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Preface

The National Science Foundation’s Industry & University Cooperative Research Centers (I/UCRCs)
Program is housed in the Directorate for Engineering’s Division of Industrial Innovation and Part-
nerships. The I/UCRC Program catalyzes partnerships among industries, academe and govern-
ment. Over the years the centers have made substantial contributions to the Nation’s ability to
be competitive in the global economy and have amassed an impressive track record of leverag-
ing innovative ideas through collaboration and team science.

The National Science Foundation (NSF) provides I/UCRCs with a modest amount of funding as
base support for focusing on pre-competitive fundamental research. Because of the I/UCRC
partnership model, which is at the heart of the program, the vast majority of research funds are
contributed by center sponsors, including: over 700 industry partners, over 100 member univer-
sities, state governments, numerous national laboratories and federal agencies. In 2009, 8 mil-
lion dollars of investment by NSF attracted over $80 million dollars in research funding to I/
UCRCs. This means that I/UCRCs consistently multiply NSF dollars between 8 and 10 to 1.

This compendium catalogues technological breakthroughs and advances that are attributable
to the I/UCRC Program. Each center’s breakthroughs were nominated by industrial advisory
board (IAB) members. These IAB members had been previously identified by center directors as
being the most knowledgeable about the nature of their center’s research program and of the
impacts it may have had on industrial science and technology. The task of the IAB members/
industry scientists was to determine whether any of the center’s research endeavors met the fol-
lowing definition of a technological advance or breakthrough:

DEFINITION: An I/UCRC-attributable technological advance or breakthrough
was defined as research that either directly or indirectly led to significant pro-
cess improvements, new processes or techniques, or new or improved prod-
ucts or services.

The contributions of these industry scientists were essential to the development of this com-
pendium. The entries contained herein exemplify the countless collaborative efforts of univer-
sity and industry scientists that have occurred since the inception of the I/UCRC Program over 35
years ago.
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Biomolecular Interaction Technologies Center (BITC)
University of New Hampshire, Thomas M. Laue, Director, 603.862.2459, tom.laue@unh.edu

Center website: http://www.bitc.unh.edu/

Making biopharmaceuticals safer

Protein drugs, also called biopharmaceuticals, are at the
forefront of modern medicine. Of particular use are anti-
bodies, proteins that are part of the body’s immune sys-
tem. Therapeutic monoclonal antibodies are used in the
treatment of cancers, multiple sclerosis, asthma and other
life-threatening diseases. Delivery of these drugs currently
achieved by intravenous injection. Pharmaceutical com-
panies wish to develop high-concentration versions of the
drugs that can be administered by patients subcutane-
ously at home- similar to how insulin is administered now,
thus substantially reducing costs and making treatment
easier. Development of high concentration monoclonal
antibody formulations is complicated by their tendency to
stick to one another, making insoluble aggregates and
plugging up needles. However, the aggregates are more
than just a nuisance. Aggregation can result in reduced
effectiveness, drug resistance and life-threatening ana-
phylactic shock. Even current lower-dose versions of the
drugs may suffer from aggregation. It is estimated that up
to 30% of patients develop drug resistance to some of the
monoclonal antibody cancer treatments due to aggregate
formation.

The analytical ultracentrifuge (AUC) is widely used in academic and industrial laboratories to characterize
molecular interactions, including aggregate formation. BITC funding helped develop a fluorescence detec-
tion optical system (FDS) with unparalleled sensitivity and selectivity, which is now produced commercially
by Aviv Biomedical, Inc (the AU-FDS). Using the AU-FDS, it is now possible for the first time ever to detect
antibodies and their aggregates in serum. BITC member companies are using this instrument to determine
whether their therapeutic antibodies form aggregates serum after injection. By developing formulations
that prevent aggregation in serum, drugs will be safer and more effective. For more information, contact Dr.

Thomas M. Laue, 603.862.2459, tom.laue@unh.edu.
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Biomolecular Interaction Technologies Center (BITC)

Making biopharmaceuticals less expensive

Shown below are two therapeutic monoclonal antibody preparations. The sample in the top photo forms
aggregates and forms a white precipitate as salt is increased to physiological concentrations. The lower
photo shows the results for a different antibody which does not aggregate as salt is increased. The anti-
body in the top photo had to be abandoned as a possible drug due to its aggregation. Unfortunately, over
$100M dollars already had been spent on its development.

The difference between the two proteins is their net charge.
More charged protein remains in solution, while the low-
charged protein aggregates and precipitates. Just as NaCl dis-
solves in water to form Na+ and Cl- ions, proteins also may be
charged. BITC-sponsored research has shown that only pro-
teins that have a high net charge remain soluble. This
research has demonstrated that the current methods for cal-
culating the net charge may be exceedingly inaccurate, mis-
leading researchers about their solubility. That was the case
for the proteins shown here.

OomM 256mM 50mM 1de 150mM

BITC-sponsored research has developed methods for accu-

rately determining protein charge. Workshops have been
held to teach researchers how to make the measurements. Member companies now are routinely measur-
ing the charge on candidate therapeutic monoclonal antibodies before embarking on multi-million drug
development projects. Only those antibodies with a high net charge are good candidates for formulation.
For more information, contact Dr. Thomas M. Laue, 603.862.2459, tom.laue@unh.edu.
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Berkeley Sensor and Actuator Center (BSAC)

University of California, Berkeley, Richard Muller, Director, 510.642.0614,
muller@eecs.berkeley.edu

University of California, Berkeley, John Huggins, Executive Director, 510.643.5663,
jhuggins@eecs.berkeley.edu

University of California, Davis, David Horsley, Co-director, 530.752.1178, dahorsley@ucdavis.edu

Center website: http://www-bsac.eecs.berkeley.edu/

Rotary Internal Combustion Engine on a Chip

Researchers at the Berke-
ley Sensors and Actuators
Center (BSAC) at the Uni-
versity of California-Ber-
keley  designed and
micro-fabricated engine
components with fea-
tures on the scale of tens
of microns and an overall
scale of millimeters with
etch depths as large as
900 pm. These MEMS
engines--much like con-
ventional-sized gasoline-
powered generators--will
be used to convert the
stored chemical energy of
liquid hydrocarbon fuels
into usable electric power
in the 10-100 mW range.
Research  efforts  to
develop the required aux-
iliary systems similar to
those found on a modern automotive hybrid engine (ignition, fuel delivery, integrated generator) are
ongoing. The system is expected to deliver specific power (W/kg) superior to conventional systems and to
leverage the inherent advantages of liquid hydrocarbons: storage, safety, and specific energy (W-hr/kg).
Several BSAC member companies, such as Textron Systems and Harris Corporation, have participated in the
DARPA-funded research and testing of this device. For more information, contact Prof. Albert Pisano,
510.643.7013, appisano@me.berkeley.edu.

Rotary Internal Combustion Engine on a Chip 3


mailto:appisano@me.berkeley.edu
http:http://www-bsac.eecs.berkeley.edu
mailto:dahorsley@ucdavis.edu
mailto:jhuggins@eecs.berkeley.edu
mailto:muller@eecs.berkeley.edu

Berkeley Sensor and Actuator Center (BSAC)

Radio-Equipped Wireless Sensors called “Smart Dust”

Kris Pister of the Berkeley Sensor and
Actuator Center popularized the
term “Smart Dust” to help visualize
his goal of an autonomous network
of highly miniaturized “motes” con-
taining microradios and microsen-
sors that can be deployed at random,
that wake up; identify who and
where their neighbor motes are; and
form a dynamic ad hoc self-orga-
nized mesh data network over which
sensor data such as location, motion,
light, pressure, temperature, etc, is
communicated wirelessly, reliably
and without human intervention.

This Smart Dust story is really a story

of collaborative “stone soup” in which Pister contributed the stone from a $25,000 industrial award from I/
UCRC member company Hughes and a $10,000 California (state) MICRO industrial matching grant that
eventually led to a $1.7M DARPA “Smart Dust” program. This work resulted in a groundswell of industrial
and new venture capital investments in wireless sensor networks (WSN). UC Berkeley computer science
collaborators developed an open source small footprint (4KROM, 256 BYTES RAM) network operating sys-
tem called “Tiny OS” for the little “micro motes” that were built from off-the-shelf components, and later
miniaturized. The micromotes were dropped from UC Berkeley unmanned aerial vehicles; installed at 1/
100th the installation cost of wired sensors in a structure of a sister I/UCRC: (The Center for Built Environ-
ment). This inspired academic and industrial collaborations that haven’t subsided today.

Market forecasts of more than $10B/year, now seem like low estimates as the technology promises to revo-
lutionize homeland security, environmental control, power management, and infrastructure monitoring.

The results of the initial $35,000 industrial-state investment, combined with enthusiastic academic and
industrial collaboration are difficult to fully audit. Over 10,000 developers around the world have down-
loaded each release of the open source Tiny OS from the UC Berkeley www.tinyos.net website; annual con-
ferences have sprung up to broadcast and share new WSN results and applications. These
accomplishments stand out as a testimonial to the promise of organized and empowered industrial-aca-
demic-venture technology collaboration. For more information, contact Prof. Kris Pister 510.643.6690, pis-
ter@eecs.berkeley.edu.
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Berkeley Sensor and Actuator Center (BSAC)

Surface Micromachining of Micro -Electro Mechanical Systems
(MEMS)

MEMS “surface micromachining of polysilicon” was per-
fected in the 1980’s at the Berkeley Sensor and Actuator
Center. Like prior “Bulk” micromachining, “Surface” micro-
machining (SM) creates moving electro-mechanical struc-
tures (like clock pendulums or guitar strings on a
microscale). But unlike Bulk micromachining, SM uses poly-
silicon as the mechanical structure and is therefore compat-
ible with standard CMOS microelectronic processing, This
breakthrough put MEMS on a similar cost and complexity
path to mainstream CMOS memory and microprocessors
that benefit from “Moore’s Law” in which component com-
plexity and value double every 24 months.

Capacitively coupled rings wirelessly transmit
power and signal. Independent of rotation.

Benefits from resulting MEMS components are remarkable. Accelerometers which are used in automobile
crash mitigation (airbag deployments) have been estimated to save more than 7,000 lives per year in the
U.S. alone. Implantable inertial sensors are now used for early detection of heart pre-failure conditions, in
time for interventions. Inertial MEMS will be in 300 million cellphones by 2011.

Fast-forward two decades and you find that these “microelectronic inertial sensor” applications have
grown into an international multibillion dollar product category that creates even higher value in the prod-
ucts and systems in which they are employed. For more information, contact Prof. Richard Muller
510.643.6690, muller@eecs.berkeley.edu, for Automotive sensor: Prof. Albert P. Pisano 510.643.7013
appisano@me.berkeley.edu.

Magnetic Inmunosensor

A portable device suit-
able for handheld field
1.4mm deployment by moder-
i : Bead ately trained personnel
Se"s Gold has been developed
' Target Antigen —— ’ and demonstrated by
) ( researchers at the Ber-
/J keley Sensor & Actua-
tor Center. This
technology allows veri-
fied diagnostic assays
for infectious diseases, including Dengue, Malaria, and HIV. The device has allowed dramatic simplification
of testing protocol compared to ELISA (the current optical immunoassay standard), with advantage of
allowing sophisticated assays in a point of care or at home setting, where the advents of a research labora-
tory are not available.

~ 4um
—

Silicon Dioxide

Magnetic Hall Sensor
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A high level of system integration is necessary for replicating the functionality of a diagnostic immunoas-
say protocol in an inexpensive, palm-held device. Sample preparation, segregation of specifically bound
labels (those which match the suspected disease) from non-specific bound ones (those which do not
match), and label detection present major obstacles to implementing an integrated immunoassay device.
Magnetic bead labels are particularly attractive in this context since they can be electromagnetically
detected and manipulated in opaque solutions such as blood, where the optical Elisa method may fail.

The integration of 1,024 Hall Effect differential magnetic sensors with local magnetic field generation for
internally implemented magnetic washing of paramagnetic beads in a “system-in-package” assembly, with
printed antenna for wireless access, represents system miniaturization and potential cost reduction
(because of mass producible CMOS component) unprecedented for complex field-or-home deployable
assay. For more information, contact Prof. Bernhard Boser, 510.643.6690 boser@eecs.berkeley.edu.
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Software Rejuvenation
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CACC researchers have developed
a method to detect problems of
memory leak, data corruption,
and fragmentation that have
plagued a wide range of computer
systems and networking compo-
nents. These problems build up
over time and lead to perfor-
mance degradation, hanging, and
other failures of computing sys-
tems. Memory leak is a phenome-
non in which memory resources in
computing systems decrease over

time and eventually cause system problems. The problem occurs because software programs request
memory but sometimes don't release it, and this unreleased memory accumulates over time.

The researchers collected empirical data on these problems at the
center and developed a way to monitor the course of the deteriora-
tion and to predict when future problems would occur so that pre-
ventive measures could be taken. This software rejuvenation method
has been adopted by IBM in their X-series servers, and other compa-
nies including Sun Microsystems and Microsoft are in the process of
adopting this technology. For more information, contact Dr. Kishor
Trivedi, 919.401.0299 ext. 306, kst@ee.duke.edu.

Aging Software

Failure
Rates

Software Rejuvenation

Time
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Center for Autonomic Computing (CAC)

A CISE-funded Center
University of Florida, Jose Fortes, 352.392.9265, fortes@ufl.edu

Rutgers University., Manish Parashar, 732.445.5388, parashar@caip.rutgers.edu

University of Arizona, Salim Hariri, 520.621.4378, hariri@ece.ari

Center website: http://www.nsfcac.org/

zona.edu

Demand-driven Service and Power Management

in Data Center

Power consumption is an increas-
ingly significant percentage of the
cost of operating large data centers.
These centers are used by banks,
investment firms, IT service provid-
ers, and other large enterprises. One
possible approach to reduce power
consumption is to keep machines in
standby or off modes except when
the data center workload requires
them to be fully on. This approach
depends on being able to monitor
performance, workload or resource
demands and to anticipate the need
for resources in order to meet ser-
vice-level agreements of the users
who generate the workload.

This project seeks to devise mechanisms to: monitor, model and predict workload associated with individ-
ual services; to model and predict global resource demand; and to dynamically allocate and de-allocate vir-

tual machines to physical machines. To devise methods based on

control theory and/or market-based

approaches to use the above-described mechanisms to minimize the cost of providing individual services
while globally minimizing power consumption and delivering contracted service levels. To develop and

evaluate software that implements these methods. For more
352.392.9265, fortes@ufl.edu.

information, contact Jose Fortes,

Demand-driven Service and Power Management in Data Center 9
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North Carolina State University (Center Headquarters), Barry Goldfarb, Director, 919.515.4471,
barry_goldfarb@ncsu.edu

North Carolina State University, Jose Stape, 919.513.4041, jlstape@ncsu.edu

Purdue University, Charles Michler, 765.496.6016, michler@purdue.edu

University of Georgia, Michael Kane, 706.542.3009, mkane@warnell.uga.edu
University of Florida, Erik Jokela, 352.846.0890, ejokela@ufl.edu

University of Maine, Robert Wagner, 207.581.2903, bob_wagner@umenfa.maine.edu
Oregon State University, Glenn Howe, 541.737.9001, glenn.howe@oregonstate.edu
University of Washington, David Briggs, 206.543.1581, dbriggs@u.washington.edu
Virginia Tech, Thomas Fox, 540.231.8862, trfox@vt.edu

Center website: http://www.cnr.ncsu.edu/fer/cafs

Exponential Nutrient Loading

A new approach referred to
as ‘“exponential nutrient
loading” has been developed
by researchers at the Center
for Advanced Forestry Sys-
tems (CAFS) to pre-condi-
tion black walnut grafts in
the greenhouse for field
planting. The technique
increases the morphological
and nutritional quality of
grafted plants, as well as
store nutrients in root plugs
for later utilization to benefit
early plantation establish-
ment success. This protocol,
allows for a higher growth
rate of the grafts in their first
year after planting in the
field. Black walnut grafts that
have been grown exponen-
tially will be used in intensively cultivated plantings. In intensive cultivation, this is important because the
response to fertigation and weed control is higher and rotation age will be decreased, which brings sub-
stantial financial benefits. In extensive cultivation, the rapid growth and competitiveness exhibited by
exponentially nutrient loaded grafts will accelerate plantation growth to reach free to grow status sooner,
which increases the chances of crops to escape damage from animal browsing and weed competition.
Intensively cultivated clonal black walnut plantings under are currently being offered as a financial oppor-

Exponential Nutrient Loading 11


http://www.cnr.ncsu.edu/fer/cafs
mailto:trfox@vt.edu
mailto:dbriggs@u.washington.edu
mailto:glenn.howe@oregonstate.edu
mailto:bob_wagner@umenfa.maine.edu
mailto:ejokela@ufl.edu
mailto:mkane@warnell.uga.edu
mailto:michler@purdue.edu
mailto:jlstape@ncsu.edu
mailto:barry_goldfarb@ncsu.edu

Center for Advanced Forestry Systems (CAFS)

tunity for long-term investors. For more information, contact Charles Michler, HTIRC, Purdue University,
765.496.6016, michler@purdue.edu.

Method for Identifying Genes Controlling Growth of Trees

Manipulation of plant stature has long been a major goal in agronomy,
horticulture, and silviculture. Trees of short stature can provide substan-
tial benefits for urban forestry and wood products industries. CAFS
researchers have established a method for identifying genes that affect
the growth and development of trees. This research has resulted in the
first identification of a gene underlying an unusual tree form and size.
The difficult biology and genetics of trees, including their long genera-
tion time, has impeded such efforts in the past. Control of plant stature
and form previously required the use of plant growth regulators or classi-
cal plant breeding. It is difficult to obtain through classical breeding the
healthy dwarf plants of the variety needed for large-scale commercial
deployment. The new method, using "activation tagging," allowed CAFS
to circumvent several roadblocks. Center research on creating an activa-
tion-tagged poplar population is finding application, according to a
Weyerhaeuser representative. This work is expected to provide numer-
ous new genes for exploring and manipulating the development and
physiology of trees. Furthermore, CAFS researchers identified a gene that
controls tree size in a dominant manner, enabling the size of any tree to
be reduced via over-expression of this gene. This result could provide a
valuable new way to reduce tree size for uses in urban and orchard environments, and can be used as a tool
to provide a high degree of biosafety to linked transgenes that derive from other species. This work
appears to be the first case of successful forward genetics— where a gene has been isolated based on a
mutant phenotype—in a tree. For more information, contact Steven Strauss at Oregon State University,
541.737.6578, Steve.Strauss@orst.edu.

e

Precocious Flowering in Populus

Federal regulators have made it clear that a transgene
confinement system is likely to be needed before geneti-
cally engineered trees can be deployed commercially.
Center researchers are attempting to genetically engi-
neer flowering control as a way to satisfy this require-
ment. In order to test the efficacy of the genetic
constructs inserted in the poplar genome for their ability
to affect floral development, researchers must wait for
plants to acquire the competence to produce flowers. The
long delay before the onset of flowering in poplars (they
have a juvenile period of five to seven years) and their
resistance to various conventional flower-induction treat-
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ments have been serious impediments to engineering sterility. CAFS obtained a genotype of Populus alba
from a colleague at the University of Tuscia (Viterbo, Italy) that flowered nine months from when the seed
was sown. Vegetative propagules from this line remained true to type (i.e., they flowered in nine months).
However, this genotype had to be regenerated in vitro, and grown under aseptic conditions, before APHIS
would allow it to be imported into the U.S. The regeneration process caused this genotype to lose its ability
to flower early. CAFS experimented with a variety of inductive treatments and discovered one that restored
the early-flowering phenotype. Center researchers have also obtained a genotype of Juglans regia that is
capable of producing flowerings on nine-month-old plantlets and have identified conditions required to
induce flower formation on Prunus serotina grown in vitro. Thus, CAFS scientists now have a variety of
effective model systems for testing flower-control constructs, without having to conduct lengthy, expen-
sive field trials. For more information, contact Rick Meilan at Purdue University, 765.496.2287, rmeilan@pur-
due.edu.

Precocious Flowering in Populus 13
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Center for Advanced Polymer & Composite Engineering
(CAPCE)

Ohio State University, L. James Lee, Director, 614.292.2408, lee.31@osu.edu
Florida State University, Ben Wang, 850.410.6339, indwang1@eng.fsu.edu
University of Wisconsin-Madison, Tom Turng, turng@engr.wisc.edu

Center website: http://www.capce.ohio-state.edu/

Software for Enhancing In-Mold Coating Processes of Plastic and
Composite Products

CAPCE research led by Jose Castro
has produced new software to
enhance in-mold coating processes.
The technique of in-mold coating has
the potential to revolutionize the
coating and paint processing indus-
tries because it allows the coatings to
be injected under high pressure right
inside the mold used, for instance, to
create an automotive body panel,
rather than having to run the part
through long coating production
lines that are expensive, energy con-
suming, and release solvents into the
environment. Software developed by
the center provides the ability to pre-
dict the flow of in-mold coating pro-
cesses, saving time and money compared to the previous approach. A center member company is paying
patent application costs for this technology. Applications extend beyond the automotive industry to
include many kinds of plastic and composite products. For more information, contact Jose M. Castro, Ohio
State University, 614.688.8233, castro.38@osu.edu.
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Nanocomposite Foam Breakthrough

The worldwide value of plastic foams was $2 billion in 2000. However, current applications are limited by
the fact that foams have poor toughness, strength, and surface quality and low thermal stability, lack fire
retardance, and release environmentally-harmful gases. Researchers at Ohio State's I/UCR Center for
Advanced Polymer and Composite Engineering (CAPCE) have developed a novel method with the poten-
tial to improve foam properties by a factor of 3 or 4. Such improvements are expected to dramatically
increase the worldwide demand for plastic foams and increase the U.S. market share in the building and
transportation industry, in packaging and as absorbent materials for the health care industry. The method
has attracted a great deal of interest from industry and the media. The method involves mixing specially-
treated clay nanoparticles with the materials to be foamed, then blowing the foams with carbon dioxide
using supercritical fluids technology. The new process for making the foam will have many environmental
benefits, including reduced energy use when the material is applied as an insulator in building construc-
tion and the elimination of ozone-depleting materials in the foam-making process. In addition, the result-
ing plastic foam is also fire retardant. Tests with Owens Corning and other companies have demonstrated
the feasibility of cost-effective mass production. Scale-up activities for commercialization are being carried
out through a $1.9 million NIST-ATP project with Owens Corning and a $2 million equipment award for Low
Cost Nanocomposite Foams from State of Ohio Wright Center Capital Project Funds. For more information
contact L. James Lee, The Ohio State University, 614.292.2408, Lee.31@osu.edu or Roland Loh, Owens Corn-
ing Foam System, Roland.loh@owenscorning.com.

4.26 MPa

0.9 MPa

Filling 98% Filled

Above: Micrograph of polymeric nanocomposite foams. Proper design of the nanoparticle type, content,
dispersion, and orientation supports a wide spectrum of foams with well-defined pore structures.
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High Pressure pH Probe

It has been thought for many years that the pH of various food systems may be reduced under pressure, yet
to date there have been no means of studying this phenomenon. There has been a wealth of literature
reporting the effect of pressure on inactivation of microorganisms in various buffer systems, yet it was
known that the degree to which the pH lowering effect of high pressure is a factor in inactivation kinetics
measured in different buffer systems. This High Pressure pH Measuring Device, or probe, developed at the
Center for Advanced Processing and Packaging Studies (CAPPS), can determine the pH of fluids at
extremely high pressures; on the order of 600 MPa (87,000 psi). No such device had been previously avail-
able to study acid / base equilibrium phenomena under extreme pressure conditions. High Pressure Pro-
cessing is a technology that uses extreme pressures, instead of heat, to pasteurize foods. The probe is
beginning to be employed commercially in the food industry for a number of high quality product applica-
tions such as processed meats, shellfish and the preservation of products containing heat-labile fruit and
vegetables. The development of a high pressure pH probe should finally enable a better understanding of
the pressure / pH shift / microbiological effects. With this new probe as a research tool, it is becoming more
possible to develop and select food acidulant systems that reach low pH levels under pressure (thus
improving HPP antimicrobial effectiveness) yet allow for organoleptically acceptable products at 1 atm
when they are consumed. For more information, contact Dr. Sudhir Sastry at Ohio State University,
614.292.3508, sastry.2@osu.edu.
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Continuous Microwave Sterilization of Fluid Foodstuffs

Research at the Center for
Advanced Processing and
Packaging Studies (CAPPS)
utilized technology that
allows fluids to be continu-
ously and very rapidly
heated, in a tube, by a
focused microwave source.
Aseptic processing of fluid
foods has been practiced
by industry for a fairly long
time, but the quality of
foods produced conven-
tionally, by indirect heat
transfer through the walls
of a tube, has been limited
by the rate at which the
food can be heated to pas-
teurization/  sterilization
temperatures. To eliminate
microorganisms, the food
must be exposed to a cer-
tain target temperature for
a defined period of time;
slow heating will degrade
the quality of food during
heat-up. This is a particular
problem with highly viscous fluids that tend to have poor heat transfer rates from a heated wall. By con-
ducting heat with microwaves, heating rates can be substantially increased with dramatic improvement in
quality, without the need for scraped surface heat exchangers and large surface area heat exchangers. This
innovation has permitted a number of viscous food products to be prepared with a significant improve-
ment in quality. Continuous microwave processing may be further extensible to food systems with particu-
lates. For more information, contact Josip Simunovic, 919.513.3190, josip_simunovic@ncsu.edu or Dr. Ken
Swartzel, 919.513.2063, ken_swartzel@ncsu.edu both at North Carolina State University.

Above: With CAPPS support, Dr. Pablo Coronel has developed a number of methods and devices to
advance the implementation of continuous flow microwave processing during his doctoral and post-grad-
uate studies at NCSU.
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Enhanced Silicone Coatings: Improved Fabric Care

Interaction of silicones with surfac-
tants are very important for better
performance of the products in cos-
metic and personal care industry,
but very little is known about the
mechanism by which these poly-
mers interact with various sub-
strates. Generally, improved silicone
coating results in better softness,
handle, feel and bounce. Results
provide quantitative measures for
qualitative properties such as softness, bounciness of fiber; important considerations for the fabric care
industry.

One area of application is that enhanced silicone coatings enable industry to use much wider varieties of
cotton and while getting comparable end-product performance. Thus short fiber length cotton can be
used with expected performance comparable to long fiber length cotton. This advance means that higher
yielding cotton and cellulosic fibers can also be utilized for quality durable garments even if they are of
lower quality.

This research has produced impacts in a broad area of surfactant science and has applications in chemical,
cosmetics, mineral, petroleum, and pharmaceutical industries. It has enabled Center collaborators such as
Elkay Chemicals to better understand and design silicone chemistries. Impact of this approach is significant
to environment and ecology as much wider areas of farmland can be made available for cotton farming. For
more information on this work please contact Dr. P. Somasundaran, 212.854.2926, ps24@columbia.edu.

