[image: image1.png]San Joseé State
UNIVERSITY




                                          
SAN JOSE STATE UNIVERSITYPRIVATE 


      COLLEGE OF ENGINEERING


Department of  Chemical & Materials Engineering

Course:
Materials Engineering 234,



Microelectronic Packaging Materials Science,



3 units,  Spring 2007
Instructor:
Guna S. Selvaduray

Office:

E179
 Phone:  (408) 924-3874      email:  gunas@email.sjsu.edu

Office Hours:

To be determined

COURSE DESCRIPTION:  This course will cover in-depth the principles of materials science and engineering as they pertain to microelectronic packaging.  The classes of materials - polymers, ceramics, and metals - and their structure-processing-properties relationships will be studied.  Topics that will be specifically covered include phase diagrams, diffusion and mass transfer, joining and bonding, corrosion, materials testing methods, materials characterization techniques, and failure analysis techniques.  Fabrication methods such as molding, stamping, deburring, etc., will also be covered.

OBJECTIVES:  The fundamental objective of this course is to educate packaging engineers on the importance of materials science principles, and how these play a key role in the design, manufacture, performance, and quality assurance of microelectronic packages.

REQUIRED TEXT:  ASM International, Electronic Materials Handbook, Volume 1:  Packaging
There is no single text that covers all the topics to the required depth.  A list of references is attached.  Reading materials will be handed out on a weekly basis.  This material will be derived from published papers as well as relevant chapters from a variety of texts.

PREREQUISITES:  Graduate standing in the College of Engineering, and consent of instructor.  Prior working experience in microelectronic packaging would be an asset.

EXAMINATIONS:  There will be two one-hour mid-semester examinations, and one final examination.  These examinations will cover the entire course material covered until the time of the examination.  The dates of the mid-semester examination are indicated in the Lecture Schedule.  The final examination will be held on the date, and at the time, indicated by the university time schedule for final examinations.

ASSIGNMENTS:


Homework will be handed out from time to time, and must be submitted on the due date.  There will be "surprise quizzes" which will be given only at the beginning of class.  No late assignments will be accepted.

TERM PAPER:
All students are to write a term paper, and possibly present it in class, time permitting.  An abstract (300 to 400 words) and a Table of Contents for the term paper must be submitted no later than February 10, 2007.  All students are required to conduct a computerized literature search, using online databases either through the Martin Luther King, Jr. library or an equivalent computerized technical literature search system.  The completed literature search, including complete citations and abstracts, printed on an off-line printer, is to be submitted no later than March 3, 2007.  The term paper carries 25% of the total credit for this class.  Out of this 25%, 2% will be assigned for submission of the Abstract and Table of Contents on time.  Another 3% will be assigned for completing and turning in the literature search on time.  Items turned in late will not receive the credit assigned to them.  However, in order for the subsequent item to be graded and credited, the preceding item must be turned in.  In other words, if the Abstract and the Table of Contents are not turned in, the Literature Search will not be graded and credited, even if the latter is submitted on time.  Likewise, if the Literature Search is not submitted, the Term Paper will not be graded and credited.  The deadline for turning in the final term paper is May 5, 2007.  Two paper copies of the term paper, with two copies of the attached evaluation sheet, and one electronic copy in Microsoft Word, must be turned in.  One copy of the term paper, with the evaluation sheet will be returned to the student, and the other will be retained by the instructor.  The term paper must be word processed, and be in accordance with the editorial standards specified in the Graduate Studies Office’s Thesis Guidelines and the Chemical and Materials Engineering Department’s Thesis Guidelines.  Evaluation criteria for the term paper are attached.  Term papers must be original work.  Reports written for other classes, including reports written by other individuals, cannot be resubmitted, with or without revisions.  The normal rules pertaining to academic honesty will apply, including the criteria for plagiarism.

A list of term paper topics is listed.  Students may also select topics of interest to them;  however, these must be approved by the instructor.  Students who are currently working in industry may also select a topic that is of relevance to their work environment.  Again, this must be approved by the instructor.  

Please note that all deadlines will be strictly adhered to.

LECTURE TOPICS

A tentative list of lecture topics is attached to this course syllabus.  Input from students, particularly those with experience in industry, is welcome.  Based on the collective input from students, the list of lecture topics will be modified to reflect the interest of the students.

GRADING:

Mid-term


25%




Final Examination

30%




Term Paper







Presentation

10%





Paper


15%




Homework, Quizzes

15%

NOTE:
1.
No late assignments will be accepted.

2.
Absence during examinations and quizzes, without prior approval, will result in a zero.  Prior approval will be given only under exceptional circumstances.

3.
Seating arrangements may be handed out for mid-term and final examinations.

4.
There will be no make-up examinations.


Tentative Lecture Schedule
	Date
	Lecture Topics

	Jan 27
	Course organization, Introduction of students, explanation of course requirements

Metals - Crystal structure of metals; defects in metallic structures

	Feb  3
	Metals - Mechanical properties of metals - strength, ductility, toughness, fatigue, strengthening mechanisms in metals

	Feb 10
	Metal fabrication techniques - hot and cold working, rolling, stamping, drawing, etc.

