EE485A:  Introduction to Microsystems
Laboratory Exercise 1:  Introduction
This laboratory exercise provides an introduction to three of the essential processes in microfabrication:  material deposition, photolithography, and chemical etching.    But first, you need to learn a few things about how to work in a cleanroom.

Part A:  Gowning Procedures and Cleanroom Conduct

In microfabrication we are working with devices that are on the same size scale or smaller than dust.  That means that dust is a big deal.   Clean rooms are rated by the numbers of particles of dust they have per cubic foot of air.  A typical office or classroom has 500,000 to 1,000,000 particles of dust per cubic foot.   In contrast, the clean rooms at Intel are “Class 1” which means less than one particle of dust per cubic foot.   Our lab is designed to be “Class 1,000”—so not dust-free but far better than regular air.    We need to keep it that way, so here are some rules:

1. All personal items such as backpacks and covers should be stored in the classroom or on the table outside the gowning room. Valuable personal items such as wallets are permitted in the cleanroom provided they are never removed from beneath the cleanroom garments.

2. No eating, drinking, smoking or gum chewing allowed inside the cleanroom.

3. You should be properly gowned with booties, a hair net, a lab coat and gloves before entering.

4. No cosmetics shall be worn in the cleanroom. This includes hair spray, mousse, after shaves and perfumes.

5. Ball point pens shall be the only writing tool used.  No pencils.

6. Gloves should not be allowed to touch any item or surface that has not been thoroughly cleaned.

7. Only approved gloves, pliers, tweezers should be used to handle materials.  Finger prints can be a major source of contamination.

8. All tools, containers and fixtures used in the cleaning process should be cleaned to the same degree as the cleanroom surfaces. All of these items are a source of contamination.

9. NO tool should be allowed to rest on the surface of a bench or table. It should be place on a cleanroom wiper.

10. Only cleanroom approved wipers are allowed to be used. 
11. ALL equipment, materials and containers introduced into the lab must be cleaned with a wiper and isopropyl alcohol prior to entrance. 

12. NO ONE who is physically ill, especially with respiratory or stomach disorders, may enter the lab. In addition to the particulate contamination issue, the recirculating air increases the chance of infecting others.

13.       The following is prohibited in the cleanroom
1) Fast motions such as running, walking fast or horseplay.

2) Sitting or leaning on equipment or work surfaces.

3) Writing on equipment or garments.

4) Removal of items from beneath the cleanroom garments.

5) Wearing the cleanroom garment outside the cleanroom.

6) Wearing torn or soiled garments.

Any horseplay that is judged by the instructor to potentially endanger another student or the equipment will be treated as a conduct offense.

The secret to working in a cleanroom (not to mention many other tasks in life) is to move slowly and deliberately.   If you find yourself getting tired or agitated, pause and take a few deep breaths to get your head back in the game.  One careless moment can cost weeks of work.
Also, keep in mind that the lab coats, nitrile gloves, booties and hair nets are meant to protect the lab from you— not the other way around.   You will always need to have some eye protection when in the room (if you wear glasses, your regular glasses are okay, but otherwise you will need lab glasses or goggles), and you will need to wear additional protective clothing whenever you work with chemicals.

Your first task is to properly gown up.   Record here the appropriate order for gowning:

Now note the additional gear that is required for working with chemicals in the cleanroom:  
What is the most hazardous chemical you will use in this lab?  Why is it dangerous?
Where is the eye wash station and safety shower?

Where is the phone in the lab?
What number do you call in the event of an emergency?

Where can you find more information about the chemicals used in the lab?

How will hazardous waste be handled?
Before continuing, you will need to pass a short safety quiz.  Study the rules and the answers to your questions above, and then complete the quiz. 
Part B:  Microfabrication Overview
Go to the website: http://jas.eng.buffalo.edu/education/fab/pn/diodeframe.html
This website provides a java applet that reviews how pn-junction diodes are made.   Click through the animation using “animate-next” and answer the following questions (you may want to open a second window and use other google searches to answer some of the questions):

1. What are the basic steps in the pn-junction diode process.  Briefly describe each step in your own words:

2. How is the photoresist layer created?

3. How is the photoresist layer patterned?

4. How is the oxide removed?

5. What are two ways that p-type doping can occur?  Describe each method.

6. What are the three ways that aluminum can be deposited? Describe each method.

Now go to the web site: http://jas.eng.buffalo.edu/education/fab/NMOS/nmos.html
Use animate-next to step through the NMOS inverter process.   Note how the top view of the device relates to the cross section and how photolithography masks are used. 

Parts C-E of this lab focus on the deposition and patterning of a single layer in a microfabrication process.   Many such layers are necessary to make a device such as a p-n junction diode.   Read this procedure carefully before you begin.  You should also document your work from this point on in your lab notebook. 

Part C:  Electron Beam Evaporation

In this part of the exercise you will deposit a thin layer of gold onto a glass slide and onto a silicon wafer.  Gold doesn’t like to stick to glass or to silicon, so you will also use a thin “adhesion” layer of chromium below the gold.   

