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Multiple Level Pattern Transfer:  Photolithography
Objective:  The objective of this experiment is to learn how to perform feature alignment on a manual contact aligner.  By performing manual alignments, you will gain insight and appreciation for the skill necessary to create a successful pattern registration.  Once successfully completed, you will appreciate the need in industry for automatic pattern alignment and the difficulties involved with the stated task.

Background:  In the lithography labs that have been completed, some very important aspects of pattern transfer were evaluated.  By now you know that there are a number of variables that can be adjusted so that your lithography process results in a success.  If any one of those variables (exposure time, bake time and/or temp, developer concentration, etc.) is not correct, the pattern transfer to the photoresist will not be successful.  The next challenge in the process of lithography is registration, or the alignment of a new pattern to existing features.  Alignments are considerably more complex than the point and shoot lithography that you have been doing.
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Figure I.  The Karl Suss MJB3 Contact Aligner.

The steps needed to perform an alignment are not any different than those needed to perform point and shoot lithography.  However, you must make sure that the two patterns line up exactly.  Any misalignment in a pattern during the fabrication process will be propagated through the remaining mask levels.  That is, if your alignment is off by 0.5µm in the 2nd of 5 masks of a process, the remaining three sets of features will also be misaligned by 0.5µm, given that they are accurately aligned. 

Alignment in a contact aligner like the Karl Suss MJB3 is accomplished through the use of five controls.  These controls are listed in order of importance: 

1. Initial placement of the sample.  It is important to pay attention to how you load the sample into the tool.  If the sample is placed into the tool differently each time you use the aligner, then your features will not line up.  

2. Theta rotation, which turns the sample around its center

3. Patience!  Which allows you to successfully perform an alignment procedure without getting aggravated at the tool or the sample (remember, it is a waste of time to get angry at inanimate objects.)

4. X-axis translation, which moves the sample in a straight path along the x-axis.

5. Y-axis translation, which moves the sample in a straight path along the y-axis 

Training Necessary:  Karl Suss MJB3 contact aligner, Shipley 1800 series photoresist, wet bench use and safety, optical microscopes, ellipsometer, nanospec, and profilometer.
Experiment:  This experiment will take the fully allotted lab time.  Split the work up to make most efficient use of your time.  Take detailed notes!!  Each group will be given three 3” silicon substrates with oxide grown on the surface.
1. Measure the oxide thickness using the standard 5 point method with the tool of your choice.  This will give you an idea of the uniformity of the oxide film. Record your results.

2. Take one of the wafers to the wet bench to determine an etch rate for 6:1 BOE.
3. Dispense some 6:1 BOE into an appropriately sized fluoroware container.  Make sure to follow all wet bench safety procedures.
4. Immerse the substrate in the 6:1 BOE and etch until all of the oxide has been removed.  You will know when the oxide is gone by looking for the wafer to turn hydrophobic.  Periodically remove the substrate from the BOE and notice whether the backside is hydrophilic, or hydrophobic.  When the change from hydrophilic to hydrophobic has occurred, the oxide has been etched down to the silicon.  Thoroughly rinse and dry the substrate. Record the time it takes to fully etch the oxide and calculate an etch rate.  You will need to use this etch solution again, so follow the safety procedures, properly label and cover your materials, so they can be left unattended while performing further processing steps.

A silicon substrate with oxide on it is hydrophilic (water loving), meaning that when the substrate is removed from the bath, some of the liquid will bead up and remain on the substrate even though it is being held vertically.

A silicon substrate without oxide on it is hydrophobic (water fearing), meaning that when removed from the bath, all of the liquid will run off the surface, leaving it dry.

**A hydrophobic silicon substrate will dry as if a volatile solvent is rapidly evaporating from the surface**

5. Take the remaining oxide wafers to lithography.  Follow the recipe for Shipley 1813 photoresist, to pattern both samples.
6. Select a specific feature in the resist of each sample (you should record exactly where it is on each sample) and with the profilometer, measure the feature width and thickness of the photoresist.
7. On one sample, dry etch through the oxide layer using the PT720 with 300mT, 48 sccm CF4, 2 sccm O2, 300W, 3 min.  On the other sample, wet etch through the oxide using the time determined by the first wet etched sample.  To make efficient use of time, split the group up and do these processes in parallel. 

8. After you have completed the etch processes, remove the photoresist and take the samples back to the profilometer.  Find the specific patterns, measured in step six and measure the width and height again.  From this, you can calculate the amount of undercutting caused by the wet etch processes.  
9. Remove the photoresist with acetone and isopropanol in the ultrasonic cleaner for 5 min at the wet bench.  Take another profilometer scan and calculate the etch rate for the oxide and photoresist for both samples.  

10. Return to lithography and repeat the lithography patterning process on both etched samples.  Using the same mask, align the newly created oxide features to the same features on the mask.  After exposing and developing the aligned pattern, examine the alignment under the optical microscope.  Take bright and dark field images of your results.  Measure the amount of misalignment with the optical microscope.  As time permits, if you are unsatisfied with your alignment, strip the photoresist and try again.  Every group member should have the chance to perform an alignment.

Questions:   

1. What are the safety requirements of the wet bench area?  List at least four. (2)
2. What is the chemical formula and concentrations of BOE?  What is the reason for the difference between HF and BOE?    (3)
3. Specifically, how do the individual components of BOE etch oxide? (3)
4. What was the etch rate of the 6:1 BOE solution?  What type of etch profile should it produce?  As with any fabrication process, yield is a concern.  Discuss how device yield can be affected by wet etching and how yield can be affected by pattern registration. (4)   

5. How does the BOE etch affect the hydrophobicity of an oxide wafer? (1)   

6. In the lab we typically use two “flavors” of BOE; 6:1 and 10:1.  In this lab we used 6:1.  How would the etch rate change if we used 10:1?   (2) 
Lab reports are due 11:45 AM the Monday following the lab completion date.  
NO WORK WILL BE ACCEPTED LATE!
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