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1.  Introduction 
We live in a world characterized by rapid and constant change. One of the principal 
agents of this change is technology, which is the human response to the need to solve 
problems and thereby create a better world. As a result, technology has rapidly evolved 
and opened up new possibilities for its application. This is especially true of what can be 
collectively called the microelectronic technologies that underlie some of the most 
significant socio-economic changes over the past half century. 
 
In Canada, CMC (Canadian Microelectronics Corporation, http://www.cmc.ca) continues 
to play a major role in enabling research and training that is required to keep Canada and 
Canadian companies at the forefront of the development of microelectronic technology 
and its application. The importance of  this technology is illustrated by the fact that it is 
the foundation of the Information and Communication Technology (ICT) sector, which 
represented 5.5% of the Canadian GDP in 2003. 
 
Microelectronic technology has played a vital enabling role in overall technological 
change because it has made possible the manufacture of highly complex systems 
(commercial and industrial products and devices) that are typically powerful, efficient, 
small, and inexpensive.  Other technologies related through derived manufacturing 
processes, such as microfluidics, are now reaching the point of being able to contribute in 
the same way. The most powerful way to expand the scope of microelectronics (and to 
maximize the benefit from its capabilities) is to influence its development in conjunction 
with a range of new miniaturized technologies within a multidisciplinary framework, 
both in terms of the actual technologies used, and their application. The resulting 
microsystems will typically incorporate microelectronic elements integrated with other 
technologies such as microelectromechanical systems (MEMS), microfluidics, and 
optics. They will find their way into the medical, automotive, aerospace, and other non-
ICT sectors.  It is safe to say that over the next 30 years, microsystems technologies will 
have at least as much impact on our world as microelectronics has had in the past 30 
years. Further, the full exploitation of other emerging technologies, in particular 
nanotechnologies, will depend on the availability of highly developed microsystem 
technologies. 
 
The goal of this paper is to present a picture of the fast-approaching microsystems world, 
describe how Canada can best participate in this revolution, and how CMC must adjust to 
play a key role in supporting the development and use of these technologies in Canada. 
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We begin with a picture of how microelectronics plays such an important role in our 
current world, and then show how to build on this foundation to arrive at a microsystems 
world. We also explore the commercial and research opportunities and present a picture 
of the important technology directions. Finally, we discuss the role of CMC and the 
opportunities and risks that CMC faces by entering the microsystems world. 
 

2.  Our Current World  
One of the interesting effects of the integration of technology into our world is that it has 
become less and less visible. Highly complex systems almost disappear because they are 
small enough to be incorporated into the everyday functions we perform and the products 
and tools we use. In most cases this has brought increased efficiency and/or convenience 
to our lives. To someone unaware of the power of this technology, it would all look like 
magic. 
 
Figure 1 illustrates one example of this magic. As we drive into the modern world, we 
have cars that have numerous embedded processors to help with functions like braking, 
engine emissions control, cruise control, and automatic transmissions. To help us find our 
way, we can make use of the global positioning system (GPS). Satellites can be used to 
track vehicles if they have been stolen, or if you are wondering where your teenager has 
gone. While you are driving downtown, your passenger can use a cell phone to check for 
space in your favourite restaurant or browse the web to get the reviews on the movies you 
want to see. Meanwhile, sensors in the road detect your car approaching the intersection 
and send a message to the central traffic computer where decisions are made as to the 
best time to let you through the intersection to minimize overall traffic congestion. Most 
of these are capabilities we have come to expect and may only notice if they are missing 
or malfunctioning.  

 
Figure 1. The magic of technology 

 
Microelectronics technology has also been a great economic facilitator with the 
modernization of existing industries to make them more efficient and competitive by 
offering attractive new features and innovative products. The rapid change of 
technological capability also means that new commercial opportunities must be created at 
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an equally rapid rate to take advantage of the capabilities that new technologies provide.  
 
How does Canada participate in the making of this high-value magic? Of course, it is not 
magic, but rather complex and creative engineering and design carried out by highly 
qualified and knowledgeable people. To be competitive, it is important to be able to 
develop the technology, understand it, and exploit it. This can only be done by the 
people, the “system architects”, who have the vision to see the big picture of how diverse 
concepts and ideas can come together to create new, better products and the designers 
who implement this vision and create the processes and design methodologies so that 
they can be manufactured and successfully marketed.  
 
To be competitive in the global marketplace, Canada must continue to participate in the 
ongoing technological revolution. This requires continuous research and development to 
create and understand new technologies, and the availability of engineering talent to 
exploit them.  
 
CMC has played a key role in Canada during the microelectronics revolution and must 
continue this role as technology evolves. The CMC Strategic Plan describes how CMC 
plans to respond to this challenge. This companion paper describes a vision of the 
technological opportunities and where they can take us, which serves as guidance in the 
development of the Strategic Plan and its implementation1.  
 

3.  CMC's Ongoing Role in the Microelectronics World 
The best way to envision the role that CMC should play in the new microsystems world 
is to begin by examining how CMC currently assists the Canadian research and industrial 
communities to effectively use microelectronics technology. 
 
