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Jackson
Observations on Chemical Aspects to 		
Epitaxial Crystal Growth (and a Bit of 		
History) – by Thomas F. Kuech
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On the cover:
Spiraling pine tree-like lead sulfide (PbS) nanowires
are evidence of an entirely different way of growing
the nanowires. Unlike the common nanowire growth
mechanisms with the help of metal catalysts, the rapid elongation of the nanowire tree trunks is driven
by an axial screw dislocation, which also causes the
lattice of the nanowire trunks to twist (called “Eshelby Twist”) as they grow and causes their epitaxial
branches to spiral. See more details in “Dislocation
Driven Nanowire Growth and Eshelby Twist” Science 320, 1060 (2008).
Photographer: Song Jin, Department of Chemistry,
University of Wisconsin-Madison.
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President’s Corner
The most recent International Conference on Crystal
Growth, ICCG-16, was held in Beijing, China, in August of 2010, which reminds me of the so-called Chinese curse, “May you live in interesting times.” Fittingly, Wikipedia reports that this phrase may have actually
originated among the Americans, and it certainly applies to the recent history of the American Association
for Crystal Growth (AACG). Let me provide a bit of
background. The AACG hosted the 2007 International
Conference on Crystal Growth in Salt Lake City, and,
although the technical program was a resounding success, a brewing, worldwide economic downturn resulted in far fewer attendees than anticipated. The organization ended up paying significant financial penalties to
the hosting hotel, resulting in a near-death experience
for the Association. Nevertheless, we survived (with
special thanks to Vince Fratello, who engaged in heroic
negotiations with the hotel and to David Bliss, who
served steadfastly as president during these difficult
times). Unfortunately, that summer the organization
also lost a great friend and supporter, William Bonner,
who had served as a past president of the AACG and as
president of Crystallod, a crystal growth company he
founded after leaving Bellcore.
In 2009, we rebounded nicely with a well-attended national meeting, the 17th American Conference
on Crystal Growth and Epitaxy, in conjunction with
the14th US Biennial Workshop on Organometallic Vapor Phase Epitaxy and the 6th International Workshop
on Modeling in Crystal Growth, held in Lake Geneva,
WI. Soon after, however, our long-serving administrator, Lori Bonner, whose employment disappeared with
the passing of her father, Bill, and the demise of Crystallod, decided that she no longer had strong enough
ties to crystal growth or enough spare time to continue
serving the organization. I am saddened to see her go,
and I know that all who have had the pleasure of workAACG Newsletter Spring 2011

ing with her wish her the best of luck in her future endeavors. Thank you, Lori, for all of your efforts.
Though we are still struggling to fully complete
the transition, as would any volunteer-based organization, I am most pleased to announce that Ms. Shoshana
Nash has agreed to serve as our new AACG Administrator. Shoshana comes to us via long-time AACG member Tom Surek, formerly of NREL, who is her father.
For any who may suspect nepotism is at play, let me assure you that when I saw Shoshana’s qualifications and
skills, I jumped at the opportunity to bring her into our
organization. Thus, we are currently moving AACG
headquarters from the fruited plain of Somerville, New
Jersey, to the purple mountain majesties of Littleton,
Colorado. Shoshana can be reached at AACG@comcast.net or (303) 539-6907.
Coming back to the ICCG in Beijing, AACG
was planning to submit a bid to the International Organisation of Crystal Growth to host ICCG-18 in 2016
in the United States. Unfortunately, mid-way through
our planning, we realized that many of our most active
members would be involved with the already-scheduled International Conference on Metal Organic Vapor
Phase Epitaxy or ICMOVPE, which will also take place
the summer of 2016 in the U.S. Given the significant
overlap between our membership and theirs and after
input from the AACG Executive Committee, I decided
that we could not successfully organize both meetings
in 2016 (in terms of financing, industrial participation,
and, especially, volunteer effort). Thus, AACG did not
submit a bid, leaving Japan as the sole bidder and host
of the next International Conference on Crystal Growth
in 2016.
Finally, I’d like to finish with a few observations. The prospect for U.S. research dollars in general
is up in the air pending the coming budget clashes in
Washington. However, I am encouraged by U.S. fo5

cuses on energy and security, which should bode well
for at least some areas of crystal growth research and
production. The effect of the 2009 National Research
Council report, “Frontiers in Crystalline Matter: From
Discovery to Technology,” by the Committee for an Assessment of and Outlook for New Materials Synthesis
and Crystal Growth (available at http://www.nap.edu/
catalog/12640.html), has still to take hold, but I hope
that it also may help fund more activity in our community.
Crystal growth activity is on the uptick abroad,
with great activity in Asia and Europe. Interesting recent developments are entreaties by IOCG President
Roberto Fornari to organize periodically a bilateral
conference involving E-MRS (the European Materials
Research Society) and the national crystal growth organizations of Europe. There is also a move afoot to reinvigorate the European Conference of Crystal growth,
and ECCG-4 is scheduled to be held in Glasgow from
June 17-20, 2012. Of course, the next international
meeting, ICCG-17 will be held in Warsaw, Poland, and
the summer school, ISSCG-15, will be held in Gdansk,
Poland, the summer of 2013.
Closer to home, this summer presents several
excellent opportunities for professional growth and
networking. Make sure to mark your calendars for the
Thin Films and Crystal Growth Mechanisms Gordon

Research Conference being held July 17-22, 2011, at
the University of New England in Biddeford, Maine.
And, especially, plan to attend our very own Eighteenth
American Conference on Crystal Growth and Epitaxy
jointly with the 15th Biennial (US) Workshop on OMVPE (ACCGE-18/OMVPE-15) held from July 31 - August 5, 2011 in Monterey, California (see http://crystalgrowth.us/accge18/index.php). I look forward to seeing
as many of you as possible there!
					Jeff Derby
The audience at a recent AACG-MAS meeting.

AACG president Jeffrey J. Derby

AACG Regional News and Member News
Mid-Atlantic Section Update
The Mid-Atlantic Section of the American Association of Crystal Growth continues to be active and holds
regular meetings consisting of dinner and a technical
presentation by an invited keynote speaker. Over the
past year, we have heard presentations from Dr. Vince
Fratello, previously at Integrated Photonics, presenting Liquid Phase Epitaxy of Oxide Films; Prof. Claire
Gmachl, Princeton University, Mid-Infrared Quantum
Cascade Lasers; Prof. Somnath Mitra, New Jersey
Institute of Technology, Polymer Solar Cells Using
Fullerene Single Wall Carbon Nanotube Composites;
and Prof. Ivan Biaggio of Lehigh University on Assem6

bling Small Organic Molecules into a Solid State Material for Integrated Nonlinear Optics. Typically, about
20 people, most of whom represent crystal growth industries in the tri-state area, attend each meeting, which
are held at Willie’s Taverne Restaurant in Bedminster,
New Jersey. The executives of the AACG-MAS include Glen Kowach, President; Steve Napholtz, Vice
President; John Parisis, Secretary, and Jon Whitlock,
Treasurer. If you wish to receive notices of these meetings, please send email to jparisis2000@gmail.com.
			

