiro das Neves, ].A.M. Brandio
Faria, IST, Portugal. A numerical simulation procedure
aiming at the analysis of soliton pulse train propagation in
nonlinear lossy fibers is presented. The simulation, based on
the SSFM, is applied to a train of three soliton pulses,
showing that strong interaction among pulses may occur
even when an amplitude diversity strategy is employed.

NWES6 = Robust solitary waves in fiber transmission
lines with semiconductor optical amplifiers, M. Gélles,
I.M. Uzunov, E. Lederer, Freidrich-Schiller-Univ. Jena,
Germany. A family of stationary solutions in a fiber
transmission line with semiconductor optical amplifiers
was identified. They are robust against fluctuations of the
input amplitude.

NWE7 = Bright and dark pulses in fiber lasers and
optical transmisslon lines, Adrian Ankiewicz, Nail
Akhmediev, Australian National Univ.; ]. M. Soto-Crespo,
Instituto de Optica, Spain. We present a segment energy
balance method for obtaining exact solutions of the
complex Ginzburg-Landau equation. The method allows us
to analyze various types of solutions.

NWES = Periodically conjugated solitons in disper-
slon-managed optical fiber, Jaime Pifia, Bryan Abueva,
Christopher G. Goedde, DePaul Univ., USA; William L.
Kath, Northwestern Univ., USA. The averaged evolution
equation for very short solitons in dispersion-managed
fiber with periodic optical phase conjugation is derived and
compared with numerical simulations.

NWE9 » Modulational instablility in a communication
link exploiting a negative nonlinearity for compensa-
tion of self-phase modulation, C. Paré, A. Villencuve, S.
Larochelle, Univ. Laval, Canada. We show that the use of a
medium exhibiting a negative nonlinearity for the compen-
sation of nonlinear effects incurred along an optical
communication line may induce a sideband instability.

NWE10 = 40 Gbit/s soliton transmission over
standard fiber with dispersion management, Donald
Govan, W. Forysiak, N.J. Doran, Aston Univ., UK. Usc of a
novel dispersion map has been shown to allow the propaga-
tion of soliton-like pulses over more than 2000 km of
standard fiber at 40 Gbit/s.

NWE11 = Propagation of light beam in sillenite
crystal with a square-wave applled field, Stanislav M.
Shandarov, Nadezhda I. Nazhestkina, Oleg V. Kobozev,
Rudol’f V. Litvinov, State Univ. Control Systems and
Radioelectronics, Russia; Yuri F. Kargin, Vladimir V. Volkov,
Institute of General and Chemistry of Russian Science, Russia.
We consider a one-dimensional space-charge field induced
in sillenite crystal with an applied square-wave electric field
during propagation of a light beam and report on the
experimental investigation of the self-bending of light beam
in Bi,,TiO, crystal.

NWE12 » Geometric control of harmonic generation,
Gregory Luther, Northwestern Univ.,, USA; M.S. Alber, Univ.
Notre Dame, USA; ].E. Marsden, California Institute of
Technology, USA; .M. Robbins, Hewlett-Packard Labs., USA.
Analogs of the Poincaré sphere are introduced to analyze
control strategies for harmonic generation.



NWE13 = Continuous-wave measurement of the fiber
nonlinear Index, D. Monzon, A.N. Starodumov, Yu.O.
Barmenkov, I. Torres, Centro de Investigaciones en Optica,
Mexico. A method for measuring the fiber nonlinear
refractive index is demonstrated. A cw optical source and
direct intensity measurements permits one to avoid errors
caused by fiber dispersion and uncertainty of spectral peak
difference measurements for pulse-based methods.

NWE14 » Packet networks using all-optical bit serial
processing, K.J. Blow, A. Poustie, R.J. Manning, BT
Laboratories, U.K. The design of a subsystem of an optical
packet receiver is used to illustrate the application of bit
serial processing in ultrafast data networks.

NWE15 = Generatlon of spatial solitons from guided
modes of nonlinear waveguldes, R.W. Micallef, Y.S.
Kivshar, ].D. Love, Australian National Univ.; D. Burak, R.
Binder, Univ. Arizona, USA. The nonlinear modes of a slab
waveguide may be used to generate single solitons waves,
bound states of two solitons, or two repelling solitons.

NWE16 » Spatial control of pulses in quadratic
nonlinear materials, R. Cerioni, C. Sibilia, M. Bertolotti,
Univ. Roma, Italy; ]. Dekket, Univ. Twente, The Netherlands.
A numerical study of the propagation of intense beams in a
quadratic nonlinear material is presented, when a second
harmonic amplification process occurs. Sinusoidal spatial
amplitude modulation of the input fields is shown to be
able to control the splitting of the propagating beams and
their stability.

NWE17 = Generalized higher-order nonlinear evolu-
tlon equation for multi-dimensional spatio-temporal
propagation, Steve Blair, Kelvin Wagner, Univ. Colorado,
USA. A nonlinear wave equation is presented that describes
propagation with large spatial and temporal frequency
bandwidths. Stabilized spatiotemporal solitary wave
propagation is also shown.

NWE18 = Theory of mixed-polarization spatial
solitons in anisotropic cubic media, David Hutchings,
J.M. Arnold, Univ. Glasgow, U.K.; D.E. Parker, Univ.
Edinburgh, U.K. The polarization dynamics of spatial
solitons in anisotropic, cubic non-Kleinmann media (e.g.,
AlGaAs at the half-bandgap) are addressed. The consider-
ation of plane-wave stationary solutions and their stability
helps explain the numerical results for the spatial soliton
case.

NWE19 = Nonparaxiality stabilizes three-dimensional
soliton beams In Kerr media, A.P. Sheppard, Australian
National Univ.; M. Haelterman, Univ. Libre de Bruxelles,
Belgium. Considering the nonparaxial wave equation, we
show, on the basis of simple physical arguments, that three-
dimensional soliton beams in Kerr media are stable.

NWE20 = Selffocusing and solitary waves in bulk
media with quadratic and cubic nonlinearity, Ole Bang,
Australian Photonics Cooperative Research Centre; Yuri S.
Kivshar, Alexander V. Buryak, Australian Defence Force
Academy; Alfredo De Rossi, Stefano Trillo, Fondazione Ugo
Bordoni, Italy. We find the existence and stability regimes
and dynamical properties of bright solitary waves in bulk
media with quadratic and cubic nonlinearities.

NWE21 = Efficient birefringence phase-matched blue
light second-harmonic generation in KNbO, ridge
waveguldes, Tomas Pliska, Daniel Fluck, Peter Giinter,
Emilio Gini, Hans Melchior, Swiss Federal Institute of
Technology, Switzerland; Lutz Beckers, Arne Eckau,
Christoph Buchal, Forschungszentrum, Germany. Ridged
channel waveguides in KNbO, were fabricated with use of a
new technique involving He* ion implantation and Ar* ion
sputtering. A continuous-wave second-harmonic power of
14 mW at 438 nm was obtained with an in-coupled
fundamental power of 340 mW.

NWE22 = Flip-flop operation based on symmetry
breaking in vectorial intracavity second harmonic
generation, Falk Lederer, Ulf Peschel, Christoph Etrich,
Friedrich-Schiller-Univ. Jena, Germany. We show that
beyond a certain input amplitude symmetry breaking
occurs in vectorial intracavity second harmonic generation.
This effect can be exploited for flip-flop operation.



I Thursday
M April 2, 1998

Saanich Room

8:30am-10:00am
NThA = Temporal Propagation Effects |
Nail Akhmediev, University of Canberra, Australia, Presider

8:30am

NThA1 m Average dark soliton dynamics in perlod-
Ically dispersion-compensated fiber transmission
systems, Yijiang Chen, Australian National Univ.; Javid
Atai, Univ. Sydney, Australia. We examine propagation of
dark solitons in periodically dispersion-compensated
(PDC) fiber transmission systems. Distinctive features of
the dark soliton in PDC transmission systems are reported
and are compared with the bright soliton.

8:45am

NThA2 m Dark soliton train generation in a birefrin-
gent fiber, Stefan Wabnitz, G. Millot, E. Seve, Univ.
Bourgogne, France; M. Haelterman, Univ. Bruxelles, Belgium.
Experiments show that modulational polarization instabil-
ity in a normally dispersive low-birefringence optical fiber
leads to ultrashort dark soliton-like trains with THz
repetition rates.

9:00am

NThA3 = Modulational instabilities in a nonlinear all-
fiber cavity, S. Coen, M. Haelterman, Ph. Emplit, Univ.
Libre de Bruxelles, Belgium. We show theoretically and
experimentally that modulational instability plays an
essential role in the dynamics of a nonlinear fiber cavity
even in the normal dispersion regime.

9:15am

NThA4 = Gain characteristics in birefringent fiber
optical parametric amplifiers, T. Sylvestre, H. Maillotte,
E. Lantz, Univ. Franche-comté, France. A characteristic bell-
shaped gain curve versus the pump power for parametric
amplification in birefringent fibers is experimentally
demonstrated, as a result of intensity-dependent phase-
matching conditions and nonphase-matched waves.

9:30am

NThAS m Stabllity criterion and multistability of Kerr-
like gap solitons, Alfredo De Rossi, Claudio Conti,
Stefano Trillo, Fondazione Ugo Bordoni, Italy. We derive a
stability criterion for gap solitons, which predicts stability in
fibers, whereas a defocusing self-phase modulation leads to
multistability, wobbling, and decay of gap solitons.

9:45am

NThA6 = Mixing of a laser beam and a spectrum of
light In a birefringent optical fiber, Kin Seng Chiang,
Kar Pong Lor, Yuk Tak Chow, City Univ. Hong Kong. We
demonstrate that a laser beam and a spectrum of light can
mix in a birefringent optical fiber to generate a distinct
frequency-shifted beam.

Lower Lobby

10:00am-10:30am
Coffee Break

Saanich Room

10:30am-12:00m
NThB = Semiconductor Nonlinearities
Alain Villeneuve, University of Laval, Canada, Presider

10:30am (Invited)

NThB1 = Switching in low-temperature-grown InGaAs
MQWSs, Ryo Takahashi, NTT Opto-electronics Laboratories,
Japan. A 250-fs all-optical switch is demonstrated with use
of low-temperature-grown InGaAs MQWs. It has many
possible applications, such as to demultiplexers, repeaters,
and samplers.

