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fiction, but, in fact, photon-

ics —and its suite of
advanced technologies
premised on the science of
generating and harnessing
light — is all around us. With-
out photonics there wouldn’t
be iPods, MRIs or those sleek,
ultra-capable mobile phones
we depend on daily.

Yet Canadian experts say
these and other current pho-
tonics applications are just the
beginning of a new generation
of photonics-enabled industri-
al innovation — an emerging
domain in which Canadians
have a competitive edge and
significant economic potential.

The global photonics
industry is expected to reach
$1.28 trillion within a decade;
today, in Ontario alone, pho-
tonics’ activity accounts for
more than 10,000 high-value
jobs and $3 billion in rev-
enues annually.

Canada owes part of its
success in the sector to efforts
dating back nearly 60 years.

“Modern photonics
research in Canada began in
the early 1950s with the
research of Dr. Gerhard
Herzberg and his colleagues at
the National Research Council
in Ottawa,” says international-
ly renowned laser expert Pro-
fessor Paul Corkum.

I t may sound like science
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hanks to some advanced
T photonics applications,

the telecommunications
industry is poised to take Inter-
net users through yet another
exciting transformation.

With bandwidth-intensive
applications such as YouTube
and Facebook creating expo-
nential demand for growth in
Internet capacity, the photon-
ics research and development
community is ready to apply
some fibre optics capabilities
that will make high-definition,
streamed video possible
online.

“Today, there is a desire to
move video around the Inter-
net, and it isn’t very good. It’s
granular and choppy,” says
David Plant, James McGill
professor of Electrical and
Computer Engineering at
McGill University. “As high
definition video moves into
the fore, the bandwidth (or
capacity) requirement of this

Inside

P2

A celebrated Network of Centres of Excellence plays a key role in Canadian

Nw

—
-

Industrial innovation at the speed of light

“He won a Nobel Prize in
1971 for developing molecular
spectroscopy, which allowed
us to learn about the structure
of molecules,” explains Prof.
Corkum, program leader of
the National Research Council
Canada Atomic, Molecular
and Optical Science Group.
“Today, spectroscopy allows
much more sophisticated
medical diagnoses, optimizes
production for industry and
measures the composition of
pollutants in the atmosphere.”

The market potential of
lasers exploded with the
development of optical fibres,
he says. “Suddenly, laser light
could be delivered along glass
‘wires’” into your body or
under oceans. It became possi-
ble to attack cancer with light,
and to send messages at light
speed from continent to conti-
nent.”

The combination of lasers
and optical fibre has become
the central nervous system of
technologies that monitor
stress on aircraft wings, the
health of pipelines and the
strength of bridges, he says.
But the future of Canadian
photonics may be even more
revolutionary.

“Toronto’s Dwayne Miller
has used laser light to create
an electron camera so fast and

high resolution that he can

real-time video is enormous.”

He says it is the goal of his
research to increase the capac-
ity of fibre optic networks and
enable the delivery of more
bandwidth and capacity to
end-users.

According to Dr. Plant, a
fibre optic network consists of
three levels: “the long haul,”
the regional or metro network,
and the access network —
where corporate and residen-
tial end-users sit.

“As we push fibre closer to
the end-user, we get more
advantages associated with the
carrying capacity of optical
fibre,” he says.

The goal is FTTP —an
industry acronym for Fibre To
The Premise. Currently, in
Canada, the fibre optic cable
terminates in a neighbour-
hood hub. “From there, you're
on a copper cable into the
home,” says Dr. Plant.

Bringing hair-thin fibre

photonic R&D and commercialization.

watch atoms move in solids,”
says Prof. Corkum, whose
team at the NRC-University of
Ottawa Joint Laboratory for
Attosecond Science is creating
the world’s shortest light puls-
es. (An attosecond is
1/1,000,000,000,000,000,000 of
a second). “This is a strong,
deep area of Canadian science,
and each of these advances
could lead to as yet unantici-
pated industries.”

Yet, as heady as that untold
potential may be, photonics is
already a source hope for cur-
rent challenges. “Efficiently
converting sunlight to solar
energy is a mixture of a pho-
tonics and a materials science
problem that, when solved,
will go a long way towards
eliminating the risks of global
warming,” says Prof. Corkum.

“The catalyst in this mix is
cheaper, faster image process-
ing,” says David Dalrymple,
the Midland, Ont.-based man-
ager of global marketing and
business development at
ELCAN Optical Technologies.

With more than 1,300
employees, ELCAN is a glob-
al leader in custom-engineered
optomechanical design and
manufacturing. Its customers
span the medical, defence and
security, industrial, commer-
cial and entertainment sectors.

