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Prototype Space Propulsion
System Runs on Microwave-
Powered Thruster

Using parts from a 1,000 W kitchen
microwave oven, Michael M. Micci, asso-
ciate professor of aerospace engineering
at The Pennsylvania State University, has
built a prototype propulsion system that
shows promise as a thruster for position-
ing and maneuvering satellites in space.

He said that the thruster concept is
based on the fact that microwaves can be
used to create and maintain a free-floating
plasma within a cavity. If a cold "fuel" gas
is passed through or around the plasma in
the cavity, the cold gas will become heat-
ed and create thrust when allowed to flow
out through a nozzle and heat energy is
converted to kinetic energy.

Micci said, since the plasma creates tem-
peratures higher than those possible by
chemical combustion, the plasma creates
more thrust from the same amount of cold
"fuel" gas than chemical combustion. In
addition to being more fuel-efficient than
chemical systems, the microwave-powered
thruster is inherently safer as well, he said.
The thruster operates only when the mag-
netron is generating microwaves. If the
magnetron is turned off, so is the plasma
that heats the fuel.

In Micci's prototype the electrical hard-
ware and microwave source, or mag-
netron, came from a conventional 1,000
W kitchen microwave oven. The system
has been operated using hydrogen, nitro-
gen, and ammonia fuel gases. To date, the
research has shown that the device can be
successfully operated with a number of
propellants and easily creates and main-
tains plasmas from them.

According to Micci, the thruster can
potentially be operated with water as
fuel. Water is heavier than ammonia but
lighter than nitrogen. Micci has achieved
his best performance with hydrogen;
however, hydrogen is difficult to store in
space. Ammonia was closest in perfor-
mance to hydrogen. Nitrogen's perfor-
mance came in third.

Micci has presented the device and
research results in a paper, "Current Status
of the Microwave Arcjet Thruster," at the
31st American Institute of Aeronautical and
Astronautics/American Society of Mechan-
ical Engineering/Society of Automotive
Engineering/American Society of Electrical
Engineering Joint Propulsion Conference
and Exhibit in San Diego, California. He
said, "Existing chemical positioning and
maneuvering systems for communications
satellites account, with their fuel, for a very
large fraction of the total launch mass.
Though less commonly acknowledged,

these existing systems are also responsible
for the majority of satellite failures."

The microwave-powered thruster has
the potential to reduce the amount of pro-
pellant needed by up to 50%. The fuel
savings can be used to install more pay-
load on the satellite or can be taken in
launch cost savings.

"In addition, since many commercial
communication satellites in orbit today
were still operational when they ran out
of maneuvering fuel, the increased capac-
ity could extend satellite life by a number
of years," he said.

Plasma Process Used to Deposit
Alumina and Mullite Coatings

A plasma-based process for depositing
high-temperature protective coatings
improves the efficiency and reduces the
wear and tear of devices ranging from
engines and turbines to hip joints. The
process, developed at Ernest Orlando
Lawrence Berkeley National Laboratory,
involves two types of ceramic films, alu-
mina and mullite, because they have a
strong tolerance for high temperatures.
Mullite is a particularly good coating for
silicon carbide, a ceramic material with
high-temperature applications. Accord-
ing to Ian Brown, leader of the Plasma
Applications group that developed the
process, the coating makes advanced heat
engines more efficient because the engine
parts can run at higher temperatures and
the smooth surface of the coating mini-
mizes the wear of moving parts.

Using a powerful electrical current in a
plasma gun, the scientists turn solid alu-
minum, silicon, or other material into
plasma. The particles shoot out of the gun
and into a curved metal coil. The magne-
tized coil helps filter and purify the plas-
ma stream by deflecting only the charged
particles of aluminum or silicon through
the coil. Oxygen is added to produce the
right amount of oxide. The plasma stream
hits the substrate, coating it. In the labora-
tory, the substrate is often a 1 cm2 of a
material like silicon carbide.

