EXECUTIVE SUMMARY

The vision of the Center is to create and develop the science, technology, and educational methods that will lead to future semiconductor manufacturing facilities with minimal consumables (e.g., water, energy, acids, solvents, and gases) and minimum emission of waste materials.  The Center will implement this vision through a carefully planned balance of approaches to both present-day and anticipated ESH problem areas, seeking to integrate environmental aspects early when a new process or tool is being developed.


The ERC’s program currently consists of four research thrusts and one education thrust; the research thrusts are:  

· Thrust A:  Back-End Processes: current emphasis on interconnects.
· Thrust B:  Front-End Processes: current emphasis on surface preparation and new high-k dielectric materials.

· Thrust C:  Factory Facilities: current emphasis on water and energy.
· Thrust D:  Patterning: emphasis on solventless lithography and additive processing.
Each thrust consists of specific tasks and subtasks designed in accord with the ERC’s overall strategic plan.  Promoting synergy through interactions is a major goal and an underlying objective of the Center.  Plans are underway for a major increase in the depth and the scope of the ERC program with additional funding from NSF and SRC starting in 2001.  Presently, the ERC investigators include twenty-eight faculty members from ten different academic departments and seven universities.  A summary of research and educational activities and accomplishments follows.

THRUST A

Back-End Processes: current emphasis on interconnects
Among the ESH issues currently facing the semiconductor industry in the back-end area are the use and emission of perfluorocompounds (PFCs) from dielectric wafer etch and PECVD chamber cleaning processes, environmental issues associated with slurry waste from CMP processes, as well as the need for a low-k dielectric technology that results in environmentally benign process effluents.  It is the goal of the investigators in Thrust A to develop technological solutions that address these issues.  A list of last year’s major accomplishments follows:

· Completed initial evaluation of NF3/hydrocarbon chemistry for dielectric etch on medium density plasma tool.

· Continued evaluation of unsaturated fluorocarbons for dielectric etch on high density plasma tool.

· Obtained dielectric constant of 2.0 with a loss tangent of 0.009 without requiring porosity.

· Identified several mechanisms leading to thermal instability of dielectric films, using solid-state nuclear magnetic resonance (NMR) spectroscopy. 

· Reduced the global warming impact of the CVD effluent by decreasing the degree of plasma excitation through pulsing.

· Used emission spectroscopy to measure the neutral gas temperature within abatement discharges.

· Used computer simulation to develop an understanding of plasma abatement mechanisms needed to optimize the performance of abatement discharges.

· Worked closely with a commercial supplier to commercialize technology.

· Used computer simulation of plasma etch tool to understand the role of etch products.

· Demonstrated that an electrophoretic cross-flow filtration technique can be used to effectively reduce the level of total suspended solids (TSS) and dissolved copper ions from CMP waste streams.

· Showed that the rate of settling of solids can be enhanced significantly if the pH of the waste is made slightly acidic prior to the electrocoagulation treatment.

· Applied the electrodialysis technique for the removal of dissolved copper in the dispersion medium of the CMP waste.

· Applied a novel in-situ sensor based on thermal signatures of the pad/slurry to gather process uniformity information in both oxide and copper CMP.

· Developed patterned wafer copper CMP model for dishing and erosion; the model will be a part of the control technology to reduce CMP process waste.

· Completed assessment of the environmental impact of copper CMP processes.

THRUST B 

Front-End Processes: current emphasis on surface preparation and new high-k materials

Thrust B has focused on investigating the fundamental issues of processes involved in surface preparation and on promoting strategies that will reduce the environmental impact of those processes, while maintaining or improving device quality and reducing costs.  The Thrust is also ideally suited to initiate and explore long-range solutions that offer the possibility of solving anticipated bottlenecks in surface preparation in the coming decades.  A list of last year’s major accomplishments follows.

· Developed and validated simulation of ozone chemical kinetics in aqueous solution and applied to the interpretation of experiments on resist stripping with aqueous ozone; interacted with TEL and Steag for tech transfer on aqueous ozone chemistry.

· Identified potential deleterious formation of nitric acid in aqueous ozone due to N2 addition to ozone generators Identified styrene chemisorption from gas phase as clusters at dangling bond sites on hydrogen-terminated silicon. 

· Identified significant humidity dependence to UV photooxidation of hydrogen-terminated silicon surfaces.

· Completed optical apparatus for HF/vapor reactor module to allow real time probe of surface chemistry with ATR-FTIR.

· Chemically characterized the residues produced after etching doped SiO2 films using anhydrous HF, showing that a mixture of B and P-bearing acids are produced.

· Built a reactor module to study UV-initiated chemistry on surfaces.

