Name: ___________________________  

EE485A: Introduction to MEMS

Problem Set 1

(Due 8/25/08)

1. Richard Feynman anticipated the microscale revolution in a speech in 1959, when computers still used punch cards and took up large rooms.   The ideas he presented there were fantastical to the current audience, but most of his vision has been realized today.  Locate and read a transcript of this lecture, which has been reprinted as “There’s Plenty of Room at the Bottom,” R. P. Feynman, Journal of Microelectromechanical Systems, vol. 1, no. 1, March 1992, pp. 60-66.   You can get an electronic copy using IEEE Explore which is available through the Nimitz Library home page.  Then answer the following questions:

a. What level of demagnification is necessary to fit all the volumes of the Encyclopedia Britannica onto the head of a pin?

b. Note the coupled demands of visualization technology and manufacturing technology.  Feynman describes the use of an electron microscope.  Look up “scanning electron microscope” on the web and describe in your own words what sort of instrument this is.  What is the resolution, currently?  Do other imaging techniques exist with a smaller resolution?   

c. What biological analogy does Feynman make for the storage of “enormous amounts of information…carried in an exceedingly small space?”

d. Feynman presents two theoretical methods for miniaturizing computers. Briefly describe the two methods.   How do these methods compare to what is actually implemented today?

e. What are some of the problems that Feynman anticipates with small machines? 

f. What was Feynman’s friend, Albert Hibbs, idea?  How has it been realized?

g. What does Feynman anticipate at the atomic level? Has any of it been realized?

2. Go to the following web site and view a Java Applet illustrating the CMOS fabrication process: http://jas2.eng.buffalo.edu/applets/education/fab/invFab/index.html 

Use “animate-to-Next” to step through the CMOS fabrication process.  Click on the “Introduction” link to see more discussion of the process.   Answer the following questions:

a. Describe photolithography in your own words.

b. List the 6 basic steps in the process, and briefly describe each in your own words.

3. On the worksheet provided on the next page of this assignment, use the applet to sketch what the top view for each photolithographic mask in the process must look like.  The final top view has been captured from the applet and is shown with a grid to assist you. 
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Mask for Defining Interconnects:





Mask for Contact Holes:





Mask for Boron Implant:





Mask for Arsenic Implant:





Mask for Poly Gate Definition:





Mask for Defining Source and Drain:





Mask for 1st Oxide Etch:





Final Top View:








