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NSF Offers Concrete
Technology Workshop

The National Science Foundation has
awarded the NSF Center for Science and
Technology of Advanced Cement-Based
Materials (ACBM) a grant to conduct an
Undergraduate Faculty Enhancement

vanced pilot coating facility.

L1 Class 100 clean room

1 Up to 32" web widlth
U Realtime data logging

information.

(UFE) Workshop. The goal is to improve
the capabilities of faculty at two- and four-
year colleges to teach concrete technology
from a materials science approach in their
materials courses taught to civil engineer-
ing undergraduate students. Entitled,
“Teaching the Materials Science, Engineer-
ing, and Field Aspects of Concrete,” the

Discover the value
of adding Rexham
to your product

development team.

Bring your next project to the industry’s most ad-

J Solvent, aqueous, and U.V. coating
O Multiple coating methods

U On-line thickness measurement

U In-ine corona treatment

U Extensive analytical support

From product development to full-scale production,
we provide the custom services you need to be more
competitive and profitable. Call toll freé or fax for detailed

P.O. Box 368 Matthews, North Carolina 28106

Pilot Coating At Its Best

Delivering superior value,
concept through production.

Tel 800-736-9171 Fax 704-8454333

Circle No. 12 on Reader Service Card.

12

https://doi.org/10.1557/50883769400043840 Published online by Cambridge University Press

program will be held on July 25-30, 1993
at Northwestern University, Evanston,
Nllinois.

The program will be offered in two parts:
Part 1 Teaching Workshop (Summer 1993)
will offer 40 faculty from across the nation
the opportunity to participate in a five-day
workshop designed for teaching the mate-
rials science, engineering, and laboratory
and field aspects of concrete. The topics in-
clude: cement manufacture, hydration,
microstructure, mechanical properties and
fracture mechanics, durability, and new
materials and developments. Both theory
and extensive hands-on experiences will
be included in the workshop. Part 2
Follow-up Evaluation (Summer 1994) will
provide a two-day conference to assess the
impact of the teaching program on the par-
ticipants and their students, and examine
future educational initiatives. The program
is designed to highlight the importance
of the relationships between classroom
teaching, including laboratory research
and evaluation, and field aspects of con-
crete construction, including technology
transfer.

Application deadline is April 15, 1993.
Applicants will be informed of the decision
by April 30, 1993. Application requests and
materials information can be received by
writing to ACBM Outreach Coordinator,
ACBM Center A-130, Northwestern Uni-
versity, Evanston, IL 60208-4400, or by call-
ing (708) 491-8925. Requests can also be
faxed to (708) 467-1078.

Alfred University’s SHS
Institute Signs Pact with
Krakow’s Institute of

Materials Science

Alfred Univeristy’s Institute for Self-
Propagating High-Temperature Synthesis
(SHS) has signed an agreement with the
Institute of Materials Science in Krakow,
Poland, to research and study SHS, trying
to understand how it works and how to
control it. SHS is the process of forming
new materials by igniting mixtures of
metal powders. The energy of the reaction
produces the new material quickly, com-
pared to traditional manufacturing proc-
esses. The research will also involve
applied studies, where scientists will try to
develop new materials that can be made by
SHS.

Roman Pompuch, director of the Krakow
Institute, signed the agreement while visit-
ing Richard M. Spriggs, director of the
Center for Advanced Ceramic Technology
at Alfred.

This collaboration combines Krakow's 10
years of SHS research knowledge with
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Alfred’s sophisticated equipment and ana-
lytical, theoretical, and computing capa-
bilities, which the Polish researchers other-
wise have limited access to. Terms of the
agreement call for periodic exchanges of in-
formation, along with annual visits be-
tween the institutes.

James McCauley, dean of the New York
State College of Ceramics at Alfred Univer-
sity, created the SHS Institute about two
years ago. He and Spriggs served as its first
directors until Gregory Stangle, assistant
professor of ceramic engineering, was ap-
pointed to the position last year.

SHS is already being used in commercial
processing. Many of these applications in-
volve making new powders by combining
starting powders. The powders are then
formed into the final product. According to
Stangle, the real advantages of SHS proc-
essing will come when starting powders
can be formed into the final product, with-
out an intermediary powder step.

This has already been done on a limited
basis in the Alfred laboratory. Stangle feels
that if they can understand and, in turn,
slightly modify the process, then they will
be able to produce the final ceramic part in
the desired shape directly, without firing.

Silicon Crystal Growth
Observed on the

Atomic Level

A research team headed by Shigeyuki
Hosoki at Hitachi, Ltd’s Central Research
Laboratory have succeeded in using a
scanning tunneling microscope to observe
silicon growth on the atomic level, includ-
ing the sequential addition of atoms,
thereby paving the way for a greater un-
derstanding of these processes. The proce-
dures for observing the changes occurring
on the surface of a heated specimen with a
tunneling microscope are as follows.

