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Boulder, Colorado, was an emerging
center for optics and optics-based
research even before two Boulder

scientists shared last year’s Nobel Prize in
physics for their work on Bose-Einstein
condensation (BEC). During the past
twenty years, the city has become a mag-
net for optics engineers and scientists.
“None of my students ever seem to leave,”
says Carl Wieman, one of the Nobel laure-
ates and a professor at the University of

Colorado at Boulder. Instead, they move
into research, start companies, or take up
positions at one of the many high-tech op-
tics businesses that have grown up locally
or moved into the area.

Traditional centers of optics have aris-
en around specific industries, such as pho-
tography and xerography in Rochester, or
defense in southern California. Optics ac-
tivities in Boulder are extremely varied:
some area companies are virtual “think
tank” operations—lab-based companies
designing optical components that are
manufactured in Asia for global markets.

In addition to the University of Col-
orado and other schools, the Boulder area
features a variety of government and cor-
porate labs, as well as more than 174 pho-
tonics businesses of all sizes. This combi-
nation has become a “vigorous brew” for
optics, says Brian Hooker, associate re-
search professor in the Electrical Engi-
neering Department at the University of
Colorado at Boulder and advisor to the
Colorado Photonics Industry Association.
State and federal support programs have
helped create the area’s innovative and di-
verse optics economy. And the quality of
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life––the clean air, open space and moun-
tain parks––keeps people there. The city
has a cultural life too, attracting devotees
of the arts and alternative lifestyles.

Boulder’s scenic “trademark” is the Flat
Irons, a ridge of mountains with iron-
shaped flats that dominates the city sky-
line. Many who live in the area mention
love of the outdoors as a reason for mov-
ing to Boulder or as a reason for staying
once they get there. The population of the
city is about 100,000, a figure that rises to
300,000 for the metropolitan area plus
surrounding Boulder County. More than

The Boulder Flat Irons, visible from many locations, are the city’s landmark.
This panoramic photograph was taken by the all-digital SliVR panoramic camera made by
Panoptic Vision, Inc., a start-up based in Erie, near Boulder.The combination of pleasant envi-
ronment and access to prototyping workshops made the company’s location a good choice,
according to founder Joshua Eskin.A graduate of the University of Arizona, Eskin has a back-
ground in medical imaging and has developed his rotating digital panoramic camera based on
a one-dimensional charge-coupled device (CCD) with 8000 x 3 pixels (one pixel for red,
green and blue). Software instantly stitches the panorama together. He hopes the speed, sim-
plicity and high quality (48-bit color recording with up to 8000 x 64,000 pixels) will give his
product a niche in the emerging field of photographing “immersive environments,” a market
which features products like Apple’s QuickTime VR.



half of Colorado’s photonics organizations
are now based within the county.

A 1999 study by the university found
that more than 37,000 Colorado jobs de-
pended directly or indirectly on photon-
ics: about 20% of these were positions in
which employees were required to have
some knowledge of photonics (purchasing
agents, for example, who buy optics). Each
year between 1995 and 1999, an average of
10 new optics organizations, either com-
panies or non-profits, were founded in 
the state.

Impact of recession
Boulder’s optics companies have not been
immune to the recent downturn in the
economy. From a historic low in state un-
employment in early 2001, layoffs at high-
tech and other businesses doubled Col-
orado’s unemployment rate, bringing it to
5.7% by January 2002.

Late in January, Boulder-based Zight
Corp. was winding up its affairs with a fire
sale of surplus equipment. The 1996 start-
up, founded as Colorado Microdisplays,
developed miniaturized liquid-crystal dis-
plays for eye-piece viewers. But as the eco-
nomic outlook worsened last year and new
infusions of venture capital failed to mate-
rialize, the company was forced to lay off
staff and close.

Other Boulder companies, some small-
er and characterized by slower growth
rates, feel they are better positioned to
weather the recession. This is especially

true for companies whose predominant
source of funding is research contracts
rather than venture capital.

Origins of growth
The decision by the Colorado legislature
in 1874 to select Boulder over other towns
as the home of the University of Colorado
has been crucial to its role as a high-tech
center. After World War II, the city wooed
government and corporate research labo-
ratories, including the National Institute
of Standards and Technology (NIST),
which built a lab on donated ground in
1950. Organizations like NIST were at-
tracted by the location but also by the fact
that the university could serve as a source
of research expertise and employees. The
National Center for Atmospheric Research
(NCAR) was founded in Boulder in 1960,
in a building designed by I. M. Pei. IBM
Corp. built a research campus in 1965, and
the founding organization of the National
Oceanic and Atmospheric Administration
chose Boulder as its base in 1966.