“Without the advent of

poosting Web capacity

powerful and affordable com-
puting capabilities, we would
be stuck at the limits of ana-
logue optics. But with signal
processing, we can reach
power levels and resolutions
that are fuelling all these new
applications,” says Mr. Dal-
rymple.

Part of Canada’s promise
in this sector is an effective
research-to-market network
that bridges academic, govern-
ment and industrial efforts. In
Quebec City, Canada’s largest
optics research centre — INO
— has been instrumental in
creating 25 “spinoff” compa-
nies successfully operating
today.

“Qur job is to make tech-
nology work for industry,”
says INO vice president of
business development Simon
Labbe, who notes that INO’s
focused research efforts have
so far resulted in “over 4,000
custom R&D contracts for
small and large Canadian
businesses and 39 technology
transfers as well as new high-
tech startups in the industry.”

Public education is also an
INO focus. “Photonics is an
enabling technology; it facili-
tates or allows increased per-
formance in ways that could
not be done before, or at a
lower cost,” says INO chief
technology officer Dr. Pierre

While current telecom systems support streaming video,
researchers are working on fibre optic capacities that will even-
tually enable telcos to transmit high-definition Internet video.
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optic right to our homes
would mean an immense
improvement in bandwidth
capacity, speed and user expe-
rience.

Jacques Albert, Canada
Research Chair in Advanced
Photonic Components and
Professor in the Department
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healthier world.

of Electronics at Carleton Uni-
versity, says, “A single fibre-
optic fibre can carry a thou-
sand times more bits per sec-
ond than the cable that comes
to your computer right now.”
As a result, Dr. Albert says,
“The technology to do this has
been around for 15 years and

Canadian photonic technologies, building a better, brighter,

The market
potential of lasers
exploded with
the development
of optical fibres.
Suddenly, laser
light could be
delivered along
glass ‘wires’ into
your body or
under oceans. It
became possible
to attack cancer
with light, and to
send messages at
light speed from
continent to conti-
nent.

the reason it hasn’t been
deployed in North America is
just economics. The carriers
have an infrastructure in place,
but there is no incentive to
change it until there is con-
sumer pressure to increase the
bandwidth to their homes.”

Countries such as Japan
and Korea have taken this step.
“Presumably because the den-
sity over there makes it more
cost effective,” says Dr. Albert.

While Canada’s population
lacks density, Dr. Plant
believes it’s only a matter of
time before the technology
reaches our homes and offices.
“There is exponential growth
in demand for these fibre optic
networks,” he says. “For exam-
ple, in health care there is a
huge demand for more band-
width to enable the sharing of
MRI and CT images over the
Internet.”

And, as computational
technologies advance, the
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Galarneau, noting that indus-
try leaders are often unaware
of what optics can do. “For
example, there is an antioxi-
dant found in cranberries that
is very good for cancer pre-
vention. WWe're now using a
hyper-spectral sensor to deter-
mine the right level of this
antioxidant for the harvest.”

Dr. Douglas James, chair-
man of the Canadian Institute
for Photonic Innovation, and a
contributor to Making Light
Work for Canada, a compre-
hensive survey published by
the Canadian Photonics Con-
sortium, agrees that broader
awareness is a key to leverag-
ing photonics technologies to
the fullest extent possible.

“We found a degree of dis-
connect between the photon-
ics community and the wealth-
creating industries of the
country. There is a thirst for
knowledge about photonics,
but at the moment, there is
limited visibility at the higher
levels of government and busi-
ness.”

Like others in the sector,
Dr. James is committed to
shedding light on Canada’s
industrial potential in photon-
ics, a sector that might well
help Canada develop the kind
of knowledge-based economy
often touted as key to Cana-
da’s future competitiveness. W

demand for capacity does as
well.

As a result, companies such
as Bell Canada are tapping into
these fibre optic capabilities. By
leveraging new research —
including work spearheaded by
Dr. Plant that sends two, four
or 16 bits of information in
modulated phases, rather than
just one — Bell is quadrupling
the speed of its data transfers
between Montreal and New
York, Toronto and Chicago,
and Toronto and Montreal.

“Current long distance sys-
tems run at 10 gigabits per sec-
ond, and the technology is now
available for 40,” says Dr.
Albert, adding that current
research is at 200 to 300 giga-
bits per second.

“The capacity that will be
created to handle current
demand will build a more
robust Internet for all of us.
Who knows what comes after
that?” says Dr. Plant. [ |

Canadian optics innovator demonstrates the
power of light.