· Identified recombination centers of H-passivated surfaces as defects that possess two coupled electronic levels.

· Developed a methoxyl silicon surface passivation that improves the surface stability by a factor of 50 when compared with an H-passivated surface.

· Solved particle contamination issue of methoxyl passivation.

· Developed cost of ownership model for implementing new surface passivation in fab.

· Developed contamination monitor with single ppt sensitivity in HF chemistries.

· Demonstrated thermal stability of ALCVD-grown ZrO2 films on Si after annealing up to 1000(C.

· Characterized local silicidation reaction after poly-Si deposition (at 600(C) on ALCVD-grown ZrO2 films.  

· Measured kinetics of room temperature UV-ozone oxidation of Zr metal films in both low (~ 50 mTorr) and high (~ 600 Torr) regimes.

· Demonstrated promising electrical behavior of UV-ozone grown ZrO2 films using patterned Pt MOSCAP structures.

· Completed assembly of research-scale ALCVD reactor; also built and tested an etch chamber with diagnostics.

· Initiated studies of high-k dielectric device characteristics.

THRUST C 

Factory Facilities: current emphasis on water and energy
Our vision of future IC fabrication facilities includes manufacturing science, technology, and new processes that would lower the use of water and energy significantly below the current levels.  In particular, our goal is to provide the technology that would make it possible to achieve the National Technology Roadmap numerical goals on water and energy for 0.13 micron technology in 2003 and sub-0.1 micron technology after 2006.  This will be accomplished by new breakthroughs in water purification, use reduction, recycle, and reuse.  A list of last year’s major accomplishments follows.

· Improved the low-energy water purification method, developed at the Center; focused on two configurations: one integrating oxidation with filtration and the other combining oxidation with degasification.

· Prepared and tested a novel membrane with graded catalyst distribution for activity enhancement. 

· Using a combination of theory and experiment, determined the rate parameters important for the scale up and simulation in the low-energy catalytic purification method. 

· Studied a low-energy bioseparation process for the combined removal of organics and heavy metals.

· Continued joint work with two NSF centers on bacterial characterization and fundamentals of adhesion and the fouling propensity of several polymeric materials widely used in UPW systems with and without recycle. 

· Applied the UPW simulator to study the fundamental interactions between water use reduction and water recycling. 

· Applied test bed results and simulation to find the kinetic parameters for the separation modules needed as the input to the UPW simulator. 

· Worked with several member companies on the validation/application of the simulator.

· Completed the licensing agreement with International Sematech; began joint work with I-Sematech for technology transfer and commercialization of the simulator

· In collaboration with the University of Maryland, began developing a new version of the UPW simulator for educational purposes.

· Continued work on the development of fundamental process models for investigating the rinsing of both patterned and plain wafers.  

· Initiated joint work with Stanford to fabricate a new generation of trench structures, and ERC developed technology, to monitor the rinsing of patterned wafers.  

· Collaborated with industry to determine the important parameters for optimizing the post-etch and post-CMP rinse processes. 

· Worked on post-CMP cleaning and developed a model to describe the fundamentals of particle adhesion as relevant to post-CMP cleaning.

· Continued improvement and expansion of both UPW pilot plants and the new CMP and post-CMP recycle and waste collection test beds at the University of Arizona.

· Initiated two new seed projects: one on the development of integrated ESH impact and environmental value analysis for new processes and products, and the other on the development of new biochip and microarray techniques for rapid assessment of new chemicals used in or evaluated for semiconductor manufacturing.

THRUST D

 Patterning: current emphasis on resistless lithography and additive processing

The focus of this thrust is on revolutionary processes for patterning integrated circuits which result in reduced solvent utilization, while also enhancing performance for defining smaller integrated circuit features.  One goal is to demonstrate a solventless lithography process which is compatible with advanced exposure tools.  A second goal is to combine the functionality of photosensitive resists and low dielectric constant interconnect materials.  Finally, integration of these new processes and materials into a manufacturable scheme is the ultimate motive.  A list of last year’s major accomplishments follows: 

· Demonstrated 0.25-micron lines and spaces through e-beam patterning of hot-filament CVD fluorocarbon films developed with supercritical CO2.

· Demonstrated reproducibility of e-beam patterning process. 

· Completed phase I screening of a series of additive precursors designed to enhance irradiation sensitivity.  

· Improved integration prospects by incorporation of precursor additives in CVD process.

· Demonstrated order-of-magnitude increase in CVD film deposition rates.

· Conducted preliminary optimization of processing parameters for supercritical CO2 development of fluorinated CVD films; designed experiment for optimization of processing parameters for supercritical CO2 development.

· Investigated e-beam exposure chemical effects on pyrolytic fluorocarbon films by FTIR. 