By some accounts, the largest commer-
cial optics employer in the area is Ball
Aerospace and Technologies Corp., origi-
nally Ball Brothers Research Corp., which
moved into Boulder’s industrial park in
1957. Ball oversaw the manufacture of the
correction optics for the Hubble Space
Telescope and hopes to be prime contrac-
tor for its replacement. To that end, Ball is
exploring how to make lightweight mir-
rors of beryllium. A company Web site

states that an 8-m-diameter beryllium
mirror should be lighter than the current
2.4-m Hubble primary reflector, yet still
able to survive the extreme temperatures
of space. Meanwhile, the Cosmic Origins
Spectrograph, now under construction for
Hubble and due to be fitted during the
telescope’s final maintenance visit in 2003,
will be almost 20 times more sensitive
than any previous Hubble ultraviolet spec-
trograph. The extra sensitivity will allow
astronomers to detect fainter, more distant
quasars, allowing them to see further back
in space––and therefore time––to the ear-
liest moments following the Big Bang.

Ball announced late in 2001 that it had
been selected prime contractor by NASA’s
Ames Research Center for “Kepler,” a new
planet-seeking “photometer” satellite. Fea-
turing a 0.95-m-aperture Schmidt camera
with a 96-million-pixel detector at its focal
plane, Kepler will check the brightness of
each of 100,000 nearby stars every 15 min-
utes, looking for the brief but telltale dim-
ming of a star when an orbiting planet
moves across its surface. Although such
events are rare and last but a few hours, the
company hopes Kepler will be able to find
more than 600 new planets during its pro-
jected four-year lifetime.

A large employer like Ball trains many
of its own technicians, but smaller compa-
nies, especially start-ups, face bigger chal-
lenges in this area. Workforce develop-
ment was a major spur to the creation of
the Colorado Photonics Industry Associa-
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A quiet corner of the campus of University of Colorado at Boulder.
Image captured by a digital camera developed by Panoptic Vision, Inc.



tion in 1996, according to Brian Hooker,
now advisor to the association’s executive
committee. The group persuaded the state
to establish a photonics technician pro-
gram at Front Range Community College
in Broomfield, midway between Boulder
and Denver. The state also gave $4.5 mil-
lion to build a unique, non-profit testbed
facility for photonics start-ups, the Col-
orado Advanced Photonics Technology
Center. Initially established in Denver, the
center is moving this year to premises
shared with the community college in
Longmont, near Boulder. Equipment in-
cludes isolation tables, lasers, profilome-
ters, an atomic force microscope, MTF
measurement systems, and environmental
test chambers. The center aims to provide
the kind of central laboratory support and
technical specialists common in big cor-
porations, and encourages local compa-
nies to take advantage of its hardware 
and expertise before buying their own
equipment.

Although most of the optics companies
in Boulder and throughout the state are
relatively small, their impact on the econo-
my adds up. A study by the university in
1999 estimated that 157 of the state’s
smallest companies brought in revenue to-
taling $1.5 billion.

An academic framework
Small companies and start-ups need sci-
entists and engineers who can cover many
bases. A recent initiative at the University
of Colorado, backed by a National Science
Foundation (NSF) grant, is an optical sci-
ence and engineering program that em-
phasizes interdisciplinary study and expe-
rience. Students rotate for a semester each
in chemistry, biology, physics, and engi-
neering labs, then complete an internship
with a local business before they start doc-
toral research. The program, which is se-
lective and offers full fellowships, accepts
seven to eight students a year, according to
Rafael  Piestun, a professor who teaches in
the program. There is also an option for
an abbreviated course ending in a Master’s
degree. The University of Colorado at
Boulder has 36 optics faculty members,
making it one of the largest such faculties
in the country, if not the world.

Although the University of Colorado
may employ the largest body of optics aca-
demics, three other universities—all with-
in an hour’s drive—are also very active in
the field: Colorado State University at Fort

Collins, Colorado School of Mines in
Golden, and the University of Denver. All
four universities join forces for an annual
poster session at which students can pres-
ent current research and local businesses
can prospect for employees.

If a university professor in Colorado
goes to a company to carry out relevant re-
search, a state-funded program called Col-
orado Photonics & Optoelectronics Pro-
gram will pay $30,000 a year to hire a
graduate student to work on that project.
More than forty companies have taken
part since the program was inaugurated
ten years ago.

Looking back on the research that led
to his Nobel prize, Carl Wieman acknowl-
edges the early contribution of a local op-
tics company, Research  Electro-Optics,
Inc., of Boulder, which made him “super-
good” mirrors for an extremely high pow-
er optical resonance cavity. That early ex-
periment, aimed at driving atoms into
“forbidden” parity violations, led eventu-
ally to the mirror methods and diode
equipment he needed for the laser cooling
used to obtain Bose-Einstein condensa-
tion. Research  Electro-Optics, Inc., had
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JILA draws on the atomic physics and laser expertise of NIST
and the academic staff of the University of Colorado.

Founded jointly by the two institutions in 1962, JILA was the site of the 2001
Nobel-prize-winning experiments on Bose-Einstein condensation.