1. Generally before a deposition you would perform a solvent clean, which is a procedure we will discuss later.  However, since we are using samples right out of the box, no solvent clean is necessary for these samples.   The silicon wafers, however, are the wrong size for the e-beam (too big).  We will solve this problem by slicing the silicon wafers into strips that can be clipped into the holder.   It will be important that we break the wafer along the crystal orientation access.  This is a process called “cleaving” that will be demonstrated by the instructor.    After watching the demonstration, describe this process in your own words below:
2. We will now open up the e-beam chamber and inspect the e-beam system.  What does this machine do? 

3. What are the major elements of the e-beam system?  

4. What is the greatest safety hazard when working with the e-beam, and how can you avoid it?

5. What is the greatest equipment vulnerability when working with the e-beam, and how can you avoid it? 

6. Where can you locate information about standard operating procedures (SOPs) relating to the evaporator?

7. Load your samples onto the sample stage.   Once all of the class samples are loaded, we will close the lid and pump the system down.   The pump down takes about 30 minutes, so it may need to wait until the next class.

8. Deposit 100 Ǻ of Cr followed by 1000 Ǻ of Gold onto your samples.   How do Ǻ compare to nanometers?
9. Note that the silicon wafers will be coated on front and back.  The second metal coating will be done in advance of the next class.
Part D: Photolithography

In this part of the lab, you will pattern the glass slides with one mask and the silicon wafers with a different mask.  Both of these samples will be used in later processing for different purposes.   Here is a guide to the photolithography process:
Instructor Preparation (Students should note, however, if they are to work independently eventually):

1. Make sure hoods are on. (use a kimwipe to check). Turn on hood lights.

2. If not already on, turn on the UV lamp for the mask aligner so that it has time to stabilize before exposure. The power unit is the black box near the floor under the mask aligner. Turn on power lever first and then hold start button for a few seconds and release. You should see the analog current/power power needle rise and hear a “ka-ching” sound.

3. Turn on vacuum pump (it is under the mask aligner and very noisy)

4. Clean chuck on coater with acetone, clean hot plate surface (with hot plate off!)

5. Turn on hot plate to 100o F.

6. Put out “paper towels” at both hood locations. Write your name/date/and what is on the towel.

7. Make sure the photoresist spinner is on recipe T. If it isn’t, hit the menu button and move through the alphabet until you get to T.

8. Turn on the mask aligner power button on the control panel. (Turn it off by hitting the enter button and “6”)

9. Open photoresist spinner top.

10. Put out tweezers to hold samples. 
11. Prepare both the “Surface Micromachining – Metal 0” and “KOH Machining Mask” for use by cleaning and inspecting them.
Student Procedure:

12. Clean samples

a. Pick up the substrate with the tweezers. 
b. Rinse the substrate thoroughly with the acetone wash bottle

c. Without drying, rinse thoroughly with methanol wash bottle

d. Without drying, rinse thoroughly with isopropanol wash bottle

e. Without drying, rinse thoroughly with DI water wash bottle

f. Blow dry

13. Coat samples:

a. Open up the photoresist spinner.

b. Place the substrate on the spinner chuck.

c. Close the spinner lid and hit the vacuum button.

d. Put two droppers full of photoresist into the opening above the sample.

e. Spin on photoresist (recipe T on coater) on what will become the back side of your circuit substrate by pressing run. The spinner will automatically stop when the substrate is coated.

f. Turn off vacuum by pressing the vacuum button. Open the lid and remove the sample and place it on the hot plate coated side up.  Bake on hot plate at 100ºC for 2 minutes.
For the glass slide, single-side coating is sufficient, and you would move on to step 13 below.  For the silicon wafer, you need to coat both sides, so proceed to step g.

g. Remove the silicon piece and flip it over so that the other side is facing up on the chuck. Spin on photoresist (recipe T on coater) by following steps c-f again.
14. Put the silicon piece aside and continue on with the glass slide, for which you will use the “Surface Micromachining – Metal 0” mask
15. Expose samples:
a. Bring up the mask aligner.

b. Unlock aligner head and swing it to the side.

c. Place the mask on top of its holder, pattern side down with the top of the circuit upside down from above. Try to center the circuit over the wafer chuck below. Put on the mask vacuum.

d. Pull out the mask aligner wafer chuck and place sample, front side up, on the wafer chuck. Try to center the sample. For the silicon wafer, use the Teflon flap to align the flat.  Then take the flap back off.  Push in the wafer chuck

e. Look to see if the mask and sample are aligned from above. Adjust the sample until the alignment is close, then load the sample using the “load” button. If they are misaligned, adjustments can be made by holding down the course align button while moving the small joy stick on the right. Also, the mask can be moved by turning off the mask vacuum. If you do this, make sure you turn the mask vacuum back on when you are satisfied with the alignment.

f. Hit the “contact” button.   Check alignment again.

g. Swing the aligner head back into position and lock the head in place

h. Set the exposure to 10 s (time may vary, note time used in lab notebook). To change the exposure time, hit enter and find exposure time on the menu.  Press the insert button and put in 10 and press enter.  Then press the expose button.

