
60. A Brief History of QED Technologies

Donald Golini

“One new and exciting technology that could have a profound influence on
optical fabrication, and ultimately, the basic design forms we work with is
‘Magnetorheological Finishing’ (MRF).”

—Photonics Spectra, January 1993

The concept of using magnetorheological finishing (MRF) as an automated process to pol-
ish high precision optics was first introduced to the Center for Optics Manufacturing
(COM) at the University of Rochester in 1993. In 1996 the MRF technology became the
foundation of a new start-up company, QED Technologies, whose vision was to develop
commercial MRF equipment. After a decade of research and development, MRF has
earned industry-wide acceptance and is used by optics manufacturers around the globe.
MRF has significantly changed the way precision optics are manufactured, and QED
Technologies remains on the leading edge of optics manufacturing technology.

Overview

QED succeeded in the challenging task of transforming a novel university R&D technol-
ogy into a robust optics manufacturing product with broad commercial acceptance. QED’s
automated polishing machines use a magnetic fluid to finish high precision optical elements
in minutes or even seconds, replacing the artisan-based, manual technology that previously
took hours or weeks. Before MRF, precision optics fabrication was mired in processes that
had seen few improvements since the 1950s and relied on highly skilled master opticians
and labor-intensive techniques. QED overcame initial resistance from a change-averse
industry and is now recognized for introducing an enabling technology that will meet next-
generation optics manufacturing challenges in the semiconductor, telecommunications, and
many other high technology applications. In 2003 QED introduced an innovative metrol-
ogy system, the Subaperture Stitching Interferometer (SSI). QED’s SSI leverages develop-
ments in software and hardware to improve the capacity, accuracy, and flexibility of
traditional interferometers.

QED’s roots trace back to 1989 and the formation of the Center for Optics
Manufacturing.
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The Center for Optics Manufacturing at the 
University of Rochester

In 1989 a unique partnership was created at the University of Rochester. Harvey
Pollicove, an executive on loan from Eastman Kodak, joined forces with former Institute
of Optics director, Professor Duncan Moore, and enlisted the help of the American
Precision Optics Manufacturers Association (APOMA) and the U.S. Army Materiel
Command. Together they created a collaboration of academic, industrial, and military
resources to develop advanced optical technology and equipment for U.S. optics
manufacturers.

In 1990 COM was officially launched, thanks to a $4.8 million contract from the U.S.
Army Materiel Command. COM was chartered with meeting the needs of a faltering U.S.
optics manufacturing industry that was losing ground to overseas manufacturers and in
decline for more than a decade. Pollicove was named COM’s first director and undertook
the challenge of modernizing the optics industry for both commercial and defense sectors.
According to Pollicove, “New equipment will be only one product of the center. . . . the
center embodies a whole new approach to manufacturing that will revolutionize the way
we make optics.” Traditional optics manufacturing consisted of rigid and repetitive
processes of grinding, polishing, testing, and correcting—largely requiring the knowledge and
skill of master opticians. The long-range goal of COM was to introduce novel processing
technologies to help manufacturers become less dependent on expensive, artisan-based
labor. With a focus on determinism and automation, optics manufacturing becomes less
sensitive to labor costs, creating a more level global playing field.

COM quickly adopted the motto, “Implementation is the only hallmark of success.”
Technology transfer, training, and education were key to COM’s mission. “The center is
in a unique position to be able to assemble expert resources from leading academic, gov-
ernment and industrial institutions to provide an invaluable technology transfer base,” said
Moore. The first project COM tackled was the development of an automated, CNC-based
grinding machine to manufacture optics. Dubbed “Opticam,” the new manufacturing
approach allowed glass and ceramic optical components to be made as easily as metal
parts. The center’s goal was to have a prototype within two years. To this end, COM
organized a process science committee—an advisory panel of volunteers from the optics

The Center for Optics Manufacturing at the University of Rochester is located within the

Center for Optoelectronics and Imaging building.
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industry who helped guide the center’s research and development work, ensuring the pro-
gram would meet the needs of industry. Don Golini, then with Litton/Itek Optical Systems,
agreed to chair the committee.

In 1992 the University broke ground on a 96,000-square-foot facility—the new home
of the growing center. That year COM demonstrated that the prototype Opticam
System was capable of manufacturing optics with surface finishes of 100 to 300
angstroms (rms), 1–2 microns of subsurface damage and peak-to-valley surface figure of
1 wave or less. This unprecedented breakthrough could not be achieved using conven-
tional equipment. In that same year, Golini joined COM full time to manage the
manufacturing sciences program, concentrating his efforts on grinding and polishing
process innovations. The manufacturing sciences team grew to seventeen faculty and
more than twenty graduate students who produced dozens of technical publications. In
a relatively short time, the group improved the state of the art in grinding optics, reduc-
ing cost, and improving process yields for manufacturers. However, the final polishing
step was still expensive, time consuming, and required the “black art” expertise of the
master optician.

