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Agenda

I Sunday
I October 26, 1997

Auditorium

8:20am-10:30am

JSuA u» Joint Plenary Session

Paul Lemaire, Bell Labs/Lucent Technologies, Presider
Susan Houde-Walter, University of Rochester, Presider

8:20am-8:30am
Opening Remarks

8:30am (Plenary)

JSuA1l = The nature of optically active defect
centeres in vitreous silicon dioxide, Linards Skuja,
Univ. Latvia, Latvia. The optical absorption and lumines-
cence bands of defects in glassy silicon dioxide and the
presently advanced structural models for the respective
point defects are reviewed. (p. 2)

9:10am (Plenary)

JSuA2 m What can topological models tell us about
glass structure and properties?, Linn W. Hobbs,
Massachusetts Institute of Technology. Topological rules
based on crystalline assemblies can be used to assemble
models for non-crystalline network structures, such as
silicas, using only local information. (p. 5)

9:50am (Plenary)

JSuA3 u Fiber grating devices for telecommunica-
tions applications, P. Sansonetti, Alcatel Telecom Research,
France. This paper presents the main application of fiber
grating devices in photonics networks. (p. 8)

Lobby
10:30am-11:00am
Coffee Break

Auditorium

11:00am—-12:30pm

BSuB = Grating Devices |

Francois Ouellette, Kromafibre Corporation, Canada,
Presider

11:00am (Invited)

BSuB1 = Long-period fiber gratings, Ashish M.
Vengsarkar, Bell Laboratories, Lucent Technologies. We will
highlight key spectral and thermal properties of long-
period gratings and present some of the latest device and
system results accomplished in the area of broadband
amplifiers and high-power fiber lasers. (p. 12)

11:30am

BSuB2 = Long-period fiber-grating devices based on
leaky cladding mode coupling, D.B. Stegall, T. Erdogan,
Univ. Rochester. The propagation and grating coupling of
leaky cladding modes in a fiber surrounded by a high
refractive index are investigated for all-fiber device
applications. (p. 16)

11:45am

BSuB3 m Polarization dependence of photoinduced
birefringence and its application to fabrication of
tallored polarization filters, R. Feced, S.E. Kanellopoulos,
R. Griffin, V.A. Handerek, King’s College London, UK. The
polarization dependence of photoinduced birefringence in
elliptical-core fibers is studied and a technique for fabrica-
tion of polarization rocking filters with tailored response is
demonstrated. {(p. 19)

12:00m

BSuB4 = Polarization-independent strong Bragg
gratings in planar lightwave circuits from ArF laser
irradlation, J. Albert, F. Bilodeau, D.C. Johnson, K.O. Hill,
S.J. Mihailov, D. Stryckman, Communications Research
Centre, Canada; T. Kitagawa, NTT Optoelectronics Laborato-
ries, Japan; Y. Hibino, Photonic Integration Research Inc.
Bragg gratings with 10~ index modulation and identical
spectral responses in TE and TM polarization are reported
in standard germanium-doped silica waveguides without
hydrogen loading. Polarization independence is achieved
through a UV-induced birefringence of 2 x 10~. (p. 22)

12:15pm

BSuBS5 = Novel liquid and liquid-crystal cored fiber
Bragg gratings, Raman Kashyap, Doug L. Williams, Ray P.
Smith, BT Laboratories, U.K. Fiber Bragg gratings at 1550
nm are demonstrated in liquid- and liquid-crystal cored,
boron-germanium co-doped inner-cladding silica capillary
single-mode fiber. (p. 25)

12:30pm-2:00pm
Lunch Break -




Auditorium

2:00pm-3:30pm
BSuC w» Grating Devices Il
Gerry Meltz, OFT Associates, Presider

2:00pm (Invited)

BSuC1 m Bragg gratings in telecommunications
networks, E. Delevaque, B. Loisel, ].E. Bayon, N. Devoldere,
H. Poignant, D. Bosc, France Telecom, France.
Photoinscription of Bragg gratings within optical
waveguides has been shown as a promising technology in
the optical telecommunications field. Many applications
have already been demonstrated in transport, local or access
networks. The robustness, stability and flexibility that
photoimprinted components offer, insure a fast widespread
of their use in near close future telecommunications
networks. (p. 30)

2:30pm

BSuC2 = Optical space domain reflectometry for
determination of strength and chirp distribution
along optical fiber gratings, Ernst Brinkmeyer, Gunnar
Stolze, Dietmar Johlen, TU Hamburg-Harburg, Germany. A
method is proposed and tested for direct local readout of
the complex coupling coefficient kappa(z) along grating
structures of arbitrary strength and chirp. (p. 33)

2:45pm

BSuC3 m New Interferometer for complete design of
UV-written fiber Bragg gratings, P.-Y. Fonjallaz, B.
Sahlgren, B. Grennberg, R. Stubbe, Institute of Optical
Research, Sweden. A new interferometer has been developed
to easily modify the period of UV laser interference fringes
used to fabricate in-fiber Bragg gratings. (p. 36)

3:00pm

BSuC4 m Short-wavelength, transmisslon-loss
suppression In flber Bragg gratings, Mikhail N. Zervas,
Morten Ibsen, Richard 1. Laming, Univ. Southampton, UX.
Short-wavelength transmission losses in Bragg gratings
practically can be eliminated by damping the resonant
excitation of the cladding modes. By applying a thin lossy
layer on the fiber cladding surface, a reduction of transmis-
sion losses of about 12 dB was achieved. (p. 39)

3:15pm

BSuC5 m Nonreflecting narrow-band fiber optical
Fabry-Perot transmisslon filter, Dietmar Johlen, Peter
Klose, Andreas Ewald, Ernst Brinkmeyer, Technische Univ.
Hamburg-Harburg, Germany. A pair of tilted fiber Bragg
gratings in a two-mode section of an elsewhere single-mode
fiber forms a nonreflecting narrowband Fabry-Perot
transmission filter. (p. 42)

Lobby
3:30pm—4:00pm
Refreshment Break

Auditorium

4:00pm-5:30pm
BSuD = Grating Stability and Reliability

Turan Erdogan, University of Rochester, Presider

4:00pm (Invited)

BSuD1 = Mechanical reliability of UV Irradiated
fibers: application to Bragg grating fabrication, H.G.
Limberger, D. Varelas, R.P. Salathé, Swiss Federal Institute of
Technology, Switzerland. Fiber gratings irradiated by CW-
laser show a breaking strength and a lifetime performance
similar to that of pristine fiber, in contrast to pulsed KrF-
laser irradiation. (p. 46)

4:30pm

BSuD2 = Annealing of long perlod gratings in
standard hydrogen-loaded fiber, F. Bakhti, J. Larrey, P.
Sansonetti, Alcatel Alsthom Recherche, France. We have
conducted a study on annealing of long period gratings
UV-written in hydrogen-loaded standard fiber at different
temperatures during hundreds of hours. (p. 49)

4:45pm

BSuD3 m Rellabllity predictions on fiber gratings
through alternate methods, Sriraman Kannan, Paul J.
Lemaire, Jerry Guo, Michael J. LuValle, Lucent Technologies,
Bell Labs Innovations. Principles behind the methods to
predict fiber grating reliability are discussed and alternate
techniques are compared. Considerations in the decay
analysis of gratings with simple and complex refractive
index profiles are presented. (p. 52)

5:00pm

BSuD4 = Impact of hydrogen in-fiber and out-fiber
diffusion on central wavelength of UV-written long
period grating, F. Bakhti, ]. Larrey, P. Sansonetti, Alcatel
Alsthom Recherche, France; B. Poumellec, CNRS, France. We
present both theoretical and experimental studies on the
impact of hydrogen in-fiber and out-fiber diffusion on long
period gratings written in standard hydrogen loaded fibers.

(p. 55)

5:15pm

BSuDS5 = A novel approach to fabricate high-tempera-
ture resistant fiber Bragg gratings, Michael A. Fokine,
Bengt E. Sahlgren, Raoul Stubbe, Institute of Optical
Research, Sweden. A method to fabricate high-temperature
resistant Bragg gratings is presented in which the refractive
index change is believed to be caused by redistribution of
dopants. (p. 58)



Adams Room

5:30pm-7:00pm

JSuE = Linear and Nonlinear Optical
Phenomena in Glass GOMD/BGPP Joint
Poster Session

(NOTE: Abstracts for Joint Poster Session are
avallable In the GOMD abstract book and the BGPP
Technical Digest.)

JSuE1 m 270 nm absorption and 432 nm lumines-
cence bands In doped silica glasses, B. Poumellec,
Univ. Paris Sud, France; V.M. Mashinsky, General Physics
Institut, Russia. (p. 62)

JSuE2 m UV-induced reaction of H, with the core of
germanosilicate and aluminosilicate fiber preforms,
Caroline Dalle, Patrick Cordier, Christophe Depecker,
Pascal Bernage, Marc Douay, Pierre Niay, Univ. Sciences et
Technologies de Lille, France; Jean-Francois Bayon, France
Telecom, France; Liang Dong, Univ. Southampton, UK.
(p. 65)

JSUE3 m Effects of molecular hydrogen on low-
intensity UV photochemistry of germanosilicate
glasses, V.N. Bagratashvili, S.I. Tsypina, Russian Academy
of Sciences, russia; PV. Chernov, A.O. Rybaltovskii, Yu.V.
Zavorotny, Moscow State Univ., Russia; L. Dong, Univ.
Southampton, U.K. (p. 68)

JSuE4 m The potential of plasmachemical technology
for fabrication of silica-based photosensitive optical
fibers, Konstantin Golant, E.M. Dianov, Fiber Optics
Research Center, Russia. (p. T1)

JSuES = Direct characterization of ultraviolet-light-
induced refractive index structures by scanning near-
field optical microscopy, M. Svalgaard, S. Madsen, ].M.
Hvam, M. Kristensen, Technical Univ. Denmark, Denmark.
(p. 74)

JSUE6 w Permanent refractive-index changes in pure
GeO, glass slabs induced by Irradiation with below-
gap light, Yuichi Watanabe, Hiroyuki Moriwaki, Genjiro
Furuhashi, Science Univ. Tokyo, Japan; Junji Nishii, Osaka
National Research Institute, Japan; Hideo Hosono, Hiroshi
Kawazoe, Tokyo Institute of Technology, Japan. (p. 77)

JSUE7 m Defect population in Ge doped silica studied
by fluorescence spectroscopy, B. Poumellec, H. Cens,
Thermodynamique et Physico-Chimie des Matériaux, France;
A. Trukhin, Univ. Latvia, Latvia; ].C. Krupa, Institut de
Physique Nucléaire, France; B. Leconte, Univ. des Sciences et
Techniques de Lille, France; M. Bubnov, Fiber Optics Research
Center at General Physics Inst., Russia. (p. 80)

JSuUES = The role of extrinsic species on the nonlin-
ear absorption of bulk and thin film sulfide glasses, T.
Cardinal, K. Richardson, H. Shin, G. Stegeman, L. Glebov,
CREOL, Univ. Central Florida; ]. Viens, A. Villeneuve, Univ.
Laval, Canada (p. 83)

JSUE9 = Formation and photosensitivity of defects in
Se implanted silica, R. Magruder, I1I, Belmont Univ.; R.
Weeks, Vanderbilt Univ; R. Zuhr, Oak Ridge National .
Laboratory. (p. 83)

JSuUE10 = Refractive index dispersion of gallium
lanthanum sulfide and oxysulfide glasses, H. Takebe,
H. Yayama, S. Fujino, K. Morinaga, Kyushu Univ., Japan; D.
Hewak, Univ. Southampton, UK. (p. 83)

JSuE11 m Volume grating recording in fluorinated
silicate glasses, L. Glebov, L. Glebova, M. Moharam, K.
Richardson, V. Smirnov, Univ. Central Florida. (p. 83)

JSuE12 m Bragg gratings Inscription in rare earth
doped fiuoride glasses, F. Smektala, R. Sramek, J. Lucas,
Univ. de Rennes, France; W. Xie, P. Bernage, P. Niay, Univ. de
Lille, France. (p. 83)

JSuE13 = Comparing the effect for second harmonic
generation by electron beam scanning and o-beam
Irradiating on glass, M. Qiu, Kyushu Univ,, Japan; E. Pi, G.
Orriols, Univ. Autonoma de Barcelona, Spain. (p. 83)

JSuE14 m Photosensitivity as It relates with glass
macroproperties, A. Cardoso, CETEC, Brazil. (p. 84)

JSuE15 u Periodic structures in photo-thermo-
refractive glasses induced by homogeneous UV
Irradiation, V. Smirnov, L. Glebov, Univ. Central Florida.
(p. 84)

JSuE16 (Invited) m Photosensitive thin film materials
and devices, K. Simmons-Potter, B. Potter, M. Sinclair, D.
Meister, Sandia National Laboratories. (p. 84)

JSuE17(Invited) m Processing-induced defects in
optical wavegulde materlals, G. Sigel, Jr.,]. Lee, Rutgers
Univ. (p. 84)

JSUE18 = Photosensitivity in multi-valent rare earth
ion doped alumino silicate glass opticat fiber, K. Oh,
U. Paek, Kwangju Inst. of Science and Technology, Korea; T.
Morse, Brown Univ. (p. 84)

JSuE19 (Invited) m Materlal and fiber device aspects
of poled fused sllica, S. Brueck, T. Alley, X.-C. Long, Univ.
New Mexico; R. Myers, Univ. Auckland, New Zealand.