11:00am

NThB2 = Effect of two-photon absorption nonlinearity
on short pulse propagation in semiconductor optical
amplifiers at transparency, ].M. Tang, K.A. Shore, Univ.
Wales, U.K. We show that the effects of two-photon
absorption and ultrafast nonlinear refraction are essential
for describing experimental results on the propagation of
strong picosecond optical pulses in semiconductor optical
amplifiers at the transparency point.

11:15am

NThB3 = All-optical regenerative memory with full
read/write capability, A.). Poustie, A.E. Kelly, K.J. Blow,
R.J. Manning, BT Laboratories, U.K. We demonstrate an all-
optical regenerative memory with the capability to write
and read-out optical pulses at any time slot in an optical
fiber delay line.

11:30am (Invited)

NThB4 = Vertical wavegulding in etched semiconduc-
tor nonlinear microcavities, Jean-Louis Oudar, Thomas
Rivera, France Telecom-CNET, France. Vertical waveguiding
in monolithic bistable microcavities improves the device
efficiency, by avoiding the diffraction losses of planar
structures. Scaling of optical loss with microresonator
diameter is discussed.

12:00m-1:30pm
Lunch Break



Saanich Room

Lower Lobby

1:30pm-3:00pm
NThC = Photorefractive and Kerr Solitons
Mordechai Segev, Princeton University, USA, Presider

1:30pm (Invited)
NThC1 = Self-trapped optical beams In semiconduc-
tors, M. Chauvet, S.A. Hawkins, G.J. Salamo, Univ.

Arkansas, USA; M. Segev, Princeton Univ., USA; D.F. Bliss, G.

Bryant, U.S. Air Force, Rome Laboratory, USA. We discuss
experimental evidence for trapping of one and two-
dimensional beams by the photorefractive effect in InP:Fe.
In addition, we report on the collision between two trapped
beams. Results are different than those found in insulators.

2:00pm

NThC2 m Generation and propagation of stable
periodic arrays of soliton stripes in a bulk Kerr liquid,
Hervé Maillotte, Régis Grasser, Univ. Franche-Comté,
France. Stable periodic arrays of Kerr soliton stripes are
generated within bulk carbon disulfide and propagate
through the medium by controlling modulation instability
with Bragg diffraction.

2:15pm

NThC3 m Anomalous Interaction of spatial solitons in
photorefractive medla, Wieslaw Krélikowski, Barry
Luther-Davies, Australian National Univ.; Mark Saffman,
Risg National Laboratory, Denmark; Cornelia Denz,
Darmstadt Univ. Technology, Germany. We investigate the
interaction of mutually incoherent spatial solitons in
photorefractive media with anisotropic nonlocal nonlinear
response. We show that the photorefractive nonlinearity
leads to an anomalous interaction between solitons.
Theoretical and experimental results reveal that an
incoherent soliton pair may experience both attractive and
repulsive forces, depending on their mutual separation.

2:30pm

NThC4 m Incoherent dark quasi-solitons in biased
photorefractive media, Tamer H. Coskun, Demetrios N.
Christodoulides, Lehigh Univ., USA; Matthew Mitchell,
Zhigang Chen, Mordechai Segev, Princeton Univ., USA. We
show that incoherent dark solitons are possible in biased
photorefractive crystals. Their coherence properties are also
affected by the self-trapping process.

2:45pm

NThCS m Self-trapping of dark incoherent light
beams, Zhigang Chen, Matthew Mitchell, Mordechai
Segev, Princeton Univ., USA; Tamer H. Coskun, Demetrios
N. Christodoulides, Lehigh Univ., USA. We report, we
believe, the first observation of self-trapping of dark
incoherent beams (dark stripes and vortices) in nonlinear
media, or the first observation of self-trapping of dark
incoherent wavepackets in nature.

3:00pm-3:30pm
Coffee Break

Saanich Room

3:30pm—4:30pm

NThD =« WDM Soliton Systems

Pavel V. Mamyshev, Bell Labs/Lucent Technologies, USA,
Presider

3:30pm (Invited)

NThD1 m Massive WDM with solitons, Linn F.
Mollenauer, P.V. Mamyshev, Bell Labs, Lucent Technologies,
USA. To meet the present demands of system builders, we
are attempting to develop massive (many hundreds of
Gbit/s total capacity) WDM at per-channel rates of

10 Gbit/s or higher, robust and error-free over trans-oceanic
distances. We believe that this can be done only by combin-
ing the very best version of dispersion-managed solitons,
sliding-frequency filters, and fibers with improved (low-
slope) dispersion characteristics. Experimental results will
be reviewed.

4:00pm

NThD2 = Collision-induced timing jitter in dispersion-
managed soliton systems, Mark J. Ablowitz, Gino
Biondini, Sarbarish Chakravarty, Rudy L. Horne, Univ.
Colorado, USA. Collision-induced timing jitter in a
wavelength-division-multiplexed soliton system is studied
with damping, amplification, filtering, and dispersion
management.

4:15pm

NThD3 m Soliton collisions in strong dispersion-
managed WDM systems, Anne Niculae, W. Forysiak, N.J.
Doran, Aston Univ,, UK. A modified theory of soliton
collisions in strongly dispersion-managed systems is
presented. Ten-fold suppression of the residual frequency
shift is obtained.

Oak Bay and Esquimalt Rooms

4:30pm—6:30pm
NThE = Poster Session I

NThE1 m Waveguides induced by photorefractive
screening solitons, Ming-feng Shih, Zhigang Chen,
Matthew Mitchell, Mordechai Segev, Princeton Univ., USA;
Howard Lee, Robert S. Feigelson, Jeffrey P. Wilde, Stanford
Univ., USA. Waveguides induced by 1D screening solitons
are studied theoretically and experimentally. Bright-soliton-
induced waveguides can be multimode, depending on
soliton parameters, whereas dark-solitons-induced
waveguides are single mode.



NThE2 m Bright and dark discrete solitons in
waveguide arrays with quadratic nonlinearity, E.
Lederer, S. Darmanyan, A. Kobyakov, Friedrich-Schiller-
Univ. Jena, Germany. The existence and stability of bright
and dark highly localized discrete modes in an array of
waveguides with quadratic nonlinearities is analytically and
numerically studied.

NThE3 m Existence and stability of dark solitary
waves in the presence of third-harmonic generation,
Rowland Sammut, A.V. Buryak, Australian Defence Force
Academy; Y.S. Kivshar, Australian National Univ. We show
that parametric coupling between the fundamental and
third-harmonic frequencies in Kerr media may lead to
either modulational instability or other instability mecha-
nisms for dark spatial solitary waves.

NThE4 = Stable dark and vortex parametric solitons
due to competing nonlinearities, Alexander Buryak,
Australian Defence Force Academy; Tristram J. Alexander,
Yuri S. Kivshar, Australian National Univ. We demonstrate
how the influence of a weak Kerr effect in quadratic
nonlinear media can eliminate parametric modulational
instability of plane waves, leading to the existence of stable
dark and vortex solitons.

NThES = All-optical soliton switching in periodically
poled lithlum nlobate, E. Ibragimov, Michigan Technologi-
cal Univ., USA. Effective soliton switching of a 1-ps 1.55-um
pulse is predicted in a 12-mm crystal of periodically poled
lithium niobate. Intensity of the control pulse is 55 MW/
cm?.

NThE6 m Vector cw and solitary wave interactions
with mixed Type I-Type Il second-harmonic genera-
tion, A.D. Boardman, P. Bontemps, K. Xie, Univ. Salford,
U.K.; D. Parker, Univ. Edinburgh, U.K. Vector equations
appropriate to a mixed Type I-Type I second-harmonic
generation are used to model polarization-controlled
switching and solitary wave applications will be discussed.

NThE7 m Semiconductor heterostructure
bandstructure algorithms for the determination of
nonlinear optical coefficients, David Hutchings, ].M.
Arnold, Univ. Glasgow, U.K. Semiconductor heterostructure
bandstructure algorithms are developed for the computa-
tion of second- and third-order nonlinear optical coeffi-
cients. The influence of the upper conduction band,
responsible for bulk second-order effects and anistropy, is
addressed.

NThES = Stability of quasi-periodic solltary pulse
trains In nonintegrable Hamiltonlan wave systems,
J.M. Arnold, Univ. Glasgow, U.K. Interactions of solitary
pulses in a nonlinear Hamiltonian wave system are
examined with use of a Lagrangian perturbation theory,
leading to a variant of the Complex Toda Lattice.

NThE9 = Phase-locking and perlodic evolution of
solitons in passively modelocked fiber lasers with
slow saturable absorber, José M. Soto-Crespo, Instituto
de Optica, Spain; Nail Akhmediev, Australian National Uniyv.
We found that, in the laser system with birefringent fiber,
four different branches of solitons can be generated
including phase-locked soliton states.

NThE10 m Soliton-like pulses generated by
modelocked lasers with either slow or fast saturable
absorber response, N.N. Akhmediev, A. Ankiewicz, M.J.
Lederer, B. Luther-Davies, Australian National Univ. We
present a new exact solution for pulses generated by
passively modelocked lasers, taking into account slow and
fast parts of the saturable absorber response.

NThE11 = Controlling chaos In a simple nonlinear
fiber resonator, S. Lynch, A.L. Stecle, Manchester Metro-
politan Univ,, U.K. Control of instabilities in a nonlinear
fiber resonator described by the Ikeda map is achieved by
use of targeting and the Ott, Grebogi, and Yorke method.

NThE12 = An experimental investigation of Stokes
pulse energy noise in an optical fiber Raman genera-
tor, David Baiocchi, Peng Her, Panagiotis Sidereas, John R.
Thompson, DePaul Univ., USA. Statistical features of multi-
order Raman generation are presented, including local
noise minima, reshaping of pulse energy distributions, and
statistical effects of the broad gain spectrum.

NThE13 = The role of birefringence in modulation
instability fiber ring resonators, Alessandro Tonello,
Univ. Padova, Italy. Modulation instability gain in fiber ring
cavities could be strongly conditioned by intrinsic and
induced birefringence. Through linear stability analysis,
tunable parametric converters are investigated.

NThE14 = Switching of short pulses in nonlinear
directional couplers: effects resulting from the
dispersion of the coupling coefficient, Kin Seng
Chiang, Ping Shum, City Univ. Hong Kong. We show with
examples that a dispersive coupling coefficient can have
significant effects on the switching dynamics of short pulses
in a nonlinear directional coupler.

NThE15 = Three-channel directional coupler with an
optically induced grating, Ewa Weinert-Raczka, Technical
Univ. Szczecin, Poland. An asymmetric three-channel
directional coupler with a thin optically induced grating as
an all-optical switching and wavelength demultiplexing
element with memory is analyzed.

NThE16 = Influence of high probe power on multi-
wave mixing characteristics of semiconductor lasers,
J.M. Tang, K.A. Shore, Univ. Wales, U.K. We demonstrate
that pump depletion and carrier diffusion effects are
important for the enhanced nonlinear mixing process in
semiconductor lasers subject to high probe power.



NThE17 m Active polarization converter In AlGaAs,
Marie Fontaine, Univ. Québec @ Hull, Canada. The design of
an AlGaAs active polarization converter operated at photon
energies below the band gap has been optimized to allow
efficient all-optical switching.

NThE1L8 = Raman-effect-based optical switching In
highly GeO_-doped fibers, A.N. Stavodumov, Yu.O.
Barmenkov, A. Martinez, 1. Torres, Centro de Investigaciones
en Optica, Mexico. A switching energy of about 1 pJ is
predicted for an ultrafast switch based on Raman and Kerr
effects in a Sagnac interferometer with highly GeO,-doped
fibers. 35 dB gain and switching have been demonstrated
experimentally with the switching power of 130 W.

Crystal Ballroom, Empress Hotel

6:30pm-7:30pm
Conference Reception

XXXV
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Saanich Room

8:30am-10:15am

NFA = Second-Order Processes and
Materials

Pierre-Andre Belanger, University of Laval, Canada, Presider

8:30am (Invited)

NFA1 m Experimental processing of light pulses with
quadratic nonlinearity under type 11 phase-matched
conditions, Alain Barthelemy, IRCOM, France. Early
experiments demonstrating the capability of nonlinear
propagation in quadratic material for ultrafast processing of
light signal such as, switching, phase modulation, phase
conjugation, and transistor operation will be reported.

9:00am

NFA2 = Nonlinear phase shift and all-optical switch-
ing In quasi-phase-matched quadratic media, Andrey
Kobyakov, Falk Lederer, Friedrich-Schiller-Univ. Jena,
Germany; Ole Bang, Yuri S. Kivshar, Australian National
Univ. We analytically study the influence of the induced
cubic nonlinearity on the amplitude and phase modulation
in quadratic QPM media and predict efficient all-optical
switching.

9:15am

NFA3 m Competing nonlinearities at the origin of
temporal soliton formation in a femtosecond OPO,
William E. Torruellas, Pey-Shuan Jian, Washington State
Univ., USA; UIf Peschel, Cristoph Etrish, Falk Lederer,
Friedrich-Schiller-Univ., Germany; Stefano Trillo, Fondacione
Ugo Bordoni, Italy; Marc Haelterman, Univ. Libre de la Paix,
Belgium. Soliton-like pulse formation can be understood
and modeled in repetitively pumped OPOs with competing
second- and third-order nonlinear interactions.

9:30am

NFA4 m Cascading of second-order processes in a
type Il phase-matched SHG crystal applied to
modelocking of a cw Nd:YAG laser, V. Couderc, O. Guy,
L. Lefort, A. Barthélémy, Institut de Recherche en Communi-
cations Optiques et Microondes, France. Passive modelocking
of a cw Nd:YAG laser using nonlinear polarization
evolution resulting from cascading in a phasematched KTP
crystal is demonstrated for the first time, we believe.

9:45am

NFA5 s Measurement of the nonuniformity of the
wave-vector mismatch in waveguldes for second-
harmonlc generation, R. Schiek, H. Fang, C.G. Trevifio-
Palacios, G.1. Stegeman, Univ. Central Florida, USA. An
inverse Fourier transformation of the second-harmonic
field tuning curve yields the nonuniform wave-vector
distribution along a waveguide for second-harmonic
generation.

10:00am

NFA6 m The seeding and all-optical patterning of
polymer materials, J.-M. Nunzi, C. Fiorini, A.-C. Etilé,
CEA/Saclay, France. The nonlinear excitation of organic
molecules in polymer matrices using dual-frequency beams
permits the achievement of a large and permanent second-
order nonlinearity. The practical case of polymer fibers is
discussed.

Lower Lobby

10:15am-10:45am
Coffee Break

Saanich Room

10:45am-12:00m
NFB = Postdeadline Paper Session

12:00m-1:30pm
Lunch Break

Saanich Room

1:30pm-3:00pm

NFC = Temporal Propagation Effects 1l
Stephen G. Evangelides, Tyco Submarine Systems Ltd.
Laboratories, USA, Presider

1:30pm

NFC1 = Stable multiple pulses in optical fibers with
phase-sensitive amplification, R.O. Moore, W.L. Kath,
Northwestern Univ., USA; Ba. Sanstede, Ohio State Univ.,
USA; C.K.R.T.Jones, Brown Univ., USA; J.C. Alexander,
Univ. Maryland, USA. We demonstrate stable multiple
pulses with distinct, easily distinguished energies in an
optical fiber storage loop where phase-sensitive amplifica-
tion is used to compensate linear loss.

1:45pm

NFC2 m Pulse-pulse interaction in systems with gain
and loss, N.N. Akhmediev, A. Ankiewicz, Australian
National Univ.; .M. Soto-Crespo, Instituto de Optica, Spain.
We present novel stable solutions that are soliton pairs of
the complex Ginzburg-Landau equation, and analyze them
on the two-dimensional phase plane (“interaction plane”).



2:00pm

NFC3 = Nolse reduction of 20 Gbit/s pulse train
using spectrally filtered optical solitons, Masaki
Asobe, Akira Hirano, Yutaka Miyamoto, Kenji Sato, Kazuo
Hagimoto, Yoshiaki Yamabayashi, NTT Optical Network
Systems Laboratories, Japan. We demonstrate that the
spectrally filtered soliton is effective in improving the
signal-to-noise ratio of optical transmitters, repeaters, and
receivers.

2:15pm

NFC4 m Self- and cross-phase modulation of chirped
pulses: spectral imaging of pulse temporal profile,
LK. Mouradian, Yerevan State Univ., Armenia; C. Froehly, F.
Louradour, A. Barthelemy, Institut de Recherche en Commu-
nications Optiques et Microondes, France. A nonlinear-optic
Fourier transformer is proposed and experimented for
femtosecond pulse measurements. It reproduces in the
frequency domain the temporal envelope of input signal.

2:30pm

NFCS5 m The effect of pump fluctuation In
supercontinuum pulse generation, Kunihiko Mori,
Hidehiko Takara, Satoki Kawanishi, NTT Optical Network
Systems Laboratories, Japan. Noise amplification or
suppression in the supercontinuum generation process is
found to be dependent on the pump power and the
observed wavelengths.

2:45pm

NFC6 = 450 kW, all-fiber, picosecond chirped pulse
amplification system based on a large mode area
fiber Bragg grating compressor, N.G.R. Broderick, D.J.
Richardson, D. Taverner, J.E. Caplen, L. Dong, M. Ibsen,
Univ. Southampton, U.K. We report the amplification of
picosecond pulses to microjoule energy levels and pulse
peak powers in excess of 450 kW in an all-fiber chirped
pulse amplification system based on novel large mode area
fiber components.

Lower Lobby

3:00pm-3:30pm
Coffee Break

Saanich Room

3:30pm-5:00pm
NFD = Non-Kerr and Quadratic Solitons
David Richardson, Southampton University, UK, Presider

3:30pm (Invited)

NFD1 = Non-Kerr spatial solitons, Allan W. Snyder,
Australian National Univ. Non-Kerr spatial solitons are the
building blocks for virtual circuitry. I introduce novel
findings from a unifying perspective, including those on
incoherent solitons.

4:00pm

NFD2 » One-dimensional quadratic walking solitons
in lithium niobate planar waveguides, Y. Baek, R.
Schiek, G.I. Stegeman, Univ. Central Florida, USA. The
properties of one-dimensional quadratic walking solitons
were investigated in planar lithium niobate waveguides near
the Type I phase-matching condition for second harmonic
generation.

4:15pm

NFD3 = Two-dimensional quadratic solitons collision
In KTP, C. De Angelis, B. Costantini, Univ. Padova, Italy; B.
Bourliaguet, V. Kermene, A. Barthelemy, Institut de
Recherche en Communications Optiques et Microondes,
France. Numerical and experimental results show the
possibility of elastic or inelastic collision of two-dimen-
sional spatial solitons in KTP crystal depending on the
collision angle.

4:30pm

NFD4 = Scattering and spiraling of solitons in a bulk
quadratic medium, V.V. Steblina, Y.S. Kivshar, Australian
National Univ.; AV. Buryak, Australian Defence Force
Academy. We analyze interactions of (2+1)-dimensional
parametric solitons and demonstrate nonplanar beam
switching in a bulk quadratic medium. An analytical model
predicting results of the soliton scattering is derived and
verified by direct numerics.

4:45pm

NFD5 n Transverse instabilities of higher-order
spatial solitons In quadratic nonlinear media, Dmitry
V. Skryabin, William J. Firth, Univ. Strathclyde, UK.
Stationary ring structures exist in (® media. Most frag-
ment: we calculate the daughter solitons’ escape speed
analytically. Surprisingly, some implode, preserving
cylindrical symmetry.

