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s Department Chair, | am delighted to share with you our
Aannual report for The Edward S. Rogers Sr. Department of

Electrical & Computer Engineering (ECE) at the University
of Toronto. Founded in 1909, our department has a long and proud
history of education, research and service. Over the past century, it
has evolved to meet the changing needs of society and the changing
role of a large research university, with a mission that includes
not only education and training but also research, innovation and
knowledge creation. Today, this is one of the largest ECE departments
in the country, with an operating budget of about $30M, 78 faculty
members (100, including our Professors Emeritus), more than 1,130
undergraduates, and approximately 500 graduate students.

Our undergraduate programs draw some of the best students
from around the country. In recognition of the breadth of the field,
our curriculum is flexible, allowing our students to customize their
education according to their areas of interest. Our programs also
boast a strong emphasis on hands-on and project-based learning,
extensive laboratories and various design-focused courses.

Research is an integral part of our mission. We provide state-of-
the-art training for our graduate students in our MEng, MASc and
PhD programs. With an annual research budget of about $18M,
21 named research chairs and approximately 36 PhDs awarded

www.ece.utoronto.ca

annually, the department buzzes with innovative research ideas and
projects. This creative energy, in turn, benefits our undergraduate
programs enormously, enriching the course content and providing
valuable research experience.

As a result, ECE is engaged in the dissemination and creation of
knowledge across a wide range of areas of engineering and applied
science — from the fabrication of atomic-level structures with special
optical properties to the technologies that have revolutionized our world,
such as microelectronics, computer systems, software and networks.

This publication tells our story, highlighting the work of our undergradu-
ate and graduate students, and our faculty. On the teaching side,
much information is given about the various student activities and data
is provided on the student body and student achievement. On the
research side, you will find articles outlining some of the leading-edge
research currently underway in our department, as well as a listing of
all our professors and their research projects.

I hope you find this to be a useful report and | welcome your feedback
and comments — you may reach me at chair@ece.utoronto.ca.

Farid N. Najm, Professor and Chair
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Our Story

& Computer Engineering at the University of Toronto reach

as far back as 1909, when it was launched as an offshoot of
the Department of Mechanical Engineering. At the time, and in fact
until the early 1960s, only two such departments existed in Ontario,
the other at Queen’s University in Kingston.

T he roots of The Edward S. Rogers Sr. Department of Electrical

Our Faculty

B Biomedical
Communications

B Computer
Control
Electromagnetics

B Electronics

B Energy

2 B Photonics
B Emeritus

Total: 78

9 5 5 Total with Emeritus: 100
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With the return of First World War veterans in the fall of 1919, the
department saw enrolment swell from 241 to 819 students. A practical
undergraduate curriculum was offered at this time, similar to that
of the mechanical colleges in the United States. It was this North
American model under which the department was developed, as
engineering was not considered a discipline for academic study in
Britain or Western Europe at the time.

Our Community

100

400
B Professors

B Grad Students
B Admin & Tech Staff
Visiting Professors

1,300 50 W Post-Docs
fg Research Associates
20 Undergrad Students
Total: 1,935



By the mid 1920s, the applied science component of the
department developed and the degree of Master of Applied
Science had been instituted. Graduate study was pursued
intermittently and the first PhD in Electrical Engineering was
awarded in 1951.

Early research groups included those based in classical
electromagnetic theory, followed by control engineering, dubbed
systems disciplines, in the 1950s. Shortly thereafter came com-
munications engineering, and electronic device and circuit
engineering. In 1962 the department formed the Institute of
Biomedical Electronics, now called the Institute of Biomaterials &
Biomedical Engineering, and was joined by Photonics. Computer
engineering found its place in the department around 1965.

In June 2000, Ted Rogers Jr. made a substantial donation in
honour of his father, who was a student of the department from
1919 to 1921. The department is now known as The Edward
S. Rogers Sr. Department of Electrical & Computer Engineering.

Our Graduate Students

46 21

48 89 B Biomedical

Communications
B Computer
Control
B Electromagnetics
B Electronics
M Energy
B Photonics

49

21
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2,700

Square meters of lab space for undergraduate teaching
in the ECE department.

Our Research Funding

$0.14M

M Biomedical
Communications

B Computer
Control

B Electromagnetics

$2.5M m Electronics

M Energy

B Photonics

$6.5M

$0.26M

| ANNUM 2012 | Our Story | 3


www.ece.utoronto.ca

Undergraduate Studies



Offering the broadest curriculum in Canada, including the Electrical
Engineering and Computer Engineering programs, The Edward S.
Rogers Sr. Department of Electrical & Computer Engineering at the
University of Toronto is the school of choice for students who prefer
flexibility in their course selection and appreciate the value of having
access to some of the world’s most sought-after industry leaders,
renowned experts in their fields. These experts not only lecture, they
also supervise vibrant on-campus research laboratories, facilitating
a seamless transfer of knowledge from the lab to the classroom.

As undergraduate degrees, Electrical Engineering and Computer
Engineering offer the widest range of career opportunities. Seated
at the heart of most technical advances made today, electrical and
computer engineering are truly the engines that power the technology
of the 21st century.

At the University of Toronto, the first two years of study provide
the essential background in basic science and mathematics and
also introduce the student to important concepts in electrical and
computer engineering such as circuits, digital systems, electronics

www.ece.utoronto.ca

and communication systems. These two years of study are identical
for both the Electrical Engineering and Computer Engineering
programs.

In third year, students are asked to choose an area of specialization.
In fact, in both third and fourth year, students may choose from six
areas of study, depending on their individual strengths and interests.
The areas of study options include: Photonics and Semiconductor
Physics; Electromagnetics; Analog and Digital Electronics;
Communications, Systems Control and Biomedical Engineering;
Computer Hardware; and Computer Software.

Curriculum streams have been developed to help guide students,
however students are free to create their own unique paths of study
if they so choose. The eight curriculum streams may be accessed
at uoft.me/ececurriculum.

Example course packages can be found on the Magellan online

program to help facilitate the course selection process, located at
uoft.me/magellan.
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t wasn't just the prestige of being enrolled in the engineering

program at the University of Toronto that attracted Mike Ranjram

over three years ago, it was the promise of the opportunity
to be an integral part of actual research projects, even as an
undergraduate. “The professors really spoke to me about being able
to make a difference early in my academic career,” says Ranjram.
“They have made good on that promise. | have been given a lot of
leeway and control over projects, and that’s so important to me.”

Ranjram’s area of interest is power. Working in the Energy Systems
Lab under the direction of Professor Peter Lehn, he has successfully
built a high step-up, high efficiency DC-DC converter with maximum
power point tracking (MPPT) for use in photovoltaic applications.
“Power is such an important field but we’re never really exposed
to the details of power systems,” says Ranjram. “People generally
don't talk about what it means to transmit a voltage from Niagara
Falls to where you live, and the complications of that. But it's so
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MIKE RANJRAM | Electrical Engineering 1T2+PEY
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important. And what I've found is that power is such a diverse field
to work in. There’s so much information you need to know about
in other fields of engineering such as control, analog circuits and
electromagnetics, for example.”