Greener, More Sustainable Solutions for the Mining Industry

It is well known within the mining industry that in selective flotation separation of valuable minerals from
complex ores, certain silicates and slime-forming minerals have significant detrimental effects. Until
recently such effects were attributed to chemical factors such as hetero-coagulation between the silicates
and valuable minerals, which is generally referred to as slime coating. Previous approaches to this slimes
problem have been unsatisfactory because they consume too much energy and water and are not sustain-
able. Mineral separations have been becoming increasingly challenging due to the emergence of problem-
atic ores in several existing operations.
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Researchers at CASNS, in cooperation with Cytec Industries and centers’ sponsor Vale-Inco, have devel-
oped new techniques to study rheological properties of such ore pulps. This research program, which was
designed to develop a scientific understanding of contributions from both physical and chemical factors of
slimes to selective mineral separation and suspension rheology, has discovered the large role played by
morphology of certain silicate minerals, when present in even small amounts in a complex mixture of min-
erals.

When the CASNS research program
was initiated, there were no estab-
lished methods to monitor the rheo-
logical properties of ore pulps, which
typically have a wide size and spe-
cific gravity distribution, due to diffi-
culties caused by the rapid settling of
coarse and heavy particles. These
techniques are based on sedimenta-
tion and determination of various
rheological parameters such as vis-
cosity, yield stress and torque values
at high shear rate. Findings should
have significant scientific and tech-
nological impacts, leading to the der-
ivation of pathways to enhance
selective separation of valuable minerals from complex ores containing slimes and develop a robust solu-
tion to the long-standing slimes problem.

This advance will make smelting more energy efficient, and utilize waste products. At the same time it
should extend the lifetime of existing mining operations, saving jobs and resources. Most importantly, it
will result in the design of greener, sustainable solutions for the mining industry: new processes that con-
sume less water and energy, and use green reagents, thus significantly reducing the overall mining envi-
ronmental footprint. For more information, contact Prof. P. Somasundaran, 212.854.2926,
ps24@columbia.edu
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More Cost-Effective Laundry Detergents

Sodium carbonate is a salt that has wide variety of
applications. In consumer products industry, sodium
carbonate is used considerably as a composition of
the laundry detergent for softening water. Addition
of sodium carbonate can also reduce the cost of the
product without compromising its washing perfor-
mance. Traditional formulas of the food or detergent
products also contain other components, i.e., surfac-
tants, water, coloring and fragrance. These sub-
stances provide charges and hydrogen bondings,
which induce phase instability or poor liquid pour-
ability. Charged polymers are normally applied to the
system to disperse light. Polyacrylic acid is a typical
polyelectrolyte choice for such uses due to their
availability and low cost. Their power to disperse and stabilize the formula depends considerably on their
interaction with the solvents and surrounding electrolytes.

—~

Researchers at the Center for Advanced Studies in Novel Surfactants (CASNS) have focused on monitoring
the interference of sodium carbonate salt with the anionic polyacrylic acid polymer in aqueous solutions.
By improving this interaction with the addition of another component, i.e. glycerin, the solubility of
sodium carbonate in water was increased from 27 wt.% to 35 wt.%. Improved understandings based on
this research are greatly improving the cost efficiency of the consumer product industry, particularly the
laundry detergent industry. For more information, contact Dr. Ponisseril Somasundaran, 212.854.2926,
ps24@columbia.edu.

Enhanced Products to Aid Mineral Processing

One of the business units in the sponsor chemical company A
develops products for use in the mineral processing and min-
ing industries. Suppression of the mineral talc is a problem in
flotation processes used in mineral separation industries. Cur-
rently, some polysaccharides are used in the industry for the w—
depression of talc, but an understanding has been lacking of G
how the polysaccharides function, a knowledge that would 2
allow the design of molecules with better efficiency. Research nan— AL b B T i
at the Center for Advanced Studies in Novel Surfactants et
(CASNS) has addressed problems related to the depression of 1559 Eoyshped Bremios, v

talc using polysaccharides. The research has provided impor-

tant insights that have been used to design better molecules

for this application. Based on this research the company has made and tested new polymers. Initial tests
yielded promising candidates that are now in field testing. Developing a new product to commercializa-
tion can take 5 to 10 years, including all stages of toxicological and environmental testing. Such testing
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helps assure that the product meets specifications and satisfies all regulatory requirements. In addition to
the talc studies, center students helped to develop a rapid screening technique now in use by the company
to identify products that have improved processes that recover precious metals from ores. For more infor-
mation, contact Dr. P. Somasundaran, 212.854.2926, ps24@columbia.edu.

Advances in Basic Science of Skin Cleansing

Fundamental research at the Center for Advanced Studies in Novel Surfactants (CASNS) on surfactant bind-
ing to proteins has benefited development of skin cleansing and skin care products at a center sponsor’s
main R&D center for skin research. Washing and cleansing can be a damaging process for skin, so the
choice of surfactant becomes very critical in order to minimize damage. Insights on surfactant blends are
critically important in deciding what kind of blends to incorporate into product formulations. One of the
key factors is surfactant micelle charge density, which affects the irritation potential of surfactants. The
goal is to minimize charge density up to a point, because with zero charge density, as in non-ionic surfac-
tants, there is usually not enough lather and foam to satisfy customer demand. Formulation science
focuses on how to blend components to achieve the desired balance. Fundamental work has been con-
ducted on surfactant binding to proteins. Researchers have investigated how when protein denaturation
occurs the surfactant binds, how reversible it is, and how it may be affected by variables such as cleanser
pH and temperature. Insights gained from this research are being used by a center sponsor in skin cleans-
ing and skin care products. For more information, contact Dr. P. Somasundaran, 212.854.2926,
ps24@columbia.edu.

Above: Mild surfactant treated leaf after exposure to open air for 48 hours-barrier in better condition limit-
ing water loss (left); Harsh surfactant treated leaf after exposure to open air for 48 hours-damage to barrier
leads to rapid water loss (right).
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Conformational Behavior of Hydrophobically Modified Polymers

Hydrophobically modified polymers have been tuned for nanodomains that can extract and deliver at will
cosmetics/drugs/toxins by controlling pH, temperature or ionic strength of the system. These systems have
the advantage that they have features of both the polymers and the surfactants. Due to the associative
nature of the hydrophobic groups, hydrophobically modified polymers can form intramolecular nan-
odomains at all concentrations of the polymer and inter-molecular aggregates under different conditions.
Thus, poly (maleic acid/octyl vinyl ether) forms hydrophobic nanodomains that can solubilize and release
drugs, dirt etc. by changing pH, salinity and/or temperature. Changes in the size and structure of the nan-
odomains thus formed have important applications in rheology control, coating, delivery of actives and
removal of overdose toxins. For more information, contact Dr. P. Somasundaran, 212.854.2926,
ps24@columbia.edu.

Novel Polymeric Nanoparticles for Extraction and Release of
Drugs and Fragrance

Nanoparticles are finding-increasing applications as effec-

tive drug/attribute delivery devices. Researchers at the __ - — @
Center for Advanced Studies in Novel Surfactants (CASNS) -® R T R T
have synthesized poly (acrylic acid) and polymeric nano-  —— T\
particles that successfully incorporate fragrances and anti- __——_,-" 'd
microbial agents into nanoparticles. Novel polyacrylamide - /. ".
and poly (acrylic acid) nanoparticles (20 -100nm) have - .
been synthesized by reverse microemulsion. It was = a» i—-
observed that 1% cross-linked poly(acrylic acid) nanoparti- il 5y ( b ST
cles could incorporate 38% of linalyl acetate added to the = T
system in about 4 hours. The efficacy of extraction T e el
increased further when the nanoparticles were modified ‘Polymer Nanoparticles for Delivery

with hydrophobic moieties such as propyl amine and of Drug or Fragrance

hexyl amine. The efficacy of these nanoparticles was excel-

lent also for the extraction and release of vanillin, a flavoring ingredient for food materials and perfumes.
For more information, contact Dr. P. Somasundaran, 212.854.2926, ps24@columbia.edu.
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Center for Advanced Vehicle Electronics (CAVE)

Auburn University, Jeff Suhling, Director, 334.844.3332, jsuhling@eng.auburn.edu

Center website: http://cave.auburn.edu/

Improved Electronics Reliability for Terrestrial and Space Vehicles

The Center for Advanced Vehicle
Electronics (CAVE) has a number of
industrial partners who design,
develop, and manufacture state of-
the-art electronic control modules
for terrestrial and space vehicles. The
electronic assemblies must operate
reliably for long periods of time in
hostile  environments  including
extreme high temperatures and low
temperatures, large temperature
swings, high humidities, and expo-
sure to corrosive fluids. The results
from center projects in the areas of
damage mechanics, physics of fail-
ure, materials science, and manufac-
turing processes have helped
identify a number of key factors
which have impaired progress in

enhancing product longevity. Studies to measure the aging microstructure and crack propagation rates in
solder joints, as well as characterize the growth kinetics of brittle inter-metallic compounds have led to sig-
nificant process improvements in flip-chip and ball grid array component reliability for Daimler-Chrysler
Corporation. Methodologies have been developed to inhibit crack propagation in solder joints by control-
ling several critical design variables during soldering operations and module assembly processes. This has
led to a set of design guidelines and a decision support toolkit for area array packaging that has been
developed for use by National Atmospheric and Space Administration.

Theoretical and experimental studies of the heat transfer in
populated printed circuit boards using finite element simu-
lations and miniature temperature sensors have led to iden-
tification of heat-susceptible locations that impact circuit
reliability. This has been especially useful for Siemens VDO
Automotive Corporation, which manufactures a variety of
electronic modules for ground vehicles that are mounted on
the engine block or embedded in the transmission. For
more information, contact Jeff Suhling, Auburn University,
334.844.3332, jsuhling@eng.auburn.edu. Right: An automo-
tive electronics module; Above: A cracked solder joint.
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New Experimental Techniques to Study Solder Materials and

Processes

Work in the Center for
Advanced Vehicle Electron-
ics has led to the develop-
ment of several new
innovative  experimental
techniques to study solder
alloys. A unique scanning
electron microscope has
been developed that allows
for real-time and in-situ
studies of the melting, wet-
ting, and spreading of sol-
der alloys and pastes. The
system allows for micro-
scopic observation of the
advancing molten solder
with simultaneous analysis
of alloy-substrate chemical
reactions during wetting. It
is highly unusual to under-
take studies of liquids in

el .

expensive and high-performance vacuum systems due to potentially high vapor pressures and flux outgas-
sing. Results from the use of this novel facility have especially benefited Cookson Electronics and Henkel-
Multicore, two CAVE industrial sponsors who specialize in solder materials and technology. In addition to
the ability to study molten solders, CAVE is the first organization to develop a scanning electron micro-
scope to measure strains in materials during repetitive temperature cycling processes such as those com-
mon in under-the-hood electronics. A third unique apparatus in CAVE is a custom-made surface analysis
system that enables in-situ studies of surface segregation during melting and wetting processes. For more
information, contact Jeff Suhling, Auburn University, 334.844.3332, jsuhling@eng.auburn.edu.

Above: A molten solder ball.

26 New Experimental Techniques to Study Solder Materials and Processes


mailto:jsuhling@eng.auburn.edu

Center for Advanced Vehicle Electronics (CAVE)

State-of-the-Art Electronics Assembly Operations and Pb-Free
Solder Alloys

Researchers at the Center for Advanced
Vehicle Electronics (CAVE) have developed a
number of important methodologies
related to electronics assembly with lead-
free solder alloys. This research has interna-
tional significance due to the ban on the
element lead (Pb) enacted in the EU and
Japan during 2006. A full world-wide ban of
lead in electronics is expected by 2010.
CAVE has become one of the first organiza-
tions to intensively study the materials sci-
ence, mechanical behavior, and solder joint reliability of leading candidate Pb-free solder alloys formulated
from tin, silver, and copper. An innovative approach for lead free solder prognostics has been established,
which allows the user to estimate the remaining useful life of a solder joint. In addition, fundamental stud-
ies have been performed on the structure of unwanted tin whiskers that can emanate from the pure tin
connector pin platings used with lead free electronics. Finally, CAVE is leading the efforts to characterize
aging effects in lead free solder alloys that result in unexpected degradation of lead free solder joints in
extreme environments. The developments in these projects have helped the Center’s industrial partners
stay ahead of their competition in their respective technological areas. The research has demonstrated not
only what will work but, more importantly, what will not work. By not wasting a lot of time on dead-end
research, CAVE has helped its member companies narrow the options to cost-effective and reliable alterna-
tive solders that can be used in commercial, industrial, and military electronics. For more information, con-
tact Jeff Suhling, Auburn University, 334.844.3332, jsuhling@eng.auburn.edu.

Above: Tin whiskers that can lead to short circuits in lead free electronics.
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Center for BioEnergy Research and Development (CBERD)

South Dakota School of Mines and Technology, Duane Abata, Executive Director, 605.394.5264,
duane.abata@sdsmt.edu

University of Hawaii, Scott Turn, 808.956.7800, sturn@hawaii.edu

Kansas State University, Mary Rezac, 785.532.5584, rezac@ksu.edu

North Carolina State University, Steven Peretti, 919.515.6397, peretti@eos.ncsu.edu

State University of New York — Stony Brook, Devinder Mahajan, 631.632.1813,
devinder.mahajan@stonybrook.edu

South Dakota School of Mines and Technology, David Dixon, 605.394.1235,
david.dixon@sdsmt.edu

Center website: http://bioenergynow.org/

Development of BioEnergy Bi-Products for use as Polymer
Substitutes

The bioprocessing industry will undergo a transfor-
mation in the next few years moving from food-
based sources such as corn and soybeans to non-
food-based sources such as grasslands and wood.
As fuel is produced from these new sources there
will be a variety of bi-products that will be of sub-
stantial economic value. Developing these bi-prod-
ucts into useful marketable products is an
important area of research for CBERD. One such co-
product is the lignin rich stream currently used as a
boiler fuel. It would be economically advantageous
to utilize this lignin co-product in polymeric com-
posites, very much like wood is currently being used
wood filled thermoplastics, which has seen signifi-
cant use as building materials reaching nearly a half
a billion dollars in sales in the last decade. This study will examine how this lignin co-product compares to
wood in thermoplastics and other polymeric matrix systems. The first goal will be to characterize the chem-
istry and morphology of the lignin co-product. The lignin co-product from a woody biomass process will be
the initial test case. The second goal will be to conduct polymer and polymer composite processing and
mechanical property studies of systems utilizing this characterized lignin co-product.
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Development of Enzymes for the Production of Fuels from Non-
Food Sources

Lignocellulose biomass, which includes agricul-
tural, forestry and municipal wastes, is among
the earth’s most abundant renewable resources.
However, the diverse nature of this lignocellu-
losic waste presents a major obstacle in devel-
oping conventional conversion processes in
energy generation and environmental restora-
tion. One of the best strategies for rapid release
of fermentable sugars from cellulosic waste-
materials is to develop thermostable enzyme
systems. Thermophilic cellulose-degrading bac-
teria and their enzymes for bioenergy conver-
sion processes are key targets in the
development of biodiesel and bioethanol alter-
native fuels. There are distinctive and highly
promising bacteria (hydrolytic extremophiles)
living at high temperatures and pressures deep within the new NSF Deep Underground Science and Engi-
neering Laboratory (DUSEL) which utilizes a very deep and old abandon gold mine (Homestake Gold Mine)
located in western South Dakota. The specific research objectives of this project are to produce and charac-
terize lignocellulose-deconstruction enzymes from these bacteria strains and to prepare a new thermo-
stable mixed enzyme system for rapid release of fermentable sugars from lignocellulosic (wood, municipal
waste, paper, and grassland) sources. The impact of this work will be significant to the national economy
because success in this area will establish a new mixed thermostable enzyme system that will be able to
convert waste into fermented sugars which then can be readily fermented into ethanol or be available for
other high value products in a single step.
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Supercritical Water Gasification of Biomass and Selective
Enrichment of Fuel

Thermochemical conversion of
biomass into hydrocarbons
and/or hydrogen is an impor-
/ tant component in the

advancement of bioenergy.

| Useful gases ‘
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L ‘| Upgrading ]-[ APP"CB“O”SJ selectively scavenges oxygen
. 1 while simultaneously facilitat-

l \ ; ing hydrogen recombination

| co, and/or hydrocarbon enrich-

Desliition ‘ [iESiestatn ) ment chemistry. It is possible

to meet these requirements by

combining supercritical water

gasification of biomass with

novel, mesoporous catalytic
hydrocarbon enrichment. In addition, the use of supercritical water gasification makes this thermochemi-
cal process more economical, as drying of biomass is no longer required. The goals of this project are to
synthesize and characterize supported catalysts for selective SCWG of biomass and mesoporous catalysts
for hydrocarbon enrichment, and determine the kinetics and mechanisms of catalytic thermochemical bio-
mass conversion into hydrocarbons. This includes controlling catalyst properties such as metal, loading,
and pore size distribution and adjusting various process variables such as temperature, pressure, concen-
tration of reactants and water, and reaction/residence time. Kinetic/mechanistic models are developed to
describe the important chemistry of the process, and aid in detailed reactor design. One industrial member
of CBERD is considering thermo chemical routes to hydrogen and hydrocarbon fuel formation from biom-
ass. This requires information on novel catalysts and processing techniques to facilitate fast reaction and
selective production of various energy sources. In addition, engineering models to describe the pertinent
chemistry are important for subsequent process design and scale-up.
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Center for the Built Environment (CBE)

University of California, Berkeley, Edward Arens, Director, 510.642.1158,

earens@uclink4.berkeley.edu

Center website: http://www.cbe.berkeley.edu/

Engineering and Design Guidelines for Underfloor Air

Distribution (UFAD) Technology

Velocity

[Streamline 1)
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Underfloor Air Distribution
(UFAD) technology has expe-
rienced rapid growth in
North America because of
the broad range of important
benefits it offers over con-
ventional ceiling-based air
distribution.

Correctly designed UFAD sys-
tems can: (1) reduce life-cycle
building costs, (2) improve
occupant comfort and pro-
ductivity, (3) improve ventila-
tion efficiency, indoor air
quality, and health, and (4)
reduce energy use. Until
recently there was no stan-
dardized design protocol

available to the building industry. A comprehensive design guide accessible to the design and engineering
community was needed to support the continued development and growth of this promising technology.
Responding to this need, the Center for the Built Environment (CBE) developed the Underfloor Air Distribu-
tion (UFAD) Design Guide. This guide provides guidance in the design of UFAD systems that are energy effi-
cient, intelligently operated, and effective in their performance. The guide is written to assist design
engineers, architects, building owners, facility managers, equipment manufacturers, utility engineers, and
other users of UFAD technology. The design guide was published by ASHRAE (the American Society of
Heating, Refrigerating and Air-Conditioning Engineers). For more information, contact cbe@uclink.berke-

ley.edu.
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Human Thermal Comfort Model

Buildings are  currently
designed to achieve com-
fort by creating uniform inte-
rior environments. However
in reality neither indoor envi-
ronments nor building occu-
pants are static. Center for
the Built Environment (CBE)
has developed a simulation
tool to evaluate thermal
comfort over an entire year
for a building, similar to the
way energy simulation tools
are used. This model is one
of the most sophisticated
thermal comfort models
available. It is capable of
analyzing human ther-
moregulation in non-uni-
form, transient conditions,
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and is capable of predicting local and overall sensations in real thermal environments. The model also has
an integrated physiological model that can predict the overall comfort that results from these responses.
The model was developed with a detailed building interface to allow building designers and engineers to
evaluate the thermal comfort impacts of various design and system options, and may be used for evaluat-
ing the comfort of an indoor environment including the effects of nearby windows, surface temperatures,
and air movement. For more information, contact cbe@uclink.berkeley.edu.
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Center for Building Performance and Diagnostics (CBPD)
Carnegie Mellon University, Volker Hartkopf, Director, 412.268.2350, hartkopf@cmu.edu

Center website: http://www.arc.cmu.edu/cbpd/index.html

Building operations (heating, cooling, lighting, and ventilation) consume almost 40% of the U.S. primary
energy, and 67% of electricity. The Center for Building Performance and Diagnostics (CBPD) is dedicated to
research, develop, design, engineer, demonstrate, and test, as well as apply systems, components, and
materials and their integration to create built environments. These environments simultaneously increase:
occupant comfort and productivity, organizational flexibility and effectiveness technological adaptability,
as well as energy and environmental effectiveness. As a result, the can create a pathway towards sustain-
ability in the built environment. The built environment is a key factor for human health. For instance, mate-
rials, component and systems choices, as well as building operations, can lead to sick building syndrome
(SBS) and building related illness (BRI). The EPA estimates the annual cost to the U.S. economy to be in
excess of $60 billion. In contrast, best practices can significantly enhance human health and result in
increased productivity through reduced absenteeism and health costs as well as enhanced motivation,
compared to standard practices. The CBPD has established the technical and economic feasibility, as well as
environmental and social desirability to create win-win solutions that prove false the widely held belief that
the higher the non-renewable energy consumption, the higher the quality of life. For the built environ-
ment, the opposite is largely true. For more information, contact Volker Hartkopf, 412.268.2350,
hartkopf@cmu.edu.

The Robert L. Preger Intelligent Workplace (IW)

The Prefer Intelligent Workplace (IW),
designed and engineered by the Center for
Building Performance and Diagnostics
(CBPD), in close cooperation with architects
and engineers and the Advanced Buildings
Systems Integration Consortium, functions
as a living (frequently adapted and updated
to incorporate new materials, components,
and systems) and lived-in (occupied by Cen-
ter faculty, staff, and students) laboratory.
The integration of innovative systems
(envelope, lighting, HVAC, structure and
interior) demonstrates the advantages of
and opportunities for integrating daylight-
ing with artificial lighting, natural with arti-
ficial ventilation, passive and active heating
and cooling strategies. These integrations
resulted in high levels of energy conserva-
tion. The IW pioneered the concept of integrated horizontal load bearing structure, HVAC ducting, cabling
(power, controls, communication) and excess floor technologies for floor-based infrastructures. This has
resulted in unprecedented levels of user accessibility, organizational flexibility, and technological adapt-
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ability, while eliminating the concept of obsolescence and material waste. The research, development, and
demonstration work has resulted in numerous applications of technologies and concepts pioneered in the
IW. For instance, floor based infrastructures, and flexible interiors introduced into the Owens Corning Head-
quarters project, Toledo, Ohio, resulted in 500 to 600 thousand dollars per year in savings in worker reloca-
tion costs within the building. The Beijing energy Efficient Office Building of the Ministry of Science and
Technology, China, has a 60 percent reduced peak cooling load due to the design and engineering involve-
ment of the Center. For more information, contact Volker Hartkopf, 412.268.2350, hartkopf@cmu.edu.

Personal Environmental Module

Research at the Center for Building Performance and Diagnostics (CBPD) has established the importance of
personal control in reaching highest levels of occupant satisfaction in thermal, visual, acoustic, air quality,
and spatial ergonomic quality. The research and evaluations establish and document effect that users with
personal control, for instance in thermal quality, express satisfaction far beyond the 50 to 60 percent
reached by standard practices and technology. Satisfaction rates reaching up to 95 percent can be
achieved. An example of a breakthrough product developed by Johnson Controls in close cooperation
with the Center, is the Personal Environmental Module (PEM) which allows users to control at their work-
space air speed, and direction, air and radiant temperature, as well as task lighting and background noise
levels. Thousands of PEMs have been installed in major building projects. For more information, contact Dr.
Volker Hartkopf, hartkopf@cmu.edu.
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Building Investment Decision Support Tool (BIDS)

A key reason for lower standard building performance is the absence of convincing economic arguments
for enhanced performance. First-cost and past practices rule. The web-based interactive Building Invest-
ment Decision Support Tool, supports sound economic decision making, by providing life-cycle and return
on investment based frameworks which take into account energy conservation, productivity, human
health, and organizational effectiveness results of best practices. The team led by Professor Vivian Loftness,
in close cooperation with researchers in industry and government has examined over 8,000 articles and
distilled over 150 datasets which are now incorporated in the BIDS tool. The tool is aimed at highest-level
decision-makers and resulted in providing the economic justifications for enhanced design and engineer-
ing practices, as well as advanced system choices in a number of governmental projects. Currently, a large
user group, consisting of utilities, local governments, building owners, developers, architects, and engi-
neers is examining the usefulness of this tool in their own ongoing operations. For more information, con-
tact Dr. Volker Hartkopf, hartkopf@cmu.edu.
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Ceramic and Composite Materials Center (CCMC)

Rutgers University, Richard Haber, Director, 732.445.4931, rhaber1@erebus.rutgers.edu
University of New Mexico, Plamen Atanassov, 505.277.2640, plamen@unm.edu
Pennsylvania State, James Adair, 814.863.6047x6156, jadair@psu.edu

Center website: http://ccmc.rutgers.edu/

Ambient Pressure Technology

The Ceramic and Composite Materials Center
(CCMC) has developed an ambient pressure pro-
cess for making aerogels and xerogels. Previously
these materials had to be made under critical con-
ditions, a commercially unattractive process. This
breakthrough technology spawned a spin-of com-
pany, NanoPore, which has developed into a multi-
million dollar operation. The ambient pressure
technology was patented and licensed to NanoP-
ore, Hoechst, and Texas Instruments. Hoechst used
it to develop a multimillion-dollar insulation man-

ufacturing business that subsequently was sold to Cabot. Texas Instruments, Tl, used the technology to
develop insulation for microelectronic parts. Recently, Tl reported copper wire interconnects protected
with xerogel insulation for microelectronic devices. Tl claims this to be a breakthrough technology that will
enable copper wire interconnects to replace aluminum wire interconnects, the current industry standard.
For more information, contact Professor William Koenke, 505.277.6824, yonder@unm.edu.

Mesostructured and Nanostructured Materials

The pioneering studies of CCMC and Sandia
National Laboratories to understand evaporation-
induced self-assembly has led to the controlled syn-
thesis, via self-organization processes, of mesos-
tructured and nanostructured materials in the form
of thin films and particles. These studies have devel-
oped two commercially important applications
involving rapid prototyping of functional, hierarchi-
cal thin films via micropen lithography, ink-jet print-
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ing, and selective de-wetting. Two patent applications have been filed and licensing activities are in
progress. For more information, contact Professor William Koenke, 505.277.6824, yonder@unm.edu.
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Atomic Layer Deposition Method to Coat Small Particles

The optimum chemistry e T o o
for using Atomic Layer Atomic Layer Deposition

Deposition, ALD, to con-  Fluidized Bed Reactor:

formally  coat  fine 3
particles of oxides, non- e
oxides, and metals with

metal oxides has been /
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technique over other
vapor coating processes
is that it permits precise

deposition of one mono- ALD Vibro-fluidized

Iaygr at a tlm.e until .the Bed Reactor
desired coating thick-

ness is achieved. Scale-

up of the method to .

make it commercially Vibromotors
viable has been accom-

plished by developing a

vibrating fluidized bed

reactor to permit atomic

layer deposition. Successful scale-up has moved the technology from a laboratory curiosity to a micro-pilot
plant scale capable of coating hundreds of grams of powder with selective conformal coatings in a single
run. The fluidized bed ALD reactor has been used to coat metal particles with conformal coatings of metal
oxides and boron nitride particles. A patent has been filed, and a spin-off company, ALD Nanosolutions, has
been formed to further develop the process and bring it to a commercially attractive level of performance.
For more information, contact Professor William Koenke, 505.277.6824, yonder@unm.edu.