Boulder Web Links

Colorado Advanced Photonics 
Technology Center 

http://www.captcenter.org/

Colorado Photonics & 
Optoelectronics Program

http://www-ocs.colorado.edu/indus-
try/CPOP/index.html

Colorado Photonics 
Industry Association

http://www.coloradophotonics.org/

JILA 
http://jilawww.colorado.edu/

National Institute of 
Standards and Technology

http://www.bldrdoc.gov/

Optoelectronic Computing 
Systems Center, University of

Colorado at Boulder
http://www-ocs.colorado.edu/

Optical Science and 
Engineering Program, University

of Colorado at Boulder
http://www.colorado.edu/OSEP/
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developed mirror-manufacturing technol-
ogy to make laser-based particle-detection
equipment for cleanrooms.

The company was willing to work on
mirrors for Wieman’s experiment in a
back-and-forth process in which the uni-
versity researchers fed back test results
from their sensitive equipment and the
company refined and improved its specifi-
cations.

Besides his University of Colorado pro-
fessorship, Wieman is also a distinguished
fellow at JILA in Boulder, an organization
now known only by that acronym but
called the Joint Institute of Laboratory As-
trophysics when it was co-founded by the
university and NIST in 1962. All fellows
hold full-time positions at either the uni-
versity or NIST.

Wieman’s coworker and fellow Nobel
prize winner, Eric Cornell, is a NIST staff
physicist and professor [the third physicist
to share the Nobel prize for BEC was Wolf-
gang Ketterle of MIT]. JILA receives fund-
ing from the NSF that lets the institute
choose new directions of research, accord-
ing to Wieman. He finds the atmosphere

Cutting-edge products
Ferroelectric liquid crystals are an exam-
ple of a specialty technology that has
transferred to start-ups founded by staff
and former students. In 1984 alumnae
from the University of Colorado launched
Displaytech, a microdisplay company in
Longmont, ten miles from Boulder. The
company announced production of its
one-millionth ferroelectric liquid crystal
microdisplay at the end of 2001, twelve
months after starting production through
its Japanese partner Miyota Co. Produc-
tion in 2002 will double, says a spokesper-
son for the firm. The company is also de-
veloping a liquid-crystal based light valve
for projection television.

Another example of a successful prod-
uct originating in Boulder is an electroni-
cally switchable liquid-crystal color filter,
part of an optical prism known as “Col-
orQuad,” which is being supplied by Boul-
der-based Colorlink for a new projection
television to be marketed by Thomson
Multimedia.

A two-dimensional “spatial light mod-
ulator” using liquid-crystal switching is
being sold by start-up Boulder Non-Lin-
ear Systems. The 512 x 512 pixel device
can be modulated at speeds of up to four
kilohertz.

The university is developing two-di-
mensional arrays of vertical-cavity sur-
face-emitting laser (VCSEL) technology to
serve as input planes to optical processors.
VCSEL technology is also being used for
commercial-high-speed data intercon-
nects by two local businesses: Picolight,
Inc., of Boulder and Cielo Communica-
tions of neighboring Broomfield. During
the past year, both companies have an-
nounced 10-Gbit/s optical links using
1300-nm lasers, aimed first at applications
in local data interconnects and then at
long-distance telecommunications infra-
structure for next-generation Internet-
type bandwidth. Another local start-up,
dBm Optics Inc., makes test equipment
for fiber optics.

With its scenic surroundings, an out-
door lifestyle, and city and state support
for local business, Boulder has a solid
foundation for growth and seems destined
to consolidate its role as one of the na-
tion's leading centers for optics-based in-
dustries.

Michael Wenyon is a professional science writer. He
can be reached on wenyon@theworld.com.
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The Kepler spacecraft.
Under construction at Ball Aerospace in Boulder, it will measure the brightness of
100,000 stars on a continuous basis, looking for the slight, telltale dimming showing

that a planet has crossed a star’s surface.

“very cooperative,” with researchers will-
ing to commit 15% of their grant income
towards central infrastructure, including
workshop facilities. He points out that
such cooperation is especially remarkable
when funds are harder to find and the
temptation for individual researchers is to
hold onto the funds they have.

The Optoelectronic Computing Sys-
tems Center (OCSC) is a teaching and re-
search department based in the University
of Colorado Department of Engineering.
Over the past 15 years, OCSC has spawned
many of Boulder’s new companies. Eleven
years of funding from the NSF as a desig-
nated Engineering Research Center gave
the center a solid start. NSF funding to-
talled $2.5 million in 1997. It has since
been replaced by other sources of income
which give the center an annual budget of
nearly $5 million.

One source of income is a portfolio of
55 patents, many licensed to local compa-
nies. OCSC’s research is aimed at develop-
ing components for optical computing:
interconnects, materials, processing, and
storage.

Image courtesy of Ball Aerospace & Technologies Corp.