Ranjram finds that his enthusiasm is shared by many of his peers.
“The great thing about being a part of such a large community at
U of T is that you find people who are passionate about every field
of engineering, even if it isn’t the most popular field.”

With a focus on making his converter as efficient as possible while
also minimizing cost, Ranjram’s motivation lies in the very real need
for sustainable power, and the demand for technology that would
make sustainable energy more viable. “We need a way to produce
power more efficiently, and at a lower cost,” says Ranjram. “This
makes my work meaningful because it's not just about completing
a research project, it's about the betterment of humankind and the
future of the planet.”




Professional
Experience Year

The Professional Experience Year (PEY) internship program
allows students to apply their engineering knowledge in a
12- to 16-month project-based professional internship.
The length of the placement offers enough time to become
involved in large-scale projects, build relationships with
employers and achieve professional accomplishments and
milestones.

The PEY internship program has been in existence for

more than 20 years, and during this time it has earned an
outstanding reputation in both academic and industry circles.
PEY offers students an outstanding education, a range of
eligible engineering career paths to choose from and strong
established industry partnerships.

Last year, PEY placed students in over 160 companies, which
encompass broad geographical regions: Canada, Chile,
Germany, Japan, Switzerland and USA.

#1

The U of T ECE department ranks first
in Canada according to QS World
University Rankings.

ECE PEY Placements 2002 to 2013

Year
Electrical 27 50 58 99 120
Computer 59 68 76 56 71

* As of August 9, 2012

www.ece.utoronto.ca

NSERC
Undergraduate

Summer Research
Award

The Natural Sciences and Engineering Research Council of
Canada (NSERC) offers a number of summer (May to August)
research fellowships to second-, third- and fourth-year
students in electrical and computer engineering. Selection
criteria may include the applicant’s academic background,
financial need and the duties and responsibilities of the
applicant in the research project.

NSERC Undergraduate Summer Research Award (USRA)
nominees are chosen based on academic standing, program
of study and research supervisor. Applicants must meet the
NSERC minimum standing requirement but the competitive
average is often much higher.

132 115 96 127 135 103

63 62 66 70 80
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Todays ‘Research Cﬁallenges Qfeate
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Tomorrow’s Opportunities

hat | love about research is that it challenges you to
discover something really important,” says Laura Shen,
a second-year computer engineering undergraduate.
“And what’s so appealing about my area of study, fiber optics
technology, is that it's where communication is going. It's the future.”

Shen is currently conducting research under the supervision of
Professor Peter R. Herman in the Photonics Group of The Edward
S. Rogers Sr. Department of Electrical & Computer Engineering. She
was awarded the Edith Grace Buchan Undergraduate Research
Fellowship by the department to gain exposure to leading-edge
research and the opportunity to work on a research project at
the University of Toronto during the summer of 2012. The project
involved optimizing the fabrication of femtosecond laser-written
optical waveguides.

8 | Undergraduate Studies | ANNUM 2012 |
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“This is a challenging task that requires balancing the losses that
occur when light is coupled into the waveguide and the losses that
occur when the light propagates in the waveguide,” says Shen. “The
number of laser pulses, pulse energy and scan speed are varied
simultaneously during the waveguide fabrication. The subsequent
optical characterization and analysis reveal the effect of each
parameter.” Through her analysis, Shen is able to provide feedback
to help guide the next set of experiments. “Once the lowest loss
waveguides are found, they will be integrated into optical fibers as
part of a novel fiber strain and temperature sensor and as optical
taps that will allow a small fraction of light to be pulled out of the
fiber for analysis.”

A new research direction in the lab is to create photonic devices
inside of optical fibers using femtosecond lasers. One of the funda-
mental components required for this research direction is the optical
waveguide, which will carry optical signals from one point to another.



Shen’s goal is to continue on to complete her undergraduate degree
and then graduate studies. “At the University of Toronto, there's a real
sense of being an engineer,” says Shen. “Even at the undergraduate
level, we are able to apply our learning to real practice. It's a hands-on
learning environment. The graduate students and my professor are
very helpful and inspiring mentors. They take time out of their busy
schedules to help and encourage me to accomplish so much.”

10

Number of undergraduate teaching labs
within U of T's ECE department.

Veolia World Solar Challenge

In 2011, the University of Toronto Blue Sky Solar Racing’s

6th generation car, Azure, competed alongside 37 teams from
22 countries in the Veolia World Solar Challenge (WSC). The
endurance race crossed 3,000 kilometres of the wild Australian
Outback.

When not busy testing Azure, the group is showcasing their
project at local and national community events. Throughout
the summer of 2012, the team attended events such as the
Canadian Undergraduate Technology Conference, Windfall
Ecology Fair, Engineering Clubs Day and the UTSU Clubs Day.
These events gave students an excellent opportunity to meet
the team and learn first-hand how to become involved.
Recently, the Azure team has been approached by various
media and were featured in newspapers and on the Discovery
Channel’s science and innovation news program, Daily Planet.

Azure placed 24th in 2011, and will enter a new and improved
vehicle in the 2013 WSC. While still in Australia, the team was
already brainstorming ideas for the next generation vehicle

as they are determined to return in 2013 with yet another
world-class solar car.

Undergraduate Enrolment, 2003 to 2011

2003 2004 2005 2006
Full-time ECE 1,390 1,309 1,274 1,183
Part-time ECE 160 179 198 239

(includes PEY students)

© 250 kg (without driver) with
a top speed of 100 km/h

¢ Pseudo 3 wheel configuration

¢ Plan-view aerodynamic drag
coefficient (C_d,plan) = 0.01

2007 2008
1,146 1,096
211 202

* Monocrystalline Si A300
SunPower cells

e Carbon fibre aerobody

2009 2010 2011
1,077 1,059 1,096

205 240 256

Total Headcount

% International 4.0% 5.0% 6.3% 6.6%

% Women 20.3% 16.6% 14.0% 12.5%

www.ece.utoronto.ca

13.1% 16.3%

12.2% 12.9%

17.9% 19.0% 22.5%

14.7% 15.3% 16.9%
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High-tech Signing

t's hard to imagine how limiting a world without sign language

would be for people who are deaf or hard of hearing. In fact, the

use of manual signs and facial expressions has been widely ac-
cepted as an effective communication tool since the 1600s. However,
for Justin Wee, a fourth year undergraduate in the Biophotonics
Group at the Institute of Biomaterials & Biomedical Engineering and
The Edward S. Rogers Sr. Department of Electrical and Computer
Engineering, enabling people who are deaf or hard of hearing to
leverage technological advances of today is not only a research
focus, it's a passion.

“My area is biomedical control systems,” says Wee. “So | am very
interested in applying what | have learned in electrical engineering
to the healthcare sector of society to help people have a better
quality of life.”

