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INTERCONNECT FOCUS CENTER

Ivan Chompalov

I. Data collection:

· Case name: Interconnect Focus Center. Lead center (contract university) is Georgia Institute of Technology.

· Telephone interviews:

Date
Interviewers
Persons Interviewed

3.29. 2000

3.31. 2000

3.31. 2000

4.5. 2000

4.10. 2000

4.11. 2000

4.13. 2000

5.10. 2000

5.10. 2000

5.12. 2000


Ivan Chompalov

James Dietz

Eliesh Lane

Jeff Bournes
1. Ashok Kapoor, Senior Scientist, LSI Logic (e-mail: ashok@lsisl.com)

2. James Castracane, Director of Technology, 

       Center for Advanced Thin Film Technology, State

       University of New York at Albany (phone: 518-437-

       8686; e-mail: jc309@csc.albany.edu)

3. Yannick Le Coz, Professor, Department of

        Electrical, Computer, and Systems Engineering,

        Rensselaer  Polytechnic Institute ( phone: 518-276- 

        2937; e-mail: ylecoz@unix.cie.rpi.edu)

4. Shyam Murarka, Professor of Materials

        Engineering,  Director, Center for Integrated

        Electronics & Electronics Manufacturing, 

        Rensselaer  Polytechnic Institute ( phone: Tel: 

        518-276-2978 / 2965; e-mail: 

        smurarka@unix.cie.rpi.edu )

5. Dr. Chien Chiang, Intel liaison for IFC (phone: 408-

        765-2721; e-mail: : chien.chiang@intel.com)


6.     Jacob White, Professor of  Electrical

        Engineering and Computer Science,

        Massachusetts Institute of Technology

        (phone: 617-253-2543; e-mail:

        white@mit.edu)

7. Dr. Peter Verhofstadt, MARCO/SRC representative 

        (phone: 919-941-9400 or 919-941-9442; e-mail:

        verhofstadt_peter@src.org)

8. Toh-Ming Lu, R.P. Baker Distinguished Professor, Department of Physics, Applied Physics, and Astronomy, Center for Integrated Electronics and Electronics Manufacturing, Rensselaer Polytechnic Institute (phone: 518- 276-2979; e-mail: lut@rpi.edu )

9.     J. Peter Krusius, Professor, Department of Electrical 

        and Computer Engineering, Cornell University (phone:

        607-255-3401, 607-255-5034; e-mail: 

        jpk4@cornell.edu)


10.   Rafael Reif, Professor of Electrical 

        Engineering and Computer Science, 

        Massachusetts Institute of Technology, 

        affiliated with the Microsystems Technology

        Laboratories  (phone: 617-253-7317; e-mail:

        reif@mtl.mit.edu)



II. Technical Focus and Center History:

The Interconnect Focus Center is one of the first two Centers created within the more encompassing Focus Center Research Program—a fairly novel venture initiated by both industry and government to tackle long-term, far-reaching research problems associated with the development of the semiconductor industry. From an organizational perspective IFC is a multi-institutional, multi-disciplinary collaboration of research universities with strong linkages to the industrial sector. At the time of our prototype evaluation study, IFC had been in existence for only one year and a half and it was too early to evaluate the center in terms of accomplishment of its main objective—to ensure continued fundamental advances in IC development and performance in order to achieve the goals set in the National Technology Roadmap for Semiconductors.

IFC was created for meeting the challenges facing the microelectronics industry in the 21st century, when, according to many leading experts perfecting interconnects will acquire utmost importance in both increasing the performance and reducing the costs of production of microchips.  Interconnects are generally defined as the wires that hook up the transistors on the various levels of the microchip.  The complexity of ICs (or chips, as they are alternatively referred to) has grown at a hectic pace, which is often characterized by the so-called Moore’s Law. 

