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During the Cold Wa r, there was much concern in the United States about the threat of ballis-
tic missiles carrying weapons of mass destruction. To control this threat, the U.S. Depart m e n t
of Defense formed the Strategic Defense Initiative Organization (SDIO), a re s e a rch pro g r a m
designed to look into defensive technologies and related systems that could destroy ballistic
missiles and warheads in flight. Although the Soviet Union has collapsed and the Cold War is
o v e r, a growing number of hostile nations have invested heavily in ballistic missiles, pro m p t-
ing a change in U.S. defense policy. As a result of this change, SDIO became the Ballistic Missile
Defense Organization (BMDO), which is now working to provide active defenses against bal-
listic missile attacks and to build a technical base that will support these defenses.

SDIO and BMDO have supported re s e a rch on new technologies and provided options for
i m p rovement to existing systems. These new ideas—such as the kinetic energy interc e p t o r,
advanced tracking and surveillance sensors, and directed energy systems—are essential to
s t rengthen our defenses and keep ahead of the increasingly sophisticated global missile thre a t .
Investing in these and other missile defense systems also has provided enormous amounts of
technology with many commercial applications outside their intended defense use. Leading-
edge technology in lasers, optics, and computer algorithms, for example, may help doctors
diagnose and treat cancer faster and more eff e c t i v e l y, potentially saving many lives.

Recognizing the importance of transferring this technology to U.S. companies and its bene-
fits to the U.S. economy, BMDO created the BMDO Technology Applications program. As its
major thrust, this program facilitates the use of technology developed for BMDO in the non-
defense public and private sectors, resulting in numerous technology transfers of leading-
edge missile defense technology. For example, the program is establishing cooperative pro-
grams with industry to illustrate the uses of BMDO-funded communications, imaging, and
computer technology in education. Applying new technologies to meet growing distance
education needs could provide enormous benefits for rural and remote communities, in the
United States and throughout the world.

The 1997 Technology Applications Report highlights some of the most innovative and commer-
cially oriented technology emerging from BMDO-funded re s e a rch and development pro j e c t s .
W h a t’s m o re, many of these technologies are already finding homes in such myriad commer-
cial markets as communications, displays, medicine, manufacturing, optics, and sensors—just
to name a few. This re p o rt also discusses the pro g r a m’s integrated eff o rts to support BMDO-
funded technologies at various stages of development through the following appro a c h e s :

■ Making industry aware of BMDO-funded innovations.
■ Guiding BMDO-funded re s e a rchers in the commercialization pro c e s s .
■ Leveraging cooperative re l a t i o n s h i p s .
■ Testing innovative, new models to commercialize BMDO-funded technology.

I invite you to sample the many BMDO-funded technologies featured in the re p o rt. And, as you
read this publication, keep in mind that a staff of technology transfer specialists is only a phone
call away at (703) 518-8800, ext. 500. They will be happy to answer any questions about a spe-
cific technology in this re p o rt or any other services of the Technology Applications pro g r a m .

Guy S. Hammer
D i re c t o r, BMDO Technology Applications

FOREWORD
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INTRODUCTION

HOW LONG DOES AN IDEA TAKE?

ITEM CONCEPT COMMERCIALIZATION TIME GAP

Transistor 1940 1950 10 Years
TV 1907 1936 29 Years
Helicopter 1904 1936 32 Years
Zipper 1891 1923 32 Years
Diesel Locomotive 1895 1934 39 Years
Radar 1887 1933 46 Years
Ball Point Pen 1888 1938 50 Years
Fluorescent Light 1852 1934 82 Years

A m e r i c a’s s t rong support of world-class technologies has created a culture of innovation that will help
our Nation remain competitive in the 21st century. We all can take pride in this support because
innovation is key to producing technology bre a k t h roughs that boost industrial and economic per-
f o rmance. However, we must also realize that such bre a k t h roughs often have lengthy incubation peri-
ods; they can take years to mature into commercial products that become part of the fabric of every-
day life. Some of today’s most popular and useful technologies took more than a decade to go thro u g h
the development process, mature, and find their markets, as shown in the table below.



MAKING BALLISTIC MISSILE 
DEFENSE A REALITY

I N T R O D U C T I O N 1997 TECHNOLOGY APPLICATIONS REPORT

The Ballistic Missile Defense Organization (BMDO) is working to provide active defenses
against ballistic missile attacks and a technical base that will allow the Department of
Defense to protect against increasingly sophisticated missiles around the world. These eff o rt s
a re carried out through three broad program areas: theater missile defense, national missile
defense, and technology re a d i n e s s .

T H E ATER MISSILE DEFENSE
B M D O’s theater missile defense (TMD) aims to protect U.S. forces, allies, and other coun-
tries from theater missile attacks. Three core TMD programs re p resent the bulk of BMDO’s
re s e a rch, development, testing, and evaluation budget for fiscal year (FY) 1996.

■ PAT R I O T1 Advanced Capability-3. The PATRIOT Advanced Capability-3 (PA C - 3 )— a
hit-to-kill, single-stage interceptor—is designed to provide a missile defense for our
t roops and fixed assets as quickly as possible. It will help destroy short- and medium-
range ballistic missiles and other threats in the atmosphere .

All PAC systems have four basic components; a radar set, an engagement control station, a
launching station, and interceptors. Three increasingly sophisticated versions of PAC-3 will
be built, with the final configuration projected to reach the field in 1999.

■ Navy Area Defense. The U.S. Navy and BMDO have been working in partnership to
develop a sea-based area defense capability that builds on the existing AEGIS2/ S t a n d a rd
Missile air defense system. This system is based on AEGIS-class cruisers and destro y e r s ,
which already form the backbone of the U.S. fleet. AEGIS ships provide all elements of
s h o rt- to medium-range missile defense and are particularly suited to protect forc e s
moving inland from the sea.

A user operational evaluation system (UOES) will be developed in several phases. The
UOES computer program will be completed in FY 1998. The UOES missile is pro j e c t e d
to be available in FY 2000. Actual deployment may begin as early as 2002.

■ Theater High-Altitude Area Defense System. B M D O’s Theater High-Altitude Are a
Defense (THAAD) system will form the largest umbrella of missile protection in a theater,
a rching over all other missile defense systems. To accomplish this mission, THAAD will
have long-range and high-altitude intercept capabilities to engage the entire spectrum of
theater ballistic missiles. These capabilities will give U.S. forces the earliest opportunity to
shoot down incoming missiles and the best chance to destroy them far enough away that
falling debris will not endanger friendly forc e s .

The THAAD system consists of four major parts: truck-mounted launchers, interc e p t o r s ,
the THAAD radar systems, and the THAAD battle management (command, contro l ,
communications, and intelligence) system. Initial flight tests are under way. Beginning in
late 1998, a prototype THAAD system will be available so that soldiers can comment on
system design and conduct early operational assessments.

1PATRIOT is an acronym for Phased Array Tracking Radar Intercept on Ta rg e t .
2In Greek mythology, AEGIS is the name of the shield owned by Athena, goddess of wisdom and war,
who loaned the shield to Perseus to block the gaze of Medusa.
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■ BMDO is upgrading 
the PAT R I O T, which will 
help destroy short- and
medium-range ballistic 
missiles and other threats 
in the atmosphere.



N ATIONAL MISSILE DEFENSE
B M D O’s national missile defense (NMD) is concerned with the possibility of a limited bal-
listic missile strike against the U.S. homeland. The current NMD program works toward
building, if necessary, a ground-based antiballistic missile system to effectively defend all 50
states against a small number of threatening warheads from rogue nations.

N M D’s key components under development include a ground-based interc e p t o r, gro u n d -
based radar, upgraded early-warning radar, a battle management system, and sensor tech-
n o l o g y. Over the next few years, flight tests are planned at the national test range in the
Pacific to demonstrate these elements, individually and together as a system. If successful,
these tests will indicate that an effective and aff o rdable NMD system can be built if needed.

TECHNOLOGY READINESS
BMDO depends on advanced technology of all kinds to invigorate its ability to defend
against increasingly sophisticated ballistic missile threats. There f o re, the continued avail-
ability of such technology has become a vital part of the BMDO mission. The BMDO Deputy
of Technology Readiness is responsible for fostering advanced re s e a rch and development of
new BMDO technology.

The Science and Technology Directorate is a part of BMDO’s technology readiness eff o rt .
This group manages four BMDO pro g r a m s :

■ Innovative Science and Technology (IS&T). The IS&T program pursues speculative,
high-risk technologies that could spur a re v o l u t i o n a ry leap in capability. Specific goals
include quickening the pace of technology development and decreasing the time
re q u i red to transform scientific bre a k t h roughs into actual applications.

■ Small Business Innovation Research (SBIR). The SBIR program funds small busi-
nesses to develop far- reaching technology innovations. Projects are funded in two com-
petitive phases. In Phase I, the re s e a rcher demonstrates feasibility and develops a design
concept; in Phase II, a prototype is built.

■ Small Business Technology Transfer (STTR). The STTR encourages cooperative joint
re s e a rch between businesses and nonprofit re s e a rch institutions. It is stru c t u red like the
SBIR program and operated by the same BMDO personnel.

■ Technology Applications Program. Recognizing the potential economic value of its
leading-edge re s e a rch and development, BMDO created a Technology Applications pro-
gram. Guided by BMDO’s O ffice of Technology Applications, this program seeks to pro-
mote the commercialization and interagency sharing of BMDO-funded technologies. It
sponsors this re p o rt and manages all technology transfer eff o rts involving BMDO-fund-
ed technology.
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■ As the logo for the
Technology Applications 
program, the linked chain
signifies our ongoing com-
mitment to link BMDO 
technology developers 
with other organizations 
that promote the technolo-
g y’s c o m m e r c i a l i z a t i o n .



COMMERCIALIZING BMDO TECHNOLOGY
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In its support of BMDO re s e a rch and development (R&D), the Technology Applications pro-
gram recognizes the importance of world-class technologies and their potential to influence
the U.S. economy. The same technology that can protect the United States from ballistic mis-
sile attacks can also help U.S. businesses become more economically competitive. By cre a t-
ing new products with commercially promising BMDO technology, these companies can
seize opportunities for profit and create new jobs. However, technology developers some-
times need help to convert their innovations into marketable products. To assist these devel-
opers, the Technology Applications program has established innovative, diverse, and pro a c-
tive approaches that can be applied at various stages of the technology’s development. The
following sections discuss the pro g r a m’s a p p roaches in more detail. The final section intro-
duces new initiatives coming in 1997.

MAKING INDUSTRY AWARE OF BMDO-FUNDED INNOVAT I O N S
The Technology Applications program publishes many types of documents, raising industry
a w a reness of BMDO-funded innovations. These documents are unique in the technology
transfer community because their focus on technology areas is quite flexible. For example,
one issue of our newsletter may highlight BMDO innovations having potential commerc i a l
applications in computers, manufacturing, and transportation; another issue may feature
similar innovations in materials, sensors, and electronics. In another example, our special
re p o rts may explore BMDO innovations having potential commercial applications in only
one industry—for example, medicine. Using both types of publications, our pro g r a m
s p reads the word about BMDO-funded technology with high commercialization potential.
The following describes our newsletter and special re p o rts in more detail.

The U p d a t e N e w s l e t t e r
To reach those who want to use BMDO technology, the Technology Applications pro g r a m
publishes a 12-page quarterly newsletter called the U p d a t e. The newsletter has been a major
component of BMDO ’s technology push eff o rts, featuring BMDO innovations that alre a d y
a re being commercialized or that have potential commercial applications. By pre s e n t i n g
technical solutions for which industry has a need or market, it also facilitates our market pull
objectives. With more than 20 issues and 300 stories published since 1991, the U p d a t e h a s
received and responded to over 13,500 requests for information. In fact, it has pro c e s s e d
m o re than 7,600 requests in the past two years alone.

The U p d a t e can produce marketing contacts that lead to important business deals, as illus-
trated by QM Technologies (Albuquerque, NM). This company, mentioned in the Spring
1996 issue, received a substantial amount of visibility, which in turn resulted in discussions,
negotiations, and eventually contracts with such major corporations as Caterpillar, Gillette,
and Rockwell. Under these contracts, QM Technologies will demonstrate its material-
i m p rovement technology on manufactured goods, which may lead to more opportunities. 

The Trymer Company (Leander, TX), mentioned in the Fall 1995 issue, also benefited fro m
marketing contacts generated by the U p d a t e. “After the U p d a t e a rticle ran, we were inundat-
ed with calls, both near and far away,” explains Jon Schro e d e r, Try m e r’s p resident. “This tells
us we have a viable commercial product that could sell anywhere in the world. Also, by talk-
ing with potential end-users, we were able to design a new unit cooled diff e rently from the
existing product.” In addition to its water-cooled unit, Trymer now offers an air-cooled ver-
sion for dry, remote re g i o n s .

10

■ The U p d a t e n e w s l e t t e r, 
pictured above, is a tool 
for informing industry about
technology-rich develop-
ments from BMDO R&D. 
It is a major component of
B M D O’s comprehensive 
outreach program.



W h a t’s in the U p d a t e? The 1996 newsletters included feature stories highlighting ophthal-
m o l o g y, electric power generation, nanoscale materials, and flat-panel displays. A new
“Bulletins” section highlighted items of interest to BMDO technology developers and the
technology transfer community. In presenting BMDO innovations, the U p d a t e has an award -
winning approach. It won a merit award from the Society for Technical Communication,
Washington, D.C., Chapter, in early 1997.

Sometimes, there is so much information for a feature story that a separate, supplemental
publication is developed. This document covers more technologies on the same subject and
their commercial applications, giving readers a more complete picture of what BMDO-fund-
ed technology has to off e r. Published supplements include the following:

■ Nanotechnology: Products for the Material Wo r l d . Nanotechnology—including mate-
rials and the manipulation of materials below 100 nanometers—is an emerging scien-
tific field with enormous potential in the commercial sector. This 15-page supplement
identifies 22 BMDO-funded technologies directly involved in nanotechnology are a s ,
including electronic devices, lithography, and materials. It also discusses BMDO-fund-
ed advances in technology areas that support primary nanotechnology re s e a rc h .

■ Law Enforcement Te c h n o l o g y. For the fight against crime, law enforcement agencies are
investigating new tools in many areas. This 15-page supplement highlights 19 compa-
nies with BMDO-funded technologies that have potential applications in law enforc e-
ment areas, including communications, information management, surv e i l l a n c e ,
weapons detection, and investigative tools.

■ Adaptive Optics Te c h n o l o g y. BMDO, interested in destroying enemy missiles with laser
weapons, funded the development of adaptive optics (AO) technology to see clearly
t h rough the atmosphere. As a result, astronomers now can see faint stars more clearly.
In addition, AO technology may have new applications in medicine and manufactur-
ing. This eight-page supplement highlights activities of eight BMDO-funded org a n i z a-
tions pursuing commercial uses for their AO technologies.

■ Intelligent Tr a n s p o rtation Te c h n o l o g y. BMDO has funded a wealth of technologies—
such as sensors, controls, displays, and communications—that can be used to impro v e
the movement of people and goods in America. For example, many of the technologies
used to guide missile interceptors at 20,000 miles per hour can help with navigation of
cars traveling at 65 miles per hour. This 10-page supplement identifies 20 companies
moving BMDO-funded technology into intelligent transportation markets.

Applications Report s
The Technology Applications program focuses on areas where BMDO-funded technologies
have high commercialization potential or could significantly improve our economy and
quality of life. As a result of these ongoing eff o rts, the Technology Applications program pro-
duces detailed re p o rts highlighting these areas and technologies. The re p o rts are designed to
make industry aware of BMDO-funded technologies that exist now or are on the horizon.
The following re p o rts are available:
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■ Separate, supplemental
publications cover more
technologies than can be
included in U p d a t e f e a t u r e
stories. Published supple-
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above), law enforcement
t e c h n o l o g y, adaptive
optics, and intelligent
transportation technology.
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■ BMDO Technology and the Electric Utility Industry. Players in the electric utility indus-
t ry are becoming ever more challenged by the dynamics of a more competitive economy.
Advanced technology, in many areas, may lead this industry to higher perf o rmance and,
often, higher re t u rns. BMDO has funded advanced technologies in a wide range of are a s
that may help electric utilities meet these challenges. This re p o rt identified four are a s
w h e re BMDO-funded technology can benefit utilities: power transmission and distribu-
tion, fossil-fuel power generation, environmental compliance, and load management. It
highlights more than 40 technologies.

■ BMDO Technology Applications in Biomedicine. The technical expertise used to solve
the complex needs of missile defense has another fortunate spillover. It is enabling new
biomedical technologies—some 10 years ahead of conventional equipment—that are
beginning to make some diseases easier to detect and simpler to manage. This 96-page
re p o rt highlights more than 60 technologies, in three major sections, that have re s u l t e d
f rom or been improved through BMDO-funded re s e a rch. The first section deals with
existing technology, such as x-ray mammography and its conversion from a film-based
to a digital technique. The second section explores emerging technologies, such as
i n f r a red detection of blood glucose and computer-aided diagnosis. Last, a section on
enabling technologies discusses pro g ress in data transmission and electronic storage, as
well as high-temperature superconductors. The re p o rt can be found at
h t t p : / / w w w. a c q . o s d . m i l / b m d o / b m d o l i n k / h t m l / t r a n s f e r.html on the World Wide We b .
In 1997, a follow-on to the first re p o rt will cover 35 new technology transfer stories.

Other applications re p o rts available from the Technology Applications program include the
f o l l o w i n g :

■ E n e rgy Storage Te c h n o l o g y. I n t e rested in power technology for satellites and power
supplies for weapons, BMDO has funded many energy re s e a rch projects, including new
b a t t e ry technologies. Building a better battery is not easy, and many re s e a rch eff o rts are
looking for new advances to help meet industry demand. With most of its content
focusing on batteries, this 39-page re p o rt highlights the re s e a rch eff o rts of 23 BMDO-
funded organizations. Other energy sources—such as capacitors, flywheels, and fuel
c e l l s — a re also described.

■ The Diamond Technology Initiative. In the world of missile defense, diamond coatings
p romise more durable optics and mechanical parts; more efficient thermal management
for electronics; and faster, more resilient semiconductors. With the opportunity for such
a far- reaching payoff, the BMDO IS&T program created the Diamond Te c h n o l o g y
Initiative in 1986. To d a y, BMDO ’s investment in wide-bandgap semiconductor tech-
nology has played a major role in helping several U.S. companies introduce diamond-
coated products to the marketplace. This 56-page re p o rt—our most requested publica-
tion—describes 25 projects funded by BMDO ’s Diamond Technology Initiative.

In addition, the Technology Applications program publishes yearly re p o rts that review the
top 50 commercial success stories emerging from BMDO technology transfer eff o rts. The fol-
lowing re p o rts are available:
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■ This report speaks to 
the important ways our
N a t i o n’s investment in 
ballistic missile defense 
is having a direct and 
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l a b o r a t o ry, at the clinical
bedside, and in the 
operating room.



■ 1995 Technology Applications Report . This re p o rt highlights 50 1995 BMDO-funded
technologies being commercialized in such areas as communications and multimedia,
law enforcement, manufacturing, satellites, and transportation. It can be found at
h t t p : / / w w w. a c q . o s d . m i l / b m d o / b m d o l i n k / h t m l / t r a n s f e r.html on the World Wide We b
and is also available in printed form .

■ 1994 Technology Applications Report . The re p o rt, available in hard copy, features 50
1994 BMDO-funded technologies moving toward the marketplace. Areas in which
technology is highlighted include the environment, sensors, energ y, software, micro-
e l e c t ronics, superconductors, and the information superh i g h w a y.

Technology Applications Information System
The Technology Applications Information System (TAIS) contains hundreds of innovation
highlights that describe BMDO-funded technologies either being commercialized or on the
horizon. The database system is designed to suit those looking for new technologies for their
specific needs. It also contains an extensive set of re f e rence and assistance inform a t i o n ,
including a detailed listing of state and Federal technology transfer agencies.

The TAIS can be a valuable tool for American businesses because they can find new tech-
nology that may give them an edge in today’s competitive environment. A n y American can
use the service for up to three 30-minute blocks every day. New users can register online the
first time they log on and will receive a database password within a few days. The system
o ffers full-text searching and can handle modem transmission speeds up to 28,800 bits per
second. Registration information can be obtained by calling (703) 604-3855.

In 1997, TAIS information will be moving to the information superh i g h w a y. The Te c h n o l o g y
Applications program is quickly building an on-line presence on the Internet and the Wo r l d
Wide Web. In fact, some BMDO technology information is already there, and can be accessed
t h rough the BMDO official home page, BMDOLink, at http://www. a c q . o s d . m i l / b m d o /
bmdolink/html. This web site includes downloadable files containing information from our
1995 Technology Applications Report , as well as the BMDO Technology Applications in Biomedicine
re p o rt. In the near future, the Technology Applications program plans to have its own Wo r l d
Wide Web site. Announcements will be made in upcoming issues of the U p d a t e n e w s l e t t e r.

Media Coverage
The Technology Applications program works with the media to leverage information that we
disseminate through our publications. In most cases, our program staff respond to media
queries by providing background information and organization contacts for a particular BMDO
innovation. The media use this information to create new material, which is then published.

Sometimes, the newly published material can stimulate greater visibility for BMDO technol-
ogy developers. For example, the Spring 1996 U p d a t e cover story, which featured four
BMDO-funded technologies being transferred to ophthalmology, prompted a call from a
Wall Street Journ a l e d i t o r. After speaking with our program staff, the editor wrote an art i c l e
on three of the four technologies, which later appeared on the front page of the paper. A
M a ryland Public Television program, Te c h n o P o l i t i c s , also contacted us for more inform a t i o n
about the ophthalmic technologies mentioned in the U p d a t e a rticle. As a result, Guy
H a m m e r, BMDO ’s D i rector of Technology Applications, appeared on this nationally bro a d-
cast show to discuss these technologies.
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In 1996, our program successfully worked with the press on at least 100 occasions, re s u l t-
ing in articles about technology commercialization and the program itself. Articles were
printed in such daily publications as the San Diego Union-Tribune, t h e Tampa Tr i b u n e , U S A
To d a y, the Wall Street Journ a l , the Washington Post, and the Washington Ti m e s. Weekly publi-
cations—including Aviation Week & Space Te c h n o l o g y, Business We e k , and I n d u s t ry We e k— a l s o
printed articles. In addition, articles were published by such trade publications as A d v a n c e d
Materials & Processes, BioPhotonics International, Design News, Diagnostic Imaging, Federal
Technology Report, Futurist, Industry.Net, Journal of Metals, Laser Focus World, Mechanical
Engineering, Medical Laser Report, R&D Magazine, Sensors, and Tr a ffic Wo r l d.

GUIDING BMDO-FUNDED RESEARCHERS 
IN THE COMMERCIALIZATION PROCESS
One of the most important tasks perf o rmed by the Technology Applications program is
guiding BMDO-funded re s e a rchers in the commercialization process. Our technology trans-
fer specialists have designed innovative approaches to support BMDO-funded innovations
at two levels of maturity. For technology in the early stages of development, the pro g r a m
holds planning meetings to help developers identify potential market niches for their
re s e a rch products. For technology in the final stages of development, it holds application
reviews to help technology developers fine-tune their commercialization strategies. Each
a p p roach is further described below.

Planning Meetings for Early-Stage Researc h
In 1996, the Technology Applications program introduced a trial series of planning meetings
for first-time winners of Phase I contracts from BMDO ’s SBIR program. Called “Business Focus
Workshops,” these meetings are designed to provide a framework and expert contacts for inno-
vative business development. The workshops are key to helping companies establish com-
m e rcial interest in their BMDO-funded innovations early in the development pro c e s s .

M o re than 20 BMDO Phase I companies participated in the initial set of workshops.
In each workshop, a re s e a rch re p resentative from the SBIR-awarded company was
teamed with a technology transfer agent and a business adviser to form a collaborative
team. This team assessed the technology and produced a brief business case high-
lighting five components: a company introduction, the business opport u n i t y, the tech-
nical edge, company re s o u rce re q u i rements, and a pre l i m i n a ry development plan.
L a t e r, the re s e a rchers presented the business cases to a panel of commercialization spe-
cialists to get feedback on their plans and advice on their commercialization strategy.
These sessions helped spotlight company development issues that needed critical
attention before they grew into real pro b l e m s .

The workshop response was positive. Several participating companies told the Te c h n o l o g y
Applications program of modifications or developments in their company stru c t u re, new pro-
posals, partners, and intellectual pro p e rty action that resulted from their participation in a
Business Focus Workshop. One company responded: “Your team gave us a template for evalu-
ating our business strategy. . . . As a result, we are now working with [a] law firm . . . and are
negotiating a partnership with a . . . worldwide leader [in the field].” With re g a rd to the techni-
cal aptitude of consultant panelists, one re s e a rch re p resentative from an SBIR-awarded compa-
ny was “particularly delighted to find that two of the outside advisers were highly knowledge-
able in the . . . field.” Based on the first-round successes, the Technology Applications pro g r a m
is planning to implement a full-scale workshop program for new SBIR Phase I winners in 1997.

14

■ The Te c h n o l o g y
Applications program con-
venes advisory panels for
BMDO technology devel-
opers in early-stage
research. Previous atten-
dees have commented
that some of the best
advice comes from one-
on-one conversations dur-
ing breaks and at lunch.



Reviews for Final-Stage Researc h
Technology Applications Reviews use a forum approach to provide commercialization advice
and information to re s e a rchers with technology nearing the market. In these reviews, a panel
of experts assesses and advises re s e a rchers on their commercialization process. The panel
reflects the diversity re q u i red to make a business successful, with a wide range of expert i s e
in such areas as venture capital, intellectual pro p e rt y, business formation, marketing, and
strategic partnerships—all with focuses in diff e rent application are a s .

BMDO-funded re s e a rchers use this expert advice to refine their business plans, with the goal
of making their businesses more profit oriented and commercially driven. The reviews have
been instrumental in the commercial success of dozens of small and large companies. As a
result of these forums, many companies have revised business and commercialization plans,
focused on new application areas, developed new industry contacts, and fostered new busi-
ness re l a t i o n s h i p s .

Since 1989, more than 200 inventors from industry and nonprofit organizations, 50
re s e a rchers from universities, and 40 re s e a rchers from the Government have presented their
c o m m e rcialization strategies in more than 40 Technology Applications Reviews. In 1996, the
review process focused on such areas as biomedicine, commercial space, and nanotechnol-
o g y. Some of the 1997 reviews are targeting power electronics, information networks, and
industrial energ y.

LEVERAGING COOPERATIVE RELAT I O N S H I P S
The Technology Applications program facilitates the transition of BMDO technologies to the
c o m m e rcial sector by leveraging cooperative relationships with a cross-section of pro f e s-
sional societies, trade associations, and Federal agencies. Representative org a n i z a t i o n s
include the Technology Transfer Society, Economic Development Administration,
B u reau of Export Administration, Small Business Administration, Department of
C o m m e rce, and Department of Health and Human Services. The Te c h n o l o g y
Applications program has supported conferences and meetings with some of these
g roups, as highlighted below.

Meeting to Promote Innovative Technology for Wo m e n’s H e a l t h
BMDO is involved in eff o rts to identify advanced technology for improving women’s
health. In late 1994, Dr. Dwight Duston, then BMDO ’s D i rector of Science and
Te c h n o l o g y, testified before a committee of the U.S. House of Representatives that sev-
eral BMDO-funded technologies could improve the early detection of breast cancer.1 As part of
a 1996 follow-up to this testimony, BMDO joined the Federal Multi-Agency Consortium on
Imaging Technologies to Improve Wo m e n’s Health. In this collaboration, a technology transfer
subcommittee reviewed innovative technologies for improving women’s health from an inven-
t o ry of 297 Federal agencies and laboratories. Of the 82 technologies given serious re v i e w, 6 of
14 selected for funding consideration were sponsored by BMDO: larg e - f o rmat digital sensors,
avalanche photodiodes, acousto-optic tunable filters, active vibration isolation systems,
uncooled infrared cameras, and polarization imaging and fluorescence spectroscopy devices.
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1Testifying before the Research and Technology Subcommittee of the U.S. House of Repre s e n t a t i v e s ’
Committee on Armed Services at the Hearing on the Uses of Military Technology and Information in
the War Against Breast Cancer.