Wee is currently in a design project group that is working on making
a visual sign language translator app for smartphones. “We have
a camera that captures a person performing sign language, and it
is able to translate the signs that they do into English words. This

10 | Undergraduate Studies | ANNUM 2012 |
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encompasses a lot of image processing of many different frames of
signs, and using a probability model, we are able to determine with
a high percentage chance that these are the words being signed.”

Wee believes that within five years the program will be more involved
with a greater vocabulary, and able to translate most of a conversation
with minimal error.

“It's very motivating and exciting,” says Wee. “Everyone on the
team is really enthusiastic about the project. Right now there is
still a great communication barrier for the hearing impaired and
my hope is that this program will be able to be ported through a
smartphone and will help everyone converse with those who must
rely on sign language.”

Wee credits his professors with piquing his interest in this area. “The
motivating factors for me are my professors who incorporate their
own research and lab work into their lectures,” says Wee. “They are
so knowledgeable and | have had the pleasure of being inspired
by their fabulous work, such as controlling a wheelchair with brain
waves. It keeps me really interested and inspired to go on with my
own research.”



The Lady Godiva

Memorial Bnad

The Lady Godiva Memorial Bnad, or LGMB, is a student-
run band consisting chiefly of University of Toronto
engineering students. The use of the term bnad is a
reference to the inability (or unwilingness) of engineers
to spell correctly (see Skule). The LGMB is dedicated

to the preservation and advancement of Skule spirit
along with Ye Olde Mighty Skule Cannon and the Brute
Force Committee (BFC). The LGMB is notable for its
open membership policy and sometimes audacious
appearances at events. It is primarily a spirit group and
secondly a musical group. The bnad is often introduced,
incorrectly, as the Lady Godiva Marching Band, despite
the fact that they never march.

www.ece.utoronto.ca

Institute of
Electrical and
Electronics
Engineers

The Institute of Electrical and Electronics Engineers (IEEE)
is the largest professional society in the world. With

more than 320,000 members in over 150 countries, the
purpose of the IEEE is to build a network of professionals
and students in the electronics field and to provide them
with the latest technological developments through
conferences and published literature.

The IEEE Student Branch at the University of Toronto

is the largest student branch in Canada and holds
numerous events during the year ranging from plant tours
and formal dinners with companies to technical seminars
and academic sessions aimed at preparing students for
the professional and academic world.

Former ECE student Dr. Haiping Lu has been chosen to
receive the 2013 IEEE Computational Intelligence Society
(CIS) Outstanding PhD Dissertation Award for his project
titled “Multilinear Subspace Learning for Face and Gait
Recognition.”

According to the IEEE CIS, “This award recognizes
outstanding PhD dissertations that have contributed to
the advancement of the theory and/or applications of
computational intelligence.”

Purple

U of T engineers have been known to show their Skule spirit by
painting thmesleves purple. The legends say that in the glorious era
of the mighty British Royal Navy, when Her Majesty’s Ships were
sent out to explore, conquer and claim exotic lands, engineers
identified themselves with bright purple arm patches. Alas, the
sweat, grime and bilge water in the engineers’ work environment
resulted in a hefty portion of the bright purple dye from the badge
transferring onto their skin.

| ANNUM 2012 | Undergraduate Studies | 11
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or Sera Benjamin, fourth-year computer engineering student,

the most intriguing aspect of her program is the opportu-

nity to work on projects that apply research to real-world
scenarios. “Seeing the final work in progress is so exciting,” says
Benjamin. “In some instances we work with actual clients who
have a problem that needs solving. For example, we conducted an
energy audit, reached a design decision and then presented it to
the client. The whole process was such a great learning experience
on so many levels. In another case, we created a storage server for
multiple clients, as well as set up the database within the server.
That project was particularly challenging, but a lot of fun, and a
unique experience at the same time.”

This past summer, Benjamin worked on the early stages of developing
a localization application, or a type of indoor GPS, that would be
used in large facilities such as malls or airports. Using an Android
smartphone, wifi access points are scanned and sent to a server
that then queries the database and returns the appropriate map
to the user. Depending on the building, or what floor the user is
on, a dot will appear to pinpoint their location. “The pinpointing

12 | Undergraduate Studies | ANNUM 2012 |
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of the location is done with the help of various algorithms created
by other graduate students,” says Benjamin. The app is currently
being developed for Android phones, but the plan is for it to be
available for iPhones down the road. “This research is in the very
early stages so the finer details such as authentication may or may
not be implemented. Currently, we have to manually input all of the
maps for each floor and teach the device to identify a lot of the
points within the map. So there’s still a lot of work to do.”

Says Benjamin about the relationships she has forged and the overall
environment at ECE, “The work is challenging but the professors
make it interesting because they are so keen at ensuring that we
understand everything as we go along. They're a great resource
for us because they make themselves readily available for extra
help whenever we need it. In terms of my peers, we're a group
of hardworking students, but the friendships are very strong, and
everyone’s focus is on success.”



Women in Science and
Engineering

Open to all University of Toronto
students, staff and alumnae, the co-ed
student organization entitled WWomen

in Science and Engineering, or WISE,
offers activities and outreach programs
designed to facilitate networking
opportunities between students and
professionals from a variety of industries.

The group provides a welcoming,
supportive environment through social
events that foster positive relationships
during university and afterwards. For
example, the Life After Graduation series
of conferences is focused on giving
engineering students a glimpse into the
diverse range of choices they have after
graduation, from careers to graduate
school.

Similarly, the Professional Schools
Conference, focusing on Law and
Medical School, gives students a chance
to interact with professional students
studying in those fields.

15t

U of T's ECE department at the University of

Toronto ranks 15th internationally

according to Higher Education Evaluation and
Accreditation Council of Taiwan (HEEACT).

www.ece.utoronto.ca

Tours and excursions to research facilities
such as the Hospital for Sick Children,
and Lucent Technologies Canada

are organized by WISE to encourage
students to tap into the vast knowledge
and experience that can be garnered
from connecting with successful
professionals in the field.

WISE also holds several workshops on
campus throughout the year, offering
essential career tips including resume

writing and interviewing techniques and
best practices for leveraging networking
events.

Established in 1999, WISE arose as a forum
for peers to share their experiences. With
support from the University and student
body, this chapter of a national association
has developed into a recognized campus
organization.

Tulika Gupta

(Electrical Engineering 1T2),
Gordon Cressy Student
Leadership Award Winner, 2012

Gupta has organized WISE
workshops and worked with
Engineers Without Borders.

Gupta has also educated high

school students on issues of
poverty and water scarcity.
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Graduate Studies



The Edward S. Rogers Sr. Department of Electrical & Computer
Engineering is ranked among the top ten in North America and
is the largest department of its kind in North America.

Throughout its history, the department has been witness to
groundbreaking discoveries and developments in almost every
area of electrical and computer engineering, at the core of which
is the outstanding research conducted by graduate students in
our on-campus, state-of-the-art laboratories.