Specimen preparation. When heat-
ing a specimen to promote crystal growth,
the piezoelectric element which controls
the probe’s motion is vulnerable to heat
and sometimes becomes inoperable at
temperatures exceeding 300°C. It is there-
fore vital to prevent the temperature of the
piezoelectric element from being raised
due to the heated specimen. This is
achieved by minimizing the power con-
sumption by making the specimen as thin
as about 0.1Imm, enabling it to be amply
heated with less electricity. The thickness is
about one-fourth that of the specimens
usually observed with STM.

Fixation of the field of vision. As
the observation probe approaches the
heated specimen for observations inside
the microscope’s field of vision, a phenom-
enon called “temperature drift” occurs,
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making fixation in the field of vision quite
difficult. To cope with this problem, a
piezoelectric element of duplex construc-
tion has been developed. It comprises a pi-
ezoelectric element that tracks the
movement in the field of vision to enable
continuous observations of specific speci-
men domains by counteracting move-
ments that occur in the field of vision.
Another piezoelectric element controls the
motions of the probe for scanning specific
observation domains. This fundamental
development has made it possible to com-
pensate for the movement of specimens
while enabling continuous observation of
specific visual domains.

Acquisition of high-speed images
over a wide field of vision. To make
direct observations of changes oc¢urring
on the surface of a specimen, it is most im-
portant to acquire STM images as quickly
as possible. Thus, in order to lower the
magnification ratio as much as possible to
enable the observation of a broad visual
range (since there is no way to predict the
exact spot where crystal growth will be ini-
tiated, and there is a high probability of sili-
con atoms jumping between the specimen
and the probe), the probe approaches the
sample as closely as 1 nm. In addition, the
image must be very clear to enable crystal
growth observations on the single-atom
level. Up to now more than 30s has been
required to meet these conditions by exist-
ing techniques. Hitachi, however, has suc-
ceeded in acquiring images with double
the number of scanning lines than before,
making it possible to observe the state of
crystal growth on silicon substrate surfaces
in 15s intervals.

By applying these new techniques, the
researchers have succeeded in making ob-
servations as individual atoms are added.
In this case, 12 surface atoms were ob-
served as the basic reconstructed surface
structure. It also became clear for the first
time that these surface atoms form in a unit

of a single adsorbed atom with several sub-

strate atoms. The reconstructed structure
is made up of three layers—adatoms,
stacking faults, and dimer atoms—on the
1 x 1 substrate.

The application of this new technology
and the clarification of the mechanism of
silicon crystal growth may pave the way for
the establishment of sophisticated technol-
ogy enabling atom-by-atom crystal
growth. The new technology is also ex-
pected to further expedite research on new
advanced devices featuring high working
speeds, large-scale integration, and low
power consumption, which are 10-100
times greater than their existing counter-
parts.

ES. Myers

https://doi.org/10.1557/50883769400043840 Published online by Cambridge University Press

SILICON WAFERS
FOR RESEARCH!

2" and 3 Diameter Wafers

FOR YOUR NEEDS, SELECT FROM
THESE OPTIONS:

® 10 or 25 wafer batch sizes

® 2” or 3” diameter
(also 1” in some Cases)

® orientation cut on or off axis

® <100>, <111>, <110> standard,
<211>,<221>, <311>,
or <511> custom made

¢ many standard dopant options

® single or double side polished
options

¢ thickness from as thin as 2-4 i to as
thick as 1”

® with or without oxide

® with or without epi

Cz crystal is grown in our Fredericks-
burg, Virginia facility...all wafer pro-
cessing is controlled in our plant.

Your small quantity requirements are
of interest to us - call or fax for < 3
week delivery.

“if we can’t make it,
you don’t need it!”

VIRGINIA SEMICONDUCTOR, INC.
1501 Powhatan Street, Fredericksburg, VA 22401
Phone (703) 373-2900
Telex 9102506565 « Fax (703) 3710371
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Standard and Custom built furnaces and
heating elements for laboratory, production,
and crystal growth applications

1100°C & 1200°C Split & Flat Plate
Heaters for Replacement or Kit Furnaces

1100°C - 1700°C Solid Tubular
Furnaces (Shunt Type Shown)

1100°C & 1200°C
Hinged Tubular Furnaces

1500°C Silicon Carbide Spike Furnace
on TDS-H-02 Translation Mechanism

1100°C, 1200°C, & 1500°C Box Furnaces
Shown with Vacuum Retort

Custom Graphite Elements for
High Temperature Materials Processing
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(AADSF) Advanced Automated Directional
Solidification Furnace built for NASA

Quadrant Controlled Electro-Dynamic
Gradient Crystal Growth Furnace (Q-EDG)

The MELLEN Company, Inc.
200 Route 5, Penacook, New Hampshire 03303

TOLL FREE: 800-633-6115
InN.H. 648-2121
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Gas Plasma Treatment

Improves Composites

By applying a relatively new technique
to composite materials, Cornell University
fiber scientists believe they have found a
way to improve composite materials used
in products—from bone implant cement to
hockey sticks.