■ Advanced Photonix’s
avalanche photodiodes
(pictured above) are one 
of six BMDO-funded 
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on imaging technologies 
to improve women’s h e a l t h .
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C o n f e rence on Technology Transfer Measurement and Evaluation
In early 1996, BMDO supported a first-of-its-kind working conference on technology trans-
fer measurement and evaluation in Santa Fe, New Mexico, with the Technology Tr a n s f e r
Society and the Engineering Foundation. The confere n c e’s aim was to bring together vari-
ous technology transfer communities so that they could learn from each other’s e x p e r i e n c e s
in perf o rmance measurement and evaluation.

C o n f e rence Series for Small and Medium-Size Businesses
During 1996, BMDO participated in the U.S. Department of Commerce and U.S. Small
Business Administration nationwide conference series called “Commercialization of Defense
Te c h n o l o g y.” These conferences were designed to acquaint small and medium-size busi-
nesses with Federal assistance in moving technology to market. For example, the
Charleston, South Carolina, conference focused on construction, energ y, and enviro n m e n t a l
remediation technologies, while the Austin, Texas, conference centered on biomedical, com-
p u t e r, and semiconductor technologies.

TESTING INNOVATIVE, NEW MODELS TO 
COMMERCIALIZE BMDO-FUNDED TECHNOLOGY
Working with industry, academia, and other Government agencies, the Te c h n o l o g y
Applications program is finding new ways to jump-start the commercialization process by
f o rmulating and validating technology transfer models, two of which are described below. 

Leveraging the Expertise of State and Local Development Gro u p s
The Technology Applications program successfully demonstrated a new model for technol-
ogy transfer, bringing together the Los Angeles Regional Technology Alliance (LARTA), the
National Association of State Development Agencies, and 14 companies—7 of them funded
by BMDO to develop antimissile defense technology. This innovative model was designed to
leverage the business, financial, and marketing expertise of state and local economic devel-
opment groups in southern California, reasoning that the groups’ expertise may be useful to
the commercial plans of the participating companies.

L A RTA will use the information from the presentations to assess each company’s needs and
match them with organizations from its mentoring network. Companies with pro m i s i n g
technology and a keen eye for commercialization will be invited to attend LARTA’s S o u t h e rn
Ve n t u re Forum, a pre m i e re event in which venture capitalists pay to meet with re p re s e n t a-
tives looking for new capital sourc e s .

Encouraging the Use of Innovative Technology to Help the Disabled
As early as 1989, the Technology Applications program encouraged that a strong, light-
weight composite material designed for missile stru c t u res be used in medical applications to
help the disabled. One of the most promising developments was a leg brace, made of com-
posite parts, that was much stro n g e r, lighter, more durable, and easier to form than con-
ventional aluminum braces worn by paraplegics today. In a current demonstration pro g r a m ,
BMDO is funding one of the leaders in composite re s e a rch, SPA RTA, Inc. (San Diego, CA),
to develop a method of manufacturing long-fiber composite parts to be used as spinal
implants and spinal braces.
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■ BMDO funded SPA R TA’s
structural materials
research for a ground-
based missile interceptor.
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than the conventional
brace worn by paraplegics
today (pictured on right).



B M DO ’s i n t e rest in this project is proving that long carbon fibers (up to 1/2 inch, compare d
with the conventional fiber length of 1/16 inch) can be molded into shapes and sizes that
can be implanted or affixed to the human skeleton. A group of biomedical professionals has
f o rmed around this initial attempt. This model of cooperation, critical for medical cert i f i c a-
tion and acceptance, can be used by others if the application proves successful.

FINE-TUNING SPECIAL PROJECTS TO DEBUT IN 1997
The Technology Applications program is developing several special projects relating to
BMDO technology transfer that are to be implemented in 1997 and 1998. The following
p roject descriptions provide a sneak peak at what is in store :

■ BMDO Technology Applications CD-ROM. This project will develop a compact disc
read-only memory (CD-ROM) product to promote interest in the commercialization of
BMDO-funded technologies in a wide variety of commercial applications. Primarily
aimed at American industry, the CD-ROM will feature stories of companies successful-
ly commercializing BMDO-funded technology, re s o u rces for high technology small
business start-ups, and BMDO technologies available for licensing and their potential
a p p l i c a t i o n s .

■ Educational Technology Initiative. This eff o rt will explore the potential of transferr i n g
BMDO-funded technology to the distance education market. In October 1996, BMDO
p a rticipated in a Global Summit on Distance Education to obtain data on re q u i re m e n t s .

■ Medical Diagnostic and Telecommunications Pro j e c t . This project will examine the
possibilities of transferring BMDO innovations into medical imaging, diagnostics, pro-
c e d u res, and telecommunications. Involving other programs, such as National
A e ronautics and Space Administration’s ( N A SA’s) Classroom of the Future and the U.S.
A rm y’s Battlefield Intensive Care Unit, the project could provide win-win situations for
technology developers and the military.

■ Missiles to Mammograms Pro g r a m . This program will support the development of
medical imaging technology to leapfrog the capabilities currently available and to
achieve high quality and reliable mammography for combating breast cancer. This eff o rt
will initially focus on an interagency collaboration with NASA, the Public Health Serv i c e
O ffice on Wo m e n’s Health, and the National Cancer Institute.

The following sections of this re p o rt highlight the top 50 BMDO-funded commercial suc-
cess stories for 1997. Many of these products that companies, universities, and laboratories
a re developing are currently on the market, while some products are just entering their com-
m e rcialization phase.
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critical for improving early
detection of breast cancer.
Through the Missiles to
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development of advanced
imaging devices with the
potential to reduce the
mortality associated with
breast cancer.
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COMMUNICATIONS AND DISPLAYS
1

With the rapid growth of fiber optics and the introduction of smaller displays, people are communicating
faster and more eff i c i e n t l y. Fiber-optic cables and networks are rapidly encircling our Nation, incre a s i n g
the bandwidth to handle a dizzying array of new interactive communications services. Miniature displays
a re enabling smaller personal communications devices—such as beepers, cellular phones, and personal
digital assistants—allowing Americans to stay in touch while on the move.

Advanced technology offers much in these areas, allowing, for example, the elimination of unwanted
light reflections in fiber-optic cables to improve signal quality. It can also enable displays that are lighter,
s m a l l e r, more colorful, and more energ y - e fficient than previously available. These displays will find
homes in such diverse markets as advertising, laptop computers, medical devices, video games, and
even sport fishing.

To d a y’s M a r k e t
The United States is the world leader in fiber-optic cable installations, accounting for one-third of the
total worldwide market. As the number of fiber-optic cable installations rises, so does the demand for
f i b e r-optic interconnect products. The North American market for these products was about $200 mil-
lion in 1994 and could climb to $440 million by 2001.1 The United States is a major player in the world-
wide flat-panel display market, which is expected to climb from $8.6 billion in 1995 to about $15.8 bil-
lion by the year 2000.2

To m o rro w ’s Opport u n i t y
BMDO has funded numerous photonics, electronics, computer- related, and even power technologies for
tracking and destroying ballistic missiles that lend themselves to the communications and display
industries. The following section highlights six of these technologies and the companies that are com-
m e rcializing them.

1K o t e l l y, George. 1996. The communications future is fiber. Lightwave, December, 4.

2E l e c t ronic Trend Publications. 1996. Worldwide flat panel display markets and trends. March. World Wide We b
at http://www. e l e c t ro n i c t re n d p u b s . c o m / f p d . h t m .
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Can You Imagine . . .

VIXEL MEETS DEMAND FOR HIGH-
CAPACITY INTERCONNECT DEVICES

C O M M U N I C ATIONS AND DISPLAY S

As the global network grows in size and complexity, user-friendliness and flexibility will
become the key criteria. Data transmission between older copper wire and new optical net-
works can link communication nodes without retooling the entire information infrastru c-
t u re. This capability is crucial when extending new communication methods to traditional-
ly underserved areas, such as developing countries and the rural United States.

To help interweave the various threads of the communications network, Vixel Corporation
( B roomfield, CO) acquired a leading information management company, We s t e rn Digital
( Lynwood, WA). The move cements an alliance that brings gigabit-per-second data trans-
mission to computing applications. Through this alliance, Vixel introduced a new pro d u c t ,
the IntraLink 1000™ Fibre Channel hub.

The device, a user-configurable transceiver that allows communication between optical and
copper wire topologies, offers gigabit-per-second data rate perf o rmance and can be re c o n-
f i g u red for diff e rent media, including fiber optics and copper. Server and storage array man-
u f a c t u rers intend to deploy this product for distributed database applications. EMF
Associates, a technology and marketing group, estimates that Fibre Channel Arbitrary Loop
hub sales will top $500 million by the year 2000.

The agencies that funded Vi x e l’s re s e a rch in optical data transmission and storage included
BMDO; the U.S. Arm y, Air Force, and Navy; NASA; the National Institutes of Health; and the
National Science Foundation. This re s e a rch led to the development of vertical cavity surf a c e -
emitting lasers (VCSELs). VCSELs are small, high-powered lasers that operate at high eff i-
ciency and are the foundation of Vi x e l’s L A S E - A R R AY™ products. LASE-ARRAYs are re s p o n-

sible for the fast optical switching and high-bandwidth characteristics of its new
Intralink pro d u c t .

To expand LASE-ARRAY manufacturing, Vixel acquired the assets and technology of
Bandgap Technology Corporation. This acquisition includes a 5,000-square - f o o t
c l e a n room, with machines tailored for producing the semiconductor material for
VCSELs. This move allows Vixel to consider new application areas, such as optical
i n t e rconnects for computers and workstations, detector arrays, multifiber optical rib-
bon, and machine vision components. Other possibilities include optical data storage
and medical instru m e n t a t i o n .

ABOUT THE TECHNOLOGY
VCSELs facilitate optical data transmission. Unlike other diode lasers, which emit light fro m
their edges, VCSELs emit laser beams perpendicular to their surface. This design creates the
ideal geometry for stacking VCSELs side-by-side in 1- and 2-D arrays. It also allows VCSELs
to be 20 to 50 times smaller than edge-emitting diode lasers. Edge-emitting lasers pro d u c e
elliptical beams whose high divergence makes focusing difficult; VCSELs produce nearly cir-
cular beams that diverge considerably less than the elliptical beams and thus re q u i re less
sophisticated optics to focus the beam.

C o m p a red with traditional lasers, VCSELs have been relatively inefficient. However, Vi x e l
modified the VCSEL design to approach the efficiency of edge-emitting lasers. Wa l l - p l u g
e fficiencies of its VCSELs are now measured at about 10 percent, resulting in smaller, high-
er power lasers with extremely fast switching speeds. Also, Vi x e l’s L A S E - A R R AYs can oper-
ate in wavelengths ranging from 750 to 1,050 nanometers.

. . . a user- c o n f i g-
urable transceiver
that brings gigabit-
p e r-second data
transmission 
to computing 
a p p l i c a t i o n s .

USING BMDO-FUNDED 

LASER TECHNOLO G Y, VIXEL

H AS MOVED AGGRESSIVELY 

I N TO THE HIG H - S PEED ^

COM MU N IC AT IONS^ MA R K E T.

■ Vixel has supplied 
samples of its IntraLink
1000™ Fibre Channel hub
to Sun MicroSystems and
Compaq Systems Division.
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Can You Imagine . . .

The booming telecommunications market heavily supports fiber-optic technologies, leading
to increased development of optical switching, multiplexing, and long-line transmission of
the optical signals. Contributing to this technological advancement, E-TEK Dynamics, Inc.
(San Jose, CA), developed a new fiber-optic device that reduces the electronic-to-optics tran-
sitions in the network.

E - T E K’s device, called the polarization insensitive fiber isolator (PIFI), eliminates unwanted
light reflections in fiber-optic cables. These reflections cause noise, which greatly reduces sig-
nal quality. The BMDO SBIR program funded the development of the PIFI for a fiber- o p t i c
sensor system to track ballistic missiles. The technology is now finding a role in new fiber-
optic systems.

For example, the PIFI is an essential component in advanced fiber-optic communications
components, such as the erbium-doped fiber amplifier (EDFA). EDFAs are incre a s i n g l y
replacing repeaters to amplify lightwave signals in long-distance fiber-optic telecommunica-
tions (including transoceanic), cable television distribution, and long-distance soliton (iso-
lated wave) transmission. Unlike repeaters, EDFAs do not convert an optical signal into an
electric signal to boost it, resulting in lower operating costs, better transmission quality, and
m o re compact systems.

E-TEK supplies PIFIs to all of the major EDFA manufacturers that provide optical amplifiers
to such telecommunications giants as AT & T, Sprint, MCI, and British Te l e c o m m u n i c a t i o n s .
One of E-TEK’s main product lines, the PIFI accounts for nearly 50 percent of the compa-
n y’s revenue. According to J.J. Pan, E-TEK’s c h a i rman and chief scientist, the company
employed about 40 people and had an annual revenue of $1 million when it began the tran-
sition to volume production of the isolators in 1990. To d a y, the company employs 250 peo-
ple and has annual sales of over $40 million.

The hermetically sealed semiconductor optical amplifier, another E-TEK pro d-
uct, also stems from BMDO-funded re s e a rch. This device uses a diode laser and
a temperature stabilizer to provide low-power optical amplification. Sold pri-
marily for laboratory re s e a rch, it may also be useful for small fiber-optic networks
because of its compact packaging and lower cost than EDFA s .

ABOUT THE TECHNOLOGY
Fiber isolators prevent one system from disturbing another while transmitting
signals between them. E-TEK’s PIFI minimizes back-scattering and back-re f l e c-
tion of optical signals, thus maintaining a high signal-to-noise ratio. Mismatching
polarization in fiber-optic components causes high insertion loss, so polarization-insensitive
fiber isolators are key to amplifier perf o rmance. The highly reliable PIFI Classic features 40
decibel (dB) of isolation, with a 0.3 dB insertion loss and 0.2 picosecond polarization mode
dispersion. The multistage PIFI Ultimate has 70 dB of isolation, with 0.7 dB insertion loss
and 0.5 picosecond polarization mode dispersion.

OPTICAL ISOLATOR REDUCES 
NOISE IN FIBER OPTICS

C O M M U N I C ATIONS AND DISPLAY S

. . . an isolator that
i m p roves the way
optical amplifiers
manipulate light 
to enhance signal
quality in fiber optics.

E - T E K’S F I B E R - OP T IC TECH-

N OLOGY IS BEING USED BY

SUCH TELECOM MU N IC A-

T IONS GIANTS AS AT & T,

S P R I N T, AND MCI.

■ E - T E K’s optical amplifier,
pictured above, may be
ideal for small fiber- o p t i c
networks because of its
compact packaging and
low cost.
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ROTARY DRIVE POSITIONS ANTENNAS
FOR SATELLITE NEWS GATHERING

C O M M U N I C ATIONS AND DISPLAY S

The booming business of satellite news gathering (SNG) uses mobile trucks equipped with
p o rtable satellite antennas. Many antenna systems, however, use a linear actuator (motorized
ro d - a n d - s c rew design) that makes it harder to point antennas in the right direction. This
design also makes it difficult for the antenna to hold its position in windy conditions and to
accommodate truck and satellite movements. Such problems interf e re with transmission of
sound and image data to television stations or other reception sites.

Responding to this problem, Sagebrush Te c h n o l o g y, Inc. (Albuquerque, NM), now sells its
R o t o - L o k® ro t a ry drive to designers of SNG antenna systems. Using an innovative motor-
ized cable-drive system, Roto-Lok precisely positions and holds these antennas, even in
windy conditions. The drive’s z e ro-backlash, virtually perfect smoothness, and high tor-
sional stiffness make it possible to position satellite antennas with greater reliability and
accuracy than previous technology pro v i d e d .

One of Sagebru s h’s newest customers—Andrew Corporation, a global supplier of commu-
nications systems equipment and serv i c e s — recently introduced a compact, lightweight
antenna for SNG trucks. Instead of the typical ro d - a n d - s c rew design, a Roto-Lok drive pre-
cisely points the antenna. “Andrew selected the Roto-Lok drive because it is a very pre c i s e
pointing system and is virtually maintenance free,” says Bob Fitzgerald, Andre w’s m a n a g e r
of earth-station antennas.

E l e c t rospace Systems, Inc., also a supplier of communications systems and a Sagebrush cus-
t o m e r, recently purchased many Roto-Lok drives to install on mobile satellite antenna sys-
tems for military vehicles. Roto-Lok’s ruggedness and reliability allow operation in harsh
e n v i ronments, impressing the military. U.S. troops on a peacekeeping mission in Bosnia-
H e rzegovina used eight drives connected to satellite antennas. According to Don Carson,
S a g e b ru s h’s vice president of marketing and sales, “These drives survived the coldest winter
in European history and didn’t lose a minute in downtime.”

S a g e b rush is supplying 250 Roto-Lok drives to a company that sells videoconferencing equip-
ment to schools and colleges. In addition, the company is using Roto-Lok drives for pre c i s i o n
positioning in medical and military equipment. The BMDO Laser Communications pro g r a m
p rovided key support to develop the Roto-Lok drive into a high-visibility product. In this pro-
gram, the drive controlled the precision angular alignment of laser beam transmitters and
receivers in a communications network.

ABOUT THE TECHNOLOGY
In the Roto-Lok drive, tensioned cables wrap a figure-eight pattern around two closely
spaced wheels. Friction carries torque from a powered wheel (capstan) to a driven wheel
( d rum). The drive maintains precision by employing many cables working in parallel.
Sharing the load, the cables average the rotation rate so that any imperfections, dirt, or other
slight irregularities on the drum or cables do not affect the drive rate. Because the cables do
not slide on the drum or capstan, there is virtually no wear.

The Roto-Lok drive also maintains much higher stiffness than drives that use chains and
drive belts because it has springs at the end of each cable, which provide tension thro u g h-
out the cable. Spring-loaded cables also reduce backlash, a design problem that affects point-
ing accuracy and transmission eff i c i e n c y. Roto-Lok positions the drum and the cylinder con-
nected to the drum to within 50 millionths of one degree. It also transmits rotation at eff i-
ciency rates greater than 98 percent and runs quietly.

. . . a drive mecha-
nism that pre c i s e l y
aims and holds in
position antennas
used for satellite
t r a n s m i s s i o n s .

S A G E B R U S H’S COM M E RC I A L-

I ZAT ION OF ROTO - LOK®

DRIVES HAS SPREAD INTO

S ATELLITE NEWS GAT H E R I N G ,

V I DEO CON F E R E N C I N G ,

AND MEDICAL MA R K E TS. 

■ This antenna system
uses a Sagebrush 
R o t o - L o k® r o t a ry drive
for precise positioning in
satellite news gathering.
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Solid-state devices, such as transistors and integrated circuits, have replaced most vacuum
tubes. However, microwave vacuum tubes are an important exception and are still used in
such diverse applications as radar, space communications, and television bro a d c a s t i n g
equipment. Because solid-state devices cannot handle high-power loads at microwave radio
f requencies, microwave vacuum tubes remain the chosen technology to amplify high power. 

Aria Microwave Systems, Inc. (AMS; Englewood, NJ), developed a new active radio fre-
quency (RF) cavity concept and prototype that can replace vacuum tubes with solid-state
t e c h n o l o g y. This concept integrates low-power solid-state transmitters into the walls of a re s-
onant cavity, forming a single, high-power stru c t u re called the active RF cavity amplifier
(ARFCA). With this design, the amplifier handles high-power loads at radio and micro w a v e
f requencies with efficiencies approaching those of intrinsic solid-state devices.

With this unique capability, the ARFCA provides an alternative to vacuum tubes for gener-
ating and amplifying RF and microwave power. With voltage re q u i rements 1,000 times less
than conventional vacuum electron tubes and a cheaper power supply, the amplifier will use
s m a l l e r, less expensive power conditioning equipment. This rugged and repairable device
re q u i res no vacuum, magnets, or complex electrodes, and it can be easily fabricated.

Under BMDO SBIR funding, AMS has proved the concept with a device that combines the
output of six RF transistors at 1.8 gigahertz. The company is currently building two more
p rototypes for existing and emerging commercial applications. One will use 60 transistors
to achieve an output of 1.8 kilowatts (kW) of ultrahigh frequency (UHF) power at
915 megahertz (mHz). This technology could eventually be used in commerc i a l
transmitters such as television, radar, satellite, and cellular communications, all of
which are currently dominated by vacuum tubes.

The second prototype, designed to serve the industrial heating market, contains 20
transistors to produce 1 kW of UHF power at 915 mHz. This ARFCA could re p l a c e
m a g n e t rons, which produce heat via microwaves for pharmaceutical and petro l e u m
p rocessing. Its reduced power consumption, longer lifetime, and gradual failure rate
would make the amplifier cost-competitive with magnetrons. Furt h e rm o re, the
amplifier would be safer than its high-voltage competitor; for example, magnetrons usually
fail catastro p h i c a l l y, which could spark an explosion in chemical plants. The ARFCA’s g r a d-
ual failure mechanism would protect such volatile enviro n m e n t s .

ABOUT THE TECHNOLOGY
The ARFCA combines the output from many low-power, solid-state devices into a single high-
power device or stru c t u re. In the ARFCA, the cavity simultaneously acts as the power com-
b i n e r, matching transform e r, and heat sink. A waveguide or coaxial cable guides the RF and
m i c rowave power out of the ARFCA. Dr. Bern a rd Cheo, inventor of the ARFCA, states that only
the number of transistors that can physically fit around the cavity limits the maximum output
p o w e r. The first prototype produced a combining efficiency exceeding 90 perc e n t .

SOLID-STATE AMPLIFIER MAY COMPETE
WITH MICROWAVE VACUUM TUBES

C O M M U N I C ATIONS AND DISPLAY S

. . . a solid-state
a l t e rnative to 
vacuum tubes for
generating and
amplifying radio
f requency and
m i c rowave power.

ARIA MIC ROWAVE IS NOW

B U I L DING P ROTOTY PES FOR

EXISTING AND EMERG I N G

COM M E RCIAL APPLIC AT ION S .

■ Pictured above is Aria
M i c r o w a v e’s active radio
frequency cavity prototype.
It requires no vacuum,
magnets, or complex 
electrodes, and can 
be easily fabricated.
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BMDO-FUNDED R&D ENABLES 
SMALLER DISPLAYS, BIGGER IMAGES

C O M M U N I C ATIONS AND DISPLAY S

F rom switchable color filters to miniature displays, devices developed by Displaytech, Inc.
( B o u l d e r, CO), use ferroelectric liquid crystal (FLC) technology funded through the BMDO
SBIR program. Displaytech’s innovative re s e a rch and promising display products led to the
c o m p a n y’s successful initial public offering in 1996, which raised $2.2 million. To d a y,
Displaytech is commercializing BMDO-funded technology in two are a s .

First, Displaytech found a way to shrink color displays based on cathode ray tube (CRT )
t e c h n o l o g y. Applying its patented FLC technology, the company used BMDO funding to
develop an electrically switchable re d - g reen-blue (RGB) color filter. The company’s F L C -
based RGB FASTFilter™, which won Photonics Spectra’s C i rcle of Excellence award in 1995,
t u rns the black-and-white images on a miniature television tube into full-color picture s .
C u rrent technology cannot manufacture miniature color television tubes.

Used with a CRT or a charge-coupled device display, the RGB FASTFilter could help pro-
duce new head-mounted color displays. In addition, the same filter may help develop color,
palm-held computers and 3-D displays for flight simulation and entert a i n m e n t .

In the second area, Displaytech applied BMDO-funded FLC technology to produce a
c o l o r, high-resolution, video-capable electronic miniature display. The FLC-based
C h ronoColor™ Miniature Display demonstrates an image that, when magnified, com-
p a res favorably with the highest resolution 21-inch color monitors. The miniature dis-
play quality is also comparable to that of active-matrix liquid crystal displays used in
laptops, but the smaller product features lower production costs and greater compati-
bility with standard integrated circuit components.

Measuring less than one inch diagonally, the miniature display can be used in a wide
range of products, including laptop and notebook computers, wireless communications
devices, medical devices, and video games. Displaytech has already built a 1,280 x 1 , 0 2 4
pixel miniature display for demonstration purposes and expects to offer a display with
256 x 256 pixel resolution to selected end-product manufacturers in early 1997.

ABOUT THE TECHNOLOGY
Developed for BMDO optical computing and space-based applications, Displaytech’s F L C s
switch 100 times faster than conventional liquid crystal displays. Thinly layered on a silicon
chip, they construct dense arrays of very small pixels. Standard fabrication technology for
c o m p l i m e n t a ry metal oxide semiconductor memory allows cost-effective production of FLCs.
The Department of Commerce awarded Displaytech a $1.7 million Advanced Te c h n o l o g y
P rogram contract in 1994 to develop low-cost volume manufacturing technology.

. . . a miniature 
d i s p l a y, the size 
of a quarter, that
matches the view-
ing performance 
of a 21-inch color
computer monitor.

IN 1996, DI S P LAYT E C H’S

INITIAL PUBLIC OF F E R I N G

RAISED $2.2 MILLION .

■ D i s p l a y t e c h’s
ChronoColor™ Miniature
D i s p l a y, pictured above,
measures less than one
inch diagonally.
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Marketing its novel Light Shaping Diffusers™ (LSDs), Physical Optics Corporation (POC;
To rrance, CA) hooked several new display markets. Based on holographic technology, POC’s
LSDs offer unusually efficient light-shaping and transmission capabilities that make displays
brighter and easier to see. These devices homogenize the light, smoothing out such irre g u-
larities as glare and hot spots.

P O C’s LSDs are used in many unusual display applications, such as the Humminbird®

Jimmy Houston Pro Flasher™ depth finder. Techsonic Industries manufactures the depth
finder that helps anglers “see” underwater to find fish, grass, brush, and dro p - o ffs in a stre a m
or lake. An LSD provides uniform illumination on the device’s d i s p l a y, which uses a spin-
ning disk to present a visual re p resentation of the water depth. Adding the LSD to the depth
finder results in a brighter and easier- t o - read high-resolution display than previous light-
emitting diode (LED) designs.

Originally developed for BMDO space-based sensor applications, the LSD allows designers
to shape light, putting it precisely where they need it most. This capability opens up new
c o m m e rcial applications for the optical elements, for example, brightening and giving high
contrast to movie screens, flat-panel displays, and high-definition television screens. In addi-
tion, the LSDs allow the reading of documents and can improve the illumination capability
of spectro s c o p y, robotic vision, endoscopy, and LED displays. For beam-enhancing applica-
tions related to displays, LSDs come as metal-back reflectors, molded lenses, or thin sheets.

M a n u f a c t u red as a display screen, a POC LSD widens the angle of overh e a d
slides. This ability allows nearly everyone, no matter where they sit, to see the
i n f o rmation projected on the screen. POC developed two LSD products for this
a rea: the fro n t - p rojection Lights-On Reflection Screen™ and the re a r- p ro j e c t i o n
Light Shaper Viewing Scre e n ™ .