In 1993 a private investor approached COM about the potential use of a magnetic
slurry for polishing optics. This radical approach sparked skepticism from the optics indus-
try, but Pollicove, Professor Stephen D. Jacobs, and Golini were impressed. A collabora-
tion between Byelocorp Scientific Inc. (BSI), a technology development firm, and COM
was launched to develop a proof-of-concept demonstrating that MRF could become a
viable optical finishing technology.

Magnetorheological Finishing (MRF)

MRF was first developed by a team of scientists lead by William Kordonski at the Luikov
Institute of Heat and Mass Transfer in Minsk, Belarus in 1988. Kordsonki and his team
developed the use of magnetically sensitive—or magnetorheological (MR)—fluid to polish
optics. The MRF process is based on this “smart fluid” which changes viscosity in mil-
liseconds when a magnetic field is introduced. The fluid is a slurry consisting of water and
other materials, mainly carbonyl iron and an abrasive material such as cerium oxide. The
MR fluid temporarily hardens when exposed to a magnetic field and conforms to the sur-
face of the glass to be polished, making it ideal to polish many types of components. It
offered a truly revolutionary opportunity to overcome many of the limitations of conven-
tional polishing.

Under the new collaboration with COM, Kordonski came to Rochester to work with
Jacobs and Golini to perfect MRF and develop a stable finishing process. The team spent
the next three years studying and refining MRF. Institute of Optics Professor Gregory
Forbes and doctoral candidate Paul Dumas developed the complex algorithms required to
deterministically control and automate the polishing process. In 1994 a prototype MRF
machine was created and validation tests began. The COM-BSI team demonstrated that
MRF could achieve unprecedented results deterministically. Optics with less than 10
angstroms rms surface roughness and �/10 p-v figure error were produced in less than an
hour. The once-skeptical optics industry began to believe in the technology. However, a
commercialization plan for MRF did not yet exist.
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“MRF represents one of the single most exciting advances in

optical fabrication in many, many years.”—Photonics
Spectra, 1993.
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QED Technologies

In mid-1996 Golini recognized the opportunity, wrote a business plan, and approached
BSI, the investor who initially brought MRF to COM. This partnership became the foun-
dation of QED Technologies. By 1998, QED introduced the Q22 MRF System, a multi-
axis, computer-controlled machine that was capable of polishing optics up to 200mm in
diameter. The Q22 could simultaneously eliminate subsurface damage while improving
surface figure by varying the amount of time the optic is immersed in the fluid. The
flexibility of the Q22 and the conformal nature of its magnetic fluid polishing tool made it
extremely effective to produce a wide array of optical components. Today, QED offers a
family of MRF machines capable of polishing flats, spheres, aspheres, optical windows,
prisms, and cylindrical optics in diameters as large as one meter. QED’s intellectual prop-
erty portfolio has grown to over a dozen fundamental international patents, and the
company has sold more than eighty machines world-wide.

QED’s newest product, the Subaperture Stitching Interferometer (SSI), is a six-axis
computer-controlled interferometric workstation that provides automated, high-precision
metrology for large clear aperture (CA up to 200mm in diameter) and high numerical
aperture (NA) plano, convex, and concave parts. QED’s motivation to develop a metrol-
ogy tool was simple. Metrology is critical to the optics fabrication process and often, the
lack of accurate and affordable metrology ultimately limits the lens quality. One famous
optician said, “If you can’t measure it, you can’t make it.” QED’s SSI uses novel develop-
ments in software and hardware to improve the capacity and accuracy of traditional inter-
ferometers, overcoming many of the limitations previously faced with interferometric
stitching techniques. Partnering the SSI with the Q22 MRF Systems allows QED to offer
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Q22-Y MRF system is QED’s flagship machine, enabling the manufacture of precision

optics while reducing overall production time, increasing yield and reducing costs.
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customers a complete state-of-the-art finishing solution that increases speed and yield, while
decreasing costs.

In recognition of significant technological achievements, QED has been awarded the
Photonics Spectra Circle of Excellence Award, the Laser Focus World Commercial
Technology Achievement Award, the Department of Defense Manufacturing Technology
Achievement Award, and the R&D 100 Award, for the innovative and revolutionary Q22
MRF system. In 2002 QED Technologies was named Rochester’s fourth fastest-growing
company. Most recently, QED was named recipient of the 2003 Rochester Business Ethics
Award, awarded in recognition of a Rochester company that exemplifies the highest ethi-
cal standards in its everyday business practices.

QED Technologies maintains a valuable partnership with COM, The Institute of
Optics, and the University of Rochester, and is indebted to the expertise, professionalism,
and dedication of the many people who have contributed to our unique success story.
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The subaperture stitching interferometer (SSI) is

QED’s latest innovation.
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