

















l ight—or photons—is the key to many
recent developments at ORNL. Consider
these examples:

A new laser technique for nonsurgically
diagnosing certain cancers.

A much less expensive test for detecting
polychlorinated biphenyls (PCBs) in
environmental samples using strips of chemically
treated paper that glow if they are exposed to
PCBs and then excited by ultraviolet light.

A thin-film light-wave guide that could be used
to make an optical switch to increase the amount

of “data traffic” on the information superhighway.

A phosphate glass originally developed to
isolate radioactive waste that shows promise for
lenses and optical fibers for such uses as laser
surgery.

Use of diamond turning, a precision-machining
technique well-honed at the Oak Ridge Y-12
Plant, to make better mirrors and lenses.

A spectroelectrochemical sensor that uses light
to detect groundwater pollutants.

Use of a photon emission measurement
technique to determine composition of materials
as they are being produced for application in
production process control in the metal plating,
aluminum, and organic polymer industries.

These developments and other research
performed at Oak Ridge National Laboratory
related to lasers, lenses, optical fibers, fluorescent
materials, and special manufacturing techniques
can be collectively referred to as photonics
technology. Scattered ORNL research related to
light has been brought under the umbrella of the
Laboratory’s new Advanced Photonics Initiative.
In this way, we hope to highlight our capabilities
in a growing field deemed essential to
development of new materials, energy and
environmental technologies, information
technologies, and manufacturing technologies to
improve the nation’s economic competitiveness.
In this issue of the Review, we present the breadth
of work being performed in photonics, its

relevance and importance to other research
activities, and the significance of ORNL"s
accomplishments in the field.

What is photonics? According to the magazine
Photonics Spectra, photonics is “the technology of
generating and harnessing light and other forms of
radiant energy whose quantum unit is the photon.
The range of applications of photonics extends
from energy generation to detection to
communications and information processing.”
Those of us working in this field believe it is one
of the most important fields of science at the
Laboratory. This belief is supported by indicators
such as the amount of photonics-related research
being performed at ORNL ($25 million annually),
the number of Laboratory divisions involved (most
technical divisions), the number of researchers
involved (more than 140), and the importance of
the accomplishments (a large percentage of
ORNL’s 82 R&D 100 awards have had significant
photonics contributions).

To provide a flavor of the breadth of local
photonics work, brief descriptions of current
research written by Carolyn Krause are presented
following this article. Two other articles published
in this issue on photonics-related research are
Brigham Thomas’s article on the Ultraprecision
Manufacturing Technology Center (see p. 24) and
an article on ORNL’s development of thin-film
waveguides (see p. 34). Previous issues of the
Review have covered photonics research. A partial
listing of Review articles on photonics research
over the past four years appears on p. 21.

Most of the photonics-related research at the
Laboratory falls into three broad technical
categories: materials and materials processing,
process diagnostics, and environmental sensing.
More specifically, ORNL work is focused on
optical matenals, laser materials processing,
optical manufacturing, spectroscopy, advanced
infrared and far infrared laser diagnostics, hybrid
optical processing, image processing,
environmental and physical sensors, and fiber-
optic sensors.

Display of optical parts fabricated by the former Optics MODIL, now the Ultraprecision Manufacturing
Technology Center at the Oak Ridge Y-12 Plant. The metal mirrors remain shiny after many years because
they resist the formation of thick oxide layers that cloud surfaces.
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ADVANCED PHOTONICS AT ORNL: SHEDDING LIGHT ON A NEW INITIATIVE

Within ORNL, photonics is closely aligned with
three other significant Laboratory and
Energy Systems initiatives: the Intelligent
Measurement Systems Laboratory, a new
instrumentation user center modeled after the
High Temperature Materials Center; the Oak
Ridge Centers for Manufacturing Technology,
which draws upon the manufacturing capabilities
of the Y-12 Plant and the R&D capabilities of
ORNL and the K-25 Site; and the proposed
Environmental, Life, and Social Sciences
Complex. Plans for this complex include building
not only the Center for Biological Sciences but
also the Biological Imaging and Advanced
Photonics Laboratory. The newly formed
Biotechnology Center also will explore photonics
technologies such as biosensors.

ORNL is also building external relationships to
provide for its future in photonics. The
Laboratory, which is a member of the Alliance for
Optical Technology of Huntsville, Alabama, is a
participant in the alliance’s residence training
program in optics established through a U.S.
Advanced Research Projects Agency award.
ORNL i1s working with other photonics centers in

the Southeast, such as the Fiber and Electro-optics
Research Center at Virginia Polytechnic Institute
and State University, the Center for Luminescent
Materials at the Georgia Institute of Technology.
and the Center for Research in Electro-Optics and
Lasers at the University of South Florida. ORNL’s
network of photonics-related partnerships is
expected to expand. In the future, the Laboratory
plans to form ties with sister DOE laboratories,
such as Sandia National Laboratories, where
photonics research complementary to that at
ORNL is under way. Beneficial partnerships with
industry may also be forged through cooperative
research and development agreements in areas
such as phosphor coatings for flat panel displays.

The Laboratory shows strengths in three areas
of photonics R&D—process diagnostics,
environmental sensing, and materials processing.
It has been forming ties with other institutions
involved in photonics research. Opportunities in
photonics are growing in ORNL mission areas
such as energy and the environment. It is no
wonder that as we look toward the future through
the photonics tunnel, the light we see at the other
end is very bright indeed
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ULTRAPRECISION MANUFACTURING TECHNOLOGIES FOR OPTICS

illustrates the government’s goal of using
resources most effectively to benefit taxpayers.
The center staff is excited about new
opportunities as its horizons move beyond optics
for defense applications. The center has been
working with an environmental firm in Knoxville,
Tennessee, that manufactures air quality monitors.
This small business is losing market share to a
German competitor. Discussions between
technical staffs revealed areas for improvement in
the design and manufacture of their product. By
making a contact through the National Machine
Tool Partnership, a multiagency-sponsored
assistance program, this firm got an introductory
feel for our capabilities. Next, the company came
to the center as a “user” to conduct hands-on
research. Finally, a CRADA was recently
negotiated to bring this effort to closure and help
this small business beat out foreign competition!
Another demonstration of our commitment to
supporting domestic industry involves an effort
with a contact lens manufacturer. The
characterization of contact lenses presents many
challenges, not only because the product is flimsy
and slippery but also because its demand is high.
Each lens must be measured for performance (will
it correct a wearer’s vision as intended?) and
appearance (does the lens have scratches?). A
cooperative effort investigated methods of
automating the contact lens inspection process.
The Ultraprecision Manufacturing Technology
Center staff has also worked closely with U.S.

suppliers of single-point diamond tools. Many of
these U.S. firms are small businesses that are
competing with large, well-established foreign
companies that have large resources. Because the
shape of the tool is instrumental in forming
extremely accurate contoured parts, the tool
companies needed a method of measuring the
tool’s roundness within a few millionths of an
inch. They also needed a map showing the size
and location of roundness errors.

The problem was that users of the tool had to
do in-house inspections to determine if the tool
met their needs. The users had to machine and
inspect a part; if it failed to measure up, it would
eventually be scrapped. Unless this situation
changed, the U.S. tool suppliers were at risk of
losing customers.

We developed a user-friendly technique with
an easy-to-read output that verifies the accuracy
of the diamond tool edge for the tool industry.
Now, the diamond tool supplier can provide data
to the tool user that verify the tool’s accuracy.
Our technique saves the user time and money
because in-house acceptance testing is no longer
needed.