In addition to display applications, POC’s LSDs have appeared in machine vision
and aircraft inspection. Kulicke & Soffa Industries, a producer of semiconductor
manufacturing equipment, incorporated an LSD assembly in the machine vision
system of a wire bonder. Improving brightness and light uniform i t y, the LSD helps
the bonder locate re f e rence points on the die pad during semiconductor manu-
f a c t u re. In aircraft inspection, POC’s LSDs offer a simple, low-cost improvement adaptable to
most commercial flashlights. Providing even illumination with more than 90 percent of the
light transmitted to the subject, this technology improves inspection efficiency and accuracy.

ABOUT THE TECHNOLOGY
LSDs are surf a c e - relief holograms that can be mass-produced inexpensively. An LSD is like
a refractive negative lens in that it bends light, but its surface acts as various-sized, random-
ly distributed microlenses to produce the desired refraction angle. 

LSDs shape light in two ways. First, they homogenize the light beam, eliminating variations
in brightness caused by the stru c t u re of the light source. Second, they control light energ y
distribution along both the horizontal and vertical axes to match the light source with the
a rea requiring illumination. An LSD produces a diffusion effect based on refraction rather
than scattering, allowing more than 90 percent of the light striking the LSD to be transmit-
ted to the target. The inherently antireflective nature of the holographic micro s t ru c t u re
results in the high transmission eff i c i e n c y.

NEW DIFFUSERS HOOK 
DISPLAY MARKETS

C O M M U N I C ATIONS AND DISPLAY S

. . . a light-shaping
d i ffuser that bright-
ens the display of 
a depth finder used
in sport fishing.

AM ONG OTHER 

A P P L IC AT IONS, POC’S

T E C H N OLOGY HAS FOUND

USES IN MACHINE VISION

SYSTEMS AND AIRC RA F T

I N S PE CT ION TO OL S .

■ Pictured above is the 
H u m m i n b i r d® J i m m y
Houston Pro Flasher™
depth finder. POC’s
technology provides 
uniform illumination in the
f i n d e r’s d i s p l a y, making it
brighter and easier to read.
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Computer hard w a re and software have become an essential part of America’s way of doing business. For
example, corporate presentations are now routinely developed on personal computers and re c o rded on
data storage drives, and pro p r i e t a ry information on company networks is protected from hackers and
hostile insiders by information security software. Many types of advanced technology, such as electro n-
ics and optics, can improve the speed of computers and capacity of data storage drives. New software
technology can also protect computer networks against industrial spies accessing company inform a t i o n
f rom the Intern e t .

To d a y’s M a r k e t
Millions of personal computers (PCs) are reaching international markets. PC shipments surged 25 per-
cent worldwide in 1995 from the previous year, with over 59 million units shipped. In the United States,
PC shipments increased by a rate of 21 percent from the 1994 level.1 S o f t w a re is becoming a hot indus-
t ry, too, with more than 8,000 companies developing software products. In 1996, the software indus-
t ry’s estimated total revenue reached well into the tens of billions of dollars; it is expected to grow at a
rate of 27 perc e n t .2

To m o rro w’s O p p o rt u n i t y
BMDO has funded technology for ballistic missile defense that can also provide the computer and
s o f t w a re industries with innovative solutions to help the United States maintain a strong presence in
these ever- g rowing world markets. Much of this technology covers such emerging areas as optics,
e l e c t ronics, neural networks, and information security. The following section describes six of these
t e c h n o l o g i e s .

1Carlton, Jim. 1996. PC shipments surged 25 percent worldwide in 1995. Computer News, 31 January. Wo r l d
Wide Web at http://www. n e w s t i m e s . c o m / a rc h i v e / j a n 3 1 9 6 / c p a . h t m .

2S o f t w a re Publishers Association. 1997. General issues: SPA to host congressional breakfast series. Wa s h i n g t o n
Connections Monthly. January. World Wide Web at http//www. s p a . o rg / g v m n t / Wa s h 2 _ 0 . h t m # a n c h o r 1 2 5 1 4 5 3 .
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PARADIGM SHIFT IN DIGITAL CIRCUIT
DESIGN ELIMINATES THE CLOCK 

COMPUTER HARDWARE AND SOFTWA R E

Widely accepted as the fundamental design paradigm in the computer industry today,
Boolean logic has serious shortfalls in how it provides and moves information through dig-
ital circuits. Its circuit topology (the layout of transistors and their connection) is specifical-
ly designed for data processing, inherently preventing data movement from one pro c e s s i n g
step to the next. There f o re, “clocks” must regulate the movement of information packets.

Not only is this design approach inefficient (the need for and use of input and output data
may not match a particular clock cycle), but clocks account for up to 50 percent of the
design cost, up to 25 percent of the manufacturing cost, and 40 percent of the power con-
sumed in operation. More important, clocks present a potentially intractable barrier to faster,
denser chip design. Denser circuit designs place more features on a chip, making the design
and distribution of clock signals increasingly diff i c u l t .

To overcome this problem, Theseus Research, Inc. (Minneapolis, MN), formed Theseus Logic,
Inc. (St. Paul, MN), to develop a patented chip technology called NULL Convention Logic™
(NCL). Representing a fundamental paradigm shift in the computer industry, this technology
eliminates the need for clocks, allowing faster, more efficient, and better integrated intern a l
computer systems. Fully compatible with existing fabrication processes and with existing
clocked systems, NCL yields clockless circuits and systems that are straightforw a rd to design
and easy to test. Multichip integration is essentially “plug and play” as chips in a system inher-
ently coordinate themselves re g a rdless of their varying throughput rates.

S u p p o rting the company’s business strategy of licensing NCL throughout the industry,
Theseus recently signed a five-year deal with Sanders, a Lockheed Martin Company. This
strategic alliance provides Theseus with an established partner that can help insert the tech-
nology into system applications. As part of this alliance, Sanders and Theseus have start e d
working on a $2.3 million Defense Advanced Research Projects Agency program, with an
additional investment from Lockheed. The program aims to develop NCL-based Digital
Signal Processors for system validation in the F-22 Advanced Tactical Fighter test bed.

In 1996, Theseus raised $1.9 million in a private stock offering, and the company is pre p a r-
ing another stock offering in 1997 to augment ongoing development funding from govern-
ment agencies and private corporations.

ABOUT THE TECHNOLOGY
All-digital electronic operations are based on two data values, usually re p resented as binary
mathematics employing the digits 0 and 1. NCL employs a third value, the null, which indi-
cates that no input or output value is present. Using the null value, NCL circuits can per-
f o rm binary data processing functions without needing a clock circuit to synchronize data
inputs and outputs. Each combinatorial circuit inherently “knows” when it has completed
p rocessing a data set, when it is reset, and when it is ready to process another data set. All
communication is local and asynchro n o u s .

NCL allows high-perf o rmance asynchronous chips without any detailed timing analysis. In
a BMDO SBIR project, Theseus developed seven proof-of-concept asynchronous chips. In
tests, these chips “worked perfectly on the first pass” said Ken Wa g n e r,  president of Theseus
Logic. Tests also showed that the chips can operate at extremely wide temperature and volt-
age levels. Theseus demonstrated that input supply voltage on NCL-based chips can be var-
ied during run time from as low as 0.5 volts to over 9 volts, allowing smooth control of speed
and power consumption.

. . . a new and 
fundamentally more
e x p ressive “language”
for designing digital
e l e c t ro n i c s .

TO ACC E L E RATE PROD U CT

DEV E LOP M E N T, THESEUS 

IS FORMING STRAT E G IC

ALLIANCES WITH 

MA JOR ELECT RON ICS 

COR P ORAT ION S .

■ Pictured above is a lay-
out of one of Theseus’ pro-
totype chips. It contains no
detailed timing analysis.
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High-density data storage systems, essential to the survival of today’s i n f o rm a t i o n - o r i e n t e d
companies, are some of the hottest items in the $20 billion computer storage device mar-
k e t .1 Magnetic floppy disks and optical compact discs temporarily meet some of this
demand, but companies still search for higher density technologies to store the flood of data
that drives their business pro c e s s e s .

R e s e a rchers at Oak Ridge National Laboratory (ORNL; Oak Ridge, TN) developed a high-
density optical memory with about 100 times more storage capacity than previous technol-
o g y. Called surface-enhanced Raman optical data storage (SERODS), this technology off e r s
benefits for virtually any application requiring vast data storage, such as optical archive stor-
age for libraries or insurance companies or data banks for financial institutions. Two com-
panies are now commercializing the high-density optical memory through licensing agre e-
ments with ORNL and its operator, Lockheed Martin Corporation.

The first licensee, World Library, Inc., created a new company called SEROTECH, Inc., to
develop compact disc read-only memory (CD-ROM) and read/write CD products based on
SERODS. World Library specializes in publishing text-based, interactive CD-ROM pro d u c t s
and expects SERODS to increase the storage capacity of its products by 1,500 percent. The
second licensee, Photronix, Inc., also spun off a new company, called CDEX® C o r p o r a t i o n ,
to market its future SERODS products, such as a rewritable CD-ROM called CDE®, a video
cube, and a digital still camera with optical card .

C u rrent CD-ROMs have a storage capacity of up to 600 megabytes (600 million bytes), or
the equivalent of 270,000 pages of typewritten text. However, a 12-inch CD using SERODS
technology contains roughly 100 times more storage. This capacity could store 18,000 sets
of the Encyclopedia Britannica, the name of every taxpayer re g i s t e red with the Intern a l
Revenue Service, or all the re c o rds on a U.S. Navy ship. With further development,
SERODS could store as much as 1,000 times more information than fits on today’s d i s k s .

BMDO originally funded SERODS re s e a rch to develop an alternative technique for opti-
cally storing massive amounts of computer data. Although designed as write-once, re a d -
many-times (WORM) technology, SERODS writes, reads, and deletes. Layered SERODS
disks could allow 3-D data storage. This unique feature would permit simultaneous scan-
ning of multiple tracks or layers, leading to improved data transfer rates.

ABOUT THE TECHNOLOGY
SERODS is based on the principle that the surface-enhanced Raman scattering (SERS) pro p e r-
ties of certain molecules embedded in an optical medium can be altered to store inform a t i o n .
The SERODS system uses a writing laser, a reading laser, a photometric detector, and an opti-
cal disk or a 3-D multilayer optical storage medium. The writing laser encodes bit inform a t i o n
by altering the light-emitting pro p e rties of specific clusters of molecules on the disk, while leav-
ing other molecules intact. The reading laser excites all the molecules in the disk’s optical layer,
including specific micro regions of the disk, to produce altered and unaltered SERS light signals
that correspond with “one” bits and “zero” bits, re s p e c t i v e l y. The photometric detector tuned
to the frequency of the Raman emissions retrieves the stored inform a t i o n.

1Marketplace Information Holdings, Inc. 1996. Market analysis re p o rt: Computer storage devices.
World Wide Web at http://www. i m a r k e t i n c . c o m / a n l y / re p o rt s / r p t 3 5 7 2 . h t m .

HIGH-DENSITY OPTICAL MEMORY
RESULTS IN LICENSING AGREEMENTS

COMPUTER HARDWARE AND SOFTWA R E

. . . a high-density
optical memory
that could hold
18,000 sets of 
the Encyclopedia
Britannica on a 
single 12-inch 
optical disk.

TWO COM PANIES, WOR L D

L I B RA RY, INC., AND
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S E RODS TECHNOLO G Y.

■ D r. Tuan Vo-Dinh of
ORNL operates the
SERODS optical data 
storage system, which
offers about 100 times
greater storage capacity
than previous technology.
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HEAT PIPES KEEP CHIPS 
FROM BLOWING THEIR COOL

COMPUTER HARDWARE AND SOFTWA R E

M a n u f a c t u rers of portable computers deal with a hot issue when it comes to chip cooling.
To prevent chip damage, heat-pipe technology helps them re d i rect away the heat that the
m i c ro p rocessor generates. But this technology does not work well when users tip and turn
their computers.

T h e rm a c o re, Inc. (Lancaster, PA), developed heat pipes that, unlike traditional heat pipes,
allow users to tip and turn portable computers without degrading perf o rmance. These
devices use porous metal wicks, the  key to their capabilities. Therm a c o re developed the heat
pipes through SBIR contracts—including several from BMDO—to cool laser mirrors, elec-
t ronic devices, and batteries.

T h e rm a c o re’s heat pipes help the Pentium® chip (which has greater cooling re q u i re m e n t s
because it has over 3 million transistors1) find relief from the heat inside portable comput-
ers. For example, the company supplies devices to manufacturers for installation in 120- and
1 3 3 - m e g a h e rtz Pentium chip-based computers to prevent overheating. Alternative methods
of cooling, such as electrically powered fans, are large and have high energy re q u i re m e n t s
that make them impractical for portable computers. Therm a c o re’s compact, lightweight heat
pipes do not interf e re with the computer’s p o rt a b i l i t y. Also, since they use no electricity, the
heat pipes conserve the precious energy essential for battery - p o w e red port a b l e s .

To meet market demand, Therm a c o re enhanced the capabilities of its manufacturing division,
T h e rmal Products. This division now produces 7,000 heat pipes per day (a rate based on exist-
ing and expected orders) to cool high-end Pentium-based portable computers. According to
Yale Eastman, chairman of DTX, Therm a c o re’s p a rent company, “In 1997, Therm a c o re expects
to manufacture over 2 million heat pipes for this thermal management application.”

Developing prototypes for desktop and workstation computer markets, Therm a c o re’s h e a t
pipe technologies provide the cooling improvement needed for increased computer speeds.
“Faster chip speeds and micro p ro c e s s o r-intensive software create higher levels of heat in
desktop and workstation computers,” adds Eastman. “Our heat pipes are more reliable than
other technologies and could provide all the cooling necessary to prevent chip damage.”

ABOUT THE TECHNOLOGY
T h e rm a c o re’s passive heat pipes use porous metal wicks that move the heat-transfer liquid
quickly and eff i c i e n t l y, using capillary action. Like kerosene in lantern wicks, the heat-pipe
liquid moves against the force of gravity, making these devices ideal for any cooling need
w h e re the system moves. Other heat pipes lose their effectiveness when turned upside down
because their wicks will not work against gravity.

Heating one end of the pipe causes evaporation of a liquid inside, absorbing heat. The vapor
then flows to the opposite end of the pipe. At this cooler end, it condenses back into a liq-
uid, thereby releasing heat. To repeat the cycle, the wick absorbs the condensed liquid and
t r a n s p o rts it back to the hot end. Capillary action, the same action that pulls kero s e n e
t h rough the wick in a kerosene lantern, moves the liquid along the wick.

1Intel Micro p rocessor Quick Reference Guide. 1996. World Wide Web at http://www. i n t e l . c o m /
p re s s ro o m / q u i c k re f . h t m .

. . . porous metal
wicks that cool
h e a t - g e n e r a t i n g
P e n t i u m® m i c ro-
p rocessors in
portable computers.
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■ T h e r m a c o r e’s heat pipes
cool today’s h i g h - e n d
processors in portable
computers without using
fans or extremely large or
heavy heat sinks.
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To d a y’s specialized computer applications demand extraord i n a ry data storage capacity and
quick access. Despite the recent capacity and perf o rmance improvements of magnetic and
optical disks, these emerging applications still re q u i re more—a fundamentally diff e re n t
a p p roach that combines a quantum increase in storage with faster access. Holography pro-
vides such an appro a c h .

Aided by a BMDO SBIR contract, Holoplex, Inc. (Pasadena, CA), has developed a holo-
graphic memory system that combines quick access with dense storage. The system, dubbed
HM-100, can store up to 1,000 gray-level images, each with 1,000 x 1,000 8-bit pixels, for
a total of 1 gigabyte of storage. The HM-100 has a very fast internal image processing rate,
so that many images can be compared quickly. The entire database of 1,000 images can be
scanned in one second.

Applying the data storage technology for security applications, Holoplex recently delivere d
its first HM-100 to Hamamatsu K.K. in Japan for real-time fingerprint identification. This
system functions as a holographic “lock” that can store up to 1,000 fingerprints as holo-
grams. To gain entry to a room, one places a finger on a glass plate. The fingerprint must
match one of the holograms in the system’s m e m o ry. The fast memory of the HM-100 min-
imizes the delay while the system searches for a match.

In addition to fingerprint identification, the HM-100 offers a compact and low-cost altern a t i v e
to the large, expensive CD-ROM “jukeboxes” that now store data for hospitals, libraries, and
banks.  Holoplex’s system could save businesses both time and money, replacing their systems
with a single 3-D holographic disk. Other uses for this technology include archival storage,
g o v e rnment systems, military intelligence networks, and the ever-popular video game.
Holoplex aims to capture a significant portion of the holography market, which it estimates at
$20 billion worldwide.

On a futuristic note, Holoplex’s holographic memory may someday steer vehicles. One of the
c o m p a n y’s founders, Demetri Psaltis, used the holographic memory to drive a small car
t h rough the corridors of the California Institute of Te c h n o l o g y. Psaltis is now designing a dif-
f e rent vehicle with enough memory to travel around the campus.

ABOUT THE TECHNOLOGY
The HM-100 module writes once, but reads many times and holds information in the form
of 3-D holograms. Viewing the cube from various angles with the probe laser allows access
to the image data stored as 2-D pages. The memory of the HM-100 module includes a tem-
p e r a t u re - c o n t rolled laser diode operating at 680 nanometers, a pre re c o rded holographic
medium (a DuPont photopolymer) mounted on a motor, a two-beam steering mirro r, and a
tracking mechanism.

The data are converted into a pattern of clear and opaque squares on a liquid crystal display
s c reen, then imprinted on the device. Then, lenses focus a blue-green laser beam shining
t h rough this cro s s w o rd-puzzle-like pattern, or page, to create a signal beam. Next, a second
beam, the re f e rence beam, meets the signal beam, creating a hologram of the page of data in
a photosensitive medium. Illuminating the hologram with the re f e rence beam used to re c o rd
it retrieves any stored page. Charge-coupled devices, which produce a current in re s p o n s e
to light, read the re c o n s t ructed page.

HOLOGRAPHIC MEMORY SPEEDS ACCESS

COMPUTER HARDWARE AND SOFTWA R E

. . . a holographic
memory system
that combines
quick access
speed with 
dense storage.

HOLOP L EX AIMS TO CAPTURE

A SIG N I F ICANT PORT ION OF

THE HOLO G RA PHY MA R K E T,

E S T I MATED AT $20 BILLION

W OR L D W I DE .

■ H o l o p l e x’s HM-100 
module, pictured above, 
is being used by one 
company as a holographic
“lock” to store up to 1,000
fingerprints as holograms.
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HYBRID COMPUTER TO SIMPLIFY
CONTROL SYSTEM DESIGN

COMPUTER HARDWARE AND SOFTWA R E

Design difficulties limit the use of neural networks for real-time control. For example, design-
ers re q u i re complex models to account for many system variables. Furt h e rm o re, these variables
change constantly, testing the neural network’s limited ability to adapt to changing conditions.

To solve this problem, Intelligent Automation, Inc. (IAI; Rockville, MD), is developing the
Fuzzy Cerebellar Model Arithmetic Computer (CMAC) with funding from BMDO ’s S B I R
p rogram. IAI’s technology will learn ten times faster than conventional neural networks. It
could simplify the design of real-time control systems and improve the speed and pre c i s i o n
of pattern recognition systems.

Using its Fuzzy CMAC technology, IAI is working with Lockheed Martin to build a system
that cancels machine vibrations, enabling machine tools to cut faster and more accurately. It
is also developing a scanning-probe microscope that learns the characteristics of the sample
as its scans, allowing faster and more accurate images. In a test, Fuzzy CMAC detected
a b n o rmal traffic patterns on a highway with 99 percent accuracy. Fuzzy CMAC has also tested
successfully as a nonlinear adaptive signal filter.

Applying its innovative technology to law enforcement, IAI will use Fuzzy CMAC to furt h e r
automate RotoScan™, a patented device for analyzing scratches (or striations) on a bullet, also

known as ballistics testing. Useful as evidence in court, these scratches are the “fin-
gerprint” of a particular gun on a spent bullet. A computer stores the bullet images
on a disk, enabling investigators to identify and match the bullets. IAI and Mnemonic
Systems, Inc., experts in forensic technology, are currently building RotoScan devices
for law enforcement agencies.

Another potential application for Fuzzy CMAC is in flight control systems. For exam-
ple, the ability to predict maneuverability and to accommodate uncertainties makes
flight control systems more reliable and adaptive. When pilots input certain contro l
parameters, they expect the aircraft to respond accord i n g l y. But a full or near- e m p t y
gas tank may cause the response to differ from their expectations. IAI’s t e c h n o l o g y
could adjust for this diff e rence in real time. In another application, Fuzzy CMAC
could help weapons systems lock on to targets quickly and accurately.

ABOUT THE TECHNOLOGY
Fuzzy CMAC combines the ease of coding and the flexibility of fuzzy logic controllers with
the self-learning ability of neural networks. These technologies enable the system to learn
and to generate output faster than other learning control mechanisms. IAI expects Fuzzy
CMAC to be easier to install in system hard w a re than conventional neural networks. For
example, one test verified the possibility of easy and aff o rdable customization of the device
as a multiple-digital signal processor for an active-vibration isolation system, executing oper-
ations at close to a gigaflop rate.

. . . a hybrid com-
puter that will learn
ten times faster
than conventional
neural networks.

W ORKING WITH 

LOCKHEED MA RTIN, IAI 
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T E C H N OLOGY TO DEV E LOP

A SYSTEM THAT CANCELS

MACHINE VIBRAT ION S .

■ RotoScan™, pictured
above, is a ballistics testing
device whose automation
may be enhanced with IAI’s
Fuzzy CMAC technology.
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I n f o rmation security is an increasingly important issue for both private companies and the
Federal Government. Information thieves are hacking into more company networks, steal-
ing, modifying, or destroying confidential data. Some, interested only in causing chaos, shut
down or crash entire computer systems and networks, costing companies thousands of dol-
lars to assess and repair the damages. Also, Internet access allows an increased number of
attacks on the U.S. military; it has been estimated that as many as 250,000 hacker attacks
occur on the U.S. Department of Defense each year.1

In an important step toward helping nondefense companies protect their computerized
assets, Gemini Computers, Inc. (Carmel, CA), adapted its BMDO-funded information secu-
rity technology to an electronic bank loan pilot project at the Small Business Administration
(SBA) Service Center in Fresno, California. BMDO ’s Science and Technology office and the
SBA jointly sponsored this defense conversion.

G e m i n i’s s o f t w a re, based on a network-level product, features integrated encryption and
D e p a rtment of Defense certification at its highest security level. In the SBA pilot project, this
technology protects sensitive information for electronic bank loan operations among thre e
SBA offices: SBA Headquarters in Washington, D.C.; the SBA Operation Finance Center in
D e n v e r, Colorado; and the SBA District Office and Service Center in Fresno, Californ i a .

The Gemini trusted network processor (GTNP) provides high-level security that helps pro-
tect information from such outside threats as computer hackers. It also controls damage
f rom often-overlooked internal threats, such as hostile insiders and computer viru s e s .
P roviding companies with this security re q u i res aff o rdable products that minimally affect the
p e rf o rmance of the existing network.

Bringing the mandatory security controls of the military to commercial systems,
Gemini could contribute to emerging markets such as secure electronic commerc e ,
health care information systems, teleconferencing, and protection of industrial trade
s e c rets. Increased security not only prevents companies from losing valuable inform a-
tion to competitors, but for such areas as electronic commerce and health care infor-
mation systems, it increases the trust of customers.

ABOUT THE TECHNOLOGY
The GTNP provides multilevel security, encryption, and concurrent pro c e s s i n g .
Gemini designed the GTNP to support integration with other technologies and products in
o rder to build a variety of secure network interconnections and secure data-sharing compo-
nents for multilevel, secure distributed information systems. GTNP’s open arc h i t e c t u re does
not restrict its use to a single application or suite of protocols. Instead, applications and pro-
tocols can be developed to run on top of the GNTP-stru c t u red computing base to support
the specific network re q u i rements. The Gemini Multiprocessing Secure Operating System
Security Kernel runs the GTNP. This software implements real-time, priority-based scheduling
to provide multiprogramming and multiprocessing to support concurrent computing, includ-
ing parallel and pipeline pro c e s s i n g .

1United States Government Accounting Office. 1996. Information security: Computer attacks at
D e p a rtment of Defense pose increasing risks. No. GAO/AIMD-96-84, 22 May. GAO Reports and
Testimony: May 1996. Washington, DC.

NETWORK SOFTWARE PROTECTS
AGAINST CYBERTHREAT
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Nondefense networks can
also be protected.





MANUFACTURING

3
Over the past decade, American manufacturing has made tremendous pro g ress in improving the qual-

ity of products and services. The most successful U.S. manufacturers have realized that it is not what
they produce but how well they produce it that determines customer satisfaction, sustained pro f-
i t a b i l i t y, and long-term global competitiveness.

Advanced technology allows U.S. manufacturers to improve their techniques and processes and, in
some cases, to reduce the environmental impact of manufacturing. For example, real-time computer
s o f t w a re can help plant managers monitor and control processes remotely from multiple term i n a l s ,
rather than limiting them to a single computer center at the plant site. In another example, new lead-
f ree solder technology will enable manufacturers to produce stro n g e r, more environmentally friend-
ly printed circuit boards, which are used in nearly all electronic pro d u c t s .

To d a y’s M a r k e t
Manufacturing is key to U.S. economic stability. Its share of the gross domestic product has re m a i n e d
remarkably stable, at 20 percent to 23 percent, for more than 45 years. Manufacturers employ 18.3
million people throughout the country. Thirty-seven states showed an increase in manufacturing jobs
f rom 1993 to 1994. The United States is the world’s l a rgest industrial export e r. U.S. exports fro m
1985 to 1993 grew much faster than those of its two chief competitors, Japan and Germ a n y.1

To m o rro w’s O p p o rt u n i t y
BMDO has funded the development of advanced technology in pulsed power, control software, opti-
cal processing, and materials. While improving the Nation’s defense, much of this technology also
o ffers strategic benefits to the American manufacturing community, helping companies significantly
i m p rove their manufacturing capabilities. The following section describes seven of these innovations.

1The Manufacturing Institute. The facts about modern manufacturing. World Wide Web at http://www. n a m . o rg /
M o d e rn / F a c t s M a n / s u m m a ry. h t m l .
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MATERIAL HARDENING PROCESS
REDUCES TOOL-AND-DIE WEAR

M A N U FA C T U R I N G

For years, tool-and-die makers toughened their products using such processes as heat tre a t-
ment and flame hardening. While these processes were highly effective, the growing demand
for extreme precision in manufacturing new products made assembly lines and small pre c i-
sion fabrication shops much less tolerant of tool wear.

Spinning off technology from Sandia National Laboratories (Albuquerque, NM), QM
Technologies, Inc. (same location), licensed and markets a material-improvement technology
called IBESTS M, or ion beam surface treatment. IBEST, an environmentally friendly pulsed ion
beam process, can provide longer lasting, more wear- and corro s i o n - resistant materials for the
tool-and-die industry, which the Association for Manufacturing Technology and the U.S.
D e p a rtment of Commerce estimated at $4.5 billion in 1994. BMDO-funded re s e a rch in
pulsed power technology enabled IBEST’s d e v e l o p m e n t .

I B E S T’s benefits extend far beyond tools and dies. “Materials and surfaces are where every-
b o d y’s p roblems are . . . everybody is up against the limit,” comments Regan Stinnett of QM
Technologies. Other industries, such as automotive and medical manufacturers, can also use
IBEST for hardening materials. In the future, biomedical manufacturers may be able to use
IBEST to treat synthetic knee joints (typically composed of a metal ball inside a plastic socket),

which now have limited lifetimes inside the body. Treated knee joints would wear
out less quickly, drastically reducing or eliminating replacement surgeries, which
now typically occur every 7 to 10 years. QM Technologies is working with more
than a dozen companies to validate industry applications of the technology.