-John Parisis and Glen Kowach
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Lynn A. Boatner, an Oak Ride National Laboratory
Corporate Fellow and an Adjunct Professor in the U. T.
Department of Materials Science and Engineering, has
been named a Fellow of the Materials Research Society. Boatner’s citation for this recognition reads; “For
pioneering, sustained, and innovative contributions to
the fundamental understanding, processing and applications of single crystals, nanocomposites, rare-earth
and actinide compounds, and scintillators.” Boatner is
the Director of the ORNL Center for Radiation Detection Materials and Systems, and he leads the Synthesis
and Properties of Novel Materials Group in the ORNL
Materials Science and Technology Division. He holds
a Ph.D. degree in Physics from Vanderbilt University.
Boatner is a Fellow of: The American Physical Society,
The American Ceramic Society, The American Association for the Advancement of Science, The Materials
Research Society, The Mineralogical Society of America, ASM International, and the Institute of Materials,
Minerals, and Mining of the United Kingdom. He is
the recipient of three IR-100 Awards (1982,1985,1996),
the Frank H. Spedding Award for Excellence in Rare
Earth Research, the Jesse W. Beams Prize of the American Physical Society Southeastern Section, the Elegant
Work Prize of the Institute of Materials, Minerals, and
Mining of the United Kingdom, the Francis F. Lucas
Award of the American Society for Metals International, The Pierre Jacquet Gold Medal Award of the International Metallographic Society, the AACG Crystal
Growth Award of the American Association for Crystal
Growth, a Federal Laboratory Consortium Award for
Excellence in Technology Transfer, and a U.S. Department of Defense Innovative Technology Award in 2006.
He is a member of the Academy of Sciences of Mexico
and has received a DOE Award for Significant ImpliAACG Newsletter Spring 2011

cations for Energy Technology in Solid State Physics.
Boatner recently served as the Chair of the Division of
Materials Physics of the American Physical Society,
and he is the founder and curator of the Single Crystal
Growth Collection and Exhibit of the American Association for Crystal Growth. He has published over 530
scientific articles and holds 14 U.S. Patents.

Lynn A. Boatner
Candace Lynch was presented the 2010 Harold Brown
Award by Secretary of the Air Force Michael Donley
during a ceremony at the Pentagon. The Harold Brown
Award recognizes significant achievement in research
and development that led to or demonstrated promise of
a substantial improvement in operational effectiveness
of the U.S. Air Force. Her contributions toward the
development of orientation-patterned GaAs for nonlinear optical frequency conversion will augment aircraft
defense and impact numerous Defense Deparment systems. She performed this work while a Research Physicist for the Air Force Research Laboratory. Lynch is
the first female recipient of the award since the program
began in 1969.
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Kurt Nassau
A Memorial

Kurt Nassau was born in Austria in 1927. He escaped
to England from the Nazis with the help of the Kindertransport program in 1938. In England, he attended
the Cheltenham Grammar School from 1938 to 1945,
and then the University of Bristol where he obtained
a B.Sc. in Chemistry and Physics in 1948. He immigrated to the United States in 1948, and then worked
in industry for six years on fats and oil (as he described
it). He became an American citizen in 1954 and served
in the Army from 1954 to1956. He was stationed at the
Walter Reed Army Medical Center in the Department
of Metabolism, in Washington, DC. He taught undergraduates at the University of Pittsburgh while pursuing a Ph.D. in Physical Chemistry, which he obtained
in 1959. He then joined AT&T Bell Telephone Laboratories in Murray Hill, New Jersey, where he worked for
30 years until he retired as a Distinguished Research
Scientist in 1989. Kurt passed away in Lebanon, New
Jersey on December 18, 2010, at the age of 83.
In 1949 he married Julia Wechsler, a sophisticated fellow refugee who had come from Hungary and,
like Kurt, was an only child. Their marriage was a deep
companionship for 53 years. They were inseparable until he was widowed in 2002. I recall getting together
with Julia and Kurt in San Diego at IOCG-10 Meeting.
Kurt was scheduled to talk at an evening session. At
dinner, he had an appetizer and then left for the session.
Julia stayed with us for dinner. During dinner she said
that this was the first time ever that she could remember
having dinner without Kurt.
Kurt’s relationship with Julia is perhaps summarized by the title of the autobiography he has written:
“An Ideal Couple; Memoir of a Life for Two”, which
will be published by Rosenberger & Krausz, London.
At Bell Labs, Kurt pursued research in the
chemistry, physics, and growth of crystals: studies on
the structure and properties of materials for laser, nonlinear optical, magnetic, piezoelectric, ferroelectric,
semiconductor, high-temperature super-conducting,
and related applications. He also pursued research on
glasses: on the preparation and properties of silica for
optical fibers made with a plasma torch, and of other
glasses made by melting, by the gel process, and by
rapid roller quenching. Some of his studies were rel8

evant to both his work at Bell Labs and his interest in
gemstones: the color, fluorescence, optical properties,
and laser action of both technological materials and of
gemstones. He was a recognized expert on the history
and technology of gemstone synthesis and of treatments
used to enhance gemstone materials.
He had over 460 publications and held 17 US
patents.
He authored seven books including:
Color for Science, Art, and Technology, Editor and author of three chapters, Azimuth Series, Vol. 1, Elsevier,
New York, 1998.
Experimenting with Color, A Venture Book, Franklin
Watts (Grolier Publications), Danbury, NY, 1997, pp.
128. [High School supplementary reading text.]
Gemstone Enhancement, Butterworth-Heineman, Boston, 1984; Second fully revised edition, 1994; translated into Italian (by M. D’Adamo and G, Mangiaballi,
Istituto Gemmologico Italiano, Milan, Italy, 1989) and
French (by Michèle May, Université de Nantes, France,
1990).
The Physics and Chemistry of Color, The Fifteen
Causes of Color, Wiley Series in Pure and Applied Optics, Wiley, New York, 1993; second revised edition,
2001.
Gems Made by Man, Chilton Book Co., Radnor, Pa,
1980. Reprinted by the Gemological Institute of America, Carlsbad CA, 1987.
His writings also included essays on the nature
of light from light bulbs, fire and stars, the appearances
of aurora and lightning, rainbows, skies and sunsets,
patterns of butterfly wings, theories of color vision and
of color blindness.
Kurt’s book on the Physics and Chemistry of
Color includes discussions of color perception, sources
of light, color centers, lasers, absorption, scattering, refraction, diffraction, luminescence, dyes, pigments, and
color displays. It is widely used as a standard reference.
Various international gemological associations
and societies directly cite his writing on their websites,
since he understood the interactions and technical issues for the manufacturing of synthetic gems, for industry and jewelry.
Kurt was obviously a workaholic. These books
AACG Newsletter Spring 2011

were written in the evenings and on weekends. Kurt
was busy all day at Bell Labs; at home, Julia worked
with him and did the typing.
Kurt received many honors. In addition to his
scientific presentations, he was widely sought as a lecturer and banquet speaker. He presented many university short courses and one-day courses. He was a Visiting
Professor at Princeton University after his retirement
from Bell Labs.
He served on the Board of Governors of the
Gemological Institute of America for 20 years. In recent years he was a freelance writer and also functioned
as a consultant and expert witness. He testified before
the US Supreme Tax Court as well as courts in London
and Singapore.
Because of his expertise in color, he was a member of the National Academy of Sciences Committee to
redesign the currency for the U.S. Treasury Department
in 1991-2.
Kurt was Program Chairman for the American
Association for Crystal Growth National Meeting in
1972, and served as President of the American Association for Crystal Growth, Mid-Atlantic Region, from
1975 to 1977.
Kurt had a remarkable collection of minerals
and gems that would be the envy of many mineral exhibitions. Kurt was an avid rock hound who collected
many mineral specimens over the years. He also had a
unique collection of man-made crystals, which he gathered from his crystal-growing friends and colleagues
over the years. He had many gems that he had studied
and identified for the Gemological Institute. In all, it
was a very large and impressive collection that was exhibited in many display cases throughout his house.
He and Julia had a very nice house on a few
acres on a hill in Bernardsville, but they took advantage
of a local real estate boom to build a much larger house
in nearby Lebanon, one that would more adequately
house his collection. The new house also had an indoor
swimming pool, where he exercised two or three times
a week.
Kurt donated his collection of gem materials,
man-made crystals, and several hundred books to the
GIA. The mineral specimens (over a thousand) and
many other artifacts have been donated to the Sterling
Hill Mining Museum in Ogdensburg, New Jersey.
Kurt enjoyed playing Go, a board game that
originated in China about 4,000 years ago. The rules
AACG Newsletter Spring 2011