"Mixedness" Software for Multi-component Particulate Systems

The center has developed an approach for simulating multicomponent particle mixtures. The method can
be used to diagnose mixing problems related to poor selection of raw materials and to diagnose process-
ing problems in which changing the particle size distribution could help a process meet design specifica-
tions. The approach, which has never been done before, can be used for nano-particles as well as large-
scale particulate systems. CCMC researchers can perform direct comparison of simulations with experi-
mental mixtures, and they can design mixtures, choosing the homogeneity scale, particle contact number,
or the variance in the mixture, designated on any length scale. Applications of the method range from
semiconductor materials to commodities such as detergents. CCMC researchers have been able to solve a
variety of manufacturing problems by recommending simple changes in the manufacturing processes.
One example is the case involving piezoelectric actuators for fuel injectors, in which they recommended a
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size distribution change introducing a specific size separation unit operation. This modification brought
the process into the specification for the first time in 15 years. Other significant problems solved by the
"mixedness" engineering approach include cutting tool materials, ferrite materials, thermal management
materials, detergents, and flow of powders. Most of the simulation work has been commercially utilized.
The mixedness simulation software is now in the beta-testing phase: the software has been distributed to
commercial entities for evaluation and feedback prior to commercialization. For more information, contact
Riman, riman@alumina.rutgers.edu or Guerman Popov, 732.445.6760, gpopov2@rci.rutgers.edu.

Virtual Mixture

R_l:p.ml

"Mixedness" Software for Multi-component Particulate Systems 41


mailto:gpopov2@rci.rutgers.edu
mailto:riman@alumina.rutgers.edu

Ceramic and Composite Materials Center (CCMC)

42



Center for Child Injury Prevention Studies (CChIPS)

University of Pennsylvania, Flaura Winston, Director, 215.590.3118, flaura@mail.med.upenn.edu

University of Pennsylvania, Sriram Balasubramanian, Co-Director,
balasubramanian@email.chop.edu.

Center website: http://www.nsf.gov/eng/iip/I/UCRC/directory/chips.jsp, www.chop.edu/cchips

Child Injury Prevention (Reducing Airbag Deaths)

Consumers demand safety innovation in new vehicle
models. However, much of these technologies are
unproven in their safety benefits and many have unin-
tended risks, particularly for children. Researchers at the
Center for Child Injury Prevention Studies (CChIPS) dis-
covered the first cases of airbag-related deaths in chil-
dren and defined the mechanisms of injury, thus
confirming the industry's research of the early 1970's.
The truth about safety technology lies in actual crash
performance yet there is a very limited funding pool for
real world rigorous studies. Faculty at CChIPS continue this decade-long history of informing priorities
regarding safety technology development. One CChIPS study defined, for the first time, the characteristics
of crashes that cause specific fatal injuries in children. This research is leading to more effective regulations,
new child test dummy development, and new products with the aim of making sure that our vehicle safety
systems continue to prevent injuries and death. Other CChIPS studies described injury mechanisms for chil-
dren in child restraint systems and seat belts. The center’s Industrial Advisory Board members use this infor-
mation on injury mechanisms to develop new and enhance current safety technology. Test protocols
require valid tools, but current crash test dummies for children are inadequate, developed from scaled
anthropometric and biomechanical criteria of adults since much of this data is unavailable for children.
CChIPS studies address the need for mechanical properties of pediatric tissues and organs to better tools
including computer models. Still other studies explore the causes of crashes with teen drivers in order to
inform educational and pre-crash prevention technologies to reduce the leading cause of death in our
youth, motor vehicle crashes. For more information, contact Center Director, Dr. Flaura Winston, or Center
Co-Director, Dr. Sriram Balasubramanian, 215.590.3118.
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Arizona State University, Sayfe Kiaei, Director, 480.727.7761, sayfe.kiaei@asu.edu
University of Arizona, Marwan Krunz, 520-621-8731, krunz@ece.arizona.edu
University of Hawaii, Magdy Iskander, 808.956.3434, iskander@spectra.eng.hawaii.edu
Rensselaer Polytechnic Institute, Michael Shur, 518.253.6819, shurm@rpi.edu

Ohio State University, John Volakis, 614.292.5846, volakis.1@osu.edu

Center website: http://www.connectionone.org/

Meta-Ground Plane for Airborne Radar and Electronic Warfare
Systems
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can be glued on the fuselages, rooftops, or sidewalls of buildings. An application of this small UHF antenna
is for sensors capable of locating targets concealed under trees and forests. The meta-ground plane will
drastically reduce the profile of such bulky antenna systems on UAVs, thus, increasing their ability to
accomplish their missions. No prior art existed to solve this problem without penalties in weight, gain, and
efficiency. For more information contact John Volakis at The Ohio State University, 614.292.5846, vol-
akis@ece.osu.edu.
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Cellular PA Bandwidth & Efficiency Improvement

As mobile wireless communication devices like cellphones evolve from voice-centric to data-centric, the
data rate expectations have increased dramatically. The resulting signal processing, done primarily in the
digital domain, has benefited greatly from semiconductor advances following Moore's Law. However the
RF power amplification function has experienced extreme pressure for increased linearity to support more
complicated modulation, wider bandwidths due to higher data rates. All this while maintaining or improv-
ing power efficiency. Researchers the Center for Communication Circuits & Systems Research Center (CCCS
- Connection One) have produced breakthroughs in terms of the balance among these three key parame-
ters. The result has been significantly improved PA bandwidth and efficiency. Future cellular PA architec-
tures will utilize some of these techniques for 3G (UMTS) and future (3GPP-LTE) systems. For more
information, contact Sayfe Kiaei, 480.727.7761, sayfe kiaei@asu.edu, Bertan Bakkaloglu, 480.727.0293, Ber-
tan.Bakkaloglu@asu.edu, or Jennifer Desai Kitchen, jennifer.desai@asu.edu. All are at Arizona State Univer-
sity.

Universal Wireless Transceiver for World Phones

The ultimate goal in cellular communications is
ubiquity: a world phone that is adaptable to all sys-
tems, such as GSM and WCDMA, as well as distinct
frequency bands. In order to implement this phone,
a highly efficient monolithic power system is
needed in transceivers of continuously decreasing
size. Two major components in transmitter architec-
ture are the power amplifier and its modulator,
because they dominate over 70% of the power con-
sumption in handsets and consume a significant
portion of the handset's volume. Therefore, altering
the power amplifier topology to lower the demand
on their bulky passive filters while simultaneously
increasing the efficiency and linearity is essential
when realizing high-efficiency monolithic transmit-
ter architectures. A new method using a noise shap-
ing technique to modulate the controller integrated
circuits in switched-mode converters and power
amplifiers reduces the demand on the output filters
of the structures. High efficiency and linearity is accomplished with a novel power amplifier topology using
a combination of either signal noise or pulse shaping and the Kahn technique. The new architecture for a
switch-mode power amplifier has higher efficiency than other techniques. It eliminates the need for a filter
in the supply modulator by switching the drain of the PA and pushing the noise of the switching modulator
to higher frequencies. The new topology presents a multimode, monolithic, highly efficient, linear power
amplifier for use in future wireless handsets as well as other RF communication devices requiring minimum
power dissipation. For more information, contact Sayfe Kiaei, 480.727.7761, sayfe.kiaei@asu.edu.
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Center for Coatings Research (CCR)

Eastern Michigan University, Theodore Provder, Director, 634.487.2203,

ted.provder@emich.edu

University of Southern Mississippi, Marek W. Urban, Co-director, 601.266.6868,

Marek.Urban@usm.edu.

Center website: http://www.nsf.gov/pubs/2002/nsf01168/nsf01168l.htm

Coating Analysis with Step-Scan Photo-Acoustic FTIR

Spectroscopy

Researchers at the Center
for Coatings Research (CCR)
have developed a tech-
nique to analyze the chemi-
cal composition of single or
multi-layer coatings. This
enabling technology uses
step-scan  photo-acoustic
Fourier-Transform Infrared
(FTIR) spectroscopy to pro-
vide a means of non-
destructive analysis of coat-
ings. The chemical compo-
sition as a function of depth
of the coating can be deter-
mined to provide a compo-
sitional map as a function

of coating depth. The adhesion of each layer can be related to the chemical composition at the interface. In
addition, a high-resolution FTIR imaging capability has been developed that can map out the composition
of the top surface of the coating as a function of position on the surface with a spatial resolution overcom-
ing the typical infrared detection limits. In another development, rheo photo-acoustic FTIR for stress-strain
measurements provides the ability to analyze adhesion at the molecular level, particularly for plastics. The
technology has been used by Ford Motor Company to study degradation of coatings and by a wide range
of other companies, including BASF, Bayer, Air Products, Huber, as well as government agencies such as the

Office of Naval Research. more information, contact Marek Urban, 601.266.6454,

marek.urban@usm.edu.
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Scratch Resistance of Coatings Measured by Modified Scanning
Probe Microscope (SPM)

Researchers at the Center for Coatings Research (CCR) have developed a technique of using a modified
scanning probe microscope (SPM) with a custom-made diamond probe as a tool to measure the mar resis-
tance of coatings quantitatively. The coating suppliers of General Motors, Ford and Chrysler, such as PPG,
Akzo Nobel, Red Spot, etc. have utilized the technique to characterize their products and improve the mar/
scratch resistance of the coatings.

As  nano-tribology
advances, demand
for new instruments
capable of carrying
micro/nano indenta-
tion and scratching
measurements
increases. The newly
developed Nano-
indenters can per-
form both indenta-
tion and scratchlng @ ]
tests at the micro/
nano scale. The tech-
nigue can not only measure the mar resistance quantitatively, but can also, for the first time, identify the
responses of coatings to marring and scratching, i.e.,, immediate elastic recovery, plastic deformation, and
abrasive wear, as well as viscoelastic creep, quantitatively. A Nano-indenter was purchased for the Surface
Science and Nano-tribology lab. Now, the Nano-indenter is used for controlled damage, and SPM is used to
examine the damaged surface and study the wear mechanism. The applications of the technique are
extended to study adhesion of ink deposited on plastic films (Sun Chemical Company), automotive poly-
carbonate glazing systems (EXATEC), multilayer organic/inorganic coatings over brass surfaces (MASCO
Corporation), very soft latex coatings on hard surfaces, among other applications. For more information,
contact Weidian Shen, 734.487.8797, wadeshen@emich.edu, or Frank Jones, 734.487.2203,
frank jones@emich.edu.

g Section Analysis

Solvent-less “Green Coatings”

The Center for Coatings Research has made numerous contributions in the areas of new resins for coatings
and new characterization techniques. Perhaps the single most noteworthy contribution has been the syn-
thesis of new polymers and oligomers for "green coatings." This includes the development of tailored oligo-
mers for solvent-less liquid coatings and the use of bio-derived resins, mostly based on soybean oil. These
solvent-less coatings are very good for the environment. Environmental pollutants are greatly diminished
from those produced by typical solvents. For more information, contact Frank Jones at
frank.jones@emich.edu or Jamil Baghdachi at 734.487.2040, jamil.baghdachi@emich.edu.
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Washington State University, John Ringo, Director, 509.335.5595, ringo@wsu.edu

Washington State University, Joanne Buteau, University-Industry Corporate Relations,
509.335.5379, jbuteau@wsu.edu

University of Washington, Bruce Darling, 206.543.4703, darling@ee.washington.edu
Oregon State University, Un-Ku Moon, 541.737.2051, moon@eecs.oregonstate.edu
SUNY Stony Brook, Adrian Leuciuc, 631.632.1147, aleuciuc@ece.sunysb.edu
University of Tennessee, Benjamin Blalock, 865.974.0927, bblalock@utk.edu

Center website: http://www.cdadic.com/

Noise-Coupled Analog-to-Digital Data Converters

As wireless and wired com-
munication and digital
broadcasting proliferate,
there is increasing demand
for wideband analog-to-dig-
ital data converters (ADCs).
The signal  bandwidth
requirement gets more strin-
gent in direct conversion
receivers. Along with the
wide signal bandwidth, high
dynamic range and linearity
are also required in these
applications. This perfor-
mance should be achieved
in a power-efficient way,
since power dissipation
determines the battery life
for mobile devices. Delta-
sigma ADCs can deliver high performance with low-power consumption over wide signal bandwidths, and
it is hence the ADC architecture of choice in many wired and wireless receivers. Under a CDADIC-funded
project, researchers developed a novel delta-sigma ADC based on noise coupling, which can provide excel-
lent linearity and power efficiency for wideband communication devices and cellphones. For more infor-
mation, contact Gabor Temes, 541.737.2979, temes@eecs.oregonstate.edu.
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Center for the Design of Analog/Digital Integrated Circuits (CDADIC)

Low Voltage Analog Circuits in CMOS

Researchers at the Center for the Design of Analog-Digital Integrated Circuits
(CDADIC) have focused on ways to provide high accuracy (analog) functions
in low voltage CMOS processes. Many of the existing analog techniques used
in CMOS circuits at higher voltages do not work well when used in modern
low voltage processes. The value of this research lies in developing new
approaches to low voltage CMOS analog circuits. This advance enables mod-
ifications of existing techniques for a new environment and development of
new techniques tailored to lower voltage demands. The researchers have
embarked on both improving the performance of existing techniques as well
as developing entirely new approaches to existing problems. Speed limita-
tions in switched capacitor filters, which limited their usefulness at low voltages, have been overcome. New
techniques for tuning of low-voltage filters have also been developed. Current work is focused on a new
Switched-R-MOSFET-C approach which promises to overcome many of the challenges in low voltage linear
filters. Results will make more complex "mixed-signal" CMOS integrated circuits possible. By being able to
combine large amounts of digital with precision analog functions on the same chip, significant cost savings
and performance improvements are being realized, as are space savings in hearing aids and medical
devices. For more information, contact Un-Ku Moon, 541.737.2051, moon@eecs.oregonstate.edu.

Advances in Analog/Digital Converters

An analog-digital converter (A/DC) is a mixed-mode inte-
grated circuit, composed of both an analog and digital
component. This type of circuit is essential in applications
where the two different signals are required, such as in cell
phones, camcorders, and hearing aids. A/DCs are needed
to convert real-world analog signals, such as sound waves,
into digital format, where information is represented by
numbers allowing data to be stored and processed. There
is constant demand to increase the accuracy and speed of
A/DCs, as well as gain efficiencies in power consumption.
CDADIC researchers at Oregon State University (OSU) are
advancing the state-of-the-art in A/D converter technol-
ogy, especially in the areas of low voltage operation, com-
patibility with low-cost digital CMOS processes, and high throughput delta-sigma ADCs. These are
important advances that are pushing the limits of the current technology in this field. Extending the per-
formance window for A/D converter technology will ensure that there will be A/D architectures that will be
compatible with next generation IC processes. For more information, contact Un-Ku Moon, 541.737.2051,
moon@ece.orst.edu or Gabor Temes, 541.737.2979, temes@ece.orst.edu.
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Modeling and Design of Integrated Circuit Protection Systems

University of Washington electrical
engineering professor Bruce Darling
has been developing new circuit
designs and new compact modeling
methods for protecting integrated
circuits against the effects of electro-
static discharge (ESD) and electrical
overstress (EOS). These problems
have most commonly been dealt cm T whT
with using a trial-and-error process, e o -
but new compact models and simu- 1 - -
lation tools can now predict the cur- =
rent pathways on a chip that an ESD
or EOS pulse will take, and then eval-
uate the robustness of the design to
dissipate the pulse. This eliminates
much of the guesswork in ESD/EOS design, and can help to bring products to market faster by evaluating
ESD/EOS robustness prior to fabrication. ESD protection is also particularly difficult for sensitive RF circuits.
Darling and his student, Eric Black, have also been designing new circuit protection systems for RF front-
end circuits, such as those used in cell phones and other wireless systems. The design pictured depicts
electrostatic discharge testing. For more information, contact Bruce Darling, 206.543.4703,
bruced@u.washington.edu.

100.00

PIN-Diode-Based Phase Shifter in Silicon Germanium

Phased array antennas (PAAs) are critical for
next-generation satellite radios, broadband
Internet, and GPS systems. A PAA consists of
tens-to-thousands of individual, identical
antenna elements. Each element consists of an
antenna or radiator and associated electronics
that amplify and phase shift the signal at each
element. The primary factor limiting broader
usage of PAAs has been their high cost, which is
driven by the cost of the element electronics.
Research conducted by Washington State Uni-
versity Professor Deuk Heo has successfully
reduced the cost of an important electronic
functional block used in each PAA element, the
phase shifter. Working with one of CDADIC's
aerospace partners, Prof. Heo and his students
have developed and modeled a PIN diode switch in silicon germanium (SiGe) Bi-polar/Complementary
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Metal Oxide Semiconductor (BiCMOS) technology. They have included this switch in an integrated, high-
performance phase shifter. Since 2007, this team has enhanced the linearity, isolation, and loss perfor-
mance of the PIN diode and applied the improvements to implement multiple-channels and multi-beams,
resulting in an integrated, light weight, and low power solution for PAAs. This, in turn, has enabled the
development of fully-integrated PAA electronics in a single SiGe BiCMOS integrated circuit. The result is
lower cost PAAs, with higher performance. For more information, contact Deuk Heo, 509.335.1302,
dheo@eecs.wsu.edu.

Low-Cost MIMO Transceivers Using CMOS Technology

CDADIC researcher Dave Allstot is developing low-cost multiple-input multiple-output (MIMO) transmit/
receive systems on monolithic microwave integrated circuit (MMIC) chips based on fine-line CMOS tech-
nology. Such systems traditionally have been implemented using gallium arsenide technology, which is
more expensive and won't support putting the multiple transmitter, receiver, and control functions on the
same integrated circuit. Phased array transceivers, used in aerospace and satellite communications, for
example, use a radio channel for each element of the array. The cost limits how widely the technology gets
used. Moreover, extensions of basic MIMO techniques are attractive for emerging cognitive radio systems.
This research should help dramatically increase the use of MIMO transceivers in applications that are critical
to the military for DOD's next-generation communications. For more information, contact Dave Allstot,
206.221.5764, allstot@ee.washington.edu.

Coupling Suppression in Integrated Circuits using Dummy Metal
Fill

Metal fill is required by semiconductor foundries to achieve planarization of the dielectric and metal layers.
The added metal fill can have electrical performance impacts on an IC, especially in high speed or RF appli-
cations. These impacts are not well characterized. This project will address these issues, enabling designers
to accommodate and even leverage these effects to their advantage.

RF designs become extremely sensitive to all parasitic effects related to the metal layers at frequencies
above 5 GHz. In the past, metal fill rules have been accommodated for some designs by adding chip area
around the perimeter whose only purpose is to increase the percentage of area covered by metal to meet
metal fill rules. This is an obvious waste of silicon real estate, impacting cost and miniaturization. This
research will make it easier for designers to plan metal fill within the boundaries of a minimum sized chip,
while understanding the impact of the metal fill and even the associated parasitic effects to advantage in
their circuit design.

RFICs and high-speed digital integrated circuits used in a wide range of end products will benefit through
greater miniaturization, reduced design effort and improved performance. Phased array antennas for com-
munications and radar applications should be improved as a result of this work. For more information, con-
tact Andreas Weishaar at Oregon State University, 541.737.3153, andreas@eecs.oregonstate.edu.
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Pennsylvania State University, Michael Lanagan, mxl46@psu.edu

Pennsylvania State University, Susan Trolier-McKinstry, stmckinstry@psu.edu
Missouri University of Science & Technology, Faith Dogan, doganf@mst.edu
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An Electrical Measuring Approach Towards High Reliability
Electronics

Embedded electronics medical therapy requires the highest levels of

reliability in electronic systems. The research on reliability at the CDS

gives fundamental insights into the lifetime changes that occur in capac-

itor devices under use. The details of these mechanisms lie with complex

interplay between the thermochemical and electrochemical processes
. that at the atomistic level limit long term stability. The techniques that
o the Center has developed, such as site-specific impedance spectroscopy
1 and thermally stimulated depolarization current measurements, indicate
the nature of processes and introduce methodologies that can quantify
the defects that promote electrochemical processes in use.

Through these techniques, suppliers and end-users such as Boston Sci-
entific can assess opportunities for manufacturing that can provide the
industry with the best performing capacitors. For more information, con-
tact Clive Randall, 814.863.1328, car4@psu.edu.

Left: Implantable cardiac defibrillator.

Increasing the Performance in Electrolytic Capacitors

To enhance capacitance and voltage performance in electrolytic Ta capacitors, companies such as Cabot
Corporation, KEMET Electronics Corporation, and Greatbatch, Inc., are interested in the CDS studies on the
fundamentals of anodization and the nature of the dielectric produced under different processing condi-
tions. The point defect model has been extended to address the problems of Ta-anodization and provides
unique insights into the relative roles of thermal and anodized dielectric. With these new models, it is
believed that there are more methodologies at hand to extend the high capacitance from high surface area
Ta powders. In addition, with higher voltage Ta electrolytics, understanding the details of the conduction
mechanisms with trap densities and curvatures is helping our CDS companies design state-of-the-art
capacitors for new application areas in power electronics. For more information, contact Clive Randall,
814.863.1328, car4@psu.edu.
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New Products and Process Improvements for Passive Electronic
Components

Passive electronic components have not undergone the same miniaturization as have other semiconduc-
tor components. This creates important constraints in terms of space consumption on circuit boards.
Efforts have been made to make these components smaller, less expensive and generally more compatible
with consumer electronics. Research at the Center for Dielectric Studies (CDS) has helped researchers at
AVX Corporation better understand the materials and processes used to make electronic components. AVX
is a passive electronic component manufacturing company that makes capacitors, resistors, and inductors,
parts that control flow of current in circuits. Specifically, this center’s work has led to implementation of
processes at AVX for preparation and heat treatment of capacitors, innovations that led to improvements in
yield in product lines. For more information, contact Dr. Michael Lanagan, 814.865.6992, mxl46@psu.edu,
Susan Trolier-McKinstry, 814.863.8348, stmckinstry@psu.edu, or Clive Randall, 814.863.1328, car4@psu.edu,
all at Pennsylvania State University.

Above: (Left) shows thick film paste made from a new high permittivity, low loss dielectric for microwave
passive component integration; (Right) Prototyped microwave filter components manufactured with a
new high permittivity pyrochlore materials.
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Understanding Dielectric Materials

Research at the Center for Dielectric Studies (CDS)
has furthered understanding of dielectric materials,
including the requirements for raw materials and the
properties that result from various compounds and
processing approaches. One such company is Ferro
Corporation, one of the largest manufacturers of bar-
ium titanate in the world. The Center’s research has
shed new light on understanding the defect chemis-
try of barium titanate, a key ingredient of many of
the dielectric powders. Related center research on
mechanisms of failure in multilayer ceramic capaci-
tors, particularly capacitors with Ni electrodes,
helped to improve yields using state-of-the-art
microscopy techniques as illustrated in the figure.
For more information, contact Dr. Clive Randall,
814.863.1328, card@psu.edu or Elizabeth Dickey,
814.865.9067, ecd10@psu.edu, both at Pennsylvania
State University.

Right: Local failure sites identified in a multilayer
capacitive component. These regions are then
removed by state-of-the-art techniques to analyze
the underlying defect structures at the nanometer
length scale.
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Reducing Emissions From Dc-Dc Converters Without Sacrificing
Efficiency

High speed digital electronic devices such as electronic products ' efficiency
computers and cell phones, for example, uti-
lize signals that change rapidly, often on the
order of nanoseconds or even picoseconds.
These rapidly changing signals are generally
transmitted from one integrated circuit to
another or to one or more peripheral devices
through a network of electrical conductors.
The conductors in turn can exist in various
forms including cables, wires, circuit board
traces and circuit board planes. However, as
the signal transitions become more rapid and
occur more frequently the voltages and cur-
rents associated with the transitions can create de-dc converter

a weak electromagnetic field in the proximity

of the device. The electromagnetic field produced by the device then adds to the ambient electromagnetic
fields produced by both natural events (e.g. lightning) and man-made events (e.g. radio and television
transmissions). In this way each device contributes to the electromagnetic environment. While the electro-
magnetic environment is generally imperceptible to the senses, it can be detected with suitable electronic
equipment. More importantly, excessive noise introduced into the electromagnetic environment by one
device can cause interference to other devices located in proximity. The need is to determine how to
design reliable electronic equipment that meets or exceeds regulatory constraints without significantly
compromising other important design objectives.

improved
performance
_ noise radiation
COET) o
“quiet” to o
environment

Researchers at the Center for Electromagnetic Compatibility (CEMC) have made a significant technological
contribution with their work on reducing emissions from dc-dc converters without sacrificing efficiency.
Conventional solutions to reduce noise often affect the efficiency of the circuit. This breakthrough work
conducted at CEMC provides a more thorough understanding of the noise radiation mechanisms in the cir-
cuit, and proposes innovative solutions to eliminate noise while maintaining circuit performance. The out-
come of this work has been implemented at Apple, Inc. in a number of its products. It is helping to deliver
better products at reduced cost to the consumer. This will help industry realize reduced electromagnetic
emissions from dc-dc converters that are often used multiple times in each product. Since dc-dc converters
are used in almost all kinds of electronic devices, the breakthrough has a profound impact to the electronic
industry. Implications of this work for end-users include reduced cost, fast-to-market product develop-
ment, and a product that is "quiet" to environment while offering improved functionality and performance.
For more information contact Richard DuBroff, 573.341.4719, red@mst.edu.
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CeUPS IntegradTM Training System for Generation Y Delivery
Drivers

In 2006, the Department of Labor
awarded funding to United Parcel
Service (UPS) to address training
issues and to develop a state-of-the
art training system that would serve
the needs of diverse drivers, includ-
ing Generation Y drivers. Safety for
UPS Delivery Service Providers (DSPs)
was given a greater focus in the
development of this training system
than was used in previous training
efforts. UPS wanted to focus on some
of the most common and costly inju-
ries. The UPS Integrad Training Sys-
tem uses computer-based training
that utilizes agent-based and interac-
tive learning presented through ani-
mation coded in CGl as well as kinetic learning modules. UPS collaborated with researchers from the Center
for Engineering Logistics & Distribution (CELDi) the system to enhance and support training, and ultimately
to support workers' well-being and quality of life.
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Newly hired UPS Delivery Service Providers enters a building for their first day of training in what is called
the UPS Integrad system. They typically expect to spend most of her day listening to lectures on how to
deliver packages efficiently and safely. For most of them it is hard to learn that way; they would rather do
more hands-on activities. Most prefer to use computers, but only if the learning can be done in a way that is
exciting—like the video games that many are used to playing. The training site looks just like any UPS site
where packages are loaded and package cars prepare to leave to begin their deliveries. Most are pleasantly
surprised to see package cars made of plexiglass so they can observe their “peers” practicing how to lift
and position packages safely. They walk into a room full of computer workstations, surrounded by eye-
catching posters with motivational safety messages, and information.

This training feels more like entering the job, though much like an interactive video games. Most trainees
do “about-faces” in attitude. They are actually excited about employment training. Evaluations of the train-
ing system by UPS's Stephen Jones have documented a 79.3% greater reduction in injuries for UPS Delivery
Service Providers who were trained with the Integrad compared to those receiving traditional training.
There was a concurrent 61% greater reduction in accidents for the Integrad group.

