MAE Fall 2009 (446.355) MEMS midterm exam (PM 1:00 ~ 2:30)      10/20/2009 

1. Answer the following. (10 pts each)

(1) A silicon wafer is 500 μm thick. The front surface is {100}. A mask consists of a rectangular window of unknown size. The sides of the window are parallel to <110>. After through-wafer etch by KOH etchant, a window (50 μm by 80 μm) is formed on the other side of the wafer. Find the size of the original mask window. The undercut rate is negligible. (Hint: tan(54.7() = 1.4) 
(2) In the bulk micromachining process of silicon wafer, it is known that a photoresist layer must be used to pattern oxide, which then serves as a mask to silicon etching. Is it possible to abbreviate the process by using patterned photoresist as the silicon-etching mask? (Hint: the etch rate of KOH on photoresist is > 13 μm/min, whereas the etch rate on oxide is ~ 7.7 nm/min)

2. A generic surface micromachining process is diagramed below, using two layers of structural and two layers of sacrificial materials. In this case, the substrate is silicon, sacrificial layer #1 is gold and the structural layer # 1 is Parylene. Indentify with detailed reasoning a set of possible candidate materials for sacrificial layer #2 and structural layer #2 out of a list of materials below: (20 pts)
Sacrificial layer choices: LPCVD silicon oxide, photoresist, and evaporated gold thin film.
Structural layer choices: LPCVD silicon nitride, Parylene, evaporated gold thin film.
Note: Parylene is a low temperature deposited (< 100(C) conducting polymer. 
[image: image1.emf]
3. Devise a full step-by-step flow chart to fabricate the following hinge in micro-mirror device with a proper choice of materials and processes. You need to start with a bare silicon wafer {100}. How many photomasks are necessary? (Ignore alignment step) Make sure that all the processes are in right order. (25 pts)

[image: image2]
Silicon {100}

4. Explain the following briefly. (20 pts)
(1) Explain the etching principle in Bosch process.

(2) In CVD, explain the advantages of high and low temperature processes in terms of step coverage, cost, and process compatibility.

(3) In photolithography, explain why SU-8 is proper for high-aspect ratio structures.

(4) Compare wet and dry etching in terms of selectivity, etching speed, and resolution.
(5) In reactive ion etching (RIE) process, F-based or Cl-based reactant gases are mostly used. Describe some important characteristics of each etching process in terms of anisotropy and selectivity.

5. In deriving coefficient of performance (COP) in thermoelectric devices, we have
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where qc is the total heat removed from the source and w is the electrical 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, etc.) (15 pts)

(1) What is the maximum value of COP ((max) 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)








