(p. 84)




JSuE20 m Report on second harmonic generation In
soda-lime glass and relative new phenomena, M. Qiu,
Kyushu Univ., Japan; F. Pi, G. Orriols, M. Bibiche, Univ.
Autonoma de Barcelona, Spain. (p. 85)

JSuE21 = Refractive index changes in Ge-doped silica
glass induced by a KrF excimer laser irradiation, H.
Nishikawa, Y. Miyake, E. Watanabe, D. Ito, Tokyo Metropoli-
tan Univ., Japan. (p. 85)

JSuE22 a Yellow/blue luminescences of Dy** doped
borate glasses and thelr anomalous temperature
variations, S. Tanabe, J. Kang, T. Hanada, N. Soga, Kyoto
Univ,, Japan. (p. 85)

JSuE23 (Invited) m Er** doped phosphate glasses and
lasers, S. Jiang, N. Peyghambarian, Univ. Arizona; M.
Myers, Kigre Inc. (p. 85)

JSuE24 = Photochromic/photoconductive effects in
cadmium-alumino fluorosilicates, L. Cornelius, P. A.
Tick, N.F. Borrelli, Corning Inc. (p. 85)

JSuE25 = Pr3* and Dy3*-doped Ge-S-1 glasses sultable
for active fiber optic devices, V. Krasteva, G. Sigel,
Rutgers Univ.; S. Semjonov, M. Bubnov, Fiber Optic Research
Center, Russia. (p. 85)

JSUE26 = Spectroscopy and quantum efficiency of
halide-modified gallium-lanthanum sulfide glasses
doped with praseodymilum, W. Brocklesby, J. Hector, J.
Wang, D. Brady, M. Kluth, D. Hewak, D. Payne, Univ.
Southampton, UK. (p. 86)

JSuUE27 m Optical absorption and magnetic circular
dichroism of ER®**-doped aluminosllicate glasses, D.
Johnson, D. Poulios, N. Bigelow, Univ. Rochester; ].
Spoonhower, Eastman Kodak Company. (p. 86)

JSuE28 m Rare earth doped PZG fluoride glass
channel waveguldes: spectroscopy and signal
amplification, E.C. Lebrasseur, Bernard Jacquier, UCBL-
UMR CNRS, France; Brigitte Boulard, Univ. du Maine,
France; Roger Rimet, LEMO/INPG UMR CNRS, France.
(p- 86)

JSUE29 = Rare-earth-doped glass thin films for
integrated photonics, A.]. Bruce, Lucent Technologies.
(p. 86)

JSUE30 m Preparation and nonlinear optical proper-
ties of Au/glass composite thin films, 1. Tanahashi, T.
Tohda, CRL Matsushita Electric Ind. Co. Ltd., Japan; H.
Inouye, ERATO, Japan; A. Mito, NRL of Meterology, Japan.
(p- 86)

JSuE31 = Nonlinear response of gold nanoparticles
embedded in glass matrix, H. Inouye, ERATO, Japan; K.
Tanaka, K. Hirao, Kyoto Univ., Japan; 1. Tanahashi, CRL
Matsushita Electric Ind. Co. Ltd., Japan. (p. 86)

JSUE32 m Nonlinear index of refraction of germanium
selenide glass at 10.6 pm, C. Schardt, ]. Simmons, Univ.
Florida; L. LeNeindre, P. Lucas, J. Lucas, Univ. Rennes,
France. (p. 87)

JSuE33 = Chalcogenide glasses with high nonlinear
refractive index, F. Smektala, C. Quemard, L. LeNeindre,
J. Lucas, Univ. de Rennes, France; A. Barthelemy, Univ. de
Limoges, France. (p. 87)

JSuE34 m Solarization of soda-lime-sllicate glass
containing manganese, B. Long, L. Peters, H. Schreiber,
Virginia Military Inst. (p. 87)

JSuE3S5 (Invited) m Mid-IR high power transmission
through chalcogenide glass fibers, L. Busse, J.
Sanghera, I. Aggarwal, U.S. Naval Research Laboratory.
(p. 87)

JSuUE36 m Optical properties of gold (and other
precious metals) in acetate glasses, N. Wilk, Jr., H.
Schreiber, Virginia Military Inst. (p. 87)

JSuE37 m Fluorescent cooling of ytterblum-doped
heavy metal fluoride hosts, M. Murtagh, G. Sigel, Jr.,
Rutgers Univ.; ]. Fajardo, Corning Inc.; B. Edwards, R.
Epstein, Los Alamos National Laboratory. (p. 87)

JSuE38 m NMR and IR study of the functionality of
electrode glasses, C. Jiger, Friedrich Schiller Univ.,
Germany; K. Glock, B. Thomas, Univ. Mining and Technol-
ogy, Germany. (p. 88)

JSuE39 = Possiblilities of 119-Tin NMR for the
characterizatlon of glasses, C. Jiger, M. Braun, Friedrich
Schiller Univ., Germany; D. Ehrt, A. Daniel, Otto-Schott Inst.
fur Glaschemie, Germany. (p. 88)

JSuE40 = lon-exchange processes In silicate glasses:
the role of oxygen, V. Belostotsky. (p. 88)

JSuE41 = Residual stresses due to refractory
inclusions in silica glass, D. Wissuchek, Corning Inc.
(p. 88)

JSuE42 = Investigation of optical and radiation
properties of oxygen deficient sllica glasses, A.N.
Trukhin, Univ. Latvia; H.-]. Fitting, Rostock Univ., Germany.
(p. 89)

Adams Room

6:30pm-8:00pm
Conference Reception



Il Monday
Il October 27, 1997
JOINT SYMPOSIUM ON VITREOUS SILICA

AND RELATED MATERIALS
(Sessions JMA, JMD, JMF, JMH)

Auditorium

8:00am-10:30am ‘

JMA = Joint Session on Hydrogen in Glass
and Fibers

David Griscom, U.S. Naval Research Laboratory, Presider

8:00am (Invited)

JMA1 = Radiation-induced density and absorption
changes In fused silica, T.P. Seward III, C. Smith, N.F.
Borrelli, D.C. Allan, R.J. Araujo, Corning Inc. We report
effects of 193 and 248 nm excimer laser irradiation on fused
silica used for microlithography lenses. Color center
formation and densification are described. (p. 94)

8:30am

JMA2 = Hydrogen, defects, and compaction of pure
and doped vitreous sllica, James Shelby, Marie Bergomi,
Alfred Univ. Abstract available in GOMD Abstract Book and
BGPP Technical Digest. (p. 97)

8:45am

JMA3 = Mechanisms of Index change Induced by
near-UV light In hydrogen-loaded fibers, V. Grubsky,
D.S. Starodubov, J. Feinberg, Univ. Southern California. The
photosensitivity in H,-free fibers follows the excitation
spectrum of GODC triplet state, while in H,-loaded fibers it
is different. In loaded fibers the effect of near-UV light is
similar to 240 nm excitation. (p. 98)

9:00am

JMA4 = Kinetics of defect center formation and
photosensitivity in Ge-SI0, of various compositions,
Tsung-Ein Tsai, E. Joseph Friebele, U.S. Naval Research
Laboratory. Generation kinetics of defect centers in Ge-SiO,
core fibers of various compositions are studied and
discussed along with their photosensitive phenomena.

(p. 101)

9:15am

JMAS = Photosensitivity of oxygen deficient type
bulk sllica and fibers, J. Lee, G. Sigel, Jr., Rutgers Univ.; Jie
Li, SpecTran Specialty Optics Co. Abstract available in
GOMD Abstract Book and BGPP Technical Digest.

(p. 104)

9:30am

JMAG = Mode profile modification of H* heam-
Implanted waveguides with use of UV processing, J.
Canning, Univ. Sydney, Australia; M. von Bibra, A. Roberts,
Univ. Melbourne, Australia. Large negative index changes are
observed in buried H* beam-implanted waveguides with
193 nm irradiation by measuring increases in the mode
profile dimensions. These changes are up to 10% of the
core-cladding index difference and are more pronounced in
the vertical axis. This allows the possibility of tailoring the
mode profile shape. (p. 105)

9:45am

JMA7 = Large refractive index changes observed in
silicon-implanted silica exposed to high cumulative
doses of ArF laser light, M. Verhaegen, J.L. Brebner,
Univ. Montréal, Canada; J. Albert, Communications Research
Centre, Canada. Kramers—Kronig analysis explains UV
light-induced index change in implanted silica in the low
cumulative dose regime but fails in high dose regime.

(p. 108) '

10:00am

JMAS m Vacancles In as-grown and electron irradi-
ated o-SI0,, S. Dannefaer, D. Craigen, D. Kerr, Univ.
Winnipeg, Canada. Abstract available in GOMD Abstract
Book and BGPP Technical Digest. (p. 111)

10:15am

JMA9 » Molecular dynamics simulations of defects
and excitons In glasses, L. Rene Corrales, Pacific
Northwest National Laboratory. Abstract available in GOMD
Abstract Book and BGPP Technical Digest. (p. 112)

Washington/Wilson Room

8:00am-9:15am
BMB = Pulse Propagation in Gratings

Ian Bennion, Aston University, U.K., Presider

8:00am (Invited)

BMB1 = High Iintensity pulse propagation in fiber
Bragg gratings, B.]. Eggleton, R.E. Slusher, T.A. Strasser,
Bell Laboratories, Lucent Technologies; C.M. de Sterke, Univ.
Sydney, Australia. We review our recent nonlinear propaga-
tion experiments in fiber Bragg gratings. These experiments
demonstrate nonlinear pulse compression, grating soliton
generation and pulse shaping, and also show how a train of
soliton-like pulses may be generated from a single input
pulse. (p. 114)

8:30am

BMB2 m Ultrashort pulse propagation through fiber
gratings: theory and experiment, L.R. Chen, S.D.
Benjamin, PW.E. Smith, ].E. Sipe, Univ. Toronto, Canuda.
We theoretically and experimentally investigate the
temporal response of transform-limited picosecond
Gaussian pulses reflected and transmitted from fiber
gratings. Experimental measurements are in excellent
agreement with theoretical calculations. (p. 117)




8:45am

BMB3 m Nonlinear self-switching and multiple gap
soliton formation in a fiber Bragg grating, D. Taverner,
N.G.R. Broderick, D.J. Richardson, R.]. Laming, M. Ibsen,
Southampton Univ.,, UK. We report for the first time, we
believe, the experimental observation of quasi-cw nonlinear
switching and multiple gap soliton formation within the
bandgap of a fiber Bragg grating. (p. 120)

9:00am

BMB4 = The optical pushbroom In action, N.G.R.
Broderick, D. Taverner, D.J. Richardson, M. Ibsen, R.1.
Laming, Univ. Southampton, U.K. We report the first
demonstration of the optical pushbroom—a novel form of
all-optical switching involving a nonlinear Bragg grating, a
strong pump pulse and a weak CW probe beam. (p. 123)

Washington/Wilson Room

9:15am~10:15am
BMC = Fiber Lasers

Jean-Luc Archambault, Ciena Corporation, Presider

9:15am (Invited)

BMC1 = Cascaded Raman fiber lasers and amplifiers,
Stephen G. Grubb, SDL Inc. The recent availability of high
power cladding pumped fiber lasers and low loss fiber
resonators enabled with fiber Bragg grating technology,
have made efficient CW Raman frequency conversion
extremely efficient. The technology of cascaded Raman
lasers and amplifiers will be reviewed. (p. 128)

9:45am

BMC2 m Novel high power 1.24 pm and 1.48 pm
Raman lasers based on phosphosilicate fiber, EM.
Dianov, M.V. Grekov, I.A. Bufetov, S.A. Vasiliev, O.1.
Medvedkov, G.A. Ivanov, A.V. Belov, V.G. Plotnichenko, V.V.
Koltashev, A.M. Prokhorov, Russian Academy of Sciences,
Russia. We report the first efficient resonant conversion of
cw 1.06 um radiation to the first (1.24 pm) and second
(1.48 um) Raman Stokes in a phosphosilicate fiber.

(p. 129)

10:00am

BMC3 m Performance characteristics of single
frequency Er**:Yb** co-doped fiber lasers, W.H. Loh,
B.N. Samson, L. Dong, G.]. Cowle, Univ. Southampton, U.K.;
K. Hsu, Micron Optics Inc. The performance of Er**:Yb**
single frequency fiber lasers are reported. With lasing
powers up to 60 mW, they are shown to have excellent
specifications in terms of optical linewidth, signal-to-noise
ratio, RIN, SMSR, and polarization purity. (p. 132)

The Harrison/Jefferson/Madison/
Monroe Rooms

10:30am~11:00am

Coffee Break/Exhibits

Auditorium

11:00am-12:30pm

JMD = Joint Session on Fundamental
Mechanisms

Tsung Tsai, U.S. Naval Research Laboratory, Presider

11:00am (Invited)

JMD1 = Dielectric characteristics of silica and
inference of related defects, Minoru Tomozawa,
Rensselaer Polytechnic Institute; Dong-Wook Shin, Samsung
Electronics Co., Korea. Dielectric properties of silica glasses
were measured and their relationship with the reported

second harmonic generation in silica glasses by poling is
discussed. (p. 136)

11:30am

JMD2 m Determination of the vislble-range optical
absorption spectrum of peroxy radicals In gamma-
irradiated fused silica, David L. Griscom, U.S. Naval
Research Laboratory; Masafumi Mizuguchi, Tokyo Institute
of Technology, Japan. High-purity fused silicas in fiber and
bulk forms y-irradiated to doses of ~12 MGy were studied
by electron spin resonance and optical methods and
isochronal annealing. (p. 139)

11:45am (Invited)

JMD3 = The point defects with low-coordinated Si or
Ge atoms on sllica surface: Surface and bulk centers
comparlson, Victor A. Radzig, Russian Academy of Sciences,
Russia. The spectra, structure, and reactivity of paramag-
netic and diamagnetic point defects containing low-

coordinated Si or Ge atoms in vitreous silica are discussed.
(p. 142)

12:15pm

JMD4 m Relationship between Ge lone pair center
and Ge electron center, Koichi Awazu, Univ. Montréal,
Canada; Yuichi Morishita, Ken-ichi Muta, Showa Electric
Wire and Cable Co. Ltd., Japan. Relationship between Ge
lone pair center and Ge electron center in Ge doped silicas
was examined with changing the excitation energy and the
generation mechanism was proposed. (p. 145)