Our graduate students are supervised by more than 80 professors,
and can choose from a wide range of research areas including
biomedical engineering, communications, computer engineering,
electromagnetics, electronics, energy systems, photonics and
systems control.

ECE offers the following gradute degrees: Master of Applied

Science (MASc), Master of Engineering (MEng), and Doctor of
Philosophy (PhD).

www.ece.utoronto.ca

The Master of Applied Science degree provides advanced study
and research in a major field. This is a full-time program and
requires the completion of courses, a thesis proposal, and a
research thesis. The MASc is the recommended prerequisite for
admission to a PhD program.

The Master of Engineering degree provides advanced training
to individuals who wish to work or practice in the field of
engineering. This course-based degree may be completed on a
full- or part-time basis. It is not a research degree and is not the
recommended prerequisite for admission to the PhD program.

The Doctor of Philosophy degree is intended for those who wish
to pursue a career in fundamental or applied research. The PhD
requires the completion of courses, a field comprehensive examina-
tion, a thesis proposal, and a research thesis. Applicants to the
PhD must hold the equivalent of an MASc degree with thesis. For
more information see www.ece.utoronto.ca/graduates-home/

| ANNUM 2012 | Graduate Studies | 15
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the Wind

Harnes: NC

hat | appreciate most about the opportunity to complete

my PhD at the University of Toronto is the huge support

| receive from the university and my professors,” says
Dalia Hussein, a fourth-year graduate student with the Energy
Systems Group at the University of Toronto. “The resources we
have at our disposal are of the highest quality. The equipment in the
labs includes everything | could possibly need, and the materials
available in the library are excellent.”

Hussein is doing her research in the area of modeling and simulation
of wind power plants. She is interested in developing an equivalent
model for wind power plants (WPPs) to study their behavior in
response to electromagnetic transients in the power system. The
motives behind this work were the limitations associated with existing
equivalent models and the computational inefficiency of WPP detailed
models. They require detailed modeling of each component within
the WPP (typical WPP consists of hundreds of components) and
hence require massive computation resources and time.

16 | Graduate Studies | ANNUM 2012 |
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“Through my work | was able to develop a computationally efficient
equivalent model of WPP that contain wind turbine generators of
Type-4 (direct drive machines),” says Hussein. The accuracy of the
developed model was verified through comparing its simulation
results with those of a benchmark system implemented in detail. The
developed equivalent model drastically reduces the computational
time and burden, as compared to the detailed system, for example
from five hours to 110 seconds, without compromising the accuracy
of the results. “In the current stage of my work, | am extending the
developed equivalent model to include WPPs that contain wind
turbine generators of Type-3 (Doubly Fed Asynchronous generators).”

Hussein finds working in this area promising.”l believe this is the era
of generating electricity from renewable resources,” says Hussein.
“In the long run it will be cheaper and it is crucial for the environment.
There is a lot of potential for research here because there are lots of
problems that need study. There are no easy solutions.”

In addition to a challenging academic career, Hussein also juggles
the demands of motherhood. “It's not an easy task because | want



to spend as much time as | can with my child while fulfilling the
requirements of my career,” says Hussein. “Fortunately | have a
supportive husband. As well, my supervisor, Professor Reza Iravani,
is very understanding of my situation, and that has been so important
to my being able to meet all the demands. In the end | believe all
of the effort will be worth it because | will be a good role model for
my child, and for other parents too.”

[LIL[TI
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ECE Students Among The Next 36

The Next 36 is a prestigious entrepreneurship leadership
initiative helping to launch business careers for promising
Canadian undergraduates.

It aims to transform participants into Canada’s top
entrepreneurs through a mix of teamwork, business
experience and intensive entrepreneurship instruction.

U of T is a founding partner in The Next 36, launched by a
group of business leaders, academics and entrepreneurs.

During the eight-month program, the students work in
multidisciplinary teams to develop, launch and sell a product
or service for the mobile or tablet market. The students also
receive entrepreneurship training and mentorship from
world-class business leaders.

The eight-month program provides up to $80,000 from
top venture capitalists, a comprehensive offering of in-kind
resources and instruction from some of the world’s top faculty.

Zerzar Bukhari, Electrical Engineering 1T3
Freddy Chen, Computer Engineering 1T3

Alexandru Litoiu, Electrical Engineering 1T2

www.ece.utoronto.ca

6

Number of buildings that
comprise the ECE infrastructure.

4,400

Square meters of research labs in ECE.

Teaching

Professor Jonathan Rose (ECE),
is the recipient of the 2011-12
Faculty Teaching Award.
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Breakir
New Fr

ntiers

t's said that the 21st Century is that of the photon. And to Jason

Grenier, PhD candidate, Photonics Group, University of Toronto,

these are exciting times. His doctoral research, supervised
by Professor Peter Herman, focuses on the area of ultra-fast laser
processing for use in communications, medical diagnostics and
sensing.

Ultra-fast lasers offer a unique opportunity to fabricate light-guiding
structures with more advanced filtering and sensing capabilities
anywhere inside an optical fiber. Microfluidic channels, or micron-
sized pipes in which fluids can flow, can also be laser fabricated
allowing light guiding structures to probe the fluid to make sensitive
measurements. Grenier’s goal is to create compact and functional
optical microsystems for sensing that underpins the possibility for
creating complex laboratory diagnostics on a compact optical fiber.

“For me the passion comes from discovering new things,” says

Grenier. “As researchers we push boundaries to discover new
frontiers, harness that knowledge and disseminate it through papers

18 | Graduate Studies | ANNUM 2012 |
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and conferences, and that's really the motivation for me.” Recently,
developments of Grenier's research were presented at the 2012
Photonics North Conference and received the best oral presentation
award.

A dedicated student, Grenier is also the founding President of the
University of Toronto student chapter of the International Society
for Optics and Photonics (SPIE), and is actively involved in various
educational outreach activities. “I'm thrilled to be in a position to guide
research students at a time when there is such a huge thrust in this
field,” says Grenier. “Optics and photonics will have a major role to
play in the future, and will impact everything from communications,
to biomedical advancements and green technologies. For anyone
starting out in this area of study, there is great potential.”

In addition to his group’s connections with international research
groups and industry partners, networking locally with other research-
ers on-campus through initiatives organized by the Institute of Optical



Science is also a key focus for Grenier. “The institute brings together
all of the U of T researchers working on optics and photonics, and
organizes extensive opportunities for us to interact together,” says
Grenier. “I find that really rewarding because not only do we know
what we're working on and what our immediate colleagues are
doing but there’s a bigger picture here at U of T and the institute
facilitates collaboration.”

Another partnership Grenier’'s group has successfully developed is
one with St. Michael’'s Hospital. “The researchers and doctors at St.
Michael’s bring a strong knowledge base in biomedical research
and we bring a strong knowledge base in laser fabrication and
optical devices,” says Grenier. “It's in this kind of collaboration where
we get really interesting and novel expansion of the frontiers and
boundaries. When you put the expertise of two great research areas
together, that’s where you see the boundaries just balloon out. It's
very exciting to be a part of that.”

