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• Three R&D 100 Awards. Between 1985–1995 the
Laser Directorate has won 23 R&D 100 Awards,
placing it at least ninth in overall competition for
all national organizations.

• 147 refereed technical publications.

• Nineteen patents were issued; 21 patent
applications were filed and 35 patent disclosures
were submitted.

• Eight licenses were executed resulting in $800,000
in licensing income.

• For the second year of the two-year-old process,
the Laser Directorate received an “outstanding”
(highest) rating in the University of California
Science and Technology Assessment.

• Numerous individual awards. (See pages 7–9.)

Achievements for 1995
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magination appears to be the only limit on the
uses of the laser and related technologies. This

is echoed by the Laboratory’s efforts in science,
technology, and engineering within Laser Programs.
In the traditional laser-oriented portions of the
program, these efforts range from thermonuclear
physics to uranium enrichment for nuclear power
plants. The program encompasses the National
Ignition Facility (NIF), which offers a science-based
stewardship of our nation’s nuclear stockpile and the
promise of exciting research capabilities and high-
technology jobs in the next century. Great progress
has also been made over the last decade and a half in
Uranium Atomic Vapor Laser Isotope Separation
(AVLIS), leading to the beginning of the
commercialization of AVLIS and making it the
largest-ever technology-transfer effort from
Lawrence Livermore National Laboratory (LLNL).

Outside the traditional laser programs other
applications programs have evolved because of
needs that could be met by LLNL technologies.
They are the Advanced Microtechnology Program,
which includes extreme ultraviolet lithography,
advanced magnetic storage, large flat-panel
displays, and micro-optics for human vision
correction, and the Imaging and Detection Program,
which explores defense and civilian applications in
signal and image processing, detection theory,
radar systems, remote sensing technologies, and
airborne platforms.

Inertial Confinement Fusion

LLNL’s Inertial Confinement Fusion (ICF)
Program is a research and advanced technology
development program within the Department of
Energy’s (DOE) Defense Programs. The program
is focused on the goal of demonstrating
thermonuclear fusion ignition and energy gain in
the laboratory. During FY 1995, the ICF Target
Physics Program continued to conduct ignition
target physics optimization studies and weapons
physics experiments in support of the Defense
Program’s stockpile stewardship goals. The ICF
Laser Science and Technology Program continued
to develop technologies in support of the
performance, cost, and schedule goals of the

National Ignition Facility Project, a key element of
the DOE’s Stockpile Stewardship and Management
Program. The NIF Project staff began several
activities in FY 1995 to support a project start and
Title I design in FY 1996.

In addition to their primary Defense Programs
goals, ICF Program elements support research and
development opportunities in fundamental high-
energy-density physics and the necessary research
base for the possible long-term application to
inertial fusion energy (IFE). ICF technologies have
also had spin-off applications for industrial and
government use. Highlights of ICF’s FY 1995
Program accomplishments are described below.

The National Ignition Facility
On October 21, 1994, the Secretary of Energy

issued Key Decision 1 (KD1) for the NIF, thus
reaffirming the Justification of Mission Need
issued on January 15, 1993, formally approving the
NIF Project and establishing LLNL as the preferred
site. With this decision, the DOE and the
Administration requested FY 1996 congressional
line-item funding for the Project. The Justification
of Mission Need emphasizes the importance of the
NIF to the mission of the National ICF Program—
achieving controlled thermonuclear fusion in the
laboratory. This important goal supports the DOE
mandate of maintaining nuclear weapons science
expertise in required areas for stockpile
stewardship and for understanding nuclear
weapons effects.

During 1995, the role of the NIF in supporting
vital U.S. goals for national security was further
strengthened. On August 11, 1995, the President
announced the continuation of the nation’s
moratorium on underground testing of nuclear
weapons and the U.S. intention of signing a zero-
threshold comprehensive test ban treaty in 1996.
(The current moratorium on underground testing of
nuclear weapons, begun in 1991, remains in effect.)
The confidence expressed by the Secretaries of
Energy and Defense in the ensemble of science-
based stockpile stewardship facilities was referenced
by the President as strengthening the confidence in
his decision to seek a zero-threshold treaty.

