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CdTe Solar Cell of 15.8%
Efficiency Developed

University of South Florida (USF) re-
searchers have built a cadmium telluride
solar cell that can convert 15.8% of the sun-
light falling on it into electricity.

A 15% efficiency rating for CdTe repre-
sents a long-sought goal among photovol-
taic researchers, a "magic number/'
according to USF electrical engineer Chris
Ferekides. A measurement of 15.8% was
"better than we expected," he said. Fere-
kides and fellow worker Jeff Britt have re-
ceived official confirmation on the
capability of their thin-film cell from the
National Renewable Energy Laboratory,
which provided test and analysis figures
on the unit. Efficiency readings of up to
34% have been recorded for solar cells
made of other materials, but their manu-
facturing costs are higher.

The USF cells could become cost-
competitive with traditional methods of
power production when mass-produced
as large-area devices. The cell is produced
by depositing a thin polycrystalline semi-
conductor film on an inexpensive sub-
strate.

"The goal in solar energy is to bring the
cost down," said Lee Stefanakos, chairman
of USF's electrical engineering depart-
ment. The breaking of the 15% barrier "re-
ally does bring us a lot closer to developing
a cost-effective photovoltaic module that
can compete with present utility rates," he
said.

Internal Inspection of Hard
Materials by MRI Investigated
by Argonne, Bio-Imaging

A nine-month, $100,000 project, under-
taken jointly by Argonne National Labora-
tory and Bio-Imaging Research, Inc. (BIR),
will seek to develop improved hardware to
make magnetic resonance imaging (MRI)
more useful to the ceramics, chemical, de-
fense, coal, and oil and gas industries. MRI
is a useful noninvasive technique for imag-
ing internal biological materials, such as
human organs, "but imaging dry, solid
materials is more difficult, and the hard-
ware needs further work to be practical,"
said Timothy Fox of BIR.

MRI involves surrounding an object
with a strong magnetic field—which
makes most of the object's atoms point the
same way, much like tiny compass
needles—then perturbing the alignment
with a strong pulse of radio-frequency sig-
nals. After the pulse, the atoms relax and
realign, giving off radio frequency signals
in the process. These signals characterize
elements within the sample.

The Argonne-BIR project will focus on
improving the coil that generates perturb-
ing radio signals and receives relaxation
signals. Argonne will review and evaluate
coil designs and use computers to develop
and test preliminary models. BIR will de-
velop electronics to tune and control the
coil during pulse generation and reception
of relaxation signals. "We need to develop
coils that put out a more powerful pulse in
less time," said Stephen Dieckman of
Argonne. "The pulse also has to be more

consistent over a greater volume, so we can
study larger samples more accurately. The
coil also has to recover quickly after it deliv-
ers the pulse, so it is ready to receive the
relaxation signals. They start coming back
immediately after the pulse and may last
only a few millionths of a second," he said.

MRI would be useful, for example, in
studying voids in ceramics, the makeup of
polymers, the internal structure of solid
rocket engines, or the geology of deep-
earth samples.

NEW: A Faster, Easier,
and Less Expensive Apparatus for

Superconductor/New Materials Synthesis

QUICKPRESS™
High Pressure High Temperature Piston-Cylinder

Ingenious top loading design mokes operation unusually easy.
Temperature range: 25° to 1600° C. Pressure range: 5 to 25 kilobars.

Sample container size: 5 mm diameter cylinder
5 mm high (30 m m " volume).

Depths of the Earth Company
822 S. MILL AVENUE, SUITE 242 • TEMPE, AZ 85281
(602) 921-1306 • FAX (602) 967-3429
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Lead Crystals Superheated
Up to 120 K Above Bulk
Melting Temperature

Using a split-beam laser system, re-
searchers at the University of Rochester
have heated [111] lead crystals well above
their bulk melting point and quickly re-
corded images of the crystal structure be-
fore it could change to the liquid state.
Hani Elsayed-Ali at Rochester's Laboratory
for Laser Energetics said of the super-
heated solid form, "We see the atoms be-
fore they 'know' what hit them—the
crystal hasn't had time to melt yet." Even at
120 K above the bulk solid-to-liquid transi-
tion temperature of 600.7 K, the lead crys-
tals remained solid long enough—a few
trillionths of a second—to allow the re-
searchers to observe them.

With an ultrafast laser, Elsayed-Ali and
John Herman delivered 180 picoseconds of
Nd:\AG laser power to the lead crystal. At
this point, a few atoms begin to vibrate out
of position, but not enough to shake loose

and disorder the lattice, thereby transform-
ing the solid into a liquid. The authors say
that the melting is bypassed by the large
heating and cooling rates, which are on the
order of 10" K/s. Another key to the Roch-
ester experiment is the [111] crystal orien-
tation of the exposed surface of the lead
crystal. The tight packing of the atoms in
this plane slows the movement of those
atoms. Similar experiments on the more
open Pb(HO) surface did not show this
superheating behavior.

The laser was split into two beams—one
heated the sample and the other activated
an electron gun whose electrons bom-
barded the sample just a few picoseconds
after the sample was heated by the laser.
The electrons bounced off the atoms in the
sample's surface and formed a reflection
high-energy electron diffraction pattern,
revealing the lattice of the crystal.

Elsayed-Ali and Herman wrote about
their evidence for superheating in the
August 24 issue of Physical Review Letters.