Washington/Wilson Room

11:00am—-12:30pm

BME = Novel Grating Materials and
Fabrication Methods

Charles Askins, U.S. Naval Research Laboratory, Presider

11:00am (Invited)

BME1 = Bragg grating fabrication in fibers by near-UV
light, D.S. Starodubov, General Physics Institute of the
Russian Academy of Sciences, Russia; V. Grubsky, J. Feinberg,
Univ. Southern California. Near-UV light produces fiber
Bragg gratings even through the polymer jacket, and reveals
the underlying microscopic mechanisms of grating
formation. (p. 150)



11:30am

BME2 = Highly photosensitive germanosilicate fiber
co-doped with nitrogen, E.M. Dianov, K.M. Golant, V.M.
Mashinsky, O.1. Medvedkov, L.V. Nikolin, O.D. Sazhin, $.A.
Vasiliev, Russian Academy of Sciences, Russia. A
germanosilicate fiber co-doped with nitrogen has been
fabricated by the surface plasma CVD process. The induced
indices amounted to 2.8 X102 and 1 x 107 for unloaded
and hydrogen loaded fibers, respectively. (p. 153)

11:45am :

BME3 = Wide-range and linearity of near-UV induced
index change in hydrogen-loaded fibers: applications
for Bragg grating fabrication, V. Grubsky, D.S.
Starodubov, J. Feinberg, Univ. Southern California. Near-UV
induced index change in hydrogen-loaded fibers increases
linearly with fluence, saturating at An ~ 107 We fabricated
two Bragg gratings in the same location. (p. 156)

12:00m

BME4 m 157-nm photosensitivity in germanosilicate
waveguides, Peter R. Herman, Keith Beckley, Sola Ness,
Univ. Toronto, Canada. The photosensitivity response of
germanium-doped silica fibers and planar waveguides was
characterized by near bandgap, 157-nm radiation for the
first time, we believe. (p. 159)

12:15pm

BMES5 = Strong higher-order fiber Bragg gratings
written with an amplitude mask, J.L. Wagener, R.P.
Espindola, A.M. Vengsarkar, Bell Laboratories, Lucent
Technologies. We have written 4th and 5th order Bragg
gratings in deuterium loaded optical fiber using a standard
chrome-on-silica amplitude mask. Grating reflectivities up
t0 99.9% are reported. (p. 162)

12:30pm-1:30pm
Lunch Break

Auditorium

1:30pm-3:30pm

JMF = Joint Session on Germanium-Doped
Silica

E.J. Friebele, U.S. Naval Research Laboratory, Presider

1:30pm (Invited)

JMF1 m Defects assoclated with photosensitivity in
Ge0,S10, glasses, Hideo Hosono, Tokyo Inst. of
Technology, Japan. Defects associated with photosensitivity,
nanometer-scale heterogeneity and photoreactions in Ge-
doped SiO, glasses are described along with structural
changes in UV-induced defects. (p. 166)

2:00pm

JMF2 = Local Kramers—Kronig analysis of UV-induced
absorption changes: dynamics of excess loss

induced by exposure to light at 248 nm or 193 nm in
Ge:SI0, preforms, B. Leconte, W.X. Xie, M. Douay, P.
Bernage, P. Niay, Univ. Lille I, France; ].F. Bayon, E.
Delevaque, H. Poignant, France Telecom CNET. Dynamics of
248 nm or 193 nm light-induced excess loss in Ge:SiO, glass
have been recorded. Index changes have been studied.
through a local Kramers—Kronig analysis. (p. 169)

2:15pm

JMF3 = Rise and decay of 3.15 eV luminescence in
germanosliicate glass: Iinfluence of glass densifica-
tion, E.M. Dianov, V.M. Mashinsky, V.B. Neustruev, O.D.
Sazhin, V.A. Sidorov, Russian Academy of Sciences, Russia.
Initial rise of 3.15 eV luminescence band at 3.68 eV
excitation is found in germanosilicate glass. Densification of
glass reduces the rise of the luminescence. (p. 172)

2:30pm

JMF4 = Germanosilicate glass refractive index
change under singlet and triplet excitation of
germanium oxygen deficlent centers, E.M. Dianov, S.A.
Vasiliev, A.A. Frolov, O.1. Medvedkov, Russian Academy of
Sciences, Russia. Refractive index changes induced in a Ge-
doped silica core fiber by photoexcitation of the singlet and
triplet bands of the germanium oxygen deficient centers
have been investigated and compared. (p. 175)

2:45pm

JMF5 m Links between writing and erasing (or
stabllity) of Bragg gratings in disordered media, B.
Poumellec, Univ. de Paris Sud, France. Stating that index
change can be accounted for by a reversible physico-
chemical equation dependent on an energetic disorder, I
suggest a link between stability and elaboration. (p. 178)

3:00pm

JMF6 m Growth kinetics of photoinduced gratings and
paramagnetic centers in high NA, heavily Ge-doped
sllica optlical fibers, T. Taunay, T.E. Tsai, EJ. Friebele, U.S.
Naval Research Laboratory; P. Niay, Univ. Sciences et
Technologies de Lille, France; ].F. Bayon, France Télécom,
France. Stretching the fiber during UV exposure modified
not only the kinetics of Type Ila grating formation but the
magnitude and growth behavior of the paramagnetic defect
centers. (p. 181)

3:15pm

JMF7 = Two types of photosensitivity observed in
hollow cathode PECVD germanosilica planar
waveguldes, M.V. Bazylenko, D. Moss, Optical Fibre
Technology Centre, Australia. Photosensitive effects known
in fibers as photosensitivity type I and type IIA have been
observed in HCPECVD germanosilica waveguides, but in a
much more pronounced form. (p. 184)




The Harrison/Jefferson/Madison/
Monroe Rooms

3:30pm—4:30pm

Refreshment Break/Exhibits

The Promenade

3:30pm—4:30pm
BMG = Poster Session Il

BMG1 m Widely wavelength tunable external cavity
laser by use of fiber Bragg grating embedded optical
switch, Masakazu Shigehara, Hiroshi Kohda, Kazuhito
Saito, Hiroo Kanamori, Sumitomo Electric Industries Ltd.,
Japan. A wavelength tunable laser that uses a fiber Bragg
grating embedded in an optical switch as an external cavity
mirror has been proposed, and oscillation at four wave-
lengths was successfully demonstrated by operating the
switch to select the fiber Bragg gratings. (p. 188)

BMG2 m Narrow transmission bandpass filters with
use of Bragg grating-assisted mode conversion, John
Canning, David Moss, Australian Photonics Cooperative
Research Centre, Australia. A narrow transmission bandpass
filter with 15 dB signal-to-noise levels is demonstrated with
use of Bragg grating-assisted mode conversion in transmis-
sion. (p. 191)

BMG3 = Rapld thermal annealing of chalcogenide
glasses for photodarkened waveguide and grating
applicatlons, Siddharth Ramachandran, S.G. Bishop, Univ.
Illinois. Rapid thermal annealing of sputtered chalcogenide
glass films is demonstrated to increase surface quality and
the largest photoinduced index change possible (5%).
Holographic gratings and channel waveguides are directly
patterned on this glass and their characteristics are
compared with devices on conventionally annealed
chalcogenide films. (p. 194)

BMG4 s Z-scan study of thin chalcogenide AsS,
glass films and holographic fabrication of microlens
networks, A. Saliminia, T.V. Galstyan, A. Villeneuve, Univ.
Laval, Canada; K. Richardson, Univ. Central Florida. The
photoresponse of chalcogenide glasses is studied using the
time-resolved Z-scan technique. The observed complex
refractive index and surface profile change allow the
holographic fabrication of 1D (cylindrical) and 2D
microlens structures. (p. 197)

BMGS m Analysis of an optical frequency-hop encoder
using strain-tuned Bragg gratings, H. Fathallah, S.
LaRochelle, L.A. Rusch, Univ. Laval, Canada. We propose
fast optical frequency-hop code division multiple access
(FH-CDMA) for high capacity local area networks.
Encoding and decoding are achieved by tunable fiber
gratings. (p. 200)

BMG6 m Effects of doping of H,0 and Na on second-
order nonlinearity In poled silica glass, Hiroaki Imai,
Suguru Horinouchi, Naoko Asakuma, Kazuhiro Fukao,
Daizaburo Matsuki, Hiroshi Hirashima, Keisuke Sasaki,
Keio Univ., Japan. Doping of H,O increased a second-order
nonlinearity in the whole region of poled type III silica
glass, whereas Na increased that in the near-surface region.
(p. 203)

BMG7 = A thermally poled electro-optic fiber, X.-C.
Long, S.R.]. Brueck, Univ. New Mexico. A planarized fiber
poling structure compatible with high-speed microstrip
electrodes defined by standard lithography is presented.
Present results include a V_L product of 900 V-cm.

(p. 204)

BMGS8 m UV and thermal poling of germanosilicate
fiber, Y. Quiquempois, G. Martinelli, P. Bernage, M. Douay,
P.Niay, Univ. Lille, France; E. Delevaque, H. Poignant, B.
Loisel, ].F. Bayon, CNET Lannion, France. Polings have been
achieved in a specially designed germanosilicate fiber by use
of two methods. Both the poling techniques and the results
concerning the linear electro-optic coefficient are presented.
(p. 207)

BMG9 = The Influence of phase mask stitch errors on
the performance of UV-written Bragg gratings, X. Liu,
R.M. De La Rue, P.V.S. Marques, S. Thoms, ].S. Aitchison,
Univ. Glasgow, U.K.; L.A. Everall, ].A.R. Williams, I.
Bennion, Aston Univ., UK. We quantify the effect of
stitching errors in binary phase masks on the reflection
spectra of UV-written Bragg gratings and assess the
maximum acceptable error. (p. 210)

BMG10 = Dynamics of coupling peaks by H, diffusion
in long-period grating filter, Joo-Nyung Jang, Kyung-Ho
Kwack, Samsung Electronics Co. Ltd., Korea; Sang-Bae Lee,
Sang-Sam Choi, Korea Institute of Science and Technology,
Korea. Behavior of loss peaks by H, diffusion after exposure
of UV-source and the spectral change even with same An
during the annealing process is presented. (p. 213)

BMG11 m Analysis of narrow depressed-cladding
fibers for minimization of cladding and radiation
mode losses in fiber Bragg gratings, C.W. Haggans,
W.E. Varner, 3M Fiber Optics Laboratory; H. Singh, 3M
Bragg Grating Technologies; ].-S. Wang, 3M Specialty Optical
Fibers. The cladding and radiation mode loss characteristics
of photoinduced gratings written in fibers with a narrow
depressed inner cladding are compared with the properties
of gratings written in matched-clad, photosensitive clad,
and wide depressed-cladding fibers. (p. 216)

BMG12 m Strong LP,,-mode splitting in UV side-
written tilted fiber gratings, Hagen Renner, Dietmar
Johlen, Peter Klose, Ernst Brinkmeyer, TU Hamburg-
Harburg, Germany. The LP, -mode degeneracy can be
broken strongly by UV side-writing for widely separating
the resonance peaks in tilted fiber gratings. (p. 219)



BMG13 u The effect of profile noise on the spectral
response of fiber gratings, Frangois Ouellette,
Kromafibre Inc., Canada. When the spatial profile of a fiber
grating coupling coefficient or period is noisy, the spectral
response can be dramatically degraded. The cases of short
apodized gratings and long chirped gratings are investi-
gated. (p. 222)

BMG14 = Thermal stabilities of strong UV written
gratings In sol-gel germanosilicate planar
waveguldes, A.D. Razafimahatratra, M. Benatsou, M.
Bouazaoui, W.X. Xie, M. Douay, Univ. Lille I, France; C.
Mathieu, A. Dacosta, Univ. Artois a Lens, France. Planar
waveguides are elaborated by the sol-gel process at 700 °C.
Pulsed or cw irradiation at 244 nm lead to photorefraction,
photoexpansion, or densification and photoablation in the
waveguides. Thermal stabilities of the photoinduced
refractive index of 5 X 107 are presented. (p. 225)

BMG15 u Fabricatlon of in-fiber Moiré fllters using a
5 cm nondedicated chirped phase mask, L.A. Everall,
K. Sugden, J.A.R. Williams, I. Bennion, Aston Univ., UK.; X.
Liu, J.S. Aitchison, R.M. De La Rue, Univ. Glasgow, U.K.
Fabrication of Moiré filters with very narrow stopbands and
high rejection levels >35 dB using a 5-cm nondedicated
chirped phase mask is presented. (p. 228)

BMG16 = Equalization of spectral nonuniformities in
broadband chirped fiber gratings, Michael K. Durkin,
Morten Ibsen, Richard 1. Laming, Univ. Southampton, U.K.;
Valeria Gusmeroli, Pirelli Cavi SpA, Italy. We present a novel
application of apodization to equalize the spectral
nonuniformities caused by cladding-mode losses in
broadband chirped fiber Bragg gratings. (p. 231)

BMG17 m Long period gratings formed in depressed
cladding fibers, Liang Dong, Laurence Reekie, Jose L.
Cruz, Univ. Southampton, U.K. In a single-mode fiber of a
depressed cladding design, the LP, mode is leaky but can
propagate over a short length of fiber. This leaky LP,, mode
instead of the conventional cladding modes can be used in
long period gratings, with two extra benefits: I) a larger
overlap gives stronger coupling, and II) coupling is
insensitive to the glass-air interface; therefore packaging is
easier. (p. 234)

Auditorium

4:30pm-5:30pm

JMH = Joint Session on Photoinduced
Effects in Novel Materials

Koichi Awazu, Electrotechnical Laboratory, Presider

4:30pm

JMH1 = Photosensitivity of tin doped phosphosilicate
glasses, P.V.S. Marques, J.R. Bonar, A. Glidle, A.
McLaughlin, J.S. Aitchison, Univ. Glasgow, U.K.; AM.P.
Leite, Centro de Fisica do Porto, Portugal. The UV absorp-
tion of tin doped phosphosilicate glasses produced by flame
hydrolysis deposition is reported. Two different methods of
doping (aerosol and solution doping) are compared.

