ChBE 396A/469D – Chemistry and Transport in Semiconductor Materials Synthesis

This is a laboratory course for chemical engineers, electrical engineers and chemists interested in chemical processing principles applied to microelectronic device fabrication.  Key concepts originate from chemical kinetics; thermodynamics; mass and energy balances; transport of mass, momentum, and heat; and process synthesis and integration.  Minimal prior training in microelectronics or chemistry is presupposed.  The course offers in-depth treatment of a limited number of experiments, with a substantial component of open-ended experimental design.  Some experiments will be supplemented with commercial-grade computational modules set up not only to correlate and explain experimental results, but also to offer possibilities for design.

Instructor:


Prof. E. G. Seebauer

University of Illinois – Champaign-Urbana
Required Text: 
The Science and Engineering of Microelectronic Fabrication, S. A. Campbell, Oxford, 2nd ed., 2001.

Related Texts: 
Semiconductor Integrated Circuit Processing Technology, W. R. Runyan and K. E. Bean, Addison-Wesley, 1990.


Microelectronic Processing, W. Scott Ruska, McGraw-Hill, 1987.


Fundamentals of Microelectronics Processing, H. H. Lee, McGraw-Hill, 1990.


Introduction to Solid State Physics, C. Kittel (6th ed.), Wiley, 1986.


Semiconductor Devices:  Physics and Technology, S. M. Sze, Wiley, 1985.


Solid State Electronic Devices, B. G. Streetman, Prentice-Hall, 1980.


VLSI Fabrication Principles:  Silicon and Gallium Arsenide, S. K. Ghandhi, Wiley, 1981.

Grading:
ChBE 396A


ChBE 469D


50%
Lab reports

35%
Lab reports


20%
Final Exam

20%
Final Exam


15%
In-lab performance

15%
In-lab performance


15%
Presentations/discussions

15%
Presentations/discussions






15%
Operation manual
Course Setup

Scheduling:
There are six types of experiments supported in the laboratory.  The experiment on photoresist coating has been well tested, and has two identical sets of apparatus associated with it.  The other experiments are still at various stages of development.  Primary responsibility for further testing and developing each of these experiments has been assigned to student pairs as shown below.  An attempt has been made to mix students from different disciplines where possible.  Those experiments that are furthest along and have good instruction manuals are assigned to students in 396A, while those that are less far along are assigned to students in 469D.  Each group will be assigned primary responsibility for a particular experiment (including its corresponding computational module if one exists). 

For approximately the first 2 weeks, each group will spend both lab and lecture/discussion time on the experiment for which the group is primarily responsible.  During this time, focus should be on learning the background and physical principles underpinning the experiment, getting the apparatus running, planning suitable experiments to perform, and composing a class presentation outlining these various aspects.  Each group will spend 2 weeks on each of the remaining experiments starting from approximately the 5th week.  

Starting from approximately the 3rd week, presentations will begin in the lecture/discussion sessions. Presentations are intended to bring other students up to speed, and should include background, equipment setup and proposed experimental procedures.  Presentations will proceed weekly in the sequence of group assignments given below.  For example, Group 1 will present during the 3rd week, Group 2 the 4th week, and so on.  The format will begin with a 40-min Powerpoint-style presentation in 241 Everitt Lab that may include questions, continue with 5-min of formal questions and answers, and end with 5 min of summary by the course instructor. 

Starting from approximately the 7th week, the presentation format will shift to emphasize results obtained in the laboratory.  Each week, one group will make a 30-min oral presentation on detailing their results on the experiment they are primarily responsible for.  The remaining groups will make brief (5-min) progress reports on their results obtained the previous week.  All presentations should be Powerpoint-style.  During this time, groups whose apparatus needs little further development will begin to rotate among experiments, including photoresist coating.  The algorithm for this rotation will be decided on a week-by-week basis depending on how the various pieces of apparatus are performing.
Experiments:

For all students:

1. Photoresist coating

For specific groups:

1. Si Oxidation (396A)

2. Plasma stripping of photoresist (including computations) (396A)

3. Vacuum technology (469D)

4. PECVD of Si (469D)

5. Ellipsometry/Plasma Etching with CF4 (469D)

Reports:

There will be several kinds of laboratory reports. 

For 396A and 469D: 

1. A modest report detailing results and analysis for each experiment the group is not primarily responsible for.

2. A more substantial report detailing background, experimental setup, results, and analysis for the experiment the group is primarily responsible for.

For 469D only:

3. A procedure/operation manual for the experiment the group is primarily responsible for.

Details for preparing these various reports will be given several weeks into the semester. 

Grading written coursework accurately and fairly is a difficult task that is greatly complicated by illegible writing and other forms of messiness.  Therefore, please be neat.  In particular, please write on one side of the paper, staple your papers together, and avoid tearing the paper out of spiral notebooks.  The TA is authorized to deduct points for failure to observe these rules of coursework etiquette.
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