Instructional Scanning Tunneling t
Microscope for Under $HC flfjn
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• 30 day satisfaction guarantee, one year warranty,
i Call 716/924-9355 or fax/write for free brochure and to
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E.A. Giess Joins
UNC Charlotte

Edward A. Giess, formerly with IBM's
T.J. Watson Research Center, has taken an
assignment as a researcher at the Cameron
Applied Research Center, within the Col-
lege of Engineering (Department of Electri-
cal Engineering) at the University of North
Carolina-Charlotte. He received his BS,
MS, and PhD degrees in ceramics from the
SUNY College of Ceramics at Alfred Uni-
versity prior to his joining IBM, where he
received awards for his work on garnet ma-
terials and liquid phase epitaxy.

Giess has an international reputation in
the field of materials preparation and crys-
tal growth. He pioneered in the application
of flux growth to the preparation of mag-
netic materials and magneto bubble gar-
nets. He has made numerous contri-
butions to the growth of electrooptic mate-
rials and more recently to the preparation
of high Tc superconductors. His most re-
cent research has been on ceramic-
polymer composites for electronic
packaging, gaining him an IBM Outstand-
ing Achievement Award.

Giess has published 167 articles and
holds nine patents. He is a member of
many national and international profes-
sional societies, and is a fellow of the
American Ceramic Society and the Ameri-
can Institute of Chemists. Giess also re-
views for the American Ceramics Society,
Applied Physics Letters, and the journal of
Crystal Growth.

SDI Heat-Resistive
Materials Developed for
Commercial Application

The Strategic Defense Initiative's Small
Business Innovation Research program
has selected a company, Ultramet, to fur-
ther develop a heat-resistant material for
the throats of rocket engines. The contract
is expected to be valued at about $500,000.

During rocket blastoff, fuel combustion
erodes the lining of the throat thermally
and chemically. The material developed by
Ultramet, a hafnium carbide/tantalum car-
bide composite, has a higher melting tem-
perature and is more chemically inert than
currently marketed materials. The new
material allows hotter burning fuel, in turn
allowing a higher release of energy.

The composite remains protective at
3900 °C, compared to current materials
that melt at 3300°C, and erodes at 0.02-0.2
mils per second, a tenth of today's rate of
2-3 mils per second.

Besides jet engines, applications for the
material may be found in power generat-
ing plants, internal combustion engines,
and communications satellites.
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Packaging Pursued
for Eveready/ORNL
Thin-Film Battery

Oak Ridge National Laboratory and the
Eveready Battery Company are develop-
ing a method for packaging rechargeable
thin-film lithium batteries. Eveready is de-
veloping a 2.5-volt solid-state battery,
while ORNL's is 3.7 volts. The prototype in
the ORNL lab is 4-6 fim thick by about 1
cm2, although thin-film batteries could be
designed for a variety of sizes depending
on the application. The work is being done
under a cooperative research and develop-
ment agreement (CRADA).

John Bates, leader of the ceramic thin
films group at ORNL's Solid State Division,
said, "Our goal is to develop a microbat-
tery. The microbattery could be fabricated
directly onto a computer memory chip to
preserve information in the event of a
power failure. But before the thin-film bat-
tery is ready for commercialization, we
must develop a protective thin-film coat-
ing." The coating is necessary to seal the
batteries and protect the lithium film from
atmospheric corrosion. For now, the batter-
ies are kept in an argon atmosphere. "We
will work with Eveready on determining
which thin-film material or combination of
materials could best seal up the battery
without altering the properties of the
films," Bates said.

Traditional circuits use nonrechargeable
batteries much larger than chips, added as
separate components, to prevent data loss
during power failures. A thin-film battery
could be placed directly into an integrated
circuit during manufacture. Besides mem-
ory backup, a solid-state microbattery
could be used as a power source for minia-
ture sensors and micromotors.

ORNL's thin-film battery is created by
depositing one layer of material at a time
on a ceramic or glass support. The first
layer, noncrystalline vanadium oxide,
forms the positively charged electrode, or
cathode. The second layer, the electrolyte
(lithium phosphorous oxynitride), con-
ducts lithium ions and separates the elec-
trodes between which electrons flow in an
external circuit, providing electrical en-
ergy. The top layer, lithium, forms the neg-
atively charged electrode, or anode.
Eveready's battery uses different materials
for the cathode and electrolyte.

Working together, the two groups will
deposit protective layers on test cells sup-
plied by Eveready. The procedure will al-
low the battery to be sealed in place, for
example, on a carrier for a computer mem-
ory chip.

(continued on page 19)

High Purity
PVD Materials
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ANALYSES-All materials are
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quality. Lot spectrographic analyses
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TARGET BONDING-A proprietary
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sputtering targets to backing plates
to insure high thermal and electrical
conductivity and ease of removal of
spent targets.

QUALITY CONTROL AND
PACKAGING—All materials receive
a thorough final inspection, are
cleaned (vapor degreased. ultrasonic
cleaned and etched, where appro-
priate) and sealed in a protective
atmosphere to insure that they are
received ready for use.

SERVICE-With quick responses
to inquiries, accurate technical
assistance, and reliable, on-time
deliveries. Pure Tech has built its
reputation on service.

For your sputtering or evaporation needs, please call for
price and delivery or send now for our free four color brochure.

PURE TECH INC.
P.O. Box 1319, Carmel, NY 10512
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Circle No. 14 on Reader Service Card.

MRS BULLETIN/NOVEMBER 1992 Please visit Booth No. 403 at the MRS Equipment

Exhibit/Table Top Displays in Boston, December 1-3,1992.
https://doi.org/10.1557/S0883769400046601 Published online by Cambridge University Press

https://doi.org/10.1557/S0883769400046601


Where to turn
when x-ray analysis

or imaging
leaves you
in the dark

Turn, if you will, to Princeton Gamma-
Tech. We've been developing innovative
X-ray analysis and imaging hardware/soft-
ware solutions for longer than anyone in
the business. We know that no one likes
to be left in the dark. Thus, we count in-
depth technical support among our most
important products.