16. Develop samples 

a. Put hot plate on 120ºC to prepare for the postbake.
b. Use a large glass dish and fill to a depth of ~ ¼ inch with developer from the yellow safety cabinet.  Place on a towel marked with name/date/liquid

c. Fill another glass dish with de-ionized water. Place on a towel marked with name/date/liquid.

d. Drop the exposed sample into the developer for ~10 minutes (time may vary, note time used in lab notebook). Leave in at least 2 min past when the pattern looks good.  Move it around gently as it is developing.

e. Next, put the sample into the de-ionized (DI) water.

f. Rinse the sample with the DI squirt bottle.

g. Blow dry

17. Inspect the samples under the microscope

a. Turn the microscope light source supply on.

b. Put the sample under the objective and inspect.  The area that was exposed in the aligner should be clear of photoresist.

c. If there is still photoresist in the exposed areas, return the samples to the developer for more time.

d. Only move samples on to the post bake if they look good.  If the photolithography is unacceptable, put the samples aside for cleaning and reuse. 

e. Make a note in your lab notebook of the best exposure time and developer time.

f. Be sure to turn off the microscope lamp once finished. 

18. The Postbake 

a. Put the sample on the hot plate (front side up) 

b. Bake at 120ºC for 2 minutes.

19. Repeat steps 15 through 18 using the silicon wafer (shiny side up) and the “KOH Machining Mask”

20. Set the sample aside, turn off the hot plate, and clean up the developer beakers

a. Put the finished samples in the glass dishes provided.

b. Turn off the hot plate and unplug it.

c. The waste containers are in the cabinets under the hood. Put the solvent waste into the large solvent waste container.  Put the developer and the DI contaminated with developer into the developer waste container.

d. Rinse the glassware at the sink and place on the racks to dry.

Part E: Etching

1. Instructor Procedure:

a. Put-down four towels marked with Name/date/chemical

b. Prepare one wide mouth beaker with gold etchant (Au etch). Make sure the etchant is deep enough (0.25”) to cover the samples but not so deep that the sample can’t be easily observed.

c. Prepare one wide moth beaker with CR-7 chrome etchant.  

d. Prepare two wide mouth beakers of DI water (CR-7 Quench and Au Etch Quench).

e. At the other hood set-up a solvent clean station with a narrow mouth beaker.

2. Student Procedure:

a. Gown up for acid handling (rubber apron, helmet, arm protectors and safety gloves.)

b. The etch rate for the gold etchant is about 28 Ǻ/s.  Calculate the expected etch time for the Au layer:           and note the etch rate and calculated time in your lab notebook.
c. The etch rate for the CR-7 etch is about 170 nm/min.  Calculate the expected etch time for the Cr layer:     and make a note the etch rate and calculated time in your lab notebook
d. Use a pair of tweezers to gently put one sample, front side up, into the Au etchant beaker.  Set the timer for a little shy of the expected time and gently agitate the beaker as it etches.  Periodically check the sample.   When the gold is etched, the underlying Cr should appear.
e. Once the Au etch is complete, use the tweezers to move the sample to the first beaker of DI water to quench the etch.  

f. Repeat for your other sample.

g. Pick the first sample back up with the tweezers and rinse the sample with more DI water (letting the rinse water fall into the same beaker). 
h. Set the timer for the CR-7 etch, and use a pair of tweezers to gently put your sample into the CR-7 etchant beaker.  This should be a quick etch.

i. Once the Cr etch is complete, use the tweezers to move the sample to the second beaker of DI water to quench the etch.  

j. Repeat for your other sample.

k. Pick the first sample back up with the tweezers and rinse the sample with more DI water (letting the rinse water fall into the same beaker). 

l. Blow dry your sample over the paper towel beside the DI water beaker.

m. Repeat for your other sample.

3. Final Solvent Clean

a. Instructor will set up drying station

b. Rinse the substrate thoroughly on both sides with the acetone wash bottle

c. Without drying, rinse thoroughly with meythanol wash bottle

d. Without drying, rinse thoroughly with isopropanol wash bottle

e. Without drying, rinse thoroughly with DI water wash bottle

f. Blow dry at the drying station

4. Inspect the samples

a. Inspect the front and back sides of your two samples.  Note their appearance in your lab notebook. 

b. Be sure to turn off the microscope lamp once finished. 

5. Clean-up procedure

a. Turn on the sink water.

b. Get out the CR-7  and Au Etch waste bottles from under the sink.

c. Using a funnel, pour the CR-7 into the CR-7 waste bottle.  Rinse the beaker once and also pour the first rinse into the CR-7 waste bottle. Then put CR-7 beaker into the sink and let water run in it.  
d. Put the DI water from the CR-7 quench beaker into the CR-7 waste bottle. 
e. Using a funnel, pour the Au Etch into the Au Etch waste bottle.  Rinse the beaker once and also pour the first rinse into the Au Etch waste bottle. Then put Au Etch beaker into the sink and let water run in it.

f. Put the DI water from the Au etch quench beaker into the Au Etch waste bottle. Rinse the funnel.
g. Put away waste bottles.

h. Rinse everything x3 in the sink.

i. Put glassware on rack to try and turn off water.

j. Clean-up solvent waste using procedure in 16cd.
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