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message from the...
The beauty and genius 
of the QNC is co-locating 
two world-class institutes 
under one roof.
– Dr. Arthur Carty  
 Executive Director

MESSAGE fROM thE ExECutIvE DIRECtOR,
Dr. Arthur Carty

Standing next to Stephen Hawking and cutting the Grand Opening ribbon of the Mike and Ophelia Lazaridis 

Quantum Nano Centre (QNC), marked the end of the first phase of work for WIN, and launched the beginning 

of our future. For more than 4 years, the University, WIN, IQC and the Faculties of Engineering, Science and 

Mathematics, conceived, planned and built the QNC from the ground up.

Two world class research institutes are housed under one roof sharing an arsenal of state of the art tools for 

nanofabrication and metrology. The QNC is also the home for more than 160 dedicated graduate students 

and Canada’s largest Nanotechnology Engineering Program. In short, it is an environment designed for 

interdisciplinary exchange, breakthrough research and disruptive innovation. Our mission is to study, 

discover and engineer new materials and devices that will change the world.

Despite a few glitches, we are off to a good start. Faculty and students have relocated offices and laboratories 

to the QNC and we hosted our first large conference in October 2012. Winter 2013 saw the first undergraduate 

classes and WIN is now inundated with requests for QNC tours. Our new home makes it much easier to liaise 

with researchers, funders and industry, adding value to the WIN enterprise. 

Since WIN was created in 2008, tremendous progress has been made toward its vision to become “A Global 

Centre of Excellence in Nanotechnology and its Applications”. WIN was recognized this year for its achievements 

by Senate Research and Graduate Council and awarded another five year mandate. Our new strategic plan 

is driven by six key activities; research, partnerships, facilities, outreach, education and commercialization.

With a vibrant new building, a cadre of talented young researchers and a wealth of fruitful international 

partnerships, WIN is poised to play a leading role in global nanotechnology over the next 5 years. 

Dr. Arthur J. Carty
Executive Director

ChAIR Of thE INtERNAtIONAL SCIENtIfIC ADvISORy BOARD,  
Dr. Savvas Chamberlain, ExEL Research Inc., CEO and Chairman

The International Scientific Advisory Board (ISAB) of WIN is a peer committee of eminent individuals with 

knowledge and experience in the world of nanotechnology. The role of the ISAB is to provide sound high level 

advice on research programs, scientific direction, future growth strategies and management practices crucial 

to the achievement of global excellence in research and innovation by WIN.

It has been clear to the ISAB that over the 5 years since its creation, WIN has done a superb job of raising 

its visibility and stature by establishing relationships and collaborations with some of the top players in 

nanotechnology around the world. Through reciprocal visits and workshops, WIN has introduced its members 

to colleagues in other institutions, forged research contacts, and stimulated new collaborations. The membership 

has double since 2009 and WIN is endowed with a large number of talented, energetic, and motivated young 

researchers — surely some of the future stars of nanotechnology. 

A key role which WIN plays is to help researchers find industrial partners and to facilitate industrial R&D 

collaborations such as the $1.7M dollar NSERC-Ecosynthetix grant, funding a team of four faculty and 

eight students to work with company staff on new bio-based materials.

With the new QNC building now open, attention is turning to fit-out of labs and ramp up of research. Realizing 

the full potential of the QNC for interdisciplinary research, education, and innovation in nanotechnology will 

demand a collegial, non-partisan, and interdisciplinary approach to management. This will be a significant 

challenge for WIN in the years ahead. 

Over its brief 5 year history, WIN has been eminently successful, achieving all of the stretch goals set in 2008. 

With a new 5-year mandate unanimously approved by Senate Graduate and Research Council in June 2013, 

WIN is poised for even greater acclaim in the years ahead. 

Dr. Savvas Chamberlain, PhD, MSc, DEng, FRSC, FIEEE, FCAE, FEIC, C.M.

EXEL Research Inc., CEO and Chairman
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The success of WIN is critical to 

Waterloo’s success in achieving its 

goal to be recognized as the hub for 

nanotechnology innovation in Canada.

messages from the...
When I see the QNC, 
I see the future of 
nanotechnology 
sitting at the heart 
of Waterloo campus.
– Dr. Pearl Sullivan

ChAIR Of thE BOARD
Dr. terry McMahon, Dean of Science

WIN provides the organizational structure to promote independent and collaborative research. The Institute 

facilitates access to information through publications and training and enhances research opportunities for 

graduate students.

The collaboration between the Faculties of Science and Engineering with WIN has created a host of research 

synergies. Sharing of central services and research infrastructure has dramatically aided our faculty’s individual 

research programs. This is even more evident now, with the move into the QNC building.

Research is driven by the scholarly activity of faculty and students. WIN has brought both research partnerships 

and educational opportunities to access and fund the best and brightest students. This is exemplified in the 

grants won this year by WIN members through the International Doctoral School in Functional Materials based 

out of the Université de Bordeaux and the collaborative projects and innovative 3+1+1 and 2+2 programs with 

Soochow University in China.

This year there are 133 students in the Collaborative Nanotechnology Graduate Program, most making their 

home in the Quantum Nano Centre alongside the Nanotechnology Engineering undergraduate students. 

Now that the faculty, students and laboratories are in close proximity and collaborations are beginning to 

emerge, we expect a surge of discoveries and innovations in the years ahead.

ChAIR Of thE BOARD
Dr. Pearl Sullivan, Dean of Engineering

Nanotechnology at Waterloo is a story of commitment and leadership at all levels. The creation of WIN is 

an important symbol of that commitment. To capture the breadth of nanotechnology research capabilities 

on campus, WIN was created to facilitate and promote multidisciplinary research activities for the entire 

nanotechnology community and to centrally coordinate the “Nano” side of the QNC Building. WIN has played 

that role and has worked tirelessly to advance relationships with the emerging nanotechnology industrial 

sector and promoting our cause to the outside world.