	Feb 17
	Polymers - Chemistry, bonding and structure of polymers; thermosets and thermoplastics; cross-linking mechanism; epoxy resins; fillers used in polymer systems

	Feb 24
	Polymer characterization - molecular weight distribution, glass transition temperature melting point versus softening point, moisture permeation and permeability coefficient; polymer processing - injection molding, transfer molding

	Mar 3
	Ceramics - ceramic crystal structures;  cause of defects in ceramic structures and their effect on electrical properties;  processing of ceramics

	Mar 10
	Introduction to Binary Phase Diagrams

	Mar 17
	Binary phase diagrams of importance in microelectronic packaging;  use of phase diagrams in soldering;  microstructure evaluation based on phase diagrams

	Mar 24
	Diffusion - Fundamentals of atomic diffusion - diffusion mechanisms, Fick’s 1st and 2nd Laws, solutions to Fick’s 2nd law;  Factors that affect diffusion;  Effect of diffusion on void formation

	Mar 31
	
Spring Recess

	Apr  7
	Basic chemical thermodynamics

	Apr 14
	Thermodynamics of chemical reactions

	Apr 21
	Corrosion fundamentals and applications to microelectronics

	Apr 28
	Adhesion, Bonding, Brazing, Soldering and Surfaces

	May 5
	Electrical & Electronic Properties of Materials - conductivity, resistivity, dielectric strength, dielectric constant, skin effects;  Second Midterm Examination

	May 12
	Term Paper Presentations

	May 14
	Final Examination

	
	

	
	


Possible Term Paper Topics

Tin whiskers – growth mechanisms, driving force for growth, effect on microelectronics

Aspects of the metallurgy of Pb-free solders

Corrosion in microelectronics

Intermetallic compound formation and its effect on reliability

Silver migration – mechanisms and effects

Copper dendritic growth between PWB traces – mechanisms, driving forces and effects

Dielectrics – usage, requirements, and performance

Materials requirements for optoelectronic packaging

Materials requirements for MEMS packaging

Effect of mechanical and thermal processing on recrystallization of copper

Some notes on term paper requirements:

Survey papers, i.e., papers that do no more than describe what is used where, or what is done where, are not acceptable.

Review papers are acceptable provided they are “critical reviews”.

The most important part of the term paper is the section that describes the materials science principle and/or mechanism involved.   

The manner in which the principle/mechanism is utilized in microelectronic packaging must be explained.

The manner in which utilization of this principle/mechanism affects the outcome must be explained.  Where appropriate, the consequences when the principle/mechanism is not adhered to, should also be described.


MATERIALS ENGINEERING 234:  TERM PAPER EVALUATION


(Spring 2005)

NAME: ________________________________________









MAXIMUM

YOUR












SCORE

1.
Significance of Problem



      10

2.
Technical Content – principle & mechanism

      40

3.
Figures, Tables




       5

4.
Referencing and References



       5

5.
Conclusions





      10

6.
Grammar





      10

7.
Typewritten





       5

8.
Overall Impression (subjective)


      15









  ______









    100









  ______

Two copies of this evaluation sheet are to be included with the term paper at the time of submission.  Please make sure that you write your name on both copies.  One copy, with the evaluation, will be returned to you, and the other will be retained by the instructor.

Useful References
1.
R. R. Tummala and E. J. Rymaszewski Eds. Microelectronics Packaging Handbook, Van Nostrand Rheinhold, New York (1989).

2.
Seraphim, et al, Principles of Electronic Packaging, McGraw-Hill. (1989).

3.
Kingery, et al., Introduction to Ceramics, John Wiley. 2nd Edition, (1976).

4.
Hansen, Constitution of Binary Alloys, McGraw-Hill.  (1958)

5.
W. F. Smith, Principles of Materials Science and Engineering, McGraw-Hill. (1990)

6.
Ashby and Jones, Engineering Materials, Volumes 1 and 2, Pergamon Press. (1980)

7.
Billmeyer, Textbook of Polymer Science, John Wiley.

8.
J. H. Lupinski & R. S. Moore, Eds., Polymeric Materials for Electronics Packaging and Interconnection, ACS Symposium Series 407, American Chemical Society, Washington DC. (1989)

9.
H. H. Manko, Solders and Soldering, McGraw Hill, 3rd Edition, (1992).

10.
D. R. Frear, W. B. Jomes & K. R. Kinsman, Eds., Solder Mechanics - A State of the Art Assessment, TMS, Warrendale, PA, (1990).
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Name: ......................................................................................................................................................
Address:....................................................................................................................................................


   ...................................................................................................................................................

Company:..................................................................................................................................................

Tel:.............................................................  FAX:....................................................................................

Email:.......................................................................................................................................................
Current (graduate) major:........................................................................................................................
Undergraduate major:..............................................................................................................................
Current job title and responsibilities:.......................................................................................................

......................................................................................................................................................


......................................................................................................................................................

Experience in Microelectronic Packaging, including number of years and area of expertise: .......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Topics of Interest:....................................................................................................................................
........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Commments:...............................................................................................................................................................................................................................................................................................................
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