are simple, but it can take a lifetime to master the game.
There was a Go club at Bell Labs. Most of the members
were theoretical physicists and they played Go at lunch.
Kurt continued to play Go with Phil Anderson at Princeton when he lectured there after he retired. Kurt was
the editor of the American Go Association News Letter
from 1967-73.
Kurt was also an avid gardener. I remember being surprised to find, in the New Jersey Star-Ledger, a
half-page chart that had been prepared by Kurt. It contained the average and record dates for the last frost in
spring and for the earliest frost in the fall. It listed the
dates when the forsythia bloomed in the spring, when
the dogwoods came out, when the azaleas and rhododendrons bloomed and how long the flowers lasted,
when the hyacinths, daffodils and tulips came up, etc.,
etc. This was all information that Kurt, with his characteristic thoroughness, had recorded over the years.
Kurt had a group of close friends who were fellow researchers at Bell Labs. They met for lunch every
Tuesday to debate new topics, mull over advances and
failures and to share in the art of conversation. These
meetings became a late breakfast after retirement, and
Kurt participated until the end.
We will all miss him.
			-Kenneth A. Jackson
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Observations on Chemical Aspects to Epitaxial Crystal Growth (and a Bit of History)
Thomas F. Kuech

University of Wisconsin - Madison
The development of the science (and art) of semiconductor crystal growth has its roots in physical metallurgy and was developed in response to the new field
of semiconductor devices, i.e. the pn junction and
the transistor. The field over the last 50-60 years has
evolved and developed to include the full range of sizes,
shapes, materials and synthetic techniques comprising
our modern electronic and optoelectronic technologies.
A key development in semiconductor crystal growth
has been the epitaxial formation of thin semiconductor
heterostructures that now form the basis of most of our
modern optical and electronic devices. These epitaxial
crystal growth techniques are now extended to oxide
and other materials. The crystal growth of nanostructured materials has also rapidly developed over the last
decade. Through the evolution of crystal growth technology, the formation of thin heterostructure films and
nanostructures has marked the inclusion of a chemical viewpoint to many of the processes that had been
chiefly dominated by an understanding of the physical
nature of the solidification process that characterizes
much of bulk crystal growth.
This article is an admittedly personal view of
this expansion in the scope of the crystal growth field
over the past several decades and encompasses some
of the discussion presented in my plenary lecture from
the AACG Conference in 2009. The development has
been world-wide and has encompassed excellent research within academic, government and corporate
laboratories. The aim of this article is not to provide
a comprehensive history but rather personal observations on these developments. As a result, the view is
centered on developments largely in the United States,
highlighting the contributions of many of the AACG
members, and in the epitaxial growth field. These many
contributions have impacted fields from pharmacy to
integrated circuits. The primary achievements in crystal
growth, however, were made by a collective effort of
all the crystal growth scientists and engineering over
many decades. If I omitted a specific contribution or
AACG Newsletter Spring 2011

name, it is not intentional.
The invention of the transistor was a key event
which spurred focused efforts on semiconductor bulk
crystal growth. Early efforts at Bell Laboratories
looked to the application of the Czochralski growth
technique to form the high-purity crystals of Ge and
Si needed to investigate and improve these new devices. Pioneering studies by Teal and co-workers at Bell
Laboratories brought Czochralski’s 19182 work to the
forefront of semiconductor crystal growth. While many
physical studies could use homogenous bulk materials, the development of the junction transistor required
internal pn junctions to form the familiar npn or pnp
transistor structure within bulk crystals. The early attempts at the formation of junction transistors required
the addition of dopant to the melt of the growing crystal to change doping type, e.g. from n-type to p-type,
thus forming the base-collector junction of a npn structure. Shortly thereafter, an excess of the initial doping
type is added to the melt and the emitter-base junction
(npn) is formed.3 The width of these junctions, relying on the melt dynamics and crystal growth rate, were

Figure 1: The formation of ‘abrupt’ npn transistor consisted of
adding dopants to the melt during bulk growth. Finding the junction in the boule was often a task as indicated in this early publication by Teal and co-workers. (Reproduced with permission from
ref. 3 Copyright 1952, The IEEE.)
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Figure 2: An early version of a chemical vapor deposition system
used for the formation of epitaxial films of Ge. Iodine was used as
a transport agent.6

rather wide as shown in Figure 1. Locating this junction
along the boule was also problematic. Alternative approaches were soon developed to the formation of these
junctions. Both solid-state diffusion processes4 and epitaxy were developed as possible approaches to forming
narrow(er) base transistors.
Epitaxial growth was pursued by many groups
in the 1950s.5,6 The formation of epitaxial layers provided both uniform material and allowed the formation of
thin layers used in the manufacture of pn junctions and

transistors. The earliest studies focused on the vapor
transport of germanium and, later, silicon using a halide transport agent. Initially closed tube systems were
used to deposit thin layers on existing substrates but the
work was quickly extended to open tube systems. An
early embodiment of such an open tube chemical vapor deposition (CVD) system is shown in Figure 2. The
most common, early transport agent was iodine. A simple two-zone system was used in these early systems.
In one zone, the iodine transport agent was reacted with
germanium of the desired conductivity type to form the
volatile species, GeI2 and GeI4:
2I2+Ge ↔ GeI4
GeI4+Ge ↔ 2GeI2

K1=PGeI4/PI22
K2=PGeI2/PGeI4

These reversible reactions are initially described and
modeled using equilibrium thermodynamics to determine the concentration of reactants present in the
source zone and subsequently in the deposition zone,
respectively, which are held at differing temperatures.
The difference in the reactant concentration between
the zones, e.g. GeI2 and GeI4, can then be related to
the growth rate. The change in supersaturation leading to the deposition of material is accomplished by
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a reduction in temperature. The films are uniform in
composition and electrical behavior when deposited in
a steady-state growth environment. These CVD processes continued to develop and were applied to a host
of other materials, most notably GaAs. The use of a reversible (e.g. quasi-equilibrium) reaction at the source
and deposition zones allowed these CVD systems to

Figure 3: A figure from Theuerer, et al. from 1960 showing a ‘Mesa
transistor structure with a thin high-resistivity layer between diffused collector junction and the low-resistance collector body.’
The epitaxial thin layer was grown using SiCl4. (Reproduced with
permission from ref. 8, Copyright 1960, The IEEE.)