The WIN Seminar Series brought prominent researchers and distinguished leaders of nanotechnology centers 

from around the world to the Waterloo campus. WIN is also charged with administering the WIN Fellowships; 

the endowed graduate funding program has been a significant incentive for attracting outstanding graduate 

students to pursue interdisciplinary research projects. 

Advances in nanotechnology are expected to lead to major disruptive technologies that would widely benefit 

our economy and society. It will take deep and broad effort to scale up new discoveries to the physical world. 

WIN’s role in facilitating interactions among researchers and students from multiple disciplines not only 

complements the efforts by individual departments, but will accelerate the critical interdisciplinary research 

needed to advance the field.

Finally, the success of WIN is critical to Waterloo’s success in achieving its goal to be recognized as the hub 

for nanotechnology innovation in Canada. 
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QNC grand opening

Nanoelectronics

Quantum
Optics &

Nanophotonics

Materials,
Modelling &
Fabrication

Nanomaterials

Energy &
Environment

Processes &
Manufacturing

Nanobiosystems

Life Sciences &
Healthcare

Nanoinstrumentation

Metrology &
Nanopositioning

Nanofluidics,
Lab-on-a-Chip &
Micro-Electro-

Mechanical 
Systems

On September 21, 2012, after 7 years of planning and 4 years of construction, The Mike and Ophelia Lazaridis 

Quantum Nano Centre was born. Opened by Stephen Hawking and visionary philanthropists Mike and Ophelia 

Lazaridis and Douglas Fregin, in the presence of 1200 special invited guests, the Grand Opening ceremony kicked 

off a week of events celebrating the wonders of Quantum Science and Nanotechnology.

A Gala Dinner was attended by top scientists and dignitaries from around the world. While thousands of students 

lined up, hoping to catch a glimpse of Stephen Hawking and to curiously peer into the Quantum NanoFab’s clean 

rooms. These bright young minds, inspired by the “rock stars” of science, walking through world class facilities 

will make the QNC a destination of choice for the discovery of new ideas and education of top talent.

We hope to develop an environment which is conducive 
to cross-disciplinary exchange of ideas and concepts — 
a hot bed of creativity, innovation and entrepreneurship.
– A. Carty 

With keys in hand, WIN began assigning office and laboratory space for the “nano side” of the building and 

work began on the design, construction and fit-out of the $50M of the Quantum Nanofab and metrology floors. 

The research of WIN members fall into 4 themes areas. NanoMaterials, NanoElectronics, NanoBiosystems 

and NanoInstrumentation. Within each theme are focussed groups working in energy materials, nano-

scale processes & manufacturing, materials modeling & fabrication, quantum & photonic phenomenon, 

pharmaceuticals, metrology, and devices, detectors & sensors. 

With a renewed 5 year mandate, WIN has its sights set on becoming a global 

centre of excellence in nanotechnology and its applications. We’re positioned to

embark on a new strategic plan focussed on 5 expansionary principles.

» Expand External and Internal Research Collaboration 

» Partner with Industry

» Enhance Research Excellence through talent and Infrastructure 

» Outreach and Increase the Profile of Nanotechnology 

» Build and Steward Joint Education Initiatives 

» Pursue New Approaches to Innovation and Commercialization

I must admit, when I received  
an invitation to visit the  
“Quantum-Nano Centre,”  
I was expecting a much,  
much smaller building.
– Stephen hawking

I don’t claim to be an expert on 
quantum computing or nanotechnology, 
but I do know a few things about the 
power of big ideas and free scientific 
exploration. What’s happening here in 
Waterloo is truly special.
– Stephen hawking
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Dr. Pu Chen believes the world needs 

a better battery. In his bustling lab, 

surrounded by dozens of students, post-

docs and visiting researchers, the chemical 

engineer rhymes off all the problems with 

conventional energy storage technology.

research at  WIN
We’re really making a contribution to 
the industry, to the society and I think 
essentially to the world energy market.
–  Dr. Pu Chen, Canada Research Chair in Nano-biomaterials

NANO-BIO MAtERIALS
taking Battery technology to RehAB

First off, he points out, the heavy metals in lead-acid and nickel-cadmium batteries pose a risk to the 

workers that make them. Once the batteries reach the end of their life, tossing them into landfills can 

contaminate the surrounding soil and water. Meanwhile, lithium-ion batteries can catch on fire if they get 

too hot. And while they promise impressively high energy density, that density doesn’t come cheap. 

Chen, who holds a Canada Research Chair in Nano-biomaterials, has developed a safer, greener alternative: 

the Rechargeable Hybrid Aqueous Battery or ReHAB. Its main ingredient? H2O. 

ReHAB uses water instead of organic solvents to dissolve the electrolytes that transmit charge. As a result, 

there are no nasty chemicals to worry about and no risk of fire. The battery produces just as much power 

as its lead-acid cousin at the same affordable price. 

The biggest challenge was finding the right mix of anode material, cathode material and electrolytes to 

produce a battery that won’t lose capacity, even after thousands of charging cycles. After nearly 4 years  

of experiments, Chen and his team arrived at the combination of a zinc anode and lithium manganese 

oxide cathode. An ultra-thin, nano-engineered membrane separates these electrodes from the dissolved 

lithium and zinc ions that transmit the charge.

Now, they are focussed on scaling up the technology and bringing it to market. “We’re not going to stop 

just at publishing papers,” he says. “We want to push the technology to the commercial end.”

To do that, Chen has partnered with a multinational company interested in battery technology. Thanks to 

their significant investment, work on a prototype is well underway, and if all goes well, ReHAB could hit 

store shelves within the next few years. 