116

Number of ECE graduate degrees
granted in 2011-12.
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Research and

Training Experience

The NSERC Collaborative Research and Training Experience
(CREATE) Program supports the professional development of
students and postdoctoral fellows through training programs
that encourage collaborative and integrative approaches while
addressing significant scientific challenges associated with
Canada’s research priorities.

Since 2009, our Faculty has been awarded over $8 million
from NSERC to fund five such programs.
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"+ How To Harvest

hile it was the sheer mathematical beauty and ubiquity

of control theory that first captured the University of

Toronto System Control Group’s graduate student
Audrey Kertesz, what continues to fuel her passion is the ongoing
pursuit of applications that will transform her visions into reality.

In 2010, Kertesz was the recipient of the André Hamer Post Gradu-
ate Award from the Natural Sciences and Engineering Research
Council of Canada (NSERC), from which funding has enabled her
innovative research.

“In control theory people inhabit one of two worlds,” says Kertesz.
“Either you are interested in solving a mathematical problem that
has been abstracted away from application, or you have a practical
engineering problem to which you’re looking to apply those general
theories. | found out very quickly that | wanted to work on a practical
problem, bridging the gap between the theoretical and engineering
worlds,” says Kertesz.

20 | Graduate Studies | ANNUM 2012 |
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AUDREY KERTESZ wAsc Student | Systems Control

One such problem lies in the field of photovoltaics — cells, or panels
that convert the sunlight directly into electricity. Here, Kertesz has
focused the thrust of her research on the performance optimization
of urban-based solar installations by designing better controllers.
“An increased demand for sustainable energy resources has led to
rapid growth in the area of photovoltaics,” says Kertesz. “However,
the power generated by a solar cell is highly sensitive to the cell’s
operating current. The operating point yielding the highest output
power, or maximum power point, is dependent on both temperature
and lighting conditions. And so, while we have solar panels that
work efficiently in rural settings where they sit unobstructed from
the sun, they are less efficient in urban settings where they are
often hindered by partial shading from trees or buildings. Without
the right power electronics and control infrastructure, they suffer a
substantial reduction in output power.”



To solve this problem, Kertesz is working to improve an alternative
to the traditional control of solar cells, referred to as distributed
maximum power point tracking. Conventionally, photovoltaic modules
share a common current, rendering them unable to operate exactly
at their respective maximum power points under uneven lighting
conditions. With distributed maximum power point tracking, local
controllers perform maximum power point tracking individually
for each module, optimizing the total output of the system. “There
are some unique challenges that | am addressing in my research,
however by devising a control strategy that provably stabilizes the
system under a broad range of operating conditions, maximum
power output can be guaranteed,” says Kertesz. “It's an enticing

solution to the problem of series-connected photovoltaic modules.” 433

Invention disclosures produced by
U of T's ECE department over the last
three decades.

Teaching
Excellence

Dr. Micah Stickel is the recipient of three departmental teaching
awards and was honoured with the Faculty’s Early Career
Teaching Award in April 2012. He is known as an innovator in
the use of technology in his lectures. He is currently pursuing
research in implementing an inverted classroom model in a large-
scale, second-year course in ECE. Dr. Stickel also serves as the
Faculty’s Chair, First Year.

Graduate Enrolment, 2003 to 2012
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Inndyafi\/e Technology
Lends an Ear to Silenced Voices

or children with little or no motor control or facial ex-

pressions, communicating a simple yes or no can be an

insurmountable challenge, however through the remarkable
work of a team of extraordinary researchers at the University of
Toronto’s Institute of Biomaterials & Biomedical Engineering, viable
interaction solutions for disabled children are not only possible,
they’re probable.

One such researcher, Eric Wan, is a graduate student in Electrical
and Computer Engineering under the supervision of Dr. Tom Chau.
Wan'’s focus is on designing new ways to improve the quality of life for
children with severe disabilities through innovative technology. Most
notably, Wan assisted in the development of Dr. Chau’s Virtual Musical
Instrument, a software program that enables persons with physical
disabilities to play musical instruments with as little movement as
the blink of an eye. In 2010, Wan received the Centennial Thesis
Award for his work on a wheelchair powered by a vocal cord vibra-
tion sensor, enabling the user to cause movement through variant
humming sounds. “I've been interested in computer programming

22 | Graduate Studies | ANNUM 2012 |

ERIC WAN wmaSc Student | Biomedical Engineering

since | was eight years old,” says Wan. “However, when | was 18,
my studies were interrupted when | became paralyzed from the
neck down from transverse myelitis — a rare, adverse reaction to
the measles vaccine. During the months and years that followed
| thought a lot about how | could do things without the use of my
arms and legs,” says Wan. Three years after becoming paralyzed,
Wan continued his studies in computer engineering at the University
of Toronto where in 2010 he graduated with a Bachelor of Applied
Science — eleven years after he started. He is currently working
on his Master of Applied Science degree.

“In 2005, | was introduced to Dr. Chau by one of my respiratory
therapists,” says Wan. “Dr. Chau invited me to assist him with some
of his pediatric engineering research projects, and that was when |
realized that my skills could be applied to actually help people with
disabilities,” says Wan.



In the simplest terms, Wan'’s current research project is the first of its
kind using what is called otoacoustic emissions instrumentation that
is traditionally used to assess the health of the inner ear, to detect
whether a person is focusing attention on certain types of sounds.
“l had heard about this technology and thought perhaps it could
be used as a communication tool for non-verbal children,” says
Wan. Called Transient Evoked Otoacoustic Emissions recordings
(TEOAE), Wan's research is a first step toward the development of
a non-invasive, auditory body-machine interface. It will determine
whether cochlear (a portion of the inner ear) response can trigger
a switch when the patient focuses on a particular sound, making it
possible for severely disabled children who have never been able
to communicate, to finally have a voice.

“Children with severe disabilities are in great need of a way to
control their environment and to communicate with others,” says
Wan. “We have to think of alternative ways for them to do that using
innovative technology.”

13th

U of T's ECE department ranks
13th internationally according to
QS World University Ranking 2011.
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Early Career Award

ECE graduate Somen Mondal received the Engineering Alumni
Association’s Early Career Award in November, 2012.

Mondal was recognized for his success as an entrepreneur in
the world of business. Today, N4 Systems is a multi-million-
dollar software-as-a-service enterprise that focuses on
environmental health and safety with more than 250 global
clients, including Cirque Du Soleil, Rio Tinto and GE.

As the CEO and co-founder of N4, Mondal has been
responsible for the company’s corporate vision, strategy,
business growth and customer satisfaction. N4 was listed as a
Company-to-Watch by the Deloitte Fast 50 for its innovation,
unique market niche and long-term potential. In 2010, the
company was ranked 31¢tin the Profit Hot 50.

Mondal recently earned the title of Ontario Ernst & Young
Entrepreneur of the Year in the Emerging Entrepreneur category.
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Researchers at U of T continually strive to make discoveries that will
impact industry and benefit society. We do so by tackling challenging
fundamental and applied problems; working across and beyond
disciplinary boundaries; partnering with industry, government,
and other academic institutions globally; and training the research
leaders of tomorrow.