As the number of transistors on a chip has grown exponentially year after year and as microelectronics rapidly moves toward nanoelectronics, the performance and cost of microprocessors and logic chips once guided by transistor properties is increasingly being determined by interconnection properties.  Thus, “The overarching goal of [IFC] is to discover and invent new solutions that will enable the US semiconductor industry to transcend known limits on interconnections that would otherwise decelerate or halt the historical rate of GSI” (http://marco.fcrp.org/gafcrp.htm , p. 1).  In order to achieve that goal the IFC has organized itself to conduct research in seven broad areas, alternatively defined as tasks: system architecture and circuit innovations; physical design tools; novel communication mechanisms; chip-to-module interconnects; materials and processing; process modeling, simulation, and technology assessment; and reliability and characterization.  The overall management of the Interconnect Focus Center (IFC) is provided by MARCO and DARPA, the research agenda is set by the Leadership Council whose membership represents the participating universities, and the day-to-day administration and coordination of activities resides mainly with the IFC director Prof. James Meindl from Georgia Tech.  The management structure was designed to facilitate interaction and synergy—both vertical and horizontal.  Communications are regular and the main evaluation mechanism is the Annual Review Meeting.  While industrial firms are not formal participants, they are major funding contributors and affiliates of IFC.

The actual origin of IFC can be traced back to discussions several years ago in the so-called University Advisory Committee between representatives of industry and universities about how to address the problem of industrial laboratories not funding significantly fundamental research.  The idea that emerged was to create special Focus Centers that will involve groups of universities complementing each other’s expertise to be funded by both industry and government and managed by a prominent university professor who would act as director.  Once SIA and DARPA reached an agreement to fund such a program, proposals for the first two centers under the program were solicited in March, 1998 and received in May, 1998.  In the late fall of 1998 the IFC with lead center at Georgia Tech was selected among four proposals.   The newly founded center combined the expertise of outstanding researchers from six prestigious universities and was well positioned to be successful in its mission.

Although the history of IFC is very brief, several facts surrounding the birth of the center and its evolution deserve attention.   IFC originated de facto as a response to a funding opportunity to do pre-competitive cross-disciplinary and cross-institutional research.  This impetus, however, was generated by the partnership of government and industry.  The latter was itself spurred by developments in microelectronic research and the semiconductor industry.  The more encompassing Focus Center Research Program (FCRP), which IFC is a part of, is a cooperative consortium that represents a fairly novel entity with respect to its mission and organization.  Like the previous big initiative of the U.S. semiconductor industry—SEMATECH, it involves collaboration.  Unlike SEMATECH, which had a clear short-range objective—to regain the reduced U.S. share of the world semiconductor market, which was achieved in about five years (1987 – 1992)—the industrial partners and the government envisaged FCRP as a long-range research program that will fund fundamental research, the support of which has recently been dwindling. There is a third entity—SRC, which was envisioned by the semiconductor research and industry leaders as a consortium to provide funding for mid-range solutions.

In capsule, the origin and short evolution of IFC should be understood against the backdrop of developments both in semiconductor research (the slowing down of the rate of growth of the microchip industry, the approach of the known limits of some applications, and the need for radical non-evolutionary solutions) and the institutional framework of present-day funding and organization of that research.

III.       Magnitude:

This is an assessment of the magnitude of the Interconnect Focus Center as of May, 2000.  There has not been much fluctuation for the past two years except that recently UCLA has replaced Cornell as one of the participants.

· Number and names of participating institutions: 6 universities: Georgia Institute of Technology (lead center), Stanford University, MIT, SUNY-Albany, RPI, and Cornell University. Apart from the six participating universities 45 industrial companies act as affiliates and contributors (among them IBM, Motorola, TI, Intel, Hewlett-Packard) and 2 (Intel, Microsoft)—as equipment donors. 

· Number of research staff: 47 senior researchers (PIs)

· Number of students: 71

· Level of funding: The rate of IFC funding started at $1M in FY1998, then $5.4M in FY1999, $6.1M in FY2000, $8.0 in FY2001 (15 months) and is projected to reach the steady rate of $10M per year after that, of course depending on the evaluation of the center progress by MARCO and DARPA.