This system results in dramatic and earlier driver service provider competence improvements in safety and
job performance. The innovative design of the system integrates inclusive learning; procedural and motor
learning; active, peer-assisted and just-in-time training and assessment; training tool usability and iterative
design. This system holds users' safety as the paramount design responsibility.For more information, con-
tact Brian Kleiner at Virginia Tech, 540.231.4926, bkleiner@vt.edu.

Networking Merchandise Logistics

Research at the Center for Engineering Logistics and Distribution (CELDi) has enabled Wal-Mart to identify
opportunities to streamline some of the company's processes. Center researchers collected data and con-
ducted an in-depth analysis in areas the company could not otherwise accomplish. The work provided an
opportunity to rethink how it uses some of the job activities and personnel hours in its stores and to
enhance store productivity.

Last year, the center helped the com-
pany do a logistics analysis that
caused the network designers to
rethink how logistics networks (all
the systems relate to moving mer-
chandise from vendor/supplier to
the store) will be organized in the
future. Currently, center researchers
are working on a project that will
change how the company maintains
inventory accuracy. In a store that
has such a large flow of freight it is
critical to maintain accuracy of inven-
tory records to avoid over- or under-
inventorying items in the store. Cen-
ter efforts have led also to the publi-
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cation of research papers on these subjects. Last year, the network analysis was published in the literature,
and the company anticipates that this year's inventory analysis will lead to another paper. For more infor-
mation, contact Dr. Manuel Rossetti, 479.575.6756, rossetti@uark.edu, or Dr. Russell D. Meller,
479.575.6196, rmeller@uark.edu.
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Attaining Predictably Fast Responses:
The “Travelport Flight Shopping Engine”

Researchers at the Center for Experi-
mental Research in Computer Sys-
tems (CERCS) have been working
with industry to improve the perfor-
mance of Travelport, a primary com-
puter application (shopping engine)
for making travel arrangements
(flight shopping). Several prototypes
have been developed in the areas of
early problem detection, traffic distri-
bution, and multi-core processing.
The result of this work was a 35%
improvement in the average
response time of end user requests
for travel options (e.g., possible
flights), and a 10% reduction in fail-
ures to meet response time require-
ments for such requests. The
economic impact of the breakthrough translated into 20% less hardware purchases by Travelport (the
shopping engine provider) and a more competitive position for Travelport’s shopping engine in the market
place. These technology breakthroughs, therefore, improved an existing product for airline shopping, i.e.,
Travelport’s flight shopping engine. These breakthroughs are relevant to all products that require extensive
calculations such as flight shopping, ticketing, hotel reservations, and similar. More importantly, they are
relevant to any application for which the amount of processing performed for each request can vary signif-
icantly depending on the nature of the requests. For more information contact Karsten Schwan,
404.894.2589, schwan@cc.gatech.edu.
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Power-Efficient Data Centers

In the U.S., data center facilities consume approximately 2% of all electricity, with an estimated growth rate
of 12% per year. The majority of this datacenter power is either consumed by the computers themselves or
by the HVAC units required to keep the computers from overheating. The use of virtual machines has
allowed data center managers to conserve power by consolidating data processing onto fewer servers in
times low demand. However, that consolidation had not previously been performed while taking into
account its impact upon the cooling demands of the data center.

The Georgia Tech CERCS project 'CoollT', developed in collaboration with the Mechanical Engineering
department, allows the synergistic and cooperative management of IT and cooling system resources,
adjusting air velocity and the location of active computing simultaneously to minimize power consump-
tion. Initial results attained in CoollIT highlight the interesting trade-offs faced by a coordinated manage-
ment solution. For instance, at lower cooling air velocities, for a homogeneous set of server systems, an
awareness of hot spots in the data center permits the IT management system to operate at close to 100%
maximum performance load, whereas without such awareness, there are situations in which only 40% load
is achieved. These results illustrate the significant benefits of coordination between computer and facilities
power management. For more information, contact Karsten Schwan, 404.894.2589, schwan@cc.gat-
ech.edu.

Insights from High Performance Computing Service
Augmentation

Service augmentation is a new concept developed by researchers at the Georgia Tech Center for Experi-
mental Research in Computer Systems (CERCS) to benefit high performance, I/O intensive applications.
Receiving the “Best Paper” award at the 2006 Conference on Cluster Computing, service augmentation
uses runtime binary code generation to augment complex codes with new functionality, as and when
needed by these applications. Originally intended for and applied to enable the online visualization of high
performance simulations running on supercomputers, this concept is now showing promise for commer-
cial applications. For retail forecasting, for instance, the concept can be used to efficiently extract data from
the complex internal structures used by these codes to make it useful for display to managers and plan-
ners. Ongoing work with a startup company is exploring this use of the idea.

For more information, contact Matthew Wolf, 404.385.1278, mwolf@cc.gatech.edu or Karsten Schwan,
404.894.2589, schwan@cc.gatech.edu.

Automated Performance Characterization (APC) During Staging

As the complexity of large-scale enterprise applications increases, providing performance verification
through iterative staging becomes an important part of reducing business risks associated with violating
sophisticated service-level agreements. Staging is the deployment and validation of the entire application
in a controlled testing environment. Currently, performance verification during the staging process is
accomplished through either an expensive, cumbersome manual approach or ad hoc automation.
Researchers at the Center for Experimental Research in Computer Systems (CERCS) have developed an
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automated approach for supporting the monitoring and performance analysis of distributed multi-tiered
applications. The process uses code generation and machine learning to automatically determine service
level agreement satisfaction and to locate bottlenecks in candidate application deployment scenarios. The
intent is to detect bottlenecks and enable the system to self-tune by addressing the detected bottlenecks
through redesign; thus using iterative staging until a satisfactory system is designed. Evaluation tools are
used to examine and illustrate the effectiveness of the APC monitoring and analysis process in successfully
locating performance limitations as part of automated iterative staging. For more information, contact
Karsten Schwan, 404.894.2589, schwan@cc.gatech.edu.

Opinion Mining

Opinion Mining (OM) tool set with the following capabilities — search and extract of relevant data from
multiple sources, aggregate and pre-process data, analyze data using techniques such as clustering and
sentiment detection, summary generation and user group detection. The OM tools have the following fea-
tures (at a high level):

- Data Extraction: Automatic extraction of unstructured data from multiple data sources for further
processing. Cluster Analysis: Process of partitioning the given data into several groups or clusters, so
that objects from the same cluster are more similar to each other than objects from different clusters.

- Sentiment Analysis: Determines the attitude of the writer of a given topic, such as finding out
whether people have positive opinion or negative opinion.

« User profiling: Grouping users based on common interests, demographics and location.

« Summarization: Creating a summary of data corresponding to each cluster.

With the OM tool set, the enterprise extracts and aggregates reader comments from news blogs and web-
sites. The data is then processed by using the clustering analysis component used to identify prominent
themes. Following this sentiment analysis could be applied to extract the underlying sentiment of each
cluster. For more information, contact Jay Ramanathan, 614.565.4187, jayram@cse.ohio-state.edu.
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Littoral Combat System with Improved Welding Technologies

The Center for Friction Stir Processing (CFSP) is
one of the world’s leading centers for research and
development in emerging Friction Stir Welding
(FSW) and Processing technologies. The center’s
research on FSW, stir spot welding and friction stir
structural designs and applications has resulted in
significant improvements to weld strength and
durability by, among other things, replacing
fusion welds and rivets.

September 23, 2006

Over 12 miles of Friction Stir Welding has been
used to fabricate the Littoral Combat Ship the USS
Freedom which was commissioned in September,
2006. The welded aluminum panels for the super-
structure were fabricated by Friction Stir Link, Inc.
and delivered to Marinette Marine for final assembly. The use of the solid-state friction stir welding process
has resulted in improved strength and fatigue life, reduced distortion, at a robust and repeatable process at
the lowest best cost.

The center collaborates with major government laboratories, universities, and industrial companies and
trains students for positions of responsibility within these organizations. The CFSP has an extensive govern-
ment base of support for our R&D programs with current research collaborations with the Army Research
Laboratory, Air Force Research Laboratory, National Aeronautics and Space Administration, Langley
Research Center, DOE Pacific Northwest National Laboratory and Oak Ridge National Laboratories. Indus-
trial partnerships exist with aerospace, automotive, defense, energy, and primary materials production sec-
tors. Friction Stir Link has been a member of the CFSP since its inception in 2004 and has helped guide the
center research into robotic friction stir welding processes at the Missouri University of Science and Tech-
nology CFSP Site (Dr. Rajiv Mishra) and component design and quality requirements at the South Dakota
School of Mines and Technology CFSP Site (Dr. Antonette Logar, Dr. Michael West))

“The collaboration between the CFSP and our company has contributed to the success of the implementa-
tion of FSW on the LCS Freedom” stated John F. Hinrichs, Founder and Vice President of Technology, FSL,
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Inc. FSL has opened a new production facility in Slidell, LA to support continued production of the LCS. For

more detail go to the NSF CFSP website at http://cfsp.sdsmt.edu/. For more information contact William
Arbegast, 603.862.2459, http://cfsp.sdsmt.edu/.
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New Insights Glass Surfaces

Understanding the detailed physical and chemical
nature of glass surfaces is key to the development of
stronger and more durable glasses as well as to
advancements in adhesion and performance of coat-
ings used in many types of glass products and glass
fiber based composites. Research at the Center for
Glass Research has identified and energetically quan-
tified specific chemical sites on the surfaces of various
glass types that are responsible for adsorption and
bonding of water and various organic molecules that
are critical to these qualities. Using this information, it
is now possible to develop more hydrophobic glass

surfaces, better coatings and stronger interfaces. Pre- ' ‘ //////2’/;'7’ """ w7
o , . i s
vious improvements in glass surface properties have : i ﬁ/////’///// '

been accomplished largely through either through
trial and error or through statistically designed exper-
iments without specific technical knowledge of
bonding or adsorption sites on the glass. Under-
standing glass surface site chemistry allows more
technically intelligent design, e.g., of protective coat-
ings and interfaces to maximize product perfor-
mance. Glass producers and coating designers now
have new and more powerful information that can
enable "surface engineering', i.e., building specific
properties such as strength into the surface and the
interface rather than relying on the intrinsic proper-
ties of the bulk glass itself to define those surface features. Initial applications will be to the production of
glass fibers with improved coatings for better protection, better dispersion in processing, and better cou-
pling with various polymeric matrices in a variety of composite applications. Eventual applications may
extend to protective and strength-enhancing treatments or coatings for containers or glass panels. For
more information, contact Carlo Pantano at the Pennsylvania State University, 814.863.2071,
cgpl@psu.edu.
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Higher Strength Glass

Stronger, lighter weight glass products, whether they are automobile windows, architectural glazing, or
beverage bottles, have the potential to benefit much of society. Continuing research, over the past ten
years or more, on methods by which to strengthen glass has put the CGR at the forefront of this technical
area. Knowledge gained related to chemical (ion-exchange) strengthening is enabling lighter, higher
strength glass products to be manufactured. CGR researchers received a Department of Energy Office of
Industrial Technologies grant (DE-5C02-97CH10875) to continue these studies and to demonstrate practi-
cal applicability of their ideas to producing stronger, yet lighter weight, glass windows. While there are eco-
nomic (cost) barriers for some applications, for others these should be surmountable. Pilot production of
such strengthened glasses is imminent. For more information, contact Dr. Tom Seward, 607.871.2432,
seward@alfred.edu.

Redox (Oxidation State) Studies

Major insights have been gained into the understanding of the oxidation state of glass melts. Research
conducted by Dr. Henry D. Schreiber under CGR and NSF funding at the Virginia Military Institute has
greatly extended our ability to ascertain the degree and mechanisms of mutual interaction of important
redox (reduction-oxidation) couples (for example, Fe/Cr, Fe/Ce, and Fe/Mn) in soda-lime-silica glasses and
glass melts; to develop in situ electrochemical procedures for soda-lime-silica and borosilicate glass melts
and understand and control the melt’s redox state; and to correlate in situ electrochemistry to the redox
state of glass-forming melts. These research findings are important to processes involved in the melting
and fining of glass and for controlling color in commercial glass. One CGR member company, Visteon Cor-
poration, the automotive glass producing subsidiary of Ford Motor Company, claims that nine (9) U.S. pat-
ents in the areas of manufacturing processes, glass color (tint) and glass quality were stimulated by this
CGR-sponsored research. For more information, contact Dr. Tom Seward, 607.871.2432, seward@alfred.edu.

Glass for Toxic Waste Encapsulation

Specialized glasses and glass melting processes are at the heart of toxic waste vitrification, particularly of
low-level and high-level radioactive waste, for long-term storage. Research sponsored by the CGR at Alfred
University and the Virginia Military Institute has led to major insights into understanding the oxidation
state of such glass melts, including the degree and mechanism of mutual interactions (oxidation-reduction
reactions) among the many multivalent elements present. This is at the heart of understanding and pre-
dicting chemical durability of the glass, which is important for assuring long-term stability during under-
ground storage. This information has been found extremely valuable by at least one of our member
companies, the Westinghouse Savannah River Company, and several national laboratories involved with
nuclear waste Vvitrification. For more information, contact Dr. Tom Seward, 607.871.2432,
seward@alfred.edu.
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Energy Efficiency, Modeling and Glass Melt Properties

Glass manufacturing involves some of the country’s most energy-intensive industrial processes. Mathe-
matical modeling is a useful approach toward improved, less energy-consuming processes. However, pre-
dictions of models are no better than the quality of data on which they are based. Between 1996 and 2003,
with additional funding from the DOE Office of Industrial Technologies (Grant #DE FG07-96EE41262), CGR
researchers studied and measured high temperature glass melt properties of six commercially important
families of glass: window and architectural glass ("float glass"), container glass, textile and insulation fiber-
glass, low-expansion automobile headlamp and laboratory glass, and color television picture tube glass.
This was done to the high degree of reliability needed by the modelers. Some properties, such as the pho-
tonic contribution to high temperature heat conductivity, had never before been measured for these types
of glass. At least 8 member companies have testified to the value of this database and 4 (U.S. Borax, Visteon
Corporation, Guardian Industries and Techneglas) are actively using the information it contains. For more
information, contact Dr. Tom Seward, 607.871.2432, seward@alfred.edu.
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Strategic Inventory Alliance in the Health care Industry

Researchers at Center for
Health Management Research
have collaborated with
researchers from the Center for
Engineering Logistics and Dis-
tribution at the University of
Arkansas to evaluate ways that
hospital organizations can bet-
ter manage their vertical
chains of production. The
research contrasts and com-
pares completely outsourced
models of healthcare supply

chains with in-house management models using a case study approach with two healthcare supply chain
strategies. Simulation models have been used to replicate the supply chain operations of both strategies.
Alternative supply chain networks have been used to develop best practices from both strategies. The pro-
cess culminates in performance measures to assist in making decisions regarding “make versus buy” and
inventory stocking policies, thus providing health care managers with information that enables them to
make better strategic decisions about inventory and distribution that may improve organization perfor-
mance. For more information contact, Manuel Rossetti, 479.575.6756, rossetti@uark.edu or Russell Meller,

479.575.8431, rmeller@uark.edu.
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Optimizing Electronic Medical Record (EMR) Usage - Beyond
Adoption

Clinical data from electronic medical records
(EMRs), including laboratory and imaging sys-
tems, provide a wealth of information for
advancing diagnoses, optimizing health care
delivery operations, and improving patient
care. Fundamental difficulties with efficient
usage of EMR-based clinical information sys-
tems include continual evolution and the
inability to analyze large-scale distributed
datasets to uncover important information for
medical decisions. This project works with
alerts that are generated from the EPIC EMR
system. Specifically, medication orders gener-
ate about 50,000-55,000 alerts monthly. The
high frequency leads to alert fatigue—a user's
total disregard to alerts in general as a result
of frequent superfluous pop-ups. Prolonged
alert fatigue can negatively impact patient
care as true alerts may be ignored. Prior to this
work there has been no specialized strategic
procedures for reducing alerts, beyond the
standard filters provided by the EMR compa-
nies. The Center for Health Organization
Transformation CHOT) has developed infor-
mation technology (IT) approaches to better
characterize types of alerts using specialized
filters for alert reduction. These automate the
characterization and filtering processes so
that decision support systems can be imple-
mented on top of the existing EMR systems
for more effective alert management.

This breakthrough can reduce the frequency of inconsequential alerts. The technology should provide an
IT foundation for improving strategies for alert management. Results will serve as guidelines for designing
specialized alert filtering techniques. It is helping set national standards for shaping the development of
health information technology to enhance clinical information management. The EMR medical alert filter-
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ing concept and decision support tools should improve quality of care for patients and improve the work
environment and morale of health care workers by reducing alert fatigue. Invention disclosure will be filed
on the technology. The system can be implemented as a stand-alone information decision support system
for use in health systems environments. It can also be licensed to health information technology compa-
nies and incorporated within commercial EMR systems. As design and technological development was
guided by actual clinical data from EMR systems, the automatic filtering and information decision support
system resulting from this work should be applicable to any clinical/hospital with EMR systems. Further, it
can be adopted into health information technology companies and incorporated into existing commercial-
ized EMR systems for national distribution. For more information contact Eva K. Lee, 404.894.4962, evaky-
lee@isye.gatech.edu.

Multi-Project Interdependency Mapping

Health care organizations are fre-
quently faced with the problem of
simultaneous projects, initiatives,
implementations or transformations,
without always a clear understand-
ing of how these efforts interrelate or
support each other. Multi-project
interdependency mapping is a tool
applied to multiple transformation in
order to increase the absorptive
capacity of health care organizations
to effectively implement and sustain
innovations. The project relies upon
both  narrative and  numeric
responses to standard interview
items in detailed interviews with
dozens of leaders in each health system. Subsequent mapping is based upon leader’s discussion of such
interdependencies or linkages among projects, prioritization assigned by leaders to each transformational
effort, and these leaders’ perceptions of the relative reliance of each effort upon each of four organizational
technologies — administrative, information, clinical/work, and social technologies. The organizational tech-
nologies framework is derived from theories of control and coordination and socio-technical conceptual-
ization of organizations. The organizational technologies framework was developed by CHOT researchers
and has been used to compare and contrast a number of major transformation efforts and is currently
being applied in two studies of organizational change.

Top leadership in two large health systems identified this study as of critical importance to their organiza-
tional learning. The health systems studied were engaged in numerous transformational programs such as
the EMR implementation, Six Sigma, culture change, physician engagement, Baldrige review, and ongoing
initiatives around quality, patient safely, and cost-effectiveness. For more information contact Bita Kash,
979.845.0652, bakash@srph.tamhsc.edu.
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Fingerprint Liveness Detection

It has been shown that fingerprint
biometric scanners, used for secure
authentication, can be deceived eas-
ily, using simple, inexpensive tech-
niques with fake or dismembered
fingers, called spoofing. In this CITeR
breakthrough, it has been demon-
strated that perspiration can be used
as a measure of liveness detection for
fingerprint biometric systems. As a
result, the potential for spoofing bio-
metric fingerprint devices, one major
vulnerability in the industry, in being
minimized. Unlike cadaver or spoof
fingers, live fingers demonstrate a
distinctive spatial moisture pattern
when in physical contact with the
capturing surface of the fingerprint
scanner. The work has considerate
applications for homeland security.
The pattern in the fingerprint images
begins as ‘patchy’ areas of moisture
around the pores spreading across
the ridges over time. Image process-
ing and pattern recognition algo-
rithms have been developed to
quantify this phenomenon using
wavelet and statistical approaches. Previously, commercial biometric devices did not have a mechanism to
prevent spoofing. Prior to the Fingerprint Liveness Detection (FLD) research the main approach to spoofing
prevention was to combine the biometric with additional hardware to measure liveness signals such as the
electrocardiogram, pulse oximetry or temperature. Disadvantages included the need for additional hard-
ware combined that was bulky and inconvenient and possibility spoofable by a live (un-authorized) finger
in combination with the spoof finger.
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Center for Identification Technology Research (CITeR)

The advantage of the new CITeR approach is that the
biometric itself is naturally integrated with the live-
ness measure, requiring only an additional software
algorithm to protect from spoofing. This research has
raised the visibility of these major security issues
through presentations, publications, and main
stream media (Discovery Channel, New York Times,
National Public Radio) featuring FLD. As a result,
industry has moved towards developing biometric
devices that incorporate liveness, as well as other
anti-spoofing measures. These ClTeR-developed
algorithms are being considered by major biometric
companies internationally. Researchers have devel-
oped and applied for patents that represent the next generation of these original liveness algorithms. The
center universities have licensed the intellectual property to a start-up company, called NexID Biometrics,
LLC, incorporated and owned by the researchers. The company is now developing the technology for
licensing to the biometric industry and system integrators for integration with their devices. For more infor-
mation, contact Stephanie Schuckers at Clarkson University, 315.268.6536, sschucke@clarkson.edu or
Lawrence Hornak at West Virginia University, 304.293.0405, lawrence.hornak@mail.wvu.edu.

Multimodal Biometric (MUBI) Toolset

The design of multi-biometric systems has become significantly easier. Researchers at the Center for Identi-
fication Technology Research (CITeR) have developed the MUBI Toolset which addresses the growing need
in the prediction and evaluation of performance of systems that integrate multiple biometric devices and/
or modalities. The toolset brings together more than a dozen algorithms from the research literature. It
includes an embedded tutorial on multimodal biometric systems and fusion techniques. These algorithms
represent all major types of biometric score normalization and fusion. The toolkit offers performance
curves representing each biometric device. Then, it calculates ranges of performance characteristics (genu-
ine accept vs. false accept rates) of different multi-biometric system configurations. It assists users with the
selection of individual device performance characteristics such that they meet the desired application-spe-
cific performance goal. No such tool existed before the MUBI became publicly available as an open source
software product, downloadable at no charge from CITeR’s Web site. The toolset supports biometric sys-
tems designers, system evaluators, students and all others interested in performance analysis and integra-
tion of biometric systems. For the developers of multi-biometric systems, MUBI significantly reduces the
time needed to analyze and define the most suitable combination of biometric devices/modalities. The
toolset has been downloaded hundreds of times, mostly by students studying information fusion tech-
nigues in biometrics, software engineering and sensor networks. At the time that MUBI was being devel-
oped by CITeR researchers, major biometric systems in the US government (FBl's New Generation
Identification system, DoD’s Automated Biometric Identification System, etc.) moved towards adopting
such multimodal identification techniques. Currently, MUBI is being used by CITeR members to investigate
and develop optimal combinations of biometric modalities for clients. Center developers are receiving
numerous inquires about specific tool features from companies and federal agencies. CITeR is committed
to keeping MUBI available free of charge through an open source software license. For more information,
contact Bojan Cukic or Arun Ross at West Virginia University, 304.293.0405, bojan.cukic@mail.wvu.edu,
arun.ross@mail.wvu.edu.
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Center for Information Protection (CIP)

A CISE-funded Center

lowa State University, Doug Jacobson, Director, 515.294.8307, dougj@iastate.edu
Stony Brook University, R. Sekar, 631.632.5758, sekar@cs.sunysb.edu
University of California - Davis, Matt Bishop, 858.534.6898

Identity Theft Awareness & Prevention

Fraud prevention is fundamental to
the survival of any business (or gov-
ernment for that matter) as is preven-
tion of consumer/customer identity
theft. Researchers at the Center for
Information Protection have made
advances in ID theft awareness
research, evaluation, and education.
They have developed company
awareness policies and lists of behav-
ioral traits that make employees vul-
nerable to behavior that can lead to
sensitive personal data loss of cus-
tomers. Data collected from surveys
and interviews of insurance profes-
sionals as well as of consumers pro-
vided the basis for this work. The
literature in behavioral and workplace psychology and business/behavior was qualitatively scrutinized for
insights into high risk and careless behavior of employees and customers. Public policies and best practices
for due diligence were analyzed to more precisely identify avenues for remediation that can reduce future
identity theft losses. Deliverables of this work included books on ID theft, manager, and employee training
materials and presentations for corporate and public education.

This work is fundamental to enabling sustainable economic development. The theft of identities has
become an epidemic and threatens to disrupt business at all levels as well as the personal lives of the busi-
ness's employees. Prevention of this theft can only be accomplished through the systematic training and
education of individuals. For more information, contact Steffen Schmidt at lowa State University, phone:
515.294.3825 or 515.294.7256, sws@iastate.edu.
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A CISE-funded Center

University of Cincinnati, Jay Lee, Director, 513.556.2493, jay.lee@uc.edu

University Michigan-Ann Arbor, Jun Ni, 734.936.2918, unni@umich.edu

Missouri University of Science & Technology, Jagannathan Sarangapani, 573.341.6775
sarangap@umr.edu

Center website: http://www.imscenter.net/

Prediction and Prevention of Hydraulic Hose Failure

Researchers at the Center for Intelli-
gent Maintenance Systems (CIMS)
have developed a system for predict-
ing and preventing failure of hydrau-
lic hose systems. There are no
commercial products for this pur-
pose in the marketplace. Previously,
there have been only a few studies of
hydraulic hose prognostics. IMS has
developed a smart sensor with
embedded prognostics algorithms
that can be easily attached to the
hose. It monitors the degradation of
hose behavior and alerts the poten-
tial failures, and further request early
repair or replacement autonomously.

The technology has many critically
important industrial applications.
Across the board, end users of sys-
tems that rely on hydraulic hoses will
be able to attain dramatic improve-
ments in machine uptime and pro-
vide safety. There will also be
important reductions of environmen-
tal and human safety consequences
related to hose failure. Smarter, stron-
ger and safer hydraulic hose systems will provide significant benefits to customers involving many applica-
tions. For more information, contact Jay Lee at the University of Cincinnati, 513.556.2493, jay.lee@uc.edu.
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Watchdog Agent for Assessing Equipment Performance

Since machine or process breakdowns
severely limit their effectiveness, methods are
needed to predict products’ life expectancy.
Information about the remaining life of prod-
ucts and their components is crucial for their
disassembly and reuse, which in turn leads to
a more efficient and environmentally friendly
usage of product and resources. Develop-
ment of the Watchdog Agent by researchers
at the Center for Intelligent Maintenance Sys-
tems (CIMS) answers the aforementioned
needs. The Watchdog is essentially software
that can be applied to just about any product
or system for which it would be beneficial to
predict when and why the product or system
is going to fail, from a simple valve to a com-
plex system. Watchdog Agent™ assesses and
predicts the process or equipment perfor-
mance based on the inputs from the sensors
mounted on it. Performance-related informa-
tion is extracted from multiple sensor inputs
through signal processing, feature extraction
and sensor fusion techniques. Historical
behavior of process signatures is utilized to
predict their behavior and thus forecast the
process or machine performance. Research-
ers developed the Watchdog Agent toolbox to include tools for a wide variety of applications. These tools
can then be customized to meet the needs of the particular industry or processes involved. Most of previ-
ous systems are limited to few tools. In today’s competitive market, production costs, lead time and opti-
mal machine utilization are crucial values for companies. The watchdog agent’s continuous assessment
and prediction of product’s performance enables collaborative product life-cycle management in which
products are followed, assessed and improved throughout their life-cycle. Watchdog software has been
used in test-beds for Harley-Davidson, Tongtai Machine, TechSolve, and it is in the process of being applied
at Omron, Toyota, General Electric and other companies. For more information, contact Jay Lee at the Uni-
versity of Cincinnati, 513.556.2493, jay.lee@uc.edu.

