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Emerging Micro and Nano Systems Technologies
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Micro- and Nanosystems (MNS) are undoubtedly an enabling key technology for the 21st century,
as they can contribute to solutions for practically all grand societal challenges humanity is facing,
such as sustainable growth, mobility, environmental problems, in particularly climate change,
health and renewable energy. This fascinating and multidisciplinary research field will certainly
strongly grow over the next years, and already represents an important economic factor.

The lecture series will introduce recent developments in emerging MEMS technologies and their
applications in a wide variety of topics, all of which the lecturer is actively involved in. After a short
introduction, innovative and novel concepts for a range of sensors and actuators will be discussed.
Topics covered comprise inertial sensors, closed loop interface techniques for capacitive sensors,
piezoelectric devices, resonant based sensors, evolutionary design methods for MEMS devices
and selected examples of biosensors.
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Engineers from companies planning to enter or recently have entered the field of high value MEMS.
Postgraduate university students planning to work on MEMS for their PhD or Master project. MEMS
professionals who would like to learn about cutting edge research and emerging applications. A solid
foundation in some basic design and microfabrication techniques (such as lithography, thin film
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deposition, etching, etc) is advantageous.
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- Introduction to MEMS and Market Potential
» My background
» Where does MEMS come from?
O History
O Definitions
O Scaling
o Current market and predictions

« Emerging applications and companies to watch

- Recent developments in inertial sensors
« Accelerometer principle of operation
« Some commercial examples
« High performance accelerometers
« Anti-spring low noise accelerometers
O Case study: Autotuning electrostatic anti-spring
* Gyros principle of operation
« Some examples

« Case study: frequency modulated gyroscope

- Intelligent control interface for capacitive inertial sensors
e Transduction principles
» Closed loop force feedback
e Electromechanical sigma-delta modulators for accelerometers and gyroscopes
O 2nd order EMSDM
O Higher order EMSDM

- Resonant type MEMS devices
« Fundamental principles
» Some examples
« Case study: High dynamic range resonant accelerometer
« Coupled resonators: principle of operation and advantages
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« Self-oscillating coupled resonators as mass sensors

« Multi-mode resonators with blue sideband excitation

- MEMS for Biomedical applications: Selected Topics
« Neuroprobes
O Fabrication
O High density neuroprobes
O Stimulation and recording
O Revision: Towards making blind people see again
« Bioreactor condition monitoring

O 6-parameter measurement chip

- Piezoelectric devices (PMUTs, microphones)
« PMUTs: fabrication and applications
O Principle of operation
O Case study medical application
* Flexible PMUTs
O Case study: PZT on flexible substrates

» Microphones and microspeakers

- Evolutionary algorithm for the design of MEMS devices
» Background and concept
s Truly complex MEMS systems
 Freeform geometries
« Case studies: Mechanical motion amplifier

» Case study: Microgripper
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