Technical support at PGT means appli-
cations support, professional user school
training, day-to-day technical assistance
or 24-hour service support. Each is readily
available to you worldwide - not just in
words but in deeds. Ours is an unusually
strong technical support orientation; we've
been perfecting it for 25 years.

Having left the dark behind, here are two
of the brightest and best PGT products you
should know more about:

IMIX," PGT's state-of-the-art X-ray micro-
analysis/imaging system, is a high-powered
analytical package with nothing left out,
or to chance. Today's research require-
ments are met; tomorrow's are anticipated.
IMIX utilizes a SUN SPARCstation'" work-
station for multiuser/multitasking capability
- with 32-bit architecture for superior pro-
cessing power and speed. A click of the
mouse starts X-ray collection or a complete
analysis. Unsurpassed workstation graphics
capabilities permit display of images,
graphs and analytical data - all on a
single screen.

Powerful PGT processing and analysis
software extracts all of the data locked
within your samples. And analysis of non-
ideal samples is handled automatically with
unique artificial intelligence-based programs.

It's a remarkable system. One that increases
throughput and lab productivity through
automation and simplicity of operation.

IMAGIST'" is another PGT leading-edge
workstation system. Designed for light
microscopy and electron column-based
image processing and analysis, it is also
SUN SPARCstation™ based. It's an afford-
able and totally complete package for
automation, acquisition, image processing,
analysis and presentation. Researchers can
quickly collect images, easily extract
features and information from samples,
process and analyze them - and then
present results.

Having seen the light, contact PGT for
more information

Please visit Booth No. 921-922 at the MRS Equipment Exhibit/Table Top Display in
Boston, December 1-3,1992.

Added
IM1 Reseller
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PRINCETON GAMMA-TECH, INC., 1200 State Road, Princeton, NJ 08540 Tel: 609-924-7310 Fax: 609-924-1729 PCT, UK, Business & Technical Center, #2-4 Mancetter Square, Warington,

Peterborough PE4 6BX Tel: (733) 324-686 Fax: (733) 324-204 Outokumpu Electronics, P.O. Box 85, SF-02201, Espoo, Finland Tel: +358 0 4211 TLX: 123677 OKEL SF Fax: +358 0 421 2614
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Measure from atmosphere to
ultrahigh vacuum on one gauge control...

without filament burnout!

| fBALZERS
The Sensible Solution

/Kt-"- /»-•— /,

The Balzers TPG 300 Total Pressure Gauge

We've removed the limits imposed by thermocouple and hot-cathode
gauges and designed a single solution to all your vacuum-measurement
needs! With its range, the TPG 300 total pressure gauge can replace as
many as four separate gauges. It has no filament—so, no filament
burnout. Twelve programmable switching points and microprocessor
control permit efficient management of your
vacuum system to cut operating costs.

All this performance comes in a small, modular
package incorporating two technologies—
regulated bridge Pirani and inverted magnetron
cold cathode (not a Penning). This combination
ensures better process control and a response 10
times faster than you get with a thermocouple
gauge and reliable tracking across the complete
vacuum range. The TPG 300 is also available in a
corrosion-resistant version for measuring aggressive gases.

Contact Balzers now for more information on the one gauge control that
measures from atmosphere to 10 12 Torr, without filament burnout!

Please visit Table Top No. 32 at the MRS Equipment Exhibit/Table Top Display in
Boston, December 1-3,1992.
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TEL (075) 44111 • FAX (075) 42761
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Government, Academia,
Business Join Forces at
Advanced Materials Lab

The Advanced Materials Laboratory
(AML), a venture of the University of New
Mexico (UNM), Sandia National Laborato-
ries, and Los Alamos National Laboratory
(LANL), was recently dedicated at the Uni-
versity Center Research Park, a 100-acre
business park in Albuquerque, New Mex-
ico. The facility represents a new collabora-
tive approach in research and devel-
opment that will be applied to transferring
resulting technologies to U.S. industries.

Senior Senator from New Mexico, Pete
Domenici (right), and MRS First Vice
President, Tom Picraux, attend the
dedication of the Advanced Materials
Laboratory in Albuquerque, New Mexico.

The project is one of the first collabora-
tive laboratories of its type. Sandia scientist
and AML co-director Ron Loehman said,
'This lab is an excellent example of an en-
tity that brings the GUILD (government-
university-industry-laboratory develop-
ment) concept to fruition. We've done that
here. Moreover, we're going to have the
staff from the two national labs—Sandia
and Los Alamos—working together on a
continuing basis in the same building."
Also, for the first time, says Sandia presi-
dent Al Narath, Sandia researchers will be
located away from Sandia's main site on
Kirkland Air Force Base, on a permanent
facility near UNM.

At UNM, the Center for Micro-
Engineered Ceramics and the Center for
High Technology Materials have long-
standing relationships with the national
labs and industry, so the new facility
evolved from the relationships that already
existed between the University of New
Mexico and the national laboratories.

AML occupies about 46,000 square feet
of a new 64,000-square-foot building. The
$5 million facility is being completed in two
stages. The south wing is now occupied by
Sandia and UNM researchers. The west

wing is being completed this fall and will
be occupied by LANL.

Initially the AML will house about 65
people, including Sandia staff members,
UNM professors, students, postdoctoral
researchers, and three companies—Duke
Scientific, Superkinetics, and Radiant
Technologies. Space is available for collab-
orations with industrial scientists to facili-
tate transfer of technology developed at
Sandia, Los Alamos, and UNM to U.S. in-
dustry.