\ ‘Watchdog Agent ®
‘\ Predict and Prevent Failures

ADVANTECH
‘eAutomation
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Novel Insect Repellent

CIPM researchers have developed a novel insect
repellent from a compound found naturally in cer-
tain types of tomato plants. As an EPA category 4
compound, the new repellent is regarded as poten-
tially safer than DEET, which is an EPA category 3
compound. The novel compound, which is safe
enough to be approved as a food additive, may help
meet consumer demand for an alternative to DEET
as an insect repellent. The invention received
national media coverage during the summer of
2003. It has received a U.S. patent and has been
licensed to a private company. For more informa-
tion, contact R. Michael Roe, 919.515.4325.

Molecular Transfer System as Insecticide

CIPM has developed a molecular transfer system for proteins, nucleic acids, and small molecules that might
be used as insecticides. The invention permits the movement of insect-specific compounds across the
insect digestive system and possibly the cuticle, and allows for specific targeting of organs within the insect
system. Other possible applications include the development of a novel transformation system for general
applications where genetic material can be incorporated into cells. The technology has been submitted for
patenting and has been licensed to a private company. For more information, contact R. Michael Roe,
919.515.4325.

Assay for Monitoring Insect Resistance to Transgenic Crops

CIPM researchers have developed a diagnostic assay technology for monitoring insect resistance to trans-
genic crops. The invention has other applications, including monitoring insect susceptibility to transgenic
crops, monitoring resistance to traditional insecticides, high-throughput screening for insecticides, and
rearing of insects on a large scale more efficiently. Two U.S. patents have been awarded and the technology
has been licensed to a private company. Products are currently on the market and have generated signifi-
cant income. For more information, contact R. Michael Roe, 919.515.4325.
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Center website: http://www.nsf.gov/eng/l/UCRC/directory/lam.jsp

Hybrid Laser - UltraLight Steel Auto Body (ULSAB) Project

In order to reduce the weight of passenger vehi- Spatters
cles, improve the fuel efficiency and safety, more
and more galvanized steels high-strength steels
have been used in the automotive industry. In The
Center for Lasers & Plasmas for Advanced Manu-
facturing’s (CLAM’s) UltraLight Steel Auto Body
(ULSAB) project, 100 percent of the ULSAB-A VC
body structure is made of high strength steel
(HSS), with over 80 percent being AHSS steels
(dual phase steels take 74% among the AHSS
steels). This breakthrough impacts outer body
panels, inner panels, underbody, bumpers, impact beams, and reinforcements and more. Previous methods
required the pre-processing and post-processing actions and are costly to be used in the practice.

Blowholes

This new welding procedure combines the laser welding with the gas tungsten arc welding (GTAW) used as
a preheating source has been successfully developed to lap join the galvanized dual phase steels in a gap-
free configuration. GTAW leads the laser beam at the specific distance to preheat the work pieces. Under
the controlled heat input from the GTAW, zinc coating at the top surface is burned and the metal oxides are
generated at the top surface of pieces. Under these welding conditions, a stable “keyhole” is produced,
which provides a channel for the highly pressurized zinc vapor to be vented out. Productivity efficiency is
being dramatically increased by this new welding procedure in comparison with the other methods for
welding of galvanized steels in a gap-free lap joint configuration. Contact Shanglu (David) Yang, shan-
gluy@mail.smu.edu.
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Coaxial machine vision system
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1.5 mm thick sheet Gap-free lap-joint installation

Experimental setup for hybrid GTAW preheating-Laser welding of galvanized steels in a gap-free lap joint
configuration

Sample of the gap-free lap joints from the hybrid GTAW preheating-laser welding in galvanized dual phase
steels

Cross-sectional

Cross-sectional view.
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Field Portable Welding of Titanium Tubes

Welding titanium tubes
in military aircraft is an
exceedingly critical and
very difficult task. Ordi-
narily this process is
accomplished by manu-
facturing in super clean
operational environ-
ments using high-skilled
personnel. The U.S. mili-
tary not only would like
to develop the capabil-
ity to perform welding of
titanium tubes aboard
ships and into austere,
remote areas, but it
would also like to avoid
using some of the chemi-
cals traditionally used to
clean titanium tubes
prior to welding. Work-
ing with the Center for Lasers and Plasmas for Advanced Manufacturing, the U.S. military has demon-
strated that surfaces of titanium tubes can be successfully cleaned using lasers instead of caustic and
environmentally harmful chemicals, thus successfully removing the oxidation layer and any contaminants
on the outside of the tube. This laser technology provides a very accurate method of controlling the depth
of oxide removal in welding. Now that the feasibility of this approach has been demonstrated work is
underway to package the system in a portable, maintainable system for deployment in the field. For more
information, contact Dr. Mool Gupta at the University of Virginia, 757.325.6850, mgupta@virginia.edu.
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Extending Damage Limits of Hydraulic Systems in Military Aircraft

Research results have demonstrated that there were additional mar-
gins in some areas that translated into expanded damage limits. As a
result of this work, aircraft are performing much better from a main-
tainability standpoint. This should result in considerable savings to
the military over the next 15-20 years. For more information, contact
Dr. Mool C. Gupta at the University of Virginia, 757.325.6850,
mgupta@virginia.edu.

Titanium tubing provides the
critical arteries of hydraulic sys-
tems in military aircraft. The
tubing is comprised of thin-
walled tubes capable of with-
standing high pressures in the
range of 5,000 psi. Research at
the Center for Lasers and Plas-
mas for Advanced Manufactur-
ing (LAM) at the University of
Virginia has helped in assessing
the ability to expand the dam-
age limits of the tubing; that is,
how much sustained damage
can be safely tolerated. Expand-
ing the damage limit can
reduce maintenance man hours
and reduce operational support
costs.
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Ultra light weight structures using carbon nanotubes

Ultra light weight materials capable of
electronic conduction are needed by
National Aeronautics and Space Adminis-
tration and the military. Ultra light weight
electrically conducting materials would
provide structures for Electromagnetic
Interference (EMI) Shielding applications
for commercial and space applications,
development of advanced sensors, lower
cost canopy for aircrafts, lightening pro-
tection, electronic packaging, printed cir-
cuit boards etc. Research at the Center for

b
Lasers and Plasmas for Advanced Manu- 131§/ ~— = Foam Structures
facturing (LAM) at the University of Vir- 1071 — @ Solid Composites
ginia has shown that ultra lightweight 101515 -—
electrically conducting materials can be 0 1 2 3 4 5 6 7 8
obtained by incorporation of lightweight Carbon nanotube loading (wt %)

carbon nanotubes in polymeric materials.

Research has demonstrated that the weight of the nanotubes can be further reduced by conversion to
foam structures. Density of 0.56 gm/cm3 was obtained. These kinds of flexible conductive composites may
be used for typical antenna systems, lightning-protected aircraft composite panels, avionics line replace-
able unit (LRU) enclosures, connector gaskets, electrostatic and space charge dissipation materials, and dif-
ferent types of electronic pressure sensitive switches or sensors. The University of Virginia has filed a patent
application on this technology due to its large commercial and defense application potentials. For more
information, contact Dr. Mool C. Gupta at the University of Virginia, 757.325.6850, mgupta@virginia.edu.

Above: SEM images of CNT nanocomposite.
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Lasers for Damage Detection and Study

Research at the Center for Lasers and Plasmas for
Advanced Manufacturing (LAM) involving the
use of lasers for damage testing and analysis is
being applied in several sponsor organizations.
Lasers have been used to control the depth and
width of micro features in titanium tubes in the
context of military aircraft. The purpose is to con-
duct controlled experiments on damage detec-
tion. The sponsors are looking at using what is
akin to off-the-shelf barcode technology scan-
ners to develop less expensive, more portable,
and most importantly field-deployable damage
detection systems. In addition, Framatome
(AREVA Group) has leveraged this work to use a
similar approach in the nuclear industry.

Sponsors have used lasers to induce small cracks
and features into reactor vessels in order to con-
duct experiments that should extend the service
life of nuclear reactor equipment. For more infor-
mation, contact Dr. Mool C. Gupta, 757.325.6850,
mgupta@virginia.edu
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Laser Texturing of Surfaces and Commercial Applications

Laser processing provides a unique
method of modifying materials surfaces
by depositing large amounts of energy
onto the surface of a material in an
tightly controlled manner. Research at
the Center for Lasers and Plasmas for
Advanced Manufacturing (LAM) at the
University of Virginia has helped to
develop enhanced textured surfaces on
metals and semiconductors. The laser
treatment causes pillars to form on the
treated surface. The method may be per-
formed in a gaseous environment, so that
laser assisted chemical etching will aid in vt S p—
the texturing of the surface. These pillars — W= 7 mm Photo No. = 1267 Time :16:43.26
provide for greater light absorption for Y N W L T
solar energy conversion, enhanced light
detection, improved tissue growth for body implants, higher catalytic activity, and better heat sinks. This
research is leading to the formation of a new high technology company for commercial products and
defense applications. Because of its large commercial and defense application potentials, the University of
Virginia has filed an industry supported patent application. For more information, contact Dr. Mool C.
Gupta at the University of Virginia, 757.325.6850, mgupta@virginia.edu.
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Machining Software to Improve Part Quality and Production

Computer software to simulate
machining and machine tool systems
developed by the Center for Machine
Tools Systems Research has yielded
improvements to parts' quality and
production. The Center members
that have been using the suite of
machining  simulation  software
developed by UIUC Professors Rich-
ard DeVor and Shiv Kapoor in engi-
neering design, manufacturing, and
diagnostic activities within their cor-
porations include General Motors,
Ford Motor Company, Caterpillar Inc.,
Kennametal, Inc. and Delphi Auto-
motive. Specifically, the process sim-
ulation work has helped companies
to develop re-configurable fixtures for rapidly changing part designs and fault diagnosis work in machining
processes that employ a control cycle and exercise control over product, processes, and resources. A joint
venture that happened because of center I/UCRC research work on process simulation is a new company
called "Pre-con." For more information, contact Ed De Chazal, 313.821.5897, edechazal@webcradle.net.

Constant Velocity Joint Wear Measurement and Analysis

Professor Mike Philpott at the University of lllinois, Urbana-Champaign, working with Center member Rock-
ford Acromatic, Rockford, lll. on the Constant Velocity Joint Wear measurement and analysis research
received two U.S. patents. The research addressed the problem facing the Constant Veloity (CV) rebuilder of
evaluating the specific component, or components, in the driveline needing to be replaced or refurbished.
The economics of CV joint rebuilding is dependent on the rebuilder's ability to accurately evaluate compo-
nent degradation and serviceability. The primary invention relates to the mathematical models of measur-
ing and quantifying wear in the complex profiles of CV joints, without prior knowledge of the nominal or
designed geometry. The instrument provides a direct quantitative method of CV joint track wear. The sec-
ond patent deals with the development of a handheld device for measuring certain important parameters
of splines. The patents were U.S. Patent No. 128,992 on "Method and Means for Measuring Wear in Constant
Velocity Joints" Oct 15, 1996; and U. S. Patent No. 315071 on "Spline Counting Mechanism" Nov. 21, 1995.
For more information, contact Shiv Kapoor, 217.333.3432, sgkapoor@uiuc.edu.
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Feature-Based Costing Software

A company named FBC Systems was created based on feature-based costing technology work funded by
Center for Machine Tool Systems Research. The company has developed the first feature-based costing
software that allows engineers to determine the cost during the early conceptual design stage of product
development. The focus of this research has been on developing cost models based on key cost drivers in
the designers' knowledge domain. The software is designed to help engineers make choices that minimize
the cost of parts before one gets further into the product development cycle. For more information, on FBC
Systems, contact Dr. Mike Philpott at mphilpot@fbcost.com or Eric Hiller at ehiller@fbcost.com,
FBCost.com.

Ceramics Machining Technology

Technology for machining ceramic materials has led to joint patents between the University of Illinois (Pro-
fessor P. M. Ferreira and his students) and the Nashua Company. A hybrid process that combines conven-
tional grinding with ultrasonic grinding was developed for machining ceramic materials. An experimental
test rig, consisting of a modified milling machine fitted with an ultrasonic spindle and a constant pressure
feed worktable, was developed to demonstrate the feasibility of the new technology. The research has
been shown to improve the productivity of machining ceramic components, including machining of
ceramic disks used by computer industry, and possible suppression of tool glazing to make the process
more widely acceptable ("Rotary Ultrasonic Grinder," U. S. Patent Number 08,447,780, 1997). For more infor-
mation, contact Placid Ferreria 217.333.0639, pferreir@uiuc.edu.

Tetrahedral Tripod Type Machine Tool

A functional Tetrahedral Tripod Type machine tool, which is based on the use of hybrid serial-parallel
schemes, has been designed, constructed, and delivered to Center member Caterpillar, Inc. for applications
in ceramic machining. It has spatial positioning capability that positions the platform in space with no rota-
tions. The design is modular, and possesses speed, accuracy, and high stiffness. It is reconfigurable so that it
can be tailored to manufacturer needs, including 3-axis milling. It also addresses the complex issues of pre-
cisely controlling the machining process, the need for high machine stiffness in grinding of structural
ceramics, and issues involving precise tool-workpiece engagement by employing a hybrid position/force
controller. For more information, contact Shiv Kapoor, 217.333.3432, sgkapoor@uiuc.edu.
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Micromechanical Test Apparatus

Prof. Sottos at the University of lllinois Urbana-Champaign (UIUC) and Dr. Andrew Skipor at Motorola Labs,
Motorola Advanced Technology Center (MATC), have established a successful record of research and tech-
transfer. Their first Motorola sponsored project (1994-1999) investigated bending reliability and dimen-
sional stability of plastic ball grid array (PBGA) packages. This research resulted in the development of a
unique capability to test small-scale electronic components. A micromechanical test apparatus was
designed specifically to investigate the response of area array electronic packaging to both thermal and
flexural loading. For more information, contact Shiv Kapoor, 217.333.3432, sgkapoor@uiuc.edu.

Self-Healing Polymers to Improve Microelectronic Components

The Machine Tool Systems Research Center's Motorola sponsored project (2001-2004) seeks to improve
the reliability of microelectronic components through the use of self-healing polymers. A comprehensive
experimental program is in progress to assess the fatigue behavior of self-healing polymers for potential
use in printed circuit board (PCB) laminates. Excellent progress has been made at the Center for Machine
Tool Systems Research (CMTSR) on characterizing the fatigue characteristics of self-healing epoxy. A self-
healing PCB laminate test vehicle was designed and fabricated for on-site testing at Motorola by Dr.
Andrew Skipor. For more information, contact Shiv Kapoor, 217.333.3432, sgkapoor@uiuc.edu.
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University of Arizona, Jay F. Nunamaker, Director, 520.621.4475, nunamaker@cmi.arizona.edu

Center website: http://www.cmi.arizona.edu/

Detecting Deceptive Communications

Working with the U.S. Air Force and
two other universities, the Center
for the Management of Information
(CMI) at the University of Arizona is
investigating how to detect decep-
tion in communication modes and
identify the types of information
processing tools needed to improve
homeland protection. A key goal is
to develop hardware and software
tools to screen electronic communi-
cations traffic and automatically flag
potentially deceptive methods,
using indicators of deceit incorpo-
rating text, voice, and visual cues.
For more information, contact Dr.
Judee Burgoon, 520.621.5818,
jburgoon@cmi.arizona.edu.

Mock
Theft

Bunker
Buster

Prototypes
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Networkcentric Warfare

Working with the U.S. Navy,
the Center for the Manage-
ment of Information (CMI) at
the University of Arizona
developed CommandNet, a
collaborative logging tool
designed to shorten the deci-
sion-making cycle and to
increase situation awareness.
CMI's research, development
and deployment of Com-
mandNet for intelligence is
showing the way to what the

PAWAR
sys‘?ams_ce,,,,, US. Navy deems Network-

San D . .
S Centric Warfare has increased

the Navy's war fighter situa-
TR LY G AMESA. c 0 m m a n d tional awareness and has
: Collaborative Logging for the Fleet improved operational deci-
sion-making. This work has
serious implications for homeland security. An article in the Arizona Daily Star stated, "The key to Com-
mandNet is to provide a systematic methodology of organizing information and present it in a manner that
makes sense. This technology shortens the decision-making cycle to increase situation awareness." For
more information, contact Jay Nunamaker, 520.621.4475,
nunamaker@cmi.arizona.edu.
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Physical Removal of Nanoscale Particles from surfaces and
trenches

Researchers at the Center for
Microcontamination Control
(CMC) have developed a sub-
strate independent technique
for the removal of nano parti-
cles (down to 26 nm) from large
areas in a very short time (less
than a minute). The technique
uses high frequency acoustic
streaming in a specially
designed tool by the center. The
technique has also been shown
to be capable of efficiently
removing nanoparticles from
deep trenches (as deep as 500
microns). This is also the first
time that such removal from
trenches has been directly dem-
onstrated. The technique has been applied to semiconductor wafers, hard disk media and head, flat panel
display, mask, etc. This is the first demonstration of substrate independent removal of nanoparticles. The
techniques enable companies to remove nanoscale particles without any effect of sensitive substrates and
allows them to use the same process for a variety of substrates. The techniques is based the reduction of
the boundary layer thickness from thousands of microns to submicron which allows even low velocity to
remove nano particles. It opens the field to many other applications that requires a high shear velocity near
the surface. A patent has been filed and a member company (PCT Systems) already made two prototypes.
Another member company (Seagate) is ordering an additional prototype to evaluate for their fabrication
development based on our results in removing manufacturing defects. For more information, contact
Ahmed Busnaina, 617.373.2992, a.busnaina@neu.edu
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Detection and Scanning of Nanoscale Fluorescent Particles

There is a need to scan and count submi-
cron particles on structured surfaces. No
commercial instruments are available for
the metrology of submicron and nano
particles on structured surfaces such as
trenches. Center researchers have devel-
oped a simple technique for detecting
and counting nanoscale fluorescent par-
ticles using an optical microscope. The
microscope can count particles as small
as 26 nm in areas as large as 100 million
square microns. This technique has been
used to detect particles on flat substrate
and deep trenches and has been instru-
mental in verifying the surface cleaning
technologies on flat and structured sub-
strates. The technique has been applied
to semiconductor wafers, hard disk media
and head, flat panel display, mask, etc.
The technique can give an accurate estimate of the cleaning efficiency of nanoscale particles on any sur-
faces or microstructures. For more information, contact Ahmed Busnaina, 617.373.2992,
a.busnaina@neu.edu. Above: 28 Nanometer PSL Fluorescent Particles.

Software for the Design of Silicon Wafers Particle Detector

A software was designed by Prof. Andreas Cangellaris in a project funded by Tencor (Now KLA-Tencor.) This
software mapped the signal scattered from a particle located on a bare or oxidized silicon wafer. This soft-
ware allowed fast plots of the scattered light intensity vs. angle from a particle on a wafer for a given light
frequency, angle of illumination. Prior to this development in sparse matrix calculating, super-computers
were required to perform these calculations. This knowledge led to the development of the tool. This tool
has enhanced signal-to-noise ratio. That is, by locating the detector at its new angle, the ratio of signal to
noise was greater. That allowed the detector to locate and identify particles on the rough, backside of a sil-
icon wafer. Tencor engineers used this software to design the optimum location for the illumination source
and the scattered light detector in a then-new generation of scanners--the first of which was the Tencor
Surfscan (r) 6420. For more information, contact Prof. Andreas Cangellaris, now of the ECE Department,
University of lllinois, 217.333.6037, cangella@staff.uiuc.edu.
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Observing the Nucleation of Bacteria on the Inside Walls of
Ultrapure Water Pipes

A decade ago, the Center for Microcontamination Control sponsored work that lead to Polymerase-Chain-
Reaction amplification of DNA in ultrapure-water-born bacteria. Eventually, a process was developed that
would measure one bacterium in one liter of water. However, it was then realized that most of the bacteria
reside on the walls of the ultrapure water piping in concentrations of 10,000 to 1,000,000-times greater.
The process of semiconductor process contamination results when small areas of the bacterial colonies or
biofilms, are released from the surface at infrequent and random intervals. Once this concept was under-
stood, it was realized that the primary issue is detecting the nucleation and growth of bacterial films on the
piping materials used in the distribution of ultrapure water. The breakthrough was the development of a
new and novel technology that can monitor and detect growth of surface bacterial films. This technology
can be made so sensitive that it can detect the protein substance that must deposit before the first layer of
bacteria attaches to the piping walls. It can also be made less sensitive for less demanding applications.
This device will be of most use in the pharmaceutical industry, where bacterial monitoring is now coming
under more scrutiny and is more serious than in the semiconductor industry. The CMC is currently working
with a small business to develop and manufacture this detector. For more information, contact Prof. Jon
Sjogren, University of Arizona, jsjogren@ece.arizona.edu.
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Generic Scanner to Image NDE Data

The Generic Scanner or
"GenScan" has demon-
strated the ability to take off-
the-shelf, relatively inexpen-
sive nondestructive evalua-
tion (NDE) flaw detectors
and combine them with
non-encumbering position
encoding devices and newly
developed software. This
creates semi-automated
NDE scanners with far
greater capability than the
previously available. This
CNDE research was initially
funded by the Federal Avia-
tion  Administration  to
develop improved methods
for inspecting composite air-
craft structures. The main
advantage of the generic
scanner is that it allows inspectors to create images which can provide a more intuitive and thorough
inspection of relatively large areas of commercial aircraft, e.g., composite control surfaces. The system has
been designed to mate with a number of portable NDE devices used throughout the aviation industry. It is
inexpensive, portable, and user friendly in its setup and operation. GenScan effectively makes traditional
point-by-point inspection methods much more capable by adding tracking of the NDE signal with its posi-
tion. Image scans made by the scanner can be readily saved and transmitted electronically for further off-
site analysis. GenScan has been successfully coupled with several eddy current and ultrasonic flaw detec-
tors. A number of scanner prototypes have been assembled and beta site tested at several aviation mainte-
nance facilities in the civil and military sectors. GenScan can increase the inspection capabilities of a variety
of existing NDE devices. It allows maintenance organizations to extend the use of instruments and mitigate
the need to purchase more expensive, specialized NDE instruments with built-in imaging systems. The
generic scanner will provide more robust inspections, particularly of relatively large featureless areas
encountered such as those on composite aircraft. It is being actively reviewed by the US Navy and US Air
Force for its ability to increase existing inspection capabilities and can be easily adapted for inspection
applications in other industries aside from aviation. For more information, contact David K. Hsu,
515.294.2501, dkhsu@iastate.edu or Dan J. Barnard, 515.294.9998, both at lowa State University.
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High Resolution 3D CT

. . This breakthrough extends the ability of radiographic

3D Views of an Eddy Current Coil computer-aided tomography (CT) to industrial applica-
(Vaxel size of 4.2 pm) tions at the micron resolution level. The breakthrough uti-

lizes corrections for beam hardening and for low contrast
associated with the radiographic interrogation of metallic
components that enhance CT algorithms to achieve high
resolution. These algorithm enhancements coupled with a
micro focus x-ray source provide higher resolution 3D
image resolutions. Such structure resolutions on the
micron level allows for non-destructive characterizations

Cross section

of core and coils that previously were not possible. This is particularly bene-

Translucent plastic tip
wire - 50u diameter

ficial in characterizing structures with cracks displaying a
three-dimensional morphology. For more information,
contact Dr. Joe Gray at lowa State University,
515.294.9745, jgray@cnde.iastate.edu.

Dripless Bubbler: Portable Scanner for Aircraft Inspection

Researchers at the Center for Nondestructive Evaluation (CNDE) have developed a field able ultrasonic
scanning system for aircraft inspection. Developed by the center’'s Composite Group, the "Dripless Bubbler"
is the first portable ultrasonic scanner with a closed-cycle water couplant and uses high frequency focused
ultrasonic beam. It is a portable ultrasonic scanner designed and developed for aircraft inspection. It can
be attached to the fuselage of an aircraft and inspect it for hidden corrosion. It uses a unique closed-cycle
pump/vacuum water handling system that uses focused transducers. The focused ultrasonic beam leads to
superior image resolution and more accurate determination of the metal loss due to corrosion. It has the
unique capability of scanning over protruding rivets on the aircraft skin. The closed-cycle water handling
feature makes it compatible with the safety requirements of maintenance hangars. Because this device
performs ultrasonic inspection with a focused beam, it provides much improved resolution and sensitivity
compared to previous methods. The resolution afforded by the focused transducer makes it a useful tool
for mapping out the depth profile of corrosion. The Dripless Bubbler received an R&D 100 award. It was
licensed to and commercialized by Sierra Matrix, Inc. of Fremont, California. The technology was also used
in addressing the corrosion problem of KC135 wing skins around fasteners. For more information, contact
David K. Hsu, 515.294.2501, dhsu@cnde.iastate.edu.
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Simulation Tools for Nondestructive Evaluation

Researchers at the Center for Nondestructive Evaluation (CNDE) have developed simulation tools that
make it possible to predict the results of nondestructive evaluation (NDE) measurements to detect and to
characterize flaws in structural materials. These incorporate rigorous, physics-based models, and proce-
dures to determine the necessary input parameters to describe the measurement situation and user inter-
faces. The tools include simulators for ultrasonic, eddy current, and x-ray NDE. The tools result in
considerable industrial cost and time-savings, since the need to construct expensive samples and make
time-consuming measurements on them is greatly reduced. Many possible inspection scenarios can be
quickly evaluated, leading to a down-selection of a few for final experimental evaluation. The technology
has been transferred to a number of major entities with large industrial impact. A major, land-based gas
turbine manufacturer saved $500K per year in avoiding the manufacture of curvature correction blocks. A
consortium of aircraft engine companies are using these tools to design the ultrasonic probes used to
inspect billet and forging materials for critical defects. One aerospace company has estimated that a partic-
ular ultrasonic application saved them $1M in the first year alone and is investing a like amount at CNDE to
develop other possibilities. Eddy current simulators are being used in the nuclear, aircraft engine and gen-
eral aviation industries to evaluate the capabilities of a wide range of inspection techniques. A small busi-
ness, NDE Technologies, was formed in 1997 to commercialize the technology. A joint agency group (Air
Force, Federal Aviation Administration, National Aeronautics and Space Administration) has recognized
the important potential of this technology to replace, to a large degree, costly and time-consuming exper-
imental programs for assessment of NDE reliability. For more information, contact R. Bruce Thompson,
515.294.7864, thompsonrb@cnde.iastate.edu.