Learn more. Visit www.photonics.ca
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Canadian Institute for Photonic Innovations

New funding helps propel Canadian photonic R&D success

or 10 years, the Canadi-
F an Institute for Photonic

Innovations has proved
itself a force in Canada’s
research, development and
commercialization landscape,
churning out sophisticated new
technologies numerous startup
companies and legions of high-
ly skilled workers.

Earlier this year, the feder-
al government demonstrated
its confidence in CIPI’s contin-
uing ability to propel Canadi-
an innovation and high-tech
industrial prospects by invest-
ing $12.7 million in the insti-
tute over the next three years.

“The outstanding results
achieved during its first 10
years are good indicators that
CIPI will continue to have a
significant impact on the com-
petitive advantage of Canadian
industries,” said Robert Cor-
riveau, president and CEO of
CIPI.

Established in 1999 under
the Networks of Centres of
Excellence (NCE) Program, a
cornerstone of the Govern-
ment of Canada's innovation
strategy, CIPI specializes in
advancing the science and
applications of light-based
technology, and works with
government and industry part-

Renewable energy

ners to accelerate photonic
R&D and commercial innova-
tions.

Based at Laval University
in Quebec City, CIPI involves
more than 100 researchers
from 20 Canadian universities
and an additional 120 partner
companies, government labo-
ratories and hospitals.

While great strides have
been made in photonics,
CIP1I's goal is to ensure Cana-
da’s continued international
presence, leadership and repu-
tation in selected areas of pho-
tonics. The technology is cred-
ited with revolutionizing
telecommunications and is also
widely used in today’s enter-
tainment products, displays,
semiconductors, automobiles,
aircraft and surgical instru-
ments for eye and cosmetic
surgery.

The technology’s high
potential for radical impact on
widely different areas makes
co-ordinated national research
efforts essential, says Mr. Cor-
riveau.

In addition to its applied
research and development
program, CIPI’s Technology
Exploitation and Networking
(TEN) and Innovative Photon-
ics Application (IPA) pro-

Now in its 10th year, the Canadian Institute for Photonic Innova-
tions is Canada’s premier hub of collaborative photonic research.
PHOTO: SUPPLIED

grams, which support short-
term projects that focus direct-
ly on technology transfer,
have delivered impressive
results.

“The TEN program helps
support SMEs to develop spe-
cific technology that will give
them a competitive niche in
the market place,” said Mr.
Corriveau, noting more than
60 companies have been sup-
ported to date.

He says the 1PA program

targets sectors such as aero-
space, oil and gas, and steel
manufacturing by developing
photonic solutions that address
their needs and help them stay
internationally competitive.

At its heart, CIPI research
and development projects
focus on building new
strengths in specialty lasers,
optical techniques and their
applications.

Among their accomplish-
ments, CIPI-supported

researchers have become
world leaders in applications
of attosecond technology,
which is based on the shortest
light pulses so far produced by
humans. Attosecond technolo-
gy is expected to have far
reaching implications in the
precision control of molecular
and chemical processes, and
puts Candaa at the forefront
of “ultrafast science” — a disci-
pline behind the creation of
Canada’s Advanced Laser
Light Source (ALLS), a laser
research and development
facility.

CIPI-supported research
has also enabled Canada to
become a world leader in
photodynamic therapy for the
treatment of Age-Related
Macular Degeneration, the
leading cause of blindness in
Canadians over age 55.

CIPI is also developing sil-
icon-based photonics that
merge the power of light and
microelectronics, an area hotly
pursued by Intel and other
leading international semicon-
ductor companies as the route
to more powerful computers
in the future. Beyond such
technological feats, however,
CIPI has also earned high
marks for helping build Cana-

New solar technologies aim to increase efficiency and lower cost

olar power holds much
S promise as a clean,
renewable energy

source, but the high cost of
generating electricity from sun-
light has been an obstacle to
widespread use. It's a hurdle
that research teams are work-
ing to address through photon-
ic solutions.

Two research teams at
McMaster University’s
Department of Engineering

Physics are working with
Canadian clean energy com-
panies and the Ontario Cen-
tres of Excellence (OCE) on
potential solutions.

Rafael Kleiman and John
Preston have developed a
patent-pending technique
modelled on methods used to
make the kind of high-efficien-
cy solar cells that power satel-
lites, but at a lower cost.

“Most terrestrial solar pan-

els are made with silicon,” says
Dr. Preston. “Silicon is a good
choice as a material, but no
one material can capture the
full spectrum of light, which
limits efficiency.”