AML will provide state-of-the-art facili-
ties in materials synthesis, processing, and
analysis. For synthesis of some new mate-
rials, AML will have class 100 and 1000
clean rooms. Researchers also will be able
to synthesize new materials in hydrother-
mal environments and in supercritical
fluids, and to make novel glasses. For proc-
essing, AML will have the ability to make
fine powders, sol-gel materials, electro-
ceramic films, ceramics, chemical sensors,

and advanced battery materials. For char-
acterization and analysis, AML will con-
tain equipment for ion microprobe
analysis, nuclear magnetic resonance,
imaging ellipsometry, dynamic light scat-
tering, electron microscopy, and spectros-
copies including electron spin, Raman,
x-ray photoelectron, Auger electron, and
thermal. Initially, about two thirds of the
research will focus on ceramics and one
third on metals and polymers.

R.M. Christensen Named
Honorary Member of ASME

Richard M. Christensen, a senior scien-
tist in the Chemistry and Materials Science
Department at Lawrence Livermore Na-
tional Laboratory, has been named an hon-
orary member of the American Society of
Mechanical Engineers (ASME). Honorary
membership is awarded for lifetime service
to engineering. Christensen received the
honor "for distinguished contributions to

Vacuum Pump
Vibration Isolator

NEC Vibration Isolators effectively remove
turbomolecular and cryo pump vibrations.

Available in elastomer and air-isolated versions,
they are UHV compatible, have short insertion
lengths and high conductance. A wide variety of
flanges are available.

Contact NEC for further details concerning the
Models VI-1 and the Vl-2 vibration isolators.

National
Electrostatics
Corp.

Graber Rd., Box 310, Middleton, WI 53562
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HAVE A BALL!
Get your Fullerenes,
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Under license from Research Corporation
Technologies, we've scaled up the

Huffman-Kratschmer method for vaporizing carbon
and extracting Fullerenes using a non-polar solvent.
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as well as your immediate research needs for
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(602) 574-1980

Tucson, Arizona 85706
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mechanical engineering through original
research, conceptual design of materials,
and service to the profession and govern-
mental laboratories."

Christensen earned his BS degree from
the University of Utah in 1955 and his
M.Eng. and D.Eng. from Yale University in
1956 and 1961 respectively.

Polycrystalline
Cubic Boron Nitride to be
Commercially Produced

The Research Development Corporation
of Japan (JRDC) has commissioned Denki
Kagaku Kogyo K.K. to commercialize the
production technology of high-purity, po-
lycrystalline cubic boron nitride, originally
a result of research by the National Insti-
tute for Research in Inorganic Metals of the
Science and Technology Agency. The com-
pany recently developed a better produc-
tion method than was earlier available for
its mass production.

Circle No. 20 on Reader Service Card.

Polycrystalline boron nitride particles.
(Photo courtesy of Hideo Ohara.)

Because diamond wears easily when
cutting iron, cubic boron nitride—which is
almost as strong as diamond and wears
more slowly when cutting iron—is used for
grinding and cutting materials containing
iron. Traditional methods for producing
cubic boron nitride use, as a starting mate-
rial, hexagonal boron nitride powder proc-
essed under ultrahigh pressure and high
temperature. The product has been a sin-
gle crystal with low toughness.

In the new technology, high-purity, po-
lycrystalline thermolytic boron nitride is
formed, the material is synthesized by a
chemical gas-phase growth method, and
then laminated plurally and by means of a
direct conversion method and a reaction
crystallization method. Polycrystalline bo-
ron nitride consisting of crystal particles as
large as 10 times that of traditional ones (50
μm compared to 5-6 μm) can be produced.
The product is expected to be used for cut-
ting cast iron and cemented carbide and,
due to its high thermal conductivity, for
heat sinks of electronic devices.

F.S. Myers
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Bumps Improve Efficiency
of Solar Cells

Taiyo Yuden Co. and the Agency of In-
dustrial Science and Technology's Electro-
technical Laboratory have developed a
new way to make amorphous silicon solar
cells thinner without sacrificing the con-
version efficiency. Their technique involves
growing a bumpy layer of tin oxide on a
glass substrate. Light passing through the
amorphous silicon layer on top of the tin
oxide is reflected back into the solar cell,
thereby increasing the path of the light and
giving the amorphous silicon more time to
convert light into electricity. The bumps
consist of micron-sized crystals made dur-
ing the fabrication of the tin oxide conduc-
tive layer over the glass substrate. But
unlike the transparent tin oxide layer, the
bumps are opaque.

According to the researchers, the bumps
boost to 10.7% the conversion efficiency of
a solar cell made with an amorphous sili-
con layer 0.6 μm thick, which is nearly dou-
ble the rate of conventional solar cells of
similar thickness without bumps. The
bumpy structure helps resolve one prob-
lem with solar cells: when the amorphous

silicon layer is too thin, the absorption of
sunlight may not be enough; a thicker
layer, however, can impede the carrier flow.

F.S. Myers

Electron-Beam-Excited
Plasma Etching System
Developed

The Institute of Physical and Chemical
Research (RIKEN) and Kawasaki Heavy
Industries Ltd. have jointly developed
new etching equipment that applies the
method of electron-beam-excited plasma
(EBEP). A plasma, produced using elec-
tron beams, is used to etch large-scale inte-
grated circuits onto a silicon substrate.

Plasmas are conventionally generated
using electron cyclotron resonance. While
this method can produce high-density
plasma under low pressure, it is not as
effective at producing uniform large-
diameter plasmas in the presence of a mag-
netic field. The EBEP method can produce
a uniform, high-density plasma all over the
substrate and without causing any damage
to the substrate. The system introduces a
high-current low-energy electron beam

into the etching gas chamber. This new
equipment is expected to play an impor-
tant role in the production of future semi-
conductor devices such as 64M DRAM
chips, the next generation of semiconduc-
tor memory devices.