I

Our contributions to laser science and technology and
corresponding applications range from concept to design of
the National Ignition Facility, transfer of Atomic Vapor Laser
Isotope Separation technology to the private sector, and from
new initiatives in industry and defense to micro-optics for
improving human vision.

The proposed National
Ignition Facility will
contribute to DOE’s vision
of stockpile stewardship
and management without
underground testing. The
NIF will be housed in a
stadium-size building.

Laser Programs
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Consistent with KD1, DOE Defense Programs
and the Laboratory Project staff began several
activities in FY 1995 to support a Project start in
FY 1996, including the following:

• Establishing a DOE Office of the NIF and a
Project Organization.

• Supporting a DOE study (with public
participation) to determine nonproliferation
impacts of the NIF and initiating the National
Environmental Policy Act (NEPA) process for
its siting, construction, and operation.

• Preparing the key industrial contracts to
support preliminary and final design.

• Establishing interfaces with potential user
groups outside the ICF community.

• Initiating specific advanced conceptual design
work to optimize the NIF.

• Drafting key Project documents required for a
Strategic System Acquisition.

During FY 1995, the NIF Project organization
met all the milestones required to maintain the
Project baselines.

Target Physics
In FY 1995, the Target Physics Program

completed a milestone in ignition physics and
started a major change in mission and organization.
For the past several years, the Program has been
oriented toward completing the Nova Technical
Contract (NTC) defined by the 1990 National
Academy of Sciences (NAS). The report
recommended proceeding with the construction of
a 1-to 2-MJ Nd-doped glass laser designed to
achieve ignition in the laboratory (a laser originally
called the Nova Upgrade, but now the NIF, and
envisioned as a national user facility). As a
prerequisite, the report recommended completion
of a series of target physics objectives on the Nova
laser. Meeting these objectives—the NTC—would
demonstrate (the Academy committee believed)
that the physics of ignition targets was understood
well enough that the laser requirements could be
accurately specified.  

Together with Los Alamos National Laboratory
(LANL), the Program made successful completion
of the NTC its highest priority. During 1995, the
Inertial Confinement Fusion Advisory Committee
concluded that the Target Physics Program achieved
a major mission because: (1) the NTC was
essentially complete, (2) there was significant
progress in establishing a robust target design for the
NIF, and (3) major progress was made in achieving
adequate target surface finish of cryogenic ignition
targets. Because of these successes, the Program
plans to increase its efforts on direct-drive ignition
physics, ignitionless science-based stockpile
stewardship with lasers, and advanced ICF concepts,
especially with short-pulse lasers.

Laser Science and Technology
The Laser Science and Technology (LS&T)

Program’s primary activity in FY 1995 was to
support ICF by providing laser development for the
NIF Project. During 1995, the Program began a
four-year effort to develop critical components for
the NIF laser, including the pulse generation system,
large multi-aperture amplifiers, and multi-aperture

Inertial Confinement Fusion
• National Ignition Facility (NIF) progress continued with: Establishing DOE

Office of the NIF and DOE study on nonproliferation impacts of the NIF.
• Initiating the National Environmental Policy Act (NEPA) process for NIF

siting, construction, and operation.
• Preparing the key industrial contracts to support preliminary and final

facilities design.
• Received confirmation from the Inertial Confinement Fusion Advisory Committee

that the Target Physics Program established robust target designs for NIF.
• Began a four-year effort to develop the critical components for the NIF Project

including the pulse generation system, large multi-aperture amplifiers, and
multi-aperture plasma electrode Pockels cells.

• Completed the 100-TW laser and began construction of the Petawatt laser for
ICF experiments on Nova.

Atomic Vapor Laser Isotope Separation
• The United States Enrichment Corporation (USEC) authorized the AVLIS team

to begin plant-scale enrichment equipment verification testing and assemble the
engineering team.

• Successfully completed enrichment tests using gadolinium.