Chen foresees the day when ReHAB replaces lead-acid batteries in everything from uninterruptible power 

supplies to cordless drills. “Eventually, we’re going to move into larger-scale energy storage, where you  

can use this battery technology in conjunction with solar and wind power,” he says. “We’re really making  

a contribution to the industry, to the society and I think essentially to the world energy market.”



a
n

n
u

a
l re

p
o

rt W
a

t
e

r
l

o
o

 In
s

t
It

u
t

e
 f

o
r

 n
a

n
o

t
e

c
h

n
o

l
o

g
y

 |

1 0

n a n o . u w a t e r l o o . c a  m a k I n g  a  g l o b a l  I m pa c t  |  1 1

Marianna Foldvari doesn’t need a crystal 

ball to predict that nanotechnology will 

transform pharmacology. The revolution 

has already begun, says the pharmacy 

professor, a Canada Research Chair holder 

in Bionanotechnology and Nanomedicine.

research at  WIN

I look at some of this 
and think ‘this is magic’.
–  Marianna foldvari, Canada Research Chair 

in Bionanotechnology and Nanomedicine

Open Sesame: Needle-free Drug Delivery 

Around the world, researchers are nano-engineering drugs: adding magnets that can switch drug activity 

on and off, for instance, or attaching tags that bind only to specific types of cells. Others are developing 

better systems to get drugs into the body. In Foldvari’s case, that means finding ways to transport drugs 

through the skin without painful hypodermic needles. 

Take the example of the “biphasic vesicles” she has developed: specially designed concentric spheres that 

can encapsulate a wide variety of drugs. When the vesicles encounter the skin’s protective wall of lipids, 

they trigger a molecular dance. Much like a doorway appeared in the wall of rocks when Ali Baba cried 

“open sesame,” the lipids rearrange themselves to create temporary nano-passageways leading to the 

deeper tissue underneath.

Incorporate those vesicles into a cream or dermal patch and you’ve got a painless, noninvasive drug 

delivery system. 

Currently, Helix BioPharma is testing whether these vesicles could be used for interferon alpha, a treatment 

for human papilloma virus infections that can lead to cervical cancer. If the stage III clinical trials are 

successful, the first biphasic vesicles could soon hit pharmacy shelves. “Our fingers are crossed,”  

Foldvari says. “We want to see this treatment available to patients.”

But drugs aren’t the only thing that can be packaged this way. Foldvari is investigating the possibility  

of using these vesicles to deliver DNA. She points out that most drugs are proteins, and proteins are 

delicate structures that degrade very easily inside the body. DNA, on the other hand, is more likely to 

arrive at the target cell intact. Once inside, it serves as a blueprint, instructing the cell to producing 

particular proteins. In effect, it creates a miniature drug-production factory, located right at the site  

where those drugs are needed. 

None of this was imaginable back when Foldvari was an undergraduate. Even 7 years ago, when Foldvari 

helped to found the International Society of Nanomedicine, the field was only just taking shape. Today,  

she says, research is exploding, and the potential of all these new developments leaves her shaking her 

head in astonishment. “It’s so amazing,” she says. “I look at some of this and think ‘this is magic’.” 
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In the basement of the Quantum Nano 

Centre, where thick layers of concrete 

protect the nanofabrication area from even 

the slightest vibration, Dr. Zbig Wasilewski is 

preparing for the arrival of a molecular beam 

epitaxy reactor. All gleaming stainless steel,  

the system will feature computer-controlled 

robotic cluster tools that build custom-

designed nano-structures one ultrathin 

layer at a time. 

research at  WIN
We’re talking complete control 
at the level of single atoms.
–  Dr. Zbig Wasilewski, WIN Endowed Chair

NANO-ELECtRONICS
Creating the Building Blocks for Breakthroughs

“We’re talking complete control at the level of single atoms,” he says. 

Last year, Wasilewski left a successful career with the National Research Council of Canada to take up 

the position of WIN Endowed Chair. One of his key mandates here is to catalyze world-class innovation 

by supplying his colleagues with the customized nano-structures they need to pursue their research. 

One day that might mean creating the building blocks for quantum devices. Another day, it might be 

fuel cell catalysts. “Each deposition is like a fascinating experiment,” he says. “We do not do things 

which have been done before.”

To do that, he needs world-class equipment. The new epitaxy reactor will feature built-in mass 

spectrometers and electron guns to monitor each work in progress, while dozens of screens track 

the results. Elsewhere in the 1,200-square-foot lab, Wasilewski points out a state-of-the-art x-ray 

diffractometer used to check the quality of each finished product.

Meanwhile, an ultra-high vacuum system and cryo-shrouds filled with liquid nitrogen create an environment 

that is orders of magnitude cleaner than any clean room. After all, when you’re dealing with materials only 

a few atomic layers thick, even the smallest outside particle can wreak havoc on the delicate process. 

When Wasilewski isn’t helping his colleagues break new ground, he’ll use this lab to develop high-

performance quantum cascade lasers — “the most complex quantum devices ever conceived and 

demonstrated,” he says. His biggest challenge is to tweak the lasers so they can function at temperatures 

as warm as minus 33 degrees Celsius, thus opening the door to mainstream applications from 

environmental monitoring to communications technology.

But his biggest passion is bringing together experts from a variety of disciplines. Today, he says, more 

and more science is happening on the nano-scale, making nanotechnology the new meeting ground for 

biologists, chemists, physicists and engineers. “I am here with the mission to actively work towards fusing 

those different threads of science,” he says. “And hopefully with that, opening up areas of research which 

do not exist yet.”
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Chris Backhouse believes in blue-sky 

thinking. The microfluidics expert isn’t 

interested in easy problems — going after 

low-hanging fruit only leads to incremental 

change, he says. Instead, he’s pursuing ideas 

with the potential to change the world. 

research at  WIN
Some of the most important 
insights come from some of  
the youngest among us. 
–  Chris Backhouse, WIN Member and  

Professor, Electrical and Computer Engineering

NANO-INStRuMENtAtION
Driving Change One Chip at a time

In his research lab in the Quantum Nano Centre, Backhouse is using microfabrication techniques to shrink 

lab equipment and integrate it onto a device the size of a USB key. So, for example, he has engineered 

portable, lab-on-a-chip technology that can tell you whether you have genes that predispose you to 

certain diseases. Another project involves miniaturizing water-testing technology, allowing you to know 

within minutes whether a particular source of water is safe to drink.