By leveraging the Canadian university research community as a single customer, CMC 
can negotiate with vendors more effectively than could individuals or even thirty 
universities individually bargaining for products and support. CMC has developed the 
experience and industrial contacts to work with suppliers effectively and efficiently. They 
are willing to provide more value than they could to individual institutions knowing that 
CMC’s support structure will reduce the need for suppliers to provide support. This 
allows the researchers to bring much greater design capability to their research projects 
than is available to researchers in other countries, including the United States. CMC 
provides the design tools, the infrastructure needed for using the tools, tools management, 
tools integration, plus the services to provide access to manufacturing.  
 
From the industrial standpoint, one of the most important results of the CMC program is 
the availability of university graduates who have benefited from CMC support of their 
research and training. These graduates have had access to the latest technologies and 
design tools and are ready to contribute in the industrial environment. Their research 
work is also highly relevant because it is based on the same technologies used by 
industry. 
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To stay at the leading edge of technology, CMC has developed the expertise needed to 
understand the needs of researchers in relation to what products and design tools are 
available. CMC acquires and distributes resources based on the sound technological 
experience of its in-house experts, the opinions of ready-and-willing outside experts, and 
the CMC Technical Advisory Committee. 
 
CMC technology experts also monitor trends and new technologies. As a result of 
recently identified needs confirmed by technological evaluations, CMC now provides 
development and manufacturing capability in MEMS, microfluidics, and photonics 
technologies, putting it in an excellent position to take the next steps as proposed in the 
CMC Strategic Plan. 
 

4.  Building on the Microelectronics Revolution 
The universal impact of microelectronics is the result of its ability to miniaturize, reduce 
cost, and reduce power requirements for a wide range of applications where these 
features are vital to the economic and practical success of new products. The fact that so 
much functionality can be packed into a small space means that highly complex systems 
can be built and made invisible. An obvious example is the microprocessor chip in 
contrast to early computers that filled entire rooms. Microprocessors can now be made so 
cheaply that they can be used everywhere that there is a potential benefit. Thirty years 
ago, no one would have imagined a car having a computer on board, let alone 10 to 20 of 
them. 
 
Not to be forgotten is the software that runs on the microprocessor. The software industry 
has thrived only because computers, typically built using microprocessor technology, are 
so pervasive in our world. Whether it is a large server, a desktop computer, or an 
embedded processor, software is integral to customizing the function of the 
microprocessor to each unique application. Software, and more importantly, 
programmability, will continue to have an important role in the microsystems world. 
 
Microelectronics has been a technological success story of the past 30 years. The fact that 
most people are unaware of its everyday presence in their world is a testimony to its 
success. It is also clear that the continued development of microelectronics is vital to 
future social and economic success. However, the role of microelectronics is changing: 
over the next 30 years, it will not act alone in most applications. There is no single 
technology currently available or on the horizon that will carry us forward over the next 
30 years. Instead, we will require combinations of technologies, including significant 
non-microelectronic ones as illustrated in Figure 2.  We have already seen some of these 
emerging technologies. Some, such as MEMS and photonics, are even now reaching a 
level of maturity because they leverage manufacturing concepts from the integrated 
circuit (IC) fabrication process that is the basis of microelectronics.  
 
The advancement of these technologies has reached the point where they are having 
significant economic impact. As well, the underlying scientific concepts are better 
understood. On the horizon are technologies, such as organic electronics for displays that 
are just starting to see commercialization but where further development is necessary to 
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provide even greater capability.  One example would be organic thin-film transistors. 
Microfluidics is also a technology that has really just started to have a commercial 
impact. Over the horizon, and probably over ten years away from commercialization, are 
future technologies based on biological and atomic-level phenomena. There is still much 
more basic work to be done in biology, chemistry, and physics before engineers can put 
them to use.  

 
Digital microelectronics and computer software have been highly successful in 
processing information and controlling operations. They will continue to play these roles. 
Analog microelectronics has been dominant in the task of interfacing with physical 
devices such as antennas, transmitters, transducers, and sensors, as well as the subsequent 
processing of analog signals. While MEMS and photonics technologies by themselves are 
unlikely to take on a dominant future role, the emergence of biological systems and 
nanotechnology do have that potential; however, major breakthroughs are required before 
these futuristic technologies become as pervasive as microelectronics is today. More 
likely, in combination with microelectronics, these emerging technologies will give rise 
to very powerful new systems with wide ranging applications in all areas of human 
endeavour. 
 
To be useful, microelectronic devices must connect to other media through some form of 
interface. Some examples are electro-optical (e.g., a laser), electro-mechanical (e.g., a 
microphone), and electromagnetic (e.g., a transmitting antenna) interfaces, all of which 
rely on analog microelectronics for signal processing and/or to interface with digital 
processing components. The emerging technologies described above present 
opportunities to build new and better interfaces between the real world and 
microelectronic processing.  
 