One advantage of plasma deposition
with energetic ion bombardment is its
ability to create a good bond between
coating and substrate. "These films have
an ion beam-mixed interface...and the
adhesion is very strong," said Brown.

Another benefit of the process is its
ability to produce a very smooth coating.
"By adjusting the ion energy," said
Brown, "we can get films that are very
dense: no voids—very smooth and uni-
form." In other processes such as sputter-
ing, the particles of coating material are
not charged, causing difficulty in control-

ling the characteristics of the film.
The researchers have also used plasma

deposition to form high-quality films of
diamondlike carbon (DLC). They are cre-
ating and studying multilayer films.
Using the plasma process they can
deposit a coat of, for example, silicon car-
bide, and then a coat of DLC, followed by
more alternating layers of the two.
Multilayer coats may adhere to their sub-
strates better, or combine the best features
of two or more coatings in one.

DOE Announces Recipients of
Innovative Concepts Program
for Aluminum Technology Ideas

The Department of Energy (DOE) staff
was looking for the best and the brightest
developers of solutions to the aluminum
industry's current technology barriers.
They found them in the 1996 recipients of
their Innovative Concepts Program.
Eleven developers have received an award
of $22,000 each for their technology ideas
related to the aluminum industry. The
recipients also will be given technical and
marketing assistance to move their con-
cepts closer to the marketplace. DOE's
evaluations were based upon technical
merit, novelty, commercial potential, work
plan, appropriateness of the proposer's
experience, and the cost proposal.

The recipients and their proposals are:
• Chon L. Tsai, Ohio State University,
Technology Advancements in Resistance
Welding of Aluminum for Automotive
Applications;
• Glenn Freitas, Aztex Inc., Joining Alumi-
num Materials Using Ultrasonic Impactors;
• Guy Davis, DACCO SCI Inc., Thermal
Spraying of Aluminum as an Adhesive
Bond Pretreatment;
• Jiann-Yang (Jim) Hwang, Michigan
Technological University, Utilization of
Recycled and Unrecoverable Aluminum
Scraps in Manufacturing Cellular Concrete;
• Ralph Tapphorn and Howard Gabel,
Innovative Technology Inc., Solid-State
Spray Forming of Aluminum Near-Net
Shapes;
• L.S. Fan and Robert A. Rapp, Ohio
State University, Closed-Loop Nitrogen-
Chlorine Degassing/Fluxing of Liquid
Aluminum Alloys;
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• Robert A. Rapp, L.S. Fan, Ohio State
University Degassing Liquid Aluminum
Alloys by Argon in Closed Circuit-
• David A. Larsen, Blasch Precision
Ceramics Inc., Energy and Other Cost
Savings Through Novel, Static Degassing
in Recycled Aluminum Production
• Thomas J. Mroz, Advanced Refractory
Techno ogies Inc., Evaluation of a New
Matenal for Hall-Heroult CeU Cathodes;
- J R Divine, ChemMet Ltd., Disposal of
Hall-Heroult Cell Pot-Lining- and
• James Oxley, Oxley Research Inc., An
Alumina Concentration Sensor

The concepts will be presented at the
annual meeting and exhibition of The
fSlS a l

c
S ' M e t a l s a nd Materials Society

(TMS), February 9-13, 1997, in Orlando,
Florida. At this meeting, program repre-
sentatives will try to match the technolo-
gy concepts with investors and program

managers who express interest in com-
mercializing the ideas. During concurrent
sessions, technical presentations will be
made describing the concepts. Interested
parties also will have a chance to talk one-
on-one with the developers at a trade
booth (#130) where the concepts will be
showcased.

For more information about the winning
aluminum concepts, the TMS meeting or
to Innovative Concepts Program, contact
Robin Conger, Pacific Northwest National
Laboratory, PO Box 999, K8-11, Richland
Washington 99352; 509-372-4328.