Other Applications
• Micropower Impulse Radar (MIR) technology licensed to over 15 companies,

received 30 patents, and honored with numerous awards.
• Extreme Ultraviolet Lithography Project poised to demonstrate technologies

for microcircuit fabrication with features of 0.13 microns and less for U.S.
commercialization within the next decade.

• Laser Guide Star Project develops technology to correct for effects of
atmospheric turbulence and permit resolution exceeding that of Hubble Space
Telescope for galactic viewing.

• Continued as U.S. technical manager for joint U.K./U.S. Radar Ocean Imaging
Program.

• Developed technical protocols for Heart Valve Condition (Acoustic)
Classification Project to assist physicians in deciding possible heart valve
replacements.

• Developed technologies to help provide diagnostic and therapeutic treatment
of strokes.

Highlights for 1995
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plasma electrode Pockels cells. LS&T continued to
use the Beamlet laser, a full-aperture scientific
prototype of one NIF beamline, which serves as an
invaluable tool for learning more about large
multipass lasers. Many software design tools were
developed to optimize the NIF laser design, and a
study reviewing the status and projecting the laser
requirement for direct-drive ignition on NIF was
completed. Work on associated laser technology
development continued. For ICF experiments on
Nova, in collaboration with Nova engineering staff,
LS&T completed the 100-TW laser and designed,
ordered, and installed much of the hardware for the
Petawatt (1015-W) laser beam. These ultrashort
(<1 picosec) pulse, high-energy lasers are used to
study the fast ignitor approach for ICF, which could
greatly reduce the laser energy required for fusion
gain. In another advanced ICF project, the LS&T
Program developed critical technology for a laser
driver for high average power applications in an
inertial fusion energy plant and continued to
advance diode-laser and diode-pumped laser
technology for NIF and advanced ICF systems.

Additionally, proven expertise in building laser
systems enabled the LS&T Program to become an
important contributor for U.S. Air Force, Army,
and Navy projects. The Program was also involved
in several cooperative research and development
agreements (CRADAs) with U.S. companies.

Laser Material and Optical Technology
During FY95 the Laser Material and Optical

Technology organization within the NIF Project
began a three-year effort with U.S. industry to
develop the advanced manufacturing technology
needed to meet the NIF cost and schedule
requirements. These activities include continuous
melting of phosphate laser glass that replaces the
batch melting process used to melt Beamlet and
Nova laser glass; rapid growth of KDP crystals at a
rate roughly ten-times higher than current state-of-
the-art technology; and significant diagnostic and
process enhancements for fused silica production,
KDP diamond turning, and electron-beam vapor-
deposited coatings. In FY95, we also successfully
built and operated a subscale continuous melting
furnace for laser glass at one of the laser glass
vendors. Rapid growth technology was scaled up to
NIF-size tanks and was shown to possess the
intrinsic stability needed to resist spontaneous
nucleation in the growth of NIF-size crystals.

Center for Health Care Technologies and
Laser Programs

The goal for the Center for Health Care
Technologies (CHT) and Laser Programs is to
generate new medical technologies that will benefit
from Laser Programs’ expertise and will lead to
external funding from sources such as industry. The
Project developed a new 3,000 sq. ft. medical
photonics laboratory and a new computer code
(LATIS) that simulates laser interaction with human
tissue. The medical photonics laboratory uses state-
of-the-art laser and optical technologies for research
in laser tissue welding, new methods for treating
stroke, biosensors, tissue identification by laser-
induced fluorescence, optical coherence
tomography, and ultrashort pulse laser surgery. The
LATIS simulation code is used to predict damage
in, and light transport through, tissue found in
organs, arteries, plaque, prostate, breast and brain
tissue, and other tissues specific to critical diseases.

Other Applications
Spin-off laser program technology initiatives

were also pursued in night-vision systems, plasma
probing, laser pinhole closure, x-ray imaging for
semiconductor defects, oil and gas exploration,
enhanced surveillance, and Advance Design and
Production Technology (ADaPT).