By working with a number of private
companies, we have been able to pinpoint areas
for improvement in the design and manufacture
of their product. This capability, combined with
providing companies access to the center’s
research facilities, helps to create partnerships
that benefit business, the center, and the nation.
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ORNL’S THIN-FILM WAVEGUIDE AND THE INFORMATION HIGHWAY

“Since the advent of lasers in the early sixties,
scientists have dreamed of replacing electrical
circuits with all-optical circuitry or integrated
electro-optical devices in silicon-based technology.
With these materials, our dreams may soon
become reality.”

Over the next few decades, copper wire for
telecommunications will be replaced with optical
fibers made of glass. Glass is much cheaper and
more common than copper. Even more important,
glass fiber can carry 250,000 times as much
information in the form of light from lasers as does
a standard copper telephone wire conducting
electrical signals. The reason: glass conducts light
signals of much higher frequency—number of
waves per second—than copper can for electrical
signals. The higher the frequency, the more
information can be packed into light signals.

The ORNL achievement will contribute to
recent developments that have enabled the
transmission of increased amounts of information
by light. They include miniature lasers on silicon
chips (laser diodes), improved optical fibers that
carry light longer distances, and optical switches,
which convert electrical signals to light signals.

Such technology must economically produce
key components of the information highway. It
should use a single fabrication process to
incorporate laser diodes, microcircuits, electrodes,
and optical sv ~* " s on a silicon chip, or substrate
(the physical structure that provides electrical and
mechanical support for microelectronic
components). Silicon is the choice support
structure for these components because of its
purity, crystal perfection, and associated electronic
and physical properties.

Opt  Switches

Although a number of material systems are
being studied, the waveguide material chiefly in
commercial use today for optical switches is
lithium niobate. However, this material is damaged
after repeated passage of laser light, making the
laser signal too weak for the switch to work.
Another drawback is that no way has been found to
integrate this material with other components on
silicon. Currently, lithium niobate cannot be
deposited as a thin film on silicon as can barium

titanate. ORNL’s ability to grow barium titanate
as a single-crystal thin film one layer of atoms at
a time can produce a well-ordered and nearly
defect-free material with electro-optical
properties potentially 35 times better than those
of lithium niobate. In other words, a barium
titanate switch could be 35 times smaller or use
35 times less electricity than a lithium niobate
switch.

Each piece of digital information traveling on
the information highway is called a binary digit,
or bit. A bit is either a 1 or 0; a combination of 8
bits, which can define a letter or number, is
called a byte. Bits can be transmitted into a glass
or copper-wire cable by a switch. If a switch is
on, it lets through a high-intensity light or
electrical signal that represents a 1; if the switch
is off, it passes a low-intensity signal that
represents a 0. Each combination of high-
intensity and low-intensity signals represents a
word, number, or other data.

Today digital pulses, or bits, of information are
sent down optical fiber by gating—turning on
and off—laser diodes, tiny sources of light of
different frequencies (representing different
telephone conversations, for example). More
advanced technology uses lithium niobate to gate
light from a continuous laser source. Although
I'"" " m niobate switches are faster than switched
lasers, the data transmission rate is still limited to
a frequency level of 1 to 10 gigahertz. With
barium titanate (which has a larger “bandwidth”),
the data transmission rate can reach 1000
gigahertz, permitting about 100 times more
information to be transmitted.

In optical guided wave devices such as optical
switches, electric fields are pulsed to switch the
light signals on and off in the waveguides, which
have a much faster response than the laser
diodes. The reverse is also true: Light signals to
waveguides on silicon chips are rapidly
converted to electrical signals.

In an optical switch using barium titanate, light
is split into two paths. An altemnating electric
field is applied to the electrodes of one of the
beam paths. When the field is on, it changes the
phase of the light signal in one path relative to
the other path; in other words, the field causes
the waveguide material to shift the positions of
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The resulting combinations of
increases and decreases in
light intensity serve as rapid
“on-off” switches, greatly
increasing the amount of
information transmitted.
McKee and Walker are

Refractive

developing a prototype
optical switch using barium
titanate as a planar
waveguide with aluminum
electrodes attached to do the on-and-off switching.
They are also working with AT&T on an optical
switch in which narrow channels for light about
the size of the wavelength of visible light are
etched into the ORNL waveguide material. It is
these channel waveguides that allow practical
optical circuits to be integrated into the material.
This new class of waveguide structures and their
potential for integration into silicon-based
technology, if exploited in a timely manner, could
advance communications technologies, benefiting
consumers, industry, and the federal government.

‘01 1ation of
Thin Fi

Since 1989 McKee and Walker have been using
the demanding technology of MBE to form these
light-transmitting ceramic thin films on an optical
isolation layer of magnesium oxide on silicon.
Although their research and approaches to this
materials development problem have been at a
very fundamental level, they have developed
practical technology while making scientific
advances. As a result of their work, they have
received one patent, applied for three more, and
published a series of journal articles in Applied
Physics Lerters and Physical Review Letters.
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Drawing of an optical switch for use in fiber-optic telecommunications.

The ORNL researchers were the first to grow
high-performance thin-film ferroelectric oxides
with low losses of light. They use MBE to build
each film layer by layer, creating a desired
ordered structure to enable the transmission of
light. To produce the optical waveguide on
silicon, the researchers first grow a transition
oxide a few atom layers thick on a single-crystal
silicon substrate. This transition oxide is a critical
component that provides a structural match to
magnesium oxide (MgO). Magnesium oxide was
chosen because of its optical properties, crystal
structure, and stability. As an isolation layer, it
separates the waveguide from the substrate,
preventing the silicon from absorbing and
dissipating light passing through. Also, its atoms
can be lined up with those of silicon, the unique
transition oxide, and barium titanate, permitting
properly oriented growth of these materials.

MgO is an alkaline earth oxide like barium
oxide, calcium oxide, and strontium oxide. The
ORNL researchers thought that atoms of any of
these materials could be lined up with those of
silicon and barium titanate, the waveguide
material. The researchers used barium oxide
(BaO) first as an isolation layer, but they found
that it reacted with water vapor during the
deposition process, forming barium hydroxide. In

The light
was
efficien
conducted
through the
waveguide
with
practically
no loss of
Intensity.
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ORNL’S THIN-FILM WAVEGUIDE AND THE INFORMATION HIGHWAY

Attractive
Cation-Anion
Interactions

TiO, truncated
interface

This drawing shows the attractive electrostatic
interaction between positively charged titanium ions
in the waveguide’s titanium oxide layer and the
negatively charged oxygen ions in the magnesium
oxide layer below and between the positively
charged magnesium ions and the negative oxygen
ions in the titanium oxide layer. Deposition of a
barium oxide layer on the magnesium oxide layer
first (instead of the titanium oxide layer) does not
work. When placed near each other, the atoms in
both layers {(barium atoms on magnesium atoms,
and oxygen atoms on oxygen atoms), will repel
each other because of like charges.

then a TiO2 layer, then a BaO layer, and so on to
form BaTiO,.

“This technique is called planar stacking,”
McKee says, “because layers are stacked to form
a compound of both a desired composition and
structure. We hope to improve the properties of
existing compounds and synthesize new materials
this way.”

Layered Structure

An obvious example of a waveguide is a mirror
placed upon a mirror so that only the silver
backing is visible. If light is passed between the
two mirrors, it will be reflected between them as it
moves from one end to the other. The most

familiar waveguide is the optical fiber. Light is
guided along an optical fiber by undergoing total
internal reflection at the interface between the air
and the glass fiber.

Glass fibers and other transparent materials can
form waveguides if their index of refraction is
significantly higher than that of the surrounding
medium. In such a case, light trying to escape the
waveguide into the medium will be bent back, or
internally reflected, into the waveguide. The best
waveguides minimize optical losses.

Because of the importance of the refractive
index in keeping the light inside the waveguide,
the ORNL researchers in collaboration with David
Zelmon of Wright-Patterson Research and
Development Center in Ohio developed a four-
layer waveguide structure. The first three layers
are silicon, MgO, and BaTiO3. The fourth layer,
air, acts as an isolation layer like MgO.

“To make a ferroelectric waveguide,” says
McKee, “we could not simply deposit barium
titanate on silicon to make a three-layer
waveguide (with air as the top layer) because
silicon’s index of refraction is higher than that of
barium titanate. Because silicon will absorb and
dissipate light, we had to put down an optical
isolation layer between the substrate and guiding
layer. We chose magnesium oxide because its
index of refraction is lower than that of barium
titanate and because its atoms can be lined up with
those of silicon and barium titanate, making a
good epitaxial film. Our tests show that
magnesium oxide is an effective isolation layer.”

The index of refraction for BaTiO, is 2.4,
significantly higher than the refractive indices for
the two isolation layers. For MgO it is 1.8, and for
air it is 1. The differences keep the light traveling
in the BaTiO, layer.

Molecul:

Using MBE techniques to make the thin films,
the researchers heat a magnesium oxide crystal
grown by Lynn Boatner of ORNL’s Solid State
Division. The crystal’s MgO molecules vaporize
in a chamber containing a silicon substrate in
ultrahigh vacuum. Because the chamber is kept at
extremely low air pressure, the vaporized MgO

Beam Epi xy
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When efforts were initiated to try integrating
these waveguide structures with silicon, McKee,
Walker, and others were concerned about the
structural change that occurs when the BaTiO,-
MgO films cool after being deposited on silicon.
The question was this: although the waveguide
material is chemically compatible with silicon, is
it structurally compatible after deposition as a
film?

In the fall of 1994, McKee and Walker
demonstrated that this new class of waveguides
could be integrated with silicon. McKee reported
this success at the Materials Research Society
annual meeting in November 1994, He also
reported their finding that the structural change
that caused concern actually favors the
fabrication of a silicon-based waveguide!

When deposited on silicon, the BaTiO, film is
in its cubic phase. As the BaTiO, film and silicon
substrate cool, the film tries to shrink but stays in
place on the substrate. As a result, the
microstructure of BaTiO, is stretched—from a
cubic to a tetragonal configuration. In other
words, if the structural change could be greatly
magnified, you would see stacks and rows of
cubic boxes turned into stacks and rows of
upright milk cartons.

To relieve this tension, the molecules shift
90°C or “lie down,” thereby aligning their long
axis with the surface of the plane. Viewed another
way, the “milk cartons” are laid down on their
sides.

“This transformation is critical to waveguide
development,” McKee says. “The new alignment
makes it possible to obtain barium titanate’s
optimum electro-optic coefficient. It allows us to
easily orient the applied electric field with the
crystal’s internal ferroelectric field and optical
polarization of the traveling light wave signal—
that 1s, the orientation of the light wave
vibrations. Thus, this favorable structural change
will enable us to integrate our waveguide material
with silicon and to control the waveguide
structure so that practical silicon-based optical
guided wave devices can be built.”
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McKee explains the technical basis for his
concern about integrating the waveguide
material with silicon. “The electro-optic
properties of barium titanate are directionally
dependent,” he says. “So we were concerned
about the spontaneous polarization—the
collective displacement of charged ions—and the
domain structure—regions in which positive and
negative ions separate, setting up electric
fields—in the crystalline film of barium titanate.

“We knew that barium titanate’s spontaneous
polarization and domain structure could couple
to thermal strain in the silicon substrate, making
it difficult to achieve the best possible electro-
optic response. But Nature has been kind to us.
We found that a unique and potentially
advantageous domain structure can be obtained
for our barium titanate—-magnesium oxide
waveguides if we grow them on silicon.”

For their silicon demonstration, McKee and
Walker received support from ORNL’s
Laboratory Director’s R&D Fund. They are
using this funding to develop methods of
depositing waveguide material on silicon at a
lower temperature—a range of 300 to 500°C
instead of 500 to 800°C. A lower temperature is
required to make silicon chips that integrate
microcircuits, laser diodes, and optical switches
using a single economical fabrication process.
To accomplish this goal, McKee says,
adjustments must be made in the oxygen
pressure of the film-growth chamber and the
arrival rate and time for oxygen in contact with
the vaporized metals of magnesium, barium, and
titanium.

McKee and Walker will continue work with
collaborators to achieve the correct thicknesses
of the light-guiding and isolation layers for the
four-layered waveguide structure, to develop
better optical switches, and to make possible the
economical manufacture of silicon chips that
integrate optical switches with laser diodes and
microcircuits. These developments could help
the United States win the global race to find
ways to significantly speed up communications
and computations (see sidebar on p. 41), greatly
improving the information superhighway.
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The health of an animal reflects the combined effects of environmental stresses acting on it. Studying an
animals' reproductive success and other factors enables researchers to predict the population response
and assess the nature and extent of environmental degradation.

measurement of chemical pollutants in streams or
in the organisms themselves. Another is the
laboratory toxicity test in which the toxicity of a
pollutant is determined by the death rate of
exposed organisms. Compared to the bioindicator
approach, these methods often provide only limited
information.

Bioindicators offer several types of rather unique
information not available from other methods: (1)
early warning of environmental damage; (2) the
integrated effect of a variety of environmental
stresses on the health of an organism and the
population, community, and ecosystem; (3)
relationships between the individual responses of
exposed organisms to pollution and the effects at
the population level; (4) early warning of potential
harm to human health based on the responses of
wildlife to pollution; and (5) the effectiveness of
remediation efforts in decontaminating waterways.

The physiological condition of an animal reflects
the combined effects of all its environmental

stresses, such as contaminants, unfavorable
temperature, suspended sediments, insufficient
oxygen, and food shortages. Largemouth bass and
striped bass—important sport fish commonly found
in reservoirs in East Tennessee reservoirs—are
particularly good integrators of environmental
stress because they are at the top of the aquatic
food chain. Signs of impaired health in fish enable
scientists to assess the nature and extent of
environmental degradation.

Bioindicators can be used to establish cause-and-
effect relationships between different levels of
response to pollutants in individual organisms and
for the entire population. For example, if a diseased
fish is found in a stream, it should be possible to
determine not only the cause of the disease but also
the potential consequences of that disease for the
individual fish and for the population. If the disease
kills young fish and impairs reproduction in older
fish, then the population may decline or even
disappear over time.
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EARLY SIGNS OF ENVIRONMENTAL DAMAGE AND RECOVERY
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In the case of the contaminated Pigeon River, humans are exposed to dioxin and other paper mill

contaminants in several ways.

chemicals can disrupt the hormonal system by
mimicking or inhibiting estrogens in organisms.
Estrogens and other hormones are chemical
messengers that regulate various processes in the
body. Hormones act on parts of the body by
sending chemical signals through receptors on or
inside cells. This action can be blocked by
chemicals that mimic a hormone and attach to its
receptors. Because hormones regulate growth and
reproduction, it is believed that hormone-
disrupting chemicals could interfere with these
processes, possibly leading to reproductive and
developmental problems in humans.

Estrogens are known to play critical roles in the
development of breast cancer. In fact, hormones
are believed to be indirectly responsible for 40%

of all cancers in women. Thus, the recent rise in
environmental chemicals, including estt _ 1like
compounds, has increased exposure of body
tissues to estrogen, possibly accounting for the
1% annual increase in U.S. breast cancer deaths
since the 1940s.

We found evidence of altered sexual
development—possible sex changes, impaired
gonad development, and reduced steroid hormone
concentrations—in fish taken from the upper and
most contaminated section of the Pigeon River.
Interestingly, breast cancer incidences are higher
in the two counties downstream of the paper mill
than in surrounding counties. There is only about
a 1 in 500 probability that the observed
incidences of breast cancer in these two counties
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about chemistry and because the people are so
nice.”

DO ’s H 1 School
Honors Program

Fifty-seven students from 48 states, the District
of Columbia, and Puerto Rico and from France,
Germany, Italy, Mexico, and Northern Ireland
participated in the Department of Energy’s seventh
annual High School Honors Program July 22
through August 5, 1994, at ORNL.

The program provided a summer research
experience for high school juniors and seniors and
college freshmen who exhibit outstanding
academic records. Each state and participating
foreign country selected one student to participate
in a two-week research expén'ence in ORNLs
Environmental Sciences Division (ESD).

The focus was on small-group, “hands-on”
laboratory and field research to encourage students
to pursue careers in math and science, especially
environmental sciences disciplines. All expenses,
including travel, were paid by DOE.

Students, working with research staff scientists,
investigated issues related to the theme of
environmental impact. Student teams of two to six
members researched topics such as neutron
activation analysis of trace elements in soil,
evaluation of habitat for wildlife, DNA studies of
environmental samples, development of a surface-
water hydrology monitoring plan, and
bioabsorption and fermentation as a remediation
technology. Each team prepared a written and oral
report to present their research findings.

“Theme Groups” in which students studied all
sides of an issue of national or global importance,
were a second component of the program. This
activity was designed to model a public forum
where students participate in role-playing opposing
factions. Some of the issues that students explored
included environmental deficits, toxicants in the
environment, deforestation and sustainable
agriculture, obligations to future generations, the
role of computer networks, data sharing, and ethics
in scientific data sharing and publication.

The DOE High School Honors Program
encourages students to return to ORNL for
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summer or semester internships during their college
career. “For the past few years, we have averaged a
return of five to eight students per year,” says Julie
Watts, ESD coordinator for the program. “We now
have a 1988 high school honors graduate working
full time with ESD. This program has been a real
success.”

Students were housed at Maryville College. Four
area teachers served as residential supervisors and
coordinated social activities.

Other activities included tours of the ORNL
facilities, seminars, and opportunities to talk with
scientists working in areas of special interest to
students. The program is coordinated through
ORNL'’s Office of Science Education and External
Relations.—Kimberly Baker

1g N
¥
A Fair

A new demonstration motor based on
commercial high-temperature superconducting wire
was unveiled by ORNL at the recent
EnvironMENTAL Fair, held October 6, 1994, at the
American Museum of Science and Energy in Oak
Ridge. The motor was developed to demonstrate
electric power uses of new superconducting wires.
Designed primarily for educational use at area
schools and museums and for visitors to ORNL, the
motor is the size of a two-pound coffee can and
uses liquid nitrogen to cool the superconductor.

The heart of the motor is a coil of high-
temperature superconducting wire made of
BSCCO, an oxide consisting of a mixture of
bismuth, strontium, calcium, copper, and oxygen.
This coil was supplied by one of ORNL’s partners,
American Superconductor Corporation
(Westborough, Massachusetts) as part of an
ongoing collaboration to develop electric power
applications of high-temperature superconductors.
American Superconductor produces flexible high-
temperature ceramic superconducting wires for
coils and systems such as motors and current
limiters.

The superconducting coil produces a magnetic
field that interacts with electric current flowing in a

Each state
selected one
student to
participate in
a two-week
research
experience in
( NL’s
Environmental
Sciences
Division.
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ORNL’s Oak Ridge Science Semester Program
is entering its 25th year. The program involves
undergraduate participants from colleges of the
Great Lakes College Association (GLCA) and the
Associated Colleges of the Midwest (ACM).

Deans from the 12 GLCA colleges came to
ORNL on November 3, 1994, to get a first-hand
look at the program, which has served as a model
for the other DOE laboratories. They also
attended the annual poster session, highlighting
the students’ research projects.

In this program, students perform research at
the cutting edge of science; learn to operate
sophisticated, state-of-the-art equipment and
instruments; and supplement their laboratory
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research experience with seminars, workshops,
and courses under the direction of ORNL staff
scientists. Three resident faculty members from
colleges of the consortium also are assigned to
the Laboratory to do research, teach courses, and
counsel the students.

“This is a very rich program that has grown
substantially over the past 25 years,” said George
Gilbert, director of the Oak Ridge Science
Semester Program. The program has been a
wonderful experience for the students to work
with top-notch scientists and has provided an
excellent educational opportunity for the
laboratory.”

The 16-week science semester provides
opportunities for student research and advanced
study in energy-related areas of science and
technology, including the biomedical,
environmental, and physical sciences; nuclear
and engineering technologies; applied
mathematics; and advanced energy systems.—
Jennifer Bal,

Students
perform
research at
the cutting
edge of

science.
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technology. “It could also be used by unskilled
personnel to perform sophisticated chemical
analyses in remote locations.”

The laboratory on a chip offers several potential
advantages over conventional approaches to
chemical analysis. Preparation of chemicals for
analysis is automated, saving labor and protecting
humans from unnecessary chemical exposure.
Also, the amount of chemical reagents needed to
stimulate chemical reactions on a chip is a
millionth of the typical volume used in a
laboratory setting, thus minimizing chemical
waste. Finally, because the miniaturized device has
no moving parts, it should be more reliable and
inexpensive enough to be disposable.

Thanks to its greatly reduced size and weight,
the microchip laboratory could be incorporated
into hand-held devices for surveying waste sites
and diagnosing a patient’s disease in a physician’s
office. It could also be part of a small gadget that
would be used in chemical process pipes to
monitor and control production in a factory.

“One of our goals is to develop microdevices for
chemical analysis that demonstrate the same
advantages as microelectronics, including small
size, low cost, high speed, reliability, and
operational simplicity,” says Ramsey. “We have
designed and tested several types of
microfabricated chemical separation devices. Our
results show that it is possible to reduce instrument
size from a few cubic feet to several cubic
centimeters and that the performance of the
miniaturized instruments is equivalent to or better
than the conventional laboratory versions.

“We have also shown that chemical reactions
can be performed rapidly in a very small volume
using micromachined devices,” Ramsey continues.
“At ORNL results of a chemical analysis on a chip
were obtained in 5 minutes using reagents in an
amount equal to about 1/250 of a drop of water. In
general, such a device would consume about
1 milliliter of reagent, or the equivalent of
20 drops of water, per year of operation.

“Engineers have not been able to design
microscopic pumps and valves that work well
enough for these applications,” says Ramsey. “We
do fluid pumping and valving using electric fields
and osmotic forces to induce liquid to flow through

a microscopic channel etched in glass. Charged
molecules of different chemicals move at different
speeds based on differences in charge and size.
Uncharged molecules of different chemicals move
at different rates based on differing attractions for
material dispersed in the liquid or coating the
channel walls.

“With electric field strengths as high as 1500
volts per centimeter, we have separated chemicals
in liquids in as few as 150 milliseconds, which is
one of the fastest speeds ever,” Ramsey adds.
“This demonstration shows that a miniature
chemical device, much like a microelectronic
device, can achieve greater speeds than devices of
conventional size.”

Ramsey says that chemistry labs on chips could
be integrated into a miniature chemical factory.
Just as several computers can work at the same
time on different parts of a complex problem,
chemical analysis microchips could work in
parallel to synthesize and test new drugs.

“Test results might be used to influence the
next sequence of compounds that is synthesized
for tests,” he says. “This approach could speed up
the discovery of new drugs that are effective
against disease.”

Besides Ramsey, the developers of the
microchip laboratory include Stephen C.
Jacobson, Roland Hergenroder, Lance B. Koutny,
and Alvin W. Moore, all of ORNL’s Chemical
and Analytical Sciences Division. This work has
been funded by the ORNL Director’s Laboratory
Directed Research funds and by the Department of
Energy’s Office of Nonproliferation and National
Security.—Carolvn Krause

Researchers at ORNL have designed
semiconductor chips for collider physics
experiments that may someday be used to help
operate robots in high-radiation environments and
to make sharper, clearer, and steadier television
pictures.
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“The chips had to be hardened against radiation
because of the highly energetic gamma rays and
neutrons produced from proton collisions and
other particle interactions,” Britton says. “They
should be able to operate even with a little
radiation damage by recalibrating their memories.”

“There was no practical way for the SSC to
immediately process information on all the
particles, their energies, and the directions and
distances they travel,” Wintenberg says. “A lot of
the information would be of no interest because it
would result from protons passing by each other or
glancing off each other rather than directly
colliding. So analog memory chips were needed in
the SSC to store all electrical information as
voltages until computers decide which information
might be significant to reconstruct particle tracks,
for example. Such voltages would then be
converted to numbers for computer processing.”

The ORNL chip consists of many capacitors,
transistor switches, amplifiers, and associated
circuitry. In the SSC the capacitors would have
stored electrical signals as voltages from charged
wires in gas-filled detectors. These wires would
have picked up electrical charges produced when
particles from proton collisions passed through
each detector, stripping electrons from gas
molecules. The voltages of interest stored on the
chips would have been turned into numbers for
computer use by analog-to-digital converters.

“Radiation-hardened chips will not be needed
for the SSC now because of its demise,” Read
says, “but they may be used in a somewhat smaller
collider to be constructed in Switzerland for
experiments in which U.S. scientists will
participate. Other uses would be for robots that
work in high-radiation environments such as
nuclear power plants or waste sites.”

The ORNL researchers are now working with
ORBIT Semiconductor to produce CMOS chips
that have similar circuit designs but are not
radiation hardened. These chips can be made for a
much lower cost than the radiation-hardened ones.

These memory chips will be used for relativistic
heavy-ion physics experiments involving ORNL
physicists. Several applications are planned for the
PHENIX experiment at the Relativistic Heavy Ion
Collider Center under construction at Brookhaven

National Laboratory in New York and an existing
accelerator at the European Center for Particle
Physics (CERN) in Geneva, Switzerland.

The CERN experiment is the WA98
experiment, one in a series of experiments aimed
at creating a plasma of free quarks, the basic
constituents of particles in atomic nuclei, and
gluons, the particles that bind quarks together. It
is believed that a superhot quark-gluon plasma
was first formed during the Big Bang that created
the universe and that, within several millionths of
a second, the plasma cooled into the atoms
making up the universe. Glenn Young, Frank
Plasil, and others in ORNL’s Physics Division
have worked on these experiments since 1986.

“In the past,” Britton says, “they have used
conventional electronics developed at ORNL for
these experiments. But for these new experiments
they will use custom chips from ORNL for the
first time.”

The funding for developing radiation-hardened
analog memory chips for the SSC came from
DOE through the SSC Laboratory in Dallas,
Texas. DOE’s Office of Energy Research also has
been supporting development of the other chips
for the Brookhaven and CERN accelerator
experiments.

Gas r 1G_2ass?
A Promising Bic uel

The automobile engine of the future may be
grass-powered, not gas-powered. Wouldn’t that
be a switch?

Environmental scientists at ORNL are working
to develop a fast-growing grass as a source of
liquid fuel. The Biofuels Feedstock Development
Program at ORNL has selected a native grass
species for further studies in alternative-fuel
development. The species is called switchgrass.

Scientists and politicians alike realize the
importance of developing clean, renewable
sources of energy. Today, much of the world
depends on oil reserves that are concentrated in a
handful of nations. Another problem is poliution,
much of which stems from fossil-fuel use.
Conversion of woody and herbaceous plants into
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Revo!-tionary

Al 0 F gine Cc iceive

An ORNL researcher has designed a
revolutionary “liquid-metal” automobile engine
that can change size, depending upon acceleration
requirements. No prototype is yet available, but
detailed schematic drawings have been made.

As conceived, the engine could provide high-
level performance when desired, would cost less
than conventional automobile engines, and should
offer economy-minded drivers the possibility of
38 kilometers per liter, or 80 to 90 miles per
gallon, of gasoline,. for a lifetime mileage of at
least 805.000 kilometers.

Carsten M. (Kit) Haaland of ORNL’s
Engineering Physics and Mathematics Division
has invented a magnetohydrodynamic liquid
metal (LM) engine that can “shrink™ the engine
combustion volume down to around 0.06 liters,
which is much smaller than that found in existing
commercial automobiles. The engine volume can
expand by a factor of 10 to 0.6 liters in about one
second when needed. The smaller engine volume
will burn just enough fuel at high-efficiency
steady cruising, whereas the larger engine volume
will take a lightweight vehicle to 96 kilometers
per hour, or 60 miles per hour, in just seven
seconds.

Martin Marietta Energy Systems. Inc.. has
applied for a patent for the magnetohydrodynamic
engine. Magnetohydrodynamics is the science of
magnetic fields combined with the motion of
liquids that conduct electricity, such as mercury or
liquid sodium.

The output of the LM engine is electric power
in the form of alternating current (ac) at variable
frequencies that match the variable rotational
frequencies of car wheels. The electrical output of
the LM engine is fed by wires directly to ac
motors that provide rotation in the driving wheels.
Unlike a conventional electric generator or auto
engine, the LM engine has no rotating parts.

The electric power is generated by the back-
and-forth motion of the LM engine in a strong
magnetic field. The driving force for this motion
comes from the same force that drives a

conventional auto engine—the expansion force
that results from burning fuel.

However, in the LM engine, the connection
from expansion force to electric power generation
is made without any mechanical devices such as
connecting rods. crankshaft, pulleys, or belts.
Thus, the engine has fewer moving parts and
problems with friction.

“The LM engine can adjust its output to suit
different driving requirements, ensuring superb
vehicle performance and maximum fuel efficiency
at any speed,” Haaland says. “Because there are
fewer moving parts in the engine, and because an
auto powered by it won’t need a clutch or
transmission, the initial vehicle costs should be
lower and the frequency of repairs should be
greatly reduced.

“Because the engine displacement volume can
expand quickly,” Haaland says. “a driver will be
able to push the accelerator pedal to the floor and
get an exciting response from an engine that has
suddenly increased its available power up to 10
times. The driver could then let up on the gas
pedal to shrink the LM engine volume when the
desired speed is reached. The LM engine could
provide the driver up to 80 miles per gallon of fuel
at a constant speed of 65 miles per hour, and up to
100 miles per gallon at a steady 55 miles per hour
on a smooth level surface.”

Haaland’s part of a 1990 study supported by the
Laboratory Director’s Research and Development
Fund resulted in the variable-size LM engine. He
conceived the idea for a four-piston double-duct
LM engine in 1992. The four-piston setup is used
to drive the LM engine back and forth in opposite
directions in two separate ducts. This arrangement
eliminates vibration and instabilities in the LM
motion that result from strong magnetic fields. It
also allows a transformer to be conveniently
connected to one side of the double-duct to step
up voltages and step down currents to practical
levels. A specially designed computer chip would
control the operation of the LM engine and the
vehicle.

The variable-size (variable-displacement) LM
engine uses free pistons, with no connecting rods
or solid metal attachments. The pistons are driven
by combustion of a liquid fuel, such as gasoline.
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This revolutionary magnetohydrodynamic liquid metal (LM) engine conceived at ORNL should achieve a
fuel efficiency of at least 80 miles per gallon. In this variable-size LM engine, the distance the gasoline-
driven pistons travel is limited by the quantity of liquid metal in the ducts. If the liquid metal is pumped out of
the duct back into the reservoir, the piston stroke gets longer, resulting in more flow of the liquid metal
through the magnetic field from the nearby magnet; as a result, more electricity is produced to power the
wheels. This arrangement allows the LM engine size to vary according to need.

diesel fuel, liquid propane, or some combination.
Each pair of pistons is linked by a duct containing
liquid metal, the source of which is a nearby
reservoir. The distance the pistons travel is limited
by the quantity of liquid metal in the operating
ducts: the more liquid metal, the less piston
movement.

If the liquid metal is pumped out of the duct
back into the reservoir, the piston stroke gets
longer, resulting in more movement of the liquid
metal through the magnetic field produced by
nearby magnetic material; as a result, more
electricity is produced to power the wheels. This
arrangement allows the LM engine size to vary
according to need.

Such an engine requires liquid metals that have
high electrical conductivity, low density, and low
viscosity. The most favorable liquid metals for
this purpose are members of the alkali metal
family, such as liquid sodium, liquid potassium, or
a combination of these. Because they will burn
spontaneously in air or water, the ducts carrying
liquid metal in the engine must be designed to
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remain sealed against the chaotic forces of
collision. To prevent any contact with air or
water, the liquid metal is sealed permanently in
two channels. Approximately two liters (slightly
more than two quarts) of liquid metal would be
used in a typical LM engine.

“There are no load-bearing sliding surfaces in
the LM engine. The sideward push of pistons
against cylinders in the usual engine is eliminated,
and no crankshaft, connecting rods, wrist pins,
and their associated bearings are required,”
Haaland says. ““Thus, the engine will experience
less load from internal friction. Stress points on
connecting rods and wrist pins are eliminated.

“Because of these features, the LM engine
could operate up to 300 cycles per second in a
two-cycle mode with greatly improved
scavenging, resulting in much smaller engine size
per kilowatt. All these factors, including the use
of air cooling instead of water cooling, result in
less weight, improved fuel efficiency, lower cost,
and longer life for the LM-engine—powered
vehicle.
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chemically treated paper test strip—costs less than
a penny.”

The research project was sponsored by DOE’s
Office of Health and Environmental Research, the
Environmental Restoration and Waste
Management Office of Technology Development,
and the Environmental Protection Agency’s
Environmental Monitoring Systems Laboratory in
Las Vegas.

PCBs were manufactured in the United States
from 1929 to 1977. They were used in electrical
equipment, such as transformers and capacitors,
and in hydraulic fluids and lubricants for
industrial equipment. Through such products,
PCBs made their way into the environment.

The disposal of PCBs was not regulated until
the late 1970s, when studies first showed that
these toxic compounds persist in the environment
and may cause cancer.

In the new test, a drop of liquid from an
environmental sample is applied to a paper test
strip coated with special chemicals that are
activated by uv light if exposed to PCBs. UV
light is then shone on the strip. If PCBs are
present, the activator molecules on the test strip
will absorb the uv energy, interact with the PCBs,
and glow. The intensity of the glow is measured in
a luminescence analyzer, which indicates the level
of PCB contamination.

*k %k

The PVM computer software package
developed by ORNL’s Al Geist and others
virtually turns computer workstations into
supercomputers. The software allows
organizations and individuals with computers to
tap the power of several workstations
simultaneously, thereby solving problems that
would be too large or complex for a single
workstation.

PVM is one of the first software systems to
allow computers with widely different
architectures and data formats to cooperate
simultaneously on a single computational task.
Their combined power can equal that of
multimillion-dollar supercomputers, at a fraction
of the cost.
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PVM is particularly useful in linking several
computer workstations during off hours to solve
problems that normally would be submitted to a
more powerful mainframe computer. Perhaps best
of all, says Geist, the software is available free
through an ORNL electronic mail network. “It’s
an example of your tax dollars at work,” he says.
(The Internet address to access PVM is http://
www.netlib.org/index.html.)

Geist notes that the PVM system could be PVM is
viewed as “a poor man’s supercomputer.” By part icular. ly
using it to tap the aggregate power of computer us efu lin
workstations whose combined cost is roughly ..
$250,000, researchers have achieved computing llnklng
speeds that rival those of $20 million several
supercomputers. The package has been applied to
as many as 125 workstations. It can even be used comp ute’j
to link supercomputers. workstations

“The workload achieved,” Geist says, “is durin g Oﬂ
limited only by the number and power of
computers to which you have access.” hours to

The software also allows linking of several solve
computer networks, such as Ethernet and Token

problems.

Ring, to form a single PVM configuration.

PVM will be particularly beneficial to
universities, most of which cannot offer courses in
supercomputing because of the high cost of the
hardware. “With PVM,” Geist says, “universities
can teach students how to write parallel programs
that apply to supercomputing even though they
could never afford a supercomputer.”

PVM is being used at hundreds of sites
worldwide by companies whose business ranges
from aerospace, automotive, and chemical
research to medicine and the environment. PVM
is supported on more than 30 different types of
workstations and supercomputers, including those
manufactured by IBM, Hewlett Packard, DEC,
Sun, Cray Research, Convex, Silicon Graphics,
and Intel.

Parallel computing using the PVM system may
be the key to solving so-called computational
grand challenges, such as modeling of the global
climate, groundwater transport of hazardous
waste, and the structure of superconductors.

“At this time, these problems can’t be solved
because of a lack of computer power,” Geist
notes. “One computer, even a supercomputer,
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particles from the recoil products based on
differences in their direction and speed.

“The transfer of the Daresbury Recoil
Separator from England to ORNL required the
cooperation of researchers and technical staff
from both laboratories,” says Jerry Garrett,
scientific director of HRIBF. “We anticipate that
this cooperative spirit will continue through
research collaborations between ORNL
physicists and those from Daresbury Laboratory
and sites throughout the United Kingdom. Such
collaborations will greatly benefit research
efforts in nuclear astrophysics, nuclear structure
physics, and radioactive beam physics on both
sides of the Atlantic Ocean.”

Cycloti 1Reaches Go: r
Rz oactive eam Facility

The Oak Ridge Isochronous Cyclotron (ORIC)
has proven that it can still carry out its original
mission—produce intense beams of light ions,
such as charged atoms of hydrogen and helium.
The difference today is that ORIC, the
Laboratory’s only cyclotron, is being used to
produce radioactive rather than stable ion beams.
A cyclotron is an accelerator in which charged
particles are propelled, often in a circle, by an
alternating electric field in a constant magnetic
field.

On March 10, 1994, an important milestone
toward developing ORNL’s new Holifield
Radioactive Ion Beam Facility was achieved.
ORIC produced a 75-million-electron-volt beam
of alpha particles (helium nuclei).

“This is the first time since 1983 that a beam
was extracted from ORIC using the internal ion
source,” says Fred Bertrand, acting director of
the Physics Division. “This achievement marks a
major milestone in the Physics Division’s
development of a radioactive ion beam facility.”

ORIC was built in 1964 to produce intense
light-ion beams. But its mission changed in 1970
to the production of heavy ions, which were
needed for nuclear physics experiments. From
1980 to 1992, the 25-million-volt tandem
accelerator, the workhorse of the Holifield Heavy
Ion Research Facility, took up the burden of

producing heavy ions at ORNL. ORIC was used
part-time to boost the energy of the heavy-ion
beams emerging from the tandem accelerator.

Now, in a reversal of roles, ORIC will produce
the radioactive beams and the tandem accelerator
will accelerate them.

Just as many people switch careers at least
twice, a cyclotron’s role can also change more than
once. —Carolyn Krause

Greel v es

and F

Researchers at ORNL have created an
experiment to test the effects of regional
precipitation changes on forests. In the experiment,
an oak forest is being manipulated to show the
effects of drought, normal precipitation, and heavy
precipitation on different tree species.

Scientists worldwide predict that the greenhouse
effect will increase global temperatures and alter
regional levels of precipitation. Temperature
increases of approximately 3 to 5°C (5 to 10°F)
could occur in 60 to 70 years—a short time
compared to a mature tree’s life span, which can
be several hundred years.

The projected change in precipitation has led
researchers in ORNL’s Environmental Sciences
Division to ask a key question: With some change
in precipitation, will current forests be able to
maintain current levels of growth and ecological
diversity? Determining the sensitivity of forests to
changes in soil moisture will provide information
on one of the effects of increasing atmospheric
concentrations of greenhouse gases.

The experimental site for the precipitation
studies is a part of the Walker Branch Watershed
on DOE’s Oak Ridge Reservation, which has been
used for ecological research for more than 25
years. The site was chosen for this experiment
because the forest has not been disturbed by other
experiments or heavy use. According to Paul
Hanson, a project researcher, this project is the
largest experimental manipulation of an oak forest.

The site, which is approximately the size of
three football fields, consists of a wet plot, a
control plot, and a dry plot of equal length and
width. The amount of precipitation distributed to
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Amersham International in England. The
company’s division Medi-Physics, Inc., in
Arlington Heights, Illinois, is distributing
Metastron throughout the United States, where it
is expected to have widespread use.

In the past seven years, Metastron has been
used worldwide for more than 6000 patients to
reduce metastatic bone pain—pain caused when
breast and prostate cancer spreads, or
metastasizes, to bone. Metastron was not
employed in the United States for managing
metastatic bone pain until recently, following its
June 1993 approval by the U.S. Food and Drug
Administration (FDA).

Metastron, which consists of strontium-89
chloride, is used to treat bone pain because
strontium-89 localizes in bone as a result of its
chemical similarity to calcium and because its
radioactivity reduces tumor growth in bone. Its
effectiveness reduces or eliminates the need for
chemotherapy or addictive narcotics to relieve
pain. This nonsedating drug eliminates bone pain
for up to six months with a single injection. It
improves patient quality of life, especially mood,
mobility, appetite, and sleep patterns.

According to the December 1993 issue of
Reader’s Digest, Metastron leaves patients alert,
allowing them to participate in normal activities.
“Dr. Ralph G. Robinson at the University of
Kansas Medical Center has studied Metastron in
more than 600 patients,” the magazine states.
“About 80% get relief,” he says. “And for some,
pain disappears completely.”

The strontium-89 in Metastron is produced in
five European reactors by neutron irradiation of

targets enriched in strontium-88 by ORNL. The
source of the strontium-88 is a set of calutrons at
the Oak Ridge Y-12 Plant operated by ORNL’s
Isotope Enrichment Group headed by Joe Tracy.
The calutrons, which separate isotopes
electromagnetically, were originally used to
produce enriched uranium for the Manhattan
Project during World War 11

“Since the early 1980s,” Tracy says, “ORNL’s
Isotope Enrichment Program has collaborated with
Amersham in development of the Metastron
product, and we continue to support Amersham in
providing certified, high-quality strontium-88.

“The ORNL group does not certify isotopes for
human consumption,” Tracy says. “However, our
quality-assurance documentation and certification
of the starting strontium-88 played an important
role in Amersham’s obtaining FDA approval for
Metastron.”

By electromagnetically separating the isotopes
of naturally occurring strontium in a single pass, an
ORNL calutron produces materials enriched in
more than 99.8% strontium-88 for fabricating
strontium-88 carbonate targets. After neutron
irradiation, these targets are converted to a
strontium-89 chloride solution, which is injected
into patients.

Tracy says the enrichment process almost
cc , etely eliminates the strontium-84
contaminant from the enriched target. Exposure of
strontium-84 to neutrons in a reactor yields
strontium-85, which emits penetrating gamma rays
that could harm patients. Strontium-89, which has
a half-life of 51 days, emits pure beta radiation,
energetic electrons that have a very short range
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“A neural network,” Sumpter says, “can be
constructed to predict correctly the properties of
chemical compounds based on structural features
and elemental compositions. This capability
provides the foundation for designing new
compounds or for predicting properties of existing
compounds that have not been previously
characterized.”

MOLDESIGN was developed at the
Laboratory as part of a 1992 cooperative research
and development agreement (CRADA) between
Martin Marietta Energy Systems, Inc., which
manages ORNL for the Department of Energy,
and Hoechst Celanese Corporation, an
international manufacturer of fibers, chemicals,
plastics, and pharmaceuticals, which is
headquartered in Germany and has an office in
Summit, New Jersey. The development was
supported by Y-12 Plant funds obtained from
DOE’s Defense Programs.

This CRADA, called Atomistic Simulations of
Materials: A Neural Network Approach, is part of
a larger CRADA called Materials by
Computational Design involving DOE’s Oak
Ridge Y-12 Plant, Lawrence Livermore National
Laboratory, Los Alamos National Laboratory, and
Sandia National Laboratories.

Aw
St

ORNL is collaborating with Scientific-Atlanta,
Inc., on research that could reduce the number of
deaths and injuries from vehicle collisions. The
partners will develop a device to study both driver
and vehicle behavior, and the information could
aid in the design of crash avoidance systems for
cars and trucks.

ORNL and Scientific-Atlanta will develop a
portable automotive data acquisition system for
crash-avoidance research (DASCAR). The goal is
to apply technologies developed for defense to the
reduction of human suffering and financial losses
resulting from vehicle collisions on U.S.
highways.

The effort is receiving U.S. Department of
Transportation (DOT) funds designated for
development of the Intelligent-Vehicle Highway

System (IVHS). The nation’s first IVHS
CRADA is supporting the crash-avoidance
research project.

Scientific-Atlanta is a communications
company whose task is to develop and provide an
automotive data processing unit, compressed
video digital storage and retrieval system, and
communications equipment. ORNL’s expertise in
human factors research (e.g., identifying the most
effective ways to display and communicate
reactor control information to human operators),
advanced technology, and instrumentation and
controls will be called upon in the CRADA.

Richard J. Carter is ORNL’s principal
investigator for the CRADA and a psychologist in
the Engineering Physics and Mathematics
Division (EPMD). Working with him on this
project at ORNL is Frank Barickman, a senior at
Gannon University in Erie, Pennsylvania, who is
participating in a program sponsored by the Oak
Ridge Institute for Science and Education and
DOE. Another collaborator on the project at
ORNL is Philip F. Spelt of EPMD.

Carter says the key to developing crash-
avoidance systems for cars and trucks is to
understand the detailed behavior of drivers and
vehicles under a variety of road and traffic
conditions.

“Wearep arily interested in the changes that
occur right before an accident or near miss, such
as an increase in speed,” Carter explains. “These
specially equipped vehicles will be used on a test
track and the open road to test the effects on
driver performance of various conditions ranging
from the weather to traffic congestion.”

Using high-speed digital data processing
equipment and specially developed software,
Scientific-Atlanta and ORNL will develop a
prototype system that will consist of four video
cameras, each the size of a thumb; sensors strewn
along the car’s bottom and under the hood; and an
on-board computer system. The computer system,
which is small enough to fit in the trunk of almost
any car, collects, records, processes, compresses,
and transmits data from the sensors and cameras.
The processed data will be transmitted to a control
center by cellular telephone and microwave
communications with a satellite (for cars on the
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determine where the car is on the road and within
its lane. In addition, the company will provide a
compressed video digital storage and retrieval
system, which rapidly retrieves and integrates
compressed video data with other digitized
information for analysis and transmission by
DASCAR.

ORNL’s role in the CRADA will be to
incorporate hardware supplied by Scientific-
Atlanta into the other components of the data
acquisition system. ORNL will then install and
calibrate the DASCAR within five vehicle types
and will evaluate and pilot test the data acquisition
system.

“Our goals are to procure, develop, test, and
validate this hardware and software on a car. We
will put the first DASCAR system on a car driven
by the director of ORNL’s Robotics and Process
Systems Division,” Carter says. “We will drive
this car around the Oak Ridge area this year. In
1995 we will test some DASCAR systems on cars
on a 7.5-mile test track in East Liberty, Ohio.
Then 15 DASCAR cars will be tested by
volunteers throughout the nation.”

Carter says ORNL also has been asked to
develop software for the data processing center to
make sense out of data sent there from all the test
cars. Such software will seek out meaningful data
from the cars, such as a significant sequence of
events occurring within one second of a car crash.
It will present the data as easy-to-interpret
graphics on a display screen.

“Most vehicle crashes could be prevented if the
correct action were taken within a half second to a
second before the collision,” Carter says. “If the
car can sense that it is too close to another car, it
could be programmed to take over steering and
braking from the driver at a certain point to avert
the collision. DASCAR should demonstrate that a
car’s lateral position in the lane and distance from
cars ahead and behind can be recorded. If so, an
intelligent cruise control could be developed to
respond instantly to shrinking distances between
cars to avoid a potentially deadly crash.”

ORNL research for the CRADA will be
supported by $205,000 from the National
Highway Traffic Safety Administration
(part of DOT).

Medical Isotope Generator
Licensed to C: ifornia Firm

A new ORNL-developed device that produces an
inexpensive radioisotope for treating patients with
cancerous tumors, cancer-induced bone pain, or
arthritis may become a commercial product for
hospitals by the end of the decade.

Through a licensing agreement, Martin Marietta
Energy Systems, Inc., has granted exclusive rights
to Isotope Products Laboratories, Inc. (IPL), in
Burbank, California, to manufacture and market the
tungsten-188/rhenium-188 generator. The device
was developed by F. F. (Russ) Knapp and
colleagues in the Nuclear Medicine Group in
ORNL’s Health Sciences Research Division.

IPL, which was founded in 1967, produces
radioisotopes used in environmental measurements,
analytical instruments, and nuclear medicine. IPL’s
new nuclear medicine subsidiary, IPL Imaging and
Therapeutics, Inc., will manufacture the generator
and seek U.S. Food and Drug Administration
approval to market it to hospitals.

“We hope to build upon the solid development
work of Dr. Knapp’s group,” says Len
Hendrickson, IPL president. “Much clinical
development work remains to be done before the
rhenium generator can benefit patients worldwide.
We look forward to completing the work necessary
to bring the product to market. The rhenium
generator is an important addition to Isotope
Products’ growing line of nuclear medicine
products. Our new subsidiary will be responsible
for manufacturing and marketing the product.”

The source of the tungsten-188 for the generator
is ORNL’s High Flux Isotope Reactor. As the
radioactive tungsten decays in the generator, it
forms radioactive rhenium-188, which can be used
for medical treatment. “Because half of tungsten-
188’s radioactivity disappears in 69 days,” Knapp
says, “the shelf life of the generator is at least two
months. Rhenium is constantly being supplied for
several weeks.

“The radioactive rhenium produced in the
generator,” he adds, “emits energetic electrons
called beta radiation and short bursts of light called
photons as half of its radioactivity decays in about
17 hours. After injection into the patient, the
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distribution in the body of
rhenium-188-labeled agents can be
monitored with photon-sensitive
cameras. More importantly, the beta
radiation, which can kill cancer cells,
can penetrate a third of an inch into
tumor tissue, suggesting that it can
be used to reduce large tumors.”

Researchers at the Center for
Molecular Medicine and
Immunology at the University of
New Jersey developed a procedure
for chemically linking rhenium-188
to an antibody that homes in on
colon cancer cells. Studies of 12
patients with colon tumors showed
the ability of this therapeutic agent to
concentrate in these cells.

Rhenium-188 is expected to play
an important role in treating cancer-
induced bone pain. The rhenium can
be attached to certain compounds
that tend to settle in bones. “The
treatment is expected to be
considerably less costly than using
strontium-89, rhenium-186, and
other radioisotopes that are currently
used to treat bone pain,” Knapp says,
*“and studies are in progress to verify
this prediction. If the rhenium-188
treatment is found to be less
expensive, it could help reduce
health care costs.”

Patients having cancer of the
breast or prostate often experience
bone pain when cancer cells migrate
from the primary tumor to the

Gamma camera image (upper panel) shows two rectus
muscle tumors in a patient’s peritoneal region near the liver
obtained after intravenous administration of rhenium-188—

skeleton. The cancer cells can labeled antibody. The tumors can also be seen in a

penetrate tissues surrounding the computerized tomographic image (below). Courtesy of D. M.

bone. It is believed that increased Goldenberg, M.D., M. Juweid, M.D., R. Sharkey, Ph.D., and

pressure on nerves in this tissue from colleagues at the Center for Molecular Medicine and

both tumor cells and inflammation Immunology in Newark, New Jersey.

causes bone pain. The energy of the

beta radiation reduces inflammation, thus joints. According to Knapp, the energy released as

relieving bone pain. the rhenium decays helps relieve the painful
For treatment of arthritis, the rhenium can be swelling and inflammation of arthritic joints.

attached to compounds that are injected into the “The use of radioisotopes for arthritis

fluid of inflamed knees and other fluid-filled treatments is very common in Europe,” Knapp
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says. “Such treatments are expected to be used
more widely in the United States on an aging
population.”

Superconducting Wire
Technology CRADA

ORNL and Oxford Superconducting
Technology of Carteret, New Jersey, are jointly
developing technology needed to produce long
lengths of bismuth-2212 wires that can carry
useful amounts of electrical current when chilled
to low temperatures. The wires will be made of
silver tapes coated with thick bismuth films.

Superconducting films and wires of short
lengths have been fabricated, but few long wires
that have high critical current density have been
reliably reproduced. ORNL is collaborating with
industrial partners to develop reliable processes
for fabricating long superconducting wires for use
in bulk electrical conductors and energy storage
devices.

In a CRADA signed earlier this year, Oxford is
developing a dip-coating process for coating
silver tapes with long, thick films of bismuth.
Oxford has the primary responsibility for all
powder and slurry preparation; for preparation,
heat treatment, and evaluation of longer lengths
of prototype conductors; and for actual
manufacturing of the wires.

Oxford is choosing appropriate powders,
solvents, binders, and dispersants that make
possible uniform and homogeneous coatings over
a long length. Oxford will also produce samples
of dip-coated bismuth-2212 wires.

In the CRADA, ORNL researchers led by
Robert K. Williams of the Metals and Ceramics

Division evaluate the microstructure of powders
and wires and perform other analytical
characterizations. For example, they will
determine the sizes of crystalline grains making
up the wire and the chemistry in the areas between
the grains, known as grain boundaries. For this
work, they are using X-ray diffraction,
thermogravimetric and differential thermal
analysis, metallography, and electron microscopy.

ORNL also is engaged in developing or
selecting lower-cost alloys that could replace the
silver now used for tapes on which the bismuth is
deposited. In addition, ORNL and Oxford will
jointly measure wire performance such as critical
current density, critical temperature, and
magnetization as a function of magnetic field.

The one-year CRADA is valued at $125,000;
DOE will fund $50,000 of the project. All of the
work at ORNL is funded by DOE’s Office of
Energy Management’s Superconductivity
Program for Electric Power Systems. The program
is developing with industry the technology
necessary for commercial development of electric
power applications of high-temperature
superconductors.

Oxford Superconducting Technology is a
leading producer of low-temperature
superconductors used in magnets for magnetic
resonance imaging (MRI) scanners, nuclear
magnetic resonance spectroscopy, particle
accelerators, and other applications. The company
has recently completed delivery of nearly two
million feet of superconducting cable to DOE’s
Brookhaven National Laboratory for the
Relativistic Heavy Ion Collider
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Tuan Vo-Dinh, a leading photonics expert at ORNL, developed a
method for on-site detection of PCBs. See photonics articles
beginning on p. 4.
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