(p. 240)

4:45pm

JMH2 = Photoinduced integrated optical devices In
sulfide chalcogenide glasses, J.-F. Viens, A. Villeneuve,
T. Galstian, M.A. Duguay, Univ. Laval, Canada; K.A.
Cerqua-Richardson, S. Schwartz, Univ. Central Florida. We
demonstrate the fabrication of integrated optical devices in
arsenic (S,5e)-based chalcogenide glasses using laser
writing. Results on photoinduced gratings, waveguides, and
couplers are presented. (p. 243)

5:00pm

JMH3 = Temperature dependence of UV-induced
defects in thulium-doped ZBLAN fibers, Pierre Laperle,
Réal Vallée, Sophie LaRochelle, Univ. Laval, Canada; Alain
Chandonnet, Institut National 4’Optique, Canada. Photoin-
duced absorption in ZBLAN fibers was produced by direct
UV exposure. Thermal annealing is described by stretched-
exponential functions in darkened and photobleached
samples. (p. 246)

5:15pm

JMH4 = The origin of photoinduced anisotropy in
germanium sulfide-based glasses, Victor Tikhomirov, P.
Hertogen, G. Adriaenssens, Katholieke Univ. Leuven,
Belgium; V. Krasteva, G. Sigel, Rutgers Univ. Metastable
photoinduced anisotropy generated by linearly polarized
sub-bandgap light in Pr-doped Ge-S-I glasses is reported.
The microscopic model for this effect is proposed. (p. 249)

Auditorium

5:30pm

Postdeadline Paper Session

Jacques Albert, Communication Research Center, Canada,
Presider




M Tuesday
M October 28,1997

Room 18

8:00am—-10:15am
BTuA =« WDM Applications

Gary Ball, Uniphase Telecom Products, Presider

8:00am (Invited)

BTuA1 = Fiber grating devices for WDM communica-
tion systems, Thomas A. Strasser, Bell Laboratories, Lucent
Technologies. This talk will discuss the properties of UV-
induced fiber gratings, and how these properties are critical
to enable numerous devices required for future Wavelength
Division Multiplexing (WDM) communication systems.

{p. 254)

8:30am

BTuA2 = An allfiber, zero insertion loss, add/drop
filter for wavelength division multiplexing, Anthony S.
Kewitsch, George A. Rakuljic, Phil A. Willems, Amnon Yariv,
Arroyo Optics Inc. An all-fiber add/drop filter with an
insertion loss of ~0.1 dB was fabricated by recording a
Bragg grating in the waist of an asymmetric mode con-
verter/coupler. (p. 256)

8:45am

BTuA3 = Low crosstalk optical add-drop multiplexer
based on a planar silica-on-silicon Mach-Zehnder
interferometer with UV-induced Bragg gratings and
UV trimming, J.-M. Jouanno, D. Zauner, M. Svalgaard, M.
Kristensen, Technical Univ. Denmark, Denmark. We present
a low crosstalk optical add-drop multiplexer made in silica-
on-silicon waveguides by writing Bragg gratings in a Mach-
Zehnder interferometer and subsequently tuned by UV
trimming. (p. 259)

9:00am

BTuA4 m Apodized UV-induced gratings in planar
waveguldes for compact add-drop filters, C.K. Madsen,
].J. DeMarco, C.H. Henry, E.J. Laskowski, R.E. Scotti, T.A.
Strasser, Lucent Technologies, Bell Laboratories. Results are
presented for 1-cm-long apodized gratings in planar
waveguide Mach—Zehnder interferometers that are suitable
for 100 GHz channel spacing add-drop filters. (p. 262)

9:15am

BTuAS = Efficient active Bragg grating tunable
filters, H.G. Limberger, Nguyen Hong Ky, D.M. Costantini,
R.P. Salathé, C.A.P. Miiller, G.R. Fox, Swiss Federal Institute
of Technology, Switzerland. New active Bragg grating devices
based on thin metallic and piezoelectric coatings have been
demonstrated showing efficiencies of 4 nm/W and 12 pm/V,
respectively. (p. 265)

9:30am

BTuAG6 m Chirped Moiré fiber gratings operating on
two wavelength-channels for use as dual channel
dispersion compensators, Morten Ibsen, Michael K.
Durkin, Richard I. Laming, Univ. Southampton, U.K. Long
continuously chirped Moiré fiber gratings are demon-
strated. Clean, dual-channel operation with dispersion
equivalent to 100 km and 200 km of standard fiber is
shown. (p. 268)

9:45am (Invited)

BTuA7 = Dispersion compensation gratings, Richard
T. Laming, M. Ibsen, M. Durkin, M.]. Cole, M.N. Zervas,
K.E. Ennser, Univ. Southampton, U.K.; V. Gusmeroli, Pirelli
Cavi SpA, Italy. Broadband chirped fiber gratings allow the
upgrade of the existing nondispersion shifted fiber network
to high data rate operation within the 1.55 um low-loss
window. The design, fabrication, performance and
application of these devices is covered. (p. 271)

The Harrison/Jefferson/Madison/
Monore Rooms

10:15am-10:45am

Coffee Break/Exhibits

Room 18

10:45am-12:15pm
BTuB = Planar Waveguide Devices
Graeme Maxwell, BT Labs, U.K., Presider

10:45am (Invited)

BTuB1 m Application of photosensitivity in planar
silica-on-silicon optical waveguides, Y. Hibino, Photonic
Integration Research, Inc. This paper reviews recent progress
on photosensitivity in silica-based planar waveguides. The
main focus is on the photosensitivity due to 193 nm
irradiation, which can induce large refractive index changes
in the waveguide without special treatment. Discussed are
the basics of these phenomena and device applications.

(p. 276)

11:15am

BTuB2 m Direct writing of planar waveguide devices
with use of ultraviolet light, M. Svalgaard, M.
Kristensen, Technical Univ. Denmark, Denmark. Planar
waveguide power splitters and directional couplers
exhibiting low loss have been fabricated in silica-on-silicon
by use of a continuous wave UV laser beam. (p. 279)

11:30am

BTuB3 = Self-writing in photosensitive materials:
theory and experiment, Tanya Monro, D. Moss, C.M. de
Sterke, L. Poladian, Australian Photonics CRC, Australia.
Simulations indicate that waveguides can be self-written in
photosensitive materials. We analyze the effect of loss, and
present the first experimental confirmation of this process.
(p. 282)



11:45am (Invited)

BTuB4 m Writing waveguldes and gratings In silica
and related materials by femtosecond laser, K. Hirao,
Kyoto Univ., Japan. Creating waveguides and optical devices
in bulk glasses with an ultrafast femtosecond laser were
successfully carried out. (p. 285)

12:15pm-1:15pm
Lunch Break

Room 18

1:15pm-3:15pm
BTuC = Poling |
Roger Stolen, ATe~T Labs-Research, Presider

1:15pm (Invited)

BTuC1 m Large SHG In UV-poled silica glass, Takumi
Fujiwara, Akira J. Ikushima, Toyota Technological Institute,
Japan; Masahide Takahashi, Kobe Univ., Japan. Large SHG
in a germanosilicate glass, induced by UV-poling at 193 nm,
is reported. Measured SHG coefficient in a UV-poled glass
was found to exceed d,, of LINDO,. (p. 290)

1:45pm

BTuC2 = An lon exchange model for extended-
duration thermal poling of bulk fused silica, Thomas
G. Alley, S.R.J. Brueck, Univ. New Mexico; Richard A. Myers,
Univ. Auckland, New Zealand. We present experiments and
a model demonstrating the importance of hydrogen ion
exchange for the %@ formation in bulk SiO,. (p. 293)

2:00pm

BTuC3 = Effect of minority species on thermal poling
of fused silica glasses, Noriyuki Wada, Kenji Morinaga,
Kyushu Univ., Japan; Hiromichi Takebe, Valerio Pruneri,
Peter G. Kazansky, Univ. Southampton, U.K. We carried out
a systematic analysis of oxygen-related defects and
impurities in commercial fused silica glasses and discuss
their effects on poling. (p. 296)

2:15pm

BTuC4 = Absolute prism-assisted Maker fringe
measurements of the nonlinear profile In thermally
poled silica, Alice Liu, M.].E. Digonnet, G.S. Kino, Stanford
Univ.; D. Pureur, Univ. des Sciences et Technologies de Lille,
France. The nonlinear profile of thermally poled silica is
characterized by use of a prism-assisted absolute Maker
fringe measurement. A buried Gaussian profile is inferred
from the measurement. (p. 299)

2:30pm

BTuC5 m Improving the nonlinearity of silica by poling
at higher temperature and voltage, Alice Liu, M.].F.
Digonnet, G.S. Kino, Stanford Univ.; D. Pureur, Univ. des
Sciences et Technologies de Lille, France. Stronger and deeper
nonlinear regions are demonstrated by poling at both
higher temperature (400 °C) and higher voltage (>10 kV).
{(p. 302)

2:45pm (Invited)

BTuC6 m Fundamentals of glass poling: from self-
organization to electric-field poling, Peter G. Kazansky,
Valerio Pruneri, Univ. Southampton, U.K. What is the limit
of a second-order nonlinearity in glass? Mechanisms of
glass poling answering this question are reviewed. (p. 305)

The Harrison/Jefferson/Madison/
Monroe Rooms

3:15pm-3:45pm

Refreshment Break/Exhibits

Room 18

3:45pm-5:15pm
BTuD = Poling Ii
Raman Kashyap, BT Laboratories, UK., Presider

3:45pm

BTuD1 m Creating a second order nonlinearity and a
waveguide in soft glasses by poling, W. Margulis, E.C.
Garcia, E.N. Hering, 1.C.S. Carvalho, Pontificia Univ.
Catélica do Rio de Janeiro, Brazil; B. Lesche, Univ. Federal do
Rio de Janeiro, Brazil; F. Laurell, Royal Institute of Technology,
Sweden. Poling is used to induce a second-order
nonlinearity in bulk soda lime and make single mode
waveguides in a depressed cladding configuration. (p. 310)

4:00pm

BTuD2 = Electro-thermal poling of microfibers, Isabel
Carvalho, C.M.B. Cordeiro, L.C. Guedes Valente, E.N.
Hering, W. Margulis, Pontificia Univ. Catolica do Rio de
Janeiro, Brazil; E. Laurell, R. Stubbe, Royal Institute of
Technology, Sweden. Standard telecom fibers were etched to
the core and the microfibers that formed were poled at
several kilovolts at 250 °C. (p. 313)

4:15pm (Invited)

BTuD3 m Electric-field poling of polymers, Reimund
Gerhard-Multhaupt, Univ. Potsdam, Germany. Chro-
mophore dipoles in amorphous nonlinear optical polymers
are oriented with electric fields from electrodes or charge
layers. Recently developed poling techniques permit three-
dimensional orientation structures. (p. 316)

4:45pm (Invited)

BTuD4 m Seeding and all-optical patterning of
polymers, J.-M. Nunzi, C. Fiorini, A.-C. Etil¢, P. Raimond,
LETI, France; F. Charra, DRECAM, France. All-optical
poling is based on the excitation of nonlinear molecules
using dual-frequency beams. In polymers, the process
permits the optical patterning of 3-dimensional spatio-
tensorial micro-structures. {p. 319)
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The nature of optically active defect centers in vitreous silicon dioxide.

Linards Skuja
Institute of Solid State Physics, University of Latvia,
8 Kengaraga Str.L'V 1063 Riga, Latvia, E-mail: skuja@acad.latnet.lv

Point defects are detrimental to the most applications which make use of the otherwise excellent
optical and dielectric properties of vitreous SiO,. One notable exception to this rule is the writing of
photoinduced gratings in Si0,:GeQ, glass fibers. There is ample evidence that the photosensitivity is
connected to the presence of point defects in the glass, particularly, to the presence of the so called
"oxygen deficiency centers" (ODC's). While significant advances in optimizing the photoinduced
grating writing have been made in recent years, the basic understanding of the underlying
microscopic defect processes is still insufficient. The nature of a number of defect-related optical
bands is still a matter of discussions. Most unsatisfactorily, the structure of the "key defect" to the
fiber writing, the ODC, remains controversial.

The optical and electron paramagnetic resonance (EPR) properties of point defects in vitreous $iO,
have been last reviewed by Griscom 6 years ago [1]. The present paper reviews the more recent
advances in this field, with a particular emphasis on the optical spectroscopy. This review will
concentrate on the basic intrinsic defects and on the most common impurity-related defects occurring
in synthetic vitreous SiO,. The properties of some of these defects are summarized in Table 1.
Germanium ODC is included due to its key role in photoinduced grating writing and because of it's
close relationship to the intrinsic Si-related ODC. A comprehensive review on defects occurring in
germanosilicate glasses has been published recently by Neustruev [2].

One of the prime objectives of the present paper is to reassess the often conflicting experimental
and theoretical evidence concerning the structural origin of ODC's.

