
Five-Year Photovoltaics 
Program Aims to Reduce 
Manufacturing Costs 

A Department of Energy program de
signed to study and develop ways to re
duce production costs of photovoltaic (PV) 
systems was implemented in January and 
will provide up to $55 million in federal 
funding over five years to U.S. PV firms . 

The Photovoltaic Manufacturing Tech
nology (PVMaT) Project will initially award 
contracts up to $50,000 each during the first 
three months to help individual compan
ies identify areas in manufacturing where 
research and development will greatly re
duce costs. 

A second project phase will develop so
lutions to problems identified in the first 
phase. Only up to six of the first group of 
contracted companies will be awarded 
phase-two contracts. Phase two contracts 
will last a maximum of three years, and the 
selected companies will be expected to cost 
share their work. A second phase two pro
curement for process-specific research and 
development projects will be initiated in 
1992 for all PV companies possessing man
ufacturing capabilities at that time. 

The PVMaT project has four goals: re
ducing costs of manufactured PV prod
ucts, earlier scale-up of U.S. PV production 
capacities, improving commercial product 
performance and reliability, and enhanc
ing the U.S. PV competitive posture. Sup
porting work for the project is being 
performed by the Solar Energy Research 
Institute (SERI) and Sandia National Labo
ratories. All PVMaT project contracts will 
be issued by the SERI procurement office. 

Recipients of the PVMaT Phase 1 con
tractsinclude : Alpha Solarco, Astropower, 
Crystal Systems, Energy Conversion De
vices, Entech, Glasstech Solar, Global Pho
tovoltaic Specialists, Iowa Thin Films, 
Kopin Corporation, Photon Energy, Solar 
Cells, Solar Engineering Applications, So
larex Corporation, Spectrolab, Spire Cor
poration, Utility Power Group, and 
Westinghouse Electric Corporation . 

Empire State Materials 
Council Formed 

The Empire State Materials Council 
(ESMC), dedicated to the sharing of infor
mation between academia and industry 
across New York State, was recently 
formed . 

Volker Weiss, professor of engineering 
and physics at Syracuse University is the 
organization's director, and James Mc
Cauley, dean of the New York State College 
of Ceramics, and Richard Spriggs, director 
of the Center for Advanced Ceramic Tech-
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nology at the New York State College of 
Ceramics at Alfred University are, along 
with Weiss, ESMC's founders and charter 
members. The statewide association has 
among its members materials scientists 
and engineers working at educational and 

research insti~tions, not-for-profit labora
tories, and industries. Their intent is to 
share their knowledge of the field, with the 
hope of spurring economic development 
in New York state. 

surface and volume 
resistivity at the 
touch of a key! 
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key and you'll know 

instantly the surface 
and volume resistivity for 

many different coatings, sheet and film. semiconductor 
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• Six standard 4-pin probes assure true 
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IBM Develops Method to 
Mass-Produce Tiny 
Semiconductor Lasers 

Scientists at IBM's Zurich Research Lab
oratory have developed a way to build up 
to 20,000 minuscule lasers on a two-inch 
semiconductor wafer. The lasers are both 
mass-producible and testable. 

The new method of laser semiconductor 
fabrication is faster, less expensive, and 
more efficient than the ones now used in 
compact disk players, laser printers, com
puter storage disks and fiber optic net
works. The resulting chip holds 
substantial promise for integration with 
components that use both light and electric 
current to carry information. 

The process relies on etching to fabricate 
and test thousands of lasers at once on an 
uncut wafer. Narrow trenches, 0.5 1-1m 
deep, are etched into the wafer to form the 
laser mirrors, which are subsequently 
coated with semireflective material. Previ
ously, mirrors were formed by cleaving, a 
costly and time-consuming technique in-

10 

"ULTRA 
THIN" 

2-4 u THIN 
silicon membranes[ 

Available In 1, 2 and 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: 

-micromachinlng 
-X-ray lithography 
-particle beam focusing 
-stress diaphragms 
-bonded silicon 

All processing from crystal growth 
to polishing, is done on VSI 
premises. 
Whether your requirements are In 
research or production quantities, 
let's talk about putting these mem
branes to work for you. 

VIRGINIA SEMICONDUCTOR, INC. 
1501 Powhatan Street, Fredericksburg. VA 22401 

Phone(703)37~2900 
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volving the individual handling of each 
mirror. 

Process characterization, diagnostics, 
and screening for working lasers can all be 
done on the wafer. Afterward, the wafer is 
cut into individual lasers for use. Quality, 
performance, and working life of the lasers 
meet that of the lasers produced by the 
cleaving method. 

Called full-wafer technology, the 
method will allow researchers to etch con
vex and concave mirrors to bend the path 
of the laser beams. Researchers will also 
combine lasers with focusing lenses and 
reflectors for future electronics applica
tions in optoelectronics. 

Glass Researchers Use 
Laser Technique in Quest 
for Quality Enhancement 

Demands for perfection in glass are more 
stringent today than ever before. The ma
jor hindrance to blemish-free and optimal 
strength glass is the formation of bubbles 
in the material during processing and 
treatment. 

Robert Condrate and Sang Won Lee of 
the Industry-University Center for Glass 
Research in Alfred, New York, have devel
oped a non-invasive method for determin
ing the nature and concentration of specific 

· gases that form the bubbles, and for identi
fying crystals that form on bubble surfaces. 
Condrate, a NYS College of Ceramics pro
fessor of spectroscopy, and graduate assist
ant Lee direct a laser beam into glass 
bubbles using a Raman spectra microprobe 
device to look at the backscattered spectra, 
as reported in The Glass Researcher, Novem
ber 1990, published by Alfred University. 
Previous methods of bubble study in
volved controlled fracture of the sample 
and using mass spectrometry. Traditional 
Raman spectroscopy has also been used. 

Scientists and glassmakers knew that 
changes in relative concentrations of oxy
gen and carbon dioxide in silicate glasses 
can be affected by addition of arsenic ox
ide, sodium nitrate, and sodium nitrite af
ter heat treatments. But by identifying the 
specific contents of glass bubbles, glassma
kers can better engineer glass to solve spe
cific structural problems and allow them to 
tailor the amounts of the necessary addi
tives. 

With the development of new detectors 
for Raman spectroscopy, the gas content of 
the bubbles can be analyzed more quickly. 
Within three minutes, spectra can be ob
tained with a multi-photo diode array, as 
opposed to 30 minutes with traditional Ra
man spectral capability of a single-photo 
multiplier system. 

Quinn to Take Position 
with PNL 

Rod K. Quinn, director of the Explor
atory Research and Development Center 
of the Los Alamos National Laboratory, 
Los Alamos, New Mexico, will join Battelle 
Pacific Northwest Laboratory in early April 
with the assignment as deputy manger of 
materials and chemical sciences. He will 
also have laboratory-wide responsibilities 
for special programmatic development. 

His duties will include responsibility for 
PNT..:s materials and chemical sciences ac
tivities, including developing and main
taining a strong science and technology 
base, to a wide range of programs through
out PNL. An initial important duty is to 
interface with the new Molecular Science 
and Environmental Science Research Cen
ters. 

"My professional interests are in ad
vanced materials, especially those that in
terface between materials and chemistry;' 
Quinn said. "I also have a keen interest in 
this nation's technological competitive
ness, and have dedicated the last three to 
four years of my career to this area;' he 
said. 

Quinn has been with Los Alamos for five 
years as program director for all high
temperature superconductivity programs, 
director of the Superconductivity Pilot 
Center, and as a leader for new programs 
in advanced materials and materials syn
thesis and processing. 

He received his BS in chemistry from 
Southern Methodist University and his 
PhD in physical-inorganic chemistry from 
the University of Texas. He has published 
more than 50 articles in professional jour
nals and presented a similar number of pa
pers at professional meetings. 

Quinn was an MRS Meeting Chair in 
1986, a Committee Chair in 1986 and 1987, 
and has served on several other MRS com
mittees. 
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Program Formed to Share 
Techniques and Tools for 
Microelectronics Analysis 

Sandia National Laboratories has an
nounced the formation of the Microelec
tronic Quality/Reliability Center (MQRC) 
Affiliates Program allowing American in
dustry to use the Laboratories' facilities 
and experience to analyze and improve the 
quality of microelectronic products. 

Under this program, access to these facil
ities will be cheaper for companies than 
constructing similar facilities themselves. 
Sandia says MQRC will not compete with 
private industry because the center will 
provide access only to equipment and 
services not available elsewhere. 

Available capabilities include nondes
tructive characterization and failure analy
sis, physical and statistical modeling, 
electrical characterization, and process 
monitoring and control. 

Potential MQRC Affiliates include inte
grated circuit manufacturers, IC reliability 
test equipmentvendors, IC users, and uni
versities. Examples of the type of projects 
that MQRC could address include investi
gating the reliability impact of new materi
als, processes, and equipment; 
characterizing the statistical distribution of 
failures; and consulting with Sandia staff 
on specific reliability problems. 

Companies interested in more informa
tion on the program can contact Ted Dellin 
at (505) 844-2044. 

13 Nations to Collaborate on 
Superconductivity Study for 
Electric Power 

Thirteen industrialized nations have 
funded Argonne National Laboratory to 
evaluate potential impacts of high T, super
conductivity on the electric power sector. 
The work is intended to foster an interna
tional exchange of ideas for providing 
cheaper, more efficient electrical service. 

Under the three-ye<!r, multinational 
agreement, the U.S. Department of En
ergy laboratory will review work on super
conductivity research worldwide, 
reporting on its status and identifying ar
eas that need more detailed investigation. 
Argonne scientists will review issues of 
common interest to funding nations, mak
ing assessments and preparing reports on 
the potential of developing technologies. 

The immediate effort will focus on pro
gress in developing practical stipercon
ducting wires and fault current limiters 
(power grid protective devices). 

As the other countries carry out re
search, they will contribute reports and 

MRS BULLETIN/MARCH 1991 

RESEARCH/RESEARCHERS 

summaries to Argonne. Also, Argonne 
plans to contract with the Central Research 
Institute of the Electric Power Industry of 
Japan to study and assess superconduct
ing systems. 

The multinational technical representa
tives include Hydro-Quebec and Ontario 
Hydro, Canada; Elkraft Power Company 
Limited, Denmark; Ministry of Trade and 
Industry, Finland; Kernforschungszen
trum Karlsruhe GmbH, Germany; Ente 
Nazionale per l'Energia Elletrica, Italy; 
New Energy and Industrial Technology 
Development Organization, Japan; Neth
erlands Agency for Energy and the Envi
ronment, Netherlands; Norwegian 
Council for Scientific and Industrial Re
search, Norway; National Energy Admin
istration, Sweden; Office Federal de 
{;Education et de Ia Science, Switzerland; 
Department of Trade and Industry, United 
Kingdom; the Scientific and Technical Re
search Council of Turkey, Marmara Scien
tific and Industrial Research Centre, 
Turkey; and the U.S, Department of En-

ergy, United States. All are members of the 
International Energy Agency, which was 
instrumental in negotiating the interna
tional contract. 

General Atomics Receives 
Contract for Fusion 
Development 

The U.S. Department of Energy has 
awarded a contract for $15.7 million to 
General Atomics (San Diego) to provide 
Inertial Confinement Fusion (ICF) target 
component fabrication and technology de
velopment support to DOE for the U.S. 
laboratories engaged in ICF experimental 
activities. 

According to the contract, General 
Atomics must provide up to 172,630 direct 
productive worker-hours over a 21-month 
period. W.J. Schaffer Associates, Inc., of 
Chelmsford, Massachusetts, and Polymer 
Systems, Inc., of Livermore, California, 
will support General Atomics as principal 
contractors. 

The Better 
Vacuum Book. 

twenty years 
building vacuum 
components better- the 
all new Huntington Catalog. 
With everything from valves to 

e. 

manipulators, flanges to feedthrough , tandard and 
custom chambers. For a free copy, note your applica-
tion on letterhead to: Huntington Laboratories, 1040 
L'Avenida, Mtn. View, CA 9 043. Or call : ( 00) 22 
8059. InCA : (415) 964-3323. Fax : 415-964-6153. 

Huntington 
Built Better. For 20 Years. 
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In addition to the 21-month term of the 
basic contract, the award also provides for 
two one-year options that, if exercised by 
DOE, would increase the level of effort by 
107,880 hours for each option year and in-

crease the total cost of the contract to $35.4 
million for the full45 months. 

The scope of the work includes: 
• fabrication, characterization, and devel
bpment of ICF target components such as 
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Why leading research 
labs buy superconducting 

magnet systems from 
Janis 

The reason; our 
expertise. Research 
physicists, ded1cated 
solely to magnet systems, 
are available to d1scuss your 
expenment; to help determ1ne 
the system that's right for you. 

Over the past 25 years, hun
dreds of systems have been 
delivered; MIT National Magnet 
Lab, IBM, DuPont, Bell Labs, 
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and others. 

The SuperOptiMag series, for 
magneto-optical experiments. is 
available with split soleno1d pairs, 
fields up to 7 tesla and window 

materials span
ning most of the 

electromagnetic 
spectrum. 

The SuperVariMag series 
features variable tempera

tures from 1.5 to 300K and , w1th 
our lambda plate option , fields up 

to 14 tesla can be achieved. 
Write today for your free guide to 

superconducting magnet systems 
or call and ask for Dr. Jirmanus, 
he'll be happy to discuss your 
research needs. 

Jan1s Research Co., 2 Jewel 
Dnve, P.O. Box 696, Wilmington, 
MA 01887, phone: 508 657 8750. 
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glass and plastic microshells (filled with 
mixtures of deuterium and tritium or diag
nostic trace materials); 
• development, evaluation, certification, 
and application of appropriate methods for 
characterizing ICF target components; 
• development and evaluation of new tar" 
get components, target support systems, 
and materials necessary to achieve this; 
and 
• devising and evaluating techniques fo~ 
the precise, reproducible production of 
specific types of target components. 

Laboratories participating in the Iq pro
gram are the Lawrence Livermore National 
Laboratory, Los Alamos National Labora
tory, Sandia National Laboratories (Albu
querque), and the Laboratory for Laser 
Energetics at the University of Rochester. 
The program is part of the Research and 
Advanced Technology Office of DOE's De
fense Program organization. ICF technol
ogy involves the use of lasers and, 
potentially, ion beams as drivers to im
plode microshells in an R&D program to 
investigate and demonstrate the technolo
gies required to achieve thermonuclear ig
nition conditions in the laboratory. 

Technique Improves S~rface 
Area Measurements of Thin 
Films 

Improving on a decades-old method, 
scientists at Sandia National Laboratories 
hav~ patented a highly accurate method to 
measure the surface area of minute sam
ples of porous, thin films. The technique 
has implications for the microelectronics, 
gas separations, optics, and solar cell in
dustries, which use thin films extensive)y. 
It can also be used to determine the pore
size distribution of thin films, an aid in the 
design of highly specific chemical sensors, 
more effective catalysts, and gas separa
tion membranes. 

The technique combines a surface acous
tic wave (SAW) device with the BET 
method-a surface area measurement 
technique named for its developers, Bru
nauer, Emq1ett, and Teller. The BET 
method, however, cannot discern small 
weight changes jn materials with low total 
surface area, like most thin films. 

Increased sensitivity comes from the 
solid-state SAW sensor, which uses trans
ducers lithographically patterned on a pi
ezoelectric substrate to launch and detect 
acoustic waves. These waves interact with 
solids, liquids, and gases on the SAW de
vice's surface, providing information about 
the material's characteristics. 

The BET technique is based on the prem
ise that a porous material will adsorb nitro-
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gen gas in measurable quantities. The 
surface area of the sample is calculated us
ing the amount of absorbed nitrogen and 
the surface area of nitrogen molecules. Tra
ditionally the adsorbed nitrogen was mea
sured by weight change directly. The SAW 
device measures the speed of acoustic 
waves traveling along the surface. As nitro
gen is absorbed, the mass increases and 
this slows the acoustic waves. This fre
quency change is used to determine the 
amount of nitrogen present. 

The SAW device can measure a mass 
change as small as 20 picograms, while a 
standard BET system can only measure 
mass changes on the order of 1 million pi
cograms. The SAW method can also be 
used to more accurately determine the 
range and distribution of pore sizes of thin 
film material. 

Kaufmann Assumes New 
Position at Argonne 

Elton N. Kaufmann, who joined 
Argonne National Laboratory in early 1989 
as director of the Superconductivity Pilot 
Center, a successful and now widely emu
lated experimental program in technology 
transfer, has been appointed associate di
rector of Argonne's Strategic Planning 
Group. The Group, which operates within 
the office of the laboratory director, is in
volved in the formulation and implemen
tation of programs that contribute to 
Argonne's role as one of the Department of 
Energy's national laboratories and as a na
tional center of excellence in various high
technology fields. Kaufmann will initially 
concentrate on La.boratory programs in ad
vanced materials and on the Advanced 
Photon Source (APS), a six-GeV synchro
tron facility now under construction on the 
Argonne site. The $456 million APS re
search facility will provide the world's 
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brightest x-ray beams for materials re
search. 

When contacted, Kaufmann said, "The 
Pilot Center experience has been extremely 
rewarding. To see an innovative technol
ogy transfer mechanism coupled to the 
new and exciting high-temperature super
conductor technology, and to encounter 
rapid and substantial acceptance of this 
combination by U.S. industry is the best 
result for which one could have hoped. 
That formula can serve as a template for 
use in other technologies and by other fed
eral agencies. I look forward now to apply
ing lessons learned in the Pilot Center to 
the broader needs of the Laboratory:' 

Before joining Argonne, Kaufmann held 
positions at the Lawrence Livermore Na
tional Laboratory where he was Materials 
Division Leader, and AT & T Bell Laborato
ries. 

Kaufmann, author of many research ar
ticles on physics and materials science top
ics as well as co-editor of two books, 
received his bachelor's degree in physics 
from the Rensselaer Polytechnic Institute 
and his doctorate in physics from the Cali
fornia Institute of Technology. 

Kaufmann is a former president and cur
rent councillor of the Materials Research 
Society and a Fellow of the American Phys
ic~ Society. 

Experimental Laser Points to 
Future in Transmissions 
Systems 

Scientists at AT&T Bell Laboratories 
have generated fast, short, light pulses 
with a monolithic semiconductor laser that 
could be a source for ultrahigh-capacity op
tical fiber transmission systems. 

Bell's colliding-pulse mode-locked laser 
generates 3.5 x 1011 light pulses a second, 
each one lasting 600 femtoseconds. This is 
about 140 times faster than the fastest com
mercial lightwave system in service today. 
The laser was designed by researchers 
Young-Kai Chen and Ming C. Wu of the 
Bell Labs Semiconductor Electronics Re
search Department. 

The accomplishment came from com
bining three technologies: very high-speed 
lasers, high-density wavelength division 
multiplexing, and optical amplifiers for 
very long distances. David Lang, Director 
of the Compound Semiconductor Device 
Research Laboratory, said bit-rate speeds 
have increased from 45 megabits in 1980 to 
the research limit of 350 gigabits today, but 
with these new technology thrusts, it may 
be possible to extrapolate 1,000 gigabits a 
second by the year 2000. 0 
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University Materials Council Discusses Focus of Future Research Funding 
The University Materials Council (UMC) 

discussed the prospect for increased mate
rials science support and where those re
search funds should go at its semi-annual 
meeting held November 27, 1990 in Boston, 
coinciding with the Materials Research So
ciety's Fall Meeting. The Council, chaired 
by Reza Abbaschian, University of Florida, 
consists of about 105 members who chair 
materials science departments in U.S. uni
versities. 

One focus of the meeting was an update 
on actions in response to the MS&E report, 
Materials Science and Engineering for the 
1990s, published in 1989. Four regional 
meetings have been held to unify and in
volve working materials scientists and en
gineers, and to identify ways to imp)ement 
the MS&E report's recommendations. The 
four regions are preparing summary re
ports. A major theme of the regional re
ports was synthesis and processing, but 
instrumentation and modeling were also 
stressed. 

The justification for increased materials 

ADVANCED MATERIALS 
M-04: Optoelectronic Materials, Processes. and Devices 

science support appears to have shifted 
from a "global competitiveness" argument 
to a "quality of life" argument. The final 
report from the regional meetings will rec
ommend that the federal government fund 
major initiatives in materials science at the 
level of hundreds of millions of dollars. 
The ultimate payoff is expected in the form 
of a large number of new PhDs trained in 
processing and a new culture in the uni
versities focused on interdisciplinary re
search. 

In a brief presentation at the meeting, J. 
Narayan, director of the Division of Materi
als Research at the National Science Foun
dation, said that this is a unique time in 
materials science and engineering. The op
portunity exists for this community to 
speak with one voice and be heard at the 
highest levels of government, he said, and 

·is an opportunity we cannot afford to miss. 
The Council members decided to take 

the following actions: 
1. UMC members will be polled to deter

mine the five most important areas of re-

search funding sought from the 
government and why. This information 
will serve as a database for funding justifi
cation. 

2. UMC members will write letters to rel
evant federal funding agencies supporting 
the MS&E initiative. The letters will urge 
strong support for the "synthesis and 
processing" initiative, and will stress that 
the support of individual investigators is 
crucial and that education in materials sci
ence is important. The letters will be gen
eral in theme so as to include related fields 
such as physics and chemistry. 

3. UMC members will extend their 
membership and activities by including 
department chairs of other fields in the 
UMC. 

Department heads and others interested 
in the UMC and its activities can contact: 
Prof. Reza Abbaschian, Department of 
MS&E, 132 Rhines Hall, Gainesville, FL 
32611; phone (904) 392-1454; fax (904) 392-
6359. 

Aubrey L. Helms Jr. 
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SIX NEW COURSE TOPICS 
Selected Sho~ Courses covering the latest developments in materials science and technology will be 
oNe red in conjunction with the 1991 Spring Meeting ol the Materials Research Society. These up-to-date 
courses are at the lorelront of science and technology and complement Spring Meeting symposium 
topics. SPECIALTY. REVIEW, AND SURVEY courses are designed to meet needs ol professional 
scientists. engineers, technical staN, and managers who want to know the latest techniques in 
characterization and fabrication of materials. CLASS SIZES ARE LIMITED: Early telephone preregistra
tions are encouraged. 
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PREPARATION AND FABRICATION OF MATERIALS 
F-01: Film and Coating Deposition Techniques 
Instructor: Donald M. Manox • Sunday and Monday, April28-29 . . ...................... $535 

F-02: Plasma Etching lor Microelectronic Fabrication 

Instructor: Mool C. Gupta • Friday and Saturday, May 3·4.. . ........................... $510 
Instructor: G. Kenneth Herb • Tuesday, April30 . . ...................... 5345 

f-04: Microelectronic Packaging: Materials, Processing, and Reliability M-07: Polymers lor Electronic and Photonlc Applications 
Instructors: C.P. Wong and C. Grant Willson • Sunday and Monday, April28·29 ............... $510 
M-08: Nature of Solid lubricants and Their Applications 
Instructor: Harold E. Sliney • Monday, April29. . . .......................... $345 
M·11: Magnetic Thin Films: Physics and Applications 
Instructors: Ernesto E. Marinero and Virgil S. Speriosu • Saturday and Sunday, April27-28. . .$510 
CHARACTERIZATION OF MATERIALS 
C-03: Surface and Thin Film Analysis 
Instructors: Leonard C. Feldman and Jarnes W Mayer • Friday and Saturday, May 3-4. . ..... $580 

C-07: Amorphous Silicon Technology 
Instructors: Robe~ A. Street and Michael G. Hack • Monday, April29 ...................... $345 
C-09: Fractals: Concepts and Applications In Materials Science and Engineering 
Instructors: James E. Ma~in and Alan J. Hurd • Tuesday and Wednesday, Aprii30-May 1. .$535 
C-12: IC Failure Mechanisms and Analytical Techniques 
Instructor: Giorgio Riga • Thursday and Friday, May 2-3... . ................... $510 
C-14: Fundamentals and Applications of Scanning Tunneling Microscopy 
Instructor: Robe~ J. Harners • Friday, May 3 . . ......................... 5345 
C-22: Thin Film Epitaxy, lnterdiHusion, Phase llanslonnatlon 
Instructors: Leonard C. Feldman, James W Mayer, and King-Ning Tu • fhursday and Friday, -N . ~ 
C·24: Characterization of Diamond Films 
Instructors: JeNrey l Glass and Robe~ J. Nemanich • Friday, May 3 . . .... $345 
C-25: Characterization of the Electrical Properties of Electronic Materials 
Instructor: Laurence Sadwick • Wednesday, May 1 . . .......................... $345 

Instructor: Shankara K. Prasad • Thursday, Friday and Saturday, May 2-4 ................... $775 

P-10: Metallorganic Chemical vapor Deposition 
Instructor: Robert M. Biefeld • Thursday, May 2. . ...................... $345 

P-11: Rapid Thennal Processing· III·V Materials Systems and Processing Technology 
Instructors: Dennis M. Maher and Avishay Katz • Friday, May 3 . . ...................... $345 

P-14: Film Fonnation. Adhesion. Surface Preparation. and Characterization of Thin Film Structures 
Instructor: Donald M. Manox • Wednesday and Thursday. May 1-2 . . . ................... $535 

P-19: Compound Semiconductor Epitaxy and Processlng 
Instructors: Ami Appelbaum and L. Ralph Dawson • Sunday, Monday and Tuesday, April28-30 ... $750 

TECHNIQUES 
T-08: Environmental, Safety, and Health Aspects of Semiconductor Manufacturing 
Instructors: Jeanne M. Yturri, G. Kenneth Herb, and Michael I Mocella • Monday, April29 ...... $345 

T-09: low Temperature Testing of Superconductors and Semiconductors 
Instructor: Robert E. Schwall • Monday. April29 . . ...................... $345 

SPECIAL DISCOUNTS 

There are special discounted tuition fees for specific course combinations: 

F-01 and P-14: $895 total fee • T-08 and F-02: $510 total fee 

Facilities registering three or more persons at the same time in one MRS Short Course receive a 20% 
discount for the third and all additional persons. 

REGISTRATION INFORMATION: Call (412) 367-3003 and ask for the Shon Course ONice to request 
information about student scholarships and special meeting registration discounts. 900336 
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