As well as making technology small, Backhouse wants to make it cheap enough that everyone from  

Bay Street executives to Bangladeshi fishermen can take advantage of it. “If it’s less than a hundred  

dollars, it will see quite a lot of use,” he explains. “If it’s less than a dollar, it goes anywhere in the world.”

Backhouse joined WIN in 2011, attracted by the collegial atmosphere and Waterloo’s “go do it” attitude. 

He also cites the synergy created at the newly opened Quantum Nano Centre, which brings a critical 

mass of faculty, visiting researchers, graduate students and undergraduates under one roof. 

“Something really neat happens when you’ve got the right culture and you’ve got a bunch of people within 

coffee pot range,” he says. “The most important things I’ve done always seem to be with people that were 

just down the hall.”

The final motivation was the chance to direct Waterloo’s undergraduate program in nanotechnology 

engineering — the only one of its kind in Canada. Thanks to a strongly interdisciplinary approach, students 

graduate with expertise that extends from engineering an electronic circuit to designing a biological cell. 

While the undergraduate program doesn’t fall under the auspices of WIN, Backhouse contends you 

wouldn’t have one without the other. WIN researchers teach the undergrads; the undergrads help drive 

research. Take the first-year students working in Backhouse’s own lab, currently preparing to present their 

research results at an international conference.

Others in the program are publishing papers and making patent applications. “Some of the most important 

insights come from some of the youngest among us,” he says. “These are people that are likely to bring 

about tremendous change.” And that, for Backhouse, is the name of the game. 
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Over the past four years, the Research 

Advancement Centre (RAC) located on 

the North campus temporarily housed 

several key tools destined for the Quantum 

Nano Centre, including E-beam, ALD and 

deposition and etch systems. There are over 

100 registered WIN and IQC users of the 

RAC Nanofab which has seen the number 

of user hours booked per year, grow from 

235 hrs (2009-10) to 6153 hrs (2012-13). 
quantum nano centre

Quantum Nanofab 

Building a world class NanoFab and Metrology facility is no small task. Years have 

gone into the design, construction and now “fit-out” of the central shared facilities 

of the Quantum Nano Centre. A full team of governance, management and 

operations staff achieved several milestones this year. Following extensive testing 

for vibration, EM interference, temperature and humidity control, the Quantum 

NanoFab was certified as a clean room (Class 100 and 1000) in January 2013.

The NanoFab team is focussed on “fit-out” design, construction, and installation of 

services and commissioning of equipment, both newly purchased and moved from 

the RAC. A full on-line portal provides access information, equipment listings and 

news on the facility, qncfab.uwaterloo.ca The 10,000 sq. ft. clean room QNC facility 

is expected to be fully operational and ready to use in 2014.

Metrology 

Nanotechnology cannot progress without the tools to see, measure and manipulate matter at the  

nano-scale. The QNC Metrology Facility sits on a deep, independent foundation, and is located directly 

below the Quantum Nanofab, separated by a metre thick "waffle slab" of concrete.

It is here where new materials will be developed and integrated into devices created in the NanoFab.  

The metrology team received access to the facility in 2012 and began to implement design, installation  

and fit-out procedures. The Transmission and Scanning Electron Microscopes (TEM, SEM) and Focussed 

Ion Beam (FIB) systems were installed first, followed by XRT, SQID and Atomic Force Microscope. 

The new Zeis Liebra 200MC TEM is the centre piece of the facility and is already achieving performance 

beyond “spec”, while the Xray detector is currently the fastest on earth.

Some of the first TEM and SEM users will be developing new energy materials and quantum semiconductor 

devices. Atomic Force Microscope researchers are lining up to look at new bio-related materials. The 

Focussed Ion Beam (FIB) will be used for both imaging and constructing new structures, one atom.

NanoEngineering undergraduate Laboratories

Fully operational this year and now buzzing with students on the second floor of the QNC is a dedicated, 

6000 sq. ft. training facility for the almost 500 students in the NanoEngineering program. Labs include, 

the circuits lab, advanced biolab, instruments lab and wet-labs. The students apply their knowledge and 

develop cutting-edge techniques as part of their fourth year lab assignments, including growing nanowires 

for batteries and sensors and designing anti-cancer drugs targeting prostate cancer.
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fRANCE

Building on the first WIN-Bordeaux 

Nanotechnology Workshop in Waterloo, 

a second reciprocal workshop was held in 

Bordeaux, France this in May. Fourteen WIN 

faculty members presented and interacted 

with dozens of faculty and industry 

representatives from Université de Bordeaux 

(UB1) in the areas of Advanced Materials; 

Design and Fabrication; Novel Biomaterials 

for Biosensors and Heath Diagnosis; Energy 

Storage and Conversion Technology. 

making a global impact 

This new round of funding represents the type of 
international collaboration in advanced materials 
that will lead to discoveries and applications that 
will improve the quality of life in both Counrties.
– A. CARty

WIN and UB1 are also a founding members of the International Doctoral School in Functional Materials (IDS-FunMat).  

A consortium of 9 top universities, the IDS-FunMat school offers scholarships for PhD students studying Functional  

Materials Science, within an International context. The research is carried out in co-supervision between 2 universities  

and an industry partner. Read about the students and projects on page 22.

ChINA

Fourteen WIN members attended the second SUN-WIN workshop at Soochow University last year resulting in 12 projects 

funded by Suzhou Industrial Park and Soochow University. These collaborations have already produced 6 papers and  

2 start-up companies under consideration for funding. 