U of T Engineering’s research is world-renowned. Most recently, the
Times Higher Education World University Rankings placed U of T
Engineering 16th in North America. The Faculty has maintained its
position as Canada’s top engineering school and one of the very
best in the world.

At the Edward S. Rogers Sr. Department of Electrical & Computer
Engineering, we are particularly proud of our ability to identify
areas of strategic importance to global industry and society, and

e Emphasis on the technological, economic and social dimensions
of security and privacy in the mobile ecosystem and the emerg-
ing cloud. The past year has witnessed U of T's launch of the
Southern Ontario Smart Computing Innovation Platform (SOSCIP)
in collaboration with Western University and IBM. The University
is converging on a future vision of computing and what it can
do to enhance all aspects of life. U of T Engineering also offers
this project its strengths in computer architectures and enabling
technologies in electronics;

e Strategy to bring electrical and computer engineering expertise to
important problems in biomedical engineering and medical devices,
uniting expertise in sensors and stimuli, low-noise and low-power
electronics, systems-on-chip, signal processing, systems control,
optoelectronics, and computing.

Our researchers partner with more than 60 industry leaders worldwide
to translate our research into application. We are extremely proud of the
over two dozen companies incubated right here in U of T Engineering
in the last decade alone. All of these companies, both large and small,
are integral to our success.

to pull together major efforts to address these important problems.
Initiatives include:

e Focus on the SmartGrid, the electrical grid that seamlessly incor-
porates renewables such as wind and solar, and uses the latest
technology to improve the efficiency, reliability, and sustainability
of electricity services. This initiative leverages U of T Engineer-
ing’s strengths in energy systems, systems control, algorithms,
optimization, security, communications, networking, electronics
and photonics;

ECE continues to seek unique ways to make a global impact, benefiting
Canada and the world through advances that improve quality of life.
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— Bewitching and Bewildering

EDWARD J. DAVISON PROFESSOR EMERITUS | Systems Control

he fundamental challenges inherent in controlling systems

that occur in the world include a wide range of diverse areas

with varying levels of complexity, spanning from traffic light
control to world peace. Such challenges have tantalized Professor
Edward J. Davison over his entire career, and inspired him to help
create one of the world’s foremost centres of control research at
the University of Toronto. Control science research is concerned
with finding solutions to behavioral problems in dynamic systems,
to achieve a desired result.

“I have a passion for trying to solve problems in control science
because the results obtained are applicable to almost all aspects
of society, from the control of space-craft to the control of social
systems,” says Davison. “The beauty of this kind of research is that
all one needs is a pencil and paper. So I'm always working; it's really
become a part of who | am.”

After completing a PhD at Cambridge, Davison went to Berkeley, the
world centre for control systems in the 1960s. He quickly realized

that he wanted to create such a centre in Canada. He returned
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home to Toronto with a view to making the University of Toronto
world-renowned for its control science expertise.

A recent major success for Davison and his team was the develop-
ment of decentralized control of large-scale systems. “The need
for such systems often arises in modern industrial society,” says
Davison. “For example in traffic light control, to ensure traffic flow of
the overall city is optimized, only local information available at each
of the traffic light intersections is used.” Davison’s design approaches
have been adopted worldwide and applied in a number of integral
societal infrastructure areas such as chemical process control, large
flexible space structures, and electrical power systems.

Taking place over a period of twenty-five years, Davison’s “eureka”
moment came after a series of gradual wins. “In our research, to
solve the ultimate problem, you have to solve many intermediate
problems — you have to lay the foundation,” says Davison. “The
motivation to this kind of study is that, unlike physics, where one is
trying to understand something, in control automation, one is trying to
change the behaviour of something. This doesn’t happen overnight.”




In the area of control systems research, many long-term unsolved
problems exist, some of which are of utmost importance to
humankind. One such issue concerns energy. “In this case if we
can solve the problem of fusion control, and the main reason we
can'’t is because of a control problem, then all of our energy issues
would disappear. There would be no nasty by-products and we
would have unlimited energy, as long as we exist.”

But solutions as grand as this are elusive, and can take 25 or 50 years
to reach — which is the fascination for control systems researchers
such as Davison. “Every time | find a solution to a problem, there
appear five new problems that are yet more exciting. We might
fail nine times out of ten, but when we succeed that once, it’s like
touching the hand of God.”

2011 e Bionym Inc. ® PRISED Solar Inc. 2010 e ChipCare Corporation ® Engineered Privacy Inc.

o Filaser Inc. ® RenWave 2009 e Arda Power Inc. ® Dreamcube Technologies Inc. (formerly UiRemote)

e FOTA Technologies ® InVisage Technologies Inc. ¢ KMKP Engineering ® Shape Collage Inc.

40

Spin off companies sparked
by ECE members since 1950

2008 e Arch Power Inc. e Incise Photonics Inc. ® Peraso Technologies Inc. ® Simple Systems Inc.

¢ Snowbush Microelectronics 2007 ¢ Inometrix Inc. ® Metabacus ® Modiface Inc. ¢ OMESH Networks
¢ Vennsa Technologies Inc. @ Viewgenie Inc. 2005 e Evistech Inc. 2003 e ArchES Computing Systems
Corp. 2001 ¢ Zoomo Software Inc. 2000 » Motion Playground Inc. 1999 e Accelight Networks Inc.

¢ Soma Networks 1998 e Right Track CAD Corp. 1996 ¢ OANDA Corp. 1995 e Arise Technologies

1994 o Trantek Power 1993 ¢ SmartSpeaker Corp. 1992 ¢ Condata Technologies Ltd. ® Gao Research

& Consulting Ltd. 1985 e Katosizer Industries Ltd. 1980 ¢ Aimax Ltd. 1968 e Electrical Engineering

Consolidated Ltd. 1951 e Sinclair Technologies Inc.

Publications Per ECE Researcher, 2001 to 2011

Research
Excellence

In 2012, the American Association for the Advancement

of Science (AAAS) awarded the distinction of Fellow to Professor
Alberto Leon-Garcia for distinguished contributions to the design,
management and operation of communication networks and

the creation of innovative educational programs in network
engineering. Professor Leon-Garcia is also a U of T Distinguished
Professor and the Scientific Director of the NSERC Strategic
Network for Smart Applications on Virtual Infrastructure (SAVI).

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Researchers 55 59 64 63 63 64 71 75 76 75 75
Publications 354 437 493 403 486 513 541 529 510 520 533
Publications per 6.4 7.4 7.7 6.4 7.7 8.0 7.6 71 6.7 6.9 7.1
Researcher
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or Professor Natalie Enright Jerger, being able to

collaborate with top researchers was the University of

Toronto’s primary drawing card. “There is such a large
and vibrant research program here,” says Enright Jerger. “The
opportunity to engage with experts across the range of electrical
and computer engineering specialties to further my research is
very exciting for me.”

