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Photonics Researchers Collaborate

Today’s aggressive telecommunications
marketplace forces companies to com-
press the time from research innovation to the
launch of new products. One solution is to cre-
ate interdisciplinary teams that bring together
expertise from science, engineering, and mar-
keting. This approach and a strong emphasis
on physics have played a key role in the suc-
cess of the Australian Photonics Cooperative
Research Centre (CRC), a thriving collaboration
between industry and academia whose mission
is to help further Australia’s competitiveness.
Photonics is the use of photons to transmit,
store, and process information. Photonic tech-
nologies underpin optical communications, and
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channels of information, but this requires devel
oping technologies to multiplex, demultiplex,
and amplify the signals.

This transition to wavelength division muk
tiplexed (WDM) transmission opens an era
in which photonics will be further developed
to store and process information through
advanced photonic signal-processing cir-
cuits and WDM-network architectures. The
future evolution of photonics will likely mir-
ror the previous development of electronics.

Collaborative centers

Australia has a history of producing out-
standing researchers, including Howard Florey,
a key player in the devel
opment of penicillin; the
Braggs, William H. and
William L., in crystallogra-
phy; and Nobel laureate
immunologijst Peter Doher-
ty. But most of its best
researchers have migrat-
ed offshore. Several fac-
tors have contributed to
this significant brain drain,
including a belief held by
management that Aus-
tralian business can com-
pete globally only by mak-
ing marginal improve-
ments to products, and a
venture-capital market
that is averse to risk.

A massive restructuring
of Australia’s economy
during the late 1980s was
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its applications are principally driven by the
worldwide demand for bandwidth from telecom-
munications carriers to support the exponential
growth of data services. Until recently, optical
fibers used less than 0.1% of their available
bandwidth to transmit information over long dis-
tances, and R&D focused on the development
of semiconductor sources, optical fibers, and
detectors. Now, the latent capacity of the fiber
can be unleashed by transmitting multiple
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intended to bring it in line
with its global competitors.
This resulted in several
measures to arrest the
decline in the country’s manufacturing sector
and to stimulate business investment in
research and development. The Australian gow
ernment introduced a 150% tax concession for
investment in R&D (since reduced to 125%), and
it instituted several programs to encourage
industry—university collaboration in R&D.

In 1991, Australia’s CRC Program began
to unite researchers from universities and
public research institutions with industry in
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ventures aimed at stimulating the transfer of
innovation and skills to companies. There
are now 67 CRCs established by seven-year
contracts. They are found in all major indus-
try sectors and account for 8% of Australia’s
R&D expenditures.

A CRC for photonics

The Australian Photonics CRC was estab-
lished in 1992 with funding from the govern-
ment’s CRC Program and even greater support
from its five institutions—four universities and
the Commonwealth Scientific and Industrial
Research Organisation (CSIRO)—and five
industry participants. It expanded in 1997 with
the addition of another eight companies.

The center emerged from cross-disciplinary
research and industrial collaborations by several
of its founding members. The Optical Fiber Tech-
nology Centre at the University of Sydney, for
example, was established in 1989 to bring
together researchers from the Schools of
Physics and Chemistry and the Department of
Electrical Engineering. Simon Poole, known for
his design and fabrication of special optical
fibers, joined the center from the University of
Southampton in England to set up the fiberfabri-
cation facility. At about the same time, Rodney
Tucker, a specialist in photonic systems and net-
works, retumed to his native Australia from AT&T
Bell Laboratories to establish the Photonics
Research Laboratory at the University of Mel-
bourne. These two new groups built upon the
expertise at the Optical Sciences Centre at the
Australian National University, headed by Profes-
sor Allan Snyder, and the Optical Communica-
tions Group at the University of New South
Wales, led by Pak Chu. These four pioneering
university groups and their respective industry
collaborators won the largest CRC grant, which,
together with industry support, became a $100
million (Australian), sevenyear program.

The Photonics CRC’s integrated research
program ranges from studies of photonic
materials and components, through photonic
circuits and subsystems, to photonic systems
and networks. Researchers have developed a
set of core competencies—in fiber fabrica-
tion, Bragg gratings, planar waveguides, pho-
tonic computer-aided design, access net-
works, and WDM systems and networks—



Figure 2. Special-purpose optical fibers are
created by modified chemical vapor deposi-
tion inside a glass tube that is rotated and

heated until it collapses into a rod that is

later drawn out.

that form the basis for applied R&D supported
by industry members. The center has estab-
lished three spin-off companies that manufac-
ture and market products based on its
research. The CRC also licenses its technolo-
gy to its industry participants and other com-
panies with access to global markets.

The physics connection

Although the Photonics CRC focuses on
commercial outcomes, it has never lost sight of
the critical importance of fundamental research
to its longterm success. At least 70% of the
patents maintained by the center have funda-
mental physics at their core, enhanced by mul-
tidisciplinary inputs from chemistry, electrical
and mechanical engineering, and mathemat-
ics. End-user members of the CRC provide staff
who work with researchers. Through their active
involvement, innovation can be identified as
commercially useful at an early stage and
translated into products.

Four case studies illustrate how deeply
physics is embedded in the center’'s tech-
nology and how it is used to develop prod-
ucts that have achieved commercial suc-
cess or are about to reach the marketplace.