Photovoltaic cells on satel-
lites are made with layers of
different compound semicon-
ductor materials with proper-
ties that allow them — together
—to harness light across a
broad spectrum. The
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researchers’ method layers
compound semiconductors on
top of a base of silicon, which
is less expensive than the base
materials for space applica-
tions. “We believe that with a
modest increase in cost over a
conventional silicon cell, we
will be able to get efficiencies
similar to those achieved in
satellites,” Dr. Preston says.

Commercial partner
ARISE Technologies Corpora-
tion of Waterloo is contribut-
ing its proprietary silicon tech-
nology to the effort, and the
team believes its system has
the potential to convert sun-
light to electricity twice as effi-
ciently as traditional solar cells.

Meanwhile, researcher
Ray LaPierre is developing
solar cells using semiconduc-
tor nanowires — sliver-like

Horticulture

structures a thousand times
thinner than a human hair.
Using millions of nanowires to
trap and absorb light “should
translate into higher solar cell
efficiency,” says Dr. LaPierre,
noting nanowires also use less
material and can be grown on,
for example, stainless steel,
which also lowers the cost.

“It’s the cost per watt of
electricity that is important for
competitiveness,” he adds. “So
we are continuing our
research to develop a low
cost-to-efficiency ratio, which
is the key to making solar
energy more widely accessi-
ble.”

Hamilton-based Cleanfield
Energy is that project’s com-
mercial partner. The company
manufactures rooftop wind
turbines and envisions com-

da’s human capital of highly
qualified scientists and engi-
neers, specializing in photon-
ics. According to Mr. Cor-
riveau, approximately half of
all CIPI-supported graduate
students and researchers have
so far obtained positions in
Canadian industry, and about
half of CIPI’s foreign-trained
scientists have chosen to
remain in Canada.

CIPI scientific director
Bob Fedosejevs sees a bright
future for CIPI and Canada.
“CIPl is leading the way into
the 21st century, which will be
the century of light and pho-
tonics just as the past century
was that of electrons and
microelectronics,” he says. B

About Canada’s NCE program.
An integral part of Canada’s
innovation strategy, the Networks
of Centres of Excellence Program
funds CIPI and 19 other networks
in a variety of fields, supporting
unique partnerships among uni-
versities, industry, government and
private sector organizations that
aim to transform new Canadian
knowledge and entrepreneurship
into socio-economic advantages for
all Canadians.

To learn more, visit
www.nce.ge.ca.

bining the turbines, its inverter
(the component that converts
the power to electricity) and
the nanowire solar cells. “We
see great potential for a hybrid
system with both wind and
solar power — providing con-
sumers with a turnkey, renew-
able energy system,” says
Cleanfield Energy president
and CEO Tony Verrelli. “It’s
very exciting to see the poten-
tial for a new type of afford-
able clean energy.”

In an unrelated project,
Cyrium Technologies is work-
ing to develop higher-efficien-
cy photovoltaics using semi-
conductor nanotechnology.
The Ottawa-based company is
applying years of research
originally focused on the tele-
com market to develop cost-
effective solar technologies. W

Light sabre rears its helpful head

from Star Wars set in a

futuristic greenhouse, but
Niagara College is home to a
living laboratory where lasers
are used to fight microscopic
rather than galactic battles.

“We were approached by a
commercial greenhouse that
had heard about our photon-
ics program, inquiring about
whether lasers could be used
for cutting or pruning plants,”
says Niagara College Photon-
ics Studies co-ordinator
Alexander McGlashan.

As a result, the college
kicked off its laser pruning
research project in 2004, with
some very positive results.

I t might sound like a scene

“We're actually hoping to
partner with someone to build
a commercial prototype of the
laser,” says Mr. McGlashan.
“People might think it's far-
fetched, but the technology
works.”

The technology he speaks
of is a laser and conveyer sys-
tem, whereby plants are
brought along a moving belt
to a laser for pruning. The
research program is investi-
gating the use of handheld,
portable lasers as well.

“The biggest advantage to
using laser technology for
pruning, versus a traditional
method, is that it's an aseptic
process. When you use a

knife or pruning shears, that
blade is in contact with the
plant. Disease can enter the
plant as well as spread to the
rest of the crop,” says Mr.
McGlashan.

“Since lasers are just an
energy beam, there is no
physical contact and no way
to pick up or spread bacteria.”

Another advantage is the
ability to set the laser beam to
either fully cauterize or sim-
ply oblate the plant material
so that it can be used for root-
ing.

Also under investigation is
the use of light to detect dis-
ease before it becomes visible
to the naked eye. [ |
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