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Class Information
• Instructor: Wei-Chih Wang, Ph.D.                                                
• Office: S606 (Phone: 206-543-2479)
• Grading: 3 credits
• Class Time: MTW 10:00-12:00 AM (S607)
• Course website: http://depts.washington.edu/mictech/optics/sensors/index.html
• Textbooks:

- Fundamentals of Photonics, B. Saleh, John Wiley& Sons
- Fiber optic Sensors, E. Udd, John Wiley& Sons
- Selected papers in micro sensors, MEMS devices, smart materials and 

micro actuators.
- EAP Handbook, SPIE
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Class Information
• Grading:
• Homework assignments 60% (3 assignments)
• Final Project 40%.
• •Final Project:

- Choose topics related to sensors and actuators. 
- Details of the project will be announced in mid  

quarter
- Two people can work as a team on a project, but 

each person needs to turn in his/her own final report.
- Oral presentation will be held in the end of the quarter on your 

final project
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Objectives

• To introduce the student to some basic 
principles and techniques of micro sensors 
and actuators 
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Outline of the class

• Definition of sensor and actuator
• Methodology and materials commonly used 

in sensors and actuators 
• Sensor and actuator examples of each 

underlying physical principle (including 
some of my research projects)

• Mainly mechanical sensors and actuators
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Schedule
• Week 1. Introduction to basic principal of micro sensors and actuators
• Week 1  Electrostatic transducers – capacitive sensors, electrostatic actuators  
• Week 1  Cantilever transducer - mechanical resonance, damping, and stress analysis
• Week 1  Composite structure
• Week 2  Magnetic transducers – typical and non-typical applications of magnetic 

sensors and actuators  
• Week 2. Piezoelectric transducers – devices and applications using piezoelectric 

materials (i.e. PZT, PVDF, ZnO and  PTF)
• Week 3  Thermal transducers – resistive sensors and actuators (i.e. strain gage, 

anemometer, bubble jet, SMA, optothermal actuator, etc.)
• Week 3 Electrostrictive and Magnetostrictive transducers
• Week 4. Optical Transducers – optical techniques in devices and applications.  (Intensity 

modulation, phase modulation, and other optical techniques)
• Week 4  Smart Materials –electro active polymers (dielectric actuator, ionic polymers, 

etc.)
• Week 5  Introduction to Biosensors – materials and applications.  
• Week 5 Final project presentation
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Sensor Definition

A device that responds to a physical 
stimulus, such as thermal energy, 
electromagnetic energy, acoustic energy, 
pressure, magnetism, or motion, by 
producing a signal, usually electrical.
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My sensor definition

• Sensors imitating after the five human 
senses: gustatory (taste), olfactory (smell), 
tactile, auditory, and visual. 
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Actuator definition

• A mechanism that puts something into 
automatic action 
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Method for sensing and actuation

• Optical
• electrostatic 
• magnetic
• Piezoelectric
• thermal 
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electrostatic actuator

F=qE
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Electrostatic actuator
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Comb Drive MEMS motor
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electrostatic
In estimating the force generated by an electrostatic actuator,
One can begin with Coulomb’s law, which give the force
Between two point charge,
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Where x distance separation between two charge q1 q2. For  
most realistic electrostatic actuators, the model becomes quite 
complex, the method most be solved by numerical methods.
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First-order approximation
For first order approximation, sometimes one can start with a
Parallel-plate capacitor approximation. 
For parallel-plate capacitor with plate area, A (neglecting fringe effect),
the energy stored at a given voltage, V is given by
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Electrostatic cantilever actuators
An analysis of relationship of applied voltage and deflection in a 
Micro machined cantilever beam

v d

q(x)dxx

L
Based on simple beam deflection equation having electrostatic
Force q applied at position x on a beam with length L and width
W and tip deflection δt is given by
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Total beam deflection is ∫= TT dδδ
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To make the solution of the integral possible, one can assume 
a square-law curvature of the beam at any point  along its 
length

This in turn yields a normalized load, F, required to produce a
Specified tip deflection,
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Where ∆ =δT/d (normalized deflection at tip)
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unstable

Normalized deflection ∆
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Based on the normalized force equation, the above curve
Shows that at once deflection exceeds a threshold voltage,
The position of the tip is unstable and the beam spontaneously
Deflects all the way down. The threshold voltage is approximately
Given by
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How capacitor works

CV= q

C=εA/d

VcVin
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Condenser microphone

CV= q

C=εA/d
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Distribute tactile sensor 
(capacitive)

Noval PEDAR distribute 
pressure sensor
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3 axis capacitive Accelerometer 

British aerospace 
system and 
equipment model 
C3A-02
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Analog device accelerometer

ADXL50 accelerometer 
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Acceleration is detected
Based on the displacement
On the capacitor sensor

m
x ma
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Microfabricated Beams

SU8 Beams UWMictech