Time-Proven “Coin Tap” Automated

The hearing-based, man-
ual tap test, practiced
widely by aircraft inspec-
tors, was computerized and
automated to give it quan-
titative and imaging capa-
bilities and to take the
"human factor" variation
out of the inspection pro-
cedure. The tapping action
was automated with the
invention of a magnetic
cam-action cart. Equally-
spaced and uniform taps
were made as the cart was
pushed over the part's sur-
face. The simple encoding
method gave the system a previously unavailable imaging capability. Computer-aided tap tester (CATT)
has proven effective for the inspection of both composite structures and metal honeycomb structures on a
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wide variety of control surfaces on aircraft. It also provided the quantitative inspection results in the form
of images that can be archived electronically. The technology was patented and licensed to a start-up com-
pany, Advanced Structural Imaging, Inc. in 2001. Two of the original inventors of the CATT participated in
the company. Boeing and other aircraft manufacturers and R&D organizations in NDE have purchased ten
units from the company so far. For additional information, contact David K. Hsu, 515.294.2501,
dhsu@cnde.iastate.edu.
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Scalable Video Coding

Researchers at the Center for Next Generation Video have developed a technique for scalable video coding,
or data compression, called MC-EZBC. The technique can accommodate different video resolutions, frame
rates, and quality at the same time and is flexible enough to serve many users with different systems and
network link capabilities. The research has provided the basis of an effort to develop standards for video
coding for transmission over the Internet by MPEG (Motion Picture Experts Group, a committee of the Inter-
national Telecommunications Union, the official international body that defines the standards for DVD, dig-
ital broadcasting, and video). The center's work was the impetus for this standardization effort of MPEG. For
more information, contact John W. Woods, 518.276.6079, woods@ecse.rpi.edu.
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Forming Advanced High Strength Steels (AHSS)

STEEL MATERIAL BREAKDOWN Overall Length = +160 mm
Body Weight = - 8 kg
{vs. previous model)

HOT STAMP

980 AHSS 4.5%

0.3%

HSS Content

BAR STOCK

22% 1.3%

HSS = High Strength Steel
AHSS = Advanced High Strength Steel

Technology to manufacture automotive components from AHSS assists the automotive industry and its
suppliers in producing vehicles that are light in weight, use less fuel, and reduce pollution. Members of CPF
such as Honda, General Motors and Johnson Controls are benefiting from CPF's research on forming AHSS.

Research at the Center for Precision Forming focuses on aspects of forming behavior of high strength steels
including: stamping, bending, edge cracking, die wear, lubrication, hot stamping, etc. Knowledge gained
from this research will assist further implementation of advanced high strength steel (AHSS) in the automo-
tive industry with the obvious benefit of lighter weight vehicles with resulting improvements in fuel econ-
omy and decreased carbon emissions.

Mild steel has traditionally been used for vehicle structures and closure panels because of its low cost and
good formability. Implementation of AHSS can enable the use of thinner gage sheet (less volume and less
mass) for comparable structural performance. The challenge is that AHSSs are much more difficult to form
and assemble. This research advances the forming technology. Due to their higher strength, the automo-
tive parts made from these steels exhibit considerable springback so that maintaining the part shape and
tolerances requires a deeper understanding of the mechanical characteristics of these materials.
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CPF is further developing well known tests and developing new methods for predicting springback and for
forming these materials to defect-free components for use in automotive manufacturing. The direct result
is mass reduction without sacrificing performance and safety. Any forming technology advancement will
help proliferate AHSS in vehicle structures through improves stamping, trimming and assembly proce-
dures for automotive sheet metal components; thus improving the viability and competitiveness of the
U.S. automotive industry. For more information contact Prof. Taylan Altan, 614.292.5063, altan.1@osu.edu
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Thermal Microscopy of High Speed Machining

In an effort to move to science-based production
simulation, the temperature profiles at the cutting
interface between in machining have been mea-
sured and parameters extracted for use in models.
The data obtained were used in three-dimensional
finite-element models to estimate tool wear. The
data generated by this work is extremely useful in
tool design, developing a fundamental knowledge
base for the design of new high-speed machining
processes and development and the development
and validation of models for machining processes.
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For more information contact Angela Davies, 704.687.8135, adavies@uncc.edu at the University of North

Carolina at Charlotte.

Chip Breaking

Special materials requiring machining
operations with no physical operator
interaction often form springy chips
which interfere with the process and
may force expensive parts to be
scrapped late in the manufacturing
cycle. By choosing non-traditional tool
paths that are now possible with com-
puter-controlled machines, small chips
can be reliably produced enabling
operation without human monitoring
or intervention.

For more information contact Scott
Smith, 704.687.8350,
kssmith@uncc.edu.
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CPM Moiré Fringe Metrology

Researchers at the Center for Precision Metrology have developed a system that uses structured white light
to make dimensional measurements on any surface that can be sufficiently illuminated. As a metrology
technique for measuring first level interconnect features in the semi-conductor packaging industry this
method has proven to be about twenty five times faster than the historic white light interferometry tech-
nique. This new method has allowed the semi-conductor industry to maintain quality control of the first
level interconnect as customer requirements continue to demand higher bump densities. Extensions to
this technology have shown it to be versatile enough to make macro level form measurements as well as
roughness. Current substrate metrology capabilities may be extended to support additional features of
interest such as substrate shape and/or solder resist roughness. The easy availability of this type of data
may allow for improved substrate manufacturing and improved yield during assembly. For more informa-
tion, contact Angela Davies, 704.687.8135, adavies@email.uncc.edu or Faramarz Farahi, 704.687.8136,
ffarahi@uncc.edu, both at the University of North Carolina at Charlotte.
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International Dimensional Assessment with Nanometer Scale
Agreement

With the realization of global
economics and nanometer-scale
toleranced manufacturing for
meso-scale part dimensions, it is
necessary to expand, compare,
and confirm techniques for the
realization of low uncertainty
measurement.  Measurement
capability for the diameter mea-
surement of nominal 25.4 mm
spheres was developed with international round-robin agreement with less than one part in a million (the
order of nanometers) with the US and German National Laboratories, the National Institute of Standards
and Technology and the Physikalisch-Technische Bundesanstalt. For more information, contact Robert
Hocken, 704.687.8496, hocken@uncc.edu.

Giant Magneto-Resistive Eddy Current Sensor

These miniature sensors uti-
lize the Giant Magneto-Resis-
tive (GMR) property that has
been demonstrated in some
materials. The GMR property
is present when an external
magnetic field significantly
alters the resistance of a con-
ductor. The device produces a
magnetic field and then mea-
sures it using a GMR device.
When the sensor is scanned
near a material, the structure
of that material influences
the magnetic field. If there is
the presence of a micro-crack
(surface or subsurface) in the
nearby material, eddy cur-
rents are generated which are
clearly discernible to the sensor. By enabling the detection of subsurface cracks, catastrophic failure of
materials can be predicted which was hitherto impossible. The device has applications in aerospace where
cracks near bolted joints are a problem and also in railroad rail systems where defective tracks can be
replaced before there is a problem. The project resulted in U.S. Patent 6,504,363 and was the lead technol-

International Dimensional Assessment with Nanometer Scale Agreement 113


mailto:hocken@uncc.edu

Center for Precision Metrology (CPM)

ogy for a spin-off company. For more information, contact Robert Hocken, 704.687.8496,
hocken@uncc.edu.

Diamond Thin Films

The development of techniques for depositing thin diamond films on
surfaces was advanced for the purpose of producing wear-resistant
machine tooling. Diamond has two very useful properties. It is extremely
hard and it is an excellent thermal conductor. Results of diamond
research conducted at the Center for Precision Metrology (CPM) has
yielded coating tools that have greater wear resistance and better
removal of heat from tool/workpiece interfaces. The latter may increase
the material removal rate for materials such as titanium which have tra-
ditionally been machined at very slow rates in order to prevent flash
combustion and material softening due to near melting temperatures.
Additionally, less coolant may be required resulting in a more environ-
mentally friendly processes. The processing techniques have provided the basis for the development of
technologies for a pending patent. A company is refining the techniques studied and is producing nanoc-
rystalline diamond coatings with characteristics that offer increased durability, transparency, and protec-
tive characteristics with possibilities for anti-icing and abrasion protection for aircraft surfaces. The
company is also looking at uses for artificial joints. For more information, contact Robert Hocken,
704.687.8496, hocken@uncc.edu.

Standards for Tight-Tolerance Manufacturing Machines

Researchers at the Center for Precision Metrology (CPM) had
several projects directed toward developing performance
evaluation standards for coordinate measuring machines
(CMM:s). These are machines critical for verification of tight-
toleranced manufacturing in the U.S. Along with the develop-
ment of the standards. A device for performance evaluation
of these machines was patented (U.S. 6,434,845) and licensed
to a major U.S. supplier of metrology equipment. The device
is capable of measuring probing forces, which may be suffi-
cient to damage a component that is to be measured. Addi-
tionally, it is capable of assessing the ability of CMM's to scan
parts for reverse engineering purposes.

For more information, contact Robert Hocken, 704.687.8496,
hocken@uncc.edu.
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New Sampling and Sensor Initiative (NeSSI™)

Although process analyzers have undergone
great technological advance, the systems that
deliver samples to them have hardly changed
in the last fifty years. The initiative, launched in
2000 by the Center for Process Analytical Chem-
istry (CPAC), is primarily concerned with the
treatment and continuous analysis of samples
extracted from process equipment. NeSSI™ pro-
vides specifications, guidelines and a forum for
the on-going development of a Lego®-style
building block approach for analytical systems.
It is being specified on major new-build
projects.

It also provides networked connectivity for all
components of process analytics systems, open-
ing the door to smart diagnostics and improved
remote technical support. NeSSI™ is now used
for process analytical measurements in the pet-
rochemical, chemical and oil refining industries
and are being explored in the pharmaceutical
related industries. In 2006 it was widely recog-
nized that CPAC’s leadership has developed
NeSSI™ into a valuable global ad hoc initiative
comprised of end users and suppliers and is
resulting in permanent changes on process anal-
ysis. The New Sampling and Sensor Initiative
provides an entirely new platform which reduces
costs (up to 40% off the cost to build and 30% off
the cost to own) with increasing reliability, and
hence the credits delivered by process analyzers.
The combined benefits to industry will be mea-
sured in tens of millions of dollars per year. For
more information, contact Mel Koch at the
University of Washington, 206.685.2326,
mel@cpac.washington.edu or Dave Veltkamp,
206.543.6364, veltkamp@cpac.washington.edu.
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Non-Destructive Spectroscopic Measurement: Inline Octane
Sensor

The Center for Process Analytical Chemistry
(CPAC) pioneered a revolutionary approach
to octane determination in oil refineries. The
new method uses a non-destructive spectro-
scopic measurement followed by multivari-
ate calibration techniques to predict diverse
physical, chemical, and consumer properties
of fuel. The now commercially available
"octane sensor" is now used by oil companies
worldwide because it quickly, accurately and
in real time predicts octane levels from the
near-infrared vibrational spectrum of the
inline sample. This is possible because the
spectrum of the material clearly reveals the
number and types of functional groups (e.g.,
methyls, methylenes, olefins, aromatics).
These together determine gasoline's physi-
cal, chemical, and consumer properties. This
octane determination method represents a
vast improvement over previous octane
determination  methodologies  because
octane levels were determined by a specially
designed, ASTM-CFR test engine, where the
sample's performance was compared to ref-
erence fuel blends. The instrumentation
required for the measurement was very
expensive (over $100,000), required constant
maintenance, needed frequent standardiza-
tion, consumed approximately one pint of
gasoline per test and, most importantly,
required 20 minutes to produce results. As a
bonus, the octane sensor can simultaneously
predict a number of important properties of
gasoline such as density, vapor pressure, and
percent aromatics. All of these measurements are made nondestructively on one cc of sample. Results are
available instantaneously. The approach has proven an invaluable adjunct to process analytical chemistry.
Worldwide, it saves the oil gasoline refinement industry many millions of dollars per day. For more informa-
tion, contact James Callis at the University of Washington, 206.543.1208, callis@u.washington.edu or Mel
Koch, 206.616.4869, mel@cpac.washington.edu.
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Process Chemometrics

Through the efforts of the Center for Process Analytical Chemistry (CPAC), the tools of chemometrics were
introduced to the chemical industry, allowing important process and product performance quantities to
be obtained from indirect chemical measurements. An important example of the process of chemometrics
is the calculation of the fuel performance standard, such as the octane number of gasoline, from infrared
and near infrared spectroscopic data obtained on-line during the blending process. Another is the estima-
tion of product performance at an early state in the manufacturing process such as elongation strength of
finished polymer fibers. For the first time, Multivariate Statistical Process Control (MSPC) allowed manufac-
turing processes to be controlled using all of the process measurements together as opposed to the old
methods of Statistical Process Control (SPC) which demanded the analysis of control charts for each pro-
cess variable. Chemometrics methods have allowed industrial chemists and engineers to extract all of
available information from data acquired during the manufacturing process. Additionally, it has provided
tools to determine the actual value of process measurements and/or control parameters leading to a major
cost savings by discontinuing the acquisition of useless information. Today, a number of new companies
are available to help chemical and material companies learn to use chemometrics tools developed at
CPAC. Many of the mathematical methods are so useful that industry has developed protocols for their use
that are approved ASTM standards. Finally, most medium to large chemical, material, pharmaceutical, food,
and fuel companies employ at least one chemometrician and several have chemometric groups who do
exploratory and routine analysis of process and product data as well as train others to use chemometrics
tools to, in general, improve manufacturing processes. For more information, contact Bruce Kowalski,
bskowalski@mydurango.net or Mel Koch at the University of Washington, 206.616.4869, mel@cpac.wash-
ington.edu.
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Robust Vapochromic Sensors for 02 Sensors

Vapochromic materials are metallo-organics whose absorption or emission spectrum changes in the pres-
ence of analytes (chemicals) of interest. This vapochromic sensor methodology allows selective and fast
spectroscopic detection for a broad range of analytes (permanent gasses, common solvents, small molecu-
lar weight organic and halo-organic). To illustrate the breakthrough, measurement of oxygen in gases or as
dissolved oxygen in water can be done with such sensors. With suitable fiber optic connections, these sen-
sors can be used for remote measurements and in hostile environments. When the technology is fully
developed and commercialized, vapochromic based sensors will be used in operation worldwide.

The variety of potential vapochromic sensors could have wide application in the petrochemical industry.
This can range from process measurements for plant operation to environmental issues, including monitor-
ing of greenhouse gas emissions. For more information, at the University of Washington contact Mel Koch,
206.616.4869, mel@cpac.washington.edu or Brian Marquardt, 206.685.0112.
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The Net-Enabled Organization

The forces of globalization and networking
technologies are affecting the ways that
companies work and do business. The com-
mercial airplane unit of Boeing, for exam-
ple, is partnering with a large number of
groups around the world to build the new
Dreamliner 787 airplane. Behind that net-
work of organizations is a backbone of
infrastructure for an information-rich envi-
ronment. In such an environment, informa-
tion needs to be available anywhere and
anytime to anyone who needs it. To make
this happen most efficiently, hierarchical
organization structures are needed wherein decisions are made, then information flows up and down and
needed approvals can be obtained. Simultaneously, everyone can look horizontally across multiple organi-
zations to build teams, to complete tasks and to solve problems when within their scope of responsibility.
With the help of CRITO, Boeing is working to improve understanding of how to orchestrate networks with
internal and external partners. Center research is providing the theoretical basis as Boeing transforms itself
into a different kind of organization. The underlying hypothesis is that those companies that are best at
orchestrating these networks and at using them to provide most value to their customers will be the most
successful. One important dimension of the solution is better understanding what companies need on
order to keep tight internal control versus what it can or should safely network. Benefits of this approach
are less inventory, fewer facilities and services that are market driven instead of internally driven. Profitabil-
ity can be increased and companies can be more responsive. In the case of Boeing, airplanes can be built
more efficiently. Using the tools of social science and business research, including case studies, interviews,
surveys, modeling and analysis, CRITO researchers are working on the conceptual aspects the networked
business model and helping to create the processes and tools to work more effectively in these new struc-
tures. For more information, contact Vijay Gurbaxani at the University of California, Irvine, 949.824.8965,
vgurbaxa@uci.edu.
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Center website: http://www.ou.edu/engineering/emc

Avionics Research

There have been many reports questioning the potential interference that cellular phones could cause to
aircraft avionics. To address this serious potential problem, a study was undertaken to provide valuable
information on the spurious wireless phones emissions and the possible effect of those emissions on sev-
eral of the more critical aircraft navigation equipment. It was designed to be an initial exploratory study to
identify any significant problems that may exist. None of the phone technologies investigated exhibited a
power level greater than a 38 dBm path loss level above the maximum sensitivity of the aircraft system
antennae when tested one meter away from the antenna. Results indicated that, for the aircraft systems
tested, the antenna of these systems would not have detected the emissions of the phones used in this
study. For more information, contact Hank Grant, 405.325.2429, emc@ou.edu.

Gas Station Research

A number of reports were circulated
in the news media and on the Inter-
net suggesting that cell phones
could cause a fire or explosion if used
at gas stations. In response to such
potentially catastrophic events, a
study was initiated. The cell phone/
gas station issue is centered on
claims that the cell phone battery
could spark and ignite gas fumes, or
that the electronic impulses or elec-
tromagnetic (RF) waves emitted by
the phones might trigger fire and/or
explosions of gas fumes. The Center
performed a subjective assessment
of the potential for a cell phone to cause an explosion, based on historical evidence and expert opinion. To
add some perspective, comparison was made against the chances that an explosion could occur due to
other sources. A matrix was developed that contains subjective ratings indicating the probability that a fire
or explosion would occur under specified conditions. The matrix shows the fire/explosion probability from
cell phones to be negligible. Thus, while it may be theoretically possible for a spark from a cell phone bat-
tery to ignite gas vapor under very precise conditions, realistically there is virtually no evidence to suggest
that cell phones pose a hazard at gas stations. For more information, contact Hank Grant, Director,
405.325.2429, emc@ou.edu.
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Hearing Aid Research

The issue of the compatibility of hearing aids and wireless phones has been a “hot” issue for nearly a
decade and continues to be a major issue. The Wireless EMC Center has been involved in this area through-
out this time and has conducted several studies looking both at objective (performing laboratory measure-
ments and developing laboratory protocols) and subjective (performing clinical studies by bringing in
hearing aid wearers for evaluations) studies. The results of these studies were critical in the creation of a
hearing aid compatibility standard that the Center was commissioned to validate. The Center is currently
working with the wireless phone and hearing aid industries to evaluate proposed changes to a compatibil-
ity standard. For more information, contact Hank Grant, 405.325.2429, emc@ou.edu.

Implantable Cardioverter Defibrillator (ICD) Research

The Center developed a test protocol to evaluate whether there were any interactions between wireless
phones and implantable cardioverter defibrillators (ICDs). The EMC Center found that interaction occurred
between a small number of wireless phones and small number of ICDs. The phones were tested in close
proximity to the ICD to represent the phone being carried in a chest pocket or being held adjacent to the
chest. The Wireless EMC Center concluded that more effective electronic filtering and shielding of the ICD
would be a viable solution to mitigate the interaction. The study confirmed the recommended “safe” dis-
tance that a wireless phone should be kept to prevent any potential interaction with an ICD implanted in a
body. Following the study several of the worst offending devices were modified. Re-testing showed major
improvements were made due to the modifications. For more information, contact Hank Grant,
405.325.2429, emc@ou.edu.
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Pacemaker Research

The Center for the Study of Wireless
Electromagnetic Compatibility at the
University of Oklahoma conducted
two large-scale in-vitro investiga-
tions of interaction between wireless
phones and cardiac pacemakers to
address major concerns that wireless
phones  could interact  with
implanted pacemakers. All testing
was conducted under the most
extreme conditions, with the phones
at their highest power and the pace-
maker sensitivity set to the maxi-
mum value permitted. The testing
showed that a variety of solution
approaches are possible to eliminate
the potential for interaction between
the phone and the pacemaker. These
solutions include various types of
Electromagnetic Interference (EMI) filtering at the input stages of the detection circuitry. The studies con-
firmed the recommended “safe” distance that a wireless phone should be kept to prevent any potential
interaction with an ICD implanted in a body. These studies helped pacemaker companies to better under-
stand how to design devices to reduce the risk of interference from wireless devices. Newer models of
pacemakers are virtually immune from wireless phones. The Center continues to test pacemakers with new
wireless technologies as is needed. For more information, contact Hank Grant, 405.325.2429, emc@ou.edu.

Electromagnetic Interference Management in the Hospitals

The Center has developed several items to provide important information to hospital personnel to assist in
managing electromagnetic compatibility (EMC) issues in hospitals. The reports contain articles and infor-
mation on research activities in the area of EMC in health care. The reports give an introduction to electro-
magnetic interference (EMI) and electromagnetic compatibility, discussing general terminology, types of
interference, and the ambient electromagnetic environment. There is information for administrators, med-
ical professionals, biomedical engineers, and general hospital personnel. By properly managing the elec-
tromagnetic environment in a medical center, administrators can better assure compatibility between
wireless and medical devices. This translates into safer environments, improved health care and gains in
productivity, as advances in wireless technology are applied to medical applications. For more information,
contact Hank Grant, 405.325.2429, emc@ou.edu.
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Design of Energy-Saving Lubricants

Research at the Center for Surface
Engineering and Tribology (CSET)
has solved a problem that has eluded
tribologists for 40 years: the predic-
tion of elastohydrodynamic traction
(friction) from measured properties
of a lubricating liquid. This develop-
ment has great industrial significance
since it should enable the design of
lubricants that provide large savings
in energy. Determination of lubri-
cant parameters and behavior under
pressure is important to the determi-
nation of the lubricating film
between rolling element-bearing
components. Understanding bear-
ing lubrication permits determination of the mechanism of fatigue and bearing degradation that is likely to
occur and how long the bearing surface will last. Experimental results and computer software from CSET
have been used to improve lubrication in commercial products by several companies, including Timken,
manufacturer of roller taper bearings; Eaton, automotive parts manufacturer; and Lubrizol, manufacturer of
lubricant additives for heavy machinery applications. For more information, contact Leon Keer,
847.491.4046, |-keer@northwestern.edu or Michael Hoeprich, hoeprich@timken.com.

High-Speed Surface Stress Analysis

CSET researchers have developed a high-speed numerical method of surface contact stress analysis. It was
based upon programs from Northwestern University that led to evaluations of the effect of lubricant debris
dents on reduction of fatigue life of rolling element bearings. By mapping bearing surfaces that have been
dented with various sizes of debris particles and then analyzing these dented surface geometries with the
stress analysis programs, the researchers developed a predictive tool for lubricants of various cleanness lev-
els. This work has been used on customer applications. DuPont EKC Technology says that CSET research
resulted in advances in numerical approaches to solving shaft seal, ring seal, and mechanical wear prob-
lems. For more information, contact Leon Keer, 847.491.4046, |-keer@northwestern.edu.
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Nanolayered Super-Lattice Coatings for Tribological Applications

Enhanced performance capabilities in terms of lifetime and wear were achieved through design of nano-
layered coatings. These coatings also appear to have promise in use for cutting tools. In October 2001, the
Tribology Division of the American. Society of Mechanical Engineers awarded to Y.W. Chung and L.M. Keer
of the tribology center their Innovative Research Award. For more information, contact Leon Keer,
847.491.4046, I-keer@northwestern.edu.
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Miniature Piezofan Arrays for Cooling Electronics

Innovative, miniature piezoelectric fans have been developed in this CTRC project (by Suresh Garimella and
Arvind Raman) into a viable technology for meeting a variety of cooling needs in portable and small-scale
electronic devices. These fans are small, noiseless, extremely low-power devices, and can easily be fabri-
cated to suit specific applications. They are well suited to providing supplemental cooling in hot spots and
other stagnant areas in devices such as laptops and cell phones where rotary fan action is ineffective. In
smaller devices, where rotary fans are not practical and electronics are pushed to the limits of their heat dis-
sipation capacities, piezoelectric fans offer the only realistic cooling solution while meeting the noise and
power constraints of portable devices. Analytical tools have been developed for modeling the flow field,
heat transfer, and fan structure; flow-structure interaction is currently being investigated, to allow the
design of optimal cooling systems. Interactions between multiple fans are being studied; coupling effects
between the fans can cause the amplitude to increase by up to 40% over that of a single fan. The images
show the fan and the heat transfer distributions brought about by two fans vibrating in front of a heated
surface.

The Center’s research has advanced the science to a stage that it is now possible to use them in small form
factor applications. This technology is lower cost, lower noise and has better reliability compared to exist-
ing rotary fans. Center members have new products aligned to use this technology in ways that will give
them a marketing edge. Small form factor boxes and cell phones will be using this breakthrough. For more
information, contact Suresh Garimella, 765.494.5621, sureshg@ecn.purdue.edu.
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Validated Models for Particulate Thermal Interface Materials

Thermal Interface Materials (TIMs) continue to be a bottleneck for developing the next generation of
micro-processors with smaller chip sizes and increased power. Development of better TIMs is imperative to
ensure efficient heat removal from the microelectronic systems, which in turn improves the system reliabil-
ity and performance. Accurate modeling of thermal interface materials requires either complex 3-D com-
putational simulations or improved analytical models. Most existing models do not consider particle-
particle interactions. Many fail when volume loading exceeds 30%. Numerical modeling of realistic three-
dimensional microstructures (at high filler volume loadings) considering inter-particle interactions was
performed using full-field meshless simulations and random particle network simulations. The developed
models are validated with experiments on representative systems. The models can be efficiently used to
accurately predict the effect of varying: 1) the filler particle conductivity; 2) the base polymer matrix con-
ductivity, and; 3) size-distribution and arrangement of the filler particles, on the composite thermal con-
ductivity of TIMs. These models are expected to provide critical help in the design of high performance
TIMs. For more information, contact Suresh Garimella, 765.494.5621, sureshg@ecn.purdue.edu.

Transport Properties of Wick Structures

Heat pipes are commonly used in electronics cooling applications due to their ability to move large
amounts of heat over reasonable distances with only small drops in temperature. Porous wick structures
imbedded inside heat pipes provide the interfacial tension necessary to passively drive the working fluid.

For most electronics cool- ] RIS
ing applications, a balance
between capillary pressure
head and the correspond-
ing permeability at this
pore density determines
whether a heat pipe will
meet temperature rise and
heat flux requirements.
Also of increasing interest
is the presence of boiling
inside the wick, and the
required removal of vapor
bubbles. Discrepancies in
operating limits reported
in the literature due to
inadequate test procedures ~

are  being  resolved. S
Improved measurements

and observation of transport processes will aid in the design of miniaturized heat pipes and novel improve-
ments to existing wick structures that are becoming more relevant as heat flux levels increase. CTRC has
developed two dedicated heat pipe wick-testing facilities. One measures mass transport in a variety of flat
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wick structures such as sintered and grooved materials, to support modeling efforts for heat pipe operat-
ing limits. The second facility is an instrumented thermosyphon test bed to measure conductivity values
for wick structures under varying degrees of wick saturation. Initial tests have shown interesting results at
low power. Analytical models are being formulated to relate observed transport characteristics to mea-
sured properties. For more information, contact Suresh Garimella, 765.494.5621, sureshg@ecn.purdue.edu;
or Jayathi Murthy, 765.494.5701, jmurthy@purdue.edu.