In the past, the major steps in elucidating the structure of defects in vitreous SiO, have been made
almost exclusively using the techniques of EPR. The three milestones achieved this way are the
characterization of the E’-center, nonbridging-oxygen hole center (NBOHC) and peroxy radical
(POR). Unlike defect studies in other materials, the optical methods have played here often a
secondary role. In the case of diamagnetic defects, like ODC’s which are invisible by EPR, the
experimental evidence which could be related to their structure is much more scarce. However, new
developments based on the optical methods have emerged in the last years. Several of them are listed

below and will be discussed in the present paper:

* Application of the site selective luminescence excitation techniques. This techniques has

significantly improved the understanding of the optical properties of NBOHC’s.
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Table | :
Color centers in glassy SiO, caused by intrinsic defects and by the most common impurities
Commonly used | Suggested | Peak Halfwidth | Oscillator Peaks of Electron
defect name(s) or | structural positions of | (eV) strength excited paramag-netic
acronym(s) model(s) the optical f or abs. photolumi- | resonance signal
absorption/ cross section | nescence
excitation o (cm2) bands (eV)
bands (eV)
Oxygen deficiency- related centers
E’-centers: Not
E'oE'sE'yi =Sie...(Si=) | 5.7-5.8 0.8 f=0.14 observed 2iso=2.0010
E’s Sio, 8ie=2.0020
vacancy
Si Oxygen oxygen 6.8-7.0 04 f=0.1-0.4(7) |[4.3-4.4; None (diamag-
Deficiency vacancy. 495-505 [03 f=0.2 27-28 netic center)
Center, oxygen 3.15 03 f=10*
Si (ODC), divacancy;
B,-center, 2-fold
B,(Si), Si;", coordinated

oxygen vacancy, | silicon
oxygen divacancy

Ge Oxygen oxygen 6.8 04 f=0.1-0.4(7) | 4.2-4.3; None (diamag-
Deficiency vacancy, 5.1-5.4 0.42 f=0.14 3032 netic center)
Center(s), oxygen 37 04 f=1.5%10*

Ge (ODC), divacancy,

B,(Ge), Ge,", 2-fold
oxyzgen vacancy, | coordinated

Ge Ge
Si-Si bond, =Si-Si= 7.6 0.5 o=17.5%10"" | SiODC None (diamag-
oxygen vacancy | =Si._Si= cm™> emission netic center)
bands
H(I) center, #Si-He 4.3 0.6 Not 8i=2.001
“7.4mT =Si-H oSi= observed Ai(H)=
doublet” 7.4 mT
H(II) center, =Ge-He Not 8in=1.997
11.9 mT doublet | =Ge-H oSi=| ? ? observed A,(H)=
11.9 mT
Oxygen excess- related centers
Non-Bridging =5i-Oe 48 1.05 f=0.2 1.85-1.95 | g;=2.0010
Oxygen Hole 20 0.18 f=4*10" £,=2.0095
Center (NBOHC) ’ 8:=2.08
Peroxide Radical |=Si-O-Os |4.8-6.0(? |1.1-1.4 o=5*10"* Not 2,=2.0018
(POR) 7.6 cm?’ () observed | g,=2.0078
2,2.067
Interstitial O, 0=0 edge=TeV | continuum { g=10""cm’ Triplet ground
1.62 0012 £=10"-10" [0.975 state
0.975 o011 f=10"-10"
Interstitial O,, (o] 438 1.0 o=5*10" O, band None (diamag-
ozone /\ cm® at 0.97 eV | netic center)
O O (expected )
“3.8 eV band” {=Si-00-Si=|3.8 0.7 6=10"" cm® | Not None (diamag-
Interstitial observed netic center)

cl,
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¢ Realization that inhomogeneous broadening effects due to the glassy disorder are important in the
optical spectra of vitreous SiO;, and in a number of cases can cause "anomalous” behavior of the
optical bands. Any defect scheme assuming existence of several closely spaced discrete optical
bands should be first weighed against the possibility of disorder-induced inhomogeneous
broadening effects.

e Studying glass-specific defects embedded in a-quartz lattice environment. The attractive
possibility, to study the defects embedded in the orderly, crystalline environment of a-quartz
instead of the glass matrix have been hampered for a long time by the fact that most defects
(except for the E’ center) are inherent specifically to the glassy state of SiO, and do not occur in
quartz. However, it was found that such defects exist on the boundaries of the amorphous
microregions created in o-quartz lattice by particle irradiation.

¢ Utilizing analogies between the bulk and surface defects. Almost all of the defects listed in Table
1 can be created on the surface of mechanically ground SiO, particles. This provides an excellent
opportunity to study the (photo)chemical transformations of the defects without the diffusion-
imposed limitations complicating similar studies of the bulk defects.

¢ Realization that dissolved gases are important to defect (radio/photo) chemistry coupled with the
ability to detect them with direct spectroscopic methods. The long-standing ideas that interstitial
gas molecules of O, and Cl, are an important participant in defect processes in glassy SiO, are
now supported by a direct spectral evidence.

¢ Scrutiny of the vacuum ultraviolet region. Although the optical absorption band at 7.6 eV is the
only direct spectroscopic signature of the most abundant oxygen deficiency-related defect in SiO,,
this technically difficult spectral region up until recently has remained relatively little explored.
The recent experimental evidence and the suggested connection between the 7.6 eV center (“Si-
Si bond”’) and Si ODC will be dis;ussed.

References

1. D.L.Griscom, Optical Properties and Structure of Defects in Silica Glass. J.Cer. Soc.Jap., 99, 923-
942 (1991).

2.V.B.Neustruev Colour centres in gemanosilicate glass and optical fibers. J.Phys:Condens.Matter, 6,
6901-6936 (1994)
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WHAT CAN TOPOLOGICAL MODELS TELL US ABOUT GLASS
STRUCTURE AND PROPERTIES?

Linn W. Hobbs
Department of Material Science and Engineering
Massachusetts Institute of Technology
Room 13-4062, 77 Massachusetts Avenue, Cambridge, MA 02139
Tel: (617) 253-6835 Fax: (617) 252-1020 e-mail: hobbs@mit.edu

Space Filling and Topology

Atomic arrangements in condensed matter partition three-dimensional space into polyhedra whose
edges are interatomic vectors. These polyhedra, formally known as void polytopes, fill (tesselate)
space, and their identity and arrangement can provide one description of a given atomic arrange-
ment (Figure 1a) [1]. Other tessellations associated with space-filling of random structures are
Voronoi polyhedral cells [2] and their dual the Delauney network [3]. These tessellations are rel-
atively intuitive in two dimensions, but considerably more complex in three-dimensions—for ex-
ample in tetrahedral networks like SiO,—where a set of as many as 126 void polyhedra may be
required to model interstitial space [1]. Because many arrangements favor particular coordination
of one atom by others, owing to bond orbital, radius ratio, or local electrostatic neutrality consid-
erations, discrete coordination polyhedra comprise a subset of the possible void polytopes, and the
structure may be described by the way in which coordination polyhedra are connected together and
fill space by defining the remaining void polytopes. Space filling by connected structural units was
a favorite description tool of early crystal chemists [4], and in fact the connectivity of such structural
polytopes (number of polytopes sharing vertices, edges and faces) has been shown to correlate with

glass-forming ability and extendability of aperiodic networks [5] and to govern the amorphizability
of crystalline solids [6]. '

Figure 1: Alternative representations of the Zachariasen two-dimensional continuous random network [7]
by (a) interstitial voids, (b) local cluster of primitive rings.

Rings and Clusters

A simpler one-dimensional characterization of three-dimensional tetrahedral networks (e.g. SiO,,
SiC, Si3Ny4) can however be effected which, though an incomplete tessellation of Euclidean space,
nevertheless retains uniqueness at least for the set of crystalline polymorphs [8]. The description is
based on rings (Figure 1b), which are closed circuits along nodal connections, for example through
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tetrahedra (e.g [SiO4]) in the tetrahedral network. The existence of rings is a steric necessity: a net-
work without rings is an ever-branching tree, whose density increases exponentially; paths which
close back on themselves to form rings keep the density in check. The important rings are those
minimal circuits which are not the sum of two smaller circuits; these have been termed primitive
rings [9] and their number and size are characteristic of the tetrahedral arrangements [10], for ex-
ample the crystalline silica polymorphs [11,12]. There is a correlation between density and ring
size, because larger rings can fold back on themselves and establish denser structures (the intersti-
tial voids are smaller).

The set of all tetrahedra which are part of the primitive rings associated with a tetrahedron is
called the local cluster of that tetrahedron. The local cluster is a characteristic structural unit, much
like a unit cell for a crystal, which represents all local topological properties (rather than embody-
ing the local symmetries) and is equally applicable to crystalline and non-crystalline arrangements
alike. For example, the local clusters of cristobalite and quartz are compared in Figure 2. The first
contains 29 tetrahedra and only 6-rings; the second contains 63 tetrahedra and is dominated by 8-

rings.

Figure 2: Local clusters of a) cristobalite (29 tetrahedra, 6 12 -rings), and b) quartz (63 tetrahedra, 40 8-rings,
6 6-rings).

(@ (b)

Local Rules and Self-Assembly

Investigation of the local topological properties of network structures requires a means for rapid
assembly of large models. Structures, such as viruses, have been shown to self-assemble according
to sets of local rules [13], and the approach can be applied to computer-based self-assembly of tetra-
hedra in tetrahedral networks which mimics crystal growth or glass formation from a liquid [12].
The local rules for crystalline assembly are surprisingly simple (Figure 3a), even for polymorphs of
low symmetry and high complexity. A tetrahedron is established in some initial orientation (offset),
then copied, rotated according to the rules for each of the four vertices in turn, and connected to the
initial tetrahedron. Assembly is rapid (> 1000 tetrahedra/minute), with the full adjacency matrix
and all atom coordinates available; models of 2,000-10,000 tetrahedra are routinely constructed to
minimize influence of surfaces.

It is reasonable to assume that in glass formation similar but slightly deviant rules are obeyed,
involving small changes in initial offset or rotation rules. Figure 3b illustrates a set of deviant rules
based on B-cristobalite. 200-tetrahedra assemblies of both crystalline and glass structures are shown
in Figure 4. Two optimization routines are required in such non-crystalline assemblies. An inter-
section check continually monitors steric compatibility, and all vertices are connected by Hookeian
springs which are minimized globally in total stored elastic energy after every addition to preclude
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Beta-Cristobalite a-Cristobalite

1 1

41 41

REGULAR REGULAR

y 23 ; y 23 ;

01 z 90 ; 01 z 85 ;

00 =z -90 ; 00 z -85 ;

03 =z 90 ; 03 =z 85 ;
(a) 02 2z -90 ; (b) 02 z -85 ;

Figure 3: Local rules for a) B-cristobalite, b) a cristobalite-like glass based on a 5° rotation error. The fifth
line represents initial tetrahedron offset, the next four lines the assembly rotations of 4 added tetrahedra.

underconnection. The topologies of such rapidly-erected glass models can be quickly explored.
Two local clusters in Figure 5 show that the topology is similar but distinguishable from that of the
crystalline analogue.

Figure 4: 200-tetrahedra models of a) B-cristobalite and b) cristobalite-like glass, assembled according to
the rules in Figure 3.

35 tetrahedra 27 tetrahedra
3 6-rings 7 6-rings

1 7-ring 3 7-rings

3 8-rings

59-rings 4,12,21,38
4,10,23,36

Figure 5: Two local clusters of cristobalite-like silica assembled with the rules in Figure 3b with number of
tetrahedra in the cluster, ring counts, and first-fourth neighbor counts indicated.

[1] J.F. Shackleford, J. Non-Cryst. Solids 204 (1996) 205.[2] G.F. Voronoi, J. Reine Angew. Math. 134 (1908)
198. [3] B. N. Delauney, Sov. Math. 2 (1961) 812. [4] E. von Federov, Z. Kristallogr. 38 (1904) 321. [5] PK. Gupta,
J. Amer. Ceram. Soc. 76 (1993) 1088. [6] L. W. Hobbs, A. N. Sreeram, C. E. Jesurum & B. A. Berger, Nucl. Instrum.
Meth. B 116 (1996) 18. [7] W. H. Zachariasen, J. Amer. Chem. Soc. 54 (1932) 3841. [8] L. W. Hobbs, J. Non-Cryst.
Solids 192&193(1995) 79. [91C. S. Marians & L. W. Hobbs, Diff. & Defect Data 53&54 (1987)31. [10] C. S. Marians
& L. W. Hobbs, J. Non-Cryst. Solids 119 (1987) 269. [11] C. S. Marians & L. W. Hobbs, J. Non-Cryst. Solids 124
(1990) 242. [12) L. W. Hobbs, C. E. Jesurum, V. Pulim & B. Berger, "Local topology of silica networks,” Phil. Mag.
B (in press, 1997). [13] B. Berger, A. P. Shor, L. Tucker-Kellogg & J. King, Natl. Acad. Sci. 91 (1994) 7732.
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FIBRE GRATING DEVICES FOR TELECOMMUNICATIONS APPLICATIONS

P. SANSONETTI
ALCATEL TELECOM RESEARCH DIVISION
c/o ALCATEL ALSTHOM RECHERCHE
Route de Nozay
91460 MARCOUSSIS FRANCE

email: Pierre.Sansonetti@aar.alcatel-alsthom.fr

INTRODUCTION

Photosentivity occuring in germanium-doped silica [1] allows, through UV side
holography ,(2], the simple and straightforward realization of permanent refractive
index gratings in optical fibres. Low cost, low loss and very efficient all fibre
filtering or multiplexing devices can therefore be realized, with extreme interest for
future Transparent Optical Networks based on Wavelength Division Multiplexing
(WDM), incfuding chirped grating Chromatic Dispersion Compensator allowing to
cope with bit rate increase per ciannel.

APPLICATIONS OF FIBRE GKATING DEVICES

The main applications of Fibre Grating Devices for photonics networks are now
presented.

Optical Amplifier

Fibre grating can strongly improve the Erbium Doped Fibre Amplifier (EDFA)
characteristics. The first application is iain equalization for WDM systems, which
is necessary fo transmit all wavelengths with the same quality, with equalization
window being possibly as large as 30 nm. Slanted Bragg Grating [3] and Long

Period Grating (LPG) [4] offer wideband-non reflective solutions, although LPG,
based on the forward coupling between the fundamental mode and a cladding
mode, is more sensitive than Bragg grating to fibre and manufacturing parameters,
as well as presently temperature. Classical reflective Bragg grating can also be
used [5], offering more mature technology, although an isolator is required to
prevent feedback in the amplifier. It is foreseen that cross optimization of EDFA
and filters will facilitate ultimate wideband operation.

