Microelectromechanical Systems for Mechanical Engineering Applications
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1. There are numerous sensing/actuation combinations in (Bio)MEMS devices. Fill in the

blanks (A to F) in the following table and briefly explain the operation scheme by using

an example. (5 pts each)

Output | Mechanical Thermal Electrical
Input
Mechanical A D
Thermal B E
Electrical C F
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2. Briefly explain the following terms. (4 pts each)
(1) Gauge factor
(2) Figure of merit (7) in thermoelectric device
(3) Lab-on-a-chip
(4) Anodic bonding
(5) Hermetic/non-hermetic scaling
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3. We learned that polydimethylsiloxane (PDMS) is frequently used in BioMEMS devices
in various ways. (10 pts)

(1) Why is silicon not so attractive for BioMEMS devices? (3 pts)

(2) What are the advantages and disadvantages of PDMS based devices? (3 pts)



(3) Explain how to attach PDMS channel to glass or to another PDMS channel. (4 pts)
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4. In deriving coefficient of performance (COP) in thermoelectric devices, we have
q, = (S, = ST, —KAT ~0.5°R, w= (S,—S)AT +I'R
where . is the total heat removed from the source and w is the clectrical power. The

variables were defined in the class. (S: Seebeck coefficient, K: Thermal conductance of the
two legs, R: Electrical resistance of the two legs, I: Current density, ete.) (135 pts)
(1) What is the maximum value of COP (ma) in terms of figure of merit (Z) and the
related temperatures? (10 pts)
(2) Based on this result, how to increase COP using material properties? What is the

fundamental limitation? (5 pts)
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5. (5 pts each)
(1) Suggest two ways to reduce the out-of-focus problem in fluorescent microscopy.

(2) Mention a couple of issues for protein chip and suggest ways to solve the problem.
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