After a follow up SUN-WIN-SIP Executive Council meeting held in Waterloo, 7 new Waterloo-Soochow collaborative projects 

were funded bringing the total number to 19 projects with $1.5M of financial support. The new projects for this year include 

nanomaterials for solar cell development, nanodevice fabrication, nanomedicine for cancer therapy and advanced materials 

for medical imaging.

Now with a critical mass of researchers and the launch of a joint education program, a third SUN-WIN workshop was held in 

Waterloo in 2013 with 30 participants to advance projects and build relationships. Part of the project will be used to enable 

Soochow students to pursue graduate degrees at the University of Waterloo in either the 2+2 Co-tutelle PhD Program, or a 

dual undergraduate/graduate 3+1+1 Program. Research more about the education program on page 22.

tAIWAN

WIN hosted 17 representatives from the National Program on Nano Technology (NPNT) in 2012. Builiding on it’s  

5 partnership programs in Taiwan, and funded by the University of Waterloo’s International Research Partnership  

Grant’s program, 10 WIN members travelled to Hualien, Taiwan to take part in the second Taiwan-WIN workshop in  

Dec 2012 at National Dong Hwa University.

Adding to the 7 existing projects of 2011, 7 new collaboration were funded with Academia Sinica, National Taiwan 

University (NTU) and National Chiao Tung University (NCTU) in the following areas.

» Energy harvest, storage and converstion technologies (Kleinke, Nazar)

» Nanodevices and Nanoelectronics (Ren, Mansour, Wong, Aziz, Li, Wang)

» NanoBioSystems and NanoMedicine (Gu, Liu, Kartunnen)

JAPAN

WIN and its partner, the National Institute for Materials Science (NIMS), co-organized the second Canada-Japan 

Nanotechnology Workshop in Tokyo in 2012. This workshop brought together over 90 researchers from across both countries 

to strengthen the Science and Technology links and examine potential partnership. One highlight is the partnership between 

Dr. Holger Kleinke and Dr. Takao Mori in the area of thermoelectric energy materials. They met at the first Canada-Japan 

Nanotechnology Workshop held at Waterloo in 2011. Both researchers hold a joint research project and have been awarded 

a NIMS internship Fellowship for conducting research in the Atomic Network Materials Group at the International Center for 

Materials Nanoarchitectonics (MANA) in Tzkuba, Japan.

NEW hORIZONS — BRAZIL, POLAND, uK

WIN continues to drive research excellence through international partnership. MOU’s with top research centers in Cambridge, 

Warsaw and Campinas are extending the opportunities for scholarly activity for WIN members.

In December, WIN travelled and participated in the first Canada-Brazil Nanotechnology Workshop held in Sao Paulo, Brazil. 

Scientific presentations and bilateral discussions identified opportunities for cooperation in nanotechnology. Dr. Carty is the 

co-lead for Nanotechnology on the Joint Canada-Brazil S&T Committee and was invited by the Brazilian Ministry of Science 

and Technology Innovation to visit the National Centre for Research in Energy and Materials (CNPEM), where an partnership 

was struck. WIN hosted the second Canada-Brazil Nanotechnology Workshop in Waterloo in 2013, with 50 researchers from 

both countries with a focus on sustainable materials and the Science-Without-Borders student exchange program.

Europe continues to be a focus for WIN. Under a frame-work agreement, WIN and University of Warsaw kick-started their 

partnership with a competition that resulted in 3 summer student interns studying in the QNC under WIN Endowed Chair, 

Dr. Zbig Wasilewski, Dr. Juewen Liu and Dr. Dayan Ban. Dr. Bill Milne and Dr. Arokia Nathan are the coordinators of a new 

partnership between WIN and the University of Cambridge to create a virtual nanotechnology institute. Dr. Milne, initiated 

faculty interactions with 2 days of discussions and a WIN Distinguished Lecture. 
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Chris Backhouse believes in blue-sky thinking. 

 microfluidics expert isn’t interested in 

only leads to incremental change, he says. 

The

Back in the late 90s, when UWaterloo 

Prof. Arokia Nathan was working in what 

became the University of Waterloo’s Giga-to-

Nanoelectronics Centre, he saw the potential 

of Active Matrix Organic Light Emitting 

Diode (AMOLED) display screens. Made of an 

organic LED layer controlled by a thin film of 

circuits underneath, AMOLEDs offer plenty of 

advantages over their LCD counterparts. corporate collaborations 
     and commercialization

We are very in debt  
to the university.
– Reza Chaji
 Ignis’s president and chief technology officer.

INDuStRIAL PARtNERShIPS
Pixel Perfect

Turn on an LCD screen and the entire backlight powers up. Polarizers then control how much of that light is 

transmitted to which parts of the screen. In contrast, AMOLED circuits light up only the specific pixels required 

at any given time. Not only does that save power, it also eliminates light bleed so that blacks are deeper and 

colours are richer. And when you view the screen at an angle, there’s none of the colour shift you get with a 

traditional flat screen. 

The downside? With AMOLED screens, some pixels require more current than others to achieve the same 

level of brightness. Nathan solved that problem by developing a way to predict which pixels need extra juice 

and then create a circuit that compensates accordingly. To commercialize this pioneering technology, Nathan 

launched Ignis Innovation Inc. in 2000.

Fast-forward 13 years. Today, AMOLED screens are making inroads in everything from smartphones to 65-inch 

TVs. As for Ignis Innovation, its business is booming. The company recently outgrew its Waterloo headquarters 

and had to move into bigger digs. It boasts 40 full-time employees, numerous patents, and offices in Taipei, 

Seoul and Tokyo. But some things haven’t changed — including its links to the University of Waterloo.

“We are very in debt to the university,” says Reza Chaji, Ignis’s president and chief technology officer. Just like in 

early days, the majority of employees are Waterloo grads. That includes Chaji himself, who started working as a 

design engineer at Ignis while pursuing his PhD with Nathan. 