Scientists Encase 6-A-Thick
Wires in Polymer Matrix

Wires that are 6-2Q-A thick in diameter
encased in a polymer matrix have been
developed at Cornell University The
wires can be as long as 50-100 nm

According to a report published in the
August 9 issue of Science, the researchers
took atoms of the metallic substances
molybdenum and selenium separated by
lithium. By putting them in a solvent of
ethylene carbonate-which polymerizes
into polyvinylene carbonate—the lithium
was separated out, leaving long strings of
the metals. They then added an agent to
make the polymer. By doing so quickly
the organic polymers gelled before the
wires had a chance to clump together.
The end result was a plastic block laced
with subnanometer-sized wires.

"We polymerize it very quickly using
light. It freezes the wires in whatever oti-
entahon they are in," said Jean M.J.
rtechet, a polymer chemist.

Images from scanning transmission elec-
tron microscopy (STEM) confirmed that
the wires were in place. The microscopists
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used an imaging technique in which the
atomic number of the metallic ions are dis-
tinguished from the polymer's organic
materials, which have lower atomic num-
bers. The images showed single wires from
6-A diameter, and double wires of about
twice that size, and groups of wires, or
cables, up to 40-A diameter. Through an
optical method, the scientists determined
the conductivity of the multiwire cables.

Er-Doped Optical Amplifier
Operates at 1.54 μm, Dimension
at 1 mm2

A research team from the Netherlands
has developed an erbium-doped optical
waveguide amplifier operating at 1.54 um
with dimensions as small as 1 mm2. It
shows an optical gain of nearly a factor of
two for a pump power of only 10 mW.

Er-doped optical fiber amplifiers are
being used in the telecommunication net-

work for the amplification of optical signals
at 1.5 ]xm. A disadvantage of these fiber
amplifers is that they are large, and cannot
be easily integrated with other optical
devices. The Netherland team—a collabora-
tion between the FOM Institute AMOLF in
Amsterdam and the Technical University in
Delft—has deposited 600-nm-thick alu-
minum oxide films onto an oxidized silicon
wafer, and implanted them with Er ions.
Two-micron-wide channel waveguides
were then defined using lithographical
techniques. A spiral geometry was made in
which a 4-cm-long Er-doped waveguide
was rolled up within 1 mm2. Wavelength
division multiplexers to combine pump
and signal wavelengths were added on the
same chip. The device shows a net gain of
2.3 dB (nearly a factor of two amplification)
at a 1.48 um pump power of 10 mW. Other
existing planar Er-doped amplifiers require
much higher pump powers (> 50 mW) and
take up several cm2 on the chip.

"The real challenge in this work was to
optimize the Er concentration," said Albert
Polman, the project leader for this work at
the FOM Institute in Amsterdam. "High
gain in a short distance requires high Er
concentrations. But if the Er ions are too
closely spaced, interactions will take place
which create emission at undesired wave-
lengths, and which will reduce the optical
gain." Calculations show that by lengthen-
ing the waveguide and further optimizing
the waveguide design, an optical gain of
20 dB can be achieved. The planar amplifi-
er can be integrated with splitters, grat-
ings, multiplexers, and other devices on
the same chip.

Silcox Named Microscopist
of the Year

John Silcox, the David E. Burr Professor
of Engineering and director of the Materials
Science Center at Cornell University, has
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received the 1996 Distinguished Scientist
Award in the Physical Sciences from the
Microscopy Society of America. He has
been cited for "internationally recognized
research accomplishments and distin-
guished contributions to microscopy."
Given annually since 1975, it is the highest
honor given by the Society. Silcox received
the award August 12 in Minneapolis.

Silcox's research interests include elec-
tron microscopy, microspectroscopy, and
microdiffraction of materials by field-emis-
sion gun scanning transmission electron
microscopy. The aim of his research is to
establish quantitative procedures at the
atomic or subatomic length scale that can
be applied to materials science problems.