Saanich Room

5:00pm-5:15pm
Closing Remarks
Keith Blow, BT Systems, UK
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Plenary Session

Monday, March 30, 1998

Robert J. Deri,' Lawrence Livermore National Laboratory
Presider
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8:00am-10:30am
Salon B&C



2/ IMA1-1

Planar lightwave circuits: Penetration into real telecom markets
Masao Kawachi

NTT Science and Core Technology Laboratory Group
Morinosato Wakamiya, Atsugi-shi, Kanagawa 243-01, Japan
Phone: +81 462 40 5100  Fax: +81 462 70 2365
e-mail: kawachi@will.brl.ntt.co.jp

Low-loss integrated silica waveguides with well-defined core geometry
provide an efficient means of lightwave interaction and have been used to form a
variety of planar lightwave circuits (PLCs) [1]. The time is now ripe for actual
introduction of some of these PLCs into real telecom markets [2]. The first major
stream is the use of integrated 1xN optical splitters for constructing passive double
star (PDS) systems for optical access networks. In NTT's access networks,
integrated arrays of wavelength-insensitive couplers (WINC) are also introduced as
optical taps for monitoring optical fiber transmission lines in the field. The second
major stream is the use of arrayed-waveguide grating (AWG) multiplexers for
constructing dense wavelength-division multiplexing (WDM) systems with 8, 16, 32
or even more wavelength channels. Integrated thermooptic (TO) switches are also
opening the door to the construction of more advanced WDM systems with optical
add-drop multiplexing (ADM) or cross-connect (XC) functions.

Another important role of silica-based PLCs is to provide platforms for
hybrid integration, where optoelectronic (OE) chips, such as laser diodes, detectors
and OEICs, are integrated together with passive silica waveguides on silicon.
Hybrid optical transceivers with a spot-size-converted laser diode on the PLC
platform will bring about a cost reduction, making fiber-to-the-home (FTTH) a
reality.

The deeper understanding of guided-wave optics and device packaging,
gained through the commercialization of silica-based PLCs, will also be useful for
the development of other material circuits, including polymer-on-silicon, silicon-
on-insulator (SOI) and InP-based waveguides.

[1] M. Kawachi, "Silica waveguides on silicon and their application to integrated-optic components",
Optical and Quantum Electronics, Vol. 22 (1990) pp. 391-416.
[2] IEE Proc. Optoelectronics, Wl. 143 No. 5 (1996), special issue on guided-wave optics on silicon.



Indium Phosphide Photonic Waveguide Devices and their Fiber Pigtailing

Hans Melchior
Institute of Quantum Electronics
ETH-Honggerberg, HPT
CH-8093 Zurich
Switzerland
Phone: ++41-1-633-2101
Fax: ++41-1-633-1109
h.melchior@ige.phys.ethz.ch

Indium phosphide photonic waveguide devices, including laser-diodes,
semiconductor optical amplifiers, modulators, switches and wavelength
converters evolve in fiber optical communications. While high performance
leads to minimization of their optically active areas, efficient coupling to optical
fibers and fiber-arrays demands monolithic beam expanders and automatic
chip-to-fiber alignment techniques.

IMA2-1/3
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Commercialization Timescales for Photonic Integration

Philip J. Anthony
Lucent Technologies
Room 1E-302, 700 Mountain Avenue, Murray Hill NJ 07974
(908) 582-4091, fax (908) 582-4868, pja@lucent.com

Looking at the present scale of optical integration compared to the grand vision (Refs. 1-5) of
a photonic version of electronic ICs, one finds that commercial photonic devices are trailing
silicon devices by six orders of magnitude. There are a few limited functionality devices with
hundreds of connections such as photonic switch arrays in polymer or lithium niobate
waveguide technology, a few truly -integrated components with a small number of elements
such as circuits for fiber-optic gyroscopes, and several other two-component integration
products such as electro-absorption-modulated lasers. The commercial acceptance of these
initial devices should now begin to unleash an economical route to higher levels of integration.
The doubling time for the scale of integration could become a relevant metric to track in the
photonics industry.

The speed of the future commercialization of integrated photonic devices should be predictable
based on the rate of introduction of other new technologies, both in photonics and in other
fields. The economics of constructing a high-technology business (Ref. 6) are remarkably
independent of the underlying technology. To start up a business with a yearly revenue level of
a given magnitude, it takes roughly an initial investment of that same order of magnitude.
With the overall photonics market (Ref. 7) of $7B growing at ~20% per year, a ncw
integrated device will become a significant segment (>1%) of the market only with an initial
investment of many millions of dollars. The business can grow thereafter without further
infusions of money only at a rate that is some small multiplier times its profitability levcl
(generally ~10-20%/yr). With the rapid changes experienced in photonics technology, the
risk for any such investment in a new technology is high, but is generally less for an
established operation. Thus, extensions of existing technology and hybrid integration using
previous investments are often less risky until an initial foray into integration is successful.
Then the advantages of integration (size, cost, and complexity) can rapidly produce a
sustainable advantage.

A review of earlier R&D in integrated photonics (Refs. 8-9) reveals only about a ~10%
success rate of reporting on work that subsequently followed a significant commercial path on
9-year and 4-year time scales, with a similar percentage that still shows obvious promise. One
example of how it is often easier to commercialize a hybrid integration of a particular function
than to push a full monolithic integration is exemplified by optical amplifiers. Work on
semiconductor amplifiers was making slow but steady progress as an essential building block
component for integrated photonic circuits, but was overtaken by fiber amplifiers. The
separation of the amplifier functions into easily manufactured parts allowed immediate
implementation of much higher performance amplifiers, overcoming obvious deficiencies in
size, power, complexity, and presumed ultimate manufacturing cost.
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Semiconductor lasers for telecommunications have successfully begun the first step of
commercial integration — not as perhaps expected as a laser with a built-in monitor detector,
but rather with a separate modulator. These electro-absorption-modulated lasers represent the
fastest growing segment of the laser market due to their use in high-speed DWDM systems
and now constitute more than 1% of the photonics market.

Competing with electro-absorption-modulated lasers for high-speed DWDM transmission are
lithium niobate modulators. Although the technology has been ready for commercialization for
more than 15 years, it is only in the last few that lithium niobate modulators have achieved a
significant share of the photonics market. A large fraction of the modulators are now produced
incorporating the first stages of integration: phase modulators (to lessen the effects of fiber
non-linearities) and attenuators.

Lithium niobate switch arrays, and similar polymer switch arrays, are finding use in optical
networking systems. They are already sold as components with on the order of one hundred
switches, which meets the needs of systems with only a few fibers and a few wavelengths.
However, as the scale of optical networking continues to grow, the limits of the present switch
technology will soon be reached. The challenge, therefore, is to innovate at a sufficient rate to
expand the limits faster than the needs of commercial optical networks.

Silicon optical bench technology was developed specifically for photonic integration and has
now achieved one of its goals with the acceptance of waveguide grating routers for DWDM
systems. The extension of those systems in just three years from 8 to 16 to 80 channels was
enabled by (but also fueled) the integration of silica waveguides on silicon. The small scale
hybrid integration of lasers and detectors with silicon optical bench components for
telecommunication access markets may soon fulfill the technology’s other original goal.

Parallel-fiber-optic links offer a natural commercial outlet for arrays of lasers and
photodetectors, perhaps integrated with driver and receiver electronics, but do not strictly
integrate much on a photonic level.

The exponential advance of electronics technology as exemplified in the scale of transistor
integration, in computer operations per second, and in LAN bandwidth is mirrored in the
similar advance of bandwidth for telecommunications systems. If photonics technology can
successfully build in additional functionality via integration, then the commercialization
already begun should lead to similar doubling times for the scale of photonic integration.

References:

1. R. Shubert and J. H. Harris, “Optical surface waves on thin films and their application to
integrated data processors,” IEEE Trans. Microwave Theory and Techniques MTT-16
(12), 1048-1054 (1968).

2. S. E. Miller, Integrated Optics: An Introduction,” Bell System Tech. J. 48 (7), 2059-2069
(1969). :
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Beam Propagation Method For Simulation of Optical Waveguides:

Theory, Algorithm and Application

Wei-Ping Huang, Chenglin Xu, Kang Li*, S. K. Chaudhuri
Department of Electrical and Computer Engineering, University of Waterloo
Waterloo, Ontario N2L 3G1 Canada, Email: wphuang/@maxwell uwatcrloo.ca

*On leave from Dept. of Electronics, Shandong University, Shandong, P.R. China

Since the pioneer work of Feit and Fleck [1], the beam propagation method (BPM) has proved to
be a powerful method for simulation of optical waveguides. Aside from the tremendous
improvement in computing power, cost and accessibility, progress in theoretical formulations,
numerical algorithms, as well as user-friendless have advanced the capability of this numerical
method and brought it into the design process of a wide range of guided-wave photonic devices.
In this presentation, we will give a critical review about the recent progress in development of the
beam propagation method for simulation of optical waveguides. In particular, we will discuss
both theoretical and practical issues that are relevant to the applications of this method for
computer-aided design of photonic devices and circuits.

1. Scalar and Vector formulations:

The scalar formulation based on the scalar Helmholtz equation is only an approximation to the
electromagnetic fields and waves in optical waveguides, but self-consistent. The accuracy and
scope of validity for the scalar formulations have been studied extensively in the context of
circular fibers as well as planar waveguides [2,3]. To overcome the limitation of the scalar
formulation, a number of semi-vector and full-vector formulations have been proposed and
demonstrated in the beam propagation method [4,5]. Consequently, the polarization dependence
and the hybrid nature of the electromagnetic fields are considered by the vector beam propagation
method (VBPM); this is a definite advantage over the scalar BPM. On the other hand, however,
the self-consistency and the scope of validity for these vectorial formulations are less clear as
they are in most cases derived under certain approximations. For instance, the semi-vector
formulations are based on either single transverse electric field component or single transverse
magnetic field component, which have no apparent links with each other under the semi-vector
approximation. Also, the accuracy and validity for the approximations made in the full-vector
formulations based on the transverse electric or magnetic fields are yet to be investigated,
especially in the case of wide-angle propagation [6]. Furthermore, it appears that there are
inherent difficulties with the vectorial formulations due to the neglect of the backward
propagating wave [7]. Recently, a new algorithm to solve the Maxwell’s equations directly in
frequency domain was proposed and demonstrated [8]. But questions still remain as to the
viability of this approach for the full-vector wave simulation.