Atomic Vapor Laser Isotope
Separation

The mission of the Atomic Vapor Laser Isotope
Separation (AVLIS) Program is to provide the
world’s lowest-cost enriched uranium for
commercial power plant fuel. The major building
blocks of the AVLIS process are the separation
chambers, laser and optical systems, computer
controls, and uranium handling systems. Each
process is optimized to perform with low capital
and operating costs.

The Beamlet laser, a full-
scale, single-beam
prototype of the NIF
design, demonstrated laser
fluences at the required
wavelengths.
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The separation process uses finely tuned, high-
power lasers to tag the fissile isotope of uranium,
235U, by removing one of its electrons. A positive
235U ion results. The product stream is formed by
collecting these ions as well as a portion of the feed
material on charged plates. Uranium depleted in
235U forms the tails stream. This process takes

place in a vacuum
chamber in which the
uranium is vaporized
and exposed to the
lasers. Both streams
are removed as small
nuggets of solid
uranium metal.
Further chemical
processing and
fabrication yields
finished fuel for use
in nuclear power
reactors. This year,
the United States
Enrichment
Corporation (USEC)
authorized the AVLIS
team to move forward
with plant-scale
enrichment equipment
verification testing and
to assemble the
engineering team
needed to begin plant
design and licensing.

Also during the year, the Program successfully
completed enrichment tests using gadolinium and
established several new business options based on
AVLIS technologies. Natural gadolinium is currently
used as a burnable neutron absorber in light-water
nuclear power plants. The use of an isotopic mixture
enriched in its odd isotopes improves the safety and
economics of light-water reactor operations.

Laser Activities
Laser technology development continued to

support the future deployment of an AVLIS plant.
Efforts continued to eliminate the chlorofluoro-
carbons (CFCs) used to cool electronic components
in the copper laser system. Our latest laser ocillator
eliminates CFCs in favor of air and water cooling,
and our newest amplifier eliminates CFC cooling of
the high-voltage power supply. The amplifier pulse-
power modulator is a challenge because of its high
average power (nearly 100 kW), high output voltage

(80 kV), and short risetime (tens of nanoseconds).
Tests of oil-cooled modulators will be completed
soon, allowing system retrofits to begin.

We also installed and are activating a full-scale
version of an AVLIS plant’s dye laser module. All
copper laser pump light is supplied by large-core
optical fibers. Hybrid telescopes with
refractive/refractive lenses (which reduce the dye
chain’s length as much as 50%) transport dye laser
beams through the optical system. Alignment of both
the copper and dye laser beams is remotely
monitored and controlled.

Separator Activities
We completed operations of the separator pod for

gadolinium vaporization, modifying the electron-
beam magnetic transport system to minimize the
magnetic field in the photozone. The pod operated
smoothly and easily produced the desired
gadolinium vaporization rates, and together with the
laser systems, supported successful enrichment
demonstrations.

We also focused our attention on activating the
next-generation uranium separator pod. The run
duration (more than 250 hours) and throughput
rate (near plant value) achieved by our earlier
generation pod in 1993 were records for AVLIS
and represented important steps toward our goal of
600-hour pod lifetimes.

The new pod was redesigned or modified for 19 of
23 key components and subsystems in an effort to
reduce complexity, part count, and cost. The 90-hour
pod test in June 1995 was the first since 1993, and it
enabled evaluation of a large number of design
changes needed for the plant. Nearly all these new
designs were successful and will be carried over to
the next test scheduled for this fall. 

The AVLIS Program is now funded by the United
States Enrichment Corporation (USEC) and
represents the largest and most significant technology
transfer activity in the history of LLNL. USEC is
presently a government corporation supplying
enrichment services to the nuclear fuel industry using
existing gaseous diffusion plants located in Kentucky
and Ohio. AVLIS will offer USEC a lower-cost
option for enriching uranium to meet customer
demand after the year 2004.