Bragg gratings also allow the implementation of other functions like gain clamping
through oscillation at a side wavelength [6], pump recycling in the amplifier [7],
980 nm pump spectral stabilization [8], high power 1480 nm pumping through

either oscillation in Tm®* doped fluoride fibres [9] or cascaded Raman lasers [10].
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Optical Add Drop Multiplexers

The OADM is a key device for routing wavelengths in WDM transparent optical
networks, since it can locally add ong drop wavelength. Presently used solution
is based on a grating located between two circulators. Although it works well and
can offer some reconfigurability in term of wavelength, it is relatively expensive
and has insertion loss of about 2 dB. Work is therefore being carried out on the
association of fused coupler and fibre grating technologies to reach low cost-low

loss devices. Devices are based on gratings in Mach-Zehnder [11] and more
recently grating in 100% coupler [12] with potential for high stability.

Chromatic Dispersion Compensators

Chromatic Dispersion Compensation is very important since chromatic dispersion
will become the limiting factor when bit rate increases in future networks. Linearly

chirped grating offers very efficient solution to this [13], with high compensation
and high Figure of Merit (ratio of chromatic dispersion to insertion loss). Although
initial limitation on the length of the device restricted such compensation to a singﬂe
channel, solutions for multi-wavelength operation [14] or wideband operation
[15,16] have now been demonstrated, whilst remaining issues concern linearity

of group delay and packaging. Third order dispersion compensation is also
possible [17]. All these realizations show the strong potential of this technology,
which will have to be compared to Dispersion Compensating Fibre (DCF), which
lends itself naturally to WDM operation, but offers lower Figure of Merit and
lower potential to tailor compensation characteristics than grating devices.

Band Pass filters

Although fibre Bragg grating is intrinsically reflective, several configurations have
been studied to realize band-pass filtering, like those used for dropping in OADM
with effort on apodized grating for dense WDM, as well as solutions based on
single fibre, like Moiré grating [18], chirped grating [19], or phase shifted
structures [20,21].

Sources

DFB fibre laser was recently re?orted [22], showinﬂ high efficiency, single
frequency operation and linear Eo arisation state, which represents an important
step for this technology. Fibre grating/semiconductor laser diode DBR

confi%uraﬁon has also been reported [23] to exhibit low chirp and excellent direct
modulation characteristics.

An important issue is the temperature sensitivity of Fibre Grating Devices, with drift
of 0.01 nm/°C and 0.05 nm/°C for Bragg Grating and LPG respectively.
Passive compensation of Bragg gratings has been demonstrated with specific
packaging [24,25] or coating [26], whilst specific fibre was shown to be able to

decrease the LPG figure [27]. Depending on the device requirements, passive
compensation or active temperature stabilization could have to be used, for
instance when dealing with dense WDM frequency grid.
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CONCLUSIONS

UV-written Fibre grating devices have already entered the field of sub-systems or
systems, usually as classical Bragg grating, like pump stabilizers, gratings with
circulators for band-pass filter or OADM and medium-band gain equalizers. Further
developments will involve devices like non reflecting wideband gain equalizers,
Chromatic Dispersion Compensators, and grating/coupler OADM. The continuous
evolution of fiEre grating technology in terms of fibre and writing process should
allow the development of extremely efficient devices, allowing to reach ultimate
number of WDM channels and bit rate, with extensive use in photonics networks.
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Long-period fiber gratings
Ashish M. Vengsarkar
Bell Laboratories, Lucent Technologies
600 Mountain Avenue, Murray Hill, NJ 07974
email: ashish@lucent.com

Introduction

Long period fiber gratings that couple light from guided core modes to non-guided cladding
modes provide a means of introducing wavelength dependent losses in optical fiber systems.' As a
result, these in-fiber devices have found use as gain-equalizers in broadband optical ﬁber
amplifiers,” as band-rejection filters in thh -power cascaded Raman fiber lasers and amplifiers,’
and as stabilizers in 980 nm pump diodes.’ In addition, the ability to access the cladding mode has
rendered them sensitive to external perturbations such as temperature, pressure and refractive-
index with obvious applications as sensors.” ® In this review, we highlight recent results and
describe some of the key spectral and thermal properties of long-period fiber gratings.

Long-period gratings operate on the principle of phase-matching between two modes in a fiber,
with the peak wavelength of coupling being given by

Ap = (nor - nim) A, M
where A is the period of the grating, and n;» are the effective indices of the LP;, modes. In Eq.
(1), we have specifically considered the coupling between the fundamental LP,; mode and an LP,,
mode, which is usually a cladding mode. Using Eq. (1), one can obtain a set of A vs. A calibration
curves for different cladding modes. Since we consider coupling between two co-propagating
modes, the periodicity is in the hundreds of microns and the backreflection from such a grating is
negligible. The transmission spectrum of a long-period grating is shown in Fig. 1.

0.0

Transmission (dB)

i 1 1
1530 1545 1560 1575 1590
Wavelength (nm)

Figure 1. Transmission spectrum of a long-period grating. Peak losses can be as high as 30dB.

While the ability to attain a spectrally dependent loss is useful, it is more important to be able to
tailor the spectrum to a pre-specified shape. This property is most useful in the design of gain
equalizers for erbium doped fiber amplifiers. There are several techniques to modify the symmetric
transmission spectrum shown in Fig. 1. Varying the uv-induced index along the length of the
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grating, chirping the periodicity of the grating and adding dc-components to the ac-variations are
obvious extensions of well-known techniques in the Bragg grating domain. Another simple
manner of accomplishing complex shapes is to decompose a multi-peaked spectrum into its basic
components, fabricate the individual gratings and concatenate the gratings.

Gain-equalization

A recent example of a gain-flattened erbium amplifier’ used the long-period grating filter shown in
Figure 2. The solid line is the theoretical inverse of the erbium gain spectrum and the dotted line is
a composite spectrum of the long-period gratings fabricated for equalization. The two-stage
amplifier with a 16 dB deep mid-stage grating yielded a gain of 22 dB over a 40 nm bandwidth
with < 1 dB ripple and an internal optical noise figure of 4 dB.

00F

-50 |

-10.0 |-

Transmission (dB)

-150 |

| i i l
1500 1520 1540 1560 1580 1600

Wavelength (nm)

Figure 2. Long-period grating spectrum for 40 nm gain-flattened fiber amplifier.

Long-period grating-based equalizers have also been successfully used in system experiments

where error-free 32 x 10 Gb/s transmission over 640 km was achieved through a chain of eight
amplifiers, each gain flattened over a 35 nm bandwidth.®

Temperature-sensitivity

The exact shaping of grating spectra is extremely critical in efficiently using the entire bandwidth
of erbium-doped amplifiers. For example, small deviations from the pre-specified shape can lead
to large ripples in the flattened gain spectrum (Figure 3). Matters are further complicated when
the grating spectrum changes due to temperature variations. We analyze the dependence of the
peak wavelength on temperature by differentiating Eq. (1), viz.,

dA (an)’ ( 1 d(An)+a)’

P_A . .
dr An, \(An) dT

09

where « is the thermal expansion coefficient of the glass, 4n is the difference in effective indices
(An = ng; - m), and Ang is the difference in the group indices of the modes (4n, = 4n -




14 /BSuB1-3

A d(4An)/d2). Since the core and the cladding modes occupy different regions of the composite
fiber structure and are governed by dissimilar wave-guiding conditions, the effective indices of the
two modes change differently with temperature; in communication-grade fiber, peak wavelength
shifts range between 5 and 10 nm for a 100 °C change in temperature. From Fig. 3, we see that a
10°C change in temperature will lead to a peak shift of 0.5 to 1 nm, resulting in unacceptable gain
ripples. From Eq. (2), the condition for temperature insensitivity in any long-period fiber grating

can be written simply as d(4n)/dT = - (An) . This condition shows that a suitable fiber design or
choice of fiber materials can lead to reduced temperature sensitivity.

3

24"\

Gain Ripple (dB)
o

1530 1540 1550 1560
Wavelength (nm)

Figure 3. Gain flattened amplifier (solid line) and the impact of — 0.5 nm deviation (dotted line) and + 1.5 nm
deviation (dashed line) from peak wavelength of gratings.

Temperature insensitive gratings have been demonstrated using two techniques. First, novel
refractive index profiles’ have been designed to make the entire right hand side of Eq. (2) equal
zero.'” Such long-period gratings in multi-layer fibers have led to a complete elimination of
temperature dependence. Temperature-insensitive gratings with dA/dT between -0.4 and 0.1
nm/100°C have been demonstrated. One such example is shown in Figure 4.

0.0

Transmission (dB)
a
o
1

| | 1
1530 1545 1560 1675 1590

Wavelength (nm)

Figure 4. Spectra from a temperature-insensitive long-period grating. The curves are barely
differentiable for a 100 °C change in temperature.
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Another technique involves modifying the composition of the core by doping only the central
section of the core with a negative thermal coefficient material such as B;0s."' This technique
ignores the thermal expansion coefficient and reduces the temperature dependence by effectively
reducing the value of d(4n)/dT. Experimentally, we have observed that a desirable condition for
temperature insensitivity is that the slope of the A vs. A calibration curve be negative (dA/dA< 0).

Current Status

Long-period gratings have become increasingly popular in a multitude of applications owing to
their ease of fabrication, low insertion losses (outside the band of interest), low back-reflections,
low polarization sensitivities, and compact sizes (typically a few centimeters in length). Further,
basic issues regarding manufacturing, reliability, and packaging are well understood and long-
period grating-based gain-equalizers and band-rejection filters are commercially available.

The dependence of their spectral properties on strain, bending, and pressure has been studied
empirically but not completely and carefully characterized. As sensing applications proliferate, a
theoretical understanding of this behavior can lead to a design of measurand-specific gratings.
Another important property of these gratings that has not been fully exploited pertains to the ease
of access to the out-coupled cladding mode. The cladding modes straddle the cladding-air
boundary and the index layer at this interface can be externally modulated via the application of
nonlinear materials. While optically induced nonlinear properties of such gratings have been
recently investigated,'> work in this domain has been sparse. Actively modulating long-period
gratings either by deposition of nonlinear materials or by high-energy optical pulses can lead to a
treasure trove of practical fiber devices.
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Long-period fiber-grating devices based on leaky cladding mode coupling

D. B. Stegall and T. Erdogan
The Institute of Optics, University of Rochester, Rochester, NY 14627

Fiber gratings allow great flexibility in the design of all-fiber devices by enabling control over the
wavelength, direction, polarization, and mode characteristics of light. In particular, long-period,
or transmission, fiber gratings produce devices based on co-directional mode coupling which
naturally result in a desirable transmissive rather than reflective output. In a single-mode fiber,
coupling to cladding modes can be utilized for various functions, especially wavelength-dependent
loss filtering [1]. In this paper we describe alternative applications of transmission fiber grating
devices based on coupling to leaky cladding modes.

In conventional cladding-mode coupling fiber gratings the single core mode is converted to guided
cladding modes which are totally internally reflected by the cladding-surround interface. Typically
the region surrounding the cladding is air, but because the cladding mode effective indexes are
sensitive to the refractive index n, of the surround, and the wavelength of maximum coupling to a
cladding mode by a grating of period A is given by

/‘Lmax = (neﬁ‘,co ~ Rt cl )A’ (D
where Nefrco aNd n e, are the effective indexes of the core and cladding modes, respectively,
these gratings make effective sensors of the index surrounding a conventional single-mode fiber
[2,3]. The sensitivity can be increased by increasing the length traveled by the cladding mode,
either by making the grating longer, or by combining gratings interferometrically, such as in the
Mach-Zehnder configuration
shown in Figure 1. Here two 3- A NN A
dB fiber gratings function like | ~Z"ZE Lill ] SEVAYANAVAVAYAVAY/CW £ 114 1
50% beam splitters, and the two VARVARVARY
“arms” of the interferometer are

the paths tI‘aVCled_ by the core Figure 1: a Mach-Zehnder mode interferometer.
mode and the cladding mode.

Sensing is an important application for cladding-mode coupling fiber gratings. But the flexibility
for making devices afforded by the ability to temporarily and non-destructively extract light from
the core of a single-mode fiber and propagate it in an “accessible” cladding mode should not be
overlooked. For example, if the surround region in the device shown in Figure 1 contains a
material with gain, loss, or a refractive index that can be controlled externally by either light or an

electrical signal, the optical signal output in the single-mode core can be externally switched or
spectrally controlled.

While such devices might appear simple to implement, unfortunately few materials with desirable,
adjustable optical properties have an index of refraction less than that of glass (n = 1.45), and thus
cladding modes may not be supported by total internal reflection. The ability to easily apply
materials such as polymers, liquid crystals, or certain semiconductors to a fiber places further
constraints on material choice. As a result, it is apparently useful to investigate how well cladding
modes may be guided in the leaky, “hollow-waveguide” geometry, in which the surround index is
substantially greater than that of the glass cladding.

A simple and reasonably accurate estimate of the propagation of circularly symmetric leaky modes
in a “hollow” dielectric cylinder can be obtained by analyzing the corresponding planar waveguide
geometry. (Note that a transversely uniform, non-tilted fiber grating efficiently couples light only
to the circularly symmetric cladding modes [4].) Marcuse treats this case using a power flow
approach [5]. For a simpler, more intuitive picture, consider a ray of light bouncing in the hollow
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waveguide (of index n_) with an angle of incidence 6 at the n; / /
two cladding-surround interfaces, as depicted in Figure 2.
Constructive interference and hence mode-like propagation g \
of the plane waves associated with the ray occurs only at n, {D 0 ¢
angles 6,, such that

cosf,, =mA/2Dn,; m=123..., ) p, -«-T\

where D is the waveguide width (corresponding to the fiber _ ' .
diameter). [Eq. (2) thus determines the mode bounce Ff?“"’ 2 ‘Ray picture of leaky modes in
angles. Leakage occurs because in the absence of total 2 “hollow” dielectric waveguide.

internal reflection not all of the light is reflected at each bounce. If we define the loss length L to be
the distance traveled before the power drops by a factor of 1/e2, then we find

L=-(1+1/Inr)L,, 3)
where r is the familiar Fresnel reflection (amplitude) coefficient and L, = Dtan@ is the distance
between successive ray bounces. Figure 3 shows the power loss (in dB/cm) corresponding to the
loss length in Eq. (3) for the first 10 modes of a 125 pm diameter waveguide with an index of n,

= 1.45. Clearly the lowest order modes can sustain losses smaller than a few tenths of a dB/cm,
which are reasonable values for devices.