2. Paraxial, wide-angle and reflective algorithms



Methods such as the Taylor expansion [9], the Pade approximant [10], and Lancoz reduction [11]
have been proposed to solve the one-way wave equation or the Helmholtz quation. With these
wide-angle algorithms, the critical dependence on the choice of the reference index is relaxed,
accurate simulation for multi-mode and/or off-axis wave propagation can be simulated accurately.
Furthermore, the wide-angle algorithms have been applied in the semi-vector [12] and the full-
vector [13] BPM.

The one-way formulations are valid only if the index discontinuities or variation along the
direction of wave propagation are small and/or do not constitute the Bragg conditions so that the
reflected waves can be neglected. To overcome this limitation, several reflective alogorithms
have been proposed and developed:
(1) the time-domain approach such as the finite-difference time-domain (FDTD) technique
[14,15] and the slowly-varying temporal envelope (SVTE) method [16,17];
(2) the frequency-domain approach such as the solution of Helmohtz equation [18];
(3) the bi-directional BPM based on the mode-expansion [19], the split-step FFT [20], and the
finite-difference [21,22] techniques.
The time-domain approach is straightforward, but time-comsuming whereas the frequency-
domain approach is more difficult to implement and potentially more efficient. If the reflections
generated in the waveguides have short lifetime and do not lead to resonance, the bi-directional
BPM is the most efficient. Another challenge for the reflective algorithm is that the reflection in
optical waveguides is usually small, therefore high degree of accuracy is necessary. Given the
fact that the current optical waveguides are relatively long relative to wavelength, it seems to be
impractical to expect that the full-wave reflective alogorithms can be applied to the simulation of
the entire waveguides. For this reason, a combination of the one-way and the reflective
alogorithms might be a good approach. One such approach by combination of FDTD and BPM
was demonstrated lately [23].

3. Novel numerical solution techniques:

A wide range of powerful techniques to solve the governing equations for the different
formulations have been developed and reported [24]. For the sake of discussion, we may group
the different approaches into the explicit and the implicit schemes. The explicit schemes are
simple, efficient, conditionally stable/consistent and non-dissipative, whereas the implicit
schemes are more complicated, perhaps less efficient, but unconditionally stable and dissipative.
Recently, a novel BPM based on Douglas scheme has been demonstrated, which significantly
improves the efficiency of the implicit scheme [25,26]. So far, this technique has only
implemented for the scalar formulations and its extension to the vector formulations appears to be
nontrivial and yet to be realized.

A disadvantage of the finite-different method is its inherent rectangular mesh discretization,
which is often not consistent with waveguide geometry such as bends, curves and tapers. To
overcome this limitation, a number of conformal mapping and/or coordinate system
transformation have been proposed and shown significant improvement [27-29]. It, however,
remains a challenge to incorporate these schemes into the general-purpose BPM simulation tools
to treat variety of complex waveguide structures.

4. Novel numerical boundary conditions
Numerical boundary conditions are key elements for numerical methods such as the BPMs. The

most commonly used boundary condition is the transparent boundary condition (TBC) [30].
While the TBC is quite successful for the paraxial and lower-order wide-angle alogorithms, it still

IMB1-2/9
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experiences difficulties with the wide-angle BPM. A novel boundary condition, namely, the
perfect matched layer (PML) boundary condition originally introduced for the FDTD method
[31], has been implemented for BPM [32]. In fact, the TBC and the PML can be combined to
provide a highly effective numerical boundary condition in various BPM alogorithms.
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Moiivation

The Beam Propagation Method (BPM) is an established technique to simulate the propagation of the optical field in integrated
optical circuits including optical waveguides composed of active (with gain) and lossy media. Members of the COST 240 project
,Techniques for Modelling and Measuring Advanced Photonic Telecommunication Components”, Working Group 2, have been
engaged in the past in the development and investigation of two benchmark tests for the accuracy of BPM algorithms’. This
new BPM benchmark test is complementary to the two tests published earlier. It is focused on the discretization and the
interface problem of BPMs especially for waveguides with gain or loss. For the first time, the accuracy of BPM calculations of
couplers with and - for comparison - without an imaginary part of the refractive index are investigated. As done in the earlier
benchmark test, we restrict the tests to two dimensional beam propagation, i.e. to beam propagation starting from a one
dimensional cross section. In the earlier benchmark test we have discussed the strong influence of the choice of the right
reference refractive index, the advantages of transparent boundary conditions and of wide angle BPMs. Here we will focus
on the investigation of the accuracy of different discretization schemes, which have been developed for waveguide structures
with abrupt transisitions of the refractive index at arbitrary positions relative to the BPM-grid.

Definition of the benchmark tests

As device under test for this benchmark test, two devices with well known accurate (numerical) solutions have been choosen.
Two couplers will be compared: a passive symmetrical directional coupler (Sym DC) and a waveguide with a balance between
loss and gain (GL WG), which are defined in Figure 1. In both cases the spectral behaviour can be calculated semi-analytical
using well known eigenmode solvers’. We focus on the beatlength behaviour of both devices and compare the results of
different BPM algorithms with the eigenmode solution.

¢ The calculation of the passive Sym DC is straightforward. Propagating an eigenmode of the input waveguide along the
coupler structure leads to a beating of the coupler eigenmodes and the beatlength A can be determined. Here we
investigate the accuracy of the calculation of the beatlength A.

e The dispersion diagram of the GL WG as a function of the imaginary part of the refractive index, which is a function of the
loss or gain parameter o has been investigated earlier?. The dispersion curves have a particular behavior at o, = 2725,67
cm™? , where a second order mode appears, and oy, = 5226.3023 cm™, which is a branching point for N,y curves. For
values of a < o, the waveguide is single-mode and the mode propagates without loss or gain. In the interval oy <o < dlpranch
the waveguide supports two complex but Jossless modes with real effective refractive indices. Finally, for values of
O > Oranc » the two modes have mutually complex-conjugate effective indices. Here we will focus on the beatlength
behaviour in the region of oy <o < Ganen Which can be used to extrapolate the branching point oane, from the zero of the

1/ A* () -plot.

Influence of the discretization scheme on t_he accuracy

Fig. 2 shows the step funciion of the imaginary refractive index of the GL WG and its digital representation on the equidistant
grid x;. For such simple structure as the GL WG the grid can be choosen in an optimal configuration by putting the step function
in the middle between two x; values. This is not possible for a more sophisticated geomertry like the Sym DC. Thus an
uncertainty from w-dx/2 <w, <w+dx/2is obvious. A more accurate result can be accomplished by decreasing the dx

intervall. Because the window has to be kept constant, the number of discretization points and the calculation effort has to be
increased. Therefore different methods are in use to get reasonably accuracy with a low number of discretization points. Among
them there are: (i) adaptive mesh size', (i) different implementations of efficient boundary conditions'? and (jii) rounding or
smoothing the step refractive index. All these methods have the objective to introduce the precise position of the step function,
which may be described by x; +¢-dx with 0<g <1 (see Figure 2 (b)) into the algorithm.

We can devide the methods contributed to this investigation' in three classes: Fourier Transform BPM, FD BPM and
eigenmode propagation methods like MoL and BEP. The results of Fourier Transform BPM are quite far away from the semi-
analytic values. This can be attributed to the fact that FFT BPM is not very suitable for guides with large index differences.
Results from FFT BPM are neglected here. Finite difference (3-point and 5 point FD Operator) BPM with third order SVEA
correction Pade (3,3) and efficient interface conditions' have been used by University Twente. HHI has used FE/FD BPM with
a rounding algorithm for the refractive index profile. Fundamentally, the Mol (used by U Hagen and U Roma) is an eigenmode
propagation method. The difference to BEP is the discretization in lateral direction. Thus for large values of dx, we expect
similar behaviour as in case of FD BPM. BPM with an adaptive mesh size is missing in this contribution. BEP resuits are
dropped, because they are identical with the result of eigenmode solvers, which are used as a reference.

The methods to handle the interface conditions are all described in the literature’ and will not repeated here. For better
understanding the fundamental problems a very simple method will be described here. HHI prefers a rounding or smoothing
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algorithm for the refractive index prior to the ordinary FD/FE BPM calculation (see Figure 2 (a)). Here the convolution-integral

xy+dx

e(x;) = _[g(z;,x/)a(é)dé between the dielectric constant e=(m;+/j-n)> and a cosin slit function
xj-dx

1
g&.x;)= n(l + cos[n

Results and Discussion

E-x,

= D with the width 2dx (see Figure 2 (b)) is used.

Figure 3 shows the results for some methods studying the interface conditions for a moderate grid width of dx=50nm. To
proove the influence on the accuracy, we have shifted the grid relative to the actual device in small steps (variation of q
between zero and unity).

e In the case of not taking care of the exact position one gets wrong results. The symmetric coupler will be modelled as an
asymmetric coupler with an asymmetry of 8/« =1.7 in the worst case. Using the guasi-analytic solution of the branching
point of the gain-loss waveguide, we can estimate from the uncertainty intervall the variation of the o, value will range
from 5060 to 5420. :

e The usage of interface conditions leads to reasonably accurate results for the Sym DC, which are close to the exact value.
But for the GL WG a variation of Adtyane in the order of +10 for the MoL (U Hagen) and (80 ... 92) for FE/FD BPM (HHI)
has been found.

Figure 4 shows the behaviour for decreasing dx-values. All methods show a good convergence to the neighbourhood of the
exact value for very low dx (nuriber of grid points a few thousand). For moderate vaiues of dx=50nm FD 8PM with a 5-point
operator shows superiour accuracy for both devices. The rounding of the refractive index profile is useful for passive waveguide
structures (dx=50nm), but not for waveguides with an imaginary part of the refractive index. In any case, to be sure on the
accuracy of a calculation the convergence behaviour has to be prooved for low dx, as is demonstrated in Fig. 4. The best
approximation can be extrapolated from those curves using a numerical fit for dx converge to zero.