The combining of different technologies offers new ways to overcome current limitations 
and cost constraints to provide more useful features, reduce power, and increase 
productivity. Instead of just integrating microelectronics into a microchip, a number of 
heterogeneous technologies can be combined into a single functional unit called a 
microsystem. The first microsystems integrate the processing ability of microelectronics 
with the strengths and capabilities of the emerging technologies, making it possible to 
create systems of complex functionality that are smaller, cheaper to manufacture, and use 
less power. This is the next logical step in bringing the types of benefits that we have 
derived from microelectronics to future products and markets.   

 

5.  Opportunities and Challenges 
The opportunities presented by microsystems technology derive from the potential to 
build smaller, more effective systems, just as we have observed from the microelectronics 
experience. We are at the birth of this new era and the potential benefits are left to the 
imagination. Before the days of microelectronics, only Dick Tracy had a wrist watch 
radio.  Today, few people would be surprised to see one. To begin to imagine the 
opportunities that microsystems might offer, consider the following futuristic application 
and how it might be received in ten years. Star Trek may have shown the way. 
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Opportunities: A Microsystem of the Future 
The life of a diabetic requires constant attention to glucose intake 
and supplements of insulin given by injection. Sometime in the 
future, two important discoveries will be made: a method for real-
time monitoring of blood glucose levels and a mechanism for 
producing insulin. The significance of these discoveries is that they 
could conceptually be implemented by devices small enough to fit 
within the body. They could form the key input and output of a 
closed-loop drug delivery system. At the start, these mechanisms 
will be demonstrated only in the laboratory, but a medical implant 
company will see the potential of these discoveries and take up the 
challenge of building a microsystem that can be implanted under 
the skin of a diabetic and last a lifetime without further surgery 
required. 

 
 

Figure 2: The technological horizon 
 
The input glucose sensor is initially demonstrated as genetically engineered enzymes 
whose electrical charge changes according to the surrounding glucose concentration. 
These enzymes are encapsulated in a manner that enables them to be mounted on a 
silicon substrate. 
 
The output system consists of artificial pancreatic cells that produce insulin in response to 
the concentration of glucose at the cell membranes. However, these cells cannot produce 
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insulin fast enough to be direct replacements of the natural cells. Instead, the cells are 
contained in a microfluidics chip that uses them to create a reservoir of insulin that can be 
later released as required. The microfluidics chip is interfaced with electrical signals that 
control the production of the insulin by activating the pumping of glucose past the cells, 
monitor the amount of insulin in the reservoir, and release the insulin from the reservoir. 
 
Between these input and output systems is a processing system implemented with a 
microprocessor and appropriate software. Since the microprocessor is implemented on 
silicon, it is straightforward to micromachine a receptor for the glucose sensor on the 
same piece of silicon and add the circuitry needed to measure the charge on the sensor. 
The microfluidics chip used for the insulin production is based on glass and it is mounted 
with the microprocessor onto another substrate. The power requirements are so low that 
the system is run by generating current from the vibration of a MEMS-based device that 
can receive enough stimulation from the body motions resulting from normal breathing. 
The system can be remotely configured using a local RF link working through the skin on 
a biometrically encoded data channel. The entire system is encapsulated in a bio-
compatible polymer constructed with the glucose sensors and insulin release mechanism 
readily accessible to the environment. The system can be implanted with local surgery 
and calibrated with the RF link afterwards. Within a day, the patient can perform the 
same as any non-diabetic. 
 
Closed-loop drug delivery systems are the goal of researchers and the dream of those that 
can benefit from them. They are the wrist radios of the future. As new discoveries are 
made, like those imagined here, they will only come to realization in some form of 
microsystems technology. This is the potential and opportunity of microsystems—
applications that cannot be realized within the context of a single technology discipline. 
To take a fundamental concept from the laboratory into a practical device will require 
many talents and resources. To benefit from the discoveries of the future, we must be 
prepared to integrate and exploit the capabilities of many diverse technologies. 
 

Challenges: Identification, Infrastructure, and Benefit Maximization 
There are three key microsystems challenges that must be addressed.  
1. The first challenge is to identify specific opportunities because they are not 

necessarily obvious. 
2. The second challenge is to provide the infrastructure required to explore, develop, and 

implement these new microsystem opportunities.  
3. The last challenge arises from the global environment: microsystems technology must 

be properly positioned with respect to the global economy for maximum benefit to 
Canadian industry. 

 
Identifying interesting applications of microsystems technology that will attract research 
and development investments will require researchers and engineers to be aware of its 
potential and the feasibility of its implementation. There are already applications being 
developed but many of the most interesting new applications are expected to come from 
outside the traditional ICT sector. However, it is unlikely that a medical researcher or a 
mechanical engineer will be aware of the technologies that can make their ideas a 
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practical reality. Without being proactive in the widespread education of researchers and 
industrial interests to the potential capabilities of microsystem technology, the most 
interesting applications may not be identified and exploited. A good example of the 
problem is illustrated by the use of computing in different disciplines. 
 
Computing has become so pervasive because everyone has seen that it works and it is 
possible, with little effort, to participate in using the technology. Medical researchers can 
easily identify where it would be useful to connect a computer to their experimental 
system to make data acquisition and processing more effective. A mechanical engineer 
developing a better automatic transmission for a car can see how embedding a 
microprocessor into the system can result in reduced weight while achieving more control 
over the ultimate performance. Knowing of the existence of computing technology and 
how it can be used means that it has been applied in many areas. 