Currently, Enright Jerger is collaborating with Professor Joyce
Poon who is working on optical devices. “Together we're looking
at how we can incorporate the devices that she designs into the
higher-level architecture and hardware of the computer,” she says.
“These kinds of collaborations are important as we are reaching
a point in my field where we have to start relying on new devices
and low-level technology to sustain the computing industry.”

As society continues to push the boundaries of computer
technology, Enright Jerger and her team of students are challenged
to meet the increasing demand for lower-powered computers with

28 | Research | ANNUM 2012 |
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NATALIE ENRIGHT JERGER ASSISTANT PROFESSOR | Computer Engineering

N

il
uters:

higher performance. Their main research area is in the designing
of efficient communication fabrics or interconnection networks
for next-generation many-core processors.

“One focus area is on how to provide better hardware that is more
tailored to the cache coherence protocol, or determining how
data is shared between processors,” she says. “We look at how
certain control information is exchanged. So when we design
the on-chip network with certain properties of the coherence
protocol in mind, we're able to see fairly large advantages, such
as energy savings and performance improvement. Here at the
University of Toronto, we've been one of the first groups to exploit
this, and we've discovered some pretty exciting opportunities.
I'm really looking forward to seeing where we go with this in the
coming years.”

Although computer architecture has matured as a field, Enright
Jerger says there is still significant work to be done in this area.
“It's a dynamic and evolving field. Computers bring so much




to society. From the Internet which provides social networks and
education tools, to simulating the human brain in neuroscience
research, the computer has become an integral part of our world.
The driving force for my research involves meeting technology
challenges and application demands that will fuel future growth.
That makes this an exciting field to work in.”

60

Industry leaders around the world who
partner with ECE researchers.

3 Major Awards
Received in 2011-2012

Professor Frank Kschischang Professor Brendan Frey Professor Joyce Poon
Recipient of the 2012 Canadian Award Co-winner of the John C. Polanyi Award Named one of Technology Review’s
for Telecommunications Research Top 35 Under 35

NSERC Funding for Electrical and Electronics Engineering at Leading
Canadian Universities, 2011

Universiy of Toronto

University of British Columbia )
University of Waterloo
University of Alberta )
McGill University )
Ecole Polytechnique de Montréal )
McMaster University
Simon Fraser University )

University of Ottawa
Queen's University
Carleton University

University of Calgary

Concordia University |
Ecole de technologie supérieure )
University of Manitoba ]
Université Laval |

Western University
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hile the Internet is indisputably one the greatest engineer-
ing feats of our time, for Professor Jorg Liebeherr, there
is much work to be done to realize its full potential.

“The Internet has changed the way we communicate and do
business, created wealth and reduced social and geographic
barriers,” says Liebeherr. “Yet, to access the Internet most of us
depend on equipment and services of network providers.This creates
the view of the Internet as a remote shared resource, quite similar
to mainframe computing in the 1960s. Clearly we can design better
technologies that are more supportive and adaptive to mobility of
data transport,” he says.

The goal of Liebeherr's research is to harvest the potential of self-
organizing networks. Self-organizing networks comprise an alternative
approach to building large computer networks. In contrast to centrally
planned and managed network infrastructures, self-organizing
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he Next Generatigp

JORG LIEBEHERR PROFESSOR | Communications

networks are formed and operated in a fully distributed manner,
and do not rely on centralized mechanisms for network formation,
management or operation. As a result, self-organizing networks can
be built faster and cheaper than conventional networks. Furthermore,
they are better suited to adapt to changes of network topology, traffic
mix and service requirements; and are also inherently fault-tolerant.
They often exist only for a limited time to perform a particular task
or provide connectivity to a group of devices. Their topology can be
highly dynamic, as nodes may enter or leave the network at any time.

“The way we exchange data is often counter-intuitive,” says Liebeherr.
“For example, when two mobile devices right next to each other
exchange a document, the data is often sent tens or hundreds of
kilometers away into the core of the Internet, and then all the way
back again before it is received. Modern devices are capable of
discovering one another and sharing data on the spot. My research
seeks to fully exploit this capability.”



Self-organization can be deployed on top of an existing network
infrastructure as is the case of Internet peer-to-peer networks, or
they can build their own network infrastructure as in the case of
mobile ad-hoc networks. Since they can adapt to the availability of
resources and usage patterns, self-organizing networks can be more
resource and power efficient. As nodes can decide themselves how
to connect and communicate, self-organizing networks are able to
ensure privacy and security more easily than infrastructure networks.

“Self-organizing networks can be used to build community networks,
that is networks run by and for private citizens,” says Liebeherr.
“In recent years we've witnessed governments whose regimes are
threatened shut down the Internet. With self-organized networks,

they would not be able to do this. As the Internet played a huge
role in the advancement of society, the conversion of our networks
can do so as well on many levels.”

However, Liebeherr says that we are still a ways away from the
reality of self-organizing networks. “There are a lot of questions still
unanswered,” says Liebeherr. “Right now my role is to conceive
technology and develop prototype solutions. Ultimately, since a
self-organizing approach can lead to more resource and power
efficient networks, these kinds of networks will prevail.”

ECE Invention Disclosures, 2006 to 2011
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Engineering continues to be the source
of nearly half the inventions generated
annually at U of T, with ECE
responsible for the highest number.

The University’s Invention Policy requires inventors to completely disclose their inventions.
In most cases, rights to their inventions are then jointly owned by the University and the inventor.
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magine an implantable microchip the size of a pea that can

interface with the brain to treat neurological disorders and

detect vital signs of the human body. That’s the primary focus
of Professor Roman Genov’s research at the Intelligent Sensory
Microsystems Laboratory.

“I've always been interested in how the engineering and
medicine disciplines complement one another, and in the vast
opportunities for the advancement of healthcare that ensue from
cross-disciplinary research,” says Genov, whose extensive work
on microchips that interface with the human brain has been widely
recognized internationally.

Genov and his research team have developed a low-power, inex-
pensive microchip that is capable of monitoring electrical activities
of neurons at hundreds of locations in the brain at once. In fact, they
are among the top research groups in the world in terms of electrical
characteristics and number of recording channels on a microchip.
“The technology has evolved greatly over the past few years.
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ROMAN GENOV ASSOCIATE PROFESSOR | Electronics

Now, we have microchips that are highly versatile in not only monitor-
ing but also analyzing electrical activity of the brain,” he says.

Such microchips can be implanted to treat certain neurological
disorders such as intractable epilepsy in cases where pharmacologi-
cal agents are not effective. “We are working closely with medical
doctors to come up with solutions where a microchip identifies an
upcoming seizure and delivers a small electrical charge to the brain
in order to prevent or abort the seizure,” says Genov. “This is very
exciting research because, as it stands now, there are no effective
treatment options available for such patients.”

Another thrust of Professor Genov’s research focuses on developing
disposable biosensory microchips for in-field medical diagnostics.