Conclusion

The accuracy of different BPM algorithms have been investigated with the help of two new benchmark tests based on a
symmetrical directional coupler and a waveguide with a balance of gain and foss. In both cases the spectral behaviour can be
calculated semi-analytically as a reference using well known eigenmode solvers. Important results are:

e Accurate BPM calculation for waveguides with an imaginary part of the refractive index need low grid values dx in the order
of a few nm.

e Operators based on 5-point algorithms have a much higher accuracy then 3-point operators. This is true for both FD BPM
and MOL.

e Algorithms which include an efficient interface handling like FD BPM from U Twente or Mol from U Hagen have higher
precision for larger dx-values.

« To be shure on the accuracy of a calculation, the convergence behaviour has to be proofed for a series decreasing dx-
values. The best approximation can be extrapolated from those curves using a numerical fit for dx converging to zero.

Niim M

‘i’ Nugi - l

gap - Nuc

(a) (b)

Fig. 1: Two devices are under test (a) symmetrical coupler and (b) the gain-loss waveguide. The refractive indeces
Nwe=3.252398, ng,=3.169355 and the wavelength A=1550 um are common to both structures. In case of the passive
symmetrical coupler (a) the widths are w=1,02555um and gap=1,555pm. The gain-loss waveguide has a total width of
w=1,000um and is composed of two layers with mutually complex conjugate refractive indices n'(at) = o /4n . The imaginary
parts vary in a very broad range: in terms of the power absorption (gain) coefficient o, between zero and +10* cm'.
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lines of (a) shows the imaginary part of the gain-loss waveguide using a convolution with a slit function as is scetched in (b):
used is a cosin-slit function for step-wise constant refractive index waveguides.
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A novel beam propagation algorithm for three dimensional tapers

P Sewell, S Sujecki, T M Benson and P C Kendall: Department of Electrical and Electronic
Engineering, University of Nottingham, Nottingham NG7 2RD, UK.

Introduction

Finite difference beam propagation methods (FD-BPM) have received considerable attention in
recent years as one of the few viable ways of simulating the performance of a wide variety of
complex optical structures, [1-3]. The disadvantages of BPM are its long calculation time and
its nonphysical staircasing of tilted waveguides, curves and tapers. The latter problem
necessitates the use of a fine mesh to avoid the resultant numerical "noise" becoming significant,
especially when the staircasing occurs at a semiconductor-air interface. This noise not only
compromises the accuracy of the simulation but, for the 3D case which usually relies upon
iterative linear equation solvers, can also significantly increase the calculation time. This is
because the number of iterations required to determine the field at the present propagation step
from that of the previous one, depends upon the "smoothness” of the field evolution.

The present authors have previously demonstrated that the use of nonorthogonal coordinate
systems chosen to avoid staircasing, yields significant improvements in performance over the
conventional rectangular coordinate BPM. Substantial accuracy and calculation gains have been
reported for a variety applications including, tilted waveguides, Y-junctions, curves and 2D
tapers [4-7]. The present paper presents a novel algorithm for modelling fully 3D tapered
waveguides that combines two nonorthogonal coordinate systems, the tapered and the oblique,
in a manner that eliminates staircase approximations and thus numerical noise. Further features
of the approach are that it overcomes the difficulty associated with the origin of the tapered
coordinate system and is simple to interface with the conventional rectangular coordinate BPM,
allowing the optimal system to be used for simulating each part of the structure.

Theory

The application of the novel algorithm is illustrated by a scalar analysis of the 3D rib waveguide
taper shown in figure 1. Figure 2 shows the combined tapered and oblique coordinate system
used to describe the geometry of the taper, along with the conventional rectangular coordinates
used to describe the input and output guides. Clearly the sidewalls of the rib are exactly
modelled without staircasing. In the event that the rib width is tapered down to zero, it is clear
that the tapered coordinates alone would be inadequate for representing the field, however, the
inclusion of the oblique system overcomes this problem. It is noted that both the tapered and the
oblique algorithms are simultaneously stepped forward on planes of constant z. Figure 3 shows
the transverse coordinate variables. In the tapered system, the transverse coordinate variable is
t, which is the tangent of the angle made by the coordinate line with the x=0 axis. t, indicates the
coordinate line following the side of the taper which is also where the oblique coordinate system
takes over. In the latter, the transverse coordinate lines are all parallel to the side of the taper and
are characterised by the variable u, the distance from the taper side in the x direction. It is simple
to show that the paraxial scalar wave equation in the nonorthogonal tapered and oblique systems
can be expressed as;

- - —+——(1 +2 R +k _A2 )
3z z dzor paz z2a ( N )a a}’z B ﬂ Pty (1)
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respectively, where f3 is an imposed propagation constant chosen to allow the envelope Y to be
a slowly varying function of z. Both of these expressions are straightforward to discretise in
both z and the transverse variable, t or u, producing a simple finite difference BPM algorithm.

At the interface between the two coordinate systems, it is necessary to interpolate and this is
illustrated in figure 3. The directly sampled field values used in the algorithm are shown as solid
points, but to evaluate the wave equation in the tapered coordinates at points lying along the line
between the two systems, the field values at the empty points are required and these are found
by simple linear interpolation. It is noted from figures 2 and 3 that these points always fall
between the first two coordinate lines of the oblique system thus simplifying the interpolation.

To demonstrate how the novel algorithm eliminates numerical noise, a simple embossed rib taper
has been simulated and the results compared to those from a conventional rectangular coordinate
BPM algorithm. The rib is of height 1pm and its width tapers from 3pm to 1um over a distance
of 100pm. The rib and substrate indices are 3.44 and 3.40 and the wavelength is 1.15pm. The
mesh sizes, Ax and Ay at the start of the taper are both 0.05pm and the propagation step size,
Az, is 1pm. Figure 5 shows the field profile on the x-z plane 0.25pm under the base of the rib.
Advantage has been taken of symmetry so that only half of the waveguide cross-section is
modelled. It is clear that, whilst the two algorithms produce the same large scale field profiles,
the profile obtained from the conventional algorithm is numerically very noisy, whereas as that
from the novel algorithm is significantly less so. As the mesh size and step length are reduced,
both sets of results converge. However, as illustrated, the novel algorithm converges much more
rapidly and thus produces accurate results for less computational effort.
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I. Introduction

The beam propagation method (BPM), originally derived from the scalar Helmholtz equa-
tion under the paraxial approximation, has been widely used in the investigation of optoelec-
tronic waveguide devices. Later, vectorial and wide-angle formulations were developed. A
comprehensive review can be found in [1]. :

To apply the most current BPMs, developed in the rectangular coordinate system (RCS),
to the z-dependent structures, we need to make staircase approximation. Consequently, small
meshes must be employed to minimize the discretization error, which requires large memory
and much computation time. For some tilted waveguides with parallel interfaces, BPMs using
an oblique coordinate system (OCS) were developed and they worked miuch better than the
RCS-BPMs [2]-[4]. However, the applications of OCS-BPMs are restricted to structures with
interfaces parallel to the axes of the OCS. They are thus not suitable to treat such frequently
encountered structures as tapered waveguides.

To alleviate such restriction, we propose a BPM derived from the local oblique coordinate
(LOC) system, which is called LOC—BPM. Instead of using a global OCS, a local OCS is defined
for every sampled point and thereafter all local OCSs are combined into a global ensemble.
Because the z-dependent interfaces are modelled separately by their corresponding local OCSs,
this proposed method not only saves the numerical effort as previous OCS-BPMs in [2]-[4] do,
but also is versatile in application to z-dependent structures. In particular, previous OCS-BPMs
can be considered special cases of the LOC-BPM with all the tilted angles being the same, and
the RCS-BPMs those with zero tilted angles. Moreover, the power conservation problem [5] of
the current BPMs is prevented. ‘

II. Formulation

Considering an interface with titled angle 6 from the z-axis as shown in Fig. 1, we make a
coordinate transformation defined by £ = 2 — ztanf and ¢ = z such that locally the refractive
index n(z,z) = n(£), and hence the staircase approximation is avoided. Under the slowly
varying envelope approximation along the interface ‘

E(z,z) = ®(z, 2)exp[—jkon(zcosb + zsinb)], (D)
the Helmholtz equation becomes
ik 92 0 0 ol 2, . . .
{W*a 5 — 2jkon (cosQa——{—smO(9 ) + kg [n (z,2) — 7 ] ®(z,2)=0 (2)

where kg is the wavenumber in free space and 7 is the reference refractive index. Making use
of the coordinate transformation, (2) in the local OCS comes out to be

‘ 3_2+seC203_2 - 27k ﬁéosO 0 2tan0 —{—)kz [n2(f) - 7_2-2] A<I>‘(§ C) = 0‘ | (3)
o agz ~ TR e B&?C o A

Neglecting §2/8¢? and taking the central difference scheme as in the RCS-BPMs, the field at the
s-step, ®*, is expressed in terms of that in the previous step as (M*®° = MS"1<I>3‘1)‘I;, where
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L denotes local. Since ®s are functions of local variables in their corresponding OCSs, they are
combined through (1) into the global field E. An ensemble form (H*E* = H*"'E*~1) ., similar
to the RCS-BPMs is obtained, where G denotes global, and can be solved efficiently by such
techniques as Thomas algorithm. As to the truncated boundary conditions, such algorithms as
the TBC [6] and the PML [7] can be applied as in the RCS-BPMs. The wide-angle recurrence
relation can also be derived from (3) similarly as in [8] or [9].

III. Numerical Results

The BPMs using global OCS have been successfully applied to solve tilted waveguides with
parallel interfaces in [2]-[4]. The undesirable mode mismatch loss using the OCS-BPMs can
be even several order smaller than that using the RCS-BPMs. Besides, this spurious loss using
the RCS-BPMs accumulates to significant amount, while that using the OCS-BPMs remains
almost constant.