Fiber Bragg gratings (FBGs). These in-fiber
optical filters are the building blocks for WDM
networks. They enable the multiplexing (and
demultiplexing) of slightly different wave-
lengths—each carrying data—into one optical
fiber. FBGs are manufactured by irradiating the
fiber core with UV light through the cladding,
which permanently changes the glass’s refrac-
tive index. Iradiating the fiber in an interference

pattern produces a periodic change in the
index. This device acts as a Bragg filter for light
propagating in the fiber, and the reflection
spectrum can be narrow and strong, providing
the necessary discrimination between closely
spaced wavelengths. The CRC has developed a
novel approach to manufacturing FBGs.
Uniphase Fiber Components (Sydney, NSW)
uses it to produce FBGs for the global market.

The mechanism of the induced change in
refractive index has been the subject of
intense debate by physicists. The most likely
explanation is that UV light absorbed by the
core triggers a rearrangement of the atomic
structure of the glass to a more dense config-
uration. This increase in density is eventually
arrested by the build-up of tension in the core,
which can be annealed by further UV process-
ing to give gratings with lifetimes exceeding
25 years. Enhancing photosensitivity by opti-
mizing dopants in the core is the subject of
intense research, both at the center and inter-
nationally. The market for FBGs is growing at
more than 60% a year and is predicted to
exceed $64 million (U.S.) by 2001.

Fiber amplifiers and lasers. Doping the core
of an optical fiber with rare-earth ions has led to
the development of infiber amplifiers for light in
the 1.5-uym communications band. In an
erbium-doped fiber amplifier (EDFA), the erbium
ions absorb light from a pump laser, typically at
0.98 ym, and amplify the signal at 1.5 pm. The
processes underpinning EDFAs have been
studied in detail by solid-state physicists world-
wide since the 1960s. Techniques for optimiz-
ing the doping of the fiber core draw on a knowl-
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edge of the physics and chemistry of silica-
glass surfaces. The pioneering work on EDFAs
was carried out by Poole and his colleagues at
the University of Southampton, and these
amplifiers are now used commercially as the
enabling technology for long-distance, high-
bandwidth communications links. The center
has refined the process for manufacturing
erbium-doped fiber, and its spin-off company,
Redfern Fibres (Sydney, NSW), manufactures
and sells these fibers, which are optimized for
particular amplifier designs.

Fiber lasers can be produced by providing
the EDFAs with a resonant optical cavity. The
versatility of optical fibers—and the availability
of components such as FBG couplers, circula-
tors, and isolators—has enabled physicists to
explore many interesting fiber-laser configura-
tions with novel properties. The high-power den-
sities that optical fibers can sustain induce
nonlinear effects that can be used to make
short-pulse generators with pulses of 100 fs.
When used as feedback elements, Bragg grat-
ings enable the fabrication of continuous-wave
lasers with very narrow linewidths (<10 kHz).
Fiberlaser applications are emerging in diverse
fields, including remote sensing, that take
advantage of their compactness, commercial
availability of components, and optimum wave-
length for eye-safe operation. The center has
developed very-narrow-linewidth distributed
feedback fiber lasers that meet the specifica-
tions for WDM systems without the need for
active feedback that semiconductor lasers
require. This technology should reach the com-
mercial market shortly.

Photonic integrated circuits (PICs). WDM
transmission systems mark the beginning of
an era in which photonics will be deployed
for signal processing. At this stage, photon-
ic circuits are principally analog. The build-
ing blocks for optical signal processing are
EDFAs, FBGs, couplers and splitters, and
electro-optic modulators. PICs will be the
technology that integrates these elements.

PICs will be fabricated in doped silica glass
(silica on silicon, for example), in semiconductor
materials such as doped indium phosphide, and
in polymers such as doped poly(methyl
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methacrylate). Fabricating technologies requires
a significant understanding of the physics under-
lying them, and research is required to develop
low-loss materials and waveguides. The Photon-
ics CRC is now developing a modified version of
plasma-enhanced chemical vapor deposition for
use in producing low-loss, photosensitive ger-
manosilicate waveguides on silicon.

Fiber-optic current sensor (FOCS) systems.
The development of photonics is driven by its
applications in the large and growing telecom-
munications market. Its use in sensors for
other industries has grown more slowly. How-
ever, the ability to multiplex sensors allows
the development of management systems
with complex infrastructure, which is an
important feature in their market penetration.

The Photonics CRC has developed a FOCS
that measures the current through the Faraday
effect—the small change in the polarization
state of light induced by the magnetic field sur-
rounding a conductor. Previous attempts to
use this effect to quantitatively measure cur
rent have been hindered by mechanical vibra-
tions and other causes of birefringence. By
using a specially designed optical fiber, the
current in a FOCS system can be measured
more precisely than with existing technology.
The CRC FOCS has been developed in collabo-
ration with Asea Brown Boveri (Sydney, NSW)
and will form the basis for a number of new
products that have been field-tested by the
center. A deep understanding of the underlying
physics has been essential in developing and
producing the fiber designs. It has also been
essential in researching the optimum configu-
ration to meet the tight specifications required
for FOCS metering applications in high-voltage
electricaltransmission systems.

The government’s initiative in providing sub-
stantial long-term funding has fostered the
partnership between academic researchers
and industry and has enabled Australia’s inno-
vations in physics to break through to commer-
cial success in the global marketplace.
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