ELEN 437 
              
         SYLLABUS                                 WINTER 2005-06
Microfabrication Principles

Dr. Sandra Selmic
Outline:  Study of microfabrication processes used for the realization of microelectronic ultra large-scale integration (ULSI) and micro-electro-mechanical systems (MEMS) technologies.  Starting with the basic understanding of semiconductor properties and wafer preparation, the fundamentals of microfabrication processes, including solid state diffusion, ion implantation, thermal oxidation, and material etching are learned.  

Prerequisite:  Physics 202, Math 244
Textbook: Semiconductor Manufacturing Technology, Michael  Quirk,  Julian  Serda, Prentice Hall, 2001.

Reference Books: VLSI Technology, S. M. Sze, McGraw-Hill, Second Edition; Introduction to Microelectronic Fabrication, Richard Jaeger, Second Edition, Prentice Hall, 2002.

Classes:  11:00AM-12:15PM, MWF, WH  100A
Office Hours: 10am-11am MWF or by appointment, Institute for Micromanufacturing (IfM) #219

Grading: Final grade based on: Homework 30%, Midterm Exam 35%, Final Exam 35%.  
Grading Scale: A =100-90%, B =89-80%, C =79-70%, D =69-60%, F =below 60%.

NOTE:  For homework, exams, and any other assignments each student must work independently and is allowed to use only his/her own individual textbook for the course, class notes, and calculator.

Homework Policies and Procedures:

Homework: Completed assignments should be turned in by the beginning of class on the due date either in class or in the box in IfM in front of my office #219.  Unless the assignment specifies otherwise, you must work in teams of three or four, handing one team solution per assignment. Your instructor will designate the teams.  Strong suggestion: Each member team should set up each problem individually (define unknowns, outline the solution procedure), then get together to work out details. On some assignments we will require this procedure and will ask for the individual outlines to be signed and turned in.

Team roles: On each group assignment, your team should designate a coordinator to organize work sessions, make sure everyone knows where and when to meet and understand who is supposed to be doing what, a recorder to prepare and turn in the final solution set (including all steps of derivation/calculation and the picture), and/or two checkers to check the solutions and the strategies used to obtain them.  The team roles must rotate on every assignment – once a team member has carried a role, he/she may not do it again until everyone else on the team has done it.

Homework format: Each completed assignments should be in one person’s handwriting (the recorder’s). Put the names and roles (coordinator, recorder, checker) of the participating group members and the problem set number and date on the outside. If a student’s name appears on a solution set, it certifies that he/she has participated in solving the problems.

Late homework: Solution sets will be accepted up to one week after the due date. Late assignments (any that come in after the beginning of the period on the due date) will receive a maximum grade of 50%. However, once a group hands in several late assignments, they will no longer be accepted.

Individual effort assessments for team homework: All students will periodically be asked to submit evaluations of how well they and their teammates performed as team members. These evaluations will be incorporated into the assignment of homework grades. If repeated efforts to improve team functioning (including faculty intervention) fail, a nonparticipant may be fired by unanimous consent of the rest of the team, and a team member doing essentially all the work may quit.  Individuals who quit or are fired must find a team of three unanimously willing to accept them; otherwise they will receive zeros for the remainder of the homework. 

Course Objectives:

1. In the first part of this course the students will be instructed on, an expected to learn, the fundamental issue relating to crystalline material properties.  These topics will include discussions on the three major types of crystalline material (i.e. Single-Crystal, Poly-Crystalline, and Amorphous).  They will also be expected to learn how to evaluate crystal structures in terms of crystal planes and directions as well the various type of defects and impurities that can exist within these structures during fabrication.  The students will also learn the process by which the raw material for creating single-crystal silicon wafers is first purified and then with many subsequent steps is transformed into high-purity, polished, single crystal wafers.  This will help to give students a basic understanding of the semiconductor crystalline properties which is necessary for further discussions on device fabrication steps.