The widely used RCS-BPMs suffer from such an L2-paradox [5] that the power conservation
is usually taken as P, = [|E|*dz. P, may be used in z-invariant structures but we need a
more accurate definition of power, P = Re [ E* x Hdz, in the z-dependent structures. To
demonstrate the applicability of the LOC-BPM, we consider a normal mode in a curved slab
waveguide with a sufficiently small curvature for a true adiabatic propagation without radiation
leakage, as shown in Fig. 2. The accurate Py(6) at any 6 for the normal mode should always
be equal to Py(z = 0), which would lead to Py(8) = secfP;(z = 0) = Fo(z = 0)/Bcosb, after
propagating z = Rsin @, where 8 is the propagation constant of the fundamental mode and R
is the radius of the curved waveguide.

Fig. 3 shows the calculated normalized power Py(z)/Fo(z = 0) using the RCS-BPM and the
LOC-BPM, respectively, for a curved waveguide with radius R = 1cm, wavelength A = 1.55 um,
waveguide width D = 2 pm, core refractive index neore = 1.55, and cladding refractive index
Neaq = 1.52, under the fundamental mode incidence. The calculated power using the LOC-
BPM remains almost constant and the small deviation (< 10~*) is mainly due to the mismatch
between the analytical and discretized normal modes. Although the RCS-BPM satisfies the
nonphysical L? conservation, it gives physical power which decreases with cos# as the field
propagates.

Fig. 4 shows the calculated field distribution as a function of the transverse distance using
the LOC-BPM after propagating z = Rsin(60°). The cross correlation between the calculated
and ananlytical fields is 0.9999, and not only the field intensities but also the phases are almost
indistinguishable. Our calculations for similar structures with different parameters also yield
excellent results.

IV. Conclusion

An efficient BPM has been derived based on local oblique coordinate system to treat z-
dependent structures. The staircase approximation is prevented so that more accurate results
have been obtained. Since the refractive index interfaces can be arbitrary and are not necessarily
parallel, the application regime of this proposed method is more general. The present method
has been numerically validated by examining power conservation of the guided mode in a curved
waveguide.
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Beam propagation method (BPM) has been one of the most popular methods for simulation of
electromagnetic wave propagation in optical waveguides. Despite the tremendous improvement in the past
few years, the BPM traces the wave propagation in one direction only. Hence the backward reflections at
the discontinuities along the waveguides are ignored. For many waveguide structures, this may be a valid
approximation, for the reflections are usually small and not cumulative. As the optical waveguide structures
become more complex and more photonic components are integrated, the need for accurate modeling of
reflections will become more acute. In fact, there has been great effort in the past decade on development
of bi-directional BPM, which can simulate both forward and backward wave propagation [1-3]. While
simulation of bi-directional wave propagation does not seem to constitute a great challenge, the calculation
of reflection does. In the reported work, the reflection was calculated by approximating the guided wave as
either plane wave within whole Fourier spectrum range [1], or local plane waves[3], or local guided
waves[2] within each homogeneous transverse segment. These methods may be sufficient for weakly
guiding waveguides. However, for strongly guiding waveguides with considerable refractive index
difference, the homogeneous treatment is not sufficient since fields interacting at the interface between
homogenous segments can not be ignored.

In this paper, we propose a novel bi-diretional BPM which takes into account the full wave effects at the
index discontinuities. It applies to waveguides with arbitrary longitudinal discontinuities.

Let us start from the Holmholtz equation

oy +Py =0
oz?
where y in the context of this report stands for Ey field for TE wave and Hy for TM wave.
CAARTE . o
Py =——+4n"kyy is the operator. The solution to above equation is straightforward and can be
ox’ ¢

expressed as
W (2) =y " (0)exp(—jzv/P) +y " (0)exp(+jz+/P)

where W *(0) and y ~(0) are forward and backward field at the junction shown in Figure 1. By matching

the boundary conditions, we obtain the transmission and reflection matrices for TE and TM waves,
respectively [4].

Reflected wave Na(x)

Transmitted wave
ne(x) ————»

Incident wave

Figure.1. A dielectric junction with arbitrary transverse refractive index profiles
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There are different ways to approximate the “square root” operators in the above equations. For instance,

we can use the Taylor expansion in which v P is expanded at a reference point nok0 such that

JF=Jnj§k§ +(P-nlkl) = nyk, +ﬁ(P—n§k§) lk (P nikl )
n

313
00 0™0

where n is the reference refractive index.

On the other hand, \/F can also be expanded by Pade approximation [4]. Similar to the Taylor expansion,
the Pade expands \/—1; around a reference point 71,k as

JP = nok, + jF™
where
Fm+1 _ P—ngkg
J2nky —F"
with F* =0,

As examples, we apply the new bi-directional BPM, which combines above techniques with the wide-angle
vector BPM [5], to a waveguide junction problem as shown in Figure 2. The forward, backward, and total
waves are shown separately. The standing wave pattern formed by forward and backward wave
interference is clearly observed.

n=3.24
n=3.65
n=3.24
A=0.86p
L0 0.5 1. 0 0.5 1. [0-0 0.5 1.0
Structure Forward Backward Total field

Figure 2a typical junction problem and the simulation results.

As another example, a tapered waveguide structure with continuous reflection is also simulated and the
results are shown in Figure 3.
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120 P n=3235

Figure.3. Taper waveguide structure and simulation results (reflected field and total field)

It is observed that the backward reflection is small, but occurs continuously along the waveguide.

In conclusion, a novel bi-directional beam propagation method based on full-wave analysis have been
developed and presented. It accounts for the full-wave effects in calculation of reflections generated at
discontinuities of arbitrary configurations and therefore more accurate than the conventional plane wave or
local guided wave approximation. In comparison with other full-wave approaches such as the FDTD
method, the bi-directional BPM is more efficient and can be readily incorporated into the existing BPM to
simulate of optically large waveguide structures.
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Diffractive elements are attractive for integrated optical circuits with functions of
filter, wavelength division, focusing, etc. Such elements can be obtained not only by
machining but by optical processing. For example, photon induced refractive index change
in optical fiber is useful for the preparation of permanent Bragg gratings[1,2,], which
produced splendid progress in subscriber loops of fiber network. The dominant origin of
the photosensitivity of fiber is the formation of color centers by ultraviolet laser
irradiation[3,4].  On the other hand, we investigated the photosensitivity of thin films
prepared by sol-gel[5] and sputtering[6] methods for the preparation of diffractive elements.
The present paper describes the preparation and characteristics of Bragg gratings printed
upon these thin films by excimer laser irradiation.

The first candidate was the chemically modified AlO; gel films derived from
aluminum tri-sec-butoxide(Al(O-sec-Bu);) modified with benzoylacetone (BzAcH)[5].
The preparation of the starting solution was carried out in a N, atmosphere. The second
thin films were formed by a Ge0,-SiO; binary glass system, which were prepared by a
comventional rf-sputtering method. Thin films deposited upon Si substrates were exposed
to ultraviolet photons emitted from excimer laser through a silica phase mask(1.06 & m
pitch, QPS Tech.) at room temperature.

It has been reported that the Al,O; gel film exhibits an absorption peak at 325nm due
to the 7C- 7T * transition of the chelete ring, and the breaching of this band is required for the

polymerization of the film[4]. XeF laser(351 nm) was used as the light source for the
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bleaching. Figure 1 shows the SEM image of the Al,O; thin film grating after irradiation
through the mask followed by the leaching in HNOs-acetone solution. It is apparent that
the grating having same pitch with the phase mask was formed, which was stable after heat
treatment at 400°C for 1h. Diffraction efficiencies(first-order diffraction power/input
power) of this grating before and after leaching were estimated as 0.3 and 24.2 %,
respectively.

Previously we found out an ultraviolet(uv) light induced large volume expansion in
Ge0,-SiO, thin glass films prepared by a conventional rf-sputtering[5].  Positive
sinusoidal wave pattern could be printed by irradiation with KrF(248 nm) or ArF(193 nm)
laser pulses upon these films. Figure 2 shows the AFM image of the as-printed Bragg

grating upon Si substrate after irradiation with 1200 ArF laser pulses(40mJ/cm?).

.00C pa/div

X 2
2 500.008 nm/div

gl d@rm

Fig.1, SEM image of the Al,O; grating prepared Fig.2, AFM image of the GeO,-SiO, grating

by sol-gel process. prepared by sputtering method.

Furthermore, the irradiated area, i.e., the volume expanded area, was quickly leached by a
HF solution, and the negative pattern was remained. Figure 3 shows an example of the
change in the pattern before and after etching. Figure 4 shows the relationship between the
etching time and the diffracted power of He-Ne laser béam(633 nm). The diffraction

efficiency was as high as 1 % for as-printed grating, and increased to 8.3 % after 100 sec of
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etching.

Diffraction efficiency of Bragg gratings printed upon sol-gel thin films was much
higher than that for sputtering thin films, which was closely related with the photo-
sensitivity of the films. Both of these gratings exhibited excellent thermal, mechanical and
chemical stability in air. It was easy to print the gratings quickly upon any materials.

Therefore, these gratings should be useful for the micro-diffractive optics.
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=
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(2) - k (b) E Etching Time (s)
Fig.3, Surfaces of GeO,-SiO; gratings (a)before and Fig.4, Relationship between etching time and
(b) after etching by 0.01%HF solution. diffraction efficiency of Ge0,-SiO, grating.
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Introduction

Rare earth doping of planar waveguides may potentially yield very compact optical
amplifiers, lasers, and amplified spontaneous emission light sources, as well as zero jnsertion
loss waveguide routers, splitters, and multiplexers. Among the most developed to date are Er ™
doped devices which emit at around 1530nm and can be pumped efficiently at 980 or 1480 nm.
Interest in these devices has inspired a great deal of research into Erbium-doped thin film and
bulk materials. Presently, active devices havc been fahricated from silica-based [1], crystallinc
LiNbO3 [2], and sputtered AL O, dielectric films[3], to name just a few. Typically, incorporation
of the Erbium is accomplished through ion implantation, indiffusion, or by sputtering from
preconstituted targets. While ion implantation provides good control of the dopant profile, a high
temperature (~800C) anneal is required to activate the Erbium ions and remove the damage to the
host matcrial caused by the high energy ion bombardment. Diffusion also is a high temperature
process, and may require in excess of 100 hours to achieve several microns penetration into the
host material. Sputtering from preconstituted targets provides excellent compositional control,
yet can be expensive as a new target is required for each experimental run.