F.S. Myers

Chemat Awarded SBIR Grant
for Sol-Gel Thin Film

Chemat Technology, Inc. has been
awarded a $50,000 Phase I Small Business
Innovation Research Grant for develop-
ment of low-cost, weather-resistant pho-
tochromic thin films. Under the Defense
Advanced Research Projects Agency grant,
the large photochromic coatings will be
placed on field equipment using the sol-gel
technique. If successful, the development
could provide a low-cost approach for
making photochromic articles.

Anticipated application areas include
optical storage, optical switches, photo-
chromic window glasses, glass lenses, and
automatic glasses. Photochromic window
glasses could be beneficial for energy con-
servation, for example.

UNMATCHED
PRECISION.
QUALITY
SEMICONDUCTOR
MATERIALS
PROCESSING
SINCE 1967.

SEMICONDUCTOR
PROCESSING
COMPANY
409 East First St., Boston, MA 02127
617/269-4422 FAX: 617/269-4659

ADVANCED TECHNOLOGY.
Simultaneous two-sided
polishing for high preci-
sion micromachining
applications. 76mm and
100mm silicon wafers with
<2um thickness variation!

SPECIAL MATERIALS. Silicon,
germanium and a variety
of Ill-V compound semi-
conductors.

CUSTOM SERVICES. Com-
plete wafer fabrication.
Slicing, grinding, lapping,
polishing and dicing.

FLEXIBILITY. Virtually any
orientation, shape, size or
thickness. Research or

production quantities
in 4 weeks or less.

QUALITY CONTROL Quality
and calibration systems
conform to MIL-I-45208A
and MIL-l-45662.
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Nanoprecision
Manufacturing Laboratory
Established at UCONN

The Advanced Technology Center for
Precision Manufacturing at the University
of Connecticut (UCONN) at Storrs has re-
cently established a Nanoprecision Manu-
facturing Laboratory. The objective of the

laboratory is to conduct basic research to
precisely assemble large numbers of atoms
and molecules into bulk nanostructured
materials, and at low cost.

A pilot-scale facility for synthesizing
large quantities of nanostructured pow-
ders has been completed and includes an
industrial-scale spray-drying unit, and a
fluidized-bed reactor system. Chemistry

Win the Race in Research!

With:
Versatility
• Complete systems for

multi-experiment, multi-
user measurement needs
with quick trouble free
experiment change-over.

• Low cost, minimal
configurations for speci-
fic measurement needs
with future upgradability.

• Dedicated configurations.

Flexibility
One system covers;

• Full spectral range from
4 cm 1 in far IR to 55 000
cm1 in UV.

• Resolution range from
64 cm-1 to 0.0026 cirr1

• Interchangeable j
detectors for all spectral
regions and sensitivity
needs.

Accessibility

• Open spectrometer
hardware and software
architecture.

• Wide choice of computer
selectable operating
parameters.

• Source code provided

• Spectrometer is a node
on thin-wire Ethernet.

FTIR for Research • FTIR for R

Our customers
h a v e a c h i e v e d
b r e a k t h r o u g h
r e s u l t s i n :

• High resolution wide
spectral range photo-
luminescence of many
semiconductor materials
and structures.

• Impurity studies in
semiconductor materials
by transmission,
reflection and PTIS.

• Molecular structure
determination by high
resolution gas phase
spectroscopy.

• FT Raman spectroscopy
of light sensitive
proteins.

• In situ measurement of
minor constituents
related to ozone
chemistry.

• Atmospheric chemistry.

• Matrix isolation studies
of unstable radicals.

• Characterization of high
Tc and other ceramic
materials in far IR.
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and materials processing methodology for
synthesizing some composites have also
been developed. Materials characteriza-
tion will be emphasized. Facilities exist for
atom imaging using STM and AFM. SIMS,
XPS, AES, and HRTEM are available to re-
searchers as well.These new facilities aug-
ment existing materials synthesis
laboratories at the university's Institute of
Materials Science, such as the laser labora-
tory, the ion beam surface modification lab-
oratory, controlled atmosphere hot-wall
reactors with ultrasonic spray atomizers,
and instruments for high-temperature
thermal analysis.

The composites being developed have
been specifically selected for high-
temperature, high-heat conductivity, and
ultrahigh hardness applications. Also,
chemically synthesized nanostructured
powders are being investigated as special
property thin films and industrial coatings.
A thermal spray laboratory and robotics
will be used to achieve precision and repro-
ducibility.

The chemical synthesis program is
headed by Kenneth E. Gonsalves, Depart-
ment of Chemistry and Polymer Science,
and Peter R. Strutt of the Metallurgy De-
partment.

GE, NREL Sign Agreement on
Superconductivity Research

The Department of Energy's National
Renewable Energy Laboratory (NREL) and
General Electric Corporation have signed a
cooperative research and development
agreement (CRADA) to advance research
in superconductivity. The CRADA builds
on scientific collaboration during the past
year by researchers at the General Electric
Research and Development Center in
Schenectady, New York, and NREL.

A novel coating technique led the two
groups into the formal agreement. Harley
Lake, project development manager at
GE's materials research center, said,
"We're delighted to have the opportunity
to work collaboratively with NREL on this
new technology for a high-temperature
superconducting material."

The agreement aims to develop new
techniques for processing thallium-based
oxide material in order to find cheaper
methods of manufacturing high-
temperature superconducting wires and
tapes. Thallium-based oxides are more
flexible than other high-temperature su-
perconducting materials, and the GE/
NREL CRADA seeks a cheaper way to
manufacture wires and tapes from it. The
CRADA is for one year and specifies lower-
ing the cost of generating and supplying
electricity to utilities.

