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CENTER FOR OPTOELECTRONIC COMPUTING SYSTEMS

Ivan Chompalov

I. Data collection:

· Case name: Center for Optoelectronic Computing Systems. A joint University of Colorado-Colorado State University NSF ERC. University of Colorado at Boulder serves as a host institution. 

· Telephone interviews:

	Date
	Interviewers
	Persons Interviewed

	4.17. 2000
	Juan D. Rogers
	1. John Neff, Director, Center for Optoelectronic Computing Systems (phone: 303-492-7135; e-mail: jneff@colorado.edu)




II.
Technical Focus and Center History:
The Center for Optoelectronic Computing Systems (OCS) at University of Colorado is one of several Engineering Research Centers (ERC) funded by NSF.  Organizationally, it is an instance of a two-institution, multi-disciplinary endeavor with strong linkages to the industrial sector.  Its precursor was the OCS founded by University of Colorado at Boulder and Colorado State University in 1986 to perform cutting-edge research in digital optical computing and analog optical signal processing, including associative memories, neural networks, and optoelectronic materials and devices. The initial proposal for OCS to become an NSF ERC in 1986 was turned down, but University of Colorado reapplied the next year and was awarded an NSF grant for an ERC in 1987.  

Initially, OCS tried to cluster research activities around its strong base of work in physics and chemistry of ferroelectric liquid crystals and to transfer this knowledge into engineering applications. Consequently, the center established three main thrusts in order to build machines to test the perceived advantages of optics over electronics: Digital Optical Computing (DOC); Optical Signal Processing (OSP); and Optical Connection Machine (OCM). The vision of the OCS leadership continued to evolve and, as a result of both advice from the External Advisory Board and of recognition of the new trends in the microelectronic industry, in 1993 the center formally tried to realize the growing potential of optoelectronics for interconnects, communication systems, and image processing by moving into two additional application-driven thrusts: Optical Signal and Image Processing (OSIP) and Optical Interconnects in Digital Systems (OIDS). In 1996 OCS developed a new thrust of research activity: Technology for Advanced Human/Machine Interface (TAHMI). After 11 years of NSF support, OCS became a graduated ERC in 1998 and was transformed into a research and education center within the Department of Electrical and Computing Engineering at the University of Colorado at Boulder.

During its existence as an NSF ERC the Center for Optoelectronic Computing Systems has been highly successful. It has established itself as one of the world leaders and resource in the area of ferroelectric solid and liquid crystals. The center has been one of the U.S. leaders in promoting smart pixel arrays, i.e. high speed optoelectronics integrated with electronics. It has had a huge research and educational impact on the two participating universities (e.g., over $53M dollars in contracts and grants have been awarded to UC-Boulder and CSU because of the ERC). OCS has been heavily involved in technology transfer and productive interactions on a regular basis with a large number of local Colorado companies. The center has spun-off 14 companies, most of which are engaged in applications of ferroelectric crystal work to micro-displays.  Student careers have been positively affected by their involvement in hands-on interdisciplinary research and applications in the hot area of optoelectronic computing. Most graduates end up in positions in industry, although about 30% work in academia and 10%--in government labs.

III.       Magnitude:

This is an assessment of the magnitude of the James R. Macdonald Laboratory as of December, 1998 (when OCS graduated as an NSF ERC).  There have been some fluctuations from the early years, but for the most part the number of personnel has been fairly stable.

· Number and names of participating institutions: 2 universities: University of Colorado at Boulder; Colorado State University. UC-Boulder has been the host institution for the center.

· Number of research faculty: 28 

· Number of research staff (assistant scientists and research technologists): 5

· Number of postdoctoral fellows: 13

· Number of graduate students (research assistants): 66

· Number of undergraduate students: 17

· Other staff (administrative and clerical): 5

· Level of funding: Approximately $2,500,000 per year were provided by NSF for 8 years. This funding was phased down in the ERC’s ninth and tenth years. Additionally, the center generated about $5,000,000 per year from industry, other government agencies, the state government, and the two universities in grants and contracts, cash, and in-kind donations. About 15 industrial companies paid $25,000 each per year as a membership fee.

· Funding agencies: NSF, the State of Colorado, industrial firms, other government agencies.

IV. Outputs:

	Year
	Articles
	Technical Reports
	Patents
	Dissertations
	Theses
	Spin-off companies

	1987
	  na
	1
	na
	na
	 na
	na

	1988
	  100*
	1
	na
	  2
	  7
	 1

	1989
	  100*
	1
	na
	  7
	10
	 2

	1990
	  100*
	1
	na
	  3
	15
	 1

	1991
	  100*
	1
	na 
	  4
	12
	 2

	1992
	  100*
	1
	na
	13 
	  8
	 1

	1993
	  100* 
	1
	na
	  9
	12
	 1

	1994
	  100*
	1
	na
	12
	  8
	 2

	1995
	  100*
	1
	na
	  9
	11
	 1

	1996
	  100*
	1
	na
	21
	19
	 1

	1997
	  100*
	1
	na
	  4
	  2
	 1

	1998
	  100*
	1
	na
	  6
	  5
	 1


Notes: na=not available; * an estimate of the average number of OCS publications per year involving student co-authorship.