Patrick, et al, reported experimental evidence of coupling to leaky modes in transmission fiber
gratings in Ref. [3]. Here, to further test the leaky-mode losses and quantify the ability to
efficiently couple light from the core of a single-mode fiber to these leaky modes, we wrote a
number of transmission fiber gratings and examined the propagation of light through these for
various surround indexes. For example, Figure 4 shows the measured transmission of the LPy,
core mode through one such grating as a function of wavelength. The grating is slightly apodized
(hence the asymmetric spectrum), about 20 mm long, and written in Corning Flexcore 1060 fiber.
The resonance shown corresponds to the 6th strongly coupled cladding mode (mode 11 using the
notation of [4], and mode 6 in Figure 3). The surround index was varied by immersing the bare
fiber in commercial index-matching fluids of known refractive index. When the surround index
(listed on the plot) is smaller than the fiber cladding index, a strong cladding mode resonance
occurs. Here most efficient coupling occurs for n; ~ 1.4, for which the minimum transmission is
less than -30 dB (measurement noise limited), implying greater than 99.9% coupling to the

Power Loss (dB/cm)

1.5 1.6 1.7 1.8 1.9 2.0
Surround Refractive Index

Figure 3: Power loss vs. the index surrounding a hollow dielectric waveguide of core index 1.45 for the first 10
modes from a simple ray analysis.
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cladding mode. When the surround index is
approximately equal to the cladding index, there is
a few dB of broadband radiation-mode coupling
loss, but no distinct resonances. As the surround
index is further increased, resonances begin to
develop associated with coupling to the leaky
modes of the hollow waveguide geometry. For
this grating, when n; exceeds about 1.7 the
resonance dip falls to —13 dB, implying about 95%
coupling to the leaky mode. According to Figure
3, this leaky mode should propagate with just
under 1 dB/cm of loss. The measured spectra can
be shown to agree with theoretical calculations of
mode coupling in a transmission fiber grating in
which the cladding modes have losses given by the
estimated leaky-mode losses.

In summary, this paper describes an investigation
of the utility of leaky cladding modes for
transmission fiber-grating devices. It is shown that
efficient coupling to leaky modes with reasonably
low losses can be obtained. Currently a number of
device concepts are under investigation.
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Polarization dependence of photo-induced birefringence
and its application to fabrication of tailored polarization filters
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1. Introduction

Photo-induced anisotropy has been observed in optical fibers exposed to polarized blue-green'™ and U.V.
light®'°. The control of the fiber birefringence has permitted the fabrication of polarization rocking filters,
which have found use in both sensing and communication applications. The physical mechanism underlying
this effect is thought to be the preferential excitation and depletion of those anisotropic defects whose
polarizability is aligned with the incident field polarization, causing a reduction of polarizability along that
direction®™*'". In this paper, we study the polarization dependence of photo-induced birefringence in
elliptical core fibers and, as a consequence, propose a technique for fabrication of polarization rocking
filters with tailored coupling spectrum.

2. Characterization of polarization rocking filters
A polarization rocking filter with an average rocking period A is characterized through its coupling function
x(z):
_i21!E
k(z)=c(z)Ae A +cc ¢))

where c(z) is a complex slowly varying function and c.c. stands for complex conjugated. c(z)A is the
coupling strength per period A of the filter. If E\(z) and E,(z) are the electric field amplitudes

(exy(zt)= Ex_y(z)e_jk"‘"zej"’t ), then the field evolution along the filter is described through the coupled

equations:
f 2 ,
dE . j2n= _’I L)
d"=—Jc(z) e A o s E,
z
2
2n
2 +jj ——dz’
y _ . * —j2n— La(A,z')
—L=-jc(z)e Me ® E,

' dz
where Lg(A,Z) is the local beatlength at position 7 and wavelength A.

3. Polarization dependence of photo-induced birefringence: experiments with green light

We wrote rocking filters by the internal method"? launching linearly polarized CW green light from an Ar-
ion laser at different angles ¢ with respect to the slow axis of an elliptical core fiber (Fig.1). The fiber,
manufactured by Andrew Corporation, had core dimensions of 1x2 pm, a core-cladding index difference of
0.03 and was single mode at 514 nm. The total length of the filters was 132 beatlengths, each beatlength
being 4.5 mm at 514 nm. The fibers were exposed to 140 mW for 15 minutes. After the exposure, we
monitored the coupling spectrum of each filter, observing that their resonance wavelengths depended on the
angle ¢. These wavelength shifts are due to a change in the background fiber birefringence (or beatlength)
produced by the asymmetry of the writing process:
oLy
oy ANMS) » 3
where AM($) are the resonance wavelength shifts and AL(¢) the corresponding beatlength changes at 514
‘nm (Fig.1).

ALg($)= -2
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Figure 1. Angular dependence of photoinduced birefringence

We also monitored the dependence of the coupling function c(z)A on the angle ¢ (Fig.1). The following
conclusions can be drawn from this experiment:
When green light is polarized mainly along the slow axis, there is a reduction in the fiber birefringence.
Conversely, when the green light is polarized along the fast axis, there is an increase in birefringence.
These results are in agreement with the depletion model''.

The coupling function (c(z)A) is asymmetric with respect to ¢=45°. This is consistent with the filter
growth dynamics previously reported®. An important consequence of this experiment is that the
coupling function c(z)A decreases near the polarization axes, showing that the angle ¢ could be used to

control the strength of the coupler.

4. Fabrication of tailored polarization rocking filters with U.V. light

The usual procedure to write rocking filters that operate at long wavelengths is to externally expose the
fiber point by point to U.V. polarized light®’. Devices with tailored coupling spectrum will be necessary for
practical applications, e.g. apodised filters. The fabrication of these tailored polarization rocking filters
requires an accurate control of the phase and modulus of c(z).

Translation Stage

Fibrg 0

Figure 2. U.V. experimental set-up

In our set-up, the U.V. beam is polarized
perpendicularly to the plane defined by the fiber
and the incident beam, and the slow axis of the
elliptical core fiber forms an angle 6 (usually
45°) with respect to this U.V. polarization
(Fig.2). The phase of c(z) can be controlled by
changing the distance between adjacent points of
exposure. The modulus of c(z), on the other
hand, could be in principle tailored by
monitoring the total fluence delivered to each
exposed point. However, this method is not
reliable because of the nonlinear fiber response
due to saturation of the photo-induced
birefringence. Besides, it has also been shown
that for high fluences the fiber response could be
non-monotonic'’,

From the previous experiments with green light, it is clear that an alternative procedure could be to control
accurately the angle 6 between the fiber’s slow axis and the polarization of the U.V. beam. c(z) would then
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be proportional to F-sin(26), where F is the total fluence of the exposure. It can be appreciated that the sign
of k(z) in (1) will depend both on the angle 8 (sin26 > 0) and on the position of exposure (phase of o(2)).

A polarization Moiré grating is an example of a device that needs control of the coupling function. We have
carried out several experiments during this work which show that, contrary to the case of Moiré Bragg
gratings, double exposure techniques'” fail in the fabrication of polarization Moiré gratings. The reason is
that, due to the reversibility of the photo-induced birefringence™”, the final change of birefringence is not
the linear sum of the changes induced in each individual exposure. The coupling function x(z) of a Moiré
grating is proportional to cos(nz/L)-sin(2nz/A), where L is the total length of the filter. To achieve this
perturbation of birefringence with the present technique, the axes of the fiber were uniformly twisted from
an angle 0 equal to 45° at the beginning of the filter (z=0) to an angle of -45° at the filter’s end (z=L) during
the U.V. exposure. The elliptical core fiber used, made by Andrew Corporation, had a beatlength of 4.4 mm
at 658 nm. It was exposed to 240 nm U.V. light in 40 equidistant points with one beatlength separation
between adjacent points. Each point had a longitudinal exposed length of 2 mm and received a total fluence
of 11 J/em®. The coupling spectrum of the Moiré grating is shown in Fig.3. From the phase and modulus of
the filter response, we calculated, in first order Born approximation, the phase and modulus of the coupling
function c(z)A along the filter (Fig.4). It can be observed that the modulus is maximum near to the
beginning and end of the filter where the angle 8 was 45° and -45° respectively. There is also an abrupt
change of  in the phase of the coupling function as the angle® passes through 0°.

018 0.02 05
016 oo ° 3
8 0016 &
014 g 05
5 0014 g
012 w S
» § 0012 o
g 0 g £
& g oo LS E
8 ° ®
Soos S5 0.008 o
3 N * g
2006 2 000 3
: 3 258
Soo4 £ o004 )
0.002 3
002 o
" 0 -35
0 0 10 20 30 40
620 630 640 650 660 670 680 690 700 Fiter Length (in number of beatlengths)

Wavelength (nm)

Figure 3. Moiré coupling spectrum Figure 4. Modulus and phase of the coupling function
c(z)A

5. Conclusion

In this paper we have studied the polarization dependence of photo-induced birefringence in elliptical core
fibers. The angular dependence of the coupling strength of these filters was characterized, showing that it
could be used to fabricate polarization rocking filters with tailored coupling spectrum.

R. Feced thanks L. Gomez-Rojas for his help, and BICC Cables Limited for financial support.

1. P. St. J. Russell, D. P. Hand, Electron. Lett. 26, 1846 (1990).

S.E. Kanellopoulos, L.G. Valente, V.A. Handerek, A.J. Rogers, IEEE Phot. Tech. Lett. 3, 806 (1991).
S. Bardal, A. Kamal, P. St. J. Russell, Opt. Lett. 17, 411 (1992).

J. Lauzon, D. Gagnon, S. LaRochelle, A. Blouin, F. Ouellette , Opt. Lett. 17, 1664 (1992).

K. O. Hill, F. Bilodeau, B. Malo, D. C.Johnson, Electron. Lett. 27, 1548 (1991).

S. E. Kanellopoulos, V. A. Handerek and A. J. Rogers, Electron. Lett. 28, 1558 (1992).

D.C. Psaila, C. Martijn de Sterke, F. Ouellette, Electron. Lett. 31, 1093 (1995).

T. Meyer, P.A Nicati, P.A Robert, D.Varelas, H.G.Limberger, R.P. Salathé, Opt. Lett. 21, 1661 (1996).
0. D.C. Psaila, F. Ouellette, C. Martijn de Sterke, Appl. Phys. Lett. 68, 900 (1996).

1. A. Kamal and P. St. J. Russell, J. Opt. Soc. Am. B 11, 1577 (1994).

2. S. Legoubin,E Fertein,M.Douay,P.Bemage, P.Niay, F.Bayon,T.Georges, Electron.Lett.27,1945(1991).

2
3
4
6
7
8
9
1
1
1

*Current address: Dept. Electronic & Electrical Eng. University College London. Torrington Place. London WC1E 7JE




22 / BSuB4-1

Polarization-independent strong Bragg gratings in Planar Lightwave Circuits from ArF
laser irradiation through a phase mask.
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Highly functional Planar Lightwave Circuits (PLC) can be designed using silica-on-
silicon waveguide technology,' and the possibility of writing Bragg gratings in such waveguides
further enhances their potential uses.” Strong Bragg gratings photoinduced in planar silica-on-
silicon waveguides with a germanium-doped core are usually obtained by high pressure
hydrogen loading of the glass prior to exposure.>® In the work presented here we demonstrate
that hydrogen loading is not necessary when high intensity light at 193 nm from an ArF laser is
used to produce the index change, an effect originally observed in germanium-doped optical
fibers.** The waveguides used are standard PLCs with a core index difference (A) of 0.75%
(commercially available) and 1%.' One drawback of silica-on-silicon waveguides is their small
strain birefringence.*” We show here that there is a sizeable birefringence in the ArF laser-
induced average index change that is large enough and of the proper sign to compensate for the
initial waveguide birefringence. For demonstration, 4 mm-long Bragg grating filters with more
than 30 dB of transmission loss at the Bragg wavelength are presented.

The Bragg gratings are fabricated using a 5 mm-long phase mask with a grating period of
1.050 pm and groove depth of 220 nm which was carefully positioned in front of the waveguide.
This mask was not designed specifically for this work and has imperfect zero order nulling (10%
transmission) at 193 nm, thereby reducing the modulation contrast of the grating.® The exposure
of the guide through the phase mask is carried out with a Lumonics EX-500 excimer laser filled
with an argon fluoride mixture to produce ~10 ns pulses of 193 nm light. A combination of slits,
lenses, and mirrors is used to control the light spot intensity and size at the waveguide. The
exposure conditions for most of the work reported here are a pulse repetition rate of 100 pulses
per second with an average fluence between 200 and 300 mJ/cm? at the waveguide. For
measurements of the spectral response, broadband light from the spontaneous emission of a 980
nm pumped erbium doped fiber is transmitted through a polarization control device and butt-
coupled to a waveguide through polarization maintaining fiber. The output of the waveguide is
butt-coupled to standard single mode telecommunications fiber and detected by an optical
spectrum analyzer. The index modulation amplitudes are calculated from the grating extinction
ratio, and the average index by the shift of the Bragg wavelength.