On top of that, Ignis maintains close ties to the Giga-to-Nanoelectronics (G2N) Centre. Not only does the 

company take advantage of the centre to test out concepts and scale up new technology, it also provides 

funding for the kind of longer-term, fundamental research that leads to game-changing discoveries.

According to WIN researcher Dr. William Wong, who heads up the $17M G2N facility, both partners benefit. 

“G2N expands its core competencies by facilitating research that has direct industrial and manufacturing 

impact,” he says, “and Ignis gains the rewards of this research in the development of its products.”

NANO SPIN-OffS

Over 1,000 technology and start-up companies call Kitchener-Waterloo their home. Many of these 
easy problems — going after low-hanging fruit 

were born from discoveries in University of Waterloo labs and student projects which were nurtured 

and commercialized through our unique community-based incubator ecosystem. 

This year, WIN and Canada’s TInsechnology Ttead, he’riangle (s pursuing ideas with the potCTT) recognized an opportunity to fosential ter a 

nanotechnology cluster of companies in Waterloo. Nanomaterials-based spin-off companies such  

as Nicoya Lifesciences, Lumotune Inc. and Neto change the wverfrost Inc. arorld. e springing from the labs and classrooms  

of the Quantum Nano Centre and fourth year design projects. 

CEOs of these companies are are graduates of the Nanotechnology Engineering Program. Nicoya is 

making nano-enabled biodiagnostic sensors and has been selected at a Top 10 Innovator. Lumotune  

won a $25,000 Velocity Venture Fund start-up grant to commercialize their scalable, transparent flexible 

display screen technology and Voltera uses nano-conductive ink to make printable circuit boards.

NANOONtARIO INC.

WIN hosted the 2012 NanoOntario Conference in October 2012 to bring together an outstanding group 

industry and academic leaders in order to establish collaborations that will impact the economy of Ontario. 

20 companies, including Dalsa, Xerox, Ecosynthetix, Opalux, Angstrong Engineering and Invision were 

among the 200 attendees participating in talks, panels and poster sessions that represent over 100 nano 

research projects in Ontario. 

WIN is a founding member of NanoOntario, a provincial organization committed to promoting 

nanotechnology research, industry partnership and talent attraction in Ontario. WIN Executive Director 

Arthur Carty was elected as the Executive Director and WIN Managing Director, Alain Francq as Secretary 

and Treasurer.
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WIN-SuN (Soochow, China) Bachelor’s/

Master’s 3+1+1 and 2+2 PhD Programs 

Students Kun Feng, Lilei Hu, and Weihang 

Liu arrived at UW in the Fall 2012 term and 

successfully completed the first year of the 

WIN-SUN 3+1+1 Bachelor’s/Master’s program. 

They are now advancing to full graduate 

studies at UWaterloo. 

Scholarship 
and Education
Weihang Liu

Lilei Hu

Kun Feng

The students, studying presented the findings of their projects entitled, 

“Applications of Novel Nano-sized CO subscript 3 and O subscript 4 

in Lithium Ion Batteries”; “Continuous Process of NBR Hydrogenation”; 

and “ZnO Nanowire Synthesis for Nano-electronic Applications.” 

All three are now enrolled in the Master of Applied Science program. 

“The excellence of the supervision provided by Professors Chen, Wong 

and Rempel is greatly appreciated.” said Qinmin Pan, Program Coordinator

Six more 3+1+1 students will apply to UWaterloo in 2013, with the first cohort 

of 2+2 PhD Co-tutelle students set to arrive in 2014. The goal is to have  

15 ongoing 3+1+1 students and 25 ongoing 2+2 students enrolled at UWaterloo 

by 2016.

INtERNAtIONAL DOCtORAL SChOOL IN fuNCtIONAL MAtERIALS 

In its fourth year, the IDS FunMat program is a tremendous success for WIN and its partners, with 14 PhD 

students co-supervised by WIN Faculty. The students receive their funding from the Erasmus Mundus 

(EU) Program and from the Region of Aquitaine (France). The program has enabled international research 

projects in Nano-Materials, Nano-Biosystems, Nano-Electronics and Nano-Instrumentation.

In 2013-2014, UWaterloo Science and Engineering will for the first time provide scholarships to match 

Boardeaux/Aquitaine contributions.

45 NANOfELLOWShIPS WINNERS IN 2012-2013

Shiva Abbaszadeh | Brian Adams | Morteza Ahmadi | Seyedeh Parinaz Akhlaghi | Daniel Bacinello |  

Erin Bedford | Robert Black | Alexander Brukson | Ja-Yeon Choi | Melissa Chow | Pierce I-Jen Chuang | 

Michael Coleman | Chad Daley | Drew Davidson | Andrew Finkle | Aashish Gaurav | Steve George |  

Robert Henderson | Drew Higgins | Bright Iheanacho | Milad Khoshnegar Shahrestani | Peter Lin |  

Shengyan Liu | Sheng Lu | Gregory Lui | Brendan McDonald | Nafiseh Moghimi | Leanne Murphy |  

Nafiseh Nafissi | Chunyan Nan | Adam Neale | Baoliang Peng | Umar Shafique | Timothy Sipkens |  

Sibi Sutty | Morteza Torabi | Mohit Verma | Qi Wang | Andrew Ward | Kyle Willick | Hadis Zarrin |  

Yingjie Michael Zhang | Yan Zhao

Nanofellowship winners attended an Awards Ceremony and received a plaque in recognition of  

their achievements.
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The WIN Distinguished Lectures and Seminar Series provide an 

opportunity for faculty and students to meet and interact with 

some of the giants of science.