 
With the emerging area of microsystems technology, the fact that it is currently known or 
understood by few beyond those that are directly involved in its development means that 
many novel or even disruptive applications are not being investigated. A medical 
researcher may find a way to quickly diagnose a new disease but the tests require an 
unreasonable volume of blood to be taken from the patient. Without knowing that the 
problem could be solved with microfluidics technology, requiring only microlitres of a 
blood sample, the potential benefits of this discovery may never be realized. 
 
Assuming that a way can be found to match the idea, such as that of the above medical 
researcher, to the technical expertise that can help to realize the idea as a real product, the 
next challenge is find an effective way to prototype the system, or at least develop a proof 
of concept that can demonstrate its viability. 

 
Developing a microelectronic prototype has always been a costly effort, and 
microsystems prototyping will be no different. The infrastructure available through CMC 
has significantly lowered this barrier for microelectronics researchers; a suitable 
infrastructure is now required to make microsystems prototyping feasible for a wide 
cross-section of researchers. 

 
The first two challenges described above are not independent; they are highly coupled 
and synergistic. Identifying new applications will drive the need for prototyping services. 
Efficient access to prototyping facilities will in turn make it possible to implement a 
greater variety of microsystems, increasing accessibility, which will result in the 
development of further new applications. CMC must play an important role in addressing 
these two challenges and capitalize on their interdependence. 

 
The third challenge, positioning microelectronics in Canada, incorporates aspects of the 
above challenges but also requires a perspective of how microsystems technology will be 
used within Canada and in the global supply chain. CMC has a key role to play, which is 
discussed in the next section. 
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6.  Microsystems  in the Canadian Context  
To understand how Canada can participate in the microsystems world requires 
examination from two different perspectives.  
1. The fundamental requirements perspective—the underlying tasks, infrastructure, and 

the people that are needed to create a microsystem.   
2. The economic perspective, which will help to identify where microsystems 

technology fits within the industrial supply and production chains. 
 

The Fundamental Requirements Perspective 
The development of a microsystem and its incorporation into a final product requires 
many steps and backtracking to achieve the desired results. Figure 3 shows a 
representation of the major steps comprising microsystem design and manufacturing. 
Each of these steps requires the action of highly qualified people with the creative insight 
to develop new technologies and the skills and experience to apply them to meeting the 
design requirements. These people are members of the research and product development 
teams of companies. Their education and training are fundamental to their success in 
participation in the microsystems revolution. They must also have access to the 
infrastructure needed to support work with these technologies and to prove their viability. 
In the microelectronics world, CMC has played a key role in providing the necessary 
infrastructure to support advanced education and practical training of university students, 
primarily involved in research leading to advanced degrees. Given this unique 
experience, and success, in supporting the education and training needs in the 
microelectronics world, it is a natural step for CMC to fill the same role in a 
microsystems world. 
 

The Economic Perspective 
Today, the industrial supply chain is in reality a global supply chain. Any company that 
needs a component or material for their product must look worldwide to find the best 
price and service. The question is how to best position Canada within this global context 
in the microsystems world. 
 
Some governments are positioning key sectors of their economies to be leaders in critical 
parts of the global supply chains that characterize complex microsystem-based product 
and service markets. Figure 4 summarizes the relationships that are part of many of the 
steps and tasks suggested in Figure 3. These relationships may be dispersed within 
companies, across companies, within countries, or around the world.  

 
A challenge for Canadian participants in research, product development, and sales is to 
synchronize in time, location, and relevance with other key players in this global 
relationship web. An understanding of markets, product design, process automation, 
emerging processes, relationship management, and effective deployment of capital are all 
critical ingredients of a successful Canadian response. 
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Figure 3. Representative steps in product development 
 
 
 

 
Figure 4. The industrial supply chain 

 
Examples of national positioning include China, which is becoming a country of choice 
for microelectronic product and component manufacturing. India is well-known for 
specialization in software development and more recently in communication-based 
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services. This current positioning presages product and service developments in the new 
markets created by microsystems in concert with a wide variety of other old and new 
technologies. Other countries have recognized that microsystem platforms are the basis 
for an anticipated future revolution in technology development breakthroughs. They have 
efforts underway today to gain market advantages extending to the foreseeable future and 
to enable research at the scientific frontiers with the potential of establishing future 
market advantages2.  

 
An increasing proportion of the value of products and services across multiple economic 
sectors will derive from microsystems in much the same way that microelectronics led to 
significant growth in the telecommunications and entertainment sectors. Further, the 
platforms intended for one sector will be adapted to become integral to products in other 
sectors—entertainment radios embedded in cell phones, cell phone technology embedded 
in automobiles, and automotive technology embedded in resource industry products. 
 