As shown in Figure 1, UV-induced refractive index modulations approaching 2 X 107 are
obtained in PLCs with A of 1% without the need for hydrogen loading (for commercially
available PLCs (A=0.75%), the. largest index modulation achieved so far is 1.2X10?). The
fluence per pulse was 250 mJ/cm? and the total exposure time less than 14 minutes at 100 pps. In
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addition, the average UV-induced index growth is anomalous in the sense that it is much smaller
than the index modulation, opposite to what is observed in fibers (especially with non ideal zero
order nulling in the phase mask). The irradiation was interrupted several times to allow detailed
measurements without noticeable effect on the growth of the grating. When the irradiation
suddenly stops, the Bragg wavelength of the grating rapidly shifts towards the blue by less than
0.2 nm, indicating that the temperature rise during the exposure is less than about 20 degrees C.

In addition to being smaller than the index modulation, the UV-induced average index is
birefringent.® The results of Figure 2 (PLCs with A = 0.75%) show that the Bragg wavelength
(or average induced index) grows at a different rate for the two polarizations and crosses over
when the growth in the index modulation amplitude reaches roughly 3 X 10-*. The crossover
point depends on the details of the exposure and must be monitored in real time to achieve
identical Bragg spectra for the two polarizations. By exposing further it can be seen that the
birefringence between the TM and TE modes can be reversed, i.e. going from -2 X 10* to +2 X
10"*. The final result (Figure 3) shows that devices of high spectral quality and polarization
independent operation can be fabricated in the commercially available PLCs. In this case a
Mach-Zehnder interferometer circuit was defined on the planar waveguide with A of 0.75% and
3.8 mm-long Bragg gratings written separately in the two arms of the interferometer. The details
and performance of this device will be presented elsewhere but the output spectra of the through
port indicate a transmission dip of -35 dB, and a Bragg wavelength difference of less than 0.03
nm between the TE and TM modes. It is noteworthy that while the growth of the average index
is different for TE and TM modes, the index modulation amplitude grows at the same rate. It is
this peculiarity which allows polarization independent devices (same Bragg wavelength and
reflectivity) to be fabricated.

The UV induced birefringence and anomalous ratio of index modulation to average
induced index are thought to arise from bulk dilatation of the glass, possibly due to laser induced
strutural damage at the silica-silicon interface. Such dilatation would induce a negative average
index change which would cause the apparent net average index change to be smaller than
expected. This would also explain the growth of the birefringence in the average index since the
planar geometry of the waveguide structure restricts the expansion differently in the parallel (TE
modes) and perpendicular (TM modes) directions relative to the waveguide surface. The index
modulation is not affected by this phenomenon.
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Fig. 1 UV-induced index changes
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Tunable filters are useful for a number of applications. Recently, fibre Bragg gratings were written in
poled silica fibres[1]. The reflectivity of the grating and partial tuning was subsequently achieved by
the application of an electric field. An alternative scheme for a tunable filter is proposed in this paper
using liquid-crystal or liquid cores.

This paper demonstrates oil and liquid-crystal-cored fibre Bragg gratings using a special fibre-
capillary with an inner photosensitive cladding. This fibre waveguide has special properties, for
example, a negative temperature coefficient of Bragg wavelength shift, counter to normal ﬁbrés, and is
potentially tunable by the application of an electric field.

The capillary fibre with an inner photo-sensitive cladding is shown in Figure 1. By co-doping
germania with boron[2] the inner cladding is matched to the silica tube. In the capillary tubes reported
in this paper, the refractive index of the deposited cladding was slightly lower than silica (~0.001). The
fibre was drawn from the preform in a standard fibre-drawing tower. The fibre had an outside diameter

| of 125 pm with a hole of ~6 pm diameter. The matched cladding thickness was also ~ 6 microns. A
6mm long Bragg grating was written in the empty capillary using a frequency doubled Argon laser
operating at 244nm and a phase-mask[3], after being soaked in deuterium for 14 days under high
pressure. The piece of the capillary fibre was 83mm long and had the Bragg grating was situated ~54
mm from the end. This was butt coupled to a connectorised fibred circulator with a de-mountable
standard single-mode fibre pigtail. The liquid-crystal was filled by capillary action. The average

refractive index of the liquid crystal is ~1.461[4] at around room temperature.

Photosensitive Inner Cladding
Matched to Silica Index

Grating

\ \SERERANINRRERERR
Liquid Core

Guided Mode
Silica Cladding

Figure !. The liquid-cored Bragg grating fibre with an inner photosensitive matched cladding[5].
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Using an ELED source, the reflected signal was monitored on a spectrum analyser while the
guide was filling. When the reflected signal was observed, the output was also butt coupled to another
single-mode fibre and the transmission displayed on the spectrum analyser. Figure 2 shows the
measured launched, reflected and transmitted spectra. The insertion loss of the whole was measured to
be ~ 2dB, while the loss in reflection was ~3dB. An insertion loss of ~0.75dB was due to the circulator;
the actual loss in reflection is therefore only 2.25dB. The grating reflectivity was measured to be

~21dB.
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Figure 2. The transmission and reflection spectrum of a liquid-crystal cored optical fibre Bragg grating. The zero
level is the transmitted signal from the circulator at the input to the butt-coupling fibre. The reflection spectrum
includes a 0.75dB insertion loss of the circulator.

A second 50mm long fibre was filled with a standard refractive index matching oil (n =1.460)
after a grating was written into it following the procedure already described. The reflection spectrum
was measured as heat was applied to the grating with a soldering iron. The Bragg wavelength moved to
shorter wavelengths with increasing temperature, quite the opposite to Bragg gratings in normal fibre,
which has a positive wavelength dependence with temperature. The wavelength change with
temperature is shown in Figure 3, and shows a slope of ~ —0.17nm °C"'. However , when the liquid
crystal cored fibre was heated, the wavelength drifted to longer wavelengths as in normal fibre.

To our knowledge, this is the first demonstration of fibre Bragg gratings which may be used
with a liquid core. There are several interesting features of this fibre. Firstly, the negative temperature
coefficient of the oil filled fibre is due to the dominant negative refractive index change of the liquid;
the small positive refractive change in the cladding glass increases the net temperature coefficient of
the wavelength shift. Secondly, there are no differential strain effects between the core and cladding,
so that the fibre should demonstrate a smaller change in the birefringence with temperature. Note that
straining the fibre changes the refractive index only of the cladding which acts in the opposite sense to
temperature. Consequently, temperature and strain may be easily discriminated when used in
conjunction with a conventional fibre Bragg grating. Gratings may be easily tuned or chirped by
temperature or by the application of electric fields in the case of the liquid-crystal cored fibre[6].

Uniform electric fields may be used to tune gratings with planar external electrodes[7].
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Figure 3. Bragg wavelength shift as a function of temperature of the fibre.

The liquid crystal cored fibre was removed from the butt-coupling fibres and re-placed into
the same set-up several days later. Measurement showed identical results in reflection and
transmission, indicating that such waveguides can be handled with reasonable ease after filling. The
guiding properties of the fibre may be easily altered by inserting a different refractive index core
liquid, allowing tuning of the Bragg wavelength. Nonlinear switching becomes feasible using a highly
nonlinear liquid core in conjunction with a Bragg grating in the cladding. Long period gratings written
into this type of fibre will also demonstrate a negative temperature coefficient of wavelength shift.
Finally, the low insertion loss makes these devices attractive for device applications, such as tunable
Fabry-Perot etalons, soliton sliding-guiding fiiters, band-pass filters, radiation mode couplers, external
fibre Bragg grating cavity lasers, as well as electrically tunable chirped fibre Bragg gratings with
liquid crystalline cores.

This device opens new opportunities in telecommunications and sensing applications.
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Abstract :
Photoinscription of Bragg gratings within optical waveguides has been shown as a promising

technology in the optical telecommunications field. Many applications have already been demonstrated in
transport, local or access networks. The robustness, stability and flexibility that photoimprinted components

offer insure a fast widespread of their use in near close future telecommunications networks.

Introduction
Since the discovery by K.O. Hill et al. of the silica photosensitivity, and the

demonstration by G. Morey et al. of the transverse holographic method, the photoinscription
technology has been found as a promising issue in several fields as optical
telecommunications, sensoring, medical and instrumentation applications. The aim of this
paper is to survey the photoinscription technology applications in the optical
telecommunication networks. For sake of simplicity we will distinguish three main types of
networks having their specificities (figure 1). Transport networks are supposed to be high bit
rate meshed networks. Local networks connected to the transport network at high bit rate
node, will be seen as multiwavelength loops shared by secondary nodes. Access networks are

thought to be arborescent networks with a main station and optical network units (ONU).

Local Network

Transport
Network

Acces Networl

Figure 1 : Schematic diagram of telecommunication networks
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Transport and local Networks

A trénsport network can be seen as point to point long distance systems connected
together to form a meshed network. The emergence of Wavelength Division Multiplexing for
high bit rate systems is felt as a chance for the photoinscription technology.

WDM systems require frequency stable sources. The first photoinduced Bragg grating
source in the 1.5 pm band was realized in a doped planar waveguide (R. Kasyap et al.).
Following this first demonstration many single frequency fibre lasers have been reported in
DBR and DFB configurations. Fiber Bragg grating based single frequency lasers can be
tunable over more than 30 nm. Their Relative Intensity Noise performances and thermal
stability make these sources an interesting alternative to the semiconductor sources. Fiber
Bragg gratings have been incorporated to stabilized semiconductor amplifier pump power
sources and signal sources.

In WDM applications, the filtering is an important key point. The flexibility of the
Bragg grating technology has already given numerous solutions. However, intrinsic
characteristics of in-fiber Bragg gratings need to be improved in terms of spectral shape
(apodisation) and losses (coupling to the radiation modes). The fiber Bragg gratings and
optical circulators association allows the achievement of optical functions : Optical Add/Drop
Multiplexers, bi-directionnal ami)liﬁers, Step delay lines. All of these can be electrically
tunable or programmable by gluing the fibre gratings on piezo-ceramic elements.
Transmissions at bit rates greater than 10 Gbit/s are limited in distance to a few tens of km
(typically 60 km) on standard fibers due to the group delay dispersion in the 1.5 pm band.
Realisations of chirped gratings, designed to compensate for the chromatic dispersion are of
particular interest since Fiber Bragg Grating Chromatic Dispersion Compensators (FBGCDC)
are compact, low-lossy, polarisation insensitive and do not generate non-linear perturbations.

Optical amplification in the local and transport networks using the WDM technique
should present some specific charateristics. The spectral gain of WDM amplifiers requires
flatness to insure a correct transmission for all the optical carriers. Blazed or long period
dissipative gratings have been included in Erbium doped fiber amplifiers to flatten the spectral

gain.
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Access Networks
The main feature of the access networks is the cost of the front end components since

they are installed close to the customers, and thus at a large scale. The planar waveguide
technology could potentially answer this low cost requirement. Gratings photoinscription in
planar Si/SiO2 waveguides have been investigated in the last few years. As an example, this
technique allows the realisation of Bragg gratings with different wavelengths in planar
waveguides with a 250 pm pitch. Futhermore this technology, being compatible with the
hybridation of array lasers could provide an alternative solution for the low cost
multiwavelength sources at the central office for WDM access networks. On the other hand,
combination of various materials (ie : polymer or silica can lead to temperature insensitive
integrated Bragg gratings. As result, this method could provide suitable filters for access
networks.

As far as the fiber technology is concerned, the photoinscription technique allows the
realisation of bidirectional amplifications in different configurations. The filtering is also a
major issue in this type of networks. The fiber Bragg gratings have been used for the

supervision of a passive access network in the real time of traffic exploitation.
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Fiber gratings are primarily characterized by the distribution of grating strength and chirp along the
structure. These properties are comprised in the complex coupling coefficient x(z). Whilst for simple fiber
gratings used in simple applications the ability to determine the complete, complex distribution of the
coupling coefficient x(z) may be of secondary importance, it is useful and sometimes mandatory for
evaluating more complicated designs, e.g. those based on localized phase shifts to create transmission
windows in the stop band, Fabry-Perot structures, dispersion compensating gratings etc.

For a partial grating characterization the so-called side-scatter technique [1] may be used which yields the
modulus of x(z), i.e. the local grating strength. Its phase ¢,(z), however, associated with varying grating
periods A(z) cannot be revealed. A complete x(z) determination is possible by means of measuring the
wavelength dependence of the complex amplitude reflection factor or by means of reflection
measurements with a phase sensitive coherence domain reflectometer [see e.g. 2-4]. The information on
k(z) is generally deeply buried in these data and has to be dug out using inverse scattering procedures.

These procedures are cumbersome in most cases, vulnerable by errors in experimental data and
therefore often yield spurious grating structures at locations where they definitely do not exist.

In the OSDR-method proposed here we aim at a relation between experimental data and k(z)-data which
is local rather than integral and as direct as possible. The scheme under consideration is based on a
reflection measurement performed at one particular optical wavelength, suitably chosen as discussed
below. For a grating of length L and in the regime where the standard coupled mode equations are valid,
the complex amplitude reflection factor r at any wavelength is given by [3]
L krg 1 11
r(v)=-[x(z)-exp(-j2nv z)dz=p(v) where v = - ==2n = -=1 ()
0 T A eff |A A B
The spectral variable v measures the deviation of the operation wavelength A from some reasonably (but
basically arbitrarily) chosen mean Bragg wavelength A B A is the mean grating constant corresponding to

—XB. The term abbreviated by p(v) in eq.(1) consists of a double integral over kx-values at different

locations 2’, z” and an exponential with an argument proportional to v (cp.[3] ). Intuitively it acounts for
multiple reflections within the grating structure. Qualitative reasoning suggests that the term p(v) can be
omitted if the grating is sufficiently weak, i.e. Ix(z)] sufficiently small, or the operating wavelenght A = Ameas
is sufficiently apart from XB, i.e. Ivl sufficiently large. The latter condition is tried to be met in this paper.

Obviously, the measurement of j