A Fellow of the American Physical
Society, Silcox came to Cornell in 1961 after
holding a research fellowship at Cam-
bridge University for electron microscopy
studies of magnetic materials. He spent
sabbatical leaves in France and Great
Britain in 1967-1968 as a Guggenheim

Fellow, at Bell Laboratories in 1974-1975,
and at Arizona State University in 1983.
Silcox earned an undergraduate degree
from Bristol University in 1957 and a doc-
torate from Cambridge University in 1961,
both in physics.

At Cornell since 1961, he has twice
served as director of the School of
Applied and Engineering Physics. In 1985
he earned the Tau Beta Pi Excellence in
Engineering Teaching Award, and he has
been director of the Materials Science
Center since 1989.

A past president and member of the
Electron Microscopy Society of America,
Silcox has served on the Solid State Sciences
Committee of the National Academy of
Sciences/National Research Council. He
has been a member and past chair of the
National Science Foundation's Materials
Advisory Committee and serves on the
advisory committee for the Electron
Microscopy Center for Materials Science at
Argonne National Laboratory. D
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Office for Central Europe and Eurasia

ANNOUNCES GRANTS
FOR AMERICAN

SCIENTISTS
Hosting Colleagues from the Former

Soviet Union in the Field of
Radioactive Waste Management

NRC offers grants, funded by the Department of
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MRS EXHIBIT
Boston Marriott Hotel and Westin Hotel/Copley Place

The MRS Exhibit, held in conjunction with the 1996 MRS Fall Meeting, will encompass the full
spectrum of equipment, instrumentation, products, software, publications and services for materials
research. As always, the exhibit will closely parallel the nature of the technical symposia. The
technical program has been arranged to allow meeting participants ample opportunity to visit the
exhibit, and MRS encourages attendees to visit the exhibit by scheduling coffee breaks, deli-style
lunches, and a meeting-wide reception in University Hall.

EXHIBIT HOURS
Marriott Hotel

University Hall & Atrium Lounge
Westin Hotel

3rd & 4th Floors

I N C L U D I N G -

The 1996 ICEM Meeting
International Conference on Electronic Materials

Tuesday, December 3 Noon - 6:30 p.m. 9:30 a.m. - 5:00 p.m.
Complimentary Reception will be held at the Marriott on Tuesday evening from 5:00 p.m. - 6:30 p.m.

Wednesday, December 4 9:30 a.m. - 5:00 p.m. 9:30 a.m. -12:30 p.m.
7:30 p.m.-10:00 p.m.

Thursday, December 5 9:30 a.m. -1:00 p.m. 9:30 a.m. - 12:30 p.m.

PARTIAL LIST OF 1996 FALL EXHIBITORS

Products & Services

A & N Corporation
ABB Extrel
Advanced Control Systems

Corporation
AIXTRON, Inc.
AJA International, Inc.
Alcatel Vacuum Products, Inc.
AIdrich Chemical Company, Inc.
Alfa Aesar
Allied High Tech Products, Inc.
American Vacuum Process
APD Cryogenics, Inc.
ASTeX/Applied Science and

Technology, Inc.
Australian Scientific Instruments
Bamstead/Thermolyne Corporation
Barr Associates, Inc.
lede Scientific Incorporated
Bid Service
Blake Industries, Inc.
Buehler, Ltd.
Burleigh Instruments, Inc.
Cameca Instruments, Inc.
CERAC, Inc.
Ceramaseal
CHA Industries
Chemat Technology, Inc.
Commonwealth Scientific

Corporation
Cree Research, Inc.
Cryomech, Inc.
CVD Products, Inc.
DCA Instruments, Inc.
Denton Vacuum, Inc.
Digital Instruments, Inc.
Duniway Stockroom
Eagle-Picher Industries, Inc.
EDAX International
Edwards High Vacuum

International
EMCORE Corporation
Epichem, Inc.
EPI/MBE Products Group
Epion Corporation