QM Technologies obtained the exclusive worldwide rights to the patented IBEST
technology from Sandia National Laboratories. Through a Cooperative Researc h
and Development Agreement with Sandia and ongoing relationships with Corn e l l
University and Applied Pulsed Power, the company continues to develop IBEST
t e c h n o l o g y. In addition, the Technology Ve n t u re Corporation, a nonprofit org a n i-
zation for commercializing technology from national laboratories and re s e a rc h
universities in New Mexico, helped QM Technologies obtain over $4 million in
v e n t u re capital from Rainbow Technologies Inc.

ABOUT THE TECHNOLOGY
IBEST uses high-energ y, pulsed (typically less than 500 nanoseconds) ion beams to heat the
s u rfaces of a material. Because of the pulsed nature of these beams and the rapid cooling
rates of the surface-heated material, only very thin surface layers (2 to 20 microns) of the
material are rapidly melted and cooled; this process helps form amorphous and nanocry s-
talline grain layers without altering the atomic composition of the material.

The Repetitive High-Energy Pulsed Power (RHEPP) accelerators deliver the unique combi-
nation of high average power and short-duration electrical pulses re q u i red for high-eff i c i e n-
cy IBEST systems. A magnetically confined anode plasma (MAP) diode generates the short
pulse of ions using the RHEPP accelerator power pulse. The electrical pulse, applied to a pre -
ionized gas in the MAP diode, extracts ions from the plasma. The ions then travel thro u g h
a vacuum to the material surface. The IBEST ion beam cover areas up to 200 cm2 with each
pulse. The RHEPP I accelerator was initially developed for the Department of Energ y’s i n e r-
tial confinement fusion experiments and BMDO’s f re e - e l e c t ron laser weapons system.

. . . a process that
may be able to
h a rden synthetic
knee joints to
make them last
longer inside 
the body.
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■ This cross-sectional 
view of a steel tool sample
shows the effects of rapid
surface melting and cooling
using IBESTS M t e c h n o l o g y. 
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In light of environmental regulations and growing populations, upgrading or expanding
waste and drinking water treatment plants has become a priority for many municipalities.
O fficials are plunging into several relatively high technology improvements, including more
advanced computerized automation systems. Called superv i s o ry control and data acquisi-
tion systems (SCADAs), this technology allows technicians and managers to monitor and
c o n t rol the newer, more sophisticated plant processes remotely from multiple term i n a l s ,
rather than being limited to a single computer center at the plant site.

A notable example of this trend is the upgrade of a water treatment facility for the gro w i n g
population of Las Vegas, Nevada. In this project, officials installed an advanced automation
and control system called TIS 4000® derived from software used to control a BMDO-fund-
ed particle beam accelerator. Developed by Tate Integrated Systems (Owings Mills, MD), the
s o f t w a re-based system combines the features of SCADAs with distributed control systems,
so that plant technicians can monitor and control the various parameters of their water tre a t-
ment systems in real time through graphical tools. For example, users can link a graphic of
a water pump with a parameter such as flow, and then control that pro c e s s .

The TIS 4000’s open arc h i t e c t u re allows its use with a wide range of hard w a re. Thro u g h
graphics, trend windows, and text, users see—and control—what is happening in their
p rocesses in real time. The system also features alarms that direct an operator to areas where
p roblems occur.

Tate licensed the technology three years ago from both Los Alamos and Argonne National
Laboratories (Liverm o re, CA, and Argonne, IL, respectively), tailoring it for municipal and
industrial processes. The company found many uses for the product and expected $10
million in sales in 1996 alone. For example, Tate has installed TIS 4000 in Libby
Owens Ford’s new glass plant to automate and control the annealing stage of glass pro-
duction. The company also sold the software for petrochemical uses for off s h o re oil
p roduction in the Arabian Gulf. The St. Louis County Water Authority uses TIS 4000
for its drinking water treatment facility, and Baltimore Gas and Electric uses it for its
liquid natural gas term i n a l .

In addition to pursuing domestic markets, Tate sells its system abroad in such areas as
Russia and South America. The company has established a joint venture in Malaysia
to capture Southeast Asian markets.

Tate notes that the system can handle energy management in buildings. The pro d u c t
can control a building’s heating, ventilating, and air conditioning systems to optimize
and control energy usage and environmental conditions.

ABOUT THE TECHNOLOGY
TIS 4000 operates on a wide range of client hard w a re or on off-the-shelf equipment sup-
plied by Tate and is simultaneously connected to both a local area network (LAN) and a wide
a rea network. The standard system runs on commercially available workstations and bridges
to networks of personal computers with minimal software modifications. A basic TIS 4000
system re q u i res only a few building blocks (workstations, a LAN gateway, and remote ter-
minal units or a process control unit), although larger systems are possible.

REAL-TIME SOFTWARE CONTROLS
INDUSTRIAL PROCESSES

M A N U FA C T U R I N G

. . . a software - b a s e d
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■ One of Ta t e ’s many
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mate and control oil pro-
duction and distribution
s y s t e m s .
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NEW SOLDER TECHNOLOGY WILL 
ENABLE SMALLER ELECTRONICS

M A N U FA C T U R I N G

The demand for miniature electronic devices grows year by year, and with it comes the need
for smaller printed circuit boards (PCBs). These tiny PCBs have less space for solder con-
nections, which must maintain the highest level of re l i a b i l i t y.

To avoid reliability problems, the BMDO SBIR program funded Toranaga Technologies, Inc.
(Carlsbad, CA), to develop stro n g e r, more fatigue-resistant solder technology for PCB man-
ufacturing. To r a n a g a’s p ro p r i e t a ry combination of key metal alloys will make this gro u p i n g
s t ronger than conventional lead-tin solders, allowing smaller, denser, and more rugged mul-
tilayer PCBs. BMDO needs more rugged PCBs for radar, missile interceptors, and other elec-
t ronic equipment.

In addition, To r a n a g a’s l e a d - f ree solder technology could alleviate growing enviro n m e n t a l
c o n c e rns over the disposal of lead-bearing PCBs, which can contaminate groundwater near
landfills. Several European countries—including Germ a n y, France, Sweden, and the United
K i n g d o m — recently implemented mandatory recycling legislation for electronic compo-
nents. These laws place the responsibility for proper disposal of lead-containing pro d u c t s
s q u a rely with the manufacturers. The adoption of similar waste disposal regulations in the
United States would increase the domestic demand for lead-free solder technology.

Toranaga expects to license its solder to companies interested in creating lead-free attach-
ment technology for their own electronic component assemblies. Its marketing depart m e n t
c u rrently places the solder market at $350 million and growing 20 to 30 percent annually.

The company, formed to develop an organometallic conductive ink for creating wire traces
on PCBs, entered into a licensing agreement with Kester Solder Company, a division of
Litton Systems, to manufacture and market Orm e t® ink. Kester provides royalty payments
to Toranaga for transferring this technology to it.

ABOUT THE TECHNOLOGY
Investigating two solder products, Toranaga expects to meet the future demands
of PCB assemblers using its atomized, lead-free alloy powders. The first pro d u c t ,
a solder paste, will form stronger component joints than traditional lead-tin alloys.
Because this formation will occur at a reflow temperature below 210˚C, it re p re-
sents a new solder option for PCB assembly. Most lead-free solder pastes re q u i re
higher reflow temperatures, which can melt the plastic material of the PCB.

The second product combines a solder paste and a conductive adhesive.
Designed to replace traditional solder pastes that lose mechanical bond stre n g t h
because of accelerated aging, but similar to conventional solder, the hybrid will
f o rm strong intermetallic bonds with the contact pads. It will also form a metal

matrix to stabilize electrical conduction within the joints, using a process called transient liq-
uid-phase sintering. Finally, polymers in the hybrid will strengthen the joints. To r a n a g a
expects the hybrid solder processing temperatures will be compatible with PCB manufac-
turing. Pre l i m i n a ry results from reliability testing show that the hybrid solder perf o rms bet-
ter than most commercially available conductive adhesives.

. . . stro n g e r, more
f a t i g u e - re s i s t a n t
solder technology
that will help elec-
t ronics manufactur-
ers make miniature
cellular phones and
remote contro l s .
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with To r a n a g a’s l e a d - f r e e
attachment technology.
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M a n u f a c t u rers seek quick and aff o rdable methods to apply thin-film coatings on large or
i rregular surfaces. Typical coating methods, such as physical vapor deposition and therm a l
s p r a y, deposit films unevenly on assembled parts because of the difficulty placing the part s
inside a traditional coating chamber. In addition, thin films are costly for large surface are a s
in large-scale industrial settings. These barriers have been especially noticed in the high-vol-
ume U.S. automotive industry, which sold roughly 15 million motor vehicles in 1994 alone.1

R e s e a rchers at MicroCoating Technologies (Atlanta, GA) reduced the cost and increased the
rate of thin-film deposition through a chamberless process called combustion chemical
vapor deposition, or CCVDS M. Using this process, the re s e a rchers have been working with
engine manufacturers to develop coatings for parts requiring catalytic surfaces as well as pro-
tection from heat, corrosion, and oxidation. They expect these eff o rts to improve engine per-
f o rmance and increase the lifetime and efficiency of automobiles.

CCVD is a flame-assisted process that deposits a wide spectrum of thin-film coatings in open
a t m o s p h e re conditions. Unlike other low-cost deposition technologies, which produce low-
quality coatings, this process can produce the same high-quality coatings as more expensive
chemical and physical vapor deposition technologies. It also can coat objects that have larg e
or irregular surfaces, such as engine parts, that are difficult to place inside a traditional coat-
ing chamber.

For example, CCVD deposits platinum, an excellent catalytic and corro s i o n - resistant element,
evenly on the entire honeycomb stru c t u re of catalytic converters. Unlike other platinum-
deposition methods, which may provide only partial coatings and re q u i re costly
recoatings, CCVD would be a much more efficient alternative, saving car makers both
time and money. The process can also deposit corro s i o n - resistant coatings onto many
engine parts, including those used in automotive heating and cooling systems.
Customers for these applications include General Motors/Delphi Automotive
Systems, Caterpillar, and AlliedSignal.

Platinum CCVD coatings will soon be used for fiber-optic applications and are being
c o n s i d e red for prototype fuel cell components. Funding from BMDO’s SBIR pro g r a m
p rovided much of MicroCoating Technologies’ startup capital and allowed the refinement of
the CCVD pro c e s s .

ABOUT THE TECHNOLOGY
In CCVD, a combustible liquid dissolves the chemical pre c u r s o r. Then, combustion of the
liquid atomizes the solution, forcing the reaction that results in deposition of the material on
the substrate. Because the process is simple, deposition of multiple materials and complex
compounds proceeds with few complications. CCVD also allows greater control of the phys-
ical stru c t u re of the coating.

Because the CCVD process takes place at ambient temperatures, without a costly reaction fur-
nace or vacuum chamber, technicians can continuously feed materials into the deposition zone,
p roviding significant cost advantages over traditional thin-film processes. CCVD also uses inex-
pensive chemical solutions, or precursors, costing up to 100 times less than the high-purity,
h i g h - v a p o r- p re s s u re solutions used in conventional chemical vapor deposition chambers.

1S t a n d a rd and Poor’s. 1995. I n d u s t ry Surv e y s. 27 April, A-82.

ENGINE PARTS GET BETTER COATINGS

M A N U FA C T U R I N G

. . . a chemical vapor
deposition pro c e s s
that coats objects,
such as engine parts,
that are generally 
d i fficult to place
inside a traditional
coating chamber.
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■ Pictured above is an 
aluminum radiator coated
with platinum using
MicroCoating Te c h n o l o g i e s ’
C C V DS M p r o c e s s .
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OPTICAL PROCESSOR LOOKS 
FOR PACKAGING FLAWS

M A N U FA C T U R I N G

A large food-processing company can suffer hundreds of thousands of dollars in losses each
week, owing to such packaging problems as smudged ink on labels and unreadable price
codes. Better inspection technology can identify a problem early in the production stage to
p revent large batch losses, saving both money and time.

Silicon Mountain Design, Inc. (SMD; Colorado Springs, CO), designed an optical pro c e s s o r
that can image products on the assembly line and determine package integrity. The compa-
ny is working with Teledyne, Inc., to integrate this technology into an optical computing sys-
tem for industrial inspection. This system can identify faulty packaging, enabling inspectors
to remove defective products from the assembly line.

The technology grew from a BMDO-funded SBIR contract for rapid target recognition and
missile detection. SMD’s optical processor consists of a camera based on a charg e - c o u p l e d
device (CCD) and a spatial light modulator located on the same chip. This arr a n g e m e n t
eliminates a data bottleneck and helps acquire images rapidly. For example, the optical
p rocessor can image products in various stages of completion and identify such manufac-
turing parameters as package integrity and visual appeal.

The optical processor can also be used for medical imaging in combination with computer-
aided diagnosis. Historically, human inspection of Pap smears posted false negative re s u l t s
up to 30 percent of the time. SMD’s technology can screen a microscope slide and identify

the most atypical cells, saving technicians time and quickly routing suspicious slides
to an experienced pathologist. This technology can also be used to examine radi-
ographic images or to analyze live fluoroscopic images. SMD projects a pro t o t y p e
within a year.

The company is also working with the University of Colorado (Colorado Springs) to
develop a solid-state miniaturized imager with a disposable imaging head. This
device will give doctors a better view during endoscopic pro c e d u res, such as exam-
ining patients for esophageal cancer or perf o rming surg e ry inside the body.

NASA singled out SMD for excellence at the October 1995 NASA Technology 2005
c o n f e rence, held in Chicago, Illinois. The company received the SBIR Technology of
the Year Aw a rd for its high-speed CCD-based camera, used for analyzing kinetic
weapons and the flight dynamics of missiles.

ABOUT THE TECHNOLOGY
For pattern recognition, the two principal functions are digital image acquisition and image
comparison. The first function can be perf o rmed by a pixel array detector or a digitizer. A
h a rd w a re solution for the second function, a spatial light modulator (SLM), can produce a
pixel-by-pixel comparison image from two digital inputs.

Parallel process arc h i t e c t u res speed both image-processing steps dramatically. Under these
conditions, however, the serial data transfer step between the detector and the SLM becomes
a bottleneck. SMD used a combination of micromachining technology and ultrathin wafer
p rocessing to put a CCD and the SLM on the same chip. The resulting high-speed optical
p rocessor perf o rms real-time screening or enhancement of any digital image database.

. . . an optical
p rocessor that is 
at home on the
factory floor and 
in the cell biology
l a b o r a t o r y.
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■ S M D’s optical processor,
pictured above, consists 
of a CCD-based camera
and a spatial light modulator
located on the same chip.
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The semiconductor industry has targeted ever-smaller circuits in its drive toward faster com-
puter chips that pack more memory into less space. But those miniaturization goals make
integrated circuit (IC) manufacturers face a task equivalent to painting a thin line with a
thick bru s h .

In a recent advance, Sandia National Laboratories (SNL; Liverm o re, CA) and AT&T Bell
Laboratories developed a new re s e a rch tool that produces chips with features below 0.1
m i c ro n s — t h ree times smaller than today’s best feature sizes. IC manufacturers did not expect
to achieve this precision until the year 2007. Smaller feature sizes will result in ICs with high-
er memory density, higher perf o rmance capabilities, and lower energy consumption rates.

In a recent test, Sandia printed the world’s first working micro e l e c t ronic device that uses
e x t reme ultraviolet light lithography (EUVL). The device, a field-effect transistor and a com-
mon building block of all integrated circuits, features an electrical channel (or gate width) of
0.10 microns—one thousandth the width of a human hair. To further evaluate and develop
EUVL technology, the re s e a rchers plan to create more complicated devices and circ u i t s .

SNL re s e a rchers are also investigating the possibility of using the EUVL tool to print some
of the world’s smallest holograms. The nanometer-scale holograms could form the basis of
a new security system that would use holographic “microtags” to brand everything fro m
computer chips to currency to compact discs. The advantages of the microtag lie in both its
size and complexity. Its sub-0.2 micron features make the microtag difficult to find and re p l i-
cate, frustrating chip counterfeiters who bombard computer integrators with forgeries. Its
physical orientation provides another security feature: Only read-out equipment that illu-
minates the microtag at the correct incidence angles can discover its true identity.

This technology grew out of a BMDO program in which SNL developed a laser plasma
s o u rce of extreme ultraviolet radiation. BMDO needed this EUVL source, intended for clas-
sified studies of detector perf o rmance and material survivability at these wavelengths, as an
a l t e rnative to synchro t rons, which were not approved for classified re s e a rc h .

ABOUT THE TECHNOLOGY
Lithography transfers microscopic device patterns onto silicon wafers, level by level.
Shrinking device dimensions continue to push traditional optical lithography systems to the
limits of fine resolution between the circuit elements. An EUVL system, using shorter wave-
length light than traditional systems, can overcome the optical resolution problems inhere n t
when the device feature size approaches the wavelength of the light used.

S N L’s EUVL source uses a laser striking a solid metal target to create a plasma of ions. When
these ions lose their energ y, they emit a broad spectrum of radiation centered in the extre m e
ultraviolet region. A monochrometer filters out unwanted light and helps choose the wave-
length best suited for a particular application.

NEW TOOL PROMISES SMALLER, 
FASTER COMPUTER CHIPS

. . . a chip-making tool
that uses extre m e
ultraviolet light to print
lines as small as 0.1
m i c ro n s , s h a v i n g
m o re than two-third s
o ff current minimum
d i m e n s i o n s .
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■ Mechanical technician
Yon Perras inspects the
extreme ultraviolet light 
lithography tool, which
etches fine patterns in 
silicon chips.
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NEW PROCESS ALTERNATIVE 
PROMISES HARDER MATERIALS

M A N U FA C T U R I N G

When manufacturing such heavy machinery as automobiles, hardness and durability are two
qualities essential to satisfy quality-seeking consumers. The low-wear re q u i rements of the
machines that manufacture these products also make these qualities essential to manufacture r s .

T h rough an Advanced Technology Pro g r a m - s p o n s o red project, a consortium of 14 part i c i-
pants is addressing these qualities, scaling up a technology called plasma source ion implan-
tation (PSII). Rather than coating industrial parts, which must be toughened to surv i v e
s e v e re environments, PSII actually changes the material surface, providing perf o rmance and
e n v i ronmental advantages over other hardening methods. It uses a power modulator derived
f rom BMDO-funded work on the particle beam accelerator developed at Los Alamos
National Laboratory (LANL; Los Alamos, NM).

This process can be used to harden components for automobiles, aircraft, power plants, and
p rosthetics. For example, General Motors is investigating PSII to change the surfaces of light-
weight aluminum and magnesium alloys so they can withstand the high wear and harsh
e n v i ronment found in engines. Substituting these materials for steel and iron could result in
a 10 percent decrease in the cost of making automotive power trains.

In addition, treating production machine parts themselves increases their service lives for
manufacturing, thereby reducing associated costs and downtimes in manufacturing plants.
In a study comparing the service lives of steel-tool punches, nitrogen-implanted punches
using PSII lasted two times longer than chrome-only plated punches and five times longer
than untreated punches. With further development, some dies and tools may last 10 times
longer than their untreated counterpart s .

The modulator used to control the voltage output from the power source came from the
BMDO-funded Ground Test Accelerator project at LANL. Built as a follow-on to the Beam
Experiment Aboard Rocket project, the Ground Test Accelerator, a cryogenically cooled
device, was developed to provide a model of a space-based neutral particle beam weapon.

ABOUT THE TECHNOLOGY
In PSII, injecting a low-pre s s u re gas, such as nitrogen, into a steel vacuum chamber
h a rdens the material. The nitrogen ionizes into a plasma using oscillating radio fre-
quency waves, and it strips electrons from the gas atoms. Then, exposing the materi-
al to short pulses of negative voltage causes positive-charged ions to accelerate toward
the negative-charged material, bombarding it from all sides. The ions penetrate and
modify layers of the material near the surface. This process can treat polymer surf a c e s
as well as metals.

The process offers several advantages over other hardening methods. For example, since
PSII is not a coating, adhesion and delamination are not concerns. Less expensive and with a
higher average current (1.00 ampere versus 0.03 ampere) than line-of-sight implantation
p rocesses, it permits much faster implantation. Also, PSII does not re q u i re masking or expen-
sive fixtures to manipulate nonplanar parts, and it evenly treats such odd-shaped items as
power tools, door locks, and drive trains. An environmentally benign “dry” alternative to the
wet chemical baths used in electroplating, the process does not produce effluent pollutants.

. . . a new pro-
cessing altern a t i v e
that treats machine
components, alter-
ing their surface
layers to impro v e
durability and re s i s-
tance to corro s i o n .

G E N E RAL MOTORS IS 
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USED IN ENGINES.

■ Rather than coating the
material, PSII modifies its
surface. Pictured above is a
look inside the PSII chamber.





MATERIALS

4
St ro n g e r, lighter, and better insulating materials—the United States has received tremendous benefits fro m

materials developments, particularly in the automobile industry. For example, new materials have
allowed the introduction of lighter, yet stro n g e r, automobile bodies and longer-lasting tires and batteries.

In a new era of miniaturization, re s e a rchers working at the atomic level have constructed a new class
of advanced materials with pro p e rties far superior to those of conventional materials. These
“nanophase” materials, which offer such characteristics as increased hardness, wear resistance, adhe-
sion, and slipperiness, are useful in applications as diverse as micro e l e c t ronics, automotive compo-
nents, business machines, and even personal care pro d u c t s .

To d a y’s M a r k e t
Advanced materials offer benefits to diverse and growing markets, such as the automotive and n a n o -
technology industries. Stro n g e r, lighter, and more aff o rdable materials will help make the U.S. automo-
tive industry more competitive. The chairmen of Chry s l e r, Ford, and General Motors each have stated
that they expect 1997 U.S. vehicle sales to reach or exceed 15 million units.1 Nanotechnology is here, and
it is a multibillion-dollar worldwide industry with almost unlimited potential for growth. In part i c u l a r,
the nanophase materials market is expected to grow from $300 million today to $1.5 billion by 2001.2

To m o rro w’s O p p o rt u n i t y
BMDO re s e a rch and development in materials has produced many innovations for ballistic missile
defense systems. These innovations have been incorporated into new technologies that can help
i n d u s t ry develop lighter automobile and satellite components, improve the thermal protection for air-
craft flight data re c o rders, build higher- p e rf o rmance micro e l e c t ronic devices, and produce smoother
semiconductor polishes. The following section describes six such examples.

1American Automobile Manufacturers Association. 1996. Automotive Forecasts. World Wide Web at http://www.
a a m a . c o m / d a t a / a u t o f o re . h t m l .

2British Parliament’s O ffice of Science and Te c h n o l o g y. World Wide Web at http://www. n a n o t h i n c . c o m / N a n o
Ve n t u re s / N a n o M a r k e t s _ f r a m e s / n a n o m a r k e t s f r a m e s . h t m l .
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LOW-COST STRUCTURAL COMPOSITES
MAY SOON HIT THE HIGHWAY

M AT E R I A L S

Composite materials are essential to the automotive industry’s drive toward cars that are
l i g h t e r, stro n g e r, and more fuel efficient than their predecessors. Perhaps the most pro m i s i n g
of these materials are carbon fiber composites. Stronger than steel, stiffer than titanium, and
lighter than aluminum, carbon fibers could be added to a range of automobile components,
giving them exceptional mechanical pro p e rties while significantly reducing their weight.

These enhanced pro p e rties come at a cost, however. Carbon fiber material costs much more
than competing fibers and re q u i res complex manufacturing processes. Such roadblocks have
slammed the brakes on the use of carbon fiber composites in the automotive industry.

In a collaboration with General Motors Corporation, the Goodyear Ti re & Rubber Company,
and others, Applied Sciences, Inc. (Cedarville, OH), introduced a low-cost, high-volume
p rocess to produce vapor- g rown carbon fibers (VGCFs). Developed with the help of BMDO
SBIR contracts, VGCFs’ range of pro p e rties—including high strength and light weight—
make them an attractive fiber re i n f o rcement in advanced composites. According to a surv e y
conducted for Applied Sciences, VGCFs could cost less than $5 per pound when pro d u c e d
at capacities greater than 10 million pounds per year. Competing fiber re i n f o rcements cost
$100 per pound.

The National Institute of Standards and Te c h n o l o g y’s Advanced Technology Program re c e n t-
ly awarded matching funds to the new development program, which also includes the Gas
R e s e a rch Institute, EMTEC, and GM Delphi Chassis Systems. The program will develop
VGCF composites for automotive applications and address the technical hurdles associated
with scaling the process to high-volume pro d u c t i o n .

One potential automotive application is in tires that provide better fuel eff i c i e n c y,
traction, and wear resistance. Economical production of VGCF composites could
also help car makers reduce vehicle weight up to 132 pounds. Members of the
v e n t u re also seek to develop VGCF anodes for lithium-ion batteries, which are
attractive for all-electric vehicles because they can provide high specific power,
high specific energ y, and long cycle lifetimes.

Applied Sciences has also explored other applications for VGCFs; their high ther-
mal and electrical conductivity make them attractive as battery electrodes, micro-
e l e c t ronic substrates, electromagnetic shielding, and static reduction composites.
The company currently markets four products, and two more are nearly re a d y.

The BMDO SBIR program funded early development of Applied Science’s VGCF technology in
six projects, two of which received Phase II funding. These programs focused on developing
VGCFs for electromagnetic railguns and for other structural, thermal, and electronic applications.

ABOUT THE TECHNOLOGY
I n t roducing gas-phase catalysts into a heated hydrocarbon atmosphere produces VGCFs. The
resulting fibers derive many of their attractive pro p e rties from the high degree of graphite
c rystalline phase that is produced. Individual fibers range in size from 100 microns (µm) t o
several centimeters long, and from 0.2 µ m to 30 µ m in diameter. These size diff e re n c e s ,
along with the ability to combine fibers in several bulk shapes (from a cottonball-shaped tan-
gle to a paper-like sheet), allow Applied Sciences to tailor the fibers’ pro p e rties for many
uses. The ability to coat the fibers with other materials provides further flexibility.

. . . a process that 
could help create 
automobile tires that
p rovide better fuel 
e ff i c i e n c y, traction,
and wear re s i s t a n c e .
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■ The GM Ultralite, 
pictured above, epitomizes
the objectives of Applied
Sciences’ work with GM
and Goodyear. This 1,400-
pound vehicle’s fuel econ-
omy (100 miles per gallon)
is achieved using carbon
fiber composites combined
with efficient powertrain
and chassis systems.
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Recent plane crashes have highlighted the importance of flight re c o rders, devices contained
in so-called “black boxes” that help officials determine the cause of airplane accidents. These
boxes must withstand the destructive heat of a crash, protecting the re c o rders from serious
damage. The Federal Aviation Administration (FAA) recently doubled the perf o rm a n c e
re q u i rements of these black boxes, raising their re q u i red time of heat protection from 30 to
60 minutes.

Hayes & Associates (San Diego, CA) has developed new material for black boxes to pro t e c t
flight re c o rders from thermal damage. Previous boxes manufactured and distributed by
Smiths Industries used alloy-based heat sinks to absorb heat. Hayes’ new technology
replaced these expensive, toxic heat sinks with smaller, cheaper, and less toxic material. In
this application, the new heat sink improves cooling effects up to 400 percent and re d u c e s
manufacturing costs by 83 percent. After acquiring a license, Smiths Industries incorporat-
ed Hayes’ material into its Voice and Data Recorder™ product line, which consists of
Cockpit Voice Recorders, Flight Data Recorders, and combined re c o rders for commerc i a l
and military airc r a f t .