22 MRS BULLETIN/NOVEMBER 1992

https://doi.org/10.1557/S0883769400046601 Published online by Cambridge University Press

https://doi.org/10.1557/S0883769400046601


RESEARCH/RESEARCHERS

Researchers Link
Metal Oxide Structures
with Catalytic Properties

Researchers at the Georgia Institute of
Technology have found a way to choose or
create metal oxide catalysts for reactions
more reliably by studying the links be-
tween the structure of catalysts and their
effects on chemical reactions. Mark G.
White, director of Georgia Tech's Focused
Research Program in Surface Science and
Catalysis, said, "We are showing unambig-
uous relationships between structure and
catalytic properties." The research was pre-
sented at the American Chemical Society's
annual meeting in Washington, DC.

The key to the work is the creation of sin-
gle layers of special metal-containing cata-
lytic molecules on a ceramic oxide surface.
The researchers synthesize metal com-
plexes using nucleophilic groups present
as ligands—particles that form a molecular
"glue" that binds to metals, such as those
in the catalytic molecules. The ligands also

show an affinity for the surface of ceramic
substrates, promoting the deposition of
the molecules in a thin layer on the sub-
strate.

Depositing a single layer of molecules is
harder than making multilayers, but it is
more efficient since only the top layer is
effective. Also, "by forming a single layer,"
White said, "you can effect a great deal of
control on the structure that these special
molecules will form on the ceramic oxide
surface. You must know the structure to
relate to properties."

The researchers developed a family of
copper-bearing catalysts, each of which
contains the same amount of copper—
between one and two percent by weight-
but have different configurations of the
copper atoms. Researchers verified the
structures of the substances using selective
chemisorption, electron paramagnetic res-
onance, and TEM. The researchers then
incorporated the catalysts into several im-
portant industrial reactions and studied
the results. The addition of hydrogen to ac-

etaldehyde proceeded with all four cata-
lysts present, but the distribution of the
products that resulted from each catalyst
were different. Only the catalysts having
two or more copper atoms per ensemble
were active in the decomposition of metha-
nol; the catalysts having six atoms per en-
semble were active in the synthesis of
methanol and ethanol from methyl acetate
and hydrogen.

White said the work helps explain cata-
lytic action and offers the ability to produce
good catalysts without much trial and er-
ror. These processes could be applied to
making fine chemicals, substances that are
expensive to create and are used in small
amounts in products such as detergents,
and could provide high quality control and
selectivity. Other uses of the technology
would be as a chemical enhancer in pro-
tective clothing, a pollution removal agent
for power plant flues, and as the basis for
reducing methyl acetylene into propylene.

(continued on page 27)
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by Fourier transform infra-red.
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Why are Rigaku D/MAX-1000
Diffractometers the preferred choice?

The Reasons Are Clear.
Fuji Automation
Goniometer alignment, monochromalor control,
and slit selection fall into place with a single
stroke of the keyboard. No other diffractomeler
offers such ease of use.

New UNIX-Based Software
Operating in a windows environment, the rede-
signed system boasts multiple multis. These
include multi-tasking, multi-user open access,
multi-windows, multi-menus and graphics
screen controls, multi-benefits, and multi-cosl-
effectiveness.

Focus on Specific Needs
The D/MAX-1000 series offers a line of diffrac-
tomelers that make consistent measurements
unparalleled in accuracy and reproducibility.
D/MAX-1000 focuses on what is needed without
all the gizmos and doodads that no one ever uses

anyway. The system is designed for the precise
requirements and comfort level of the individual
user.

Whatever your analysis needs, there is a
D/MAX-1000 suited for you. Choose from:

• Vertical
• Horizontal
• Theta Theta
Contact our XRD Specialists
Learn more about the Rigaku D/MAX-1000 series
and how they can provide the solutions to your
analytical requirements. We develop the best
diffractometers in the world, but our most
important products are solutions for our
customers.

Please visit Booth No. 803-804 at the MRS Equipment Exhibit/Table Top Displays In Boston, December 1-3,1992.
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SIEMENS

Is your diffraction system
as flexible as you are?
When the only thing you can count on in your
lab is change, don't lock yourself in with a
system designed to handle only some of
your powder diffraction applications.
If what you really need is flexibility, your
options are open with the Siemens
D 5000 X-ray diffractometer.

The modular D 5000 offers superior
accuracy and speed with the most
flexible and easy-to-learn software
available worldwide. Most acces-
sories can be installed or removed
in minutes.

If flexibility is what you need,
Siemens delivers satisfaction.

Raw data, full
pattern phase

analysis within the
EVA2 graphics

program.

Complete
calculation of

the full residual
stress tensor using
uniaxial, biaxial or

triaxial stress
calculations.

Flexible 3-D texture
analysis software
includes polefigure and
constant phi displays.

Orientation distribution
function (ODF)
evaluation software
provides complete
analysis of texture
effects.

Please visit Booth No. 503-504 at the MRS Equipment Exhibit/Table Top Display in Boston, December 1-3,1992.

In USA & Canada contact: Siemens Analytical X-Ray Instruments, Inc. • 6300 Enterprise Lane • Madison, Wl 53719 • (608) 276-3000
Worldwide contact: Siemens AG, Analytical Systems AUT V 371 • P.O. Box 21 1262 • D 7500 Karlsruhe 21 • Germany • (0721) 595-4295
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Laser-Excited CVD Produces
Diamond Coating Without
Using Hydrogen Gas

A new way to produce diamond coat-
ings by chemical vapor deposition (CVD)
without hyperdilution with hydrogen or a
halogen has been developed and patented
by engineers at Ohio State University. The
process, called laser-excited chemical va-
por deposition (LECVD), can form dia-
mond at 600-700 °C. A paper on the
process, which received a U.S. patent in
March, was published in the August 1 is-
sue of the journal of Applied Physics.