The economic logistical problem is that in order to derive the potential benefits from 
microsystems technology, we need first to understand how to design and build 
microsystems. There are many existing products that can be improved and new products 
that can be created using microsystems technology, but that technology does not exist 
today. The economic opportunity is open-ended because at this time other countries are in 
the same situation. The challenge is to become one of the leaders in the area. Canada has 
the advantage of being able to stake an early claim to excellence in research and 
development in microsystems through the institutional strength and technical and 
logistical experience residing with CMC. CMC must respond to this opportunity. 
 
The global supplier relationships viewed from a technology diffusion perspective are 
presented in Figure 5 as they pertain to the new CMC nurturing Canadian interests in a 
global web of interacting players in research, product development, and marketing. The 
CMC role is embodied in a suite of coherent programs that intensify Canadian research 
and development activity from an evolving base of microsystems knowledge and 
technological capacity, supplied in part from outside Canada, and involving participants 
that complement our indigenous industrial, academic, and governmental resources. 

 
At the bottom of the supply pyramid shown in Figure 5 are the basic materials, such as 
silicon wafers, that are processed into functional devices such as electronic, mechanical, 
and photonic building blocks. These are then integrated into platforms (components or 
modules) that can be programmed or customized for particular functions such as a data 
processor-based interface card or a fluidics-based module that can screen for particular 
DNA fragments. These platforms must be general enough that they can be used for a 
wide range of applications.  
 
The next level up in Figure 5 represents the customization of a given platform for a 
particular application in a system. For example, a processor board could be one product 
and a consumer of that board could add customized software to analyze data from a 
fluidics-based module that has been programmed to screen for certain specific DNA 
associated with a disease. A complete system could encompass a number of customized 
                                                 

 
The New Technology Challenge: CMC’s Changing Roles    Page 12 of 21 
   

2 National Electronics Manufacturing Technology Roadmaps, 2002 Edition, National Electronics Manufacturing Initiative, Inc. 
(NEMI), Product Lifecycle, p.5; Electronic Connectors, p. 8, December 2002 



Fea
ture

co
st 

req
uire

Tec
hnolo

gy-b
as

ed
 

co
nstr

ain
ts

Tr
ad

e-o
ffs

System Products

Programmable  Platforms,             
Networks, Application Software,   

Bio-functionalization,   Databases 

Packaging, Domain Interfaces, interconnects and     
Hardware, Embedded Software, Embedded Molecular 

Functionalization,  Programmable Hardware

Material Systems

Electronics, Photonics/Optoelectronics, 
Microfluidics, MEMS, Emerging Technology

novation through integration

platforms that together perform the required end product function. To continue the 
example, the integration and packaging of the processor board with the fluidics platform 
could become a diagnostic unit sold to health care facilities and used by doctors to screen 
for a particular disease. An even more powerful system would be one that could be 
loaded with new software and different fluidics modules to screen for different diseases.  
 

 an
d 

men
ts In  

 

 
 
 
 
 
 
 
 
 

Figure 5. The supply chain from a technology perspective 
 
At each level, the key economic ingredients that are added are various types of 
intellectual property. This property customizes a functional block and leads to application 
and product differentiation, and target sector specificity. Building a flexible platform 
enables development suited to a range of customers and their customers. These 
consumers establish preferred and strategic supply relationships around the world. To 
participate in the trade of this intellectual property, Canada must have a portfolio 
comprising a strategic accumulation of the knowledge, practices, products, and services 
that underlie the design, manufacturing, and integration of the heterogeneous 
technologies that combine to deliver microsystem-based products and services. This 
portfolio is strategic to near-term microsystem interests and in the longer term to derive 
benefit arising from nanoscience research.  
 
 
7. Microsystems in the CMC Context 
 
In the case of  traditional microelectronics, CMC has not been involved in either the low-
level materials supply or the end-products. Instead, its role has been to provide 
infrastructure for training, education, and research to enhance the national capability for 
the development and manufacture of components that could be incorporated into larger 
systems. In the microsystems world, the role would be similar, albeit more complex. 
Concentrating solely on basic component development does not reach high enough in the 
supply chain to create industrial leverage because the systems involved are more 
complex. Industry needs to see the feasibility of a microsystem in the form of a 
prototype, and they may need help in order to realize a microsystem-based product based 
on the proof-of-concept prototype. Bringing together the right people and the right 
technology is crucial and must include participation by players outside Canada.  
Coming from its microelectronics roots, CMC operates in the region of the pyramid 
between the raw materials and the end products, but this region will expand in a 
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microsystems environment. In a microsystems world, CMC must help not only to design 
and manufacture components (as it historically has), but also help to integrate 
components into the subsystems that can be used to form the end products. This means 
that CMC must provide the infrastructure to create components, integrate them into 
platforms, and make it possible to add the required intellectual property (customization/ 
programming) needed at each level. To do this requires the supply of design tools, 
provision of access to manufacturing technologies, and delivery of services to link 
people, ideas, and technologies. This expanded suite of support services can rapidly 
evolve to embrace embryonic-stage projects that are demonstrating concepts such as 
biomolecular programming, mechanically flexible electronics, and all-photonic data 
processing. 
 