Distinguished Lectures

WIN Seminars 

 If I have seen further, it is by standing 
on the shoulders of giants. 
– Sir Isaac NewtonDIStINGuIShED LECtuRE SERIES

Martin Moskovitz University of California Putting Plasmons to 
Work: Electronic and Solar 
Conversion Opportunities

Mervyn Miles University of Bristol Touching and Feeling 
the Nano World

Hongjie Dai Stanford University Novel Materials for 
Nanoscience and 
Nanotechnology 

Bill Milne University of Cambridge

WIN SEMINAR SERIES

Electronic Applications 
of Carbon Nanotubes — 
a Realistic Appraisal

Guillaume Wantz Bordeaux Institute  
of Technology

Organic Photovoltaic research at 
Bordeaux University: a focus on 
advanced materials for efficient 
and stable solar cells”

Kien-Wen Sun National Chiao Tung 
University

Applications of Nanotechnology 
on Solar Energy 

T. Lazar Mathew PSG Institute of  
Advanced Studies 

MEMS for Medical Applications — 
Current Scenario in India

Mark Matsen University of Reading Block Copolymer Melts: A Model 
System for Studying Complex 
Liquids

Paul A. Charpentier Western University Supercritical Fluids — A Tool for 
Sustainable Nanotechnology

Arokia Nathan University of Cambridge Transparent Oxide 
Semiconductors: Will They Ever 
See the Light?

Mohamed Rezeq Khalifa University of  
Science, Technology  
and Research

Fabrication of nano-tips with 
a single atom apex and their 
applications in nanotechnology

Zhenyu Zhang University of Science 
and Technology of China

Squeezing Electrons in 
Conventional Metal Films 
and Topological Insulator 
Heterostructures

Steven Holdcroft Simon Fraser University Sleeping Policemen on the 
Hydrogen Highway: Addressing 
Challenges in PEM Fuel Cell 
Technology through Basic 
Research

Alireza Nojeh University of  
British Columbia

Carbon Nanotubes, Photons and 
Electrons: Still Full of Surprises 
After Two Decades of Research

Giovanni Fanchini Western University How to make puzzles with 
graphene platelets: transparent 
and conducting graphene 
thin films and graphene-RNA 
nanocomposites

David Mitlin University of Alberta New Positive and Negative 
Nanomaterials and Architectures 
for Supercapacitor Electrodes

Christof Schulz University of  
Duisburg-Essen

Laser diagnostics and kinetics 
studies for the combustion 
synthesis of nanoparticles

Ratnesh Lal University of California 
San Diego

Emerging nanotechnology for 
nanomedicine: promises and 
prospects for effective diagnosis 
and therapy

Oussama  
Moutanabbir

École Polytechnique  
de Montréal

Tailoring Form and Function  
of Semiconductors



a
n

n
u

a
l re

p
o

rt W
a

t
e

r
l

o
o

 In
s

t
It

u
t

e
 f

o
r

 n
a

n
o

t
e

c
h

n
o

l
o

g
y

 |

2 6

n a n o . u w a t e r l o o . c a  m a k I n g  a  g l o b a l  I m pa c t  |  2 7

Eihab Nasser  Zhongwei  Richard Kyle  Jean  
Abdel-Rahman Abukhdeir Chen Culham Daun Duhamel

Shahrzad  James  Mario  Dale  holger Linda  
Esmaeili forrest Gauthier henneke Kleinke Nazar

flora  Eric  Garry  Luis Ricardez Leonardo  Siva  
Ng Prouzet Rempel Sandoval Simon Sivoththaman

Zhongchao  Robert A.  xiaosong  John Z.  Boxin  Norman  
tan varin Wang Wen Zhao Zhou

Marc  Melanie  Pu Marianna  Moira  frank  
Aucoin Campbell Chen foldvari Glerum Gu

John Mikko  Zoya  Peter  Juewen  vivek  
honek Karttunen Leonenko Levine Liu Maheshwari

ting  
tsui

Jonathan  
Baugh

Jan  
Kycia

Pavle  
Radovanovic

William  
Wong

Patricia  
Nieva

Andrew  
Brzezinkski

yuning  
Li

Simarjeet  
Saini

Mustafa  
yavuz

Chris  
Backhouse

Carolyn  
Ren

David  
Cory

Adrian  
Lupascu

Andrei  
Sazonov

Aiping  
yu

vassili  
Karanassios

John 
yeow

Dayan  
Ban

Karim S.  
Karim

Zoran  
Miskovic

Raafat  
Mansour

Michael  
tam

Bo  
Cui

hamed  
Majedi

Russell  
thompson

tong  
Leung

Shirley  
tang

hany  
Aziz

Irene  
Goldthorpe

Dongqing  
Li

Shawn  
Wettig

Guoxing
Miao

Zbig  
Wasilewski
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WIN  by the numbers
Wat e r l o o  I n s t I t u t e  f o r  n a n o t e c h n o l o g y

total Research funding  
(2012) By Members

 $22.9M

WIN-SuN-SIP Grants

$1.5M

Grand Canada Challenges Award

$100K

International Workshop Grants

$43K

Our People

Summary of Expenses

Management and Administration

» Dr. Arthur Carty, Executive Director

»  Mr. Alain francq, Managing Director

» Dr. Lisa Pokrajac, Assistant Director, Research Programs

» Ms. Caroline Brookes, Administrative Assistant

» Ms. Ivy tjendra, Office Assistant

» Ms. Jisu Kwon, Office & Communications Coordinator

Board of Directors

Chairs
» Dr. terry McMahon, Dean of Science, University of Waterloo

» Dr. Pearl Sullivan, Dean of Engineering, University of Waterloo

Members
»  Mr. Atul Asthana, Advisor, Wildlaw Capital

» Dr. Chris Backhouse, Director, Nanotechnology Engineering,  
University of Waterloo

» Dr. Steven Bloembergen, Executive Vice President Technology, 

Ecosynthetix Inc. 

