EE485A:  Introduction to Microsystems
Laboratory Exercise 3:  Bulk Micromachining
Part A:  Background and Theory
Before beginning this lab, the instructor will give a brief overview of bulk micromachining.   You can also read about bulk micromachining in the book on p. 326-361.  In this lab we will be working with the potassium hydroxide (KOH) etch.   Photoresist will not stand up to KOH.  Therefore, we will use a two-part mask.  The wafers have already been coated on both sides in gold, which is KOH-resistant.   We will use photoresist to first pattern the gold into the appropriate mask, and then let the gold serve as the mask for the KOH etch.

1. Recall that a KOH etch “stops” on the <111> planes of the crystal, which is at an angle of 54.7º to the (100) plane—which should be the surface plane for these wafers.   The 3” wafers that we are using are approximately 375 m thick.    Given this information, determine the minimum side length for a square hole in the mask on the top surface of the wafer that would result in a hole that would break through to the other side of the wafer.
2. The etch rate (in the vertical direction) for 20% KOH at 85 ºC is approximately 100 m/hr.  Predict the time for completely etching through a wafer.
3. The mask that we will use is illustrated below (in light field form—the actual mask is dark field):
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This mask was not designed for this process, but can still be used to illustrate some interesting properties of the KOH etch.   In particular, let’s focus first on the large features on this mask—the squares that contain an interior island (there are 18 on the mask).  A close up of one of the large squares is shown below (the areas that are dark are the areas that will be exposed to the KOH etch):
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Describe how you would expect this feature to change as it is exposed to KOH, and what the final stage feature would be.

4. A close up of some of the smaller structures is shown below:
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Describe how you would expect these feature to change as the wafer is exposed to KOH, and what the final stage feature would be.

5. Finally, predict what would happen to these features if the mask were rotated 45º relative to the (100) flat.
Part B: Patterning the gold layer
In this part of the lab, you will pattern the silicon wafers with the mask.  You also need to coat the back side of the mask with photoresist to protect the backside gold from the etchant you will be using. 
1. Coat samples on both sides, with 1 pre-bake in between coatings, and a second pre-bake before exposure. 
2. Expose the shiny side of the wafers to the mask (be sure to load the mask with the chrome side down)
a. For the properly aligned samples, use the white wafer flat tab to align the mask to the (100) plane.  Be sure to flip the tab back out of position before loading the samples.

b. Have half of your group experiment with rotating the wafer 45º to intentionally misalign the mask as described in the pre-lab.
3. Develop samples 
4. Inspect the samples under the microscope

5. Post bake at 120º for 2 minutes.
6. Set the sample aside, turn off the hot plate, and clean up the developer beakers

7. Prepare for acid handling--- gown up and set out paper towels and beakers for gold etching and chrome etching.  

8. Etch the exposed gold and then chromium films completely.
9. Inspect the samples.
10. Remove the photoresist with a solvent clean. 
11. Inspect the samples

12. Clean-up the acid hood.
Part D: KOH Etching
1. Instructor Procedure:

a. Set up the water bath in the hood.

b. Prepare a mixture of 20% KOH in 1 or more plastic beakers that will all fit together inside the bath.
i. The ratio should be 30g KOH : 125 mL  DI H2O. (Prepare in whatever quantities are necessary for the class.)  Start with the water and add KOH pellets. 

ii. Stir and place the beakers in the bath, set for 85 ºC. 

iii. Wait until the bath comes up to temperature before proceeding with the etch.

2. Student Procedure:

a. Using stainless steel tweezers, load your wafer into one of the beakers.  Return the lid to the bath.
b. After 15 minutes of etching, carefully remove your wafer and rinse in DI water.

c. Examine the wafer under the microscope and record your observations about both a large square feature and the smaller features.  Do the same for the wafers in your group where the pattern has been rotated.
d. Return your wafer to the etch bath.

e. Repeat after another 20-30 minutes.
f. Continue this cycle until the end of the lab period.
Write up the exercise in a lab report.
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