Imaging and Detection

LLNL is the U.S. technical manager for activities
in the Imaging and Detection Program’s (IDP)
largest project, the joint U.K./U.S. Radar Ocean

Precisely tuned, high-
power AVLIS process
lasers. (Top)
Plant-scale uranium
separator system. (Bottom)
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Imaging Program. This program studies the use of
radar to detect surface manifestations of moving
submarines and surface ships. IDP’s main goal is to
assess submarine detectability by airborne and
spaceborne radars using a comprehensive model
constructed from fundamental physics
considerations, statistical models, and empirical data.

Micropower Impulse Radar (MIR)
Another growing project in IDP is the

development and application of a new radar sensor
called Micropower Impulse Radar (MIR). The
ultra-wideband receiver technology for MIR has its
roots in development of a transient digitizer for
Nova laser fusion diagnostics. Based on emitting
and detecting very low amplitude voltage impulses,
MIR has a sensitive detection window for accurate
ranging that can be varied over time to provide the
radar return information at various ranges. The
hardware package is very small (hand held), made
of inexpensive electronics, and has extremely low
power requirements (battery operated). Average
emissions are well below 10 microwatts and are
spread over several gigahertz, virtually eliminating
both interference and interception. 

The MIR technology has over 30 associated
patents, has won numerous awards, and is also
licensed to over 15 companies. Coupled with
synthetic-aperture radar imaging software, the MIR
becomes a fully integrated short-pulse radar system
that has been very successful in a variety of
programs. Applications include imaging for bridge
inspection, mine detection, law enforcement,
respiration and heart-rate measurement, speech
processing, auto collision avoidance, and fluid-
level sensing.

Heart Valve Condition (Acoustic)
Classification Project

IDP researchers working on the Heart Valve
Condition (Acoustic) Classification Project may be
able to help tens of thousands of people by
identifying which mechanical heart valves of one
manufacturer are susceptible to failure.

Money for the studies, plus work at other research
institutions, comes from a class action lawsuit settled
in May 1994 with Shiley Inc., makers of the Bjork-
Shiley Convexo-Concave heart valve. The Lab’s
studies build upon nearly three years—and $1.3
million—of research funded at LLNL by Shiley in
1991–94 to find ways to detect, without surgery,
“single leg separations” of the Bjork-Shiley
Convexo-Concave valves.

“Single leg separations” occur when one leg of
the heart valve’s outlet strut breaks free. When both
legs break, the strut is said to fracture, a condition
that causes the heart valve to lose control of blood
flow to the heart, leading to death in about two of
three cases. About 42,500 convexo-concave valves,
marketed between 1979 and 1986, are estimated to
be implanted in patients now living. 

The aim of the Lab’s past and present studies is
to use acoustic differences to identify which heart
valves are normal and which ones have “single leg
separations” without surgery. If differences between
the valves can be identified and the U.S. Food and
Drug Administration gives its approval for
acoustical screening techniques, people with valves
believed to have a single leg separation could have
replacement surgery.

Advanced Microtechnology

The Advanced Microtechnology Program
(AMP) is one of the fastest growing industrial
outreach activities at LLNL. In its largest project,
extreme ultraviolet lithography (EUVL), AMP
collaborates with two other national laboratories
and nine industrial partners. The goal of the project
is to provide the capability of short-wavelength
(~13 nm) projection lithography for mass
production of integrated circuits with features of
0.13 microns and smaller.

The most significant advances in EUVL this
year occurred in two areas. The program achieved
a 300,000-fold reduction in the number of defects
for the multilayer-coated reflective masks used to
transfer circuit patterns onto silicon wafers.
Additionally,  a new kind of interferometer was
developed that achieves a 20- to 50-fold
improvement in accuracy for measuring the surface
shapes of optical components used in lithography
equipment.

L-band synthetic-aperture
radar image of a surface-
ship-generated internal
wave.



During the past year, the
program also met several
other significant milestones,
including detailed systems
analyses, low-defect
multilayer coatings,
advanced optical metrology,
and precision fabrication.

AMP is involved in a
number of other projects
including:

• Developing a patented advanced magnetic
sensor for use in computer hard-disk storage
systems. These sensors should be more
sensitive and less costly to manufacture than
current magnetic heads and have the potential
for dramatically increased storage density.