· Filed provisional patent for solventless, resistless patterning. 

· Developed, validated and published a novel technique for directly measuring interaction forces between low-k dielectrics and metal surfaces.

· Documented the lack of interdiffusion between parylene-N and Ag interconnects.

· Developed process for production of low k (< 2) parylene-N integral foams through heretofore unidentified wave polymerization phenomenon..

· Demonstrated capability to vapor deposit photosensitive polyimide thin films and optimized deposition process to produce stoichiometric, high quality films.

EDUCATION THRUST

The multi-university, multi-disciplinary nature of this ERC presents unique challenges and opportunities in the education area.  During the last five years, various activities and programs have been initiated to achieve the educational mission of the ERC.  A three-phase strategic plan is developed for the ERC’s educational activities.  A list of last year’s major accomplishments follows:

· Developed and offered a second new graduate/undergraduate ERC course. 

· Offered the ERC's Microelectronics Manufacturing and the Environment (MME) course materials to 25 beta testers at 23 domestic and international universities.

· Continued to use the MME course materials to augment engineering courses at Center universities.  A total of 112 students were exposed to MME course materials this year. 

· Beta tested a newly developed educational version of a semiconductor UPW treatment and recycle simulator in a sophomore chemical engineering class (Collaboration with Institute for Systems Research in Maryland, under NSF's supplemental funding). 

· Continued ERC's weekly teleseminars; ERC students made 19 of these presentations.

· Continued to expand and improve ERC's web page as a tool for communication and dissemination of research and educational information to all interested individuals. 

· Offered short courses at ERC's annual retreat held last summer at Stanford University. 

· Worked with the Semiconductor Safety Association and the Department of Public Health at UA to offer a one-day Semiconductor Industry ESH seminar for ERC students.

· Admitted a total of 12 undergraduate students in the REU program during last year.  Since 1996, a total of 84 undergraduate students from 18 US universities (both ERC and non-ERC members) have participated in the research program of the Center. 

· Continued the outreach activities including a three-day HS Teachers Conference attended by 23 regional high school teachers and a multi-week High School Teachers Institute 

· Offered six short courses last year; some of these course were cosponsored by partners including Japan Ultra Clean Society, Kanto Chemicals, Pall Corporation, Fujimi, IMEC, International SEMATECH, Semiconductor Safety Association, and ITRI of Taiwan. 

· ERC Student Council initiated and maintained a special travel support program to encourage and facilitate interactions among students from different ERC universities.

· Since the start of the Center, 58 PhD and 55 MS students have worked on ERC projects; out of those, 27 PhD and 23 MS students have graduated.  A total of 84 undergraduate students have gained research experience by working on the ERC projects. 

. INDUSTRIAL COLLABORATION AND OTHER ACTIVITIES

· Interactions with the Center's Industrial Advisory Board (IAB) were planned and maintained through two semiannual Board meetings and other regular teleconferences and communication.

· The annual three-day retreat/IAB meeting was held at Stanford in August 2000.  The meeting was attended by more than 100 participants including ERC faculty/students/staff, members of the IAB, industrial mentors, and other invited guests. 

· Through the Center’s industrial outreach program and initiatives, several companies expressed interest in membership and participation.   The new members who joined the Center in 2000 are Degussa Huls, Hitachi Chemicals, and SEZ America. 

· Held regular weekly teleseminars with the participation of most of the member companies as well as at least 15 nonmember companies.

· Organized and maintained an active mentorship program (through SRC and IAB); initiated industrial co-advisors for graduate students.

· Maintained an active program of technology transfer through people exchange: examples are industrial assignees at the Center, internship assignments for students at various member companies, and joint projects with industry.

· Initiated contacts and discussions for international collaboration with non-US universities, research laboratories, and industries.

· Offered industrial short courses and technology transfer workshops in the US and abroad. 

· Received major donations of capital equipment by several member companies.

· Hosted visits by industrial contacts at various ERC laboratories/institutions; invited presentations and visits by ERC faculty at various companies.

· Implemented the technology group initiative; joint project on "fundamentals of ozonated water removal of resist material" between the ERC, International Sematech, and two supplier companies.

· Following Year 4 review recommendation and a follow up plan suggested by the NSF and the SRC, the Center has been working on the finalization of its expanded program with additional funding for the next five years.  The plan has been presented to the IAB, the Policy Board, the NSF, and the SRC. 

· Annual meeting of the ERC's Policy Board was held in July 2000.  The meeting focused on year 5-10 program and the development of a strategy for industrial fundraising to match the NSF's proposed plan for increasing the Center funding.  At this time, the Policy Board's special task force has successfully arranged for 500k/year industrial commitment to be added to the NSF's supplemental funding.  
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