This thermal storage technology, called Composite Fabric Endothermic Material, can easily
be re t rofitted in current black-box designs. This flexibility can reduce or eliminate the air-
line industry’s reengineering costs to address black-box re q u i rements. Curre n t l y, Smiths
Industries is working with Hayes to enhance the material’s t h e rmal perf o rmance to
meet the FAA’s 60-minute re q u i rement. Hayes originally developed the material for
B M DO ’s Laser Shield project for temperature control in aerospace vehicles.

Hayes & Associates’ multilayer material also can be tailored to do the opposite—first
s t o re and then slowly release heat over a prolonged period. For example, in a licensing
deal with Pepsico, Hayes has developed a material for Pizza Hut to heat carts that sell
pizza away from the stores, delivering the food at 140˚F to 180˚F, even after the food has
sat in the cart for hours. Pizza Hut uses the material in thermal plates heated with the
pizza in the oven; carts bearing the thermal plates warm the pizza until delivery to fac-
tories, sporting events, and cafeterias.

Rigid or flexible, Hayes’ material molds into cups, plates, and panels. It could even
be applied to clothing; when people go out in the snow, they could first zap their gloves in
the microwave, so the gloves—and the wearers’ hands—will stay warm .

ABOUT THE TECHNOLOGY
The multilayer materials consist of an inner region of thermally active material sandwiched
between protective outer layers of plastic or metal. The inner section may contain a polymer
that undergoes a thermochemical reaction or phase change to absorb and release heat at a
critical temperature. The key aspects of Hayes’ patented technology include (1) active mate-
rials that retain large amounts of heat and (2) the ability to tailor the material to temperature
and time-at-temperature re q u i re m e n t s .

When heated, the temperature of the composite material increases to the critical point; the
material holds this temperature while continuing to absorb heat until saturation. At that
point, the temperature may still increase furt h e r. On cooling, the reverse trend occurs, with
the temperature falling rapidly to the critical point and remaining there for an extended peri-
od until the internal thermochemical processes are exhausted.

MATERIAL STORES HEAT TO 
PROTECT FLIGHT RECORDERS 

M AT E R I A L S

. . . a thermal storage
material that pro t e c t s
a i rcraft flight
re c o rders fro m
destructive heat in
plane crashes.
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IN FLIGHT RECOR DER 

P ROT E CT ION AND FOOD

DE L I V E RY OPE RAT ION S .

■ Smiths Industries’ Vo i c e
and Data Recorder™ 
products, pictured above,
are more resilient to heat
using Hayes’ thermal 
storage material.
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HEAT-CONDUCTING COMPOSITE
PROTECTS SATELLITE COMPONENTS

M AT E R I A L S

Engineers designing satellites and high-perf o rmance aircraft face the conflict of re q u i r i n g
m o re while needing less. They re q u i re more in that they must continuously increase the per-
f o rmance of their vehicles, using high-powered electronics to meet military and commerc i a l
missions. At the same time, they re q u i re less in that they must find ways to reduce or main-
tain the vehicle weight, despite increased capabilities. They also re q u i re less in that new tech-
nology must be relatively low cost to meet mission budgets.

R e s e a rch Opportunities, Inc. (ROI; To rrance, CA), developed a process that tailors the ther-
mal pro p e rties of specially pre p a red carbon composite stru c t u res to meet the stringent pack-
aging re q u i rements for high-power electronic modules. The processed materials have a
much higher thermal efficiency than conventional metal components at lower cost than
advanced high-thermal conductivity materials, such as diamond. ROI also designs therm a l
management interfaces that match the material characteristics of attached electronic devices.
This matching ability prevents failures of solder joints and adhesive bond lines caused by
d i ff e rences in thermal expansion between the device and its enclosure .

BMDO-funded re s e a rch at ROI led to lay-up, machining, and cure techniques for the com-
posite stru c t u res. The materials have twice the thermal conductivity of copper (850 watts
per meter Kelvin) at one-fifth the density. Their light weight and high strength make them
especially useful in thermal management applications. Some examples of applications
include thermal doublers, radiators, and equipment shelves for satellites. In aircraft, the
materials can be used for electrical component cooling and thermal dissipation at hot spots.
They also can serve as heat spreaders for gallium arsenide-based micro e l e c t ro n i c s .

ROI offers full-scale thermal measurement services and maintains an electronic database of
over 10,000 measured pro p e rties of high thermal conductivity composites.  The company
plans to pursue other markets as the price of the material decreases, while focusing on space
applications for the near term .

ABOUT THE TECHNOLOGY
To fabricate the carbon composite stru c t u res, ROI uses a self-re i n f o rced graphite
(SRG) called Therm a l G r a p h®, produced by Amoco Perf o rmance Products Division.
ROI machines the SRG “brick” into a wafer design, cross-plying it in alternating right
angles and then sandwiching it with metal such as aluminum. Laminate thickness
ranges from about two micrometers up to one centimeter. The thermal expansion
p ro p e rties of the heat source and sink materials determine the relative thicknesses of
the SRG and the aluminum.

Tailoring SRG to thermal management applications involves innovative pro c e s s i n g
and machining techniques developed with BMDO funding. Special resin impre g n a-

tion and curing techniques produce dense SRG with a graphite volume fraction of 90 per-
cent. Carefully selected adhesive materials for laminating metals to the impregnated SRG
allow minimal stress in the SRG while preventing adhesive shear failure, or separation along
the grain, over a broad range of operating temperature s .

. . . a carbon 
composite that 
will provide better 
heat control for
high-power elec-
t ronic equipment
on satellites.
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■ R O I’s carbon composite
structures are ideal for
satellite applications 
where light weight and 
high strength are important.
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As the feature sizes of electronics shrink below the wavelengths of visible light, semiconduc-
tor manufacturers will re q u i re nanopowder-based optical polishes for smoothing the surf a c e s
of silicon wafers. To be effective, powder particles must have uniform sizes and must re s i s t
the tendency to clump together, or agglomerate. Larg e r-than-average particles or particle clus-
ters can create defects on the surfaces of wafers, which can cost up to $50,000 to re p l a c e .

Under BMDO SBIR funding, Stru c t u red Materials Industries, Inc. (SMI; Piscataway, NJ), devel-
oped a nanopowder production process that may produce the next generation of ultrasmooth
polishing compounds. The company can produce nonagglomerated nanoparticles with narro w
size distributions for a variety of materials, including metals, oxides, and nonoxides.

SMI formed a new division called Nanopowder Enterprises, Inc. (NEI; Piscataway, NJ), to
m a n u f a c t u re and sell the nanoparticles to industry. NEI has already received orders from the
semiconductor manufacturing industry for sample quantities of Nanomyte™ nanopowder
abrasives. In addition, the company is making a titanium dioxide sun-blocking agent.
Titanium dioxide particles in sun-blocking lotions tend to clump together, weakening their
ability to deflect the sun’s h a rmful rays. NEI’s nonagglomerated nanoparticles eliminate this
clumping effect, improving the lotion’s sun-blocking pro p e rt i e s .

The company also sells a low-cost tool for producing nanoparticles. The Nanomyte One™
p roduces a wide variety of nanopowders in the 3- to 50-nanometer range. It features sever-
al modules that enable diff e rent processes to fabricate the nanopart i c l e s .

SMI and Rutgers University originally developed the nanopowder production process to
make silicon and germanium light-emitting nanocrystals for BMDO displays. The company
continued the original re s e a rch and recently demonstrated that silicon emits white light
( f u l l - c o l o r, including ultraviolet, visible, and infrared light) when electrically stimulated.
M o re re c e n t l y, SMI developed a line of transparent conductive oxides and electro l u m i n e s-
cent and cathodoluminescent oxides.

With these initial successes in hand, SMI has already planned the first pro d u c t
for its films, a green electroluminescent flat-panel display. The NanoChro m e
Display could be an economical alternative to liquid crystal displays.

ABOUT THE TECHNOLOGY
SMI developed a dry, chemical vapor condensation process that pro d u c e s
nonagglomerated nanoparticles. In the process, reactant chemicals ride an
i n e rt carrier gas and pass through a reaction chamber. This chamber can be an evaporation
c h a m b e r, a hot wall chamber, a combustion flame, or a plasma source, any of which will
f o rce condensation. During condensation, by-products dissipate as vapors. The re m a i n i n g
p roducts are dry, nonagglomerated nanopart i c l e s .

The nonagglomerated nanoparticles have a narrow size distribution, because the re s i d e n c e
time for the reactant chemicals equals that of the carrier gas for all gas streams as they move
t h rough the chamber. Selecting an oxidizing, reducing, carbonizing, or nitridizing atmos-
p h e re controls the particular compound chemistry, as re q u i red. Multiple chemical re a c t a n t
s o u rces form multicomponent, multiphasic particles. This process controllably pro d u c e s
nanopowders from 3 to 50 nanometers in size.

PURE AND LOOSE, NANO-SIZED
PARTICLES MAKE BETTER MATERIALS

M AT E R I A L S

. . . a process 
that can pro d u c e
nanopowders to
make smoother
s e m i c o n d u c t o r
polishes and
s t ronger sun-
blocking lotions.

TO MA N U FA CTURE AND

SELL NANOPA RT ICLES TO

I N D U S T RY, SMI FORMED 

A NEW DI V I S ION CALLED

N A N OP OW DE R

ENTERPRISES, INC.

■ BMDO-funded research
is helping SMI develop the
first product for its film, a
green electroluminescent
flat-panel display
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SILICON MAKES A QUANTUM 
LEAP IN MICROELECTRONICS

M AT E R I A L S

Conventional silicon transistors have enjoyed spectacular success over the past thre e
decades, but size limitations of the technology threaten future pro g ress. If transistors shrink
much below 0.1 microns, the barriers that control switching functions will no longer oper-
ate pro p e r l y. Also, as the devices shrink, the amount of heat within a chip builds up, re q u i r-
ing costly thermal management solutions.

To address these problems, NanoDynamics, Inc. (New York, NY), is building silicon-based
superlattice devices called quantum transistors. These devices will use semiconductor het-
e ro s t ru c t u res with thicknesses approaching those of an atom to overcome the heat build up
common in integrated circuits. The razor-thin layers will allow the current to flow according to
the rules of quantum tunneling without electron scattering, which causes heat. BMDO is fund-
ing this re s e a rch through an SBIR Phase II contract for smaller, faster, and cooler electro n i c s .

The most innovative aspect of this project is the use of silicon. Combining the low cost of
s i l i c o n - p rocessing technology and the high perf o rmance of column III-V semiconductor
superlattices, this technology is an attractive replacement for many micro e l e c t ronic devices.
Because the technology also permits optical transitions in silicon, it ideally suits all light-
using applications of solid-state devices, including lamps, light-emitting diodes, flat-panel
displays, optoelectronics circuits, and photon detectors.

NanoDynamics built the working diodes based on its BMDO-funded technology. Its
next step connects the diodes in a working transistor. To w a rd this end, the company
teamed with Infinite Technologies, Inc., to produce linear transistor pro t o t y p e s .
NanoDynamics and Infinite Technologies are jointly creating a new company, Dallas
Linear Devices, with the goal of gaining 1 to 2 percent of the semiconductor market
within five years. NanoDynamics currently estimates this market at $150 billion,
possibly reaching $300 billion in the next six years.

ABOUT THE TECHNOLOGY
To deposit the superlattice, NanoDynamics alternates layers of silicon and part i a l

layers of silicon oxide. The structural diff e rences between the two layer types produce local-
ized strain regions in the semiconducting medium. These regions form quantum wells for the
e l e c t rons in the medium. Applying voltages to the electrons in the wells enables such elec-
t ronic functions as transistor amplification, diode current control, and switching.
T h e o re t i c a l l y, the quantum wells can be packed in high densities, allowing smaller transistors.

. . . silicon transis-
tors that pro m i s e
i m p ressive perfor-
mance advantages
over today’s m i c ro-
e l e c t ronic devices.

N A N OD Y N AM ICS HAS

T E AMED WITH INFINITE

T E C H N OLOGIES, INC., 

TO PRODUCE WOR K I N G

P ROTOTY PE S .

■ Pictured above is
Nanodynamics’ newly 
built fabrication chamber,
which can control the 
fabrication process 
accurately down to frac-
tions of an atomic layer.
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Cheap and durable, plastic has an amazing track re c o rd in replacing a wide range of metals.
H o w e v e r, it falls short in applications requiring a combination of high strength and stiff n e s s .
For example, under heavy loads plastic without enough stiffness bends. To compensate for
this problem, material processors often add glass and carbon fibers—an expensive, addi-
tional manufacturing step—to stiffen plastic.

With BMDO SBIR funding, Maxdem, Inc. (San Dimas, CA), developed a new family of rigid-
rod polymers that are more than four times stiffer than conventional plastic materials. Called
Poly-X™ Self-Reinforced Polymers (SRPs), these inexpensive, durable materials could
replace structural materials—including certain types of aluminum and stainless steel—par-
ticularly in automotive, aerospace, and defense applications. They also could substitute for
expensive fiber- re i n f o rced composites.

For example, the company is working to develop a Poly-X SRP resin to replace the fiberg l a s s
sheet molding compound (SMC) used in automotive body panels. Unfilled Poly-X plastics
could decrease vehicle weight and facilitate recycling, impossible with current SMCs because
of their high fiberglass content.

In another application, Poly-X SRPs could work in laminate form for printed circuit board s
and electronics connectors. These hard e r, more abrasion-resistant polymers could also make
highly scratch-resistant windows for automobiles, airplanes, machinery, and windows. The
polymers might also be used for brakes, clutches, and other part s .

Funding from the BMDO SBIR program is helping Maxdem to scale up the
Poly-X SRP production process, to bring Poly-X SRPs to market. Curre n t l y,
M a x d e m’s small-scale production facility regularly produces 22-pound batches
of the polymers. It supplies these batches to companies that may develop new
applications. According to Maxdem’s p rojections, Poly-X SRPs will cost $10 to
$12 per pound when production achieves 5 million pounds per year. 

ABOUT THE TECHNOLOGY
Poly-X SRPs are rigid-rod polymers with exceptional strength and stiffness. For
example, the elastic modulus, or stiffness, of Poly-X SRPs ranges from 1 to 2.5
million pounds per square inch (psi). In contrast, the modulus of conventional engineering
resins ranges between 300,000 to 600,000 psi. Unlike liquid crystal polymers, whose
s t rength lies in one direction, Maxdem’s r i g i d - rod materials are equally strong in all dire c t i o n s .

Poly-X SRPs are unique thermoplastic resins based on amorphous rigid-rod polymers. These
polymers possess carefully chosen pendant side chains (the flexible component) to impart
tractability to the rigid-rod polyparaphenylene backbone. Maxdem’s p ro p r i e t a ry pro d u c t i o n
p rocess ensures the isometric integrity of the rigid-rod stru c t u re. There f o re, homopolymers
(the repetition of a similar molecular chain) and copolymers (the repetition of two or more
molecular chains) can readily be pre p a re d .

RIGID PLASTIC FLEXES ITS MUSCLES 
FOR STRUCTURAL APPLICATIONS

M AT E R I A L S

. . . rigid-rod poly-
mers, over four
times stiffer than
conventional plas-
tic materials, that
could compete
with some types 
of metals.

MAX DEM SUPPLIES 

BATCHES OF POLY-X™ 

S R PS TO COM PANIES 

T H AT MAY DEV E LOP 

N EW APPLIC AT ION S .

■ M a x d e m’s P o l y - X ™
SRPs can be fashioned
into molded parts and
composites, as shown
above. They also 
can be made as resins,
pellets, films, and solutions.





MEDICINE
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Americans are concerned about improving the quality and efficiency of health care in the United States.
Innovations in medical technology can address this concern, revolutionizing many medical pro c e-
d u res and enhancing the quality of medical products and services. For example, newly developed
laser techniques are being used to selectively kill viruses or cancers, replacing traditional radiation
and chemical treatments that are toxic to the human body. Sophisticated technology will offer physi-
cians better, more accurate diagnostic and surgical tools, potentially saving lives and impro v i n g
patient care. Also, such technologies often reduce or eliminate the need for hospital care, there b y
reducing associated costs.

To d a y’s M a r k e t
The United States produces more than half the world’s medical technology, employing about 301,000
people and exporting about $11.4 billion in products. In 1995, the United States produced $56.7 bil-
lion in medical devices and diagnostic products; production is projected to grow to $70.9 billion by
1 9 9 8 .1 Innovative medical technologies are needed to help reduce the rising costs associated with
t o d a y’s health care. According to a recent re p o rt by the U.S. Department of Health and Human
S e rvices, the Nation’s total spending for health care in 1995 increased 5.5 percent to nearly $1 tril-
lion, an estimated average of $3,621 per person.2

To m o rro w’s O p p o rt u n i t y
The technical expertise used to solve the complex needs of ballistic missile defense has a fort u n a t e
s p i l l o v e r. It has resulted in new medical technologies some 10 years ahead of the medical curve that
a re beginning to make diseases easier to detect and simpler to manage. Many organizations are apply-
ing these technologies, making new bre a k t h roughs in treating breast, cervical, and esophageal can-
c e r, among other ailments. The following section describes eight of these innovations.

1I n d u s t ry figures are cited from the Health Industry Manufacturers Association’s U.S. Medical Technology Industry
Fact Sheet.

2U.S. Department of Health and Human Services. 1997. National health expenditures for 1995. Press release, 27
J a n u a ry. World Wide Web at http://www. o s . d h h s . g o v / n e w s / p re s s .
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LASER R&D PROMISES 
NEW MEDICAL THERAPIES

M E D I C I N E

In the early years of medical laser re s e a rch, doctors used single-wavelength lasers with lim-
ited dynamic pro p e rties. When the fre e - e l e c t ron laser (FEL) was developed, it off e red short
pulses, high peak power, and a greater range of wavelengths. Not surprisingly, this innova-
tion yielded a host of insights in the medical field; the Wellman Laboratories of
Photomedicine (Boston, MA) is a nexus of these advances.

F rom 1986 to 1991, BMDO provided support to the Wellman Laboratories of
Photomedicine at Massachusetts General Hospital (MGH) through the Medical Fre e -
E l e c t ron Laser (MFEL) program. The U.S. Congress conceived the MFEL program as a
means to transfer technology from military laser re s e a rch to medicine. Now part of the
M G H’s Laser Center, Wellman Laboratories built a stellar reputation and a long list of suc-
cesses in laser medicine. Their laser- related successes follow.

■ Assessing and treating burn s . In burn therapy, an infrared laser system optically deter-
mines the depth of the burn and uses a carbon dioxide laser to remove the injured tissue
quickly and precisely in preparation for skin grafts. This method reduces blood loss and the
i m p recision of physical debridement (cutting or scraping away the tissue with surg i c a l
i n s t ruments). Wellman patented the optical diagnostic component of this technology;
Sandia National Laboratories (Albuquerque, NM) and MGH are developing a therapeutic
device through a Cooperative Research and Development Agreement (CRADA).

■ Eliminating kidney stones. The laboratory developed a laser-based lithotripsy
method to eliminate kidney stones nonsurg i c a l l y. Kidney stones afflict 400,000 peo-
ple each year.  Instead of sound waves, this method uses an intense light beam to cre-
ate a shock wave in the fluid medium surrounding the stones, causing the stones to
s h a t t e r. Excretion of the fragments takes place with little or no pain. We l l m a n
Laboratories holds three patents that arose from a collaboration with a major laser
company that licensed the invention, generating over $100 million in re v e n u e s .

■ Removing undesirable skin feature s . Wellman Laboratories introduced laser
t reatments for nonscarring removal of tattoos, portwine stain birthmarks, pigmented
moles, and vascular lesions of the skin. Before this type of laser therapy, there was no
e ffective way to achieve satisfactory outcomes with these conditions. We l l m a n
Laboratories continues to work on the system, optimizing and reducing costs of laser
d e l i v e ry systems and applying selective treatments to other organs besides the skin.
A Wellman Laboratories’ re p o rt estimates that 300,000 patients have been tre a t e d
with this therapy, generating $250 million in business revenues. In cosmetic surg e ry,
for example, laser removal of “spider veins” on the face and legs is growing in pop-
u l a r i t y. MGH filed a patent application in 1991 for laser removal of skin lesions and
tattoos and licensed the technology. Laser products for dermatologic use are on the
market and MGH receives ro y a l t i e s .

■ Shining new light on cancer and art h r i t i s . Wellman Laboratories also studied and
advanced photodynamic therapy (PDT) of various cancers. Rheumatoid arthritis (RA) may
also be amenable to treatment by PDT. Degenerative changes associated with RA are tre a t e d
by injecting photoactive drugs into the synovial fluid that surrounds an RA-affected joint,
then irradiating it with a low-powered laser source. For PDT of cancers, MGH filed a total
of eight patent applications. A CRADA with Lawrence Liverm o re National Laboratory
( L i v e rm o re, CA) resulted from these studies. Two patents that cover the device and method
of use have been awarded for PDT of dysfunctional uterine bleeding. Wellman Laboratories

. . . bre a k t h roughs in
laser medicine that
help specialists pro-
vide better care to
skin, kidney, and
b u rn patients.
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■ Laser treatment selec-
tively and safely removes
pigment from tattoos,
revealing normal skin color.
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licensed the inventions to a medical start-up company. Wellman Laboratories is collaborat-
ing with two companies to establish re s e a rch programs for drug development for this appli-
cation. These treatments are in development, and Wellman Laboratories is also working with
a recent FDA-approved compound for the treatment of late-stage esophageal cancer.

■ Reducing brain damage. In hemorrhagic stroke or head injuries, arteries in the brain
respond to bleeding by contracting (vasospasm), thereby shutting off the blood supply to
a reas in the brain. This protective mechanism causes even more damage by
depriving the injured brain of needed oxygen. A short-lived, low-powered laser
pulse instantly reverses vasospasm, re-establishing blood flow to the stro k e -
a ffected area and possibly reducing brain damage. Wellman Laboratories esti-
mates that 800,000 persons each year are impaired by head trauma and brain
h e m o rrhage. Wellman Laboratories designed a laser catheter system that thre a d s
into cerebral arteries to deliver laser light. Undergoing testing, this system may
be in clinical use within the next one to two years. A Wellman Laboratories’
re p o rt estimates the cost benefit of early intervention and effective therapy of
early stroke at about $3 billion, in terms of lifetime dependency.

For laser-induced vasodilation of cerebral arteries, MGH filed two patents and is in licens-
ing negotiations. For preventing coro n a ry art e ry narrowing with a PDT agent (such as
c h l o roaluminum phthalocyanine) MGH filed two additional patents and is negotiating a
license. This treatment is not yet clinically available.

A c c o rding to Lynn Osborn at MGH and market analysis by Arthur D. Little and Co. in
Cambridge, Massachusetts, the MFEL pro g r a m’s re s e a rch and technology transfer re s u l t e d
in over $250 million in sales of laser equipment, both domestically and intern a t i o n a l l y. This
f i g u re does not include the cost savings resulting from decreased hospital stays or from more
rapid patient re c o v e ry and re t u rn to work.

ABOUT THE TECHNOLOGY
The FEL employs high-frequency electromagnetic fields to control and accelerate bursts of
e l e c t rons, causing the particles to emit coherent light. Because the characteristic wavelength
of the emitted light depends on the pro p e rties of the excitation fields, rather than on the
intrinsic pro p e rties of the medium being excited, FEL emissions are continuously tunable
over some range of operation. This behavior contrasts with other lasing mechanisms, which
p roduce one of several discrete wavelengths available for that particular laser material. The
continuously variable wavelength feature makes the FEL extremely valuable as a re s e a rc h
tool to explore the effect of wavelength on any laser-based process or eff e c t .

During BMDO development of FELs for high-power applications, interest arose in applying
these advancements to the then-new field of photonics in medicine. Laser treatments had
a l ready shown promise for several skin therapies, surgical cutting, and selective tumor abla-
tion. BMDO established the MFEL program to re s e a rch and refine these processes and to
e x p l o re new medical applications, such as PDT. The pro g r a m’s intent was not to develop
FELs for medical uses, but to find the best laser operating conditions (wavelength, pulse
shape, intensity) for a given therapeutic outcome, and then to use that knowledge to deter-
mine the best laser source for the application.

M E D I C I N E

■ A short pulse of laser
light can instantly reverse
arterial spasm, restoring
critical blood flow to the
heart muscle.
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REAL IMAGES OFFER 
REAL BENEFITS TO MEDICINE

M E D I C I N E

P e rf o rming surg e ry through the eye of a lens, whether endoscopically or micro s c o p i c a l l y,
takes time and training to perfect. As difficult as hand-eye coordination is in pro c e d u res like
l a p a roscopic abdominal surg e ry and microvessel suturing, adding cameras and specialized
tools makes it even more complicated. Surgical tools that function as naturally as possible
can minimize the impact these tools have on hand-eye coord i n a t i o n .

To this end, VRex, Inc., a marketing arm of Reveo, Inc. (Hawthorne, NY), now offers re a l -
time 3-D imaging equipment for medical education and surgeries. The company’s µ P o l ™
system works with microscopes and endoscopes to give physicians an accurate 3-D view of
the surgical field. The surgeon looks through normal eyepieces, manipulates tools, and per-
f o rms pro c e d u res, while observers use passive glasses to view the pro c e d u re on an output
d i s p l a y. Students at remote sites could also view the operation on a display.

In demonstrations of stereo endoscopy with the VRex system at numerous medical conven-
tions, surgeons acknowledged the advantages of the 3-D capability. It re s t o res depth per-
ception, reduces operating time, and allows surgical execution to a precise depth. These
advantages are crucial in such pro c e d u res as nasal sinus endoscopy, which poses a risk of
damage to the brain, optic nerve, and carotid art e r i e s .

The company’s a w a rd-winning 3-D stereoscopic notebook computer—CyberBook™—also
uses the µPol system. Along with CyberBook, VRex introduced a Microsoft Windows™ and
Apple Macintosh™ compatible SMUX™ software program. SMUX enables users to cre a t e
3-D stereoscopic images and display them on the CyberBook. CyberBook sells for as little as
$3,500 and SMUX costs between $300 and $400.

Other 3-D stereoscopic products include the VR-1000™ and CAM-3000™. VR-1000, a
compact liquid crystal display projection panel, displays flickerless video and computer

graphics on large screens from a conventional overhead pro j e c t o r ;
CAM-3000 is a compact 3-D stereoscopic video camera.

Reveo received BMDO SBIR contracts to build a stereo printer, display,
and camera for viewing missiles, decoys, and other battlefield situations
in 3-D. The company developed micropolarized viewing hard w a re, a
polarization encoding system, and spatial multiplexing methods to
enhance its displays.

ABOUT THE TECHNOLOGY
The system’s µPol array uses polarization encoding to project two dig-
ital images simultaneously. The system uses spatially multiplexed imag-

ing (SMI) to arrange the left and right images of a stereo pair by position in space instead of
by time. It transforms incoming unpolarized light into two perpendicular polarized states,
each of which passes one of the stereo pairs of images. Passive polarized glasses decode the
polarized (or encoded) images, passing the appropriate image from the stereo pair to the
a p p ropriate eye. Processing the images spatially eliminates flicker, so SMI can be used for
video and television. In addition to producing 3-D images for all VRex display devices, SMI
can generate 3-D transpare n c i e s .

. . . 3-D imaging
equipment that
makes delicate
surgery safer 
and helps train 
new doctors.

V R EX DE M ON S T RAT E D

STEREO ENDOSCOPY 
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SYSTEM AT NUM E RO U S

M E DICAL CON V E N T ION S .

