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Introduction to MEMS

This course on Micro-Electromechanical Systems (MEMS) offers an in-
depth exploration of the fundamental pnnciples, design, fabnication,
and applications of MEMS technologies.

Participants will gain insights into the rapidly growing field of MEMS,
which s at the heart of modern sensors, actuators, and micro-scale
devices used in indusines such as automotive, momedical,
aerospace, and telecommunications.

Through theoretical understanding and practical expenence,
students will explore MEMS manufacturning techniques, design
challenges, and cutting-edge innovations in microfabncation.
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Course Objectives

This course offers a comprehensive exploration of Micro-Eleciromechanical
Systems (MEMS) technology.

Key Objectives are:

Understand the basic concepts and operating principles of
MEMS devices.

Familiarize participants with MEMS design tools and
modeling techniques.

Provide hands-on expernience in MEMS fabnication processes.

Explore the role of MEMS in modem sensors, actuators, and
systems.

o Ay Delve into applications of MEMS in vanous fields such as
e biomedical engineenng, robotics, and telecommunications.
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Module 1: Introduction to MEMS

Evolution and history of MEMS technology

Key components and basic operating principles of MEMS devices
Introduction to micro-scale devices and systems

Overview of MEMS applications in automotive, biomedical, and aerospace
industries
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Module 2: MEMS Materials and Properties

Materials used in MEMS fabrication (silicon, metals, polymers)
Mechanical, electrical, and thermal properties relevant to MEMS
Matenal selection for performance optimization in MEMS

MEMS matenal processing and testing

Module 3: MEMS Fabrication Technigues

Introduction to microfabrication: photolithography, etching, deposition
Top-down vs. bottom-up fabncahion techniques

Overview of cleanroom protocols and equipment for MEMS fabrication
Challenges in miniatunzing devices for MEMS

Module 4: MEMS Design and Simulation

Overview of different MEMS sensors (pressure, accelerometers, gyroscopes)
Design challenges for MEMS sensors: sensitivity, accuracy, and reliability
Introduction to design and simulation software for MEMS (COMSOL, Coventor)
Finite element modeling (FEM) for MEMS devices

Simulation of MEMS mechanical behavior under different loads and conditions 03
Integration of design and simulation into MEMS manufacturing processes
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Module 5: MEMS Sensors and Actuators

» Different types of MEMS actuators (electrostatic, piezoelectric, thermal)

+ Mechanisms of MEMS actuation

* Design principles and applications of MEMS actuators in robotics and
automotive

* Real-world examples of MEMS actuators in microfluidics and biomedical devices

Module 6: Packaging and Testing of MEMS Devices

» Packaging challenges specific to MEMS (environmental, mechanical, and
thermal stresses)

+ MEMS device encapsulation and packaging solutions

+ Testing methodologies: electrical, mechanical, thermal, and environmental
siress tests

+ Reliability and failure analysis of MEMS devices

Module 7: MEMS in Biomedical Applications
+ MEMS devices in healthcare: biosensors, microfluidics, and drug delivery

systems
* Design principles of MEMS dewices for biomedical applications
* Integration of MEMS with diagnostic and therapeutic systems
+ (Case studies of MEMS in implantable devices (e.g., glucose sensors, micro-

pumps)

Module &: Emerging Trends in MEMS and Nanotechnology

* Integration of MEMS with nanotechnology: nano-electromechanical systems
(NEMS)

+ Future trends in MEMS: digital twins, Al integration, and advanced matenals

* Commercial and research frontiers in MEMS technology

+ Emerging applications in quantum computing, autonomous systems, and
robotics.
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Learning Outcomes

Learn to apply MEMS principles to real-world engineenng
challenges.

By the end of this course, participants will:

« Understand the core principles
and manufacturing processes
behind MEMS.

+ Be able to design and simulate
MEMS devices using advanced
software tools.

« Gain hands-on experience in
modeling and analyzing MEMS-
based sensors and actuators.

« Explore the wide range of MEMS
applications in industries such as
healthcare, automotive, and
telecommunications.

+ Be familiar with the current trends
and future directions of MEMS
technology, including
nanotechnology integration.



Engineers and professionals in mechanical, electrical, and biomedical
fields looking to expand their knowledge in MEMS.

Researchers and academics explonng MEMS technologies for
advanced applications.

Graduates interested in microfabrication, sensing technologies, and
the application of MEMS in industry.

Professionals working in indusines such as healthcare, automotive,
aerospace, and telecommunications, where MEMS are rapidly
evolving.
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Conclusion

TThis comprehensive course on Micro-
Electromechanical Systems (MEMS) offers
participants a robust learning expenence,
blending theory with practical applications.

From designing and fabricating MEMS
dewvices to explonng their use in sensors
and actuators, this course equips
participants with the skalls to excel in the
MEMS field and adapt to future trends.