» Dr. Rina Carlini, Director of Commercial Development, 

GreenCentre Canada 

» Dr. Arthur Carty, Executive Director, WIN,  

University of Waterloo

» Dr. Marie D’lorio, Executive Director, National Institute for 

Nanotechnology (NINT) 

» Dr. Richard florizone, Vice-President (Finance and Resources),  

University of Saskatchewan

» Dr. Raafat Mansour, Professor, Electrical and Computer 

Engineering, University of Waterloo

» Dr. Linda Nazar, Professor, Chemistry, University of Waterloo

» Dr. Michael tam, Professor, Chemical Engineering,  

University of Waterloo

» Dr. Jeff young, Professor, Physics and Astronomy,  

University of British Columbia

International Scientific  
Advisory Board 2012

Chairs
»  Dr. Savvas Chamberlain, CEO and Chairman, 

EXEL Research Inc.

Members
» Dr. Gerbrand Ceder, Massachusetts Institute for 

Technology, R.P. Simmons Professor of Materials 

Science and Engineering

»  Dr. Mauro ferrari, Professor and Director, 

Division of Nanomedicine, University of Texas 

»  Dr. teruo Kishi, President, National Institute for 

Materials Science, Japan

» Dr. Eugenia Kumacheva, Professor, Department 

of Chemistry, University of Toronto

» Dr. Richard Martel, Canada Research Chair,  

Université de Montréal Department du Chimie

»  Dr. thomas Picraux, Chief Scientist, Centre 

for Integrated Nanotechnologies, Los Alamos 

National Laboratory

»     Professor C.N.R. Rao, National Research 

Professor and Honorary President, Jawaharlal 

Nehru Centre for Advanced Scientific Research, 

Bangalore, India

»  Dr. David Reinhoudt, Past-Chairman of the 

NanoNed, University of Twente, Netherlands

WIN Citations and Publications

Selected “high impact” Publications in 2012
» CS. Evers, L. F. Nazar, “New Approaches for High Energy Density  

Lithium–Sulfur Battery Cathodes”, Accounts of Chemical Research, 2013, 
46(5), pp1135-1143

» M. Khorasaninejad, N. Abedzadeh, J. Walia, S. Patchett, and S.S. Saini, “Color 
Matrix Refractive Index Sensors Using Coupled Vertical Silicon Nanowire 
Arrays”, Nano Letters, 2012, 12(8), pp4228-4234

» J. Chen, J, Tao, D. Ban, M. G. Helander, Z. Wang, J, Qiu, Z. Lu “Hybrid Organic/
Inorganic Optical Up-Converter for Pixel-Less Near-Infrared Imaging”, 
Advanced Materials, 2012, 24(23), pp3138-3142

» S.R. Shin, H. Bae, J.M. Cha, J.Y. Mun, Y.C. Chen, H. Tekin, H. Shin, S. Farshchi, M.R. 
Dokmeci, S. tang, A. Khademhosseini, “Carbon Nanotube Reinforced Hybrid 
Microgels as Scaffold Materials for Cell Encapsulation”, ACS Nano. 2012, 6(1), 
pp362-372.

» N. Kinadjian, M.F. Achard, B. Julián-López, M. Maugey, P. Poulin, E. Prouzet, 
R. Backov, “ZnO/PVA Macroscopic Fibers Bearing Anisotropic Photonic 
Properties”, Advanced functional Materials, 2012, 22(19), pp3994-4003

» S.S. Farvid, P.V. Radovanovic, “Phase Transformation of Colloidal In2O3 
Nanocrystals Driven by the Interface Nucleation Mechanism: A Kinetic Study”, 
Journal of the American Chemical Society, 2012, 134(16), pp7015-7024

» P.J. Huang, J. Liu, “DNA-Length-Dependent Fluorescence Signaling on 
Graphene Oxide Surface”, Small, 8(7), pp977-983

» M.S. Verma, S. Liu, Y.Y. Chen, A. Meerasa, F.X. Gu, “Size-Tunable Nanoparticles 
Composed of Dextran-b-poly(D,L-lactide) for Drug Delivery Applications”, 
Nano Research, 2012, 5(1), pp49-61

» J. Zhang, M-H. Yung, R. Laflamme, A. Aspuru-Guzik, J. Baugh, “Digital Quantum 
Simulation of the Statistical Mechanics of a Frustrated Magnet”, Nature 
Communications, 2012, 3, 880

» S. Alqawlaq, J.T. Huzil, M.V. Ivanova, M. foldvari, “Challenges in Neuroprotective 
Nanomedicine Development: Progress towards Noninvasive Gene Therapy of 
Glaucoma”, Nanomedicine, 2012, 7(7), pp1067-1083

» Q. Kang, J.T.W. yeow, R. Barnett, “The Use of Semiconducting Single-walled 
Carbon Nanotube Films to Measure X-ray Dose”, Carbon, 2012, 50(6),  
pp2197-2201

» D.C. Higgins, J.Y. Choi, J. Wu, A. Lopez, Z.W. Chen, “Titanium nitride–carbon 
nanotube core–shell composites as effective electrocatalyst supports for  
low temperature fuel cells”, Journal of Materials Chemistry, 2012, 22(9), 
pp3727-3732

» B.M. Amoli, S. Gumfekar, A. Hu, Y.N. Zhou, B. Zhao, “Thiocarboxylate 
Functionalization of Silver Nanoparticles: Effect of Chain Length on the 
Electrical Conductivity of Nanoparticles and their Polymer Composites”, 
Journal of Materials Chemistry, 2012, 22(37), pp20048-20056

441 Publications in 2012-2013
Journals Most frequently Publishing WIN Papers

Journal Count

Journal of Materials CheMistry 13

langMuir 10

CheMiCal CoMMuniCations

applied physiCs letters

10

9

Journal of applied physiCs 9

MiCroeleCtroniC engineering 9

Journal of physiCal CheMistry C 8

Journal of the aMeriCan CheMiCal soCiety 8

physiCal review B 8

Journal of physiCal CheMistry B 7

Summary of Expenses
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