■ Reveo has recently 
introduced the world’s
first 3-D stereoscopic 
overhead projection 
system, pictured above,
which uses polarization
encoding to project two 
digital images simultaneously.
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Using surgical equipment presents risks. The most obvious ones concern the patient, but the
s u rgeon must also be wary. For example, the high-voltage surgical cautery knife minimizes
bleeding during incision-making, yet poses both an electrical hazard and a source of sparking.
Metal-to-metal contacts, such as when the knife grazes a surgical clamp, can cause unpleasant
shocks; they also can produce sparks that, in the presence of volatile anesthetic gases and high-
concentration oxygen in the operating room, may ignite small fires and, rare l y, explosions.

F o s t e r- M i l l e r, Inc. (Waltham, MA), developed strong, lightweight medical tubing that elec-
trically shields devices for endoscopic and laparoscopic pro c e d u res, minimally invasive tech-
niques that help to reduce both the length of hospital stays and risks associated with major
s u rg e ry. Made from an innovative polymer developed for BMDO satellite applications, the
s u rgical tubing minimizes electrical hazards through superior insulation pro p e rties. The
material costs 30 percent less than fiber- re i n f o rced composite tubing, and it resists delami-
nation under the high pre s s u res and temperatures re q u i red for medical sterilization.

The company formed a subsidiary called Superex Polymer, Inc. (Waltham, MA), to commer-
cialize this tubing. Superex Polymer then entered into an agreement with ACT Medical, Inc.
( Waltham, MA), a manufacturer and vendor of specialized materials, to produce and sell its liq-
uid crystal polymer (LCP) to medical device manufacturers. For example, ACT uses the LCP
tubing for cannulae, the tubes through which doctors insert cameras and surgical instru m e n t s
into the body. LCP tubing could find a substantial market in the field of minimally invasive
s u rg e ry; the industry projects nearly 4 million such pro c e d u res in the United States in 1996.1

Pursuing other R&D eff o rts that may bring LCP technology to the market, Superex is devel-
oping LCP thin films for printed circuit boards (PCBs). Manufacturers of PCBs use epoxy to
laminate copper on layers of fiberglass, a high-cost, time-consuming, multistage pro c e s s .
H o w e v e r, most polymer alternatives expand and contract with temperature fluctuations, lim-
iting their application. Supere x’s thin films will tolerate temperature diff e rences, leading to
lower production costs. The company is building a thin-film process facility and expects
p roduction to begin in late 1996. Superex teamed with Brampton Engineering, a Canadian
c o m p a n y, to market LCP films and laminates to electronics manufacture r s .

LCP technology could also solve the flatness and contamination problems that have caused
the beer industry to shun plastic bottles until now. Superex is working with five companies
f rom Europe, Japan, and the United States to develop a multilayered LCP bottle for beer.
S u p e rex expects to license its technology, slated for completion by July 1997, to these five
c o m p a n i e s .

ABOUT THE TECHNOLOGY
S u p e re x’s material pro p e rty improvements turn on advanced die technology. The die simulta-
neously orients polymer molecules perpendicular to each other and at an angle to the length of
the tubing. This orientation solves the problem of poor transverse strength that, until now, made
LCP virtually useless in many applications because of its tendency to split or thin unevenly when
s t ressed in the nonmachine direction. In 1995, Foster- M i l l e r’s LCP extrusion process won an
R&D 100 award from R&D Magazine as one of the year’s 100 most significant innovations.

1Global Industry Analysts, Inc. 1995. Medical industry market re s e a rch re p o rts: Endoscopy equipment.
World Wide Web at http://www. g l o b i n d . c o m / 3 1 5 . h t m .

RIGID TUBING FINDS MEDICAL 
MARKET IN OPERATING ROOMS

M E D I C I N E

. . . a strong, light-
weight surgical 
tubing that off e r s
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■ Among other applications,
S u p e r e x’s LCP tubing is
used as cannulae, tubes
through which doctors 
insert cameras and surgical
instruments into the body.
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PAPNET IMPROVES SCREENING 
EFFICACY FOR CERVICAL CANCER

M E D I C I N E

C e rvical cancer strikes about 65,000 U.S. women per year, accounting for 5,000 deaths annu-
a l l y.1 H o w e v e r, during the past 30 years a screening test called the Pap smear accounted for a
63 percent decrease in the death rate from this disease.2 Curable if caught early enough, cerv i-
cal cancer is one of the few human malignancies strongly associated with the human papillo-
ma virus (HPV). A Pap smear helps reveal the presence of HPV and helps a patient discover
her risk factor for cervical cancer.

Laboratories perf o rm over 50 million Pap tests in the United States every year.2 Due to the
l a rge volume and fast turnover of test slides in a typical histology laboratory, positive test
results are sometimes overlooked. When this occurs, a potentially curable carc i n o m a - i n - s i t u
can pro g ress to an invasive cancer. In late 1995, Neuromedical Systems, Inc., received FDA
a p p roval for a neural net–based screening method that greatly increases the odds of detect-
ing a suspicious Pap smear, helping to save women’s lives. This computerized system owes
p a rt of its existence to BMDO funding through HNC Software Inc. (San Diego, CA).

HNC developed avalanche neural network computer arc h i t e c t u res and systems for BMDO to
detect ballistic missiles. HNC’s network technology now forms the basis of Neuro m e d i c a l
Systems’ PA P N E T® Testing System. This system uses fast, powerful neural network algorithms
to quickly identify the signs of malignancy in cell clusters. With the PAPNET test, cytology labs
i n c rease the total detection of abnormalities up to 30 percent. The FDA approved the system
in November 1995, and more than 40 U.S. clinics and 15 countries now use it.

N e u romedical Systems, which acquired its software development tool for neural networks
f rom HNC, holds a patent for applying neural networks to cell analysis. The company may
apply the technology to develop automated systems for lung cancer screening, urinalysis,
and other cell analyses.

ABOUT THE TECHNOLOGY
Showing the system a variety of images re p resenting both benign and malignant cerv i c a l
cells trains the computer to read Pap smears. The computer examines the images and learn s
the most salient characteristics of each type of cell or cell cluster. For example, large and mis-
shapen nuclei can signify cancer. After the network is trained, it can be used in an automat-
ed system to quickly scan slides and flag abnorm a l i t i e s .

PAPNET uses two separate neural networks, one trained to recognize suspicious single cells,
and the other trained to recognize abnormal cell clusters. The system selects and re c o rds color
images of the 128 most suspicious cell images on a smear, and allows the cytologist to scru t i-
nize them. In unassisted visual screening, the error rate (classifying abnormal smears as nor-
mal) can be as high as one in three. In a test of 1,247 Pap smears, the PAPNET system identi-
fied 517 of 534 abnormal smears, for a 97 percent accuracy rate. Note, however, that PA P N E T
is a supplemental screening method: A qualified pathologist makes the final diagnosis.

1University of Pennsylvania Cancer Center. 1996. Clinical trials news: New treatment options for cerv i-
cal cancer. World Wide Web at http://oncolink.upenn.edu/upcc/clin_trials/fall94/RUBIN.html.

2U.S. News Online. 1995. Health: Digital help to spot cervical cancer. World Wide Web at
h t t p : / / w w w. u s n e w s . c o m / u s n e w s / n y c u / c e rv i c a l . h t m .

. . . a neural net-
work technology
that helps doctors 
double-check Pap
smears for suspi-
cious cells, incre a s-
ing the reliability of
tests for cervical
c a n c e r.
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Advances in the pharmaceutical industry can be painfully slow and costly. Ty p i c a l l y, it takes
an average of 15 years and nearly $500 million to bring just one new drug from the labora-
t o ry bench to the pharmacy shelf.1

In an eff o rt to expedite drug development, re s e a rchers have turned to computational chem-
i s t ry, a branch of theoretical science that uses digital computers to model systems of chemi-
cal interest. But even this computerized technique is time consuming. For example, a full
all-atom simulation of just two interlocking molecules can consume hundreds of hours of
computer time, even on superc o m p u t e r s .

Moldyn, Inc. (Arlington, VA), developed a computer algorithm that reduces the time need-
ed to model the dynamics of large molecular systems. The company’s algorithm, MBO(N)D2,
p romises to transform new drug re s e a rch, helping find new cures faster. Moldyn, a sub-
s i d i a ry of Photon Research Associates, Inc. (San Diego, CA), developed this technology using
BMDO-funded modeling methods designed to simulate the dynamics of large space-based
s t ru c t u re s .

Because it increases computational speed, MBO(N)D will make the discovery of new dru g s
and the development of new materials through computational techniques more practical.
Tests of the algorithm show that it simulates the dynamics of large molecules (10,000 atoms)
up to 50 times faster than conventional all-atom modeling techniques. With further re f i n e-
ments, the algorithm could even be applied to even larger molecules (10,000 to 100,000
atoms) at speeds 100 to 1,000 times faster than all-atom appro a c h e s .

Moldyn received an Advanced Technology Program award from the National Institute of
S t a n d a rds and Technology to help bring this technology to the pharmaceutical industry.
In this project, the company and its partners will refine the algorithm for commercial use.
M o l d y n’s p a rtners in the project include leading pharmaceutical companies, a computa-
tional chemistry software firm, and leading academics in the field of computational chemistry.

The company plans to market the MBO(N)D algorithm as a stand-alone software pack-
age and as an interface module link to software already on the market. The stand-alone
package targets developers of new drugs and materials, while the interface module tar-
gets software firm s .

ABOUT THE TECHNOLOGY
MBO(N)D accelerates computational speed without affecting chemical and physical re a l i s m
t h rough a technique known as substructuring, which combines atoms into interacting gro u p s
of rigid and flexible bodies. The algorithm also filters out small-scale motions that do not
a ffect the overall behavior of the molecule. These two innovations reduce the number of sys-
tem variables and allow the simulation to be computed over a smaller number of time steps.

1P h a rmaceutical Research and Manufacturers Association. 1996. The drug development and appro v a l
p rocess. World Wide Web at http://www. phrm a . o rg / c h a rt s / a p p ro v a l . h t m l .

2MBO(N)D stands for multibody order(n) dynamics. Multibody refers to the method of combining the
molecules in a series of substru c t u res; order(n) refers to the number of variables in the model. In con-
ventional simulations, the number of variables equals the number of objects squared (n2). MBO(N)D
reduces the number of variables to the number of objects (n).

DRUG-SCREENING SOFTWARE
GOES COMMERCIAL

M E D I C I N E

. . . an algorithm
that promises to
transform new drug
re s e a rch by rapidly
suggesting candi-
date molecules.

M OL D Y N’S COM M E RC I A L

P LANS FOR ITS COM P U T E R

A LG ORITHM INCLU DE

PA RTERNERING WITH 

L E A DING PH A R MA C E U T IC A L

COM PANIES AND A 

COM P U TAT IONAL CHEM-

I S T RY SOF TWARE FIRM.

■ M o l d y n’s algorithm can
simulate DNA (pictured
above right) 50 times 
faster than all-atom 
modeling techniques 
(pictured above left).
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BREAST ULTRASOUND 
MAY SAVE WOMEN’S LIVES

M E D I C I N E

An important addition to mammographic screening in recent years, breast ultrasound helps
doctors decide whether a suspicious area on a mammogram is a benign cyst or a malignant
t u m o r. Investigators found new ways to use hand-held ultrasound wands for this task.
M a n u f a c t u rers of ultrasound equipment also responded to the needs of clinicians, develop-
ing specialized units for breast ultrasound.

Demonstrating its proactive corporate strategy of continual innovations in breast imaging,
T h e rm o Trex Corporation (San Diego, CA) transferred some of its BMDO-funded advanced
imaging technology into the growing field of breast ultrasound. Therm o Trex is also devel-
oping digital mammography techniques.

In its unique approach, Therm o Trex incorporated computed tomography (CT) techniques
into breast imaging with ultrasound. Sonic CT™ images the breast in a slice-like fashion
using high-frequency sound waves. This method yields an image relatively free from over-
lying tissue interf e rence, helping doctors to see features not always apparent with x-ray
m a m m o g r a p h y. Radiation exposure is not a concern with this method, because Sonic CT
uses ultrasound instead of x-rays to form a breast image. Also, this technology does not
re q u i re painful compression of the bre a s t .

Sonic CT can spot breast abnormalities not associated with microcalcifications. Thus, it
could assess such conditions as fibrocystic breast disease (also called “lumpy” breast disease).
It also could help reduce the number of breast biopsies, 80 percent of which turn out neg-
ative. Curre n t l y, Sonic CT is undergoing limited trials at the Hillcrest Center for Wo m e n’s
Health in San Diego, Californ i a .

T h e rm o Trex is developing Doppler CT, an imaging technology related to Sonic CT. This
device uses ultrasound to assess blood vessels for blockages. Specifically, it will detect blood
flow speed and image vessels in three dimensions, providing useful information for exam-
ining coro n a ry and carotid arteries to assess the risk of heart attack and stroke, re s p e c t i v e l y.
Doppler CT also can image the peripheral blood vessels of the legs, an important capability
for detecting blood clots in elderly patients after surg e ry and during prolonged periods of
bed re s t .

ABOUT THE TECHNOLOGY
Both Sonic and Doppler CT devices convert ultrasound signals into digital images of
anatomical features and electronically process and store them, just as x-ray images are
manipulated in “conventional” CT. Sonic CT uses low-frequency ultrasound to pro d u c e
c ross-sectional slices of the breast, acquiring images in near- real time. Doppler CT will mea-
s u re the velocity of blood coursing through vessels. Blood flows at a higher speed through a
passage narrowed by plaque or scar tissue than through an unobstructed blood vessel with
a wider diameter. There f o re, comparing the speed of blood flow in adjoining areas of an
a rt e ry allows detection of blockages in that art e ry.

. . . a breast ultra-
sound instrument
that could examine
b reast abnormali-
ties not re a d i l y
a p p a rent with x-ray
m a m m o g r a p h y.
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■ Ultrasound can help
confirm the presence of 
a malignant lesion, as 
pictured above.
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Esophageal cancer leaves many of its victims unable to swallow, and nearly always results in
death. The American Cancer Society projects diagnosis of 12,300 people in the United States with
esophageal cancer in 1996 and 11,200 deaths from it.1 Doctors have limited treatment options.

Now there is a new treatment for esophageal cancer, based on a method that holds gre a t
p romise for other cancers, as well as for noncancerous conditions. The FDA-appro v e d
P h o t o f r i n® c a p t u res light energy and uses it to selectively destroy diseased cells. It is the first
d rug ever approved for the photodynamic therapy (PDT) of cancer.

Photofrin was originally developed by Dr. Thomas Dougherty as an anticancer agent at the
Roswell Park Cancer Institute (Buffalo, NY). The Medical Free Electron Laser (MFEL) pro-
gram at Baylor Research Institute (Dallas, TX) studied it as a blood purifier. BMDO’s M F E L
p rogram, established by Congress to transfer BMDO-sponsored fre e - e l e c t ron laser (FEL) tech-
nology to medical and other spinoff applications, initially funded some of this laser re s e a rc h .

Using laser light of a specific wavelength, Photofrin produces an oxygen radical that kills
cells in its immediate vicinity. Abnormal tissues selectively absorb the drug, which laser light
then activates, making it a well-controlled therapy that avoids harm to normal cells. In late-
stage esophageal cancers that obstruct breathing and swallowing, PDT is a kinder altern a t i v e
to surg e ry, which causes pain and forms scar tissue.

Baylor eventually licensed Photofrin to QLT Phototherapeutics, Inc., which submitted the
d rug for FDA approval. QLT awaits FDA approval to use Photofrin in the treatment of blad-
der and some lung cancers. The company is conducting extensive re s e a rch in PDT for tre a t-
ment of a wide variety of cancers and for noncancerous disorders such as psoriasis, rh e u m a-
toid arthritis, and cardiovascular disease.

Many exciting clinical advances resulted from Baylor’s M F E L - related re s e a rch, including
unique photoactive drugs for collagen repair in the knee joint and improved methods for
t reating eye disease. Baylor has developed a photochemical to isolate stem cells from blood
in order to re s t o re the marrow of chemotherapy patients and other immunocompro m i s e d
individuals. Baylor also developed a photochemical, now available in Taiwan and Egypt, that
can reverse drug resistance in malaria suff e re r s .

ABOUT THE TECHNOLOGY
PDT involves techniques in which photoactive dyes kill viruses or cancers when irr a d i a t e d
with laser light. The dyes selectively attach to a number of enveloped viruses, such as HIV,
hepatitis, Epstein-Barr, cytomegalovirus, and herpes, as well as many cancerous cells. When
light of a specific wavelength and intensity shines on the dye, a chemical reaction begins that
gives off a toxic oxygen radical, called singlet oxygen, that exists for a short distance and for
a fraction of a second. The oxygen radical breaks down the viral sheath and kills the viru s .

Because these dyes produce this radical when they absorb laser light of a specific wavelength,
Baylor used an FEL and other lasers to deliver the correct wavelength. Before FELs, doctors
used continuous-wave lasers, which could not produce the variety of wavelengths and very
s h o rt pulses of FELs. The FELs produce more precise and varied wavelengths, enabling
re s e a rchers to study discrete interactions of light and matter.

1Cancer facts and figures. 1996. American Cancer Society. 1-800-4-CANCER.

PHOTODYNAMIC THERAPY 
EMERGES IN WAR ON CANCER

M E D I C I N E
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NEW METHOD ELIMINATES 
FIXING IN BIOLOGICAL ANALYSES

M E D I C I N E

To look at some of life’s smallest building blocks, many light-based imaging methods re q u i re
physical alteration of the biological material before viewing.  Preparing a sample for viewing
often means stabilizing the cell with special chemicals and removing all the water, potentially
d i s t o rting the image of the cell and its contents. Newer techniques can eliminate some fixative
steps, but may also cause photo-bleaching, a phenomenon that can ruin parts of the image.

A new imaging method offers a less destructive means of biological analysis and of examin-
ing industrial and semiconductor materials. Essex Corporation (Columbia, MD) developed
a synthetic apert u re microscope (SAM), based on synthetic apert u re radar. The device pro-
duces high-resolution, 3-D, complex-valued re p resentations in a few seconds, with re d u c e d
alteration of the specimen. It also allows specimen viewing from a greater distance than
many light-based imaging methods. Applications of the SAM include both macroscopic and
m i c roscopic imaging.

The SAM, a coherent-light microscope, can resolve images as small as one-quarter the
d e v i c e’s operating wavelength. Thus, using ultraviolet light (280 nanometers) allows visual-
ization of sample features as small as 70 nanometers. Working with Dr. Lee Peachey, a biol-
ogy professor at the University of Pennsylvania, Essex discovered that this resolution gives a
sharp view of the complex eyes of fruit flies and the intricate exoskeletons of diatoms (micro-
scopic algae). It also produces detailed images of carbon fibers and diffraction gratings.

E s s e x’s device can operate at wavelengths from ultraviolet to visible and infrare d .
Independent of working distance, the device resolves very small features from several inch-
es away. By changing the focal lens of the SAM, Essex expects to increase this distance to four
to six inches or even more .

The SAM works in tandem with ImSyn™, Essex’s high-speed optical processor which
is capable of forming images from a wide range of sensor inputs. An outgrowth of
B M D O - s p o n s o red re s e a rch in rapid optoelectronic processing of radar signals, the
ImSyn processor significantly cuts data processing time in magnetic resonance imaging
(MRI), ultrasound, and other diagnostic examinations. For example, the optoelectro n i c
p rocessor allows physicians to see a target tumor or other anatomical feature in real time,
and its high speed increases the resolution of images and prevents blurr i n g .

D r. Peachey notes that when used to collect data digitally, the SAM may mimic diff e re n t
types of microscopes. Thus, a biological sample would be subjected to only one data col-
lection event because the digital data could continually be re a rranged to produce images
in diff e rent formats. The SAM also could generate full phase and amplitude inform a t i o n
for 3-D holographic imaging, allowing the viewing of images from diff e rent angles. To d a y’s
m i c roscopes that use film or charge-coupled devices re c o rd only amplitude inform a t i o n .

ABOUT THE TECHNOLOGY
S A M’s k e y, the ImSyn pro c e s s o r, takes data directly from any sensor, such as an MRI coil,
and sends real-time imaging to the workstation for display.  Standard workstation software
p e rf o rms image enhancement and manipulation, if desired. The system, a 2-D re a l - t i m e
Fourier transform processor with high-speed input and output, uses optoelectronic tech-
nology for speed and flexibility. The processor transforms the received data into images and
then forw a rds those images to the image analysis workstation. The complex correlation with
an appropriate pattern in a database forms the pattern recognition option.

. . . an imaging
technology that
o ffers medical
re s e a rchers a less
destructive way to
look at samples
under a m i c ro s c o p e .
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ImSyn™ (pictured above),
E s s e x’s high-speed optical
processor which forms
images from a wide range
of sensor inputs.
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Nineteen ninety-five was a banner year for innovation in the United States. That year, the U.S. Patent
and Trademark Office received the largest number of applications for patents and designs to date,
a c c o rding to the 1995 Commissioners’ Annual Report. As a result of these applications, 64,562 re s i-
dents of the United States received patents in such diverse areas as mechanical, electrical, and chem-
ical engineering.1

Innovations in these areas offer significant improvements to the transportation, utility, semiconductor,
and space industries. Bre a k t h roughs in electrical engineering can facilitate the development of high-
speed trains to reduce traffic congestion between major cities. They can also enable supere ff i c i e n t
p o w e r- c o n t rol devices to double power line capacity. Innovations in chemical engineering can lead to
better materials for vibration suppression in semiconductor manufacturing equipment and can help in
deploying inflatable space stru c t u re s .

To d a y’s M a r k e t
Electric utilities and semiconductor manufacturers can benefit greatly from technological innova-
tions. Deregulation is forcing more competitiveness in the electric power industry, which accounted
for $208 billion in revenues from retail sales to ultimate customers in 1995.2 New technologies can
help electric utilities establish a competitive advantage, improve eff i c i e n c y, and trim costs. Reducing
p roduction costs is a primary concern for computer chipmakers, whose sales are estimated to re a c h
$197.6 billion in 1999, up from $101.8 billion in 1994.3 Innovative technologies can suppress vibra-
tions in manufacturing equipment, reducing errors that add to production costs.

To m o rro w’s O p p o rt u n i t y
BMDO has funded various technologies for ballistic missile defense that can also provide companies
with innovative solutions to help the United States build a stronger economy. The following section
describes five examples.

1U.S. Patent and Trademark Office. 1995. Setting the course for our future, a Patent and Trademark Office re v i e w,
Fiscal Year 1995. World Wide Web at http://www. u s p t o . g o v / w e b / o ff i c e s / c o m / a n n u a l / a n n u a l . h t m l .

2E n e rgy Information Agency. 1996. Electric Power Annual 1995, Vol. 1, Chapt. 1. World Wide Web at
h t t p : / / w w w.eia. doe.gov/cneaf/pubs_html/epa_1995/volume1/chapter1.html.

3Semiconductor Industry Association. 1995. Semiconductor forecast summary 1995–1998. World Wide Web at
h t t p : / / w w w. s e m i c h i p s . o rg . i n d s t a t s . h t m .
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ELECTRICITY-SAVING CIRCUITS HELP
UTILITIES UPGRADE POWER GRIDS

M I S C E L L A N E O U S

Investigating a flexible alternating current transmission system (FACTS), the Electric Power
R e s e a rch Institute (EPRI) and other groups expect to improve the switching capabilities,
c a p a c i t y, and security of electric utility transmission lines. FACTS controllers also pre v e n t
power outages that cascade throughout the distribution system. These devices re q u i re highly
advanced power electronics to control the flow of current over the transmission lines.

One of the nearest term technologies for FACTS controllers is a high-powered variable
switch marketed by Harris Semiconductor Corporation (Melbourne, FL), called the metal
oxide semiconductor–controlled thyristor (MCT). Originally funded as a power contro l
device for BMDO’s d i rected energy weapons, MCTs will instantly re route power to avoid
outages and double the capacity of transmission lines. These rugged, reliable, efficient thyris-
tors can operate at higher temperatures and permit faster switching speeds than such con-
ventional thyristors as the silicon-controlled re c t i f i e r, the insulated gate bipolar transistor,
and the gate-turn o ff device.

H a rris launched its first line of MCTs (a 600-volt p-type MCT) in September 1992 and
added three more MCT devices, including one 1,000-volt, 65-ampere p-type MCT and two
3 5 - a m p e re devices (one with and one without a built-in diode). The company soon expects
to release a 600-volt, 75-ampere device in a second generation of MCTs. This device will off e r
a fourfold improvement in switching speed over current generation devices.  Harris primari-
ly focuses its marketing eff o rts for the MCT on automotive, electric utility, and manufactur-
ing applications.

In September 1995, Harris announced plans to invest $250 million in its power semicon-
ductor operation to construct a metal oxide semiconductor (MOS) eight-inch wafer fabrica-
tion facility in Mountain Top, Pennsylvania, for MCTs, MOS field effect transistors, and insu-
lated gate bipolar transistors. When fully operational (scheduled for 1997), the facility
should create about 120 new highly skilled manufacturing jobs for the community.

T h rough U.S. Navy funding and a project sponsored by the Defense Advanced Researc h
P rojects Agency, Harris and EPRI continue to address further development and packaging
re q u i rements for high-power MCTs. Forming much smaller and more powerful power elec-
t ronic building blocks (PEBBs), the team plans to package MCTs with semiconductor re c t i-
fiers and high-perf o rmance gate-driver integrated circuits. With such smart power devices
as PEBBS, utilities could save $6 billion compared to the cost of adding the same capacity
with new lines.1

ABOUT THE TECHNOLOGY
S e rving as variable-gain switches, thyristors regulate current flow with a technique known as
phase control. A significant advance in high-powered electronics, Harris’ MOS-contro l l e d
thyristors switch much faster, operate at higher power levels, and withstand higher tempera-
t u res than conventional thyristors, such as silicon-controlled rectifiers. They handle up to
1,000 volts at more than 100 amperes. Further development could lead to individual devices
that handle 2,500 to 4,500 volts at comparable currents. In addition, Harris expects these sil-
icon-based devices to be more easily manufactured than competing power semiconductors.

1Hingorani, N. and Karl Stahlkopf. 1993. High-power electronics. Scientific American. November, 78–84.
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Upon reaching orbit, satellites typically use complex mechanical systems to unfold large com-
munications antennas stowed onboard. Unfort u n a t e l y, these bulky systems increase the cost
and mass of satellites. Also, if rocket launch vibrations exceed upper limits, the antennas could
become damaged so that they cannot be fully deployed. L’ G a rde, Inc. (Tustin, CA), addre s s e d
these problems using BMDO-funded technology that inflates stru c t u res like a balloon.

L’ G a rde pioneered the use of inflatable space stru c t u res, which can reduce the cost and mass
of future spacecraft. This inflatable technology is 10 to 100 times less expensive than
mechanically deployed systems, because of its much smaller mass and stowed volume. Also,
because an inflatable stru c t u re incorporates no moving parts, excessive launch vibrations
may not damage it.

The company tested its most complex and precise inflatable space stru c t u re in an experi-
ment carried onboard the space shuttle E n d e a v o r. L’ G a rde built the inflatable antenna exper-
iment (IAE) under a $9-million contract from NASA’s In-Space Technology Experiment
P rogram. Goddard Space Flight Center integrated IAE into its Spartan 207 spacecraft.
E n d e a v o r’s a s t ronauts used a robotic arm to release Spartan into free flight, which set the
stage for deploying the IAE.

The IAE achieved its proper configuration, and pictures taken from E n d e a v o r gave gro u n d
c o n t rol personnel a spectacular sight. However, before L’ G a rde considers the IAE opera-
tional, it must resolve some apparent glitches in the deployment and conduct further test-
ing. Despite these problems, the IAE demonstrated many advantages of inflatable stru c t u re s .
The antenna stowed away in a 7 x 3 x 1.5 foot box, but inflated to the size of a tennis court ;
the whole deployment system weighed only about 132 pounds; and it cost 100 times less
than an equivalent mechanically deployed system.