Epitronics Corp./ATMI
ESM Software
Evans East
FEI Company
First Ten Angstroms
E.A. Fischione Instruments, Inc.
Gatan, Inc.
High Voltage Engineering
Hitachi Scientific Instruments
Huntington Mechanical

Laboratories, Inc.
Hysitron, Inc.
IBM Analytical and Test Services
Implant Sciences Corporation
Inel, Inc.
Initiative Scientific Products Pty Ltd.
Innovative Technology, Inc.
Insulator Seal Incorporated
Ion Tech, Inc.
Janis Research Company, Inc.
JCPDS-ICDD
JEOL USA, Inc.
k-Space Associates, Inc.
Keithley Instruments, Inc.
Kevex
Kimball Physics, Inc.
Lake Shore Cryotronics, Inc.
Lambda Physik, Inc.
Lambda Technologies
Kurt J. Lesker Company
Leybold Inficon Inc.
LUXTRON Corporation
Magnet Sato & Manufacturing
MARCH Instruments
M. Braun, Inc.
MDC Vacuum Products

GotporaBon
Microcal Software, Inc.
Micro Photonics, Inc.
MKS Instruments. Inc.
MMR Technologies, Inc.
Molecular Simulations. Inc.
Morton Intemational-Metalorganics
MR Semicon, Inc.
n&k Technology, Inc.
National Electrostatics Corporation

Neocera, Inc.
Nicolet Instrument Corporation
Noran Instruments, Inc.
Noranda Advanced Materials
Nortecft Rbronie Inc.
Omicron Associates
Osmlc, Inc.
Oxford Applied Research
Oxford Instruments, Inc.
Park Scientific Instruments
Parke Mathematical Laboratories
Pfeiffer Vacuum Technology, Inc.
Philips Electronic Instruments

Company
Philips Semiconductors/

Materials Analysis Group
Photonetics Incorporated
Physical Electronics, Inc.
Plasma Sciences, Inc.
Plasmatron Coating Systems, Inc.
Princeton Samma-Teeh, Inc.
Princeton Instruments, Inc.
Princeton Scientific Corp.
Pure Tech, Inc.
Quad Group, Inc.
Quantum Design, Inc.
Quesant Instrument Corp.
Reade Advanced Matenals
Renishaw Inc.
Research and PVD Materials

Corporation
RHK Technology, Inc.
Rigaku/USA, Inc.
RJ Lee Instruments, Ltd.
RMC
Scientific Instruments, Inc.
Scintag Inc.
Siemens
SiGe Microsystems Inc.
SKIOM Corporation
Solartron Instruments
Soleras Ltd.
SOPRA, Inc.
South Bay Technology, Inc.
Spectra International
SPI Supplies/Structure Probe, Inc.

STAIB Instruments, Inc.
Struers/Logitech Product Group
Superconductive Components, Inc.
SURFACE
Surface/Interface, Inc.
SVT Associates
Sycon Instruments, Inc.
Technotrade International, Inc.
Telemark
Tencor Instruments
TexSEM Laboratories, Inc.
Thermionics Laboratory, Inc.
TopoMetrix Corp.
Union Carbide Crystal Products
Varian Vacuum Products
VAT, Inc.
VG Scientific
Virginia Semiconductor, Inc.
Vital Image Technology, Inc.
Voltalx, Inc.
X-Ray Optical Systems, Inc.
Zygo

Books & Software

Academic Press, Inc.
American Chemical Society
American Institute of Physics, Inc.
American Physical Society
ASM International
Carrtbridp University Press
Chapman & Hall
Elsevier Advanced Technology
Elsevier Science
Gordon and Breach/

Harwood Academic
Institute for Scientific Information
IOP Publishing Inc.
Kluwer Academic Publishers
Oxford University Press
Plenum Publishing Corporation
Sprmger-Verlag New York, Inc.
Taylor & Francis
VCH Publishers, Inc.
John Wiley & Sons, Inc.
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