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Pattern Transfer: Photolithography Practice 
Objective: The objective of this lab is to practice and evaluate the photolithography technique.  The key to reproducibility is attention to detail.  The craft is in the detail.  Each student will prepare their own sample.
Background: At this point, one should be comfortable with the photolithography process through the demonstration and training lab sessions.  The next step is to gain hands-on experience with the process and tools.  The Karl Suss MJB3 contact aligner, shown in Figure I, will be used in this laboratory exercise to perform contact lithography.  Concepts used for contact lithography can also be applied to e-beam lithography technology and stepper lithography technology.


Figure I:  Karl Suss MJB3 Contact Aligner

From the lithography demonstration lab, you are aware that small variations in any one process parameter can cause variations in the results. These variations can have a negative impact on subsequent steps of the manufacturing process.  For example, undesirable sidewall profiles of the photoresist can adversely affect the etch and/or deposition resolution later in the process. Sidewall profile is dependant upon exposure time and hard bake temperature.  If these are not controlled within the necessary tolerances, the process will not be repeatable.  This practice lab should help build your skills for the next series of experiments.  Exposure time will be varied in order to examine the effect of over and under exposure on the final pattern resolution.
Training necessary: Karl Suss MJB3, Lithography training, Basic lithography lecture, optical microscopes, nanospec, Profilometer.

Experiment:  In this exercise, you will be using 3” silicon substrates.  Before you expose the samples, label each one to identify the exposure time.  This will ensure that the wafers do not get mixed up prior to evaluation.  In industry, lasers are used to barcode or scribe the individual amples.  You will be using a diamond scribe to engrave the backside of your samples.

Each student will practice the lithography process with their own substrate.  You must evaluate three different exposure times using hard (standard) contact and decide which exposure time yields the best feature resolution from the results of the experiment.  The exposure times will be 1.0, 6.3, and 20.0 seconds.  Use a 55 second develop time and follow the standard Shipley 1813 photoresist application for all samples.
Take all three samples to the profilometer, measure the height and width of the feature and record the data in Table I.  Then, take the samples to the Nanospec and measure the photoresist thickness of the same feature and record the data in Table II.  Next, hard bake the samples and take profilometer measurements of the same feature.  Measure the photoresist thickness with the Nanospec, recording the data in the appropriate table.  Note, how the profilometer and Nanospec readings changed between the soft and hard bake step.  Note how the height and width of the features changes from 1 sec exposure softbake to 20 sec exposure hard bake.  
Obtain both bright and dark field microscope images of each sample. Use the measurement tool on the microscope to get an idea of the feature sizes found on the sample.  Be sure to clearly label the pictures for use in your lab report.

Hints:

· Like many processing projects, you should plot out your course of action.  Some details can be lost if you do not draw up a well-detailed plan.  Try to write down all details in your lab notebook.

· Ask questions.

· The key to processing is to isolate details.  Replicating the details standardizes a process.

· Make general observations in your notebook. If you think something went wrong, document your suspicions and discuss them with your group members.

· This is a practice lab, expect to make mistakes and learn from them.  

· Some example charts have been provided on the last page. You can use them, or you can design your own.  Regardless, it is important to know the times and temperatures for each step before you get into the cleanroom; having a basic understanding of what will happen next will make the entire process go much smoother.  Please prepare appropriately before entering the lab.

Questions:   

1. Find the MSDS for Shipley 1813 photoresist.  Describe the Engineering Control Measures for this material.  Describe the Health Effects of Inhalation. (1)
2. From the MSDS for Shipley 1813, what are the solvent and resin used in this material? (1)

3. Find the MSDS for HMDS.  Explain what flashpoint is and state the flashpoint for HMDS.  Describe the Explosion hazard for this material. (1)
4. Research the MSDS for MicroChem EBR PG. What are ingredients in this material and what are the handling precautions for this material? (1)

5. Research the MSDS for Microposit CD-26. What are the ingredients and in what percentages are they found in this material? What are the environmental precautions for disposal? (1)
6. Why is it important to perform a dehydration bake and apply HMDS to the substrate before applying the photoresist?    (1)
7. Why is photoresist stripping easiest to do before soft baking the sample? (1)

8. Name and briefly describe three things that can impact the final pattern resolution (think about this in great detail and give a well educated answer) (3)
9. What dictates resist thickness? (1)

10. List and describe the chemical makeup of resists. (2)

11. Describe the resolution limits of contact lithography and explain why it exists. (2)

Required Tables for Results Section: (actual number of attempts may vary from what is indicated by this chart)

Table I.  Profilometer Data
	Exposure Time
	Soft bake
	Hard bake
	Feature Size Difference

	
	Height
	Width
	Height
	Width
	Height
	Width

	1 sec
	
	
	
	
	
	

	6.3 sec
	
	
	
	
	
	

	20 sec
	
	
	
	
	
	


Table II.  Nanospec readings, pre and post hard bake.
	Soft bake Thickness

	
	Sample Position

	Exposure Time
	1
	2
	3
	4
	5
	Average

	1 sec
	
	
	
	
	
	

	6.3 sec
	
	
	
	
	
	

	20 sec
	
	
	
	
	
	

	Hard bake Thickness

	
	Sample Position

	Exposure Time
	1
	2
	3
	4
	5
	Average

	1 sec
	
	
	
	
	
	

	6.3 sec
	
	
	
	
	
	

	20 sec
	
	
	
	
	
	


Lab reports are due 11:45 AM the Monday following the lab completion date.

NO WORK WILL BE ACCEPTED LATE!                                       
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