The IAE is just one example of the many space stru c t u res that could benefit from L’ G a rd e’s
inflatable technology. Other possible inflatable stru c t u res include solar arrays, solar concen-
trators, support struts, and sunshades. The Defense Advanced Research Project Agency
funded L’ G a rde to develop and test the first inflatable solar array with an output of 200 Wa t t s
and power density of 90 to 100 Watts per kilogram.

Having worked with space inflatables since 1971, L’ G a rde has tested more than 100 inflat-
able stru c t u res for government clients. The company developed much of the basic technol-
ogy that underlies all of its inflatable systems in several BMDO projects to build decoys of
ballistic missiles for sensor and interceptor studies.

ABOUT THE TECHNOLOGY
L’ G a rd e’s inflatable systems can be packaged in compact containers; a gas inflates the clear or
metallic structural film. Inflatable stru c t u res do not need the mechanical parts that conven-
tional systems do—an important feature on a spacecraft, where any mechanical difficulty can
ruin a mission. When re q u i red, stru c t u res can be made rigid through several methods,
including the use of ultraviolet (UV) light-sensitive epoxy upon inflation. When exposed to
plentiful UV rays in space, the epoxy hardens. Once hardened, the support struts act as one
solid stru c t u re, holding the stru c t u re fast without the need to maintain inflation pre s s u re .

INFLATABLE SPACE STRUCTURES 
COME OF AGE 

M I S C E L L A N E O U S
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BMDO SPACE R&D RESULTS 
IN ULTRAQUIET EQUIPMENT

M I S C E L L A N E O U S

Advances in lithography have enabled the miniaturization of computer chips. Shrinking the
c i rcuit elements on these chips has resulted in tighter acceptable alignment tolerances for
lithographic equipment, making the lithography process even more sensitive to vibration.
Thus, chip makers are searching for new ways to keep their equipment isolated from exces-
sive vibrations that can lead to flawed products. In a $151-billion industry that grew 37 per-
cent in 1995,1 t h rowing away even a small percentage of those chips is costly.

CSA Engineering, Inc. (Palo Alto, CA), developed an electromechanical control system that
can control vibrations in precision lithography equipment. The system can also be used in
other applications, such as cellular base station receivers and airborne sensors. It was derived
f rom CSA’s UltraQuiet Platform (UQP), a six-axis vibration isolation system for space-based
sensors originally developed with BMDO SBIR funding.

The UQP system uses a novel combination of passive and active vibration suppre s s i o n
devices connected serially within each of six struts. This passive-active combination allows
the use of high-force, short - s t roke actuators, giving the UQP system superior perf o rm a n c e
over passive-only, active-only, or parallel passive-active systems. It also makes the contro l
system less sensitive to vibrational modes of the isolated instrument or machine.

Leveraging its expertise in vibration suppression, CSA formed a strategic alliance with
N e w p o rt Corporation, which sells precision optical equipment. This alliance, which has
a l ready resulted in several small product-development projects, could grow significantly
during the next few years. For example, the team may invest a large amount of time and cap-

ital in developing the next generation of active vibration-suppression equipment
for the precision lithography machinery used in manufacturing semiconductors.

CSA has investigated excessive vibrations in the cooling system of a newly devel-
oped magnetic resonance imaging machine and created several technology fixes
for it. The company is currently developing vibration isolation technology for the
c ryocoolers used to cool superconducting switches and junction boxes in base
stations for cellular communications.

ABOUT THE TECHNOLOGY
The UQP system uses a novel combination of passive and active vibration-suppression devices
connected serially. This six-legged, spider-shaped flexure provides the passive isolation to an
i n t e rmediate stage. The system measures the damped motion of this stage and feeds it to the
c o n t rol circ u i t ry for a base-mounted actuator that serves as an active isolator. The interm e d i a t e
stage and the serial mounting reduce the amount of displacement the actuator must counter,
making the system more efficient than either passive-only, active-only, or parallel passive-active
systems. It also does a better job of canceling vibrational modes that arise in flexible payload
s t ru c t u re s .

The UQP system works optimally for stroke displacements of 25 to 50 microns (1 to 2 mils),
f requencies greater than 5 Hz, and payloads of up to 100 pounds. It integrates all of the
mechanical actuators, dampers, and electrical control components into a platform less than
six inches high. A version of the UQP system designed for payloads up to 15,000 pounds
would double the height.

1S i n g e r, Peter H. 1996. Dataquest revises 1996 chip forecast sharply downward. S e m i c o n d u c t o r
I n t e rn a t i o n a l, June.
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■ CSA Engineering’s U Q P
system, pictured above,
uses a novel combination
of passive and active
devices connected serially
to suppress vibration.
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Car makers would like to put electronics deeper into engines to keep a closer watch on con-
t rol and exhaust functions. However, the silicon transistors used in these systems cannot
operate above 150˚C, and their perf o rmance may start dropping off at around 80˚C. New
transistors that operate above 500˚C would allow car makers to move electronic control sys-
tems closer to engines.

R e s e a rchers at Astralux, Inc. (Boulder, CO), have tested a new transistor up to 535˚C, as high
as their equipment permitted. The transistor’s much higher temperature range results fro m
its materials: silicon carbide (SiC) and gallium nitride (GaN), two semiconductor materials
p a rticularly suited to operation at high temperatures. The BMDO SBIR program funded the
re s e a rch and development of this technology, which could provide high-temperature elec-
t ronics for missile defense control systems.

The new transistor will have important uses in a growing number of high-temperature envi-
ronments in the automotive and aerospace industries. For example, Astralux says the tech-
nology may control the power delivered to motors in future electric cars, replace hydraulic
systems with electric motors, and eliminate the need for heavy, expensive cooling systems in
space electronics. Future innovations, such as fabricating several transistors on a single chip,
may allow high-temperature digital circ u i t s .

The same characteristics that allow the new transistor to operate at high tempera-
t u res will also allow it to operate at high frequencies and high powers. Astralux
began to address these capabilities in two recently awarded SBIR Phase I contracts.
The company is also looking at high-frequency possibilities for the device.

Astralux plans to sell various high-temperature transistors when it resolves sever-
al packaging issues, the first quarter of 1997. Meanwhile, the company welcomes
strategic partners or licensees to help market the device.

ABOUT THE TECHNOLOGY
The high-temperature capabilities of Astralux’s h e t e rojunction bipolar transistor
(HBT) come from the materials used as the heterojunction. Generally, a material’s band gap
limits the transistor’s operating temperature range. Silicon’s band gap of 1.1 electron volts (eV)
translates into a maximum operating temperature of around 180˚C. SiC and GaN, with band
gaps of 2.9 eV and 3.4 eV, re s p e c t i v e l y, allow transistors to work at much higher temperature s .

The HBT uses SiC for the base and collector; GaN may also be used for the collector. Because
G a N’s band gap is wider than SiC’s, a barrier blocks hole current flow from the base to the
e m i t t e r, increasing the electron injection efficiency in the transistor. Higher emitter eff i c i e n-
cy results in higher current gain. At room temperature, the HBTs have a current gain of over
10 million, while at 535˚C the gain is still around 100.

NEW TRANSISTOR TAKES THE HEAT

M I S C E L L A N E O U S

. . . a new transis-
tor that operates at
t e m p e r a t u res over
5 0 0 ̊ C .

AS T RA LUX WELCOM E S

S T RAT E G IC PA RT N E RS OR

L ICENSEES TO HELP MA R K E T

THE DEV IC E .

■ The high-temperature
transistor has construction
similar to silicon bipolar
transistors, except that it 
is made of large-bandgap
m a t e r i a l s .
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BMDO-FUNDED R&D MAY GET 
FAST TRAINS BACK ON TRACK

M I S C E L L A N E O U S

For years, magnetically levitated (maglev) trains fostered high expectations of state and Federal
t r a n s p o rtation planners, because the trains could reach speeds up to 300 mph. Zipping along
new tracks, maglev trains could relieve increasing airport and highway congestion between
major cities 200 to 600 miles apart. In 1994, air passengers traveled 170 billion miles more
than they did in 1970—an increase of 87 percent. Automobile use overshadows all other trans-
p o rtation modes, growing by over 900 billion passenger-miles in the last 24 years.1

H o w e v e r, obtaining rights-of-way to lay new track and laying the track itself may cost tens
of millions of dollars per mile, pushing this technology out of reach for cash-starved gov-
e rnments. For example, Florida’s D e p a rtment of Tr a n s p o rtation derailed a proposed maglev
train to transport tourists from the Orlando International Airport to Walt Disney Wo r l d
Amusement Park in 1994 when the price reached $1 billion.

Sandia National Laboratories (Albuquerque, NM) has proposed a new high-speed train that
runs on today’s rail lines for a fraction of the cost of maglev systems. A segmented-rail phased-
induction motor, called Seraphim for short, is the keystone of Sandia’s p roposal. The motor pro-
vides the electromagnetic induction re q u i red to propel the new train on conventional wheels
and rail. Sandia developed this technology as part of a BMDO electromagnetic “gun” for launch-
ing projectiles into space at speeds around one kilometer per second.

C o n s t ruction and maintenance costs comprise a large portion of the maglev
t r a i n’s price tag, because it must run on electrified tracks. Sandia projects that
its approach, which combines existing track with inexpensive aluminum plates
mounted alongside or between the rails, would cost 75 percent less than a
maglev system. This approach also allows old-style and new-style trains to trav-
el on the same tracks. In the Seraphim scheme, electromagnets on the locomo-
tive generate accelerating forces between the track plates and the vehicle, push-
ing the train to 200 mph. With new precision rails, the train could easily re a c h
300 mph––just as fast as maglev trains.

To test their ideas, the Sandia re s e a rchers built and tested a crude model that
reached a speed of 34 mph in just 12 feet. To get out of the lab and onto the

rails for re a l -world experiments, Dr. Barry Marder, the physicist heading the project,
expects to raise $1 million from private investors and other org a n i z a t i o n s .

ABOUT THE TECHNOLOGY
In the Seraphim train concept, a segmented aluminum rail mounted alongside or between
the rails interacts with powered coils on the train, causing acceleration. Pulsing the curre n t
t h rough the coils as they cross the edges of the rail induces surface currents that repel them.
The pulse through the coils must occur in synchronization with the relative movement over
the rail segments. Sense-and-fire optical circuits, controlling the pulsing of the power mod-
ulators, provide this synchronization. The repulsion between the rail segments and magnets
p ropels the train forw a rd. This electromagnetic propulsion technology allows the train to
achieve high speeds in relatively short distances. Reversing the phasing of the coil pulsing
p rovides efficient braking.

1Lakshmanan, T.R. 1996. Statement of T.R. Lakshmanan, Ph.D., Dire c t o r, Bureau of Tr a n s p o rt a t i o n
Statistics, Department of Tr a n s p o rtation before the Subcommittee on Surface Tr a n s p o rtation Committee
on Tr a n s p o rtation and Infrastru c t u re, U.S. House of Representatives, Washington, DC, 28 Marc h .
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What role do optics play in America’s economy? Some important and useful devices depend on optics
to produce, control, and detect light in special ways. For millions of Americans who see life as a blur,
eyeglasses and contact lenses use optics to focus light so that images can be seen with more clarity.
Medical systems see inside the body through precision optical components. And electric utilities are
experimenting with optical panels to develop more efficient solar energy collectors, bringing aff o rd-
able power to many terr i t o r i e s .

M o re sophisticated optics can improve many of these technologies. For ophthalmic equipment, a set
of optical mirrors can increase the resolution of retinal cameras, helping re s e a rchers identify the bio-
logical causes of several eye diseases that can lead to blindness. For electric utilities, new optics pan-
els can improve the efficiency of solar energy conversion, ultimately reducing the cost of electricity for
consumers. Unusually shaped optics, called aspheres, offer benefits to a wide range of optical systems,
f rom small image-projection and videography systems to large astronomical telescopes and space sur-
veillance sensors.

To d a y’s M a r k e t
U.S. optics companies see signs that the market is growing, so many are adding new employees to
e x p l o re new opportunities. A recent survey by CorpTech of 88 small U.S. optics companies (fewer
than 1,000 employees) reveals that 39 percent of them plan to expand their workforce in 1997; the
average anticipated increase is 15.1 percent. The companies expect to create 361 new jobs and gen-
erate sales opportunities for their suppliers. More than one company in nine projects growth of more
than 25 percent. The highest growth is expected in the Southwest and Eastern Lakes regions, with
average increases of 26.6 and 14.8 percent, re s p e c t i v e l y.1

To m o rro w’s O p p o rt u n i t y
BMDO has funded the development of precision optics for imaging systems and high-powered lasers
that can track and destroy ballistic missiles. Some of the most notable achievements of BMDO tech-
nology developers include reducing the cost of optics manufacturing and producing smaller, more
sophisticated optical components. These developers, in turn, have found new markets for their opti-
cal technologies in such industries as astro n o m y, holography, and spectro g r a p h y. The following sec-
tion highlights six technologies and the companies that are commercializing them.

1C o r p Tech. 1997. Technology spotlight in future employment trends: Photonics-optics and related equipment
re p o rt. Febru a ry. World Wide Web at http://www. c o r p t e c h . c o m / e m p t re n d s / p p h o - o p . h t m .
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HOLOGRAPHIC TECHNOLOGY 
BRIGHTENS A TOWN’S FUTURE

O P T I C S

When a producer of medical instruments in Fitzwilliam, New Hampshire, shut its doors in
1994, more than 300 high-tech workers lost their jobs and the entire town felt the re p e r-
cussions. Then a new manufacturer of holograms, the HOLOS Corporation, set up shop,
o ffering new hope for the town’s revitalization. Commercializing BMDO-funded work con-
ducted at Northeast Photosciences (Hollis, NH), HOLOS built on holographic photovoltaics
work originally developed to produce solar electricity in space. This work led to HOLOS’
p roduction of full-color display holograms.

Often associated with images on credit cards and packaging, holograms re p resent a gro w i n g
market. Holography News, an international business newsletter of the industry, estimates this
market at $200 million in 1995 for embossing alone.1 H o w e v e r, holography applications
extend beyond advertising, packaging, and artistic use into the areas of energy pro d u c t i o n
and conservation. HOLOS currently sells customized full-color displays for pro m o t i o n a l
applications and expects mass production of full-color displays to begin in mid-1997. The
company expects to create at least 60 high-technology jobs in Fitzwilliam within one year of
beginning mass production; that number should double as production shifts into high gear.

In some of its more novel applications for its facilities, HOLOS plans to produce holographic
films for daylighting. These films will bend sunlight into darkened rooms, allowing building
engineers to track and control the amount of sunlight that enters offices. Many expect holo-
graphic-coated windows to reduce the need for lighting and air conditioning enough to pay
their cost to the consumer in less than a year. A holographic awning, another product in the
planning stage, will use treated glass to refract sunlight, brightening the area under it.

HOLOS also plans to produce holographic photovoltaics for terrestrial uses. The holographic
device originally developed at Northeast Photosciences greatly improves the efficiency of solar
e n e rgy conversion, with net conversion efficiencies of up to 30 percent. Arizona Public Serv i c e
has agreed to host a massive hologram test site for utility-scale power generation. A cost analy-
sis of this technology shows that if one includes environmental cleanup costs with the initial
cost of nuclear and fossil fuels, holographic photovoltaic costs are comparable. Holograms
could allow solar cells to produce electricity for just five to six cents per kilowatt-hour.

HOLOS has had discussions with a venture capital investor interested in improving the per-
f o rmance of solar cells. The Naval Air Wa rf a re Center at China Lake, California, is intere s t-
ed in using the hologram in SELENE, a program to beam power to a satellite solar power
system using a fre e - e l e c t ron laser.

ABOUT THE TECHNOLOGY
HOLOS’ single-element hologram spectrally separates light and focuses it perpendicular to the
hologram in a thin concentrated line. Spectrally separating the light, the hologram lets two or
m o re diff e rent solar cells absorb only those wavelengths each cell most efficiently converts to
electrical power. Only light of high visibility (active radiation) is diffracted to the solar cell,
while the undesired infrared radiation totally bypasses the cells, thereby reducing cooling
re q u i rements. In addition, the technology’s side-by-side design (or side focus) replaces the dif-
ficult-to-cool stacked design and improves solar cell eff i c i e n c y, eliminating shadow eff e c t s .

11995: The year holo packaging took off. 1995. Holography News. December/January. World Wide We b
at http://www. h m t . c o m / h o l o g r a p h y / h n e w s / d e c j a n . h t m .
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Successful implementation of high-speed fiber-optic data highways depends on the devel-
opment of state-of-the-art optical devices at reasonable cost. Wavelength division multi-
plexing (WDM) systems, for example, can transmit multiple wavelength data channels on a
single optical fiber. However, WDM systems re q u i re expensive technology to sort these
wavelengths, spaced as close as 1.6 nanometers apart, for routing purposes.

Oak Ridge National Laboratory (ORNL; Oak Ridge, TN) developed a thumb-sized optical
s p e c t rometer that offers an aff o rdable solution for WDM and provides optical solutions for
many other industries as well. The low-cost micro s p e c t rometer can sort light according to
wavelengths, allowing fiber-optic telecommunications systems to route multiple data
s t reams easily and eff i c i e n t l y. In a diff e rent configuration, the device can detect the pre s e n c e
of a variety of chemicals. These two capabilities open the door to many other applications,
such as industrial process control, noninvasive blood chemistry analysis, and enviro n m e n-
tal and aircraft corrosion monitoring.

The micro s p e c t rometer is 6 cm3 c o m p a red with today’s television-sized laboratory spec-
t rometers, which can be 20,000 cm3. In addition, users can tune the rugged device for spe-
cific sensing applications. For example, when tuned as a gasoline octane analyzer, it could
help alert motorists if any contaminated fuel enters the gas tank. Since it is fully aligned dur-
ing fabrication (unlike conventional spectrometers), ORNL’s device does not re q u i re period-
ic re-alignment. A novel fabrication technique of the micro s p e c t rometer lowers its cost. This
technique uses specialized diamond-turning equipment originally developed for BMDO
t h rough ORNL’s Manufacturing Operations Development and Integration Laboratory.

S e n s i v, Inc., a manufacturer of infrared optical transmitter probes and remote process mon-
itoring sensors, is the first company to receive a license for the micro s p e c t ro m e t e r. The com-
pany plans to use this technology in a second-generation product for monitoring chemical
compositions during materials and pharmaceuticals manufacturing. Company officials pro-
ject first-generation product availability in early 1997, and expect the micro s p e c t ro m e t e r’s
low cost to make the monitoring system more cost-competitive than other systems.

Lockheed Martin, ORNL’s o p e r a t o r, now offers nonexclusive licenses in the near- i n f r a re d
wavelength range of 0.7 to 5.0 microns. It may grant an exclusive license for a specialized
application other than general process control and analysis.

ABOUT THE TECHNOLOGY
The micro s p e c t ro m e t e r’s design is a modified Czern y - Tu rner configuration that contains five
p recision surfaces encapsulated in a single stru c t u re. At the entrance surface, the optical fiber
collects light and directs it to the collimating surface. The collimating surface re d i rects the
light toward the grating surface. The grating surface disperses the incident light toward the
focusing surface, which intercepts the diverging cone of light and focuses it onto the image
s u rface. A detection array attached to the image surface interprets the light wavelengths.

THUMB-SIZED OPTICAL SPECTROMETER
COULD BE A HANDY GADGET 

O P T I C S

. . . a micro - o p t i c a l
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■ The 6 cm3 m i c r o s p e c-
t r o m e t e r, pictured above, 
is much smaller than
t o d a y’s television-sized 
l a b o r a t o ry spectrometers,
which can be 20,000 cm3.
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ADAPTIVE OPTICS BRING SHARPER
IMAGES TO ASTRONOMY AND MEDICINE

O P T I C S

The atmosphere’s turbulent mix of hot and cold air distorts starlight, making it difficult for
a s t ronomers to see faint stars through telescopes on earth. Finding a way to compensate for
turbulence effects has been a top priority for many in the astronomical community.

Xinetics, Inc. (Littleton, MA), developed adaptive optics (AO) technology that can help
g round-based telescopes probe the mysteries of the universe with 20/20 vision. This tech-
nology is based on a deformable mirror system that, with additional AO components, per-
f o rms real-time compensation for distortions in the optical path. It achieves this compensa-
tion through a series of actuators that deform the mirror into diff e rent shapes. In 1995,
Xinetics’ technology won a Photonics Spectra C i rcle of Excellence Aw a rd as one of the 25 most
innovative products of the year.

AO technology is particularly attractive to astronomers trying to obtain Hubble Space
Telescope–quality images with a ground-based telescope. For example, Xinetics’ 37-actuator
d e f o rmable mirror maintained its optical figure (flatness) at 0°C on the mountaintop site of
the Keck Observ a t o ry in Hawaii. A 349-actuator mirror is also in development for Keck.
Under a Hughes Danbury Optical Systems subcontract, Xinetics has built a 941-actuator
m i rror for the U.S. Air Forc e’s S t a rf i re Optical Range, and is building a similar mirror for the
Advanced Electro-Optical System observ a t o ry, also located on Mount Haleakula, Hawaii.

In addition to astronomical telescopes, Xinetics uses its AO technology to enhance the image
quality of medical and photonics equipment. For example, the company teamed with
re s e a rchers at the University of Rochester to improve the resolution of a retinal camera. The
camera, which analyzes laser light reflected out of the eye, could help the re s e a rchers better
understand the biological causes of macular degeneration and retinitis pigmentosa, two
common eye diseases that can lead to blindness. Researchers integrated a Xinetics’ mirro r
into the AO system, which corrects light distortions coming from the eye.

In another collaboration, Xinetics is developing a distort i o n - c o n t rol device for laser film
re c o rders to improve high accuracy scanning, clearing up aberrations from thermal effects. The
company expects this teaming eff o rt to produce filmless x-ray technology for medical uses.
Working with a leading producer of industrial bar-code scanners, Xinetics is also building an
optical corrector that allows scanners to read any size bar code on both small and large packages.

B M D O’s g round-based laser program re q u i red advanced optics to view space objects clear-
ly and funded much of Xinetics’ AO technology to meet this need. Recently, Xinetics has
been supported by two new BMDO SBIR Phase I contracts: one for developing a monolith-
ic multilayer actuator module, and the other for developing an adaptive pumping technolo-
gy for laser mirro r s .

ABOUT THE TECHNOLOGY
Key elements of Xinetics’ AO technology—piezoelectric or electrostrictive actuators made
with lead magnesium niobate (PMN) crystals—expand and contract during application of
an electric field, pushing and pulling the mirror into diff e rent shapes. Historically used as
the pre f e rred piezoelectric material, lead zirconate titanate (PZT) exhibits large hystere s i s
(cyclical energy lost because the process is not totally reversible), creep, and aging eff e c t s .
PMN, originally developed at Pennsylvania State University in the late 1970s, overcomes the
deficiencies of PZT, making it attractive for adaptive mirrors because of its high stiffness, neg-
ligible hysteresis, and excellent stability.

. . . a deformable
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The famous repair of the Hubble Space Telescope illustrates the utility of precision optical
components. The National Aeronautics and Space Administration built the telescope,
designed to reveal the outer reaches of the universe, at a cost of $1.5 billion and launched it
in 1991. In orbit, however, the telescope’s flawed primary optics greatly impaired its vision.
C o rrecting Hubble’s optics re q u i red fabricating and installing several nonspherical optical
components called aspheres. With these components, Hubble’s e n o rmous telescopic power
achieved its designed capacity.

Other fields also demand precision aspheres. The asphere, whose surface can be tuned to a
specific application, opens up many advantages to the optical designer, among them re d u c e d
weight and size and improved light throughput. However, the aspheres’ high cost and the dif-
ficulty of making them have limited their widespread use in commercial applications. Wi t h
the help of BMDO funding, Tinsley Laboratories, Inc. (Richmond, CA), developed sophisti-
cated automated manufacturing techniques to make aspheres more eff i c i e n t l y.

Grinding and polishing tools and the accuracy of measurement tools previously limited the
fabrication and testing of aspheres. Ti n s l e y’s techniques combine high-speed equipment
with computerized control to automate these processes, saving one-third of the time need-
ed to build and test aspheres and making new applications economically feasible.
Applications for Tinsley aspheres range from tiny lenses for image projection and videogra-
phy to large optics for astronomy and space surveillance sensors.

Tinsley expects its collaboration with Lawrence Liverm o re National Laboratory (Liverm o re ,
CA) to result in new ultraprecision aspherical optics for microlithographic and laser fusion
applications. The team will be developing new technology for the precision optics re q u i re d
for the next generation of “steppers,” machines used to manufacture computer
chips. In another project, Tinsley is developing aspheric focus lenses for the lab-
o r a t o ry’s experiments in inertial confinement fusion.

T h rough its recent acquisition of Century Precision, Tinsley supplies advanced
optical products, including aspheres, for cinematography, the professional video
market, and gyrostabilized video cameras for television news and sports cover-
age. The company has already introduced a wide-angle adaptor consisting of a
single-element, two-sided asphere as an accessory to video-camera lenses. The
a s p h e re provides a wide-angle image without adding to the distortion of the
camera, and videographers appreciate its compact, lightweight design.

ABOUT THE TECHNOLOGY
Developed in the BMDO-sponsored Aspheric Surfacing Technology (AST) pro g r a m ,
Ti n s l e y’s techniques include computer- c o n t rolled optical surfacing, high-speed pro f i l o m e t ry,
and phase-measuring interf e ro m e t ry. BMDO’s plan to develop a fleet of missile-tracking
satellites re q u i red precision optical components for sensor-based surveillance systems.

The computer-generated hologram (CGH) risk-reduction experiment provided a key to the
AST program. In the past, combinations of spherical and cylindrical optics canceled out the
a b e rrations normally produced by the aspheric optic. CGH technology, long viewed as an
attractive alternative to multiple optics, proved difficult to implement in the manufacture of
complex aspherics. However, Ti n s l e y’s A S T-funded CGH successfully demonstrated the fea-
sibility of using a CGH as a null corrector to test aspheric optics for defects.

SPACE OPTICS FIND 
DOWN-TO-EARTH APPLICATIONS

O P T I C S
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3-D EYE TRACKING TO AID VIRTUAL
ENVIRONMENTS TECHNOLOGY

O P T I C S

P rojecting images where the user’s eyes look, and not just where the head points, creates a
m o re realistic virtual environment for flight simulators, virtual reality (VR) displays, and hel-
met-mounted displays. This function re q u i res new technology to track the eyes’ movements
and focusing distances in real time. The new ocular information would enable computers to
p recisely locate where the user looks. It also would allow the computers to project low-re s o-
lution images in areas where the user’s eyes are not focused, saving valuable computer time.

Applied Modern Technologies Corporation (AMT; Huntington Beach, CA) developed a re a l -
time device that tracks critical eye movements and measures important physical character-
istics of the eye. The next generation of VR displays and telemedicine systems could incor-
porate this device, which is called OVA S® ( s h o rt for ocular vergence and accommodation
sensor). OVAS is derived from BMDO-funded re s e a rch and development in adaptive optics.

A M T’s technology could significantly improve VR displays. Feeding viewer sight inform a-
tion to image generators, OVAS could reduce the cost of VR displays, since computer
re s o u rces will not be spent generating images in areas outside the viewer’s focus. Because it
can help image generators to precisely position the virtual scene before the viewer’s e y e s ,
O VAS could also increase the sophistication of VR displays.

AMT markets a version of OVAS for VR suitable for use in an office or laboratory. Curre n t l y
housed in a box that fits on a tabletop, OVAS weighs approximately 10 pounds. It could
be miniaturized to 20 grams per eye, with a size approximately 1 x 6 inches for helmet-
mounted displays or goggle applications. Because OVAS takes readings from up to four feet

away from the subject, AMT envisions application in VR theaters, rides, or games.