· Funding agencies: The main funding bodies are SIA, SEMI/SEMATECH, and DARPA.  However, individual PI s also combine resources coming from IFC with other government grants and, in some cases, state matching funds (e.g. the New York participating universities).  The breakdown by type of funding source is 25% government and 75% industry. 

IV. Outputs:

Year
Articles
Technical Reports
Patents
Dissertations
Theses
Spin-off companies

1998 
   75*
 3+
na
na
na
na

1999
 150*
 5+
na
na
na
na

2000
   75*
 3+
na
na
na
na

Notes: * Denotes an estimate derived from answers to the question “How many publications have originated as a direct result of your involvement with IFC?” asked in the telephone interviews; +Denotes quarterly and annual technical reports for IFC as a whole; na=Not available. 

V. Impacts:
The long-term impacts of IFC for research on interconnects are still far out but there have been some promising signs during the period covered by our evaluation.

· Scientific impacts: Expectations are high among both the participating universities and the affiliated industrial firms that IFC will have a successful impact on reshaping the microelectronics industry and generating far-reaching results that will benefit the economy for years to come.  There have already been some promising signs regarding this first potential impact in that the collaboration has generated a few interesting new ideas in basic mathematics, optical drivers and receivers, and 3D that industry is quite intrigued about.

· Technical impacts:  There has not been much development of process-related technology, product-related technology, software, and algorithms, because the overall research strategy of IFC is geared chiefly, if not exclusively, towards generating more fundamental scientific and technical knowledge up to the point of commercialization. However, there has already been a significant and readily apparent technological infrastructure impact in terms of the impetus that IFC involvement provided for some institutions to upgrade existing facilities or develop new ones, although this consequence is localized.  More specifically, the New York based universities have all been able to develop facilities because New York State has committed over $500M for upgrading and building of new facilities as a result of its universities’ affiliation with IFC.  Additionally, the state of New York has provided matching funds at a 1:1 ratio for research funded through IFC.  At Cornell the additional research “load” performed for IFC has provided justification for the construction of a new Nanoelectronic Building (a $65M investment); RPI has upgraded from a 500mm to an 800mm facility which is attributed to IFC affiliation; and SUNY-Albany has undergone a significant facility development in terms of constructing new buildings, refurbishing existing laboratories and completely outfitting new labs with equipment and materials.  The other three IFC member universities have not experienced any noteworthy development of infrastructure so far but certainly hope to redress this situation in the future as a result of increased IFC related research activity.

· Relations with industry: Although the primary focus of IFC activity has been on basic research, there have been ongoing and intensive relationships with the 45 industrial firms that provide three-quarters of the center funding. So far, most of these companies have mainly benefited from collaboration with faculty and recruitment of students working on IFC projects. 

· Education and outreach: So far, IFC has not devoted too much special effort to outreach, because this is not its main orientation. The only noticeable activity in that regard is the development and regular update of the IFC Homepage. 

· Student careers:  IFC has already started to make some impact on student careers, although it is too early to evaluate the full extent of this effect. Nevertheless, it is obvious that the interdisciplinary research environment in a hot and vibrant area (interconnect semiconductor research) will make future IFC ‘graduates’ a marketable commodity both in industry and academia.  Industrial firms are interested in recruiting students who work on IFC projects because of their multi-disciplinary skills, broad perspective, and awareness of the future cutting-edge trends and several students have already been hired.  Still the number of students—roughly 1.5 per PI—is fairly small and very few of them have graduated so far, because of the short existence of the center (1.5 years).  Related to this impact is that IFC has provided a lot of visibility to semiconductor research and has helped faculty to recruit students for semiconductor research and applications.

· Collaboration: One of the few tangible benefits from the Center at this early stage of its evolution is that IFC has fostered collaborations between researchers both from the same institution and across institutions.  This has involved both some bilateral individual-level cooperation and multilateral ties.  People have even forged collaborations with their colleagues from other departments within the same university (e.g. MIT) due to the existence of the center.
