Homework #1 MEMS for Mech. Eng. Applications 

   Due on 10/6/2008
1. (Paper reading) One of the famous journal papers in MEMS history is “Silicon as a Mechanical Material” written by Kurt E. Petersen in 1982. Read this paper (pp 421 – 430) and summarize within 1 page why silicon is probably the best material in MEMS in various aspects. The paper can be downloaded from website http://etl.snu.ac.kr or http://nftl.snu.ac.kr (lab homepage). 
2. (Scaling concepts) Read the introductory part of chapter 9, Madou textbook and show several examples of scaling concepts in the following fields:

(1) Flying and swimming

(2) Surface tension

(3) Diffusion

(4) Optics

(5) Inertia

3. (Scaling concepts)

(1) Explain why surface tension becomes dominant at small scales. You need to derive the power exponent of length scale (l) for surface tension force with appropriate assumptions.
(2) Surface tension force is well represented by Young’s equation when there is a heterogeneous interface between fluid and solid phases in a confined medium. The Laplace pressure is given by
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     (1)where (SG and (SL are the surface tensions at solid/gas and solid/liquid interfaces, respectively.

where (SG and (SL are the interfacial tensions at the solid/gas and solid/liquid interfaces, respectively. Using this relation, can you obtain the same scaling exponent with (1)? 
(3) Using the Trimmer force scaling factor and the above results, predict the change of acceleration (a) and time (t) if the mass (m) is reduced by thousand times under the actuation by surface tension.  

4. (Scaling concepts) Referring to table 9.3 of Madou textbook (p. 546), explain the exponent of length scale in the following forces. If we actuate a MEMS component based on these forces, how would time, acceleration and power change with decreasing length scales?

(1) Surface tension force

(2) Electrostatic force

(3) Magnetic force

(4) Buoyant force

5. (MEMS fabrication) 
Devise a full step-by-step flow chart to fabricate the following silicon piezoresistive cantilever. You need to start with a bare n-type silicon wafer (100). How many photomasks are necessary without alignment step? Make sure that all the processes are in right order.

[image: image2.png]










P-type piezoresistor





N-type silicon





Silicon dioxide





Aluminum








