Technologies of the Next Century

Thirty—seven projects aimed at solving
technology problems of economic import
emerged as winners from among 400 pro-
posals submitted in this year’s Advanced
Technology Program (ATP) com-

petition. The winning projects

include both the physical and

biological sciences.

ATP provides partial funding
to help pay for innovative R&D
efforts that have the potential
for broad-based economic ben-
efits, but which industry finds
technically too risky to support
fully (see The Industrial Physi -
cist, 2/99, pp. 9-13). A keyw
intent of the awards is to accel- -
erate work in which timing is
critical to economic success.
The selected companies, which ©
often collaborate with other
companies or universities, =
share the cost of projects with%’
the federal government. If aII§
this year’s projects reach com-"~
pletion, they will have received
about $102 million from private
sources and another $110 mil-
lion in federal funds.

Secretary of Commerce William
M. Daley called the winning pro-
jects “a glimpse into the technologies of the
next century.” The Department of Com-
merce’s National Institute of Science and
Technology manages ATP.

Two of the projects envision using micro-
electromechanical systems (MEMS) technology.
lon Optics, Inc. (Waltham, MA), aims to develop
an integrated, midinfrared (IR) gas absorption
“sensor-on-a-chip” for low-cost instruments that
can detect specific atmospheric contaminants.
ATMI, Inc. (Danbury, CT), seeks to produce novel
inprocess gas sensors for use during the wafer-
etching stage in the next generation of semicon-
ductorfabrication lines.

A large potential market—but no suitable
mass-market technology—exists for inexpen-
sive gas and chemical sensors for use in
automotive and home-safety devices, such
as carbon monoxide detectors. lon Optics

ore.
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hopes to develop IR-absorption-based sen-
sors that are more sensitive, more reliable,
and less susceptible to false alarms than
current electrochemical sensors. The devices

Figure 1. Yun Zhang, of Electroplating Chemicals and Services,
examines a scanning electron micrograph of a pure tin electro-
deposit coating that highlights the well-polygonized, large grains

obtained in a new process.

would combine all elements of a gas sensor
on a single chip that can be made in high vol-
umes at low cost.

“The key to this level of integration is pre-
cise control of infrared wavelengths, which
are emitted and received so that the device
only transmits—and is only sensitive to—
infrared light that is useful for the measure-
ment,” the company says. It will use MEMS
technology to build a unique IR transmit—
receive unit using a suspended silicon
microbridge. A three-year, $1.4 million grant
will support lon Optics’ efforts. The Jet
Propulsion Laboratory (Pasadena, CA) will be
a project subcontractor.

As the semiconductor industry moves to
producing chips on 12-in. silicon wafers and
reducing emissions of polluting chemicals and
gases, it needs real-time monitoring. One
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example of this need is the continued flow of
gases into the reactor chamber after etching
is completed because no effective way exists
to measure gas concentrations during fabrica-
tion. ATMI will use its three-
year, $1.7 million award to help
develop a new class of tiny sen-
sors that provide constant feed-
back during wafer processing.

The sensors will be incorpo-
rated in a MEMS device. Suc-
cess, however, depends on the
rapid solution of some major
technical problems. These
challenges include developing
better polymer-film sensing
materials and creating the right
combination of measuring tech-
niques and sensing materials
to distinguish between similar
chemicals. Researchers at the
Massachusetts Institute of
Technology and IntelliSense
Corp. (Wilmington, MA) will col-
laborate on the project.

Economic urgency propels
the effort by Electroplating
Chemicals and Services
(EC&S) on Staten Island, New
York, a wholly owned venture
of Lucent Technologies. EC&S
seeks to develop electrochemical processes
that will enable the U.S. electronics industry
to replace lead-based solders with tin-silver
and tin-bismuth solders (Figure 1). Japan
and the European Union are moving to ban
the use of lead solders in electronic equip-
ment. Experts believe that researchers in
several nations are close to perfecting pro-
prietary substitutes, and some companies
abroad have said they will cease the use of
lead solders as early as 2000.

“We’re talking Sony, NEC, Fujitsu; we're
talking a number of European companies,”
says Joseph Abys, EC&S president. “This
could be used to their competitive advan-
tage. So it’s quite serious.”

If bans are imposed, U.S. companies
could lose an estimated $420 billion in the
three years after 2002 unless they have



access to economic, leadless sol-
ders. EC&S will use Lucent’s two-
year, nearly $1.3 million ATP award to
study and overcome the unknown reactions
that make tin-silver and tin-bismuth solders
less compatible with the materials used in
electronics gear than tin-lead.

IAP Research, Inc. (Dayton, OