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Question 1: Sensors (25 points) 

a). Explain shortly why silicon is an excellent material for precision sensors. What does it 
mean that silicon is a "brittle" material? 

b). Three commonly used readout principles are (piezo )resistive, capacitive and resonant. 
Explain in a few sentences how these readout principles operate. Which readout principle 
is the most accurate and which is the least accurate? Motivate your answer. 

c). In silicon sensors it is in principle possible to integrate electronics on the same chip. 
Mention one advantage and one disadvantage of doing this. 

d). In an acceleration sensor we have basically 3 parameters to play with: the size of the proof 
mass M, the spring constant K, and the damping D. 
What should we do to obtain a large bandwidth? 
What should we do to minimize thermal noise? 

e). Most angular rate sensors are based on the structure of a tuning fork. Make a simple 
drawing of a tuning fork and indicate the directions of: 
• the "drive mode" 
• the "sense mode" 
• the rotational velocity that is measured. 



Question 2: Actuators (15 points) 

a.) Explain which physical effect is practically limiting in increasing the force of an 
electrostatic actuator by increasing the drive voltage. 

b.) Explain the physical background of the limiting effect. 

c.) For a given maximum electric field strength in the actuator gap(s), what can you do to 
increase the force for a given maximum chip area? 



Question 3: Elastic Mechanics (20 points) 

Consider a cantilever beam of length L, loaded at the tip by a transverse load P2, and at x = 

L/2 by the transverse load P 1• 
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a) Draw the shear force and bending moment diagrams (the internal shear force and bending 
moment as a function of the distance x to the support) for both forces acting 
simultaneously. Please explain how you derived it! 

b) Assume now that only P2 is acting. Describe (qualitatively!) how the curvature of the 
beam varies as a function of x. Explain how you came to your description. 

If only P2 is acting the tip deflection band the tip angle e are given by (for small deflections): 

tS = P2e 
3EI 

e = P2L2 
2EI 

Where EI is the flexural rigidity. 

c) Find the tip deflection if P1 and P2 are acting simultaneously (small deflections). 



Question 4: Fluidics and Surface Tension (20 points) 

a.) Consider a small(< 0.1 mm) drop ofwater freely suspended in air. Is the pressure in the 
drop lower, higher or equal to the pressure of the surrounding air? Please explain. 

b.) Explain more in detail the physical background of the law that you need to explain a. ) 

c.) What happens to the pressure of the liquid just behind the concave meniscus of a partially 
filled nanochannel (the "empty" part contains air at a pressure of 1 bar). 



Question 5: Adhesion and Friction (20 points) 

a.) Please explain Amontons friction law, including the most likely explanation of the 
physical considering the microscopic aspects of the contact region. 

b.) For small body forces and relative large contact surfaces adhesion may play an important 
role in friction. Please explain what role. 

c.) What can you do to reduce adhesion in case unwanted contact may occur between micro
parts in a MEMS device (mention minimal three measures). 


