B. EDUCATION THRUST
Coordinators:

· Kimberly Ogden, Education Thrust Leader, Chemical and Environmental Engineering, UA

· Sally Clement, Education Coordinator, Chemical and Environmental Engineering, UA

Student  Assistants:
· Eric Weisman, University of Maryland/UA

· Carlos Lopez, UA

Industrial Mentors:
· Laurie Beu, Motorola

· Bob Duffin, (replaced by Coleen Miller) SEMATECH

· Linda Gee, LSI Logic

· Jim Jewett, Intel

· Rick Koski, LAM Research

Summary:

The Education Thrust of the ERC focused on more integration between research and education within the Center and making a larger impact on science and engineering education as a whole. We have expanded our course offerings for graduate and undergraduate students, and increased the number of students involved in research. In addition, we were involved in a variety of outreach activities involving high school and middle school teachers, and continuing education courses for industry.  Our strategic plan for education is found in the strategic plan section of this report.

As part of our educational programs for graduates and undergraduates, we offered a new class, Advanced Topics in Microelectronics Manufacturing, with emphasis on advanced “surface science” topics. Although we did not offer the Microelectronics Manufacturing and the Environment (MME) course this year, several Center professors used some of the course materials originally developed for this class to augment core courses they teach at both the graduate and undergraduate level.  We also offered the MME class materials to a wider audience for beta testing via the web.  We continue our weekly Center teleconferences, which are a successful way to foster communication between researchers at the various schools and industrial partners. Our undergraduate involvement in research continues to grow; this year in addition to supporting students from the member institutions, the Center once again sponsored a successful REU program with nine participants from eight non-member institutions.  ASU also hosted 3 additional REU students working on center projects through their own REU program, and many investigators obtained supplemental support from SRC to support undergraduates during the academic year.  This fall (2000) the Center beta tested a newly developed educational version of a semiconductor ultrapure water treatment and recycle simulator in a sophomore chemical 

engineering class. This computer simulator was developed in conjunction with the Institute for Systems Research in Maryland. 

The Center continued and expanded our high school and middle school outreach programs.  In the summer of 2000, we held a three-day teacher conference in Tucson attended by 23 regional teachers, as well as a multi-week High School Teacher Institute attended by three teachers.  

We have continued to expand our Center’s web page to serve as a means to disseminate research and educational information to all interested individuals.  Threaded discussion groups were added to the Center’s web pages this year.  Copies of past research presentations, our MME course materials and links for teachers and students are all available on our web site (www.erc.arizona.edu).

As part of our industrial outreach program, the Center repeated our successful short course on the Fundamentals of Chemical Mechanical Planarization (CMP) three times during the past year in Tokyo, Japan; Oostende, Belgium; and Santa Clara, CA.   The Center also offered a course in Advances in Planarization, Surface Preparation, and Water Use in Semiconductor Manufacturing at the Industrial Technology Research Institute (ITRI) in Hsinchu Taiwan. Several individual Center PIs were also invited to offer short courses/workshops at various professional society meetings during the year. Furthermore, Professor Ogden recently obtained funding from the University of Arizona to plan a certificate program at the graduate level in semiconductor manufacturing. This program will be developed with the assistance of colleagues at Arizona State University (ERC members) and Northern Arizona University (feeder institution for our REU program).

University Courses and Modules:


A variety of course modules were developed and used in several new and existing courses offered at all the ERC member institutions. Over the last four years, 63 students interested in semiconductor manufacturing and the environment enrolled in the Center-developed Microelectronics Manufacturing & the Environment (MME) course at the U of A.   In addition, a second new course emphasizing surface science, Advanced Topics in Microelectronics Manufacturing, was developed and offered in spring 2000 at the U of A.  Fifteen students enrolled in this class.  This new course was also offered through the University of Arizona's Extended University distance learning program. However, we did not advertise the course far enough in advance to attract enough students for this course to be offered via distance learning. 

The MME course modules developed by the Center were incorporated into fundamental undergraduate and graduate courses such as thermodynamics, mass balances, and freshman colloquia.  These course modules have now been incorporated into more than seventeen graduate and undergraduate classes at U of A, ASU, MIT, and Berkeley.

This year we offered the Microelectronics Manufacturing and the Environment (MME) course materials to 25 beta testers at 23 domestic and international universities via our web site (www.erc.arizona.edu).  In return for access to these materials, we asked users for the feedback and suggestions for improvement.  To date, their comments have indicated that the materials are generally useful in their classes.  They made the following suggestions:

· Add more references for students

· Add an overview presentation of the environmental issues in semiconductor manufacturing

· Add more notes or explanations for instructors to enhance the lecture slides

· Both the web and CD were mentioned as distribution media

Following beta testing and improvement/updating of the material, we plan to distribute the MME course materials to a wider audience either via CD ROM, or the web, since the materials can be easily updated.  Our long-range goal is to turn the modules in to a reference text with CD and /or web updates to keep up with rapidly changing technology.

Teleseminars and Teleconferences:


The ERC teleseminar series continues to focus on weekly presentations and discussions of thrust area research developments. These seminars follow a fairly simple but highly effective format.  All presentation materials are posted on the Center’s web site for download in advance. This gives all participants the opportunity to view the presentation materials prior to the presentation.  At the time of the presentation, Center members from participating universities, industry, national laboratories, and SEMATECH are connected through a teleconference bridge setup.  In a typical one-hour teleconference presentation, a short discussion on one of the active research projects is presented. Instant feedback is obtained from our industrial partners as well as other Center researchers, and all are kept abreast of the status of current research activities.  This series is very well received and is an excellent tool for rapid information dissemination to industrial mentors and advisory boards.  It is also an excellent means of communication within the Center.  Students are intimately involved in the teleconferences.  They are given the opportunity to invite and coordinate speakers, present research results, and lead discussions on specific activities.  This same teleconference format has been used for discussion of other ERC activities and Center-wide planning and discussions. The seminar series list (below) gives a summary of the (research) topics of teleconferences held during 2000.

2000 Seminar Series

· “Processing, Microstructure, and Properties of ZrO2 Gate Dielectrics on Si,” Michael Perkins and ShriramRamanthan, Stanford University

· “Preliminary Thoughts on System Level Decision Support Tools for ESH in Semiconductor Manufacturing,” Berit Ahmad and Paul Barton, MIT

· "Distance Learning," Marsha Ham and Greg Raupp, University of Arizona and Arizona State University 

· “CVD low k Solutions for sub-0.18um Technology,” Hichem M’saad, Applied Materials Inc.

· “Fundamental Beam Studies of Radical Enhanced AtomicLayer CVD (REALCVD,” Frank Greer, University of California-Berkeley

· “Study of the Initial Oxidation of H-Si Using XPS and STM,” Kathleen Morse, Stanford University

· “CMP Water Use Optimization: Int’l SEMATECH Project Perspective,” Jerry Chen, International SEMATECH

· “Improving Water Utilization for CMP Processes and Equipment, ”Michael Tritapoe, AMD

· “DMOS 4 200mm Converstion Water Optimization Strategy,” Jeff Joiner, Texas Instruments

· “Etching of Parylene-N Polymer Dielectrics”Stephen Beaudoin,Arizona State University

· “Copper CMP Effluent Flow in a Semiconductor Facility,” Benoit Maag, Massachusetts Institute of Technology

· “The Effect of Absorbed Moisture on the Etching of Doped Oxide Films,”Adam Thorsness, University of Arizona

· “Recycle Process Development and Simulation- Adsorption/Desorption Module Development,” Mike Schmotzer, University of Arizona

· “Novel Process for Water Purification and Wastewater Treatment: Catalytic Method for Water Purification,” Robert Morris and Lilliam Mena-Acevedo, University of Arizona

· “CMP Waste Treatment: Electrophoretic Cross-Flow Filtration,” Jamie Ludke, University of Arizona

· “An Advanced Cleaning Technique That is Environmentally Benign,” Karen Reinhardt, Member of Technical Staff, GaSonics International

· “The Environmental Value Systems (EnV-S) Analysis: Applied to Copper CMP Wastewater Treatment Options,” Nikhil Krishnan and Sara Thurwachter, University of California-Berkeley

· “Theoretical Approach to Understanding Gas Phase Reactions in Hot Filament Chemical Vapor Deposition of Low k Fluorocarbon Films,” Kenneth Lau, Massachusetts Institute of Technology

· “Challenges in Patterning High K Dielectrics,” Marci Yi-Ting Liao, Stanford University

· “Removal of Metallic Contamination from Silicon Surfaces Using Dry Cleaning Methods,” Robert Opila, Lucent Technologies (Bell Laboratories )

· “Data Acquisition and Analysis for Cu CMP,” David Cox, PE, Environmental Software Providers (ESP)

· “Advanced Silver Metallization,” Terry Alford ,Arizona State University

· “Detection, Characterization and Control of Bacteria in UPW Systems," Kim Ogden and Dawn Baker, University of Arizona

· “Hot-Filament CVD of Organosilicon Low-Dielectric Constant Films,” Tom Casserly, Massachusetts Institute of Technology

· “Alternative Gate Dielectric Materials for Future Scaling of MOS Devices,” Dr. Glen Wilk Bell, Laboratories-Lucent Technologies 

· “Materials for Next Generation Lithography and Advanced Back-End-of-Line Interconnects—An Overview,” Dr. Jeffrey Calvert Shipley Co., LLC

· “Resists for High Throughput Next Generation Lithographies,” Dr. Gary Taylor, Shipley Co., LLC

· “UV-Initiated Surface Preparation and Reaction on Semiconductor Wafer Surfaces,” Casey Finstad, University of Arizona 

· “Effect of Organic Contaminants on the Quality of Ultra-Thin Silicon Oxide,” Niraj Rana, University of Arizona 

· “Thoughts on Controlling Interfacial Electron Transfer in Novel FET Structures,” Chris Chidsey, Stanford University

· “Ion Scattering Studies of Gate Dielectrics,” Eric Garfunkel, Professor of Chemistry, Rutgers University
· “EDP-OCP Measurement Technique,” Harald Okorn-Schmid, IBM
· “Aqueous Ozone for Photoresist Stripping,” Chris Chidsey and Sangwoo Lim, Stanford University 
· “Manufacturing Qualification of an All Dry De-veil PlasmaProcess” Dick Bersin ULVAC Technologies Inc.

· “Extrusion Spin Coating for Efficient Photoresist Application,” Sangjun Han, Mechanical Engineering, MIT

· “The Use of C4F6 for Dielectric Etch with Reduced Global Warming Emissions,” Ritwik Chatterjee, MIT

· “CMP Fluid Dynamics Analysis,” Ara Philiposian, U of Arizona

Center Retreat Short Courses:


The ERC consists of a wide variety of researchers and educators from both science and engineering disciplines. As a result, sometimes it is challenging for participants to understand all of the projects that are integral part of the ERC. For example, a chemistry student may not have the background to understand the project performed by an electrical engineering student and vice versa.  The problem is evident at Center retreats and during some of the teleconferences, because presenters do not always have the time to present the necessary background terminology and information. Recall that the primary goal of the teleconferences is to receive feedback from the industrial and university personnel that are experts in their areas. To address this issue, at the request of the students, we once again offered short courses at our annual center retreat held this summer at Stanford University.  This year, sessions on FEP, Novel High-k Dielectric Materials, Patterning and Low-k Dielectric Materials, the Role of Process Simulation in ESH, Planarization (CMP), and Environmental Metrics were held.  The session on Environmental Metrics was a tutorial with panel discussions. 

During fall 2000, the Center worked with the Semiconductor Safety Association and the Department of Public Health at U of A to offer a one-day Semiconductor Industry Health & Safety Issues seminar for our students

Undergraduate Student Involvement in Research Projects:

Undergraduate student involvement in all aspects of the research projects of the Center is now common place.  Since 1996, a total of 84 (undergraduate students both from the Center institutions and from other institutions (recruited for the REU program) have played an active role in the research mission of the Center.  Undergraduates represent a cumulative total of 34% of the Center's students (See pie chart).  

These undergraduates represent 11 different academic disciplines (See chart below). About 40% of the undergraduates are female, and 22% are ethnic minorities, including some Native Americans. The REU program in particular, attracted students nationwide.  To date, the REU program has brought students from 18 other US universities into the Center's research activities.  In the summer of 2000, the Center hosted a total of 12 REUs - 9 through the Center's REU grant and 3 additional at ASU via a supplemental REU obtained by ASU.  (A complete REU report was submitted to NSF separately in November.)
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 In addition to working closely with faculty and graduate students on the day-to-day details of individual projects, undergraduate students have been integrally involved in research presentations and publications to Center reviewers and numerous professional groups.  The 2000 Undergraduate Student Researchers chart (below) summarizes the undergraduate student participation in the research activities of the ERC during the past year.  A total of 33 undergraduates participated in the Center's research this year. It is important to note that not all students listed in this chart were financially supported by the ERC, even though they were involved with ERC-related research activities.

In October 2000, the SRC Educational Alliance provided financial support for five Center undergraduate internships, four at U of A and one at Cornell. These internships are a new program developed by the SRC to support undergraduate research and industrial experiences in semiconductor related fields.  The Center received 5 of the original 50 internships offered by SRC.

Undergraduate Student Researchers 2000

Name
University
Thrust
Major
Race
Citizen
Disable
Sex
Status
Mentor

Brimhall, Jeff
ASU
D
ChE
C
Y
N
M
REU (ASU)
Raupp

Caulfield, Jefferey*
Colorado State
D
ChE
C
Y
N
M
REU 00
Gleason

Chan, Carly *
University of Michigan
D
ChE
A
Y
N
F
REU 00
Beaudoin

Charns, Leslie
U of A
C
ChE
C
Y
N
F
Active
Shadman

Chen, Earnest
U Cal, Berkeley
B
ChE
A
Y
N
M
Active
Graves

Chin, Michael
U Cal, Berkeley
B
ChE
A
Y
N
M
Active
Graves

Dahl, Rick
ASU
D
ChE
C
Y
N
M
REU (ASU)
Raupp

Durgin, Joe
U of A
B
ChE
C
Y
N
M
Active
Muscat

Dzienis, Terri
U of A
C
ChE
C
Y
N
F
Active
Ogden

Erickson, Steve
U of A
B
ChE
C
Y
N
M
Active
Muscat

Felix, Mathew
U of A
C
Mat. Sci.
H
Y
N
M
Active
Ragahavan

Goodman, Allison
Cornell
D
Mat. Sci
C
Y
N
F
SRC Internship
Ober

Hosley, Jennifer
U of A
B
ChE
C
Y
N
F
Active
Muscat

Keimel, Christopher
Cornell
D
Mat. Sci
C
Y
N
M
Graduated
Ober

Kelchner, John
ASU
D
ChE
C
Y
N
M
REU (ASU)
Beaudoin and Raupp

Kostedt, William *
Trinity University
A
Eng. Sci.
C
Y
N
M
REU 00
Ragahavan

Lopez, Carlos 
U of A
Education
ChE
H
Y
N
M
Active
Ogden

Ly, Cindy *
University of PA
C
EE
A
Y
N
F
REU 00
Ogden

Marino, Carlo *
Northern Arizona U.
C
EE
H
Y
N
M
REU 00
Jabbour

Merz, Laura *
Columbia University
A
English
C
Y
N
F
REU 00
Gleason

Munoz, Nanette
U of Ariz.
C
ChE
H
Y
N
F
Year 4
Ogden

Patzer, Russell
ASU
D
ChE
C
Y
N
M
Year 4
Raupp

Name
University
Thrust
Major
Race
Citizen
Disable
Sex
Status
Mentor

Rao, G. Nagesh *
RPI
D
Mat. Eng


C
Y
N
M
REU 00
Ober

Robles, Rocio
U of A
C
ChE
H
Y
N
F
SRC Internship
Ogden

Rodregues, Cecilia 
U of A
C
Biochem
H
N
N
F
Active
Ogden

Speyer, Chris
U of A
C
EE
C
Y
N
M
Year 4
Peterson

Swanson, Elizabeth *
Iowa State
C
ChE.
C
Y
N
F
REU 00 & SRC Internship
Ogden

Tabada, Phil
U Cal, Berkeley
A
ChE
A
Y
N
M
Active
Graves

Tan, Alan
U Cal, Berkeley
A
ChE
A
Y
N
M
Graduated
Graves

Tolentino, Deanna
U Cal, Berkeley
A
ChE
C
Y
N
F
Graduated
Graves

Toperzer, Beverly
U of A
B
ChE
C
Y
N
F
SRC Internship
Muscat

Weisman, Eric
U of A
C &

Education
ChE
C
Y
N
M
Active
Blowers and Shadman

Wilkinson, Mark *
RPI
C
Mat. Eng.
C
Y
N
M
REU 00
Jabbour

*2000 Center REU participants

Senior Design Projects:

Engineering undergraduate students are required to participate in a capstone design experience prior to graduation. This typically occurs during their last semester at a university.  In the spring of 2000, one team of students designed water recycle system for a semiconductor fabrication facility. The project consisted of a grass-roots design including PFD diagrams, equipment specifications and alternatives, a cost analysis, and a final written report.  The team of 4 students contacted many of the ERC industrial partners to obtain information necessary to complete their project. 

Beta-Test of UPW Simulator in a Sophomore Chemical Engineering Course

As part of our educational activities, the Center, in conjunction with the Institute for Systems Research in Maryland, is developing a computer simulator of a semiconductor ultra pure water system with recycle. There are two versions of the simulator: an advanced research version for system engineering and control system design, and a simplified educational version.  We beta-tested the educational version (as an extra credit assignment) in an introductory chemical engineering course at the U of A. Approximately 60% of the 55 students in the class chose to do the extra credit simulation assignment.  The assignment involved three questions of increasing difficulty.  The first problem was to do simple mass balances around the units and check the numbers, the simulator obtained.  The second problem involved solving a problem by hand, then using the simulator to obtain the same result.  The third problem involved using the simulator to find the steady state solution for a recycle system and then to compute the economic savings of recycling the water.  Students were graded not only on the completeness of their answer, but on their feedback about the simulator.  Here are a few excerpts from their comments: 

· "It was great having a visual tool for seeing how the mass in the tank went up."

· "The graphs were great for showing me how the concentrations were changing."

· "We wished there was an easier way to print our results."  

Based on the student comments, we are continuing to refine and revise the educational version.  A paper on the trial run of this simulator's use in the introductory chemical engineering course has been accepted as a presentation at the ASEE national conference next summer (2001).

High School Outreach Activities:


For the past three years, the Center has sponsored a 3-day Conference for high school teachers in Southern Arizona. Participation in the conference continues to increase; this year 23 teachers attended.

The purpose of the conference is to provide participants with training, tools and hands-on experiences in semiconductor manufacturing and environmentally related career fields.  The materials and information teachers received during the conference will be used in the high school classroom to: 

· increase student’s the environmental awareness;

· highlight potential career opportunities in the environmental & semiconductor fields;

· help advise and mentor students about the difference between technician and engineering career paths.

The three-day conference was action-oriented with laboratory experiments, interactive tours and web-based demonstrations.  A computer-based Ultra Pure Water (UPW) module with math and chemistry exercises developed by the Center was distributed on CD ROM to the participating teachers, as were paper copies of teaching exercises and lessons developed at our teacher Institutes. 

The participants benefited from the conference and gave it an average rating of 4.4 out of a possible 5.  Comments were generally good.  Participants said that the conference was: "a great learning experience!" and "a superior workshop." Other comments included: "I didn't know anything about semiconductors; now I feel like I could tell my students about it and encourage them to pursue such fields." and "I'll be able to encourage students and answer their questions about careers in engineering.  Also I'll be able to use some of the experiments (provided) in class."

In June and July 2000, a High School Teacher Institute was sponsored by the Center.  Three teachers from Palo Verde science and technology magnet high school in Tucson attended.  The teachers attended presentations about the semiconductor industry and its environmental concerns, toured university and industrial semiconductor and environmental labs and clean rooms, and performed experiments along with graduate students conducting research. The teachers were given time and resources to share pedagogical ideas.  During this development time, teachers brainstormed instructional strategies and ideas that work in classrooms; reviewed their existing books, materials, and exercises; updated current labs, activities and exercises; 

wrote new labs and exercises; and obtained teaching materials and supplies from university or industry partners.

The outcomes and deliverables of the Institute were: 

· Development of 15 new exercises and labs for the teacher’s math and science classes in the following subject areas: Bacterial Growth Lab, Tessellation, Binary Code, Circuit Game, Computer Logic Gates, Chemical Health and Safety, Layering the Computer Chip's Circuitry, Dimensional Analysis, Organic Light Emitting Diodes, Scrubbers and Internal Surface Area, Semiconductor Vocabulary Fun, Thermal Oxidation of Silica, Binary Code, Wafer Production Growth, and Water Usage. 

· Compilation of sources of information for teachers including a list of contacts and sources of instructional materials on semiconductors and the environment, a list of tips for writing grants, and a list of potential guest speakers for their classroom


The University of Arizona also worked with Tucson Unified School District’s Professional Internship Program this fall (2000) to sponsor two high school interns in our research labs. One worked on water recycle and reuse with Professor Shadman and one worked with Professor Muscat on metal contamination removal from wafer surfaces.  In addition, individual Center professors have conducted K-12 outreach:

· Professor Steve Beaudoin taught a one-day workshop summer workshop for high school students that used atomic force microscopy to study the way that data is stored on a compact disk.  The students learned about how both the CD and the AFM work.  Around 25 minority undergraduate students participated, 40% of which were women.  This one-day workshop was offered as part of an ASU summer program in transportation. 

· Professor Anthony Muscat gave presentations to community groups and elementary school children about his research. A presentation on "Next Generation Computer Chips" was given to the Green Valley Computer Club and presentations on "Molecular Computers" and "Atoms, Molecules and Chemical Reactions" were given to elementary school children.
The Table below summarizes the number and status of the Center's students in year five. About half of the Center's students this year are female, and 11% minorities.

Educational Program Inputs – Students, Year 5

Personnel
Gender
Ethnicity**
Disabled

Classification
M
F
NA
PI
AA
H
C
A


Undergrad Students
11
10



5
12
4
0

Masters Students
3
5



1
5

0

Doctoral Students
30
9



1
22
4
0

Post Docs
2
1






0

NSF REU Site (ASU)**
3





3

0

NSF/ERC REU**
5
4



1
6
2
0

Own ERC REU








0

Other Visiting Students








0

High School Teachers
16
10



4
22

0

K-12 (pre-college)
2




1
1

0

Total:
71
39



13
70
10
0

** US Citizens and permanent residents ONLY

Web Page Development:


This year the ERC web page was expanded significantly.  Currently, the majority of the web page (www.cebsm.org or www.erc.arizona.edu) is accessible to everyone and contains an up-to-date introduction to the center and its activities.  Also, a password security system has been instituted so that internal information can be shared and disseminated rapidly among center participants and sponsors. 


All of the Center's seminars and outreach programs are advertised on our web page. For example, the following can be accessed from our web site:

· REU program applications 

· Applications for teacher Conferences and Institutes 

· A web link for high school teachers and students to our member company's web pages with K-12 outreach. 

· Information about scholarships 

· Grant opportunities

· Job opportunities

· Microelectronics Manufacturing & the Environment class modules (password-protected download for our PIs and a few selected others)

Industrial Short Courses/Seminars:

This year the Center repeated our successful course in Chemical Mechanical Planarization (CMP) three times.  This course was offered in Tokyo Japan on July 19, 2000, in Oostende Belgium on September 21 and 22, 2000, and in Santa Clara California on October 9 & 10, 2000.  Co-sponsors of the Japanese course were the Japan Ultra Clean Society, Kanto, Pall Microelectronics, and Fujimi. IMEC, International SEMATECH, Semiconductor Safety Association, and Pall microelectronics cosponsored the Belgian conference.  The California course was held in partnership with PTI Seminars Inc.  On November 13, 2000, the Center offered a course on Advances in Planarization, Surface Preparation and Water Use in Semiconductor Manufacturing in Hsinchu, Taiwan in conjunction with Industrial Technology Research Institute (ITRI).  More than 200 people attended these seminars.  The overall ratings were:

Japan 

3.2/ 4

Belgium 
3.7/ 5

California 
4.1/ 5

In addition, several other short courses and workshops were offered during this year by ERC PIs including:

· A one-day short course on Interconnects organized by Krishna Saraswat for the IEEE International Interconnect Technology Conference held in San Francisco, in June 2000.

·  A short course on Modeling and Simulation of Plasma Processes taught by David Graves at the American Vacuum Society meeting in October 2000 in Seattle including a section on plasma abatement of perfluorocarbon gases

· A short course on water recycle and new purification technology for S/C fabs by Farhang Shadman; so-sponsored by Pall Corporation in Seoul, Korea in March 2000. 

These short courses and workshops were based on the current ERC research projects, and allow the ERC to directly integrate research and teaching.


Recently, internal funding from the University of Arizona was obtained to plan a certificate program in semiconductor manufacturing. This program will be developed in collaboration with Arizona State University and Northern Arizona University. Initially, an industrial survey will be conducted that will assess the educational needs of the semiconductor industry as to topics of interest for courses, and choice of educational media (web, CD, video etc.). It is envisioned that eventually, series of one-unit courses will be developed for distance learning. These courses will primarily be developed for part time students working in industry. However, the courses may be taken for credit by upper division undergraduate and graduate students as well. 

Plans for Next-Year:

· Offer our Microelectronics Manufacturing and the Environment (MME) course via distance learning in spring semester 2001.  

· Continue to offer MME course modules to Center members and other institutions via the web.

· Start planning a distance learning certificate program in semiconductor manufacturing with ASU and NAU.

· Continue the High School Teacher Institute and the High School Teacher Conference in the summer of 2001. Continue to increase participation in all events. 

· Apply for RET funding from NSF to increase High School Teacher Outreach and expand to other sites.

· Expand the participation of undergraduates in research, through the REU program and a new undergraduate internship program sponsored by the SRC.

· Expand collaboration with our industrial mentors assigned to the education and outreach thrust of ERC. 

· Continue to offer short courses for industry, including new topics.
· Continue improvement of our web site.
· Continue development of high school course materials in our summer teacher programs.  Make these materials more widely available thorough our web site.
· Continue collaboration with the University of Maryland on the development and testing of educational UPW simulation modules. 

· More closely integrate the educational and research strategic plans.

Long-Term Goals and Strategic Plans:

· Expand HS teacher outreach to other sites.

· Collaborate with other NSF Centers in Educational Outreach.

· Expand Center's course offerings through distance learning.

· Develop text materials with CD or web updates.
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