be described by thermodynamic approaches but the
details of the growth behavior, in terms of the specific
surface chemical reactions and atomic-level processes
remained unclear.
The use of vapor-grown epitaxial materials
in the silicon industry also grew with chlorine being
the transport agent of choice. Chlorosilanes are stable
compounds, typically liquids or gases, and can be metered independently into the system. In the case of Si,
these sources allowed for the elimination of the in situ
generation of the volatile halide-based source transport
species and therefore provided a higher degree of control over the growth process and growth rate. Perhaps,
equally important was the fact these sources could be
highly purified using conventional chemical purification practices. Dichlorosilane, SiCl2H2, and other
silanes were also being developed as part of the Siemens process7 used to purify metallurgical grade Si into
electronic grade Si. The Siemens process is also a form
of CVD. The family of chlorosilanes, initially SiCl4,
was used to deposit ‘thin’ layers for low resistivity Si.
These thin Si films improved the device characteristics
(Figure 3) providing an early process enhancement to
the burgeoning Si transistor technology.8
More detailed studies of the epitaxial growth
process focused on the formation of GaAs epitaxial
layers. GaAs metal semiconductor field effect transistors (MESFETs) and other devices promised enhanced
AACG Newsletter Spring 2011

device-level performance but required the formation of
a thin conductive layer, or channel, of specific thickness and doping on a highly resistive substrate. Optical
devices benefited as well from the epitaxial formation
of the active light-emitting region possessing a highly
controlled thickness and electrical properties. Alternative approaches to diffusion9 in junction and FET channel formation, such as ion implantation,10,11 were also
being researched. In the case of GaAs, the active transport specie during hydride vapor phase epitaxy (HVPE)
was GaCl. The most stable chloride at room temperature of Ga is GaCl3. GaCl is formed at high temperatures through the reaction of HCl and Ga metal:
Ga + HCl ↔ GaCl + 1/2H2.
The halide-based transport system could grow both
high purity materials and provide easy routes to doping
through the introduction of gas phase dopant species,
such as SiH4. Simple open tube systems produced some
the highest purity GaAs materials which allowed, for
example, Stillman and co-workers the opportunity to
study the fundamental properties of GaAs-based materials.12 This growth system was also initially modeled
by the application of the equilibrium thermodynamics.
Equilibrium thermodynamic models allowed for the
prediction of the overall growth rate of the films as well
as the growth efficiency. Additionally, the interaction of
the chloride-based growth species, i.e. HCl and metal
chlorides, with the quartz reactor walls led to the gas
phase transport of Si-based compounds, specifically
chlorosilanes.13 Chlorosilanes serve as dopant sources
leading to a background silicon doping level in the
film. While the use of equilibrium thermodynamics was
highly successful in the prediction of growth rates, the
specific chemical reactions on the growth surface were
unknown. In pioneering studies by D. Shaw published
in 1975, the use of an in situ microbalance (shown in
Figure 4) allowed the chemical kinetics associated with
the growth of the film to be directly monitored as a function of growth parameters.14,15 In these studies, the crystallographic orientation dependence of the growth rate
and its dependence on the gas phase environment were
determined. Typical data of Shaw are shown in Figure
5 in which large changes in the growth rate under the
same growth conditions were measured with varying
crystallographic orientation.14 His studies and those of
other workers in the field indicated that surface chemical processes were important components to the understanding of this crystal growth process. Some of the first
13
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Figure 5: Gallium arsenide deposition rate as a function of crystallographic orientation obtained in Shaw’s microbalance measurements demonstrating the importance of surface chemical kinetics
in determining the growth rate in GaCl-based GaAs growth. (Reprinted from ref. 39 with permission from Elsevier.)

Figure 4: Gravimetric system used by Shaw for continuous growth
rate measurement during epitaxial growth. (Reproduced with permission from ref. 38, Copyright 1970, The Electrochemical Society).

atomistic models describing the chloride-based growth
process, which included specific chemical reactants and
chemical species on the surface, were developed at the
same time by Cadoret and Shaw in a series of papers
published in the Journal of Crystal Growth.15-17 Their
models were based on observations of the growth rate
as a function of specific crystallographic orientation
and growth conditions and led to an atomistic model
of the bonding and transport of chemical species on the
surface. While perhaps based on chemical intuition and
insightful observation more than direct atomic-level
measurements, these models are still used to describe a
variety of halide-based growth systems.
These experimental advances were in parallel
with renewed theoretical interest in the problems of
crystal growth. Following the seminal work of Burton,
Carrera, and Frank,18 a new generation of crystal science theorists were applying new analytic and computational techniques to the understanding of crystal
growth. Sekerka (Frank Prize, IOCG, 1992),19 Jackson
(International Crystal Growth Award, AACG, 1993,
Frank Prize, IOCG, 1998),20 Gilmer,21 and many others throughout the world were developing the current
framework for our understanding of morphology and
14

the crystal-liquid or crystal-vapor interfaces in order to
develop a more atomistic view of the surface properties
and evolution. The advent of modern computing has
extended these ideas and enlarged the scale and scope
of the problems being addressed.
The inability of these halide-based systems to
easily grow high-purity Al-based materials was a limitation which required the development of alternative
growth systems. Two approaches were used in the development of Al-based materials, specifically AlxGa1As. AlxGa1‑xAs is lattice-matched to GaAs and forms
x
the foundation of a near-ideal heterojunction system.
The first of these alternative techniques to develop
was liquid phase epitaxy (LPE). LPE is also a near-tothermodynamic equilibrium growth process.22 A liquid
metal, i.e. Ga/Al, saturated with the anion such as As,
is placed in contact with the substrate and the temperature lowered to induce supersaturation and subsequent
growth. The LPE technique can produce very high
purity material but due to the high distribution coefficient of Al (Figure 6) in the liquid metal melt, thick
homogeneous layers of AlxGa1-xAs could not be easily
grown. As a result, the composition of the AlxGa1-xAs
is difficult to control since very small amounts of Al in
the melt lead to a high Al composition in the epitaxial
film. These difficulties in controlling the composition
and thickness of AlxGa1-xAs materials and heterostructures spurred the development of alternative growth
techniques. The work of H. Manasevit introduced metal
organic vapor phase epitaxy (MOVPE) to the broader
electronic materials community.23 While initially diAACG Newsletter Spring 2011
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Figure 6: a) The difference in Al distribution coefficient (the
amount of Al in the growth medium relative to the grown solid)
found for the liquid phase epitaxy (LPE) technique is highly nonlinear (note log scale on the ordinate axis) (reprinted with permission from ref. 40, Copyright 1978, Elsevier). b) The nearly unity
distribution coefficient found in metal organic vapor phase epitaxy
led to the adoption of that technique for many heterojunction applications involving AlxGa1-xAs (reprinted with permission from
ref. 41, Copyright 1981, American Institute of Physics).