The scientists show that the adhesive-
ness of high performance polyethylene
fibers can be enhanced with a technique
called gas plasma treatment.

Adapting the same methods used to
reinforce concrete with fibers, Cornell
researchers have improved acrylic-based
bone cement used in joint replacement
surgeries by minimizing its chances of
cracking. Acrylic-based bone cement is the
most commonly used nonmetallic implant
material in orthopedics. Each year about 10
percent of the metallic implant surgeries of
the hip, knee, ankle, elbow, and wrist
joints are repeat operations because the
prostheses have either loosened or the ce-
ment has cracked, causing severe pain.

As a fiber scientist with a special interest
in strengthening concrete, Peter Schwartz,
professor of textiles and apparel in Cor-
nell’s College of Human Ecology, worked
with former fiber science graduate student
Debra Hild to apply the fiber-reinforcing
techniques to bone cement. Hild now is a
senior engineer at Monsanto Chemical Co.
in Pensacola, Fla. They describe their work
in the Journal of Adheston Science Technology
(1992) and in an article to appear in the Jour-
nal of Materials Science: Materials in Medicine.

Schwartz and Hild chose uitrahigh-
strength polyethylene fibers to toughen
the cement because polyethylene is strong
and is approved for use in the human
body. These fibers, however, have poor ad-
hesive properties. Using carbon dioxide,
nitrogen, and argon gas plasmas, the sci-
entists improved the fiber-reinforced ce-
ment’s adhesion, flexing strength, and
reinforcing effect. They also improved its
fracture toughness sixfold. The technique
involves exposing the fibers to a gas
plasma, which triggers chemical reactions
on the fibers’ surface; as a result, the chem-
ical properties of the surface can be altered.

Schwartz is also using plasma treat-
ments on other high-performance fibers,
such as Kevlar, PBZT and graphite fibers,
to modify their surface properties. Of par-
ticular interest is his use of plasma treat-
ments to form a polymer layer in
composite material. This strengthens the
bonds between the composite material’s fi-
bers and matrix, thus enhancing the integ-
rity and performance of the composite
materials.

MRS BULLETIN/MARCH 1993
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LeComber Remembered for
Important Contributions in

Amorphous Semiconductors
Peter G. LeComber, professor and head
of the Department of Applied Physics &
Electronics & Manufacturing Engineering
at the University of Dundee, Scotland, and
a physicist internationally recognized for
his work on the physics and applications of
amorphous semiconductors, died sud-
denly on September 9 at the age of 51, a
tragic loss for British science and for his
many friends on both sides of the Atlantic.

LeComber earned his PhD degree from
the University of Leicester under Walter
Spear, who became his life-long friend and
collaborator. LeComber did postdoctoral
work for two years in the United States and
returned to Britain when Spear was ap-
pointed to the Harris Chair of Physics at
the University of Dundee. Lecomber
joined the department as lecturer. Initially,
the two scientists researched noncrystal-
line solids, establishing a laboratory at
Dundee specifically to study amorphous
semiconductors. By the mid-1970s, the
team had recognized the unique electronic
properties of amorphous Sias a thin film in
a glow discharge, and its applied potential.
Their 1975 breakthrough, showing that the
electronic properties of amorphous Si and
Ge could be controlled over wide limits by
doping in the gas phase, opened up the
possibility of thin-film junction devices
(e.g., large-area solar cells) which subse-
quently led to worldwide industrial devel-
opments. LeComber, with his scientific
ability, infectious enthusiasm, and fine
sense of humor, played a vital part in main-
taining the momentum of the Dundee
team over two decades.

During the 1980s, Lecomber’s interests
focused on new applications of amor-
phous Siand their development in collabo-
ration with industrial and government
laboratories. Two highly successful pro-
jects from this work will always be associ-
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ated with his name. The first—the
amorphous Si thin-film transistor—arose
from earlier field effect studies on the ma-
terial, and led eventually to the commercial
development of liquid crystal displays. For
this contribution, LeComber was one of
the recipients of the 1988 Rank Prize for
Optoelectronics. The second fascinating
device development was the amorphous
5i memory junction, investigated jointly at
Dundee and Edinburgh Universities and
at the B.P. laboratories at Sunbury. The
junction is an electronically nonvolatile
memory element which, in terms of speed,
retention time, and stability, compares fa-
vorably with existing crystalline memories.
The first paper on this work by LeComber
and colleagues was awarded the 1981-82
Maxwell Premium of the IEE. Such mem-
ory elements have recently been applied to
an artificial neural network, carried out in
collaboration with British Telecom.