In the coming decade, through the continuation and expansion of the role of CMC, 
Canada can invest in the exploitation of microsystems technology and leverage these 
investments to enhance productivity and competitiveness across diverse industry sectors. 
The result will be the creation of a strong, focused industry sector that is a leading 
economic force within the complex international environment, is founded on a creative 
and highly-skilled knowledge-intensive workforce, and is well-positioned for 
advancement over the longer term.   
 

8.  Technology Directions for CMC 
We will now examine in more detail the nature of the new emerging technologies and the 
design environment needed to use them. The focus is on technologies that CMC must 
consider in the short to medium term because they are currently available and thus ready 
for industrial applications. Other technologies, such as nanotechnology, are generally not 
yet ready for integration into microsystems; however, CMC should develop activities and 
pilot projects that positions CMC in a state of readiness to incorporate these technologies 
in its main-stream programs when appropriate.  
 

Microsystems: A Closer Look 
To this point, we have described a microsystem as the integration of a number of 
heterogeneous technologies into a single, small form-factor system. It would typically, 
though not necessarily, combine microelectronics and software with one or more 
emerging technologies. One way to capture the various “technologies” that combine to 
implement a microsystem is expressed by the following equation:  
 
Microsystem design = computation + hardware/software + actuators/sensors/analog + team 
 
Each of these components performs a particular function in the overall system or design 
effort. 
 
 
The Computation Component. Computing will continue to play an important role in the 
design and implementation of microsystems, as it has for microelectronics. There are two 
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major categories of computing used for microsystems development: in-system and 
infrastructure.  
 
In-system computing, often achieved through embedded processors, implements a part of 
the function of the actual system. A current trend that is expected to continue is to 
implement as much functionality as possible in the embedded software of the system. 
This makes possible multi-function platforms configured by the software, which allows 
for bug fixing or upgrades. The processing can take the form of one embedded processor 
on a chip, or possibly hundreds to thousands of processors per chip. Some of the 
processors may be coupled to configurable logic such as field-programmable gate array 
(FPGA) structures.  
 
The infrastructure computing component constitutes the computational facilities used to 
carry out the design of a microsystem and the tools that help with that design. In any 
microelectronics design process, simulation is key to understanding the functionality of 
the components and the tradeoffs involved in the implementation of the system. The 
complexity of a microsystem will require significant computing power. Compute farms, 
grid computing, and high-speed networking will be essential for providing the required 
capability.  
 
The Hardware/Software Component. This component will implement the 
computational, control, and analysis functions of the system. It will typically be 
implemented in a digital microelectronics technology but there will also be functions that 
are appropriate for implementation using analog circuits. The target implementation 
vehicles for the digital circuits will be mostly FPGAs, moving to mask-programmable 
technologies for increased speed and lower power. In general, full-custom and ASIC 
technology will be used only when absolutely necessary and only as a last consideration. 
This is mainly due to the cost, time, and risk involved in these implementations. 
 
Complementing the hardware will be the software (programming) that will customize the 
hardware. This programming may take the form of the configuration bits for an FPGA or 
it could be the embedded software that is used to program the embedded processors. 
There already exist tools for developing basic embedded software applications but there 
needs to be extensive research into the development and use of large-scale multi-
processors on a chip, especially with respect to how they can be efficiently programmed. 
 
As some of the newer technologies become more mature, they can be used to accomplish 
some of the functions now implemented with microelectronics and embedded software. 
In some cases, they might also be a more natural processing medium, avoiding the need 
for conversion of signals to an electrical form for processing. For example, some signal 
processing functions could be carried out optically and some control functions could be 
implemented using microfluidics. Further in the future, biological or nanotechnology 
structures may become viable.  They will come with their own form of configurability, 
their equivalent of software programming. 

The Actuators/Sensors/Analog Components. These components represent the 
interfaces between the microsystem and the real world. For at least the near future, this is 
primarily where the emerging technologies will be used. These technologies, along with 
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analog microelectronics, will be used for many of the actuator, sensor, and interfacing 
functions in microsystems.   

Analog microelectronics is already advanced both from a technology and design tools 
standpoint. Where possible, it is still likely to be the preferred option. However, the 
integration of the emerging technologies into microsystems will present the opportunity 
to develop more effective applications than have been currently possible. 

The Team Component. In a microsystems design environment, tradeoffs must be 
considered across many possible technologies in order to converge on a particular system 
architecture. It is unlikely that one person will be able to create the entire architecture 
because there are too many technologies to understand. The architectural design of a 
microsystem will require the participation and collaboration of experts in a number of 
technologies because one person is unlikely to have the expertise needed to evaluate 
tradeoffs across several technologies. To further complicate the problem, in order that the 
end-system is manufacturable, the interactions between the technologies during the 
manufacturing process must also be understood. This can be accomplished only by a 
team of experts. 

The constitution of a design team and the characterization and organization of the 
interactions within it will be extremely important components in the design of successful 
microsystems. CMC will have to play a lead role in advocating and supporting 
multidisciplinary design. 

 
Key Technologies: The Next Five Years 
 
Important individual technologies to consider during the next five years for microsystems 
development include photonics, optoelectronics, micromachining, microfluidics, and 
MEMS. Microelectronics and software will continue to be important technologies and 
will play a key role in many microsystems. The nature of all the technologies will evolve. 
To be able to combine the technologies in a systems environment, printed circuit boards 
and other substrates for integration and packaging will also be required. Programmability 
in the broadest sense, not just electronic, will be critical whether to manage 
configurations or functionality. The challenge is to make all these technologies work 
together.  
 

Supporting Microsystems Design 
In a typical microelectronics design environment there are many different types of design 
tools that are required. Some of the tools provide the simulation and analysis capability 
that help the designer to understand the behaviour of a system well in advance of any 
attempt at implementation. The accuracy of the results derived from these tools depends 
strongly on the quality of the models for the technology being used. Other tools aid with 
the actual design of the circuits and the development of testing strategies to check 
functionality during the debugging and the production phases. The collection of all the 
tools that are required might best be organized in the form of a design cockpit, illustrated 
in Figure 6, which would package the tools in a way that enables them to work with each 
other in a seamless way.   
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Figure 6. The design cockpit 

 
 
The support of a multidisciplinary design team will require a much more sophisticated 
design environment than is currently used for microelectronics design. It must expand 
beyond the area of hardware/software co-design, where tradeoffs are made between what 
is implemented in hardware and what is implemented in software. In microsystems 
design, a heterogeneous co-designTM environment will be required.  This design 
environment must provide the ability to explore the tradeoffs that are available when a 
function can be implemented by several alternative technologies. The modelling 
technology required will be much more sophisticated and significant computing 
requirements are anticipated. 
 
In a heterogeneous co-design environment, simulation and verification will require 
significant testing and modelling capability, not only for the specific technologies, but 
also for combinations of technologies. At the fundamental level, technology-specific, 
detailed models of the behaviour of each technology will be required to enable the design 
of a component to proceed. At the architectural design level, abstract behavioural models 
of components implemented in several possible technologies will be necessary in order to 
put together even higher-level system models. To evaluate the tradeoffs involved with the 
use of different technology options, tools must be available to measure and evaluate the 
modeled performance of each possible alternative.  
 
Also critical to the design process is simulation of realistic inputs to the system models. 
Given that several emerging technologies may be candidates for implementing a 
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particular component, technology-specific stimuli will be required. These are the 
equivalent of test vectors used during the simulation and testing of digital microelectronic 
systems. As an example, consider how to stimulate a sensor of a particular biological cell 
behaviour so it would produce realistic output signals. In a heterogeneous microsystem, 
the format or protocol of the stimuli that a simulation will understand has to be 
determined.  
 
The development of a design cockpit for microsystems design will be a significant 
challenge, but it will be necessary because it will enable the kind of productivity gains 
made through the design of microelectronic systems. CMC must play an important role 
here. As it has done in the development of its microelectronics design environment, CMC 
must work with vendors to acquire existing tools, as well as stimulate research work 
leading to the development of new tool methodologies such as design platforms. 
 

Microsystem Design Platforms 
The increased complexity of microsystems development makes it especially important to 
find ways to reduce the effort required to implement a new system. One way to do this is 
to create generic microsystem platforms that can provide most of the functions required in 
an application area, but they can be programmed, configured, and augmented with 
compatible components to create an application-specific subsystem. 
 
A microprocessor is an example of a microelectronics platform that can be customized to 
many specific applications by programming. For a microsystem platform, because of the 
heterogeneous nature of the system, programming is likely to involve more than just 
software.  
 
Platform technology is also highly desirable from a commercial perspective. It allows a 
highly complex, and likely expensive, development effort to be amortized over a number 
of different products. 
 
Platforms and programmability are just as important to the research environment, which 
is even more sensitive to cost. Researchers are likely to be much more productive when 
enabled with platform technologies where they only have to add a small fraction of the 
overall functionality to a system to evaluate and demonstrate new system concepts. 
 
A vital role for CMC is to work with researchers to develop interesting microsystems 
platforms. Much as CMC has done in providing System-Level Prototyping Stations for 
System-on-Chip researchers3 a similar effort in the microsystems area will yield even 
greater rewards. Developing the right mix of microsystem platforms will also 
significantly increase the number of researchers and research disciplines that can 
potentially benefit from CMC services. 
 
 
 
                                                 
3 Dan Gale, System-on-Chip Research Infrastructure for Canadian Universities, IEEE Proceedings of the  2001 International 
Conference on Microelectronic Systems Education, pp. 46, June 2001 
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Preparation for Access to Nanotechnologies 
There is no well-defined body of knowledge at present that puts bounds on what is meant 
by nanotechnology or nanoscience research. Characteristics conferred on this field at 
present are many and there is reasonable consensus around a few. As noted from the 
national nanotechnology initiative in the United States, “nanotechnology is concerned 
with materials and systems whose structures and components exhibit novel and 
significantly improved physical, chemical, and biological properties—and that enable the 
exploitation of novel phenomena and processes—due to their nanoscale size... . The goal 
is first to exploit these properties by gaining control of structures and devices at atomic, 
molecular, and supramolecular levels; and then to learn to manufacture and use these 
devices efficiently. Maintaining the stability of interfaces and the integration of these 
“nanostructures” at micron-length and macroscopic scales are all keys to success”4.  
 
Some technologies are already arising in the form of new materials and structures with 
unique properties fabricated using atomic level techniques.  
 
It is widely recognized that microsystems are a technological gateway to the 
investigation and application of nanotechnology. There is a range of actions that CMC 
will need to take to include relevant technologies on a timely basis. For example, CMC is 
working with the Canadian Photonics Fabrication Centre (CPFC) to provide the R&D 
community with early access to novel photonics fabrication technologies—the experience 
and operating model developed for this purpose is expected to be adaptable to other 
circumstances, for example, providing early access to emerging nanotechnology 
fabrication processes. 
 

9.  Training of Highly Qualified People (HQP) in a 
Microsystems Environment 

Even more important than the need to provide an infrastructure for research and 
development in a microsystems environment is the support of the people that will carry 
out that work. As shown in the example of the closed-loop drug delivery system, the 
development of such a highly desirable product will require the collaboration of people 
with very diverse backgrounds.  
 
There will be a need for research personnel with a broad perspective of the various 
technologies, and who possess the design skills specific to particular technologies. These 
future system architects need to have sufficient understanding of multiple disciplines to 
be able to recognize and evaluate potential tradeoffs and to have the ability to coordinate 
groups of specialists. The technology designers must be highly skilled in their specialty, 
but they can enhance the value of their intellectual property if they have an ability to 
interface effectively with specialists in other technologies. 
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The underlying educational system must respond by providing students with strong 
fundamentals that provide them the ability to adapt to new technologies or to quickly gain 
the knowledge that allows them to interact with others that have a different technological 
expertise. There should be a strong push to encourage cross-disciplinary interests. People 
that can easily acquire the skills and background to work in multiple technologies will be 
most suited to working in the world of microsystem architectures. 
 
The best way to train the talent required to enter the microsystems world is to promote 
projects that build microsystems as well as provide the infrastructure needed to do real 
implementations. There is nothing more valuable than experience, so it is extremely 
important to foster an environment that encourages microsystems development beyond 
the speculative phase. This is a role that CMC played early on in the microelectronics 
world, and it is one that CMC is already starting to fill as we enter the microsystems 
world. 
 
With the appropriate resources, CMC can expand its efforts in related areas, for example, 
nanotechnology as discussed previously. The result will be that HQP will be available to 
continue to create innovative systems that take advantage of the opportunities provided 
by the enabling capabilities of microsystems. 
 

10.  Conclusion 
The technologies with which we choose to solve problems are constantly changing as 
new needs are matched to new scientific discoveries. The integration of heterogeneous 
technologies into microsystems will bring about socio-economic benefits that will be 
greater than those seen during the microelectronics revolution. The potential of 
microsystems technology has been recognized globally. To reap the potential benefits, 
Canada must respond by developing a strong national expertise that can use and leverage 
this technology to the benefit of all Canadians. This must include the support of research 
and training that stimulates new uses of microsystems while creating the skilled people 
who will implement these systems. 
 
On a national basis, we need to understand the requirements of Canadian industry in the 
context of global supply chains and to track the development of technology at a global 
level. As they have demonstrated in the past, CMC and the university community 
together are well-positioned to undertake this task with industry and government partners. 
The role for CMC in a microsystems world is described in the CMC: Accelerating 
Canadian Competitiveness Through Microsystems … A Strategic Plan. It is one that 
expands beyond providing the traditional infrastructure and services for microelectronics.  
It starts with a similar model for providing access to the emerging technologies, but it 
goes much further. CMC will also actively play a role in the development, formation and 
management of new research efforts in microsystems. This includes helping researchers 
and industry find the partners that are needed for these multidisciplinary projects. Most 
importantly, CMC will be a significant resource for helping to bridge the gap between 
research and commercialization. This will be done typically by helping to prototype new 
microsystems that leverage research concepts and thus provide concrete proof that these 
novel ideas can be incorporated into viable products. Additionally and just as important 
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for the future, each one of these characteristics of the new direction for CMC positions 
Canada and its research community for length-scale integration that is essential to the 
advancement of nanotechnologies. 
 
The transformation of CMC’s role in the microsystems world is not without risk. An 
expanded role means that CMC must grow so that it can continue to provide the level of 
support needed to be effective. One aspect of this growth is the development of expertise 
with the capability of supporting complex, multidisciplinary microsystem projects. New 
tools must be acquired and needs identified where the tools do not yet exist. The 
heterogeneous co-design environment is what will make microsystems design more 
accessible to everyone, but it will be a significant challenge to develop and deliver. This 
was also true at the start of the microelectronics revolution, so the lack of an integrated 
environment is nothing new.   
 
Another challenge is to find ways to make microsystems design easier. For example, by 
working with researchers, CMC can help to develop appropriate programmable and 
flexible platforms that can be the substrate for new research and the subsequent rapid 
development of new prototypes and products. 
 
To meet the global technology challenge, continued research, training, and technology 
development are essential. A coordinated national effort is required and CMC is well 
positioned to assume a leadership role. 
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