• Developing two new types of lenses for human
vision correction. One lens could potentially
make conventional cataract surgery obsolete
and might also eliminate the need for
conventional eyeglasses and contact lenses.
The other lens could make bifocal contact
lenses a practical reality.

•  Applying interference lithography for large
field-emission, flat-panel displays which could
lead to a cost-effective manufacturing
technology for brighter and more efficient
commercial displays.

Laser Guide Star

The Laser Guide Star Project develops technology
to implement adaptive-optics systems on ground-
based telescopes using laser-generated guide stars in
the upper atmospheric sodium layer to correct for the
effects of atmospheric turbulence and improve
resolution. If successful, the ultimate resolution
would exceed that provided by the Hubble Space
Telescope. With our collaborators in the AVLIS
Program, we have developed a smaller version of the
AVLIS dye laser system that demonstrated the
brightest sodium-layer laser guide star in 1993, and
we operated a natural guide-star adaptive-optics
system at the University of California’s Lick
Observatory. The dye laser is mounted directly on the
3-m aperture Shane telescope at Lick and is energized
by light that is delivered by optical fibers from
remotely located solid-state lasers.

The adaptive optics system, which forms the other
major guide-star subsystem, was operated on the 1-m
Nickel telescope at the Lick Observatory and
corrected resolution by an order of magnitude.  It has
been relocated to the Shane telescope for use with the
new laser system and has already improved the
resolution capability using natural guide stars.
Experiments with the laser guide star using adaptive
optics will begin in 1996 and are expected to produce
near diffraction-limited performance for observations
in the near-infrared spectral region.

Summary

The scope of our research in laser and related
technologies has grown over the years and has
attracted a broad user base for applications within
DOE, DOD, and private industry. Within the next
few years, we expect to begin constructing the
National Ignition Facility, to make substantial
progress in deploying AVLIS technology for
uranium enrichment, and to develop extreme
ultraviolet lithography technologies for advanced
integrated circuit fabrication. Further, we expect to
translate LLNL patent ideas in micropower impulse
radar, advanced magnetic computer memories and
new types of lenses for human vision correction, into
useful industrial products and to successfully apply
high-power, diode-based laser technology to a broad
range of industrial and government applications.

For further information call E. Michael
Campbell (510) 422-5391 or Ralph R. Jacobs at
(510) 424-4545, or visit the Laser Programs
Website at http://lasers.llnl.gov.
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Advanced point diffraction
interferometer to be used
to measure the aspheric
optical elements in the
Extreme Ultraviolet
Lithography system.

View of the laser beam for
a laser guide star system
at the University of
California’s Lick
Observatory in San Jose.



Edward Teller Medal

E. Michael Campbell, Associate Director for
Laser Programs, received the Teller Medal which
commemorates the achievements in fusion energy
of Laboratory Director Emeritus Edward Teller.
Specifically, this medal honors pioneering research
and leadership in the use of lasers and ion particle
beams to produce high-energy-density matter for
scientific research and for controlled thermonuclear
fusion. Dr. Campbell joined the Laboratory in 1977
after earning his master’s and doctoral degrees
from Princeton University, and a bachelor’s degree
from the University of Pennsylvania. He has spent
his entire career in the laser fusion program,
beginning as a staff physicist and rising through the
ranks, eventually being named Associate Director
of Laser Programs. He has received many other
awards, including the 1985 U.S. Department of
Energy’s Excellence in Weapons Research Award
for the development of the x-ray laser, and the 1990
American Physical Society Award for Excellence
in Plasma Physics Research.

E. O. Lawrence Award

E. Michael Campbell and theoretical physicist
John D. Lindl, ICF Scientific Director, received in
1995 the E. O. Lawrence Award for their
distinguished leadership in helping to propel the
still relatively young discipline of laser-driven
inertial confinement fusion to the forefront of
physics research.

Campbell is credited with developing or
overseeing the development of experimental
methods that have greatly expanded the ability to
test theoretical and computer calculations. With the
present moratorium on nuclear testing, the
experimental methods he has developed will
become an increasingly important factor in
maintaining a safe and reliable nuclear stockpile.

