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Livermore Researchers Test
High-Power Tabletop Laser

Researchers at Lawrence Livermore Na-
tional Laboratory successfully tested a
high-power tabletop-sized laser that can
produce intense light pulses with peak
power in excess of 2.5 trillion watts by com-
pressing light into a picosecond pulse. The
laser system is built on a 10 foot by 20 foot
steel table.

According to project leader Michael D.
Perry, the focused high-power laser pulse
has an electrical field 10 times stronger
than the field that binds electrons to atomic
nuclei, and opens new areas of physics for
scientific study. Perry also said the $500,000
machine could deliver its pulse of laser
light every 50 seconds at a cost of less than
10 cents per pulse, far lower than current
high-power laser sources.

Michael Campbell, LLNL Deputy Iner-
tial Confinement Fusion Program Leader
for Experiments, said the development of
an inexpensive high-power source will
permit dense plasma-laser experiments
and other research work to be investigated
within a university environment rather
than be limited to a few national laborato-
ries.

Possible research applications include
the production of holograms of the DNA
within living cells, study of the effects of
high-powered lasers on atomic nuclei, in-
vestigation of dense cold plasmas, and in-
vestigations into the effects of high
intensity optical fields.

The heart of the new system is a neo-
dymium phosphate glass multipass ampli-
fier developed by LLNL using compo-
nents supplied by Quantel International of
Santa Clara, California. Known as a regen-
erative amplifier, the device multiplies
pulse power more than 10 million times as
it bounces back and forth through a laser
cavity. Following the regenerative amplifier
are three single-pass amplifiers which con-
tinue to boost pulse power. After amplifica-
tion, the pulse is compressed to a duration
of one picosecond, bringing peak power to
2.5 trillion watts. A fourth single-pass am-
plifier that will provide even more power—
up to 12 trillion watts—is being installed.

Laboratory scientists credited a recog-
nized technology only recently applied to
lasers—chirped-pulse amplification—for
their ability to successfully produce short,
high-powered pulses. Chirped-pulse am-
plification, a process in which diffraction
gratings are used to stack a pulse of light,
one frequency or color atop the other, was
originally developed to increase the power
of radar installations.
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Anatech’s R.F. Planar Magnetron and D.C. Sputtering System

THIN FILM DEPOSITION SYSTEM

either RF or DC power.

Anatech LTD offers the Research XII RFPM research sputtering system
for this film deposition. The System is table top, designed for simple
operation, and is capable of sputtering a broad range of materials by

The system can be configured with various options, including additional
sputtering sources and power supplies, ion beam source, temperature
and thickness control, heated or cooled stage, and pumping capacity.

Call or write today for techical information.

ANATECH LTD

5510 Vine Street, Alexandria, Virginia 22310
Telephone (703) 971-9200
Telex 858531
Fax 703-971-4818

Please visit Booth No. 11-12 at the MRS Show in Boston, November 28-30, 1989,

C.G. Levi Receives ASM’s
Grossmann Award

Carlos G. Levi, associate professor, De-
partment of Materials and Mechanical En-
gineering, University of California, Santa
Barbara, received the Marcus A. Gross-
mann Young Author Award of ASM Inter-
national.

The award, established in 1960 in mem-
ory of an eminent metallurgist, research di-
rector and author, honors an author or
authors under 40 years of age whose paper
has been selected as the best of those pub-
lished in a specific volume of Metallurgical
Transactions. Levi received the award for his

https://doi.org/10.1557/50883769400061157 Published online by Cambridge University Press

paper on “The Evolution of Microcrystal-
line Structures in Supercooled Metal Pow-
ders,” published in the March 1988 issue of
Metallurgical Transactions A.

The focus of Levi’s research at the Uni-
versity of California is the microstructural
development of structural materials with
special emphasis on solidification process-
ing. A member of the Materials Research
Society, his interests range from the formu-
lation of computational models for micro-
structural evolution to advanced proc-
essing and characterization techniques. He
is also active in the development of instruc-
tional software for materials science educa-
tion.
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We've Made it Easier
To Focus Your Energies
On A Nano Scale.

Focused lon Beam Columns Focused Electron Beam Columns

Choose a single-lens 25KeV
gun that delivers spot diameters
down to 100nm. Or a two-lens
gunthatputsupto3 A/cm?ona
spot as small as 25nm. Our high-
stability liquid metal ion sources
are simply the best in the business.
FEI Focused Ion Beam
Columns are designed for use

Choose a single-lens 25KeV
gun that delivers spot diameters
down to 50nm. Or a two-lens gun
that puts up to 3000 A/cm? ona
spot as small as 15nm. Schottky
cathodes provide improved field
emission with excellent current
stability and high brightness.
FEI Focused Electron Beam

in Time-of-Flight SIMS, Auger 5 ar micrograph of Gallium ] micrograph of Schothy  Columns are designed for use
Depth Profiling, Quantum Struc- in Scanning Auger Microscopy,
ture Fabrication, SIMS Imaging, Micro Cross- In Situ SEM, Electron Beam Lithography, E-beam
Sectioning, Integrated Circuit Repair, and Induced Deposition and RHEED, among others.

Area- Selective Material Deposition, among others.

FEI focusing columns install easily on virtually any vacuum system.
Standard flange mounts are 4 2-inch or 6-inch Conflat type.
Beam diameter is relatively insensitive to working distance, providing
easier access to your specimen without sacrificing
beam performance, even on very crowded vacuum systems.

For more information, call or write today.

You’ll find FEI’s 18 years of research and successful applications of field
emission technology make it easier than ever to focus your energies.

o FEI Company

19500 N.W. Gibbs Drive, Suite 100
Beaverton, OR 97006-6907

(503) 690-1500 FAX (503) 690-1509

Please visit Booth No. 207 at the MRS Show in Boston, November 28-30, 1989.
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Workshop Spawns Rocky
Mountain Alliance for
Superconductivity

Several regional organizations, includ-
ing Los Alamos National Laboratory, have
formed the Rocky Mountain Supercon-
ductivity Alliance. The idea for the alliance
resulted from an informal workshop orga-
nized by Robert McConnell and Dana
Moran of the Solar Energy Research Insti-
tute (SERI), Golden, Colorado, and Gene
Stark of Los Alamos’ Superconductivity
Pilot Center.

Chaired by McConnell, the alliance will
encourage joint research via a monthly
newsletter that will help build a research
network, identify areas of collaboration,
and highlight specific members. It will also
produce an “infrastructure directory” list-
ing resources of the members. Ranging in
size from large organizations to a two-
person company, members of the new
alliance include universities, private com-
panies and research institutions in New
Mexico, Colorado, and Nebraska.

Workshop participants favored an alli-
ance because it is relatively easy to orga-
nize, does not require the legal and
financial support of a consortium, and al-
lows the formation of relationships be-
tween two or more members.

The August workshop included formal
presentations by Rod Quinn, director, Ex-
ploratory Research and Development Cen-
ter, Los Alamos National Laboratory;
Robert Kamper, director, Boulder Labora-
tories, National Institute of Standards and
Technology; John Trefny, Colorado School
of Mines; David Ginley, Sandia National
Laboratories; McConnell of SERI; and Al-
len Hermann, co-discover of the thallium-
based superconductor compounds. Other
participants who gave overviews of their
research included Martin Marietta, Super-
conductive Technologies Inc., Ball Aero-
st.ace Systems, Colorado State University
«nd the University of Colorado in Colo-
rado Springs.

R.S. Gordon Appointed Head
of Materials Engineering at
Virginia Polytech

Ronald S. Gordon was appointed de-
partment head and professor of materials
engineering at Virginia Polytechnical Insti-
tute and State University effective July 1,
1989. Gordon has 25 years of experience in
education, research and development,
and industrial management in the field of
ceramic materials, and has been principal
investigator on nearly $10 million of re-
search and development programs. He
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. 1to 9 lines of gas

. double enclosure for toxic gases

. chambers from 2" to 8"

. applications ranging from annealing
to superconductors and CVD

The RX is entirely PC controlled

with real time color graphics,

data storage, automatic calibration

and uniformity control.

Call us today and let's talk about
your specifications and budget.

AE addax

743 Ames Avenue, Milpitas, CA 95035

THE MODULAR RAPID THERMAL PROCESSOR

The RX thermal processor has been developed by AET-ADDAX
to fit and grow with your needs and your budget

Design your system with the modular architecture:
. very fast proprietary temperature control

. with real time uniformity control to below 1%

. 3 vacuum packages: 10-3, 10-6, 10-9 Torr

Tel: (408) 263-5464
Fax: (408) 263-9825

was also co-founder and chief executive of-
ficer of Ceramatec.

Gordon received BS and MS degrees in
chemical engineering from the University
of California (Berkeley) and the ScD degree
from the Massachusetts Institute of Tech-
nology. A fellow and member of the Amer-
ican Ceramic Society, Gordon also holds
memberships in The Electrochemical Soci-
ety, National Institute of Ceramic Engi-
neers, Ceramic Educational Council, and
the Materials Research Society. His re-
search interests include ceramic materials
processing and characterization of synthe-
sis and characterization of powders, solid
state thermodynamics and electrochemis-
try, high temperature mechanical proper-
ties of ceramics, ceramic ionic conductors
and ceramic superconductors.

Spanish Polymer Group
Established

The Spanish Polymer Group (included
in the Spanish Royal Society of Chemistry)
held its founding meeting June 27, 1989 in
Valencia, Spain, with more than 150 scien-
tists and engineers in attendance. The
group was founded to bring together scien-
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tists and engineers working in all the dif-
ferent areas of the polymer field in Spain
and also to provide a means for them to
cooperate with similar organizations
worldwide.

The inaugural session began with re-
marks from Group President Dr. Arturo
Horta (UNED) followed by presentations
from Dr. Barrales Rienda (CSIC) and Dr.
Marquez (Repsol Quimica) on the status of
polymer science and technology in Spain.
The Spanish Polymer Group concluded
their inaugural meeting by selecting coun-
cil officers.

J.J. Freire

Bill Giessen to Receive TMS
Hume-Rothery Award

Bill C. Giessen, professor in the Depart-
ment of Chemistry and Mechanical Engi-
neering, Northeastern University, and also
associate director of the Barnett Institute of
Chemical Analysis and Materials Science,
has been selected to receive the William
Hume-Rothery Award of The Minerals,
Metals & Materials Society (TMS).

The award is presented annually to an
outstanding scientific leader for scholarly
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Cryogenics
All The Tools
You'll Ever Need

Reliable, useful cryogenic
equipment from APD
Cryogenics is indispen-
sable to the researcher
working at low
temperatures.

HELITRAN® open-cycle
coolers are a simple-to-
use source of refrigera-

tion from below 2K
to 300K.

DISPLEX® closed-cycle
refrigerators provide
reliable, continuous-duty
cooling from 10K to
450K.

HELIPLEX™ closed-cycle
refrigerator is a liquid-
cryogen-free source of

continuous cooling from
3.6K to 300K.

DISPLEX® cryopumps
and LN,-free cold traps
offer clean, fast vacuum.

And . .. APD has the
most complete line of ac-
cessories vital to super-
conductivity, spectro-
scopy, ESR, DLTS, NMR,
matrix isolation, Hall
effect, and other low-
temperature research.

Call or write today.

APD Cryogenics, Inc.
1919 Vultee Street
Allentown, PA 18103
Tel: (215) 791-6700
Telex: 205528

FAX: (215) 791-0440

A SUBSIDIARY OF INTERMAGNI

Please visit Booth No. 3 at the MRS Show
in Boston, November 28-30, 1989.
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contributions to the science of alloys. Gies-
sen is being honored for “experimental
and scholarly contributions to the under-
standing of metallic glasses, alloying be-
havior and crystal chemistry of metastable
crystalline phases, and alloy phase equilib-
ria””

Author or co-author of 180 publications
and editor of seven books, Giessen also
holds 10 patents in alloy chemistry, high
temperature alloy phase diagrams, close-
packed polytype phases, and metastable
alloy phases produced by rapid solidifica-
tion and metallic gasses. His current re-
search involves the synthesis of high
temperature superconductors from metal
precursors. A member of the Materials Re-
search Society, he has also co-chaired sev-
eral MRS symposia on alloy phase
diagrams and rapidly solidified metastable
materials and alloys.

NAE Award Recognizes
Creators of Integrated Circuit

The National Academy of Engineering
has awarded the first international Charles
Stark Draper Prize to Jack S. Kilby and Ro-
bert N. Noyce, recognized as independent
co-inventors of the monolithic integrated
circuit. The NAE is also honoring them for
their separate work in bringing the inte-
grated circuit into successful commercial
production and application in commercial
products. Kilby and Noyce will each re-
ceive a gold medal and will share the
$350,000 cash award.

Kilby led the development of the first
computer that used integrated circuits and
also the development of a family of inte-
grated circuits for the improved Minute-
man missile. He co-invented the handheld
solid-state calculator and invented the
semiconductor gate array. His efforts
helped establish Texas Instruments as one
of the world’s largest manufacturers of in-
tegrated circuits. Kilby is currently an inde-
pendent consultant in Dallas, Texas and
chief technical officer for the Houston Area
Research Center.

Noyce co-founded Fairchild Semicon-
ductor in 1957, which provided integrated
circuits to NASA for the Gemini space cap-
sule’s onboard computer. In 1968 he co-
founded Intel Corp., the first company to
produce high-density memory compo-
nents and microprocessors. The current
president and chief executive officer of Se-
matech, Austin, Texas, Noyce is the Ple-
nary Speaker at the 1989 MRS Fall Meeting
in Boston.

The Draper Prize, to be awarded every
two years, honors individuals who have
contributed significantly to the advance-
ment of engineering and whose achieve-

MRS BULLETIN/NOVEMBER 1989


https://doi.org/10.1557/S0883769400061157

Keeping pace with the increasing
pace of change. Demands on materials
researchers are growing exponentially.
Yet, while the pace of change increases,
there still isn’t any more time in a day.
And less room for error than ever.

South Bay Technology is the solution.
We’'ve helped keep research profes-
sionals just ahead of the pace of change
since 1964.

SBT equipment, whether stock or
custom design, brings you quickly and

How to make
light work of
your toughest
specimen
preparation
challenges.

precisely through even the most delicate
specimen preparation challenges. Preci-
sion wire saws and diamond wheel
saws give you an as-cut surface that will
substantially reduce post-cut prepara-
tion time, even with brittle or multi-
layered substrate materials.

Beyond that are the finest lap-
ping and polishing fixtures, chemical
polishers, TEM specimen preparation
instruments, and metallographic equip-
ment and supplies available. All can
greatly reduce sample preparation time,
and many complete their tasks with the
option of continual unattended
operation.

ARy

'{"

use SBT equipment.

[ Slicing Instruments

[ Lapping and Polishing
Fixtures

€GRIs0UTH BAY TECHNOLOGY inc,

[J TEM Sample Preparation
Equipment

\2/

International Headquarters
5209 Tyler Avenue

Temple City, California 91780-3698

(818) 442-1839

With offices serving researchers around the world..
Australia/New Zealand, Austria/\West Germany, France
Japan, China, Korea, Eastern Europe and the

LInited Kingdom.

] Other

Name

Field/Specialization

Company
Address
City

Phone

06000000 00000000 0COIOOIONONOINONOINOOIOOIOOINOORNOIODO O

Fiy

A one-step solution to the mounting
time problem. \Xe've also overcome
the primary cause of lost time and
damaged material. The SBT Universal
Mount lets you bring a specimen
through every step of the preparation
process, without the hazards of
remounting.

The result? Large damage-free sur-
faces are quickly and easily reached,
even down to the level required for
TEM observation of undisturbed atoms.

Information is power — and free —
from SBT. Find out more about how
SBT can help you keep pace with the
increasing pace of change. Complete

the form below and mail it to SBT today.
Or, for faster service, call us at

(818) 442-1839. We'll rush you informa-
tion about the SBT equipment that really
can make lighter work of your specimen
preparation challenges.

Please visit Booth No. 16-17 at the MRS Show
in Boston, November 28-30, 1989.

ohvy, #

[ Orientation Instruments

[J Wafer Mounting Fixtures

[J Sample Preparation Supplies
[J Complete Product Catalog

Div./Dept.

State

¥
..'.J..fp.).........................................

TELL ME MORE about the South Bay Technology
products I've checked below. We currently [] do [] do not
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ments have produced important benefits
to the “well-being and freedom of all hu-
manity” The award is named for Charles
Draper, the father of modern inertial navi-
gation systems, who conceived the basic
idea of combining gyroscopes with an ac-
celerometer to provide precise course cor-
rections for long-distance navigation. He
then converted this idea into practical sys-
tems now universally used in aircraft,
space vehicles, strategic missiles, and sub-
marines. Draper also developed the navi-
gational system that landed the Apollo
astronauts on the moon.

Project to Probe Vitrification
of Municipal Waste for
Construction

In a $1.2 million program, the American
Society of Mechanical Engineers and the
U.S. Bureau of Mines will study whether
residue from the burning of municipal
waste can be fused into a glassy material,
usable in construction.

Municipal waste combustion residues
are currently disposed of in landfills, notes
Francis W. Holm, of Chemical Waste Man-
agement Inc., chairman of the ASME Re-
search Committee on Industrial and
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Ended Pelletron, Model 3UH

Get Rid of LN,
Cylmder Handling...

On MBE with
recirculated LN, in
SEMIFLEX'/ Triax
Vacuum Insulated Pipe,
from

VACUUM
BARRIERm
CORPORATION

P.O. Box 529
Woburn, Massachusetts 01801
(617) 933-3570

Please visit Booth No. 503 at the MRS Show in Boston, November 28-30, 1989.
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OF SURPRISE.“

Geller MicroAnalytical Laboratory provides expert Auger, SEM, X-ray and
metallographic services. The products introduced here reflect our dedication
to advancing the state-of-the-art of our industry.

Standards

Set a New Standard for calibrating your the tools and retainers provided.
X-Ray or Surface Analysis Instrumentation
by using Ultra-High Vacuum compatible
standards.

* Each standard material is individually
analyzed with our in-house
Auger/EDS/SEM instrumentation.

* Each high purity material is individually
polished and individually inserted into a
SS304 mount (negligible outgassing)
fabricated for your instrument.

And now, to meet your specific
requirements, SS304 mounts have been
designed to accommodate 6, 9, 12, 15, 18
or 37 high purity, reference materials.

* Each material (3mm dia.) can be
individually removed or replaced with

Vac-U-Storr

Protect your materials in a stable, aluminum lid, a Viton gasket and a shutoff
controlled environment with the Vac-U- valve, the Vac-U-Storr is available in four
Storr dessicator. Designed to reach vacuum convenient sizes ranging from 2.0” O.D. x
levels of 10 torr, the Vac-U-Storr provides 2.8"Hto5.5”0.D. x6.0"H
a sure and stable means for storage of air- Whether you need to maintain
sensitive materials either under vacuum or calibration standards in a dry vacuum or
in a specific gaseous environment. superconductors in oxygen, Vac-U-Storrs
Constructed of pyrex glass, a 6061-T6 provide the ultimate storage environment

for your sensitive materials.

Counter-Rota-Cutter

Improve the performance of 90% savings of your time.
your Buehler ISOMET or of your Whether you need to cut
LECO VC-50 metallographic saw prostheses or open ceramic/
by attaching the precision made, metal I.C. packages (without
patent pending, Counter-Rota- damage or interior contamina-
Cutter (CRC-901). tion), the CRC attachment

By rotating the workpiece during offers a New Dimension for
the cutting process, problems sectioning materials.

associated with section thickness, large
contact area, blade wander, surface
deformation or irregular sample shape have been addressed. The revolu-
tionary Counter-Rota-Cutter (CRC) provides the capability for produc-
ing thinner sections (0.004” thickness over 1.5” O.D.) with greatly
superior surface finish from larger samples, unattended, with up to a

>, GELLER

MICROANALYTICAL
LABORATORY

One Intercontinental Way
Peabody, Massachusetts 01960
Buehler ISOMET and LECO VC-50 are Registered Trademarks. Viton is a du Pont Company Registered Trademark. 508/535-5595 Fax: 508/535-7653
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Ask for performance - ask for the
new D 5000 x-ray diffractometer

Detector configurations include:

» PSD (Position Sensitive Detector).
+ Solid-state detector for improved detector efficiency.
« Std. scintillation counter.

Complete set of
attachments for
—  specific applications:

« Eulerian cradle for
texture.

[ i * Open Eulerian

—— - ; . cradle for texture/

: - | stress.

» Automatic sample
changer.

+ High and low
temperature
stages.

* Programmable
sample rotation.

Versatile

goniometer design:

» Operates in horizontal or
vertical mode for reflection or
transmission measurements.

« Converts from 6:26 geometry
to 6:0 in your lab.

+ Converts to parallel beam.

Available with
computer controlled
variable aperture
slits in incident and
diffracted beam
paths to control
Fully automated design: ?:éi?: rt;:il?gr:gund.
* Microprocessor control of data
collection.
» Host computer for
experimental setup and data
analysis.

Please visit Booth No. 922-923 at the MRS Show
in Boston, November 28-30, 1989.

For maximum performance in your lab, Siemens has engineered a new generation of x-ray diffractometer
designed to meet your requirements. The D 5000 features a new goniometer design manufactured to the strictest
tolerances. Complete with application specific attachments and advanced software routines, the D 5000 has the
precision and flexibility to outperform other systems in every x-ray application.

Your Solution is Siemens

In USA & Canada contact Siemens Analytical X-Ray Instruments, Inc., a joint venture of Siemens & Nicolet.
6300 Enterprise Lane * Madison, WI 53719-1173 « Tel. (608) 276-3000 « FAX (608) 276-3015
Worldwide Contact: Siemens AG, Analytical Systems E 689 « D 7500 Karlsruhe 21 « P.O. Box 21 1262 + Federal Republic of Germany « Tel. (0721) 595-4295
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Municipal Wastes. “Towns and cities
would especially welcome a commercially
competitive treatment methodology that
could not only reduce the volume of resi-
due, but also convert it into a marketable
product.” Vitrification, which immobilizes
toxic materials in the residue, holds prom-
ise for accomplishing all these goals.
According to program co-director Her-
bert I. Hollander, an independent consult-
ant, the research project seeks to deter-
mine the technical, environmental, mana-
gerial and economic feasibility of vitrifying
the residue from different sources, includ-
ing combined grate and fly-ash or fly-ash
alone. By testing samples of residue from
seven to ten municipal waste combustion
facilities the researchers hope to:
® Confirm that the glasslike product is en-
vironmentally benign, is denser than the
original residue, and takes less energy to
produce than is recovered from burning
municipal waste;
# Determine the optimal conditions and

operating constraints for running an elec-
tric arc furnace to vitrify combustion resi-
due, either continuously or during off-
peak power periods;

& Identify beneficial uses for vitrified resi-
due, potential markets and potential limi-
tations on the product’s use; and

® Identify the amount and nature of any
residual material, emission, or effluent.

Acting through the Research Commit-
tee, ASME’s Center for Research and Tech-
nology Development will serve as overall
research manager of the program. Labora-
tory studies will be carried out by the U.S.
Bureau of Mines at its Albany, Oregon Re-
search Center.

Existing municipal waste combustion fa-
cilities, representing all major waste com-
bustion technologies, are being identified
and reviewed as sources of residue sam-
ples for the studies. A 35-ton sample from
each site will be dried (after large metal
pieces are removed) and shipped to Al-
bany, Oregon for testing. O

1990
MRS Spring Meeting
San Francisco, California

April 16-21, 1990

COOL UNDER PRESSURE

The MMR Technologies LTMP (Low Tem-
perature Micro Probe) is designed to
provide cryogenic measurements —
without the use of liquid nitrogen — of
semiconductor materials such as gallium
arsenide, mercury cadmium telluride and
amorphous silicon. When integrated with

Temperature Controller, the LTMP will
provide controlled cycling and tempera-
ture measurement over a temperature
range from 80K to 400K.

LOW TEMPERATURE MICRO PROBE FOR DLTS

the MMR Technologies K-20 Programmable

Features:

* Frost-free windows and samples

* Noise-free operation — operates without
microphonics

» Temperature stability +.05K

* Temperature accuracy +0.5K

* Temperature resolution .01K

» Computer interface through IEEE-488
(GPIA) and RS-232

* Selective cooling - only the sample is cooled,
not the enclosure

MMR

1400 Stierlin Road, #A-5
Mountain View, California 94043-1312, U.S.A.
Telephone (415) 962-9620 Telex 184817 Fax (415) 962-9647
England: AG Electro-Optics, Tarporley
Japan: ABE Trading Company, Ltd., Osaka
India: V.S. Scientific Instrument Agencies, New Delhi

Ask about our Hall System, SEM Cold Stage System,
and X-Ray Diffractometer.

Please visit Booth No. 410 at the MRS Show in Boston, November 28-30, 1989.

MRS BULLETIN/NOVEMBER 1989

https://doi.org/10.1557/50883769400061157 Published online by Cambridge University Press

27


https://doi.org/10.1557/S0883769400061157