V. Impacts:
· Scientific impacts:  OCS has made a significant scientific impact in all of its five research thrusts. The major contributions have been to basic science and applications of ferroelectric liquid crystals, as well as R&D on smart pixel arrays (SPA). Among the center’s numerous achievements, the following stand out: the design and fabrication of a smart detector; the development of liquid-crystal-on-silicon (LCOS) spatial light modulators; the establishment of abnormal cell detection algorithm; the construction of the first optical systems to process spatial and temporal information that could truly be said to “learn by themselves;” the development of the fastest and brightest tunable optical spectrometer; OCS scientists were the first to bond an array of VCSELs directly to foundry-fabricated ICs, both CMOS and Ga As MESFETs; the design and construction of the first programmable optical computer ever built, the so-called Bit Serial Optical Computer (BSOC); the development of the first amorphous silicon/ferroelectric liquid crystal optically addressed spatial light modulators (OASLMs); the discovery of the first example of achiral symmetry breaking in liquid. 

· Technical impacts: The technological impacts of the center have been wide-ranging and pervasive. Apart from some of the already mentioned devices, OCS has developed a number of specific ferroelectric liquid crystal and liquid-crystal-on-silicon technologies, which have been applied to manufacture microdisplays and filters for the market by the center spin-off companies.  In addition, the existence of OCS has led to the design and construction of several state-of-the-art facilities: the Inegrated Teaching and Learning Laboratory; the Smart-Pixel Design Lab; the Keck High Speed Metrology Laboratory; the Integrated Circuit Processing Laboratory; the Computer Generated Hologram Facility; the Optoelectronic Device Simulator; Facilities for Fabricating Optically Addressed Spatial Light Modulators; the Liquid Crystal Cleanroom for Liquid-Crystal-on-Silicon Fabrication. 
· Relations with industry: The relations of OCS with industry have covered the whole gamut of possible interactions, which befits its mission as an ERC. A number of successful industrial connections have been forged mostly with Colorado companies at all levels (client-sponsored research, technology transfer, technical assistance, patenting, licensing, spin-offs, outreach). A significant role in that respect was played by the Colorado Advanced Technology Institute (CATI) and its stimulation of commercialization that would transfer OCS technology to industry.  The primary mechanism for achievement of that goal has been the so-called “exploratory seed-grant projects.” Another channel for center-industry linkages has been the creation of OCS spin-off companies. The entrepreneurial focus of OCS has led to the formation of perhaps the largest number of such companies (14) that use and commercialize center technology among all the centers in our sample. Finally, OCS has been a major supplier of highly qualified, broadly trained new employees to both small and large industrial companies. 

· Education and outreach: Education and outreach are important parts of OCS’s  mission.  The center has been engaged in a variety of educational programs and initiatives. It administers the NSF funded Research Experience for Undergraduates (REU) program, which brings to the center a number of college students for eight to ten weeks during the summer. Another center program, the Undergraduate Research Opportunity Program (UROP) has involved eighty-seven students from 1992 to 1998. Several programs are specifically targeted at K-12 students: the Physics of Light, Learning for Fun Program; the Explorers Program for Girls; the “Expanding Your Horizons” program; and some others. OCS has also developed several new web-based courses and has collaborated with several community colleges on developing an optics and optoelectronics techno-professional degree program. 

· Student careers: One of the biggest advantages of OCS is that it gives a broad, interdisciplinary training to its students, as well as plenty of hands-on experience in a very marketable field. The center graduates have been routinely hired by industrial companies to conduct R&D in various areas related to optoelectoronics. A little over 60% of former OCS students have found jobs in the industrial sector. About 30% have taken positions in universities, and the remaining 10%-- in national laboratories. A unique strength of this ERC is that it not only educates students, but prepares them for and encourages them to get involved in entrepreneurship. Consequently, several former center graduates have formed spin-off companies to commercialize OCS research. 

· Collaboration:  Research collaborations have occurred on several levels. The first is inter-departmental and interdisciplinary cooperation in R&D (common projects have involved physicists, chemists, applied mathematics, and various sub-fields of engineering). At the College of Engineering level at UC-Boulder OCS has had extensive interactions with the NSF I/U Center for Advanced Packaging of Microwave, Optical, and Digital Electronics. The second level of R&D interaction is the inter-institutional (e.g., collaboration with Front Range Community College on developing an optoelectronics technician course; collaboration with Kent State University to develop new applications beyond displays). The third is the center-industry collaborative nexus. Here OCS has been extremely active in directive contracts, joint R&D, technology transfer, and commercialization. It has been very instrumental in building over the past decade or so of the so-called ‘sunrise technology’ of optical computing and processing—a small but increasingly important sector of the economy. 