John Lindl’s theoretical and computational work
has helped transform ICF. He developed the design
for the first high-gain, indirect-radiation-drive ICF
targets and showed the superiority of these targets
for hydrodynamic stability and implosion
symmetry. Lindl has had a continuous career in

inertial fusion at Livermore since receiving his
doctorate in astrophysics from Princeton in 1972.
His work has spanned a wide range of topics,
including hydrodynamic instabilities in ICF, high-
energy electron production and plasma evolution in
hohlraums, and the physics of compression and
ignition.

The R&D 100 Awards

Each year R&D Magazine selects the 100 most
technologically significant products and processes
submitted for consideration and honors them with
an R&D 100 Award. Winners are chosen by the
editors of the magazine and a panel of 75 experts in
a variety of disciplines. Corporations, government
laboratories, private research institutes, and
universities throughout the world vie for this
“Oscar” of applied research. The R&D 100 judges
look for products or processes that promise to
change people’s lives by significantly improving
the environment, health care, or security. From
1985 to 1995 the Laser Directorate has won 23
R&D 100 awards, placing it at least ninth in overall
competition for all national organizations. 

In 1995, C. Brent Dane, Lloyd Hackel, and
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Awards
LLNL’s long-standing reputation for excellence has been earned in large part through
the efforts of its scientists, researchers, engineers, and supporting staff. In 1995, Laser
Programs people were honored with awards and fellowships to professional societies.

Edward Teller Medal
• E. Michael Campbell

E. O. Lawrence Award
• E. Michael Campbell
• John D. Lindl

Fellows
• Brian MacGowan (American Physical Society)
• Bruce Remington (American Physical Society)

R&D 100 Awards
• C. Brent Dane, Lloyd Hackel, and Mary Norton.
• Ray Beach, Chris Marshall, Mark Emanuel, Steve

Payne, Bill Benett, Barry Freitas, Steve Mills,
John Lang, Scott Mitchell, Charles Petty, and
Larry Smith.

• Booth Myers, Hao-Lin Chen, Jim Davin, Glen
Meyer, Dino Ciarlo, George Wakalopulos, and
Peter Bond.

Highlights for 1995

Edward Teller Medal and
E. O. Lawrence Award
winner,
E. Michael Campbell

E. O. Lawrence Award winner, 
John D. Lindl



Mary Norton shared an award for a “High Average
Power Solid-State Laser with High Pulse Energy
and Low Beam Divergence.” The system is
expected to find applications in advanced integrated
circuit production and coherent laser radar. The
flashlamp-pumped Nd:glass zig-zag slab laser
system whose power output—25–30-J laser pulses
at a repetition frequency of 6 Hz resulting in an

average power of more than
150 W—is thought to be
10 times that of any current
commercial product. The
laser system achieves its
power with near-perfect
beam quality and narrow
spectral linewidth.
Ray Beach, Chris Marshall,
Mark Emanuel, Steve
Payne, Bill Benett, Barry
Freitas, Steve Mills, John
Lang, Scott Mitchell,
Charles Petty, and Larry
Smith received an award for
an “All Solid-State Laser

with Diode Irradiance Conditioning.” The new
diode-pumped solid-state laser architecture will
enhance the performance of laser systems in
medical surgery, pollutant detection, and laser
welding. The laser offers a relatively inexpensive
yet robust and reliable means of generating coherent
laser light, integrating key laser subsystems—laser
diode pump array, lens duct optic, and laser gain
medium—into a compact technology.

Booth Myers, Hao-Lin Chen, Jim Davin, Glenn
Meyer, Dino Ciarlo from LLNL, and George
Wakalopulos and Peter Bond from American
International Technologies (our industrial partner)
received their award for a “Sealed-Tube Electron

Beam Gun for Material Processing.” The gun is an
improvement over 20-year-old technology using
large vacuum vessels and metal foil exit windows.
Operating at 65 kV, the new gun deposits more than
75% of its beam energy in a 40 µm-thick polymer
that it is curing—compared to less than 5% for the
older 300 kV accelerator. The sealed tube eliminates
the need for a costly high-vacuum system. The
gun’s thin-film window is an improvement upon the
older metal foil window, especially since it does not
require periodic replacement and will pass electrons
of lower energy. 

Fellowships

APS-Division Plasma Physics Fellowship
Bruce Remington and Brian MacGowan were

made fellows of the American Physical Society.
Both Remington and McGowan’s fellowships
come from the APS Division of Plasma Physics.
The fellowships cite their work on experiments on
the Rayleigh-Taylor instability (Remington) and
short-wavelength x-ray lasers (MacGowan).
Fellowship within the American Physical Society
is limited to no more than one half of one percent
of the membership of each unit.

Remington has been at the Lab since 1986,
working first as a postdoctoral research associate in
nuclear physics. In 1988, he joined Inertial
Confinement Fusion and is currently group leader
for Hydrodynamics Experiments on the Nova laser.
He received his bachelor’s degree in mathematics
from Northern Michigan University, his master’s
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High-average-power solid-
state laser developers
(from left) Brent Dane,
Lloyd Hackel, and Mary
Norton with advanced,
two-amplifier prototype of
their invention in the
laboratory.

All-solid-state laser with
diode-irradiance
conditioning and the team
that developed it. Back row
from left to right: Steve
Payne, Chris Marshall,
John Lang, Chuck Petty,
Scott Mitchell. Bottom row,
left to right: Steve Mills,
Ray Beach, Mark Emanuel,
Bill Benett; and Larry
Smith and Barry Freitas
(each not pictured).

Pictured from left to right are Hao-Lin Chen, Booth Myers,
Glenn Meyer, James Davin, and Dino Ciarlo. At the bottom are
American International Technologies Inc. team members
George Wakalopulos and Peter Bond.

Awards



in physics from Michigan State University and his
doctorate in experimental nuclear physics from
Michigan State.

MacGowan came to the Lab in 1984 and is
currently group leader in plasma physics within the
ICF Target Physics Program. He received his
degrees from Imperial College within the
University of London.

Fusion Power Associates
Leadership Award

Michael Campbell received this award for
“contributing greatly to the technical progress and
public appreciation of inertial confinement fusion
development,” and in recognition of his
“outstanding leadership qualities.”

Excellence in Plasma Physics
Research Award from the
American Physical Society

Steve Haan, Dave Munro, Steve Weber
(X Division), Joe Kilkenny, Gail Glendinning, and
Bruce Remington shared an award “for outstanding
theoretical work, computational design and analysis,
and experimental work leading to quantitative and
predictive understanding of the Rayleigh-Taylor
instability in high-energy density plasmas.”

1995 Simon Ramo Award

Chris Decker, a postdoctoral staff member in
X Division, received an award “for his pioneering
work advancing the understanding and predictive
computer modeling of the interaction of short-
pulse, high intensity laser light with plasma
including the effects of Raman forward scattering,
non-linear group velocity, relativistic self-focusing,
and non-linear collisional absorption at ultra-high
intensity.” The purpose of the award is to provide
recognition to exceptional young scientists who
have performed original doctoral thesis work of
outstanding scientific quality and achievement in
the area of plasma physics.

1995 IEEE Nuclear and Plasma
Sciences Society’s Early
Achievement Awards

Luis Da Silva was recognized for his pioneering
efforts in plasma probing and interferometry using
x-ray wavelength lasers. Da Silva has been at the 9

Bruce Remington Brian MacGowan Steve Haan

Dave Munro Steve Weber

Gail Glendinning

Tom McEwan

Chris Decker Luis Da Silva

Joe Kilkenny

Lab since 1990, working first as a consultant before
becoming a career employee. He received his
bachelor’s, master’s, and doctorate in physics from
the University of British Columbia in Vancouver.

Recognitions

Tom McEwan received the “1995 Distinguished
Inventor of the Year” award from the Intellectual
Property Owners Association for his work on
micropower impulse radar.
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