ABET Criteria: 3(a), 3(e), 3(j)

2. The next topic in this series of lectures will be issues relating to Thermal Diffusion.  These lectures will include both theory (ideas and mathematics) and the practical applications (Diffusion furnaces, Time/Temp profiles) of the fabrication process step.  This topic will give the students an understanding of how dopants/impurities (Al, B, P) are introduced into the silicon substrate and how these dopants in turn affect the electrical properties of the silicon (i.e. conductivity, sheet resistance, etc).  The students will also be instructed on how these dopants move with the material and how this leads to the formation of p-n junctions.  From this combined with the mathematical component the students should be able to calculate such things as junction depth and surface impurity concentration.  The students will also learn how this method is applied to the fabrication of microelectronic device structures as well as some of the limiting factors and problems that can occur during and as a result of this process. 

ABET Criteria: 3(a), 3(c), 3(e), 3(k)  

3. Following the discussion on thermal diffusion the students will be introduced to the ideas and theories relating to Ion-Implantation.  This is another example of a doping process in which impurity/dopant atoms are injected into single-crystal material for the purpose of altering the conductivity or resistivity.  The students will be given the mathematical foundation of the theories behind this, modern, process so that they will be able to design depth profiles and calculate device junctions as well as calculate impurity concentration levels.  The advantages and disadvantages of ion-implantation will be discussed and students will be expected to also understand when and under what circumstance this process can or should be implemented.  They should also be able to highlight the additional processing steps needed when using this technology (i.e. annealing) and how this will affect the final devices electrical and material characteristics.

ABET Criteria: 3(a), 3(c), 3(e), 3(j), 3(k)

4. Students will learn about Thermal Oxidation .  The students will be expected to learn both the theory behind the oxidation of silicon (i.e. surface reaction rate, diffusion of dopants through an oxide layer, how steam oxidation and dry oxidation processes differ in term of diffusion coefficients).  They will be also be expected to calculate the projected thickness of oxide layers grown under various conditions (i.e. dry/wet).  The lectures will also consist of the practical uses for oxide layer, which include diffusion/implant barriers as well as high-quality gate dielectrics for MOSFET gate structure.  The conditions for growing the different oxides will be discussed along with their resulting properties.  The students will be expected to know how the oxides are formed (what equipment is used) and how to decide which type of oxide should be used for a given application.  The result will be that students will have an understanding of another basic process that when combined with the others will allow them to design and fabricate microelectronic structures.

ABET Criteria: 3(a), 3(c), 3(e), 3(j), 3(k)

5.  Material etching issues will be covered.  In this part of the course the student will be expected to learn the difference between wet and dry etching techniques.  This will include being able to evaluate the equipment that is used for each type of etching process and determine the practically of an etching process in light of the processing requirements.  The student will be expected to understand the theory behind both wet and dry etching as it related to not only the chemical interaction that take place at the surface but also the deal with residual damage or contamination that may be left behind.  The students will be expected to evaluate a given fabrication scenario and determine the best possible etching process as well as explain their reasoning and what if any post-etching processes would be required, if any.  This will help lock into place another fundamental component connected with device design and fabrication processes.  ABET Criteria: 3(a), 3(c), 3(e), 3(j), 3(k)

Computer Account: Each student must have his/her user account on the university computer network and make sure that e-mail address in the Blackboard system is the address that the student will check at least once a week.  Some of the assignments and other information will be provided via email.

Blackboard Account:  The students in this class can check their grades on http://blackboard.latech.edu.  To login for the first time, please use your LaTech username and your initial password is your SSN# (or PIN).  If you have a problem to login, send an e-mail to Dr. Selmic.
Attendance:  Class attendance is governed by university regulations published each year in the university bulletin.  Class attendance is regarded as an obligation as well as a privilege, and all students are expected to attend regularly and punctually all classes in which they are enrolled.  Failure to do so may jeopardize a student’s scholastic standing and may lead to suspension from the college or university.

Misconduct:  Academic misconduct is governed by university regulations published each year in the university bulletin.  Academic misconduct at the university is determined by the faculty member under whom such misconduct occurs.  The faculty member also determines the penalty for cheating and other forms of misconduct.  This penalty may include receiving an “F” in the course. 

Important Dates:

First day of classes: November 30, 2005

Midterm Exam: Wednesday, January 18, 2006

Final Exam: Friday, February 17, 2006

Last day of classes: February 23, 2005

Contact information:
Sandra Selmic, Ph..D.

Assistant Professor, LA Tech

Institute for Micromanufacturing

Office: IfM 219

E-mail: sselmic@latech.edu
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