Diamond is important to industry for
several reasons. For example, its hardness
protects drill bits and saw blades used for
cutting metals and, because it can absorb
five times as much heat as copper or gold,
it may soon be used in heat sinks for inte-
grated circuits. But while diamond has
been synthesized in low-pressure cham-
bers for more than 20 years, the CVD proc-
ess used is not well-understood and is
inefficient. CVD techniques are hard to
study because they use intense heat and

produce extremely bright sources of light,
which precludes monitoring with spec-
troscopy. CVD diamond techniques use
large amounts of expensive hydrogen gas
or corrosive halogens and often produce
impure films. It was thought that hydro-
gen or halogens were essential to making
diamond films but the new technique,
LECVD, produced by Vish Subramaniam,
an assistant professor of mechanical engi-
neering at Ohio State, does not use hydro-
gen gas and produces diamond without
any other forms of carbon. "In other proc-
esses, lots of nondiamond material, or
soot, is deposited with the diamond. That
makes the film less pure and changes its
electrical and optical properties." The soot
makes the diamond less transparent and
more electrically conductive.

Subramaniam and colleagues were able
to grow diamond particles on a silicon
sample in a chamber filled with 5% meth-
ane and 95% carbon monoxide. An infra-
red laser sets the carbon monoxide
molecules vibrating rapidly, and then the
carbon monoxide ultimately transfers its

energy to the methane. Although Subra-
maniam does not yet understand exactly
how the diamond is formed, he attributes
it to either the excited methane or to the
fragments that are dissociated from the
methane.

J. F. Young Receives
Copeland Award

J. Francis Young, professor of civil engi-
neering and materials science and engi-
neering at the University of Illinois at
Urbana-Champaign, has received the
Copeland Award from the Cements Divi-
sion of the American Ceramic Society. The
award, given on an irregular basis, recog-
nizes "his outstanding contributions to the
development of advanced cement-based
materials and to the sciences on which
they are based." Young, also associate di-
rector of the National Science Foundation
Center for Advanced Cement-Based Mate-
rials, has been a symposium organizer and
committee chair for the Materials Research
Society, and in 1988 was a meeting chair.

A personal
computer database of
Thermochemical And
Physical Properties

How many times have you needed to know a vapor pressure, a viscosity, a thermal conductivity or the free
energy of formation of a compound but faced a one hour trip to the library to find it? Would you like to find com-

i within a specific range? This information is now only a few
mouse clicks away with TAPP trom E S MICROWARE.

TAPP is a personal computer materials property database containing data on the structural, physical, and ther-
modynamic properties ot over 10,000 inorganic and organic compounds. A collection of over 1000 metal, oxh
and halide phase diagrams is also included.

PROPERTIES OF OVER 6 0 0 0 SOLIDS
lastic properties • Thermal conductivity

PROPERTIES OF OVER 4 0 0 0 LIQUIDS AND GASES
Critical properties • Density • Viscosity • Thermal conductivity • Surface energy

THERMODYNAMIC PROPERTIES OF OVER 4 0 0 0 COMPOUNDS
Specific heat • Enthalpy • Entropy • Free energy of formation • Vapor pressures

EQUILIBRIUM DIAGRAMS
Temperature-composition diagrams for over 1000 metal, oxide and halide systems. Consistent with diagrams
from Binary Alloy Phase Diagrams and Phase Diagrams for Ceramists.

TAPP runs on either Macintosh or PC (Windows) platforms.

The price of TAPP is only $395. Registered users may keep a copy of TAPP on both their home and office
personal computers.

Take a test drive and see for yourself. Demonstration copies may be requested by telephone. FAX or letter.
Please specify Macintosh or Windows version.

TAPP can be ordered directly by mail, FAX or ES MICROWARE ^
2234 Wade Court Hamilton, OH 45013 IE. .Si
513«738«4773 513-738-4407 FAX M K s R t M R l R E
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Ni Captures Helium Ash
in Fusion Reactor

A new device that removes "ash" from a
fusion "burn" could save $100 million in
the cost of a commercial fusion reactor. In-
vented by scientists from Argonne Na-
tional Laboratory and Sandia National
Laboratories, the "helium self-pumping
module" could eliminate the need for
large, expensive vacuum systems to re-
move fusion ash.

Fusion combines two hydrogen atoms to

make a single helium atom and releases
energy. The fusion burn takes place in a
plasma, a thin, hot gas of charged parti-
cles. The plasma is so delicate that the
buildup of too much helium—the "ash"—
can shut it down.

The new device takes advantage of the
ability of nickel to trap helium when kept at
temperatures around 500 °C. Energetic he-
lium ions from the plasma are trapped in
the surface of a nickel-coated plate. As the
nickel becomes saturated with helium,
more nickel is vaporized from a coil heated

Essential Reading Material
For the Materials Scientist

SUPERCONDUCTIVITY: Its Historical Roots and
Development from Mercury to the Ceramic Oxides
Per Fridtjof Dahl, Superconducting
Super Collider Laboratory, Dallas
The first truly comprehensive history of superconductivity—from
the first studies in the late 19th century to the present. The book
delves deeply into a largely undocumented early history, marked by
H.K. Onnes's first successes with mercury in 1911 and extending to
the onset of World War II. Encompasses the materials development
of the fifties; the work that culminated in the BCS theory of the early
sixties; and the important recent application of ceramic oxides.
1992, 400 pages, illustrated • 0-88318-797-3, hardcover, $55.00