Over the course of his career, LeComber
produced more than 170 scientific papers,
many published jointly with a wide range
of collaborators and research students. He
was elected to fellowship in the Royal Soci-
ety of Edinburgh in 1983 and received the
1984 Duddell Medal and Prize of the Insti-
tute of Physics. In 1986, LeComber was
promoted to a personal chair, and more re-
cently succeeded Spear to the Harris Chair.
During the past few years, he served on
SERC Committees and devoted much time
and travel to organizing the International
Conference on Amorphous Semiconduc-
tors and to Materials Research Society
meetings.

Despite his distinguished record, Le-
Comber was not a “research dominated”
physicist. He was a gifted teacher and his
lectures were clear, meticulously prepared,
and often amusing. He spent much time
helping and encouraging undergraduate
and postgraduate students. When the
Physics and Engineering Departments of
Dundee University were merged in 1987,
LeComber became the first head of the
new department. He dealt in a capable,
fair, and effective way with the many ad-
ministrative and personal problems that
arose.

It is some consolation that LeComber
lived to receive the greatest honor of his
scientific career—election to the Royal Soci-
ety in 1992.

W.E. Spear

Uranium Enrichment

Demonstration Completed

The Department of Energy (DOE) com-
pleted a uranium enrichment demonstra-
tion in the Uranium-Atomic Vapor Laser
Isotope Separation (U-AVLIS) program by
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silicon membranes!

Availablein  2and 3”
diameters, these double side
polished elastic membranes
combine a balance of
thinness, parallelism and
flatness heretofore not
available in single crystal
silicon,

Applications include:
—micromachining
—X-ray lithography
—particle beam focusing
—stress diaphragms
—bonded silicon

All processing from crystal
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putting these membranes to
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Tencor introduces
an automated way to monitor
film stress—in production.

. Now stress
measurement is
faster, easier, better.

In thin film stress measurement, it's
the semiconductor industry's first
true production tool.

Automatic wafer handling makes
it very fast: over 60 wafers/hour!
Plus, it has the ease-of-use you
need on the production line. With
friendly, intuitive, windows-like
operation.

But it's also a process develop-
ment tool . ..

Please visit Booth No. 603 at the MRS
Equipment Exhibit in San Francisco,
April 13-15, 1993.

Announcing the Tencor® FLX-5200h:

High-precision stress mapping.

The FLX-5200h utilizes state-of-the-
art radial stress measurement. So
instead of one average stress num-
ber, now you get a precise profile of
the varying film stresses across a
wafer surface.

And even better, it's all presented
in great-looking color-coded stress
maps. Both 2-D and 3-D.

None of which would be possible,
of course, without Tencor's uniquely
accurate stress measurement and
extremely precise automatic wafer
handling.

Circle No. 16 on Reader Service Card.

tions, and powerful software.
Whenever destructive interference
from a specific film prevents
measurement, Tencor’s Dual-
Wavelength function automati-
cally switches to the alternate
laser It's patented technology.
Also, GEM/SECS Il communi-
cations is an option. So you can
readily transmit your stress data to
a central computer and track your
production trends.
And, just as you'd expect, Tencor
gives you powerful software. To
automatically compute virtually any
kind of stress information
1
-,

you need.
And there's

lots more... P
The new FLX- a(
5200h is just one .

of a family of Tencor S

stress measurement

tools, for a spectrum of applications.
For example, other models can mea-
sure thermal stress, up to 900°C!
Get all the details. Call today:

- =3 Tencor Instruments,
2400 Charleston Rd,,
Mountain View, CA
94043.

(415) 969-6767.
Fax: 415-969-6371.

1 encor

INSTRUVENTS

The Measure of Success

Dual-Wavelength, communica-

Tencor is a registered trademark of Tencor Instruments
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Lawrence Livermore National Laboratory
(LLNL). The U-AVLIS technology is a
process for the enrichment of uranium for
use in nuclear power reactors. The technol-
ogy has the potential for significantly re-
ducing the cost of separating uranium
isotopes, and hence reducing the cost of
electricity produced from nuclear energy.

The Uranium Demonstration System
(UDS) at LLNL was operated continuously
for 112 hours and processed over one ton
of uranium. Preliminary analysis of results
indicates that the demonstration met the
objectives of the test plan and confirmed
the designed enrichment performance ca-
pabilities of the AVLIS process in plant-
scale equipment.

The UDS was designed to provide cost,
performance, and engineering data re-
quired to make a decision on deploying an
AVLIS production plant. The system uti-
lizes full-scale, engineering-prototype ura-
nium separator and laser systems. This
and previous enrichment demonstrations
should allow accurate projections of en-
richment performance in a production
plant. Operation of the AVLIS equipment
has also provided data on equipment life-
time, as well as refurbishment and other
operating costs. The program will now fo-
cus on follow-on activities to gather further
operational and reliability data on subsys-
tems and to decrease component costs.

The U-AVLIS program has been under
development since the early 1970s by the
staff of LLNL and Martin Marietta Energy
Systems.

New Technique Used to
Produce High-Quality
Graphite

A new technique to produce a high-
quality graphite block has been commer-
cialized by Matsushita Electronics Parts
Co. Ltd. Matsushita says that this graphite
is useful for constituting optical compo-
nents for x-ray or neutron optics, such as a
monochrometer of a filter.

The technology was originally devel-
oped by Susumu Yoshimura in the Ogata
Fine Polymer Project of the ERATO pro-
gram of the Research Development Corpo-
ration of Japan (JRDC). After completion of
the project JRDC commissioned Mat-
sushita to commercialize the technology.

In the production method, macromolec-
ular films of polyimide are heated to
1,000°C in an inert gas to carbonize the
films. After further heating the material at
3,000°C under pressure, it is kept for sev-
eral hours at temperatures of 3,000°C or
more in order to make the crystalline
face extremely smooth.

The performance as a monochrometer of
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the thus-made graphite is equal to the
highest grade graphite made by conven-
tional production methods, including va-
por phase growth of carbon from cracked
hydrocarbons followed by stress anneal-
ing. Further, the volume is increased to 12
cm square by 1 cm thick, six times greater,
and the production time has been reduced
by 75%.

In the standard devices designed to ab-
sorb x-rays and neutrons, highly-ordered
thermolytic graphite has been used. How-
ever, since thick graphite with a large sur-
face area can be obtained by the new
method, the method is expected to be use-
ful for increasing the efficiency of various
types of analytic devices.

ES. Myers

Civilian Radioactive
Waste Management
Program Announces Two

International Agreements

The Department of Energy’s (DOE) Of-
fice of Civilian Radioactive Waste Manage-
ment (OCRWM) has signed new
international agreements with Sweden
and Spain.

DOE and the Swedish Nuclear Fuel and
Waste Management Company (SKB) have
agreed to carry out joint experimental and
analytical development activities related to
the disposal of spent nuclear fuel and high-
level waste, utilizing the Hard Rock Labo-
ratory located on the island of Aspo,
Sweden. The work performed under the
agreement will enable the OCRWM pro-
gram to gain direct access to SKB's experi-
ence and expertise, assure that the
appropriate technology, procedures, and
instrumentation are available if required
during U.S. site characterization activities,
and will give scientists access to additional
research facilities not readily available in
the United States. The work performed
under this agreement will help develop
and refine technologies used in support of
the Yucca Mountain Site Characterization
Project.

The agreement between DOE and the
Spanish National Waste Management
Company (ENRESA) establishes mutually
beneficial activities, including the charac-
terization of geological formations, dis-
posal in geological formations, repository
design and operational issues, transporta-
tion issues, and surface and subsurface
storage of radioactive wastes.

The SKB activities are linked to a master
agreement between DOE and SKB, cover-
T L o nage-
ment that was most recently extended for
five years in 1990.
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“ULTRAMACHINING”~
SILICON SUBSTRATES

Photo Courtesy of Microfabrication Lab.; EECS
Dept. University of Illinois, Chicago; & Argonne
National Labs. Advanced Photo Source Lab.

Flat!
Planar!

Double side Polished!
1” thru 4” diameters!

<110> & <100> orientations!

With flatness < 3 4, these sub-
strates are engineered for deep
groove anisotropic micro-machin-
ing. Ultramachining™ substrates
are free of surface and structural
defects.

Applications include sensors,
detectors, photonics and small pre-
cision parts.

When it comes to precision in sil-
icon substrates.......“if we can’t
make it, you don’t need it!”
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If you need to determine elemen-

tal composition and molecular or
atomic structure of crystals in
minerals, metals, ceramics or
polymers, our JEM-2010 is the
best high resolution, analytical
microscope for the job.

The JEM-2010 is a 200 kV
TEM with superior optics and
high probe current. It is op-
timized for analytical
performance

High resolution,
electron microdif-
fraction analysis
may require several
tilt angles.

not only in the analytical config-
uration, but also in the ultra-high
resolution configuration
as well.

With the EDS acces-
sory, elemental
analyses may be per-
formed using probes
_ as small as 10A.
10A

Equipped with EDS, the JEM-
2010 is capable of high sensitivity
elemental analyses using probes
as small as 10A in diameter.

For purposes of analyzing obliquely
oriented crystalline material in metal,
mineral, ceramic or polymer matrices,

the JEM-2010 offers 2.3A resolution with
a tilt angle of = 30 degrees.

JEM-2010 Transmission Electron Microscope
ttps://doi.org/10.1557/50883769400043840 Published online by C4

With its analytical pole piece,
it offers 2.3A resolution over 30°
of tilt and an x-ray collection
angle of 0.13 stearadians. That is
the best combination of analyti-
cal features of any instrument in
the 200 kV class.

But the JEM-2010 is more
than an analytical microscope.

Serving Advanced Technology

imbridge University Press
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HE BEST WAY TO GET AN
ANGLE ON CRYSTALS.

Equipped with the inter-
changeable, high resolution pole
piece, the JEM-2010 is also an
ultra-high resolution microscope
with 1.9A resolution over 20°of
tilt and an x-ray collection angle
of 0.12 stearadians.

High sensitivity elemental analysis is pos-
sible with the addition of an EDS system.

Let us tell you more. Call
(508) 535-5900. Or write JEOL
USA, Inc., 11 Dearborn Road,
Peabody, MA 01960.

Please visit Booth No. 403 at the MRS
Equipment Exhibit in San Francisco,
April 13-15, 1993.
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Methods Developed to Join

Metals at Lower Temperatures

Osamu Ohashi of the National Research
Institute for Metals, under the Science and
Technology Agency (STA), has found that
metals can be joined at substantially lower
temperatures than were previously possi-
ble, by heating the surfaces in a vacuum
before putting them into contact. When a
metal is heated in a vacuum, contamina-
tion on the surface, such as oxygen and
carbon, disappears and sulfur, an impurity
from the base material, segregates to the
surface. Then, when the surfaces are
brought together, the sulfur diffuses away
from the new interface. The bonding tem-
perature is reduced to the temperature at
which the sulfur diffuses into the base
metal.

For example, in joining titanium materi-
als, a temperature of 750°C is necessary
when using the conventional diffusion
joining method. This temperature can be
reduced to 650°C by taking advantage of
the sulfur film. When joining copper or
stainless steel materials, previous tempera-
tures of 800°C can be reduced to 300°C
and 650°C, respectively. It is expected that
the joining of other metals can be per-

formed at lower temperatures and stress
than was previously possible. The sulfur
segregates to the surface even for super
pure iron with only 1 ppm sulfur.

The conventional diffusion joining
method involved applying heat and pres-
sure to diffuse the surface films into the
materials and then bringing them into con-
tact with each other. In such cases the join-
ing surfaces cannot be well controlled, and
the high temperature (often more than
1,000°C) and pressure have disadvan-
tages, such as the deterioration of the ma-
terials. The application of diffusion joining
is therefore limited to materials such as tita-
nium, in which it is easy for the oxide film
to diffuse into the base material.

The new low-energy joining technology,
however, controls the surface composition
and crystalline orientation, using an ultra-
high-vacaum joining device and Auger
analysis to monitor the surface composi-
tion. While examining the conditions of
joined surfaces at the atomic level, Ohashi
found that the sulfur film plays a role in
reducing the joining temperature. Al-
though the sulfur film is a thin layer of sin-
gle atoms, it restrains the adsorption of
carbon, oxygen, and other gases that pre-

vent joining. While the sulfur segregates to
the surface of the unjoined metals, it dif-
fuses away from the newly created inter-
face when the surfaces are joined. Because
the sulfur layer is so thin, it can easily dif-
fuse from the joining interface into the ma-
trix and effectively disappear, resulting ina
reduction of the joining temperature.

In other research, Tadatomo Suga and
others at the University of Tokyo devel-
oped a new technology by taking a hint
from the fact that cleaned surfaces are eas-
ily bonded. According to his technology
the surfaces to be joined are irradiated with
argon beams of comparatively low energy
(1-1.8kV) to remove oxides and other ad-
sorbates. The surfaces are then brought
into contact under low pressure and are
bonded momentarily at room tempera-
ture. It has become possible to use this
technology at room temperature to join
high-strength ceramics such as silicon ni-
tride and/or superconductive ceramics
with metals. This technique is expected to
be applied to joint electronic parts having a
high density, as well as fine pitch and LSI
circuits.
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AT&T Develops

Lead-Free Brass Alloys

AT&T was granted a U.S. patent for a
family of lead-free brass alloys that could
eliminate the problem of lead leaching into
water from brass plumbing fixtures. The
new alloys were developed by John Plewes
and Dominic Loiacono, researchers in
AT&T Bell Laboratories’ Metallurgy and
Ceramics Research Department. This ad-
vance has significant environmental impli-
cations.

“Replacement of leaded brass by these
new lead-free alloys not only will address
lead toxicity concerns in potable-water fix-
tures, but also will eliminate lead contami-
nation in foundry sands and exposure to
lead fumes during manufacture,” Plewes
said. “All are issues of growing concern at
many manufacturing facilities.”

In the new alloys, the lead is replaced
with bismuth and small amounts of other
elements to make alloys that are manufac-
turable and economical substitutes for
leaded brass. The innovation received a
1992 R&D 100 Award from R&D Magazine
as one of the most significant technical in-
novations of 1991.

Previous industry attempts to use bis-
muth as a lead substitute in brass failed.
Even minute amounts of bismuth in these
alloys severely embrittled them, rendering
them useless in manufacture. The inven-
tors of the new alloys solved that problem
by using bismuth with minute amounts of
other elements.

Kearny Smelting and Refining Corp., in
Kearny, New Jersey, prepared some sam-
ples for evaluation. “We processed the ma-
terial on a small commercial scale,” said
Michel Rothschild, president, Kearny
Smelting. “We experienced no problems in
melting or extruding the lead-free scrap
material, and its machinability was excel-
lent. In addition, we recycled the alloy sev-
eral times, with no difficulties. This is
important because everything we create
gets recycled at some point.”

AT&T's lead-free copper alloy technique
is available through a licensing agreement.
For further information, contact Leo Lin,
AT&T Intellectual Property Division, 10 In-
dependence Boulevard, Room 3B32, War-
ren, N.J. 07059, or call (908) 580-5952.

Laser Method Detects
Weld Defects as They Form

A University of Illinois researcher has
devised a method to see liquid metal sur-
face deformations in welds as they form.
Ordinarily flawed welds cannot be de-
tected as they form because they are ob-
scured by hot metallic vapors generated by
the welding process.
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According to mechanical engineering
professor Joyti Mazumder, the new tech-
nique is based on a simple premise. Light
striking a mirror is reflected at an angle
equal to the angle of the incoming light.

Mazumder and his research team used
two lasers in the technique. Beams from a
CQO, laser were aimed to strike a metal per-
pendicularly, thus causing it to liquefy.
Beams from a weaker argon laser then
struck the molten metal—a forming weld—
at an acute angle. The argon-laser beams
bounced off at an angle equal to that at
which they struck the metal. The reflected
light was captured by a computerized cam-
era, its zoom lens shielded from the in-
tense heat by a perforated copper plate. A
light filter was used to admit only the
unique frequencies of the angled laser.

The angled laser light was emitted from
optical fibers. The ends were secured to a
bar that moved up and down, raising and
lowering the beams, which traversed the
forming weld. The camera registered any
deflections in the beam caused by imper-
fections of a sloppy weld. The resultant
electronic data provided researchers with
quantitative data about the weld surface,
while a qualitative image was continuously
displayed.

The problem of determining exactly how
a weld forms has perplexed scientists for
more than a decade. In 1982, observations
at Rocky Flats, a research site in Colorado,
showed surprisingly that unavoidable sul-
furic impurities in metal could cause
heated materials to form keyhole shapes
rather than flat mounds. In 1984, Mazum-
der observed that mixing heated metals
would generate different microstructures
even though the same amounts of the
same materials were used each time. After
1986, many predictions were made as to
what the liquid-air interface looked like.

NSF Awards Grant to
Establish Mechanics and
Materials Institute at UCSD

To foster scientific collaborations in mate-
rials science and theoretical mechanics
among academic, industrial, and govern-
mental researchers, the University of
California—San Diego has been awarded a
five-year $5 million grant from the National
Science Foundation to form an Institute for
Mechanics and Materials.

Areas of interest include molecular and
microstructural theories and experiments,
computational methods, synthesis and
processing, structural design, full-scale
testing and forecasting needs, economic
advantages, and purposes of new materi-
als. While the Institute will not conduct ex-
tensive research per se, it will serve as an
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intellectual forum to spark the formation of
new research groups.

The idea for the Institute resulted from a
workshop sponsored by the NSF’s Engi-
neering Division, Program for Mechanics
and Materials. The resulting report recom-
mended the creation of an organization
that would serve as a focus and liaison for a
broad spectrum of research and research-
ers in theoretical mechanics and materials
science.

Some of the formal activities at the Insti-
tute will include:

& [ndustrial liaison program—industrial
visitors will be invited to UCSD to explore
solutions to specific problems, in collabora-
tion with university faculty and scientists;
® Workshops—two or three-day meetings
focusing on particular research projects
and industrial needs;

® Short courses—for topics that merit
wider dissemination;

® Advanced education programs—open to
doctoral students, postdoctoral fellows,
facuity, and engineers from industry and
the national laboratories;

® Think-tank meetings—long-term plan-
ning and priorities, as well as broad re-
search objectives in mechanics and
materials science;

® Qutreach program—designed to foster
communications among all sectors of ap-
plied mechanics and materials science
communities, including professional soci-
eties, national laboratories, and govern-
mental agencies.

Richard Skalak, professor of bioengi-
neering at UCSD, will serve as the Insti-
tute’s director. The Institute also will have
four associate directors: Sia Nemat-Nasser,
director of the Center of Excellence for Ad-
vanced Materials at UCSD; Robert ]J.
Asaro, professor of applied mechanics and
materials science; Gilbert A. Hegemier, di-
rector, Charles Lee Powell Structural Sys-
tems Laboratory; and Marc A. Meyers,
professor of materials science.

Laser Treatment Improves
Strength, Durability
of Surfaces

Los Alamos National Laboratory re-
searchers report material surfaces can gain
strength, durability, and friction resistance
when treated with short pulses of ultravio-
let laser light.

“Materials like metal absorb the ultravio-
let light strongly, which heats the metal
and even melts it,” said Los Alamos materi-
als scientist Tom Jervis. “This process can
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change a material’s surface chemistry and
surface microstructure in ways that are
beneficial for many applications.”

The process has potential applications in
aerospace, in the fabrication of light-
weight, heat-resistant engine parts, and in
the development of structural components
that slide easily without lubrication. In
medicine, the process offers a new way of
prolonging the life of medical prostheses,
such as artificial hip joints, which corrode
inside the body. At present, some manu-
facturers implant the surfaces of stainless
steel prostheses with ions to retard the cor-
rosive process and reduce friction. Using
an excimer laser to resurface the steel is
cheaper than ion implantation and the
process can extend the life of the prosthe-
sis, Jervis said. !

By melting the surface of stainless steel
with ultraviolet light and allowing it to re-
solidify, chromium present in the steel is
driven to the surface where it improves the
steel’s resistance to corrosion.

Excimer lasers are commercially availa-
ble and their competitive price and bench-
top size make them appropriate for this
technology. “An ion implanter costs about
$1 million, an excimer laser about $75,000,”
Jervis said.

The process effectively treats metals and
ceramics coated with metal, said Jervis. In
the latter case, the metal and ceramic sub-
strate mix during melting and form an al-
loy. “When a ceramic cracks, the cracks
typically begin at the surface,” Jervis said.
“Creating a surface alloy with ultraviolet
light can increase a material’s toughness,
while the material retains the lightness and
heat resistance characteristic of a ceramic.”

Compared to other resurfacing technolo-
gies, the process is fast. The researchers
can treat 1.5 cm?/s of surface area, using
ultraviolet laser pulses of 25 ns each.

Aerospace engineers can’t lubricate me-
chanical systems designed for space with
oil or grease because the oil evaporates in
space. But many systems still require slid-
ing parts. Jervis said the Los Alamos re-
searchers have observed that some
metallic surfaces treated with ultraviolet
light not only harden, but they slide
against each other four times more easily
than nontreated surfaces.

Jervis presented a paper on this topic, co-
authored by Michael Nastasi of Los Ala-
mos’ Ceramic Science and Technology
Group and Juha-Pekka Hirvonen of the
Technical Research Centre of Finland, on
December 3 at the Materials Research
Society’s meeting in Boston. [
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& Tips on

Microsco

B -

Changing Arc Lamps =
Arc lamps in mercury and xenon .
burners work under high vacuum and g
high temperatures. These safety steps g
are highly recommended. ™
« Wear safety glasses. ™
» Wear lint-free gloves or use lens [ ]
tissue when handling the bare bulb. =

« Let the burner cool completely ]
before removing the bulb. ]

» Unplug the power supply. o
PROCEDURE L
1. Move collector lens away from bulb ™
(knob on lamp housing) or remove ™
lens entirely. Separate socket from ™
lamp housing (retaining screw). :

2. Remove copper wire from post .
(thumb screw) then pull bulb -
upwards from socket (loosen lug -
nut at base; special wrench). -
Remove heat sink (silver cap on -
bulb; set screw). -

3. Reverse steps 1-2toreinstallnew g
bulb, being careful not to put strain ~ w

or stress on bulb when tightening [ ]
fittings. (For 50W HBO burners, ]
make sure flat sealed surface is ]
facing to side.) @

4. To align arc, remove an objective, ®
rotate empty space into viewing u
position and place a white card flat ™
on stage, revealing real and mirror ™
arc images. Focus images using "
collector lens and align (see :
diagram) using centering screws on .
lamp housing. .
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(L) HBO 50

(R) HBO 100,
XBO 75

5. Defocus images to evenly
illuminate field; reinstall objective.

TIPS

+ For greater stability, run for one
hour before using.

« Never switch high pressure
burners on and off quickly.

Send us your ideas for
future issues of The
Zeiss Corner. And for
all your microscopy
needs, contact Zeiss
today.

SEE
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Microscope Division
Carl Zeiss, Inc

One Zeiss Drive
Thornwood, NY 10594
Call: 800-233-2343
Fax: 914-681-7446

Circle No. 21 on Reader Service Card.

21


https://doi.org/10.1557/S0883769400043840



