imec

APPLICATION FIELDS

» Electrophoresis and liquid
chromatography for the purification of
biological fluids;

» Point-of-Care biosensors for clinical
pathology;

» Single cell manipulation for molecular
biology;

» Continuous sampling for biochemical
toxins and pathogens;

» Cooling of integrated circuits.

POTENTIAL PARTNERS

» Diagnostic device manufacturers (health
care, environmental, food, etc.);

» Pharmaceutical companies;

> Integrated circuit manufacturers;

» Cancer research centers.

ACTIVITIES

» Micropumps;

» Filters;

» Mixers;

» Other microfluidic components;
» Heterogeneous integration.
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MICROFLUIDICS

The rapidly expanding field of microfluidics aims to solve many

of the greatest engineering challenges we face today ranging from

medical diagnostics to nanoelectronics. The successful development

of solutions to mixing, reaction, separation, and detection of

chemical species will create new methods to analyze and control

biochemical systems potentially leading to more rapid drug

discovery, miniaturized chemical assays for point-of-care diagnostics,

and further comprehension of single cell and single molecule

kinetics. Additionally, the application of microfluidics to power

dissipation in micro/nano electronic systems may enable future

miniaturization of electronics.

SCOPE

Microfluidic technology has slowly matured
over the past 20 years and while the promise of
industry changing microfluidic technology has
yet to be fully realized, important design steps
and greater focus on full system integration

are helping companies bring to market next
generation devices in a wide range of fields.

At imec we are looking to further develop

the functional building blocks of microfluidic
systems such as pumps, mixers, and filters.

By leveraging the extensive modeling, design,
and fabrication capabilities that have made
imec a world renowned research institute for
nanoelectronics and MEMS, we will develop

a platform of individual microfluidic modules
similar to what is done in electrical engineering
with operational amplifiers and capacitors.
This will provide a library of modules to be
transferred from one device to the next in
different combinations and orders to satisfy
the needs of a particular application. These
individual modules will be specifically designed
to have robust operating parameters to avoid
requirements for precise processing conditions
helping to reduce the cost of manufacturing a
device commercially.

The application dependent requirements

of microfluidic devices necessitate various
substrates and fabrication techniques be
investigated. Both high precision cleanroom and
lower cost non-cleanroom fabrication methods
are being developed. An additional focus at imec
is heterogeneous integration of pumps, mixers,
filters, and biosensors fabricated from silicon,
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polymers and glass substrates. By leveraging
the advanced micro/nano design and fabrication
capabilities at imec we aim to provide our
partners with innovative cost-effective solutions
to their technology problems.

ACTIVITIES

» MICROPUMPS

As the needs for one particular application may
not match another, we are developing various
types of micropumps for different application
regimes. One type of pump is based on
Electro-Hydro-Dynamic actuation and provides
continuous throughput at a relatively low
pressure. Such pumps are capable of generating
~500Pa at a flow rate of 140mL/min, but they
require high DC driving voltages. Currently
imec researchers are investigating means of
reducing the pump’s operating bias without
degrading overall performance.

A soft actuator pump based on electroactive
conductive polymers that generates large
pressures with limited throughput is also being
designed. Current development is focused on
fabricating stacked polymer actuator pumps
for integration with microfluidic channels and
utilizing novel materials for enhanced pump
performance. Lastly an electrostatic actuated
polymeric peristaltic micropump is being
developed. The pump is designed for low
power consumption and operating voltages
and can be easily miniaturized and integrated
with microchannels. Low power and flexibility
make this pump an ideal candidate for wearable
medical systems.
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01 SEM of micropillar array for filtering of biomolecules.

MORE INFORMATION

For more information, please contact:

Chris Van Hoof
Chris.VanHoof @imec.be
Phone:+32 16 28 18 |5
www.humanplusplus.com

Imec is a registered trademark for the activities of IMEC International (a legal entity set up under Belgian law as a “stichting van openbaar nut”), imec Belgium (IMEC vzw supported by the

02 Schematic of Electro-Hydrodynamic pump.

» FILTERS

Separation of subcomponents from the bulk
medium, such as removal of DNA fragments
from a solution, is a critical component to many
microfluidic applications. While filtering can

be accomplished through many techniques at
imec we are developing a specific category of
filters based on ordered arrays of functionalized
micropillars. Using MEMS processing, pillars with
a height of ~8um and spacing as small as 0.17ym
have been successfully fabricated achieving a
remarkable aspect ratio of over 50. At imec we
model and fabricate pillars of various size and
spacing to determine optimal filter dimensions.
Additionally we are investigating application
dependent surface functionalization strategies
to meet the wide ranging filtering needs of the
biological community.

» MIXERS

Disruption of laminar fluid flow, characteristic
in microfluidic systems, must be accomplished
through mixing devices. This process while
simple and straightforward in the macro scale
is far from straightforward in the micro regime.
The goal at imec is to model and design both
passive and active mixers. Passive mixers
fabricated in planar technology provide a
simple cheap solution but are not effective in
all applications. As such, active mixers are being
designed that couple the pressure modulation
from the imec micropump technology to achieve
sequential mixing of discrete fluid streams.
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» OTHER MICROFLUIDIC COMPONENTS
Various other components are also being
investigated including both valves and heating/
cooling modules for local temperature control.
One recent valve design was achieved using
electrostatic actuation that has an estimated
energy consumption of about 3 nJ per actuation
step.

» HETEROGENEOUS INTEGRATION

One of the most challenging aspects of
microfluidics is the integration of the system
components onto the same substrate. For
advanced microfluidic systems, integration

may include multiple pumps, mixers, filters, and
biosensors linked together by microchannels
which must also provide interconnects to

the macroworld. At imec we are developing
individual components in a variety of substrates
including Si, glass and polymers which can then
be integrated in a heterogeneous manner. To
meet the wide ranging needs of the microfluidics
industry, imec has the capability of providing
both submicron solutions in its state-of-the-
art cleanroom facilities and reduced accuracy
cheaper non-cleanroom solutions.
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