PIEZOELECTRICITY
C.Z. Rosen, GEC-Marconi Electronic Systems Corp.,
B.V. Hiremath, AT&T Bell Laboratories,
and R.E. Newnham, Venn State University
Thirty-two major review papers guide you in preparing and
choosing piezoelectric materials and assist you in designing signal
processing devices. Coverage ranges from the mundane to the
arcane—from the dimmer switch in your home to sonar on an
attack submarine. Major sections explore measurements and
standards and the derivation of piezoelectric coefficients and
the equations of state for coupling mechanical, electrical, and
thermal fields.
1992, 512 pages • 0-88318-647-0, hardcover, $125.00

COMPUTATIONAL METHODS IN CONDENSED MATTER:
ELECTRONIC STRUCTURE
A.A. Katsnelson and V.S. Stepanyuk, Moscow State University,
A. Szasz, Eotvos University, Budapest,
and O.V. Faberovich, Voronezh University
Here is the first book to make accessible a large number of
computational results previously known only by a few experienced
practitioners. You'll find a comprehensive analysis of electron
states, calculation methods for electronic structures,
pseudopotential methods, and electron methods and functional
theory designed to calculate physical properties.
1992, 320 pages • 0-88318-865-1, hardcover, $75.00

AIP CONFERENCE
PROCEEDINGS

Stay in Touch With the
Important Work in Your Field

# 2 5 1 . SUPERCONDUCTIVITY
AND ITS APPLICATIONS
Proceedings of the 5th Annual
Conference on Superconduct-
ivity and its Applications,
Buffalo, NY, 1991
Edited by Y.H. Kao, A.E.
Kaloyeros, and H.S. Kwok,
SUNYBuffalo
1992, 750 pages
1-56396-016-8
hardcover, $120.00

#256. SLOW DYNAMICS
IN CONDENSED MATTER
Proceedings of the 1st Tohwa
University International
Symposium on Slow Dynamics
in Condensed Matter, Fukuoka,
Japan, November 1991
Edited by K. Kawasaki and
T. Kawakatsu, Kyushu
University, and
M. Tokuyama,
Tohwa University.
1992, 624 pages
0-88318-938-0
hardcover, $110.00
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T G 335 EAST 45th STREET
NEW YORK, N Y * 10017
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to about 1400 °C. The vapor settles onto the
plate to form a fresh nickel layer.

The module was invented by Jeffrey N.
Brooks and Alan R. Krauss of Argonne
and Richard E. Nygren, formerly of
Argonne, now with Sandia, and has al-
ready passed tests at an experimental fu-
sion facility in Jiilich, Germany.

W.C. Sinke Receives
Kistemaker Prize

The 1992 Jacob Kistemaker prize, estab-
lished by the Foundation for Fundamental
Research on Matter (FOM) in The Nether-
lands, has been awarded to W.C. Sinke,
head of the R&D solar energy group
within the Renewable Energies Unit of the
Netherlands Energy Research Foundation.
The prize honors Dutch physicists who
have performed outstanding research ben-
eficial to other sciences, technology, indus-
try, or society in general. Recipients are
awarded Dfl. 25,000, or about $15,000.
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Sinke and his group performed exten-
sive research on pulsed-laser induced ex-
plosive crystallization of amorphous
silicon, which can form microcrystalline
silicon or single-crystal silicon, depending
on sample preparation. Sinke was also the
first to prove that structural relaxation of
amorphous silicon is accompanied by a
substantial heat release, and characterized
this process in terms of its kinetics and the
role of network defects. One aspect of his
work, in the field of polycrystalline silicon
solar cells, concerned gettering of impuri-
ties and passivation of crystal defects. Im-
plementation of results yielded a con-
siderable improvement of the efficiency of
Dutch manufactured cells.

Sinke's work constitutes an essential
contribution to technology and industry,
and to society through the application of
solar cells as a source of clean energy.
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Penn State MRL Celebrates
30th Anniversary

The Materials Research Laboratory
(MRL) at Pennsylvania State University re-
cently celebrated its 30th anniversary with
a symposium and a reunion of alumni.
The symposium focused on successful
MRL examples of "Materials Synthesis
and Processing," including cement, char-
acterization, composites, ferroics, new ma-
terials synthesis, and thin films.

A second focus was realistic planning for
the future. Several speakers emphasized
the radically altered research climate from
30, or even 10, years ago and the need for
greater responsiveness to societal needs.
For example, William Harris, assistant di-
rector for mathematical and physical sci-
ences at the National Science Foundation
(NSF), reported on a proposal at NSF to
reorient some of its missions toward civil-
ian industry support. The point was also
made that universities would have to be
more aggressive in serving society and in-
dustry if they wished to maintain public
support.

Russell Messier, MRL director, and Rus-
tum Roy and L.E. Cross, former directors,
presented a historical perspective on the
scientific and administrative achievements
of the lab. MRL was the first materials lab
established in the United States with no
external block grant, and is now the largest
MRL in the United States. In addition to
leading other MRLs in its emphasis on ce-
ramics and synthesis and characterization,
it was also the founding place for the Mate-
rials Research Society. D

Correction
Bernd Stritzker's affiliation in
the October MRS Bulletin,
p. 15, "E-MRS Holds Elec-
tions," should have been listed
as the Institute of Physics, Uni-
versity of Augsburg, Germany.
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P. Calvert, Tucson, AZ. USA
D. de Rossi , Pisa. Italy
T. Tateishi, Tsukuba, Japan

C A L L F O R P A P E R S
For scientists and engineers with an interest in the
respective interfaces of biology/biotechnology and
materials and structures, information processes,
sensors and actuators, robotics

This interdisciplinary journal reports scientific and technical contri-
butions dealing with all methodological and technical aspects of
conceiving, designing, constructing and testing man-made materi-
als, structures, devices and systems which replicate or are
inspired by naturally occurring entities, not limited to:
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