As part of a telemedicine system, OVAS could help doctors diagnose ophthalmic
conditions in patients located miles away. AMT plans to build a telemedicine system
that incorporates OVAS technology under a proposal to the U.S. Army Medical
R e s e a rch and Material Command. Other re s e a rch participants include Multimedia
Medical Systems, the University of Washington, and the University of Southern
C a l i f o rn i a’s School of Ophthalmology. In addition, AMT has obtained a two-year
grant from the American Health Foundation to apply OVAS in the diagnosis of
A l z h e i m e r’s disease. Other applications may include ophthalmic re s e a rch and
c o rneal surg e ry. AMT will soon seek FDA approval for OVA S .

ABOUT THE TECHNOLOGY
O VAS measures the ocular foci and vergence—or inward pointing of the eyes—faster than
the eyes can respond. It also measures pupil size in real time. Using two low-power, near-
i n f r a red lasers operating at a wavelength of 840 nanometers, OVAS bounces light off the re t i-
na of each eye and through a set of optics. The spectral reflection provides wavefronts of very
s h o rt spatial coherence length. A wavefront-sensing technique originally developed for
BMDO-funded adaptive optics re s e a rch characterizes the wavefronts. A desktop computer
p rocesses this information to extract the refractive power of the ocular system from the
w a v e f ronts. OVAS currently operates at data rates between 0.5 and 10 Hert z .

. . . a tracking sys-
tem that can tell in
what direction and
at what depth the 
eye is focusing.

AMT MA R K E TS A VERS ION OF

OVAS® S U I TABLE FOR USE IN

AN OF F ICE OR LA B ORATORY.

■ A M T’s O VA S® p r o j e c t s
n e a r-infrared light on the
retinas to tell where the
eyes are focused.
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The science of adaptive optics (AO) is at least as old as the speculations of Sir Isaac Newton
on the nature of light scatter. He once observed that good astronomical viewing re q u i red a
“ s e rene and quiet Air,” and for centuries stargazers sought high ground to escape the influ-
ence of the eart h’s a t m o s p h e re. Some of the world’s most powerful telescopes were built on
mountaintops to get a clearer look at the universe and the Hubble Space Telescope re p re-
sents the latest extension of this quest for clear vision.

In recent years, as defense technology yielded its secrets to the astronomy community at
l a rge, the undulations of the air seem more manageable. AO, originally conceived to get a
clear view of missile threats and spaceborne weaponry, now provides astronomers with a
c o n j u re r’s bag of tricks. Shape-changing mirrors, fast digital processors, and powerful lasers
help to gather and focus errant light waves. Once indistinct, or even hidden, stars and galax-
ies will soon be seen with greater clarity from re t rofitted terrestrial telescopes.

L a w rence Liverm o re National Laboratory (LLNL; Liverm o re, CA) testfired a new sodium
laser guide star at Mount Hamilton’s Lick Observ a t o ry. The guide star is part of an AO sys-
tem that enables astronomers to sharpen ground-based celestial images to re s o l u t i o n s
a p p roaching the quality of Hubble. The LLNL project aims to re t rofit some of the
w o r l d’s l a rgest telescopes, including the Keck II telescope on Mauna Kea, Hawaii, with
new eyes to see the universe. Its sister, Keck I, has already made significant discoveries
about the cosmos. Many expect Keck II to outperf o rm Keck I once it has the high-tech-
nology equivalent of corrective lenses.

The U.S. Department of Energy at LLNL originally sponsored the Atomic Vapor Laser
Isotope Separation program, whose technology led to the evolution of the high-powere d
l a s e r. However, BMDO and the U.S. Air Forc e’s pioneering AO re s e a rch marks the AO
system surrounding the laser. Dr. Claire Max, principal investigator, worked on the orig-
inal concept of laser guide stars in a BMDO-supported AO project in the early 1980s.

A number of AO experts contributed to LLNL’s technology development. These expert s
came from companies such as Xinetics, Inc., Itek, Adaptive Optics Associates, and MIT’s
Lincoln Laboratory.

ABOUT THE TECHNOLOGY
The laser guide beams up to a focal point 95 kilometers above the earth. This soldium-rich
region of the upper atmosphere fluoresces when the laser beam illuminates it. Knowing the
p ro p e rties of the exciting laser and of the re t u rning sodium light, re s e a rchers can map the
atmospheric distortions in the signal and compensate for those distortions with AO elements.

LASER BEACON SHARPENS IMAGES 
OF EARTH-BOUND ASTRONOMY

O P T I C S

. . . a laser guide
that helps
a s t ronomers see
the universe with
g reater clarity fro m
re t rofitted terre s t r i a l
t e l e s c o p e s .

A NUMBER OF ADA P T I V E

OP T ICS EX PE RTS 

CONTRIBUTED TO 

L L N L’S T E C H N OLOGY 

DEV E LOP M E N T.

■ A laser guide star is
beamed out of the open
dome of Lick Observ a t o ry.
It sharpens ground-based
celestial images.
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Sensors are becoming essential for today’s c o m m e rcial products, which must have increasingly sophis-
ticated capabilities. Automobiles need crash sensors to detect a car’s deceleration and deploy the air
bag long before the driver and passenger move toward the dashboard. Videocameras rely on motion
sensors to help reduce jitter and stabilize picturetaking. And in security cameras, infrared sensors
allow the detection of heat patterns given off by the human body in nighttime conditions. Advanced
sensor technology has allowed U.S. companies to develop new commercial products that can make a
significant contribution to our Nation’s e c o n o m y.

To d a y’s M a r k e t
The 1993 U.S. sensor market reached $4 billion, and it is expected to grow significantly by the year
2000. The worldwide sensor market was $7 billion in 1993 and, like the U.S. sensor market, will gro w
substantially by the year 2000, possibly reaching $12.7 billion. One of the largest segments of the
worldwide sensor market is passenger car sensors, whose share has grown from $2.63 billion in 1991
to $4.7 billion in 1996. In 1997, 47 million sensors are expected to be installed worldwide, with a
l a rge portion in the United States.1

To m o rro w’s O p p o rt u n i t y
BMDO has funded some of the most innovative sensor re s e a rch and development for its ballistic missile
defense systems. As one of the first programs to be implemented by BMDO, sensor activities have focused
on improving sensor materials and developing innovative approaches to track multiple targets with mul-
tiple sensors in a noisy environment. Developers, in turn, have converted their BMDO sensor pro d u c t s
to such commercial uses as astronomic, automotive, and environmental applications. The following sec-
tion describes a few examples of the commercialization activities of BMDO-funded companies.

1All marketing figures cited from the staff of S e n s o r s.
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ACCELEROMETERS FIND 
A HOME IN AUTO AIR BAGS

SENSORS AND RELATED TECHNOLOGY

Although the seat belt is the first line of defense in a car accident, air bag systems offer addi-
tional protection during frontal impacts of sufficient force. As an integral part of car safety,
air bags continually undergo improvements to provide state-of-the-art protection for drivers
and passengers.

Until about two years ago, “ball-and-tube” devices triggered most air bags. A collision jolted
a ball that traveled down a tube to activate an electrical signal, triggering the air bag.
H o w e v e r, a light-impact collision sometimes caused the device’s mechanics to inflate unnec-
essarily or prevented the air bag from working later in a high-impact collision.

A low-cost digital accelerometer from Silicon Designs, Inc. (Issaquah, WA), overcomes these
p roblems. This miniature accelerometer forms the basis of a crash sensor that is superior to
the mechanical devices found in previous air bag designs. It rejects certain patterns of vibra-
tion, reducing the chance of unnecessary inflation or system malfunction. Silicon Designs
has signed a licensing agreement with TRW, Inc., which sells the accelerometers to a larg e
p e rcentage of the automotive industry. To d a y, Chrysler uses these accelerometers in five car
m o d e l s .

The accelero m e t e r’s other uses include motion detection, active suspension, and
a i rcraft flight control. For example, some racing cars use it to monitor acceleration
and cornering, and General Motors Corporation used it in an automotive suspen-
sion monitoring system at its proving ground. It may also prove useful in airc r a f t
flight control, because an autopilot system needs an accelerometer to sense changes
in the direction (right and left movement) and altitude (up and down movement)
of the airc r a f t .

The radiation-hardened accelerometer was developed with BMDO funding for
re s e a rch in kinetic energy vehicles. Because of its ability to measure changes in
v e l o c i t y, it is well suited to navigate and guide these vehicles, as well as act as the
fuzing. In addition, the accelerometer is being put to work in the safe-and-aim device
for the BMDO-funded PAC-3, an extension of the Patriot missile family. It costs half
as much as current designs for contact fuzes used in the high-speed missiles.

ABOUT THE TECHNOLOGY
The digital accelerometer consists of two chips assembled in a single integrated circuit pack-
age: a sensory chip and an integrated electronics chip. The sensory chip contains two micro-
machined, capacitive sense elements that change their capacitance in response to accelera-
tion. The integrated electronics chip measures the change in capacitance and converts it to
a digital pulse output stream. Overall, the accelerometer is low-power (1.0 milliamps at five
volts direct current) and operates over a wide temperature range (–55 to +125˚C). It has
been designed for high-volume production at low cost.

. . . a low-cost,
digital accelero m e-
ter that impro v e s
the performance 
of triggering
devices for auto-
mobile air bags.

C H RYSLER USES THESE

A CC E L E ROM E T E RS FOR 

AIR BAG TRIG G E RS IN 

FIVE CAR MODE L S .

■ Silicon Designs’ data
acquisition system, 
pictured above, uses 
several miniature
accelerometers, and has
been used in automotive
suspension testing.
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Even after a forest fire subsides, firefighters remain alert for hot spots, areas where wood still
smolders. These spots can ignite almost instantly if a gust of wind fans them, even slightly.
Because they burn with little smoke and no flame, hot spots are difficult to locate.

The Jet Propulsion Laboratory (JPL; Pasadena, CA), in partnership with Amber, developed
a highly sensitive, handheld camera that could help firefighters pinpoint hot spots after for-
est fires. The camera features quantum-well infrared photodetectors (QWIPs) that cover an
essential long-wavelength portion of the infrared spectrum. This capability allows the cam-
era to see through smoke and detect lingering hot spots that appear innocuous to the eye. It
works effectively in both daytime and nighttime conditions.

Built on gallium arsenide (GaAs) substrates, QWIPs are tiny stru c t u res that are extremely sensi-
tive to heat radiation. GaAs-based QWIPs are easier to manufacture than conventional merc u ry
long-wavelength infrared detectors, which can have low yields and high costs. The QWIP cam-
eras’ cost should drop below that of competing infrared cameras as the technology mature s .

In its debut as a fire - o b s e rving device, JPL’s camera helped a news crew from KCAL-TV in
Los Angeles cover the dramatic Malibu fires in October 1996. The camera hopped a flight
on the station’s news helicopter, allowing the crew and television audience to get a unique
perspective on the fires. It enabled the station to transmit live images of the hot spots by
detecting their infrared heat pattern s .

Other potential applications of the technology range from the prosaic to the provocative. In
the medical arena, by sensing a change in the heat pattern of the patient’s blood, the
camera could enable doctors to detect tumors close to a patient’s skin. By providing a
visual image of airport runways in bad weather conditions, it could help pilots to make
m o re precise landings. Pollution monitoring, weather detection, law enforcement, and
s e a rc h - a n d - rescue operations may also benefit from JPL’s t e c h n o l o g y.

NASA- and BMDO-sponsored programs funded JPL’s QWIP re s e a rch. NASA may use
the technology for observation satellites, while BMDO will use it to study the phe-
nomenology of missile plumes. In a recent proposal to BMDO, Amber has pro p o s e d
to build and sell 15 QWIP-based infrared cameras to explore potential re s e a rch oppor-
tunities. In addition, a QWIP-based camera is being considered for use on a second
Clementine satellite mission.

ABOUT THE TECHNOLOGY
A quantum well is a microscopic “trap” for an electron inside a transparent solid medium.
When exposed to radiation of the appropriate wavelength, the electron can be liberated, pro-
ducing an electric current. Many quantum wells in a pixel can be used to detect infrared light
with a total current pro p o rtional to the amount of light hitting the pixel.

The QWIP camera uses a 256 x 256 focal plane array tuned to detect infrared radiation in
the 8- to 9-micron wavelength range. It contains a Stirling cooler, a closed-cycle re f r i g e r a t o r
about the size of a fist. The small motor circulates a gas to cool the array from room tem-
p e r a t u re to very low temperatures, about –343˚F, in 10 minutes. The camera weighs just 10
pounds, and it measures about 4.5 inches wide, 10.5 inches deep, and 7 inches high. The
c a m e r a’s c u rrent prototype plugs into a 110-volt wall socket for power, although battery
power can make it port a b l e .

INFRARED CAMERA SURVEYS FIRE SCENE

SENSORS AND RELATED TECHNOLOGY

. . . a highly sensi-
tive, hand-held
camera that could
help fire f i g h t e r s
pinpoint hot spots
after forest fire s .

J P L’S C AM E RA HELPED A LO S

ANGELES TELEV I S ION NEW S

C R EW GET A UNIQUE PE R-

S PE CTIVE ON FIRES THAT

RACED THROUGH MA L I B U ,

C A L I F OR N I A .

■ Pictured above is 
the first portable QWIP
camera, which uses a 
256 x 256 focal plane
array tuned to detect
infrared radiation in the 
8- to 9-micron wave-
length range.
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NEW SENSOR TAKES THE 
HEAT IN UTILITY APPLICATIONS

SENSORS AND RELATED TECHNOLOGY

Sensors are perhaps some of the oldest equipment in today’s fossil-fuel power plants. As a
result, they do not accurately provide the data re q u i red for either efficient plant operation or
early detection of equipment failure. In power plant boiler tubes, for example, the re l i a b i l i-
ty of resistance temperature detectors (RTDs) decreases when steam temperatures rise above
500˚C. At these temperatures, boiler tubes may explode, requiring costly repairs and plant
d o w n t i m e .

To prevent boiler tubes from overheating, plant personnel need a better way to verify RT D
t e m p e r a t u re readings. In cooperation with the Electric Power Research Institute (EPRI; Palo
Alto, CA), re s e a rchers at Oak Ridge National Laboratory (ORNL; Oak Ridge, TN) developed
a simple device called the Johnson Noise Thermometer (JNT). Originally developed to mon-
itor coolant temperatures up to 1,100˚C, the JNT was intended for use on a space-based
nuclear reactor jointly funded by BMDO, NASA, and the U.S. Department of Energ y.

The JNT can measure temperatures up to 1,100˚C over long periods with an accuracy of
about 1 percent. Because the JNT can maintain this level of accuracy indefinitely, it elimi-
nates the need for expensive recalibration or replacement of conventional therm o m e t e r s .
Other thermometers, susceptible to drift, provide less accurate temperature measure m e n t s
at high temperature s .

The JNT’s accuracy over long periods at high temperatures makes it attractive for verifying
the accuracy of RTDs in fossil-fuel and nuclear power plants. To demonstrate this technolo-

g y, ORNL tested several JNT prototypes at the Tennessee Va l l e y
A u t h o r i t y’s Kingston steam plant. In these tests, the devices successfully
identified when existing RTDs drifted.

EPRI, which funded the tests, is negotiating the commercialization of
JNT technology, but must still address shielding material and packaging
re q u i rements, among other issues. It has already found one utility to
s u p p o rt this re s e a rch and continues to look for others.

Power plants could also use the JNT to generate power more cost-eff e c-
t i v e l y. Higher temperatures and pre s s u res increase the efficiency of a
p l a n t’s turbines, and the JNT can help plant personnel monitor such
t e m p e r a t u res. Other uses for the technology may include unattended

t e m p e r a t u re re c o rding and monitoring, as well as controlling chemical, ceramic, metallurg y,
and petroleum pro c e s s e s .

ABOUT THE TECHNOLOGY
The JNT operates on the principle that any electrical conductor (metal, semiconductor, or
resistor) produces random electrical signal oscillations because of thermal vibrations in the
material stru c t u re. For alternating current signals in the 10 kHz range and higher, Johnson
noise predominates as the internally generated noise component, varying pro p o rt i o n a l l y
with the total resistance of the circuit element and its temperature. There f o re, temperature
m e a s u rement is possible as long as the resistance is known. Unlike other RTDs, however, the
JNT does not re q u i re the relationship between temperature and resistance, because it works
re g a rdless of the material. It is particularly attractive for applications where long-term sta-
bility and calibration-free operation are critical.

. . . a calibration-
f ree thermometer
that may help fos-
sil-fuel power plants
p rotect boiler tubes
and other costly
equipment fro m
o v e r h e a t i n g .

THE COM M E RC I A L I ZAT ION

OF THE JOH N S ON NOI S E

T H E R M OMETER IS CUR-

R E N T LY IN NEGOT I AT ION S .

■ Pictured above is an
industrial prototype of the
J N T. In a demonstration at
a fossil-fuel utility plant, this
device monitored furnace
t e m p e r a t u r e .
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Along with heavy traffic and bad weather conditions, infrequent maintenance takes its toll
on America’s highway bridges. According to the Federal Highway Administration, one-third
of the Nation’s bridges are structurally unsound or otherwise deficient, and the monetary
backlog for re p a i r s — f rom deck replacements to complete re c o n s t ruction—hovers at about
$78 billion.1

Squeezed by decreasing Federal funds for bridge maintenance, states and localities sore l y
need innovative technology that lowers costs and streamlines maintenance and repair of
s t ructural problems. With BMDO funding, ERG Systems, Inc. (St. James, NY), has devel-
oped a rugged, reliable, low-cost vibration sensor that may advance the technology for mon-
itoring the safety of bridges, a time-consuming and costly job.

The sensor, a fiber-optic light-emitting diode (FO/LED), can measure the vibration of a fre e -
standing stru c t u re or of a stru c t u re in which it is embedded. Detecting movement photo-
electrically through light reflected from a curved or flat surface would allow the sensor to
detect problems before severe hazards develop. Continuous monitoring using the sensor and
a system to alert transportation officials to schedule preventive maintenance could re d u c e
f u t u re repair costs. The extremely compact, lightweight FO/LED can withstand harsh envi-
ronments—such as the one found on New York City’s heavily traveled George Wa s h i n g t o n
Bridge—better than other laser-based vibro m e t e r s .

The FO/LED can monitor the structural integrity of aircraft, commercial machinery, build-
ing construction, and other types of heavy industry. It also can measure micro d i s p l a c e m e n t s
such as those found in engine camshafts of automobiles. In this automotive application, the
device could help reduce component wear and improve fuel eff i c i e n c y.

ERG Systems actually reduced the BMDO SBIR funding it originally requested, thanks to pri-
vate sector capital and New York State funds. The company’s c o s t - e ffective sensor, if manu-
f a c t u red in volume, could sell for $40 per unit. Optical Research Associates, a leading dis-
tributor for optical equipment and accessories, now provides marketing and sales support
for the FO/LED.

ABOUT THE TECHNOLOGY
The FO/LED’s sealed monolithic housing, with a dual fiber-optic probe, measures less than
3 cm long and less than 2 cm2. The LED fiber-optic channel produces a constant light out-
put that the external (vibrating) surface reflects into a photodiode input channel. The
amount of light the photodiode receives depends on the relative displacement of the exter-
nal surface. The device senses vibrations through oscillation of the photodiode’s output sig-
nal voltage.

1American Public Works Association. Tr a n s p o rtation is America’s way of life. World Wide Web at
h t t p : / / w w w. p u b w o r k s . o rg / ro a d s . h t m l .

VIBRATION SENSOR CROSSES THE
BRIDGE TO STRUCTURAL APPLICATIONS

SENSORS AND RELATED TECHNOLOGY

. . . a vibration 
sensor that can
help transportation
authorities 
determine when
highway bridges
need maintenance.
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■ E R G’s f i b e r-optic light-
emitting diode, pictured
above, can measure the
vibration of a free-standing
structure or of a structure
in which it is embedded.
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NEW SENSORS TO ENHANCE 
VEHICLE OPERATION

SENSORS AND RELATED TECHNOLOGY

P reviously ancillary, but now essential, sensors are involved in nearly every aspect of vehicle
operation. To d a y’s sensors keep a close watch on exhaust gas to minimize emissions, on
deceleration to deploy air bags quickly in accidents, and on wheel motion to improve the
reliability of antilock braking systems. In recent years, the number of sensors per automo-
bile has quadrupled: In 1980, automobiles incorporated 10 to 30 sensors; in 1990, they con-
tained 50 to 100 sensors.1

Car makers need new sensor technologies for future vehicle designs. Inertial sensors, for
example, play major roles in passenger safety, vehicle dynamic control, and intelligent nav-
igation systems. However, their cost—even when produced in large batches—limits their
w i d e s p read use in the automotive industry.

Rockwell International (Anaheim, CA) joined forces with re s e a rchers at The Charles Stark
Draper Laboratory, Inc. (Cambridge, MA), to develop a family of low-cost, high-volume,
p roduction-rate inertial sensors for the automotive industry. These sensors will owe much of
their existence to Draper Laboratory’s work for BMDO, which involved building miniature
i n e rtial sensor units to guide ballistic missile interc e p t o r s .

I n e rtial sensors measure rotation and linear acceleration and, in large systems, help guide
moving objects or detect unwanted motion. Rockwell and Draper Laboratory see many uses
for smaller, low-cost versions of these sensors in the automotive industry. A lateral skid
d e t e c t o r, for example, re q u i res sensing uncontrolled sideways movement to trigger a system
to re-establish control. Such a device does not exist today, simply because no low-cost instru-
ment accurately measures the kind of angular rate triggered by a skidding or sliding car.

The Silicon Micromachined Angular Rate Sensor, the first product being developed, pro v i d e s
single-axis angular rate data such as yaw, pitch, and roll. It can be used in sensing dynamic
vehicle motion to help make antilock brakes safer, increase steering responsiveness, and
i m p rove driving comfort. The Rockwell/Draper Laboratory team plans to develop several
other products, including gyroscopes and accelerometers for four-wheel steering, automatic
braking, skid detection, and collision avoidance. Ultimately, the companies expect to devel-
op a product that provides intelligent control, diagnostic, and navigation functions in a sin-
gle package.

ABOUT THE TECHNOLOGY
Rockwell and Draper Laboratory are developing low-cost, miniaturized inertial systems that
contain accelerometers, gyroscopes, and information processors in dedicated units. These sys-
tems will measure 2 x 2 x 0.05 cm, re q u i re less than one milliwatt of power, and be accurate
up to 100 degrees per hour. Further development could lead to devices with accuracies as high
as 10 degrees per hour, while still keeping costs under $100 per unit. In general, inertial sys-
tems tend to drift. For inertial sensing applications, lower drift rates increase unit pre c i s i o n .

Draper will fabricate the sensors using an innovative micromachining process that employs a
c o n t rolled isotropic chemical etch of silicon to form up to 10,000 devices on a single silicon
w a f e r. This mass production keeps the device portion of the inertial sensor’s total cost minimal.

1Abachi, Raida. 1996. An overview of automotive sensors. S e n s o r s. April, 82–85.

. . . a family of low-
cost, high-volume,
p ro d u c t i o n - r a t e
inertial sensors 
for the automotive
i n d u s t r y.
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■ The Silicon Micromachined
Angular Rate Sensor, 
pictured above, provides 
single-axis angular rate data,
such as yaw, pitch, and roll.
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P redicting environmental contamination is important today because groundwater contami-
nants can leach into the eart h’s aquifers and then appear in drinking water. At weapons facil-
ities, highly toxic materials for weapons manufacturing and chlorinated hydrocarbons for
equipment cleaning pose costly cleanup questions for environmental engineers: Where will
contaminants end up next? To what extent is the environment at risk? The answers to such
questions can help engineers determine the extent of contamination and the best strategy for
e ffective re m e d i a t i o n .

Coleman Research Corporation (Columbia, MD) developed a technology that can pre d i c t
the paths of groundwater contaminants. The company’s t e c h n o l o g y, Data Fusion Modeling
(DFM), helps scientists assess the environmental impact in at-risk sites. Like modern weath-
e r- p rediction techniques, DFM analyzes vast amounts of computer and sensor inputs, infor-
mation that normally re q u i res a supercomputer to process. But an algorithm developed for
BMDO simplifies the data so that a Unix-based system or high-end personal computer can
p rocess them.

CRC successfully applied its DFM software and services to several hydrogeological pro j e c t s ,
such as site characterization and remediation at the Hanford and Savannah River weapons
facilities. At the Savannah River weapons site, the software accurately predicted the move-
ment of tritium leaching from a hazardous materials burial ground into the gro u n d w a t e r.

Fossil-fuel power plants can also use aspects of this technology for nonlinear
model predictive control (NMPC), a system that predicts the plant’s re s p o n s e
to control actuators.  Simulation results at two of Southern Californ i a
E d i s o n’s El Segundo units demonstrated many of its benefits. For example,
the system changed the power output of the simulated plant about six times
faster than conventional means, and it produced higher perf o rmance and
better fuel eff i c i e n c y. In part i c u l a r, thermal efficiency improved almost 1 per-
cent, saving the plant roughly $480,000 each year.

In addition to environmental applications, DFM can be used with medical
imaging to track electrical activity in the brain. This application of the tech-
nology could lead to better treatments for patients with epilepsy. DFM also
could apply to spacecraft guidance and control.  CRC originally developed
the algorithm for a BMDO missile defense system to help computers and sen-
sors track targets and decoys.

ABOUT THE TECHNOLOGY
The CRC algorithm optimizes computer and sensor re s o u rces, combining redundant data
and reducing the number of calculations that a processing system must handle. Most auto-
mated prediction and control systems receive information from many sensors and compare
the data from each sensor. This process eliminates faulty data that result from sensor mis-
alignment and random signal variations; however, it produces redundant data that tie up a
c o m p u t e r. The CRC algorithm eliminates these redundant data, thus lowering the compu-
tational demands on the predictive control system. As a result, a system that pre v i o u s l y
re q u i red supercomputer monitoring can now use a Unix-based workstation or high-end
personal computer.

BMDO-FUNDED ALGORITHM ENHANCES
ENVIRONMENTAL FORECASTS

SENSORS AND RELATED TECHNOLOGY

. . . an algorithm that
simplifies data fro m
computers and 
sensors so the paths
of gro u n d w a t e r
contaminants 
can be pre d i c t e d .
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■ In addition to its environ-
mental uses, CRC’s t e c h-
nology can be used to
control plant processes.
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Would you like to learn more about any of the BMDO-funded technologies mentioned in
this re p o rt? If so, contact the org a n i z a t i o n ’s re p resentative by telephone, facsimile, or e-mail.
The following list contains re p resentatives at all the organizations featured in the re p o rt. This
list is organized alphabetically by organization name.

■ Applied Modern Technologies Corporation (page 78)
M r. Larry Horwitz, Founder
5500 Bolsa Avenue, Suite 155
Huntington Beach, CA  92649
Te l e p h o n e : (714) 379-2870
F a c s i m i l e : (714) 379-2873
E - m a i l : i s h - a m t @ p r i m e n e t . c o m

■ Applied Sciences, Inc. (page 46)
M r. Max Lake, Pre s i d e n t
141 West Xenia Av e n u e
C e d a rville, OH  45314-0579
Te l e p h o n e : (513) 766-2020
F a c s i m i l e : (513) 766-5886

■ Aria Microwave Systems, Inc. (page 23)
D r. Bern a rd R. Cheo, Pre s i d e n t
291 South Van Brunt Stre e t
Englewood, NJ  07631
Te l e p h o n e : (201) 569-6221
F a c s i m i l e : (201) 569-5258
E - m a i l : a m s i n c @ c h e l s e a . i o s . c o m
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