Two-Phase Transport in Microchannels

Researchers at the Cooling Technologies
Research Center are exploring boiling and G-10

two-phase flow in microchannels. Transport bottom piece
through microchannels that range in width
from 100 to 400 micrometers in copper and
silicon substrates has been experimentally
characterized. Experiments include high-
speed flow visualization, and local and global
temperature and pressure measurements. A

- Quick t
predictive model has also been formulated to X b;’;fd i

aid in the design and optimization of micro-
channel heat sinks. Previous work has been

done for single phase cooling using water as
the cooling liquid and using relatively small
channel sizes (<100 micrometers). Direct cooling of silicon chips at low cost will require larger more robust
channel and fin widths and the use of dielectric fluids to prevent ionic contamination and parasitic electri-
cal conduction paths. Major strides are being made in this CTRC project to better understand transport in
microchannels, and hence in rendering microchannel heat sinks implementable in electronics cooling
applications. Several novel experimental and modeling tools have been developed. Infrared Particle Image
Velocimetry (IR-PIV) is being developed as a tool to make measurements inside silicon microstructures
(with no optical access), capitalizing on the transparency of silicon to infrared light. System-level analysis of
microchannel cooling systems, with an emphasis on design for energy efficiency and manufacturability, is
now possible through a software tool developed in the Center. The Purdue CTRC research has character-
ized two phase liquid (dielectric fluids and water) cooling performance in copper and silicon channels and
has developed models to enable the use of this technology in cost sensitive and very high power elec-
tronic applications. Anticipated power densities for direct cooling of silicon chips using dielectric fluids are
anticipated in the 200-300 Watts/sq. cm range. Anticipated applications include high power density pro-
cessor and high power switching transistor cooling for high end PC and workstation, server, military elec-
tronics and high power automotive electronics. For more information, contact Suresh Garimella,
765.494.5621, sureshg@ecn.purdue.edu.
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Enhanced Thermal Contact Conductance Using Carbon Nanotube
(CNT) Interfaces

Research at the Cooling Technologies
Research Center (CTRC) investigates the ther-
mal contact conductance enhancement with
directly synthesized carbon nanotube arrays.
A tri-layer catalyst configuration has been
developed for well anchored and vertically
oriented CNT arrays direct synthesized on
various substrates (e.g., bare silicon, metals,
dielectric materials) with plasma-enhanced
chemical vapor deposition and different cat-
alyst metals. Results demonstrate that the
CNT arrays can exhibit resistances below 10
mm?2 K/W that are comparable to the resis-
tance of an ultra-thin soldered joint. A test rig
for thermal contact resistance measurement
(adapted from ASTM D 5470) has been estab-
lished in a high-vacuum environment. Temperature measurements are accomplished with an infrared
imaging system. Important and relevant capabilities that have been developed include: a) anchoring of
CNT arrays to substrates, b) control of CNT wall type, diameter, density, length, and alignment, c) synthesis
at moderate and low temperatures using catalyst-containing dendrimers, and d) conductances of dry
interfaces that are comparable to soldered interfaces and that exhibit good mechanical robustness. For
more information, contact Tim Fisher, 765.494.5627, tsfisher@purdue.edu.

Thin Film Evaporation

An evaporating meniscus forms the basis for all two-phase heat transfer
devices; a comprehensive understanding of the underlying physical
mechanisms is critical for miniaturization of heat pipes, cold-plates, and
other thermal solutions. This CTRC project aims at a comprehensive
investigation of the fluid mechanics, the heat and mass transport in an
evaporating meniscus and development of validated models. Thin-film
evaporation or evaporation taking place near the small solid-liquid-vapor
Termperature Contour junction is thought to be the dominant mode of heat transfer in a liquid-
vapor phase change process. The experimental work characterizes the
effect of thermocapillary convection and thin-film evaporation on the total heat transfer of the system.
Micro-PIV experiments are performed to study the flow pattern near an evaporating meniscus. A 3-dimen-
sional computational model of an evaporating meniscus has been developed which includes the ther-
mocapillary and gravitational effects. Experimental results and models allow, for the first time, a
comprehensive understanding of the transport in different regions of thin liquid films.

Thinfilm: 0.35

Meniscus: 4.25
™
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Improved designs of micro heat pipes and other two-phase heat transfer devices are expected to result
from this work. For more information, contact Suresh Garimella, 765.494.5621, sureshg@ecn.purdue.edu or
Jayathi Murthy, 765.494.5701, jmurthy@purdue.edu.

Transport in Porous Structures and Metal Foams

A novel computational methodology for detailed
modeling of open-cell foams and heat pipe wick
structures has been developed at the Cooling
Technologies Research Center (CTRC). This com-
prehensive model predicts the thermal and flow
characteristics in foams and particle beds in excel-
lent agreement with the published experimental
measurements. Current work focuses on develop-
ing better understandings the thermal dispersion
effects in open-cell foams and on extending the
developed methodology for a wider range of
foam structures. The methodology developed
presents opportunities to explore foams for a
wide range of heat transfer enhancement applica-
tions, including in advanced heat sinks and com-
pact heat exchanger designs. For more
information contact: Suresh Garimella,
765.494.5621, sureshg@ecn.purdue.edu or Jayathi
Murthy, 765.494.5701, jmurthy@purdue.edu.
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National Advanced Driver Simulation Facility

Simulation

The National Advanced Driving Simulator is the
only driving simulator in the world in which
such activities can be carried out in a full 3600
immersive virtual environment with a high fidel-
ity motion cues in all six degree-of-freedom of
vehicle motion. A new approach is adopted that
uses a commercially available multi-body
dynamics code for real-time simulation. Figure
shown below gives an example of the compari-
son of PSD results with experimental data of a
68-body multibody dynamics simulation. For
more information on enabling technologies
using NADS, contact L. D. Chen, 319.335.5674,
Idchen@engineering.uiowa.edu.

Researchers at the Center for Virtual Prov-
ing Ground Simulation (CVPGS) at the Uni-
versity of lowa and the University of Texas
at Austin have developed enabling tech-
nologies that use the world-class facility,
National Advanced Driving Simulator
(NADS), for operator/driver-in-the loop
simulation for vehicle designs and for driv-
ing safety research. The NADS facility, com-
pleted in 2002, has been used by Deere &
Co., Caterpillar Inc, Continental-Teves,
Bosch, etc. for “virtual proving” experi-
ments, and by the National Highway Traffic
Safety Administration for highway safety
studies.
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Superior Relief From Dry Eye Problems

Many people suffer from “dry
eye” problems, or a “gritty” sen-
sation when blinking in a dusty
environment. A significant
improvement in the lubricity of
in-the-eye comfort formulations
has been achieved with the
introduction of a borate-buff-
ered solution of HP Guar con-
taining active  demulcents
polyethylene glycol and propy-
lene glycol. Researchers at the
Industry/University Center for
Biosurfaces (IUCB) developed a
new tissue-on-tissue testing
protocol that demonstrated the
superior reduction of “blinking”
friction associated with addition
of this novel solution compared
to the normal saline-wetted tis-
sue surfaces. Previously available test methods did not reveal the clinically relevant superior lubricity for
the borate-buffered HP Guar formulation. Synthetic materials articulated with preserved tissue surfaces did
not exhibit the very low coefficients of friction actually obtainable in the tissue-on-tissue test system. The
scientific lesson is that laboratory simulations of biological joints, and of other situations where bioadhe-
sion is important, must adequately replicate the complex natural tissue surfaces involved. The new mea-
surement technology revealed the superior reduction of friction obtained with the same solution that
showed superior protection of living eye-surface cells from damage by desiccation and chemicals and gave
excellent clinical comfort to most “dry eye” patients. Alcon Laboratories of Fort Worth, Texas has brought
this and a new formulation to market, under the trade names SYSTANE and SYSTANE ULTRA. Annual com-
mercial sales of the SYSTANE “artificial tears” solutions now exceed $100,000,000. For more information,
contact Robert Baier at the University at Buffalo, 716.829.3560, baier@buffalo.edu.
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Allergy Friendly Room Program

Previously, there have only been specific individual products available to
improve air quality in indoor environments. Pure Solutions LLC has developed a
patent pending process that has been tested at the University at Buffalo’s

Industry/University Center for Biosurfaces (IUCB), and received the 2008 Inno- W
vator Award for the best innovation in the hospitality industry by Cornell Uni- )
versity’s Institute for Hospitality Entrepreneurship. The process provides pre- k., e ——

packaged allergy friendly rooms to the hospitality market, as well as commer-
cial and residential markets. Pure Solution's allergy friendly rooms process
offers multiple interventions to substantially improve an indoor environment
and has added a quarterly maintenance program that will continue the hygienic conditions over a 24-
month period. The process substantially reduces particles, bacteria, mold spores and fungi in indoor envi-
ronments. An added benéefit is energy savings of 25% or more through the cleaning and sanitization of
heating and cooling coils in an air-handling unit. The company has developed a worldwide licensing pro-
gram and has partnered with companies in the U.S., Canada, Dutch Caribbean, Barbados, United Arab Emir-
ates, Singapore, Scandinavia, Malaysia and China to provide its allergy friendly room technology to markets
around the world. Current extensions of the process are in development for the environmental control of
large conference rooms where participant comfort and attention can be maximized. For more information,
contact Robert Baier at the University at Buffalo, 716.829.3560, baier@buffalo.edu.

Inadvertent Implants? Visualizing Lung Cell pH

Inhaled particles and pollution can stress lungs, causing
asthma and other diseases. Indigestible fibers, too long to be
engulfed, cause lung disease. Most difficult to remove are
long, thin asbestos-like fibers. Researchers at the Industry/Uni-
versity Center for Biosurfaces (IUCB) have shown how the
body protects itself against safe insulation glass fibers, and
how to select formulations for new, safe building materials. A
surprise has been the discovery of a new use for the insulation
fibers, as scaffolds for regenerating body tissues. “Chemistry in
action” is recorded and displayed using laser photonics com-
bined with confocal microscopy to take “visual slices” through
living cells. Living cells take in a dye that gives off fluorescent
rays of two different colors, red for acid production and blue
for alkalinity. Lung cells digest away respirable fiberglass by an
acid attack that shortens them, and an engulfment into the
cells that allows them to be digested and carried away before disease processes can be triggered. In addi-
tion to discovering how the lung safely handles certain new forms of industrial fiberglass particles, the
research has indicated that inhaled nanoparticles may become agglomerated and then processed by the
lung tissue in the same way as larger pollutant particles. For more information, contact Robert Baier at the
University at Buffalo, 716.829.3560, baier@buffalo.edu.
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University of Colorado Boulder, Richard Noble, Co-Director, 303.492.6100,
richard.noble@colorado.edu

University of Colorado Boulder, Alan Greenberg, Co-Director, 303.492.6613,
alan.greenberg@colorado.edu

Center website: http://www.mastcenter.org/

Reducing Membrane Fouling in Water Treatment Processes

The problem of membrane fouling by natural organic matter is critically important in the production of
potable water from surface waters such as rivers and streams. Many such waters have a brown or tan
appearance due to the natural organic matter they contain (humic and tannic substances). Those materials
tend to bind to the surface of water treatment membranes in reverse osmosis and nanofiltration processes.
Researchers at the Membrane Applied Science and Technology Center have evaluated and characterized
several kinds of membranes to determine their fouling characteristics. In addition to published research,
the Dow Chemical Company has evaluated the technology and is in the process of launching new products
that benefited from the knowledge gained from this Center project. For more information, contact Dr. Alan
R. Greenberg at the University of Colorado at 303.492.6613, alan.greenberg@colorado.edu.

Above: Bench-scale experimental system for measuring membrane flux decline (left) and membrane rejec-
tion (right).

Above: SEM micrographs showing representative surfaces of clean (left) and fouled (right) membrane.
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Photopolymerizations Center (PC)

University of lowa, Alec Scranton, Director, 319.335.1414,
alec-scranton@uiowa.edu

University of Colorado, Christopher Bowman, 303.492.3247,
Christopher.bowman@colorado.edu

Center website: http://css.engineering.uiowa.edu/~cfap/

Improved Understanding of Photopolymerization Utilizing
Photobleachable Dyes

Understanding the mechanism of
this chemistry help provide the basis
for essential irreversible loss of color.
Research at the Photopolymeriza-
tions Center has examined brightly
colored photopolymerizable compo-
sitions. This work provides direct evi-
dence for conditions required to
achieve simultaneous photopoly-
merization and mechanistic under-
standing of both reversible and
irreversible photobleaching of col-
ored compositions. The work is
important for photocurable adhe-
sives in dental and orthodontic mate-
rials that provide easy visualization
during placement (due to color), then upon light exposure, polymerize and become colorless. This work
has played a key role in the dental industry by in the form of photo bleachable sealants, orthodontic
bracket adhesives as well as electronic adhesives. It will have significant impact in industries that utilize
photopolymers for an array of coatings, dental/orthodontic materials, electronic adhesives and encapsu-
lants. It has already impacted dental material including photocurable composite fillings, sealants and orth-
odontic bracket adhesives. For more information, contact Alec Scranton at the University of lowa,
319.335.1414, alec-scranton@uiowa.edu.

Real Time Methods to Examine Photopolymerization Conversion

Development of real time instrumentation and methodologies to examine and correlate photopolymeriza-
tion degree of conversion vs shrinkage stress and key mechanical properties. This work at the Photopoly-
merizations Center has provided results that improve upon 25 years of previously unsuccessful attempts to
understand critical relationships involving dental materials and other photocurable, cross linkable systems.
Key critical questions relating to shrinkage, stress, degree of conversion and associated mechanical proper-
ties have finally been definitively addressed. These advances have provided definitive proof concerning the
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polymerization, shrinkage stress and mechanical properties. Previous efforts failed to address all 3 relevant
aspects resulting in extensive speculation and hand waving arguments.

This work has dramatically impacted industrial and academic communities that use photopolyerization of
X-linked networks. It will have significant impact in any industries that use photopolymers for an array of
coatings, dental/orthodontic materials, electronic adhesives and encapsulants. It has already impacted the
development of dental material including photocurable composite fillings, sealants and orthodontic
bracket adhesives. For more information, contact Alec Scranton at the University of lowa, 319.335.1414,
alec-scranton@uiowa.edu.

Improved UV Curable Systems

Progress on Thiol-ene-acrylate UV
Curable Systems has been made via
fundamental research conducted at
the Photopolymerizations Center on
the kinetics and relative polymeriza-
tion ratios of the three chemical
components in thiol-ene-acrylate
UV curable systems. The work has
led to a greater understanding of
competing reactions. Kinetics stud-
ies conducted at the center using
model systems have been relevant
to proprietary technology under
development in the R&D facility of
National Starch and Chemical Com-
pany. These insights have enabled the company to enhance the performance of their opto-electronic
adhesive products. For more information, contact Dr. Christopher Bowman at the University of Colorado,
303.492.3247, Christopher.Bowman@colorado.edu.
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Improvement in Photo-Cured Acrylate Coatings

At the University of lowa's Photopolymerizations Center, a
photochemical method to eliminate oxygen inhibition in
free-radical photopolymerizations has been developed.
This work provides a unique and practical solution to a
major problem in photo-cured acrylate coatings: that cur-
ing is inhibited by air at the coating surface; the Henkel
Corporation expects this technology to be of significant
commercial value. The company attributes commercial
successes to research at this center. For more information,
contact Alec Scranton, 319.335.1414, alec-scran-
ton@uiowa.edu.

Ultra-Rapid Photopolymerization Method

Novel (meth)acrylate monomers for ultra-rapid photopolymerization have been developed by researchers
at the Photopolymerizations Center (PC). This program has identified and characterized several new mono-
mers that provide highly photosensitive acrylate compositions with excellent physical and mechanical
properties. These materials have potential for the design of improved structural adhesives in engineering
applications. One application noted by UCB Chemicals is that of inks used in printing on food packages.
Fast-reacting monomers can reduce both cost and food contamination. The fast-reacting monomers result
in inks that dry faster and in packaging that is not as slippery, thereby improving the ability to stack pack-
ages. These two effects help reduce packaging costs.

An added benefit to the fast-drying ink is that it does not seep through the packaging, and therefore does
not contaminate food contained in the package with chemicals. For more information, contact Christopher
Bowman, 303.492.3247, christopher.oowman@colorado.edu.

Dental Restorative Materials

Research at the Photopolymerizations Center (PC) in the field of dental restorative materials has recently
received a great deal of attention and numerous accolades. The research group has applied their expertise
to address the ongoing issues associated with the high degree of polymerization shrinkage with highly
cross-linked dental composites. The substantial shrinkage of these materials generates interfacial stresses
between the restorative and the tooth structure. These stresses may lead to micro cracking of the restor-
ative and tooth structure, microleakage at the tooth/restorative interface, and occasionally catastrophic
failure of the restorative. Seminal efforts from the group using a unique photoiniferter technique has
shown that there is a direct correlation between the physical properties of the "cured" restorative and the
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degree of methacrylate conversion of the restorative--independent of the methodology used to achieve a
given degree of conversion. Development of an instrument to simultaneously measure degree of conver-
sion and polymerization shrinkage stresses of polymerizable materials is underway. This key effort will
likely direct future shrinkage reduction efforts away from light exposure protocols and towards new chem-
ical strategies. For more information, contact Christopher Bowman, 303.492.3247,
christopher.oowman@colorado.edu

Moisture Effects on Cationic Cure of Adhesives

The chemistry of cationic cure is critically important for pressure sensitive and laminating adhesives and
also in some UV curable systems. Research at the Photopolymerizations Center has established that the
mechanical and physical properties of the cured materials are even more directly related to moisture con-
tent during cure than was heretofore thought to be the case. Microscopy work on this project has helped
the National Starch and Chemical Company to better understand the chemical effects of moisture and to
determine steps necessary for enhancement of the performance of pressure sensitive laminating and
opto-electronic adhesives. For more information, contact Julie Jessop, University of lowa, 319.335.0618,
Julie-Jessop@uiowa.edu, Jeffrey Stansbury, the University of Colorado Health Sciences Center,
303.724.1044, Jeffry.Stansbury@uchsc.edu, or Alec Scranton, the University of lowa, 319.335.1414,
Alec-Scranton@uiowa.edu.
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Arizona State University, Vijay Vittal, Director, 480.965.1879, vijay.vittal@asu.edu

University of Wisconsin-Madison, Dennis Ray, Executive Director, 608.265.3808,
djray@engr.wisc.edu

Cornell University, Robert Thomas, 607.255.5083, rjt1@cornell.edu

Arizona State University, G.T. (Jerry) Heydt, 480.965.8307, heydt@asu.edu

University of California Berkeley, Shmuel S Oren, 510.642.1836, oren@ieor.berkeley.edu

Carnegie Mellon University, Sarosh Talukdar, 412.268.8778, talukdar@cmu.edu

Colorado School of Mines, P. K. Sen, 303.384.2020, psen@mines.edu

Georgia Tech, A.P. Sakis Meliopoulos, 404.894.2926, sakis.meliopoulos@ee.gatech.edu

Howard University, James Momoh, 202.806.5350, jm@scs.howard.edu

University of lllinois at Urbana-Champaign, Peter W. Sauer, 217.333.0394, sauer@ece.uiuc.edu

lowa State University, Jim McCalley, 515.294.4844, jdm@iastate.edu

Texas A&M, Mladen Kezunovic, 979.845.7509, kezunov@ee.tamu.edu

Washington State University, Anjan Bose, 509.335.5593, bose@wsu.edu

Wichita State University, Ward Jewell, 316.978.6340, ward.jewell@wichita.edu

University of Wisconsin-Madison, Christopher DeMarco, 608.262.5546, demarco@engr.wisc.edu

Center website: http://www.pserc.wisc.edu/

Advanced Power System Visualization Tools

PSERC research has integrated new
visualization techniques with power
system modeling methods to create
visual insights for the user into the
condition of power systems. With
visualization tools, industry can "see"
what is happening without disrup-
tion of the actual energy production.
Using two- and three-dimensional
plotting capabilities coupled with
power system animation, the tech-
nology gives the user a picture of the
power system that synthesizes thou-
sands of pieces of information. Cou-
pling economic data with
engineering data allows not only the
display of important data for eco-
nomic and reliable power system operation, but also visualization of the data in the form of plots, contours
and animations. The technology shortens the time between observing power system problems and identi-
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fying appropriate corrective actions, thereby making power systems more reliable. Furthermore, it inte-
grates visualization of economic and engineering data, thereby informing decision-making for economic
and reliable power system operation. The technology enables power systems engineers and operators to
better communicate with non-technical audiences that often include business and regulatory policy-mak-
ers. It serves as a training tool for technical and non-technical audiences. The technology has been success-
fully commercialized, and is being used in software that is sold worldwide. The technology has also been
installed in several utility control centers. The graphic figure contours the normalized voltage levels at
about 8000 different 100 kV to 300 kV power system "buses" (nodes where two or more electric devices join
together) in the eastern portion of North America for a hot summer afternoon. Such figures could be used
to allow power system operators to quickly monitor the voltage levels over a wide geographic area. In the
figure areas shaded red indicate locations of potential voltage problems. For more information, contact
Tom Overbye, overbye@ece.uiuc.edu.

Methods to Test Power Market Designs and Policies

PSERC has successfully been using the institutional concept of testing electric power market designs and
policies to verify and validate that anticipated market outcomes would be consistent with policy objec-
tives. In the past, industry and regulatory policy-makers largely believed that it was not possible to test,
verify, and validate specific market designs. As a result, market designs with unappreciated or unknown
weaknesses were introduced as an "experiment of the whole." This posed high risks to consumers and sell-
ers of electric services. PSERC's ability to demonstrate the power of experimental economics, integrating
economic and engineering knowledge, is being applied to complex electricity market design are contrib-
uting to new methods for market design policy developments that are beginning to influence decision-
making in the industry. PSERC has used this approach to help policymakers test market policies, to illumi-
nate reasons for markets failures such as in California, and to develop and test innovative approaches for
solving difficult market design issues unique to power systems. In so doing, PSERC has had an influenced
on regulatory agency decision-making. For more information, contact Robert J. Thomas, 607.255.5083,
ritl@cornell.edu.
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Improvements in Power System Reliability

Power system reliability is increas-
ingly a concern to the power indus-
try and society at-large. PSERC
researchers have played leading
roles in studying reliability problems
and suggesting solutions. PSERC
researchers contributed to an impor-
tant study that was published in
May, 2002 for the U.S. Department of
Energy, entitled the "National Trans-
mission Grid Study." PSERC research-
ers contributed to this DOE report
prepared in response to the Presi-
dent's National Energy Policy direc-
tive to the Secretary of Energy to
study the Nation's transmission sys-
tem, identify transmission bottlenecks, and identify measures to eliminate those bottlenecks. They also
played an important role in an earlier report from DOE entitled "Report of the Department of Energy's
Power Outage Study Team." This report provided findings and recommendations to enhance reliability
after a team of experts (including PSERC researchers) who studied power outages and other system distur-
bances that occurred in the summer of 1999. Finally, PSERC helped the U.S. DOE establish the Consortium
for Electric Reliability Technology Solutions (CERTS), formed in 1998 to research, develop, and commercial-
ize new methods, tools, and technologies to protect and enhance the reliability of the U.S. electric power
system. This work has implications for national security. CERTS is conducting research for the U.S. Depart-
ment of Energy's Transmission Reliability Program and for the California Energy Commission's Public Inter-
est Energy Research Program. PSERC faculty are working with researchers at Lawrence Berkeley National
Laboratory, Oak Ridge National Laboratory, Pacific Northwest National Laboratory, Sandia National Labora-
tories and several energy businesses. For more information, contact Robert J. Thomas, 607.255.5083,
ritl@cornell.edu.
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Responding to the Blackout of 2003

PSERC has made significant contributions to understanding and developing solutions to electric power
system reliability issues. PSERC researchers, working through the Consortium for Electric Reliability Tech-
nology Solutions, are developing solutions to electricity transmission reliability concerns and are assisting
the U.S. DOE in the blackout investigation. The center is providing resources to help people understand
electricity blackouts. PSERC created the "Blackout of 2003" web page, which has become a recognized por-
tal to information about the blackout, ongoing investigations, and power systems in general. For more
information, contact Robert J. Thomas, 607.255.5083, rjt1@cornell.edu.

Above: Using power system visualization tools, PSERC helped promote a better understanding of the
blackout. This picture illustrates the seriousness of the system condition before the final cascading power
outages began. This visualization is based on 1998 data.
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Prevention of bulking at Sludge Wastewater Treatment Plants

Sludge bulking is a serious problem for wastewater
treatment operators. Sludge bulking, when it occurs, is
a very expensive problem to eradicate. One of the
prime causes of sludge bulking is the filamentous bac-
teria, Microthrix Parvicella, which exists at low levels in
many treatment plants without causing problems.
When concentrations rise above a threshold level,
however, bulking and foaming is the all too common
result. It occurs in the settling tanks of activated
sludge plants and results in a reversal of the settling
process whereby solids float to the top of the tank
rather than settling to the bottom. Researchers at The
Queen's University Environmental Science and Tech-
nology Research Centre (QUESTOR) have developed a

diagnostic test for the detection of Microthrix Parvicella. The test prevents the occurrence of foaming or
sludge bulking at activated industrial and municipal sludge wastewater treatment plants. The technology
enables operators of treatment plants to monitor the concentration of Microthrix and take remedial action
before the serious problem of sludge bulking or foaming occurs.

Previously there had been no effective means for
operators to monitor the concentration of Micro-
thrix Parvicella. As a result sludge bulking occurred
randomly and without warning. This new technol-
ogy allows operators of treatment plants to detect
and prevent the occurrence of sludge bulking and
to take more economical remedial action before
the problem occurs. This technology has resulted
in a new commercial product known as SLUDGE-
GUARD, a powerful ELISA test kit that quantifies
and allows small changes in the concentration of
Microthrix Parvicella to be detected. A one-step
test kit for rapid detection is also under develop-
ment.

For more information, contact William McGarel, 44
(0) 28 9097 5577/8, w.mcgarel@qub.ac.uk.
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University Miami-Florida, Antonio Nanni, 305.284.3461, nanni@miami.edu
University Miami-Florida, Fabio Matta, Associate Director, 305.284.5429, matta@miami.edu
North Carolina State University, Sami Rizkalla, 919.513.4336, sami_rizkalla@ncsu.edu

Center website: http://www.rb2c.miami.edu/

Design Guide for Reinforcing Bridge Decks and Railings with
Longer Service Capability

Corrosion is one of the main causes of
infrastructure decay. Billions of taxpayer
dollars have been and will be invested
to minimally maintain crumbling infra-
structure. Imagine, bridge decks could
last 75 to 100 years in service rather
than the current 25 to 40 years.
Researchers at the Center for Repair of
Buildings & Bridges with Composites
are enabling a whole new industry to fill
the need for potentially high volumes
of fiber-reinforced polymer (FRP) rebar.

Drafting and successful interface with
American Association of State Highway
and Transportation Officials commit-
tee, T-6 will ENABLE the use of FRP rein-
forcing bars in bridge decks in the USA.
This recently adopted design guide is the culmination of many years of research. This work means that pre-
viously funded NSF research in the field of fiber-reinforced polymers can now be used to make the Nation’s
infrastructure more durable and longer lasting.

The document will allow fiber-reinforced polymer producers, as well as state and federal departments of
transportation to safely incorporate well researched design, testing and implementation criteria to new
materials for new construction and renovations. Before these guidelines had been published and adopted,
there was little or no incentive for state Department of Transportation (DOT) engineers to consider as fiber-
reinforced polymers. For more information, contact Fabio Mattaat the University of Miami, 305.284.5429,
fmatta@miami.edu.
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Bridge Rehabilitation

Synergism through the RB2C center has
resulted in the adoption of fiber-reinforced
polymer (FRP) internal reinforcing for con-
crete structures. Much existing infrastruc-
ture is falling to disrepair due to simple
corrosion of the reinforcing steel embed-
ded in concrete. Each year the effects of
corrosion on essential infrastructure divert
billions of dollars of public funds to renewal
of bridges and other structures. A number
of efforts are being taken to mitigate this
problem but most are superficial compared
to getting at the root of the problem and
utilizing a non-metallic reinforcing material
that will not corrode. Lightweight, high
strength materials have been demon-
strated to be useful in restoring structural
capacities to existing buildings and bridges
extending their useful life. The adoption of
FRP materials for the repair and new con-
struction will benefit everyone by making
our infrastructure last significantly longer
freeing public resources for other pursuits.
NSF funding has facilitated basic research
in the area of FRP reinforcement and repair
and has resulted in codification for use in
the civil infrastructure and demonstration
projects that can be leveraged for broader

use enabling participating industry partners to be involved in the early stage development of a growing
industry aimed at producing FRP rebar and repair materials. It should be noted that the civil engineering
community is becoming more aware of the existence of such materials and that building design and con-
struction codes are now being updated to facilitate their use. Documentation is being developed on how
bridges should be selected for various FRP-strengthening procedures along with associated cost estimates
of competing scheme, and predicted life expectancies of strengthened bridges. For more information, con-
tact Dr. Antonio Nanni at the University of Miami-Florida, 305.248.3461, nanni@miami.edu.
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Preformed Fiberglass Grating Panel Systems (GRIDFORM)

GRIDFORM consists of
fiberglass grating panel
systems with fiber-rein-
forced polymer (FRP)
plate for stay in place
use. These FRP grating
panels replace steel
rebar in reinforced con-
crete bridge decks on
vehicular bridges. The
grating panels are shop
fabricated and shipped
to the job site ready for
installation on the steel
bridge girders and the
concrete pour. Field
installation time for the
GRIDFORM panels
including the concrete
pouring is approxi-
mately 25% of normal
steel rebar installation
and concrete pour. This reduced installation time results in lower field installation costs and less disruption
of service for people needing access to the bridge for travel. Additionally, reduced field installation time
translates into a lower rate of construction workplace injuries. GRIDFORM grating panels have become rec-
ognized as a viable alternative to traditional steel reinforced concrete bridge decks. The use of GRIDFORM
panels meets the Federal Highway Administration's initiative of "Get In and Get Out." The emphasis by
FHWA is to reduce the amount of construction time and the concurrent disruption to the traveling public
by utilizing new technologies and methods for rapid construction of bridges and roads. The new technol-
ogy will result in producing the FRP grating panels at the manufacturing site of the FRP grating. This new
breakthrough technology has resulted in a new product line for the Strongwell plant located in Chatfield,
Minnesota. Strongwell is promoting this new product line to county and state transportation officials as a
time saving alternative to traditional construction materials. For more information, contact Dr. Antonio
Nanni at the University of Miami-Florida, 305.248.3461, nanni@miami.edu.
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Scout Robot Platform: Urban Search and Rescue

The development of large-scale
robot teams has been prohibi-
tive for a number of reasons.
The complexity of such systems
has been hard to simulate,
especially in the case of a many
to one relationship between a
marsupial robot and the robots
it can deploy. Additionally, the
construction of physical sys-
tems can be expensive to
implement and maintain. How-
ever, there is a number of sce-
narios in which large scale
distributed teams are advantageous such as urban search and rescue, biological or chemical release moni-
toring, or distributed surveillance and reconnaissance. Distributed robot teams are often able to leverage
the power, computational, and locomotive capabilities of a larger system to transport, coordinate, and con-
trol miniature robots which may carry more specialized capabilities into areas that are spatially restrictive.
Research at the Safety, Security, Rescue Research Center has resulted in the development of the Scout
Robot Platform currently utilized by the U.S. Army and several police departments for search and rescue
missions. It has a cylindrical shape that allows it to be deployed by launching it from an appropriate bar-
reled device. Once deployed, it moves using a unique combination of locomotion types. Each Scout is pro-
vided with a sensor suite, which may vary with the Scout's mission. Scouts may contain some combination
of a CMOS camera, a passive infrared sensor, a microphone, and other sensors. For more information, con-
tact Sunil Saigal, 813.974.3780, saigal@eng.usf.edu.

Plume Tracking with a Reconfigurable Computing Platform
Robotic teams are envisioned to assist or even replace humans in search and rescue operations such as
when dealing with a chemical leaks. The objective researchers at the Safety, Security and Rescue Research

Center (SSR-RC) is to develop algorithms and reconfigurable hardware that will allow distributed groups of
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robots to search an area and determine the source, type and quantity of dangerous gases released in the
atmosphere due to an accident or malicious act. In order for robots to achieve this goal, they must be able
to determine their position, create detailed representations of the area they search, and coordinate in their
distributed detection and estimation task. Additionally, robots must deal with mobility issues when navi-
gating in unstructured environments or need to climb stairs. To this end, the center has designed adaptive
sensing algorithms that allow robots to determine the optimal locations where they need to move in order
to receive the most informative measurements for the detected chemical. Additionally, stair-climbing esti-
mation and control algorithms have been implemented that allow safe and precise navigation inside build-
ings. These dynamic re-configurable processes allow re-tasking of hardware and software resources, thus
making adaptations to varying operating conditions possible. For more information, contact Stergios Rou-
meliotis, 612.626.7507, stergios@cs.umn.edu or Richard Voyles, 612.624.8306, voyles@cs.umn.edu.

Below: Robot team searching for the source of a gas leak.

8 5

Distributed Decision Making for Large Scale Disaster
Management (DDM-LSDM)

DDM-LSDM is an exciting project that deals with disaster management for homeland security applications.
Disaster management is becoming increasingly complex, due to uncertainty, limitations in resources, diffi-
culty of coordination among teams, the existence of multiple and at times conflicting objectives, the need
to adapt continuously to changing situations, and the scale of the operations. We model disaster manage-
ment with multiple autonomous agents that can sense, act, and make decisions at different time scales
using the available information and communication channels. The project builds on a simulation tool
developed by the Robocup Rescue Project after the 1995 Kobe earthquake. The tool simulates civilians,
traffic blocks, fires, and building collapse. Police. ambulances, and fire agents need to rescue civilians and
extinguish fires before the civilians die and the fires spread. Traffic blocks hamper their movements, noisy
sensors make assessing the situation hard, loss of communications prevents effective team coordination.
We focus on the decision processes and communication needs of the agents, addressing specifically the
need to rapidly adapt to changing situations. We study: (i) distributed decision making algorithms that
make the best use of available information; and (ii) multi-agent systems approaches to manage interac-
tions and cooperation among large numbers of individual agents and teams of agents. For more informa-
tion, contact Maria Gini at the University of Minnesota, 612.625.5582, gini@cs.umn.edu.
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Design Concept for Smart, Adaptive Seat Belts

Current seat belt systems use a com-
promise design for the median indi-
vidual in an average collision. These
systems rely on mechanisms which
have limited capacity to adapt to
varying conditions and are massive
and complex. A new adaptive seat
belt technology being developed at
the Smart Vehicle Concepts Center
promises enhanced crash safety
along with a reduction in the mass
and complexity of the seat belt com-
ponents.

A research team at the Smart Vehicle
Concepts Center (SVC) led by Profes-
sor Marcelo Dapino at The Ohio State
University has developed an innova-
tive design concept for a new gener-
ation of automotive seat belts.
Friction control technology and
smart sensing fabrics under study at
SVC will sense the occupant’s inertia
and automatically adjust to changing
forces during a collision. The system
will create enhanced crash safety by
providing optimal restraint to a
broader range of individuals while
using compact, lightweight mecha-
nisms based on smart materials. This
cutting-edge research has the poten-

—

tial to convert the smart seat belt design concept into a commercial technology that advances vehicle
safety and creates opportunities for applications beyond seat belts.
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Crash data suggest that small changes in friction
forces at the D-ring have large effects on the chest
force. Dapino’s team is looking for ways to pre-

Piezoelectricactuator

Variable friction
coefficient via

ultrasonic . . .
i ansor cisely control the chest force by actively varying
texture the effective friction coefficient between the seat

belt's D-ring and webbing. The design concept
utilizes force-sensing yarns based on electroactive
polymers reinforced with carbon nanotubes
woven in the seat belt webbing. Ultrasonic vibra-
tions created by piezoelectric materials will
enable automatic adjustment of friction force
when the piezoelectric material is energized.
Because piezoelectric materials operate at very
high frequencies (40 to 60 kHz), the system response is much faster than the crash events. The enabling
technologies of friction control and smart sensing fabrics under study at SVC could be applicable to range
of vehicle components and systems from information/entertainment interfaces to adaptive powertrain
and cabin components. For more information, contact Dr. Marcelo Dapino at The Ohio State University,
614.688.3689, dapino.1@osu.edu.

modification

Smart webbing
with active
composite yarns
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Provably Secure Software Systems Development through Security
Typed Languages

This work has extended security-
typed languages from the realm of
theoretical programming lan-
guage tools to an apparatus for
building secure software systems.
Researchers at the Software Engi-
neering Research Center have
developed software engineering
practices and tools that allow map-
ping of high-level security goals
into the applications that must
realize them in a secure-typed lan-
guage. These tools have been used
to develop provably secure large-
scale security-labeled email sys-
tems, as well as other secure sys-
tems. Past software security
techniques have attempted to isolate applications (as seen in sandboxing techniques), introspect possible
vulnerabilities (as in static and dynamic analysis tools), or apply formal analysis to achieve high assurance
applications. However, such approaches are often ad hoc, incomplete or difficult to use.

This work has addressed these past limitations by identifying, formalizing, and automating the complex
processes of identifying security relevant data and its potential for leakage or corruption. In so doing,
usable infrastructures are available for defining and developing provably secure software. This work
advances the state of the art in software systems development for homeland security by providing guaran-
teed compliance with security goals. Further efforts have identified new algorithms for important problems
such as security level inference and credentials discovery. Such discoveries are being used not only in secu-
rity typed languages, but are also helping the operating systems community to define policies and services
tailored to the security requirements of applications. This will significantly enhance the capabilities of com-
mercial software developers to articulate and realize security goals. The researchers are working with
Motorola to evaluate how the tools can be used to make applications of embedded devices such as cellular
phones more secure. For more information, contact Dr. Patrick McDaniel at The Pennsylvania State Univer-
sity, 814.863.3599, mcdaniel@cse.psu.edu.
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Design Metrics Technology

Improvements in the software development process depend on our ability to collect and analyze data
drawn from the various phases of the development life cycle. The Software Engineering Research Center
(SERC) Design Metrics Team has developed a metrics-guided methodology for software reliability that
begins with architectural design. This technology provides a framework that is unbiased, efficient, and
cost-effective to determine design improvements, code-modification, and testing and management strate-
gies. Applying this methodology to software designs highlights the stress points and determines overall
design quality. Stress points are defined as critical components in software where errors in coding and pro-
gramming logic are likely to occur. Identifying such components in advance and applying mitigating
approaches results in effective resource allocation. In the coding phase, the technology can identify those
stressful components and provide change impact analysis. In testing, the metrics can assist in determining
where testing effort should be focused and the types of test strategies to employ. In the thirteen years of
metrics validation, on a wide variety of projects ranging from missile defense, satellite, accounting, and
telecommunications systems to interactive games, the design metrics have identified at least 75 percent of
the error-prone components 100 percent of the time with very few false positives. Applying the design
metrics technology can assist developers in engineering quality into the software product. For more infor-
mation, contact Dr. Wayne M. Zage, 765.285.8664, wmzage@bsu.edu.

Spotlighting the Code

Professor Norman Wilde has developed a technology called the Reconnaissance Tool to find specific sec-
tions of computer code that carry out specific functions. During the Y2K transition, the tools quickly identi-
fied sections of computer code spotlighting with date information that were susceptible to date problems.
The software is widely available. For more information, contact N. Wilde, University of West Florida,
850.474.2548, nwilde@uwf.edu.

Smart Manuals

Large organizations such as the U.S. government and industrial operations often have many thousands of
pages of manuals. These present considerable challenges not only in terms of locating information, navi-
gating large document systems, eliminating overlaps/redundancies, and upgrading information, but also
in providing guidance for users in carrying out work based on the manual information. Professor Hany
Ammar of West Virginia University has worked with a government contractor called ManTech Inc. to
develop a prototype design of a smart interactive electronic technical manual that provides many advan-
tages over previous approaches. The prototype not only enhances the interactions of users with these
large manuals, but can also receive input from users to help in diagnosing problems and can guide them
through the repair process. The method uses Bayesian nets to determine the most likely problems and best
courses of action. The method is more flexible, more interactive, accepts more user inputs, and provides
more guidance than previous technologies. For more information, contact Hany Ammar, West Virginia Uni-
versity, 304.293.0405 ext. 2514.
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Safety in SmartHomes

With the increasing availability of low cost wireless devices such as cellular phones, medical devices, and
home networking devices, it is now possible to remotely and programmatically control various devices
and events at home, and outside. However, while offering increased flexibility and convenience to humans,
these devices have also raised the possibility of serious malfunction due to proximity. For example, aircraft
navigation systems and medical implants are affected adversely by cellular devices and other devices that
emit large amounts of radiation such as an NMR. Despite stringent emission standards, proximity of two or
more devices, often of different kinds, can raise serious threats to human life. The SmartHome project has
investigated, among others, issues of safety. A key contribution of this work is universal software/hardware
architecture for devices that radiate. Such an architecture, obtained with the help of Digital Device Manu-
als, allows controllers embedded in various life threatening environments such as hospitals and aircraft, to
ensure safe operation of mobile and other radiating devices. For more information, contact Aditya Mathur,
317.494.7823, apm@cs.purdue.edu.

Provably Secure Software Systems Development through
Security Typed Languages

This work has extended security-typed languages from the realm of theoretical programming language
tools to an apparatus for building secure software systems. Software engineering practices and tools have
been developed that allow the mapping of high level security goals into the applications that must realize
them in a secure-typed language. These tools have been used to develop provably secure large scale sys-
tems, e.g., a security-labeled email system for homeland security and other challenges.

Past software security techniques have attempted to isolate applications (as seen in sandboxing tech-
niques), introspect possible vulnerabilities (as in static and dynamic analysis tools), or apply formal analysis
to achieve high assurance applications. However, such approaches are often ad hoc or incomplete. More
recently, security typed language techniques simply disallow applications to be written, but have been his-
torically intractable to use. This work has addressed these past limitations by identifying, formalizing, and
automating the complex processes of identifying security relevant data and its potential for leakage or cor-
ruption as needed to build security-typed applications. In so doing, a usable infrastructure for defining and
developing provably secure software is provided. For more information, contact Patrick McDaniel, Pennsyl-
vania State University, 814.863.3599.
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Convergent Electron Beam Diffraction (CBED)

Control of a number of transistor properties,
such as enhanced mobility through either
substrates with stressed surface layers or
process induced stressed channels, present
long standing and difficult challenges. With
device size decreasing, local strain variation
on a nanoscale level is critical for device per-
formance. Convergent electron beam dif-
fraction (CBED) can provide strain
information with a nanoscale spatial resolu-
tion and precision. Characterization of local
strain information with CBED also can be a
challenge due to HOLZ lines splitting and
broadening. Researchers at the Center for
Silicon Wafer Engineering and Defect Sci-
ence (SIWEDS) representing three different
universities have developed improved quan-
titative analysis of this HOLZ line splitting
and residual strain measurements. Popular
strain measurement techniques like Raman
spectroscopy and X-ray diffractometry can-
not satisfy current requirements for spatial resolution and precision as well as CBED technique does. HOLZ
line splitting profile with CBED is a fast evaluation tool for initial strain state on different strain enhanced
heterostructures.The experimental data and simulation results match well. This advance represents an
important new method for reliable determination of strain in device structures with combinations of resid-
ual strain and elastic deformation. For example, improved direct measurement of stress in nanosized, bur-
ied areas such as the stressed channel have been demonstrated. For more information, contact G.
Rozgonyi, North Carolina State University, 919.515.2934, rozgonyi@ncsu.edu, Eicke Weber, the University of
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Silicon Wafer Engineering and Defect Science Center (SIWEDS)

California, Berkeley, 510.642.0205, weber@socrates.berkeley.edu or Moon Kim at the University of Texas-
Dallas, 972.883.6635, moonkim@utdallas.edu.

Previous image: Frame (a) is a Z-contrast TEM image which shows the structure of a 65nm PMOS node with
a 45nm long gate and embedded SiGe at source and drain. The numbered white spots show the positions
that the clean CBED patterns were taken from. The corresponding CBED patterns are shown in (b)-(f) with
the white and black arrows indicating the HOLZ line shifts which enable a nanoscale strain profile to be cal-
culated across the device.

Nondestructive Characterization of Silicon-on-Insulator Wafers

Silicon-on-insulator (SOI) is a preferred technology for leading edge, small devices in future integrated cir-
cuits. However, one of the challenges is the measurement of the thin silicon layers that make up the active
portions of the circuit. Such measurements should be simple and be nondestructive so that wafers can be
measured upon receipt. Arizona State University, a participant in SIWEDS Center research, has developed in
conjunction with Four Dimensions, Inc., the manufacturer of the mercury probe, a technique using this
probe to serve as source and drain of the MOSFET. Measurement of the thin silicon layers are now simple
and non-destructive so wafers can be measured upon receipt. The device allows the current to be mea-
sured from which one extracts the carrier mobility, a very important device parameter, the threshold volt-
age, defect information, and the doping concentration. The technique is used by some of the SOI wafer
producers, e.g., Gritek, MEMC, Komatsu, and LG Siltron. For more information, contact Dieter K. Schroder,
Arizona State University, 480.965.6621, schroder@asu.edu.
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Comprehensive model of properties of copper in silicon

The copper interconnect technology has become the mainstream technology for the manufacturing of
high performance chips. This requires development of procedures and tools for contamination control of
copper in silicon wafers and for removal of Cu from reclaim wafers. University of California at Berkeley, a
participant of the SIWEDS Center, studies diffusion, electrical properties, and gettering of copper in bulk
silicon. In the framework of this research, several breakthroughs were achieved in the area of understand-
ing the fundamental physical properties of copper in silicon. It was demonstrated that the diffusion barrier
for copper is silicon is not 0.43 eV, as it was thought for nearly forty years, but only 0.18 eV. Correspond-
ingly, the diffusivity of Cu at room temperature is about three orders of magnitude higher than it was
thought. This allows copper to diffuse substantial distances in silicon at room temperature and explains
the kinetics of the phenomena of Cu contamination during chemomechanical polishing and of its outdif-
fusion to the surface during storage at room temperature. This data was provided to SIWEDS member
companies, which used it for improving their technological processes. The ongoing collaborative effort
between Intel and several wafer suppliers to develop a standard metrology of Cu contamination control
relies to a large extent on this data. For additional information, contact Andrei Istratov, 510.486.6634,
istratov@socrates.berkeley.edu or Eicke Weber, 510.642.0205, weber@socrates.berkeley.edu.

Process of Interfaceless Oxynitride Thin Layer

Dr. A. Karoui and Prof. Rozgonyi’s team at the NC State University have developed methods for growing
shallow oxynitride layers with unique properties on silicon wafers. The starting material is nitrogen doped
commercial Czochralski Si, with an initial nitrogen level of about 1E15 cm-3, lower levels can be used for
growing shallower layers. The strong N segregation enriches the subsurface zone, which results in oxygen
gettering. Unlike deposited oxynitride layers, the new layers are grown from the bulk with a smooth N and
O concentration gradients. At a few microns away (or less) from the surface, N and O concentrations are
increasing and peaking at the surface. The interfaceless oxynitride thing layers grown with this method are
crystalline, continuous and interfaceless thus do not have interface states, known to be harmful for charge
carriers. In addition, no charge center exists in these crystalline oxynitride unlike the amorphous ones
grown by chemical vapor deposition. Knowing that interface states and charged centers found in add on
oxynitride layers can be detrimental for devices, the new oxynitride layer are of interest for IC technology.
Depending on the layer thickness and the [N] to [O] ratio, three novel processes are used: 1) Fine sliced N
doped Si wafers are grinded to generate submicrometer roughness while exerting mechanical stress on
the surface, then finely polished by chemical and mechanical polishing process (CMP). The thickness of the
layer is in the nanoscale range, up to 0.5 microns. The nitrogen concentration reaches eight times and oxy-
gen twice their respective solubility limits. 2) Anneal N doped wafers at 650°C for 8 hours, then at 1050°C
for 10 hours. This process results in N and O concentrations up to TE18 cm-3 and 2E20 cm-3, respectively.
The maximum breadth of this layer is 1.5 microns. 3) Anneal at 650°C for 16 hours, NCZ silicon wafer. For N
doping level of 5E14 cm-3, this process gives the maximum layer breadth, about 2 microns. For more infor-
mation, contact Abdennaceur Karoui, NCSU, 919.515.7217, nas_karoui@ncsu.edu.
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Land Application of Biosolids

The University of Arizona T

biosolids |0ng term land pH. Chinrina, TOC, Praseura, Temparaturs, Canduc:ity, Turbhdlzy HF Scientific Turhidily Raaltae UNT
application study has been :
ongoing for 20 years. Bio-
solids application is a low
cost method of utilizing
treated sludge materials.
The study has provided
extensive data on appropri- ;
ate applications of Class B : g oy
biosolids, and the long term - o
effects on soils, aquifers,
and agricultural yields. This
extensive long term study
evaluates biosolids land
applications and its effect on cotton crops. Data are being used nationally and globally as new concepts
and rules are evaluated. Recent research has evaluated potential hazards including: aerosols, endotoxin,
and endocrine disruptors. Better understanding of the aerosol challenges of biosolids applications has
resulted in a significant education of communities nationally, with respect to the low potential hazards of
aerosolized viruses and bacteria. This information is being used by EPA, biosolids state coordinators, and
academic institutions, to teach communities about the benefits of biosolids applications, while minimizing
exposure to potential hazards. Benefits include the addition of crop nutrients to soil as well as improved
sail structure and physical properties. Research on biosolids applications is documenting the sustainability
of long term land application and providing data that is critically important for proper land management
and public education. Very recent studies have focused on a quantitative microbial risk assessment on the
hazards of pathogens in biosolids. For more information, contact lan Pepper at the University of Arizona,
520.626.3328, ipepper@ag.arizona.edu.
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Left: Avra Valley. A Water and Environ-
mental Technology Center-supported
graduate student samples a biosolid
solar drying bed for Salmonella.

The Water Village

The Water Village is located at The University of Arizona Envi-
ronmental Research Laboratory and consists of a number of
buildings, each with a unique research focus related to water
and wastewater treatment and distribution.

- Novel wastewater treatment facility

- Real-time Sensor Lab for smart water distribution sys-
tems and contaminant detection

« The Network Distribution Lab for contaminant dispersion
and transport

Microbiology and Point of Use Lab

« The Water Outreach and Education Center

In total, the Water Village is a state-of-the-art facility with a
national and international reputation in the water arena. For
more information, contact lan Pepper at the University of Ari-
zona, 520.626.3328, ipepper@ag.arizona.edu.
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New Methodology for the Detection of Infectious Prions

Prions are infectious proteins capable of causing “mad cow” disease in cows and Jacob-Creutzfeld disease
in humans. In both cases extreme damage and disorder is inflicted on brain tissue. This study developed a
new assay for the detection of infectious prions, the only such assay available worldwide. The assay is now
being utilized to evaluate the fate of prions in environmental samples such as water, wastewater and bio-
solids. Such information will allow for the development of risk assessments on the potential for adverse
health effects on humans. For more information, contact lan Pepper at the University of Arizona,
520.626.3328, ipepper@ag.arizona.edu.

Occurrence and Control of Emerging Waterborne Pathogens

Molecular method development for emerging pathogens including protozoan parasites (Naegleria fowleri
and Microsporidia) and Norwalk virus was the focus of this research. The project has had state and national
implications. At the state level, two young boys swimming in a surface recreational lake close to Phoenix,
Arizona were later found to be infected with Naegleri fowleri. This parasite enters through the nose, swims
to the brain and causes death. Both boys died, causing a local panic in Maricopa County. The project was in
immediate and direct response to the Arizona Department of Environmental Quality plea for help. Norwalk
virus gained recent national notoriety as the causative agent of gastroenteritis on cruise ships. For more
information, contact lan Pepper at the University of Arizona, 520.626.3328, ipepper@ag.arizona.edu.
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High Speed Wireless Personal Area Networks

Considerable wireless personal area network
(WPAN) technologies will be embedded in future
consumer products to enable high-speed distribu-
tion of video and downloading of audio/video
files among these products within the home and
office. Industry and consumers will be able to
move huge amount of pictures, audio, video wire-
lessly from one device to another device quickly;
example: one could move one hour of high quality
home video from the camcorder to the media cen-
ter wirelessly in about 1 minute. Researchers at
WICAT have worked to create a computer-based
simulator that has been used to debug and vali-
date these WPAN technologies. Work is underway
to further develop these technologies and to
determine the best way to incorporate these tech-
nologies into future consumer and electronic
products. For more information, contact Dr. Shiv
Panwar at Brooklyn’s Polytechnic University,
718.260.3740, panwar@catt.poly.edu.
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General Electric 82
General Motors 48,93, 109
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Harris Corporation 3
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Hoechst 39
Honda 109
Huber 47
Hughes 4
Johnson Controls 36, 109
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Microsoft 7
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National Highway Traffic Safety
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NDE Technologies 105
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PPG 48
Pure Solutions LLC 136
Red Spot 48
Rockford Acromatic 93
Seagate 99
Siemens 25
Strongwell 151
Sun Microsystems 7
Techneglas 70
Techsolve 82
Texas Instruments 39
Textron Systems 3
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Toyota 82
UCB Chemicals 141
United Parcel Service 59
US Borax 70
Vale-Inco 20
Visteon Corporation 70
Wal-Mart 60
infectious disease
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prion proteins 167
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157,169
infrastructure 149
bridge rebuilding/rehabilitation 150, 151
infrastructure monitoring 4
injury prevention 43
in-mold coating 15
insect repellent 83
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laser welding 86
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high speed 111
magnetic bead labeling 6
manufacturing 99, 112
materials
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failure prediction 113
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medical
devices 50, 159
records 75
memory leak 7
MEMS 3
microcontamination control 99
microwave processing 18
military 27, 87,90, 98, 129
Military Research Laboratories
Air Force Research Laboratory 49, 67
Army Research Laboratory 67
DARPA 3
Office of Naval Research 47
mineral processing 20, 21
mining 19
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nanoparticles 23,136
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NASA Langley Research Center 67
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nuclear waste 70
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polymers 95
engineering 15
fiber-reinforced rebar 149
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power
low consumption 3
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systems 143,146
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robots 153
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sensors 113
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