rected at finding a means to produce GaAs as an alternative to bulk growth, the MOVPE technique was
demonstrated to produce alloys wherein the distribution coefficient between the vapor and solid phases was
near unity (Figure 6b). The broad range of source compounds and processing temperatures allowed a wide
variety of alloys and compounds to be deposited with
enhanced process control over the composition and materials properties.
The use of metal organic compounds in semiconductor epitaxial growth process introduced a complex chemistry for both the growth and doping of these
films. The comprehensive understanding of this growth
process began with the study of the gas phase decomposition of the source compounds (see reference 24
and references therein). The decomposition pathways
and reaction products of many source compounds were
AACG Newsletter Spring 2011

studied. A direct understanding of the gas phase chemistry allowed the determination of those species which
can arrive at the surface and participate in surface reactions and subsequent growth. An understanding of
the surface chemistry, important for growth and the incorporation of impurities, was difficult to obtain. The
advent of atomic layer epitaxy (ALE) helped develop
the surface science approaches to the epitaxial growth
reactions. In ALE, the reactants were sequentially exposed to the growth surface such that only one of the
growth sources arrived and reacted on the surface at a
time, allowing for the individual reaction pathways to
be studied. As opposed to molecular beam epitaxy, the
MOVPE high-pressure growth environment precluded
the use of traditional surface science tools during typical steady-state growth. The development of spectral
ellipsometry, reflectance difference spectroscopy, and
other variants of optical probes allowed for the correlation of surface science measurements with in situ optical measurements.25 These optical probes have been
since developed into process monitors important for
controlling the growth.
In parallel to the development of new chemically complex growth processes, there have been tremendous advances in the use of computational tools to
understand the atomic-to-macroscopic aspects of the
growth process. The application of density functional
theory (DFT)26 to chemical vapor deposition reactions
provided an alternative means to determine the fundamental kinetic parameters needed to model growth. Gas
phase reactions and the complexes formed in many systems have been modeled. The molecular structure for
the activated complex of (CH3)3Ga:NH3, a compound
important in GaN growth, is shown in Figure 7.27 Surface thermochemistry, surface transport, the site and
nature of absorbed species, and kinetic parameters governing their surface reactions not directly obtainable by
experiment could be computationally investigated and
predicted using DFT. At a macroscopic level, computational fluid dynamics (CFD) has been applied to epitaxial growth reactors as well as to bulk crystal growth
systems providing a means to predict, quite accurately,
the gas or liquid growth environments. These computational tools have been used in CVD applications to
determine the gas phase decomposition of the growth
source molecules and their specific flux to the surface.
Once a set of gas phase and surface kinetic parameters
are known, or calculated, the growth rate and chemi15

Figure 7: The molecular structure of the gas phase adduct between
trimethylgallium and ammonia, (CH3)3Ga:NH3, can be determined
through calculation using tools such as density functional theory.
Shown here is the activated complex for the formation of methane
by bimolecular reaction between (CH3)3Ga and (CH3)3Ga:NH3.
(Reprinted from ref. 27, Copyright 2000, with permission from
Elsevier) The numbers indicated are the predicted bond distances.
The gas phase, and often the surface reactions, can be modeled
and predicted.

cal composition of the gas and surface can be modeled.
These combined chemical and fluid dynamical models
are now a common feature used in the design and understanding of most crystal growth systems. The most
ambitious models require large-scale computational
effort combining both the atomic level determination
of the surface chemistry, atomic motion, and reaction
pathways with macroscopic fluid mechanical models.
Kinetic Monte Carlo simulations, for example, are incorporated in a multi-scale modeling efforts which are
at the forefront of computational crystal growth. CFD/
DFT approaches to designing and modeling crystal
growth processes are now a well-established part of
developing any new crystal growth apparatus or procedure.
Our current ability to model and predict gas
phase reactions, particularly of smaller molecules, is
very good and can be used to describe and model critical
kinetically-limited processes underlying the growth of
many important materials such as GaN and related compounds. Surface chemical reactions and surface atomic
transport are more difficult to model, as mentioned
above. Surface reconstruction and adsorbate-induced
changes in surface geometry complicate the atomic
level chemical landscape. Calculations to capture such
large-scale structure and properties are challenging and
are carried out only at the research level. We can experimentally observe the impact of surface chemistry
and surface structure both directly and indirectly, for
16

example using: in situ scanning tunneling microscopy,
synchrotron-based real-time surface diffraction studies
(Fuoss and coworkers, initially out of Bell Labs28) and
in situ transmission electron microscopy for the growth
nanowires shown in Figure 8 (Frances Ross, IBM29).
Crystal growth scientists and technologists have
sought to use chemistry- utilizing these new tools and
approaches, and our new ability to physically pattern
and modify the surface at the nanoscale, to affect the
crystal growth process and to develop new materials
and structures. We have used this knowledge to attack
several basic issues in crystal growth. Surface-absorbed
species, whether they are unintentional impurities or intentional additives, are often referred to as surfactants.
These surface species alter transport, adatom incorporation, structure and composition of the growing film
and have led to improved materials and structures. Heterostructure formation, together with the evolution of
the film morphology, has also been an active areas of
research. In the case of MOVPE, the interaction of carbon-based species on the surface has been a persistent
area of research since carbon can often be an electrically active dopant and can influence the surface morphology and growth rate. The presence of methyl radicals
(-CH3) from trimethyl gallium ((CH3)3Ga) during the
growth of GaAs can limit the growth rate at very low
growth temperatures. Removal of such species from
the surface, in order to eliminate carbon as an impurity, led to an understanding of the cooperative influ-

Figure 8: (a) The pole piece region of the UHV TEM showing
the specimen holder and the capillary tube through which gas is
introduced. (b) The specimen, cut from a Si(111) wafer, showing
AuSi droplets and the nanowire growth direction. The nanowires
are shown as cylinders although their surfaces are actually faceted.
(c) Typical TEM image of nanowires during growth, in this case
at 550°C and 1 × 10-6 Torr Si2H6. (Caption and Figure reprinted
directly from ref. 42, Copyright 2010, with permission from Institute of Physics.)
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ence of group V hydrides in these surface and gas phase
reactions.30 Oxygen has always been problematic in the
growth of compound semiconductors. The absorption
of oxygen on the surface disrupts the surface morphology by binding to step edges on the growing crystal
surface and forms deep level, electronically-active,
centers which destroy the radiative efficiency of the optical devices. The incorporation of oxygen is influenced
by the choice of gas phase chemistry and growth conditions.31,32 These impurity-related processes now have
been studied by calculational and experimental means
and have lead to improved control over these impurities, enabling more reliable and higher performance devices.
The MOVPE research communities in the
USA and throughout the world were and are extensive.
Rockwell, Bell laboratories, Bellcore, IBM, Sandia
National Labs, and Lincoln Labs, among others had
ongoing industrial and government research programs
into all aspects of the science and technology. Many
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of the researchers in later years moved to academic
environments enriching the existing activities at many
universities. Much of the industrial research focused
on device applications with activities in the enabling
crystal growth science also being supported. New device structures and new characterization technologies
were developed, starting in the 1980s and extending to
the present day. Since this was a chemical process, new
source materials were actively investigated to both improve the materials properties and increase the safety
of an industrial process. Lum and coworkers at Bell
Labs, for example, provided extensive studies into alternative gas phase arsenic sources which could either
be somewhat less toxic or certainly less hazardous than
arsine (AsH3).33 Trimethyl arsenic can be used as an alternative carbon source and tertiary butyl arsine is now
widely used liquid source for low temperature growth.
Currently, the originally employed metal alkyls, i.e.
(CH3)3Ga, (CH3)3Al, …, and group V hydrides, remain
the principal growth sources used in the technology
17

despite the large amount of chemical synthetic work
into new sources. Research at all levels has generally
moved from the basic underlying science of MOVPE
to an emphasis on device applications as the technology
has matured. Materials, such as the group III-nitrides
and narrow gap semiconductors, continue to be studied
and developed throughout the US and the world.
Chemically-based vapor phase epitaxy continued to develop in the mainstream Si and SiGe technologies as well. The formation of SiGe-based materials
and devices was pioneered through the work of B. S.
Meyerson (AACG Young Authors Awardee, 1987) at
IBM using ultrahigh vacuum chemical vapor deposition or UHV-CVD.34 The ultrahigh vacuum environment was critical to this technology and its application
was motivated by an understanding of the chemical
kinetics of SiO2 formation and decomposition developed at the City College of New York.35 The role of
surface-absorbed hydrogen in controlling the growth
rate and stabilizing Si-SiGe heterojunction interfaces
during growth became central to the formation of many
of these materials and devices. Hydrogen was strongly
absorbed on the Si or SiGe surface and altered the surface transport and surface chemical reactions within the
growth environment. The SiGe material system and its
associated technology is now part of our mainstream
high-performance electronics present in almost every
computer.
Nanostructures and nanopatterning have entered the realm of crystal growth. Formation of many
nanostructures such as nanowires, and other morphologically interesting shapes such as tetrapods, nanocombs, and dendritic nanostructures, have all been
formed by largely chemical processes. Most of these
structures rely on the use of low temperatures where
the crystal growth process is controlled by some aspect
of surface transport or surface chemical kinetics and
the differing growth rate behavior on specific facets of
the growing crystallite. While many materials such as
the oxides use hydrothermal processing, semiconductor
nanowires have been largely formed using vapor phase
processing. The vapor-liquid-solid (VLS) or vaporsolid-solid (VSS) growth modes of nanowires, while
known from the early work of Wagner and co-workers
at Bell labs,36 was extended in many ways. The specific mechanisms of growth are still being investigated
with the relative contributions of thermodynamics, surface transport and chemical kinetics being discussed
18

scales from nanometers to meters, manipulating the
surface chemistry, physical environment and the flows
of heat and mass with new dimensions of understanding and prediction that spans similar length scales. The
field of crystal growth continues to be at the heart of
most of our advanced technologies and will continue to
expand into the fields of biology and medicine. I hope
that the progress and trends we have witnessed over the
last half century will continue to keep crystal growth
alive and well at the forefront (and center) of new materials and technologies.

Figure 9: The schematic process used by Lew and Redwing to
produce large numbers of Si nanowires through the vapor-liquidsolid (VLS) process (Reprinted from ref. 43, Copyright 2003,
with permission from Elsevier). They used a nanoporous anodized
aluminum oxide template, which forms ordered arrays of straight
nanoscopic pores through the aluminum oxide layer, guiding the
VLS growth.

in the literature. In general, these processes rely on the
catalytic decomposition of the gas phase source on the
surface of the metallic drop to define the nanowire diameter and growth rate. The self-assembly of substrate
materials into organized nanostructures has also been
used as templates for nanowire growth. Anodized aluminum oxide (AAO) was used by J. Redwing (AACG
Young Authors Awardee, 2000) to simultaneously form
a large number of silicon nanowires by growing within
the hexagonal array of pores formed in the AAO, schematically shown in Figure 9.37 These silicon-based
nanowires potentially enable new devices such as axial
pn junctions and transistors. The growth of nanostructured materials has expanded to encompass many industrial and university laboratories within the US and
around the world. Nanostructure growth has provided
interesting platforms for the study of the fundamental
atomic scale processes important for crystal growth and
could enable new technologies.
The observation has been often made that modern science and engineering is witnessing a merging of
the scientific disciplines, forming ‘fuzzy’ boundaries
between chemistry, physics, and the engineering disciplines. The evolution of crystal growth science and
technology over the last 50 years has shown that our
field has long been at the forefront of this interdisciplinary trend. Our field now spans the physical length
AACG Newsletter Spring 2011
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ACCGE-17 Photo Contest Winners
The photo contest was run by Laurie Gower (University of Florida) and featured winners in 3 categories: natural
untouched, micrographs with digital manipulation, and student microscopists. The winning image in the natural
untouched category is on the cover page.

Natural Untouched 2nd Place
World record LBO crystal

LiB3O5 (LBO) is a nonlinear optical material which possesses excellent
properties, such as wide transparency range, high surface damage threshold, and high chemical stability. LBO has become one of the most widely
used nonlinear optical crystals, thus the growth of large size and high
quality boules is of prime importance to the photonics industry. Coherent
ACG has been focused on the development of LBO growth processes to
increase the boule size and achieve market leading quality. In the beginning of 2009 we have achieved an LBO boule of slightly over 1 kg, which
we believe to be the world record at that moment.
Photographer: I. Nikolov, D. Perlov, P. Czechowicz, D. Loiacono
Coherent Advanced Crystal Group (ACG), East Hanover, NJ

Natural Untouched 3rd Place
“oops”

When bulk gallium nitride is etched, di-hexagonal pyramids are exposed
on the nitrogen-polar face. This photo takes a close look at the form, from
a side view, and wonders at the blob on top.
Photographer: Stacy Swider
Air Force Research Laboratory, Hanscom Air Force Base, MA

Digitally Modified 2nd/3rd Place Tie
Interconversion of phases in a metal flux reaction

Digitally Modified 1st Place
They are coming.......

Au-catalyst-free epitaxy of InAs nanowires reported in the Journal of
Crystal Growth, v. 312, iss. 8, p. 1391-1395. While manipulating SEM
images of the nanowires for the paper, I began doing some artistic changes
and the “alien” looking image came out.
Photographer: Jeremiah McNatt, NASA Glenn Research Center and
David Forbes, Rochester Institute of Technology
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The image is a Scanning Electron Micrograph taken of the crystalline product isolated from the reaction of cobalt in Zn/Sn eutectic melt when the reaction is quenched by removing the excess Zn/Sn
flux by centrifuging at 823 K. If quenched above this temperature, the
only product obtained is the hexagonal CoSn binary phase. If the reaction is allowed to cool below this temperature, CoSn reacts with the
Zn/Sn melt to form a new ternary phase, Co7+xZn3-xSn8. By quenching the reaction during this transition, the conversion of one phase
to another is seen. The large hexagonal rod-shaped crystals are
CoSn; protrusions on the rods are the ternary phase growing from it.
Photographer: Patricia Reynolds and Prof. Susan Latturner
Department of Chemistry and Biochemistry, Florida State University
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Digitally Modified 2nd/3rd Place Tie
Twin boundaries originating at a grain boundary during
silicon growth

Student 1st Place
Six-fold symmetry gallium nitride flower

Student 2nd Place
Starfish flower

Student 3rd Place
Gershwin music frozen in crystal

The picture visualizes polycystalline silicon growth from the melt and
has been obtained by molecular dynamics simulations and subsequent
postprocessing using the OVITO software package. It shows two adjacent
grains with a grain boundary in between, the liquid phase as well as a twin
boundary, which has nucleated at the grain boundary. The research related
to this picture has shown that twin boundary formation may occur at the
point where two grains are in contact with the liquid phase. Details can be
found in the following reference: J. Pohl, M. Müller, A. Seidl, K. Albe, J.
Cryst. Growth 312, 1411 (2010).
Photographer: Johan Pohl
Technical University of Darmstadt

Starfish-shaped flower was observed directly from SEM after ZnO nanowire growth experiment.
Photographer: KyoungHwan Kim (student), Suneel Kodambaka
Materials Science & Engineering Department, University of California
Los Angeles

OMVPE-grown wurtzite GaN grown on c-plane sapphire substrate.
Wurtzite GaN has six-fold symmetry as shown in the center of the GaN
flower SEM micrograph. The GaN flower is formed due to defective
growth of GaN from oxygen contamination in the growth chamber.
Photographer: Yik-Khoon Ee (student) and Nelson Tansu
Department of Electrical and Computer Engineering, Lehigh University

Here we present NaNO3 single crystal grown by Czochralski technique
assisted by Axial Vibrational Control of the melt while the submerged
disk was oscillating due to George Gershwin’s “Summertime”.
Photographer: Sadovskii Andrew
D.I.Mendeleyev University of Chemical Technology of Russia

Are you an AACG member?
Membership in the AACG is open to everyone with a professional interest in crystals, thin films, crystal growth, epitaxy, and characterization. AACG membership keeps you up to date on meeting announcements and conferences on crystal growth, and keeps you
connected with other members of the crystal growth community though the AACG Newsletter and the roster of current members.
Members nominate and elect candidates for the Executive Committee and elect AACG Officers. Regular membership dues are $50
per year, $20 for students, and $25 for full-time retirees. This year, dues must be paid on an individual basis, since we have not recently had a conference where dues were included in the registration fee. The dues keep the organization running with the help of our
part-time administrator, Shoshana Nash. If you have not already done so, please visit the AACG website to register your membership: http://www.crystalgrowth.org . Thank you!
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Corporate Profile
Alfa Aesar, A Johnson Matthey Company

Alfa Aesar traces its roots to the early 1960s when the
first Alfa catalog of inorganic research chemicals was
published. Since the acquisition by Johnson Matthey in
the late 1980s, Alfa Aesar has grown into a truly global
business with operations in eight countries and distribution throughout the world.

Not to be overlooked is Alfa Aesar’s wealth of production expertise. A highly experiencedteam in Royston,
UK runs Alfa Aesar’s high purity inorganics manufacturing facility, producing high purity Puratronic® inorganic salts and solutions, catalysts (platinum group
metals and base metal), metals, materials and analytical
products such as the Spectroflux® line of fusion fluxes.
Alfa Aesar offers chemicals, metals and materials from Among our most popular offerings is the Ultra Dry™
stock to researchers in a wide range of industries and line of anhydrous inorganic salts in bead and powder
academic settings, including crystal growing, photo- form.
voltaic and semiconductor research, and analytical applications. The full range of 33,000 products can be The organic chemical synthesis labs in Heysham, UK
accessed through the 2,900 page catalog or online at employ 40 manufacturing chemists and have synthewww.alfa.com, where up to date pricing, availability, sis experience with over 8,000 compounds. Heysham
and new products can be found. Many of the new prod- houses two production laboratories, outputting materiucts offered are unique to Alfa Aesar.
als in the 50ml to 20L scale at temperatures ranging
from -100°C to over 300°C.
The majority of these 33,000 products are available in
stock in research, semi-bulk or bulk quantities. Prod- The newest facility, Alfa Aesar Synmax in Yantai,
ucts are delivered quickly and efficiently across the China, includes a pilot plant with eight reactors rangglobe via our fully stocked warehouses in Ward Hill, ing from 100L to 2000L capacity as well as a kilo lab
Massachusetts; Heysham, UK; Kandel, Germany; and with 60 bench top hoods and 17 walk-in hoods. Alfa
Tianjin, China. Dedicated teams from customer service Aesar Synmax also offers Full Time Equivalent (FTE)
through shipping ensure that each order is processed to services for those customers not requiring GMP.
exceed the customer’s expectations.
In academia and industry, an ever expanding range of
starting materials is the fuel for research and the discovery of new drugs and materials for a wide range
of applications. With over 4,000 new products in the
recently released 2011-13 catalog, Alfa Aesar places a
premium on being able to offer thousands of new products each year to the world’s research community. A
global team of chemists, sourcing specialists and analysts manages the development of new products.

AACG corporate profiles are provided to familiarize AACG members with companies that support the AACG as corporate affiliates, conference
sponsors, or newsletter advertisers. Please contact the editor with suggestions for future profiles.
There is no cost involved to the advertiser.
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Position Openings
Current job openings are listed on the AACG website: https://www.crystalgrowth.org/jobs.html
If you would like to advertise an open position at your company on our website or in the newsletter, please contact
aacg@comcast.net.
Postdoctoral Fellowship – Materials Physicist – Soraa. Inc.		

Salary: $75K/year plus benefits

Soraa, Inc. is developing technology for low-cost manufacturing of high quality bulk gallium nitride wafers for
a range of applications, including light-emitting diodes, laser diodes, and high-performance electronics. Soraa’s
proprietary growth technique, called SCoRA (Scalable Compact Rapid Ammonothermal) combines demonstrated
high growth rates with excellent scalability to large volumes. Soraa has funding from a number of sources, including NSF, AFOSR, DOE, and ARPA-E and has full MOCVD and device fabrication capabilities.
Many aspects of the materials physics of single-crystal bulk GaN are well understood but a number of factors
related to “quality,” that is, the ability of the substrates to enable best- in-class device performance in specific
applications, remain incompletely understood. In this position you will work closely with a team of materials
scientists, mechanical engineers, chemists, and chemical engineers in an interactive environment to grow and
characterize GaN crystals and GaN-based materials with varying types and concentrations of defects, develop an
improved understanding of the relationship between growth, processing, and properties, and help establish a
manufacturing process for high quality bulk GaN crystals.
Requirements:
PhD in Materials Science, Physics, Electrical Engineering, or another closely-related discipline
Expertise in characterization of single crystals and semiconductor materials by a range of techniques
Excellent problem-solving / trouble-shooting skills
Excellent verbal and written communication skills; team skills
US citizenship or permanent residency
PhD received within last 3 years
Soraa was founded in 2008 to commercialize the ground-breaking GaN-based device technology of co-founders
Shuji Nakamura, Steve DenBaars, and Jim Speck at UC Santa Barbara. Soraa is backed by two of Silicon Valley’s
most prestigious venture capital firms and its leadership team is drawn from a number of leading high-technology
companies, including Intel, Philips Lumileds, and GE Global Research.
Contact: Dr. Mark P. D’Evelyn, VP Bulk Technology, mdevelyn@soraa.com

ADVERTISE IN THE NEWSLETTER!
The AACG Newsletter is the most effective medium for
reaching the American crystal growth community.
AACG Newsletter Spring 2011
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Recent Government Contracts Awarded
Compiled by Michael Snure
DoD SBIR and STTR awards can be accessed using
the search engine at: http://www.dodsbir.net/Awards/ .
DHS SBIR Phase I 2010
$149,999.00
“New Wide Bandgap Semiconductor Materials for
Neutron Detection”
Radiation Monitoring Devices, Inc.
44 Hunt St., Watertown, MA 02472
DOE SBIR Phase I 2010
$100,000.00
“Efficient Manufacture of Extreme Surface Area
Microchannel Plate Devices Functionalized by Atomic
Layer Deposition”
Arradiance, Inc.
142 North Rd, Sudbury, MA 01776
DOE STTR Phase I 2010
$100,000.00
“Bulk Thermoelectric Materials”
Nanosonic, Inc.
1485 South Main St., Blacksburg, VA 24060
University of Virginia
282 McCormick Rd., Charlottesville, VA 22904
DOE STTR Phase I 2010
$100,000.00
“Defect Free, Ultra-Rapid Thinning /Polishing of Diamond Crystal Radiator Targets (~20 micron) for High
Linearly Polarized Photon Beams”
Sinmat Inc.
2153 SE Hawthorne Rd., Gainesville, FL 32641
University of Connecticut
2152 Hillside Rd., Storrs, CT 06260
DOD Navy SBIR Phase I 2010
$79,912
“Unique High Output Blue LASER for Improved
ASW Capabilities”
Technology Assessment & Transfer, Inc
133 Defense Highway, Annapolis, MD  21401
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DOD AF SBIR Phase I 2010
$100,000.00
“Optical Grade Sapphire Manufacturing Growth Process for IR Window Applications”
Rubicon Technology, Inc.
9931 Franklin Ave., Franklin Park, IL 60131
DOD AF SBIR Phase I
$99,436.00
“Scale-up of the Heat Exchanger Method (HEM) Sapphire Crystal Growth Process for IR Window Applications”
Crystal Systems, Inc.
27 Congress St., Salem, MA 01970
DOD ARMY SBIR Phase I 2010
$69,889.00
“Innovative Annealing Apparatus for Mercury-Based,
Compound Semiconductors”
Photronix
35 Sandybrook Rd., Burlington, MA 01803
DOD MDA STTR Phase I 2010
$100,000.00
“Producibility of Gallium Nitride Semiconductor
Materials”
Inlustra Technologies, Inc.
5385 Hollister Ave. Santa Barbara, CA 93111
University of Notre Dame
511 Main Building, Notre Dame, IN 46556
DOD MDA STTR Phase I 2010
$100,000.00
Contamination-free, Ultra-rapid Reactive “Chemical
Mechanical Polishing (RCMP) of GaN substrates”
Sinmat, Inc
2153 Hawthorne Rd., Gainesville, FL 32641
University of Florida
PO Box 116400, Gainesville, FL 32611
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DOD MDA STTR Phase I 2010
$99,963.00
“AlInN/GaN HFET over Free-Standing bulk GaN
substrates”
Sensor Electronic Technology, Inc.
1195 Atlas Rd, Columbia, SC 29209
Rensselaer Polytechnic Institute
110 8th Street, Troy, NY 12180

DOD MDA STTR Phase I 2010
$99,997.00
“Low Temperature Thermoelectric Cooling of Infrared
Focal Plane Arrays with HgCdTe-based Superlattices”
EPIR Technologies Inc.
590 Territorial Dr., Bolinbrook, IL 60440
University of Michigan
3003 S. State St., Ann Arbor, MI 48109

DOD MDA STTR Phase I 2010
$99,969.00
“In-Sit Monitoring during HVPE for the Producibility
of Semi-Insulating GaN”
Kyma Technologies, Inc.
8829 Midway West Rd., Raliegh, NC 27617
University of Nevada at Las Vegas
4505 s Maryland Pkwy, Las Vegas, NV 89183

DOD AF STTR Phase II 2010
$750,000.00
“Scalable technology for growth of high quality
single gallium nitride”
Soraa, Inc.
485 Pine Ave. Goleta, CA 93117
University of Akron
302 Buchtel Common, Akron, OH 44325

DOD AF STTR Phase I 2010
$100,000.00
“Multifunction Substrates for Laser Desorption Ionization”
Lexitek Inc.,
14 Mica Lane #6, Wellesley, MA 02481
University of Massachusetts Lowell
600 Suffolk Street, Lowell, MA 01854

DOD AF STTR Phase II 2010
$749,495.00
“Efficient High-Power Tunable Terahertz Sources using Optical Techniques”
Microtech Instruments
858 West Park St., Eugene, OR 97401
Stanford University
320 Panama St., Stanford, CA 94305

DOD MDA STTR Phase I 2010
$99,885.00
“Low Cost Multi Junction Solar Cells for Space Applications Incorporating Quantum Wells Sub Cells”
Spire Semiconductor, LLC
25 Sagamore Park Rd, Hudson, NH 03051
University of Texas, Austin
10100 Burnet Rd., Austin, TX 78758

DOD Navy STTR Phase II 2010
$499,999.00
“Design and Development of ZnO Nanowire based
UV/IR Sensors for Threat Detection and Threat Warning Applications”
Magnolia Optical Technologies, Inc.
52-B Cummings Park, Woburn, MA 01801
University of Connecticut
371 Fairfield Road, Storrs, CT 06269

DOD MDA STTR Phase I 2010
$99,913.00
“Multi Junction Solar cells for Satellite”
CFD Research Corporation
215 Wynn Dr., Huntsville, AL 35805
Rochester Institute of Technology
141 Lomb Memorial Dr., Rochester, NY 35805
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DOD AF STTR Phase II 2010
“Fabrication Technology for Oxide Film Heterostructure Devices”
Structured Materials Industries
201 Circle Drive North, Piscataway, NJ 08854
Drexel University
3201 Arch St., Philadelphia, PA 19104
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Upcoming Events
June 22-24, 2011
Electronic Materials Conference 2011
Santa Barbara, California
http://www.tms.org/Meetings/Specialty/EMC11/
home.aspx
June 26-30, 2011
The 5th International Workshop on Crystal
Growth Technology
Berlin, Germany
http://iwcgt5.ikz-berlin.de/
July 17-22, 2010
Gordon Conference on Thin Film & Crystal
Growth Mechanisms
Biddeford, Maine
http://www.grc.org/programs.
aspx?year=2011&program=thinfilm
July 10-15, 2011
9th International Conference on Nitride Semiconductors
Glasgow, United Kingdom
http://www.icns9.org/

July 31-August 5, 2011
The 18th American Conference on Crystal Growth
and Epitaxy & The 15th Biennial Workshop on
Organometallic Vapor Phase Epitaxy
Monterey, California
http://crystalgrowth.us/accge18/index.php

GROWTH STATION INSULATION!
Custom Made Zirconia or Alumina

September 4-8, 2011
The 22nd European Conference on Diamond,
Diamond Like Materials, Carbon Nanotubes and
Nitrides
Garamisch-Partenkirchen, Germany
http://www.diamond-conference.elsevier.com
September 11-16, 2011
International Conference on Silicon Carbide and
Related Materials 2011
Cleveland, Ohio
http://www.icscrm2011.org/
Please submit conference information to the editor for
inclusion in future issues.

ACCGE-17 Photos
Photos courtesy: Hanna Dabkowska, Peter Rudolph, Mahendra Khandpekar, Govindhan Dhanaraj, and Bob Sekerka.

Visit www.zircarzirconia.com
or call (845) 651–3040

GROWTH STATION INSULATION!
Custom Made Zirconia or Alumina

Visit www.zircarzirconia.com
or call (845) 651–3040
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ACCGE-18 will provide a forum for the presentation and discussion of a wide range of
recent crystal growth science issues in all aspects of epitaxial thin film and bulk crystal
growth; sessions will integrate fundamentals, experimental and industrial growth
processes, characterization and applications.
The OMVPE-15 workshop continues a
tradition of bringing together specialists in
the OMVPE field from industry, academia
and government laboratories in an informal
atmosphere and scenic surroundings.
A combined ACCGE/OMVPE vendor
exhibit will showcase the latest in crystal
growth and related products.
Important Dates
Registration Begins:

12/01/2010

Late Registration Begins:

07/01/2011

Abstract Submission Begins:

01/01/2011

Abstract Submission Ends:

05/22/2011

'Late News' and Poster
Abstract Submission Ends:

06/11/2011

Hotel Reservation Deadline:

07/09/2011

A single registration fee will give attendees
access to both meetings.
Monterey, situated just 2 hours south of San Francisco is the most historic city in
California. It is also home to the world-renowned Monterey Bay Aquarium, the
Recreation Trail along the dazzling waterfront of the Monterey Bay National Marine
Sanctuary and it is revered by golf enthusiasts around the world with Pebble Beach next
door (http://www.seemonterey.com)
Conference website: http://crystalgrowth.us/accge18/index.php
Conference Chairs: Edith Bourret EDBourret@lbl.gov
Tom Surek: tom_surek@yahoo.com
Michael Tischler tisch@ocistech.com