We have developed a process with which to deposit truly amorphous Al,O, films suitable
for the fabrication of wavcguides with very low bulk scatter losses. AL O, has a structure very
similar to Er,0,, suggesting that high Er doping levels may be possible in this material without
the onset of clustering effccts.[3] As an alternative to the above processes, we have developed a
process for the fabrication of Er-doped AlL,O, waveguides which involves the co-deposition of the
Erbium atoms by simultaneous sputtering along with the host material. This method has shown
to provide cxcellent control over compositional paramcters, and a high degree of optical activity
in the deposited films.

Experimental

In order to investigate the luminescence properties of the doped Al O, films, we
fabricated SiO, stripe loaded channel wavcguides with the doped Al O, films comprising the
guide region. Samples for analysis wcre prepared in the form of a typical slab waveguide
geometry. Initially, a 3.0 micron SiO, buffer layer with a refractive index of 1.49@6328A was
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sputtered on a 4” silicon substrate. Erbium and Erbium/Ytterbium doped thin films of ALO,
(refr.index=1.8) were thcn deposited by co-sputtering using annular targets to a thickness of 0.6
microns to form the waveguidc core region, followed by a 1.0 micron SiO, cap layer. Control of
Erbium concentration is achieved by variation of target size and position. Stripc-loaded
waveguides were then formed by etching 5.0 micron wide lines in the top SiO, by CF, RIE
through a 75 nm Cr mask. Finite-difference modeling has shown this configuration to be single
mode at 1500nm, while marginally supporting a second-ordcr mode at 980nm.

Results

A series of runs were performed utilizing Er alone, along with samples co-doped with Yb to
improve pump utilization and emission bandwidth. The doping levels ranged from 0.05 to 0.1
a.t.% for the Er and were held constant at 0.2 a.t.% for the Yh. Luminescence and lifetime data
was collected by endfire coupling light from a 100mW 974nm semiconductor laser diode pump
into the cleaved cnd-facets of the waveguides and observing the emitted light hy coupling into a
l-meter scanning monochromator equipped with a2 InGaAs photodetector.

A typical Juminescence spectra is shown in Fig.1, corresponding to an Er concentration of
0.1 a.t.% as verified from RBS data. A 500C post deposition bake stcp has shown to improve the
observed radiative lifetimes. Figure 2 shows the lifetime data for the investigatecd compositions,
indicating a 40% increase over the unbaked data. The relatively short 4 mSec lifctimes observed
do not quite comparc with the 6-10mSec lifetimes previously observed in Al,O, [3] and the 10-
12mSec lifetimes typical of silica-based hosts.[4] However, initial indications suggest that this
can be improved through refinement of the deposition and bakeout procedures.

We have also observed amplifying behavior in these waveguides by coupling a ~1500nm
signal from an extcrnal cavity tunable diode laser into one facct while backward pumping the
sample from the other end with thc pump lascr. We have measured in excess of 1.0dB/cm
internal gain at A=1530nm for 20mW launched pump power. Further data on the amplifying
behavior, lifetime studies, and absorption/cmission cross sections will be presented.

Conclusions

Simultancous co-sputtering has been shown (o be a possible means for the economical
fabrication of Erbium-doped waveguide devices based on A1203, and can casily bc cxtended to
other host materials. Lifetime studies have shown that further improvements can be made,
possibly making this technology comparable to silica based materials.
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, Abstract
We have found that integrated optical waveguides based on oxidized porous silicon
have a relatively large birefringence. As a result, the modes of both polarizations are
supported. The origin of observed phenomenon is disscused.

1. Introduction

Since the demonstration that porous silicon (PS) has effective luminescence in
the visible range [1], the old idea of electronics and optics integration using silicon
technology has received a strong impetus. Routing. splitting and modulation of optical
signals between a porous silicon light emitter and other integrated optical circuis
components will require the usc of optical waveguide interconnects which are
designed for use at the emitter wavelength. It is possible to fabricate waveguide
structures utilising porous silicon [2.3] or oxidized porous silicon multilayers [3,4],
since variations in the porosity. and therefore the refractive index. can be easily
obtained by changing the electrochemical anodisation parameters. Such a structures
consist of a low porosity waveguiding layer plased on higher porosity lower cladding
layers.

The photoluminescence of porous Si has been shown to exhibit pronounced
polarization effect (see review [5]). however. in our knowledge. birefringent pure or
oxidized porous silicon optical waveguides have not been reported yet.

3. Sample preparation and characterization

Porous silicon films are produced by the anodisation of silicon wafers in an
aqueous solution of hydrofluoric acid with current densitics below those used for elect
ropolishing. The resulting material contains a network of pores of dimensions around
10 nm and still retains the single crystal churecter of the original wafer. Because of its
high internal surface area. porous silicon is highly reactive at elevant temperatures and
exposure to wet oxygen at 900-1000°C rapidly produces a bulk oxide with dielectric
properties comparable with conventially produced silicon oxide [6]. Double layer
planar waveguides were formed by electrochemically anodising (111)-orientated p-
type silicon (0.03 Q cm) in an electrolyte mixture composed of 48% hydrofluoric acid
and ethanol (1:2). Current densities were controlled and switched automatically,
between 10 mA-cm™ and 50 mA-cm™, the anodisation times being chosen to give the
layer thicknesses required. The resulting double-layer porous silicon structures
consisted of 62% porosity upper layer and 75% porosity deeper layer. After that, the
samples were heated in an oxidising atmosphere to 900°C for 1 h. The resulting



double-layer silicon oxide structures consisted of waveguide layer and lower cladding
layer which provides an optical isolation of the waveguide layer from the silicon
substrate because of its lower density.

In order to find mode effective indices, we measured excitation angles of dark
m-lines of modes with one prism coupler setup at the 633 nm wavelength. The
refractive index profiles in the waveguides were reconstructed by the IWKB technique
proposed by White and Heidrich [7] and improved by Dikaev et al. [8]. The
calculation procedure proposed by Chiang [9] has also been used. The refractive index
profile was determined as the average between ones obtained by using these two
methods.

4. Results and discussions

Planar waveguiding was observed at A=0.63 mm in all of the oxidized porous
silicon structures. The waveguides supported the modes of both polarizations. The
relatively large difference between effective indices of TE and TM modes points to
that the waveguides used are birefringent. From measured refractive indices for TE
and TM modes the ordinary and extraordinary refractive index profiles were
reconstructed according methods [8,9]. Fig.l shows the ordinary (in the direction
perpendicular to the surface plane) and extraordinary (in the direction lies in surface
plane) refractive index profiles for waveguides with different porosity. One can see,
that at the surface the ordinary index is higher on 0.01 than extraordinary index and
birefringence decreases with depth. The specific feature is that extraordinary profiles
show a long tail, which stretches for a couple of microns to lower cladding layer. Such
effect does not observe for ordinary refractive index profiles.
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Fig.1. Ordinary (open circles, dashed lines) and extraordinary (closed circles, solid
lines) refractive index profiles in oxidized porous silicon oxide waveguides prepared
under different electrochemically anodising conditions and then heated in an oxidising
atmosphere to 900°C for 1 h.
a) 10 mA-cm? for 250 sec. followed by 50 mA-cm™ for 50 sec.
b) 25 mA-cm™ for 100 sec. followed by 50 mA-cm” for 50 sec
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One possible reason of observed phenomenon is that the lower cladding layer
has a small gradient of porosity, p, and the sensitivity of extraordinary index to

changing of p, is larger than this sensitivity for ordinary index, i.e. é}—q%@i As a
dp’ dp

result, the ordinary refractive index gradient in the lower cladding layer is smaller than

that needed to exite the TE modes (cut-off conditions). In contrast, the TM modes are

exited in this region.

The birefringency in oxidized porous silicon could be induced by stresses
appeared due to large surface energy. However, putting of samples in vapours of
water, alcohol, and aceton does not change the ordinary and extraordinary index
profiles. Besides that, annealing in vacuum at 900°C during 1 h also does not effect
on birefringence. Therefore, we can make a conclusion that adsorbtion and desorbtion
prosesses do not effect on birefringence of oxidized porous silicon waveguides. One
should find the reason of that in the anisotropy of oxidized porous silicon media.

The effective refractive index of porous silicon has been calculated by the
Bruggeman effective medium approximation [10]. However, this approach did not
take into account the possible anisotropy of porous silicon. Evidently, that the
anisotropy depends on orientation of silicon plate used. This can explain why Loni et
al. [3] reported that oxidized porous silicon waveguides formed on (100)-orientated
silicon plate were polarization independent.

It was obtained, that after keeping of waveguides for 2 hour in water at room
temperature, the waveguides becomes polarization independent. In this case, the water
filles the voids and becouse the refractive index of water (n=1.33) is much more close
to one of bulk silicon oxide (n=1.46) than air (n=1), the anisotropy of water filled
structure decreases.

Unfortunately, we were not able to characterize the porous silicon waveguides,
due to the absorptive nature of the remamning silicon at short wavelengths. This
experiments will be performed at IR wavelengths in near future.
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In the field of integrated optics, passive or active microdevices such as power splitters and
lasers are of major interest. Chalcogenide glasses (ChG) are excellent candidates for infrared
guiding configuration because of their wide optical transmission range, their potentially low losses
in the telecommunication band, and their attractive properties as host materials for active rare-earth
jons (Pr, Nd, Dy, Er...). These glasses have emerged as an outstanding class of materials for
fiber laser sources and amplifiers [1], for all-optical switches [2], and for sensing applications.
Because of the guiding and confinement similarities with optical fibers, planar waveguides are a
promising technology for realizing compact devices. Glassy compositions As,S, and As,,S;,Se4,
(doped with rare-earth or not) have been selected for the realization of integrated optical
waveguides because of their large glass forming regions. These highly photosensitive materials
also exhibit unique characteristics such as a large linear and nonlinear index of refraction, a wide
transparency in infrared (0.6 -12 pm) and a low-phonon energy [4].

To fabricate planar waveguide, we have chosen a thermal evaporation technique for our
ChG thin film