
Chapter 3: Introduction to Key Concepts: Sensing, Actuation, and Microfabrication 

 

3.1 Introduction​
 This chapter introduces the fundamental concepts central to the functionality of 
Microelectromechanical Systems (MEMS): sensing, actuation, and microfabrication. 
These three pillars define the operational principles and physical realization of MEMS 
devices. Understanding these concepts is essential for grasping how MEMS devices 
interact with their environment, process information, and perform physical tasks. 

 

3.2 Sensing in MEMS​
 Sensing is the process by which MEMS devices detect changes in the physical 
environment and convert them into electrical signals for further processing. MEMS 
sensors are capable of measuring a wide variety of parameters. 

● Types of Physical Quantities Sensed: 

●​ Mechanical: Acceleration, pressure, strain, displacement​
 

●​ Thermal: Temperature, heat flux​
 

●​ Chemical: Gas concentration, pH level​
 

●​ Biological: Biomarkers, cell activity​
 

● Common MEMS Sensors: 

●​ Accelerometers: Measure acceleration forces in multiple axes​
 

●​ Gyroscopes: Measure angular velocity​
 

●​ Pressure Sensors: Monitor air, fluid, or gas pressure​
 

●​ Microphones: Convert sound waves into electrical signals​
 

●​ Biosensors: Detect specific biological molecules or cells​
 

● Working Principles: 



●​ Capacitive sensing​
 

●​ Piezoelectric sensing​
 

●​ Piezoresistive sensing​
 

●​ Thermal sensing​
 

 

3.3 Actuation in MEMS​
 Actuation involves converting electrical energy into mechanical motion or force, 
allowing MEMS devices to interact physically with their environment. 

● Types of Actuation Mechanisms: 

●​ Electrostatic Actuation: Uses electric fields to create movement; widely used due 
to low power consumption​
 

●​ Thermal Actuation: Expansion caused by heating elements to drive motion​
 

●​ Piezoelectric Actuation: Relies on materials that deform when voltage is applied​
 

●​ Magnetic Actuation: Utilizes magnetic fields for force generation (less common in 
MEMS due to fabrication complexity)​
 

● Common MEMS Actuators: 

●​ Microvalves​
 

●​ Micromirrors​
 

●​ Microgrippers​
 

●​ Microrelays​
 

● Applications of MEMS Actuators: 

●​ Optical beam steering in projectors​
 

●​ Drug delivery mechanisms​
 



●​ Microfluidic control in lab-on-chip systems​
 

●​ Inkjet printer nozzles​
 

 

3.4 Microfabrication in MEMS​
 Microfabrication refers to the suite of processes used to create the tiny structures and 
features of MEMS devices. It borrows heavily from the semiconductor industry but 
introduces additional steps for mechanical structures. 

● Key Microfabrication Processes: 

●​ Photolithography: Transfers patterns onto a substrate using light-sensitive 
materials​
 

●​ Etching: Removes material to define microstructures​
 

○​ Wet Etching: Uses liquid chemicals​
 

○​ Dry Etching: Uses plasma or gases​
 

●​ Deposition: Adds material layers onto substrates​
 

○​ Physical Vapor Deposition (PVD)​
 

○​ Chemical Vapor Deposition (CVD)​
 

●​ Doping: Alters electrical properties of silicon​
 

●​ Bonding: Joins multiple wafers or layers​
 

○​ Anodic bonding, fusion bonding, adhesive bonding​
 

● Materials Commonly Used in MEMS Fabrication: 

●​ Silicon (monocrystalline and polysilicon)​
 

●​ Silicon dioxide and silicon nitride​
 

●​ Metals such as aluminum and gold​
 



●​ Polymers like SU-8 and PDMS​
 

 

3.5 Interrelation of Sensing, Actuation, and Microfabrication​
 MEMS devices typically involve a tight integration of sensors, actuators, and 
microfabricated components: 

●​ Sensors detect environmental changes​
 

●​ Actuators respond to stimuli​
 

●​ Microfabrication provides the platform and physical realization for both sensing 
and actuation​
 

This integration allows for the creation of smart microsystems that can monitor, decide, 
and act—all within a single chip or compact package. 

 

3.6 Conclusion​
 Sensing, actuation, and microfabrication form the triad upon which MEMS technology is 
built. Sensors convert physical phenomena into readable signals, actuators provide 
responsive movement, and microfabrication enables the precise construction of all 
functional components at the microscale. These concepts are interdependent and 
collectively empower MEMS to perform complex tasks in increasingly smaller and more 
efficient forms. 

 