“We have enabled and fine-tuned sensing capabilities of conventional
microchip fabrication technologies for quick, in-field analysis of vital
signs of the human body,” says Genov. “In one such example, a
patient's DNA analysis can be performed right on the surface of a




single-use microchip. This enables us to extract important medical ECE Revenue 2011-2012: $27 million
diagnostic information at a low cost, quickly and directly on-site,
which is often critically important to the patient or doctor.”

“What | see happening in the next five years is that more and more
gaps like this will close as integrated circuit designers come up
with new solutions using electronic microchips to solve current
problems in healthcare.”

Having joined the faculty at the University of Toronto over ten years
ago, Genov says he was attracted to the institution because of the
widely acknowledged presence of cross-disciplinary, world-class
research. “This is such a significant advantage because it enables
collaboration among multiple disciplines, such as engineering
and medicine,” says Genov. “The potential for new discoveries is
immense.”

. Academic Base Budget Endowment Income
Student Tuition . Dean’s Faculty Fund
. Teaching . Overhead
3 Canada Research Chairs

U of T Inventors
of the Year #1

Professor J. Stewart Aitchison The Faculty of Applied Science and Engineering
(along with James Dou) ranks first in Canada for the number of
Professor Aleksandar Prodic engineering publications, 2006-2010,
Professor Dimitrios Hatzinakos according to Thomson Reuters

ECE Research Funding, from 2005 to 2011

2005 2006 2007 2008 2009 2010 2011

Federal $7,807,414  $10,397,002 $ 8,705,671 $ 8,440,564 $ 7,966,298 $ 8,756,585 $ 9,294,841
Provincial $ 3,753,222 $ 5,479,296 $ 3,703,586 $ 3,955,389 $ 4,862,786 $ 3,985,865 $2,913,797
Industry $ 2,280,661 $ 2,266,096 $ 3,363,559 $ 2,940,516 $ 2,789,325 $ 1,471,958 $ 2,575,974
Other $ 663,252 $ 575,955 $ 957,306 $ 863,281 $2,780,615 $2,735,435 $2,847,164

$ 14,504,549 $ 18,718,349 $ 16,730,122 $ 16,199,750 $ 18,399,024 $ 16,912,843 $ 17,631,776
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TED SARGENT PROFESSOR AND VICE-DEAN, RESEARCH | Photonics

reat things happen when engaged people inspire and

challenge one another to achieve a shared vision. Such

is the case for the talented, multidisciplinary group of
researchers led by Professor Ted Sargent. They collectively unite
chemistry, physics and engineering to develop high impact applica-
tions in energy, health and sensing.

“We are continuously learning from each other,” says Sargent.
“The intelligence of the group and the necessary knowledge to do
the work resides within the collective, rather than within any single
individual. That's what motivates us and makes our research group
so much fun to be a part of.”

Currently, the group devotes the core of its time to research in two
main areas: photovoltaics and nanobiosensors. In the area of pho-
tovoltaics, or solar cells, the group’s focus is on developing efficient
and inexpensive energy conversion technologies. “The sun’s energy
is a vast resource that well exceeds annual global consumption
demands,” says Sargent. “The problem we face is that harvesting it
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is expensive and energy-consuming. Our group is working to change
that by enhancing device performance, stability and understanding.”
In 2005 the group reported the first paint-on solar cell to harvest the
sun’s abundant infrared rays, and in subsequent years increased
the power conversion efficiency of the device several thousand
fold. In 2012 they reported the first photovoltaic device of this type
to reach 7% solar power conversion efficiency.

The second area of concentration for the group is biosensing for
personalized medicine. Nanowires, nanotubes, nanoparticles and
quantum dots, developed using advances in nanotechnology, have
unleashed a new generation of ultrasensitive and versatile applica-
tions in point of care diagnostics, medical screening and treatment
planning. Nanomaterials engineered to have particular functions
have the potential to revolutionize healthcare through the ability to
build low-cost diagnostic devices with large panels of biomarkers
and with unprecendented sensitivity and specificity. “In collaboration
with the Faculty of Pharmacy and the Faculty of Medicine, we are
prototyping innovative devices used for selective and sensitive



readout of nucleic acid sequences and protein biomarkers,” says
Sargent. “Such devices employing carefully engineered sensing
elements are envisioned to diagnose different cancers and bacterial
infections at the molecular level in a matter of minutes. Our mission
is to find new and innovative approaches to manipulate our sensors
at the nanoscale, to design more effective molecular probes and
to develop new signal transduction strategies.” The work led to
the spinoff of Xagenic, the Toronto-based point-of-care molecular
diagnostics company.

Comprised of research associates, post-doctoral fellows, gradu-
ate students and technical specialists from North America and
worldwide, the group’s team members are not only multidisciplinary,
they’re multi-cultural, representing almost every continent on the
globe. “Having people that are not only brilliant but superbly trained
and with diverse backgrounds brings an unparalleled depth and
breadth to the team,” says Sargent. “It's one of the ingredients that
makes U of T such a spectacular environment in which to carry out
research. Because of the University’s stellar global reputation for
excellence, and because Toronto is such a great city to live in, we
are able to recruit truly amazing researchers from around the world.
First and foremost, this is about people.”

10,500+

U of T ECE alumni worldwide.

ECE Projected Expenses 2011-2012

. Faculty and staff salaries . Administrative operation
Undergraduate
Space and research expenses scholarships and labs

Graduate student scholarships
and teaching assistants

#1

U of T's ECE Department ranks number one
in Canada according to the Higher Education
Evaluation and Accreditation Council of Taiwan (HEEACT).

2012 Steacie Prize

Electrical and Computer Engineering Professor Edward (Ted) Sargent is
the winner of the 2012 Steacie Prize, awarded each year to one person

40 years of age or less who has made notable contributions to research

in Canada.

Professor Sargent has been named one of the ‘Scientific American 50’
one of ‘Canada’s Top 40 Under 40’ and one of the world’s 100 top young
innovators by MIT Technology Review. He is a Fellow of the American

Association for the Advancement of Science and the Institute of

Electrical and Electronics Engineers.

www.ece.utoronto.ca

A transmission electron micrograph (TEM) of a 3-nanometer-
diameter quantum dot, a semiconductor particle tuned to
absorb light from across the sun’s broad visible and infrared
spectrum. The undulations are lattice fringes corresponding
to individual planes of atoms in the crystalline nanoparticle.
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TELUS MOBILITY

THALES RAIL SIGNALLING SOLUTIONS
TORONTO ELECTRIC LTD.
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AFFINITY SYSTEMS LTD.
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ALTERA CORPORATION - TORONTO TECHNOLOGY
CENTRE
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BAYLIS MEDICAL
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CAST SOFTWARE INC.
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EPSON
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EVENTMOBI

EXECUTIVE HEALTH CENTRE & UNIVERSITY HEALTH
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FIXMO
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GENERAL MOTORS OF CANADA LTD.
GENNUM (SEMTECH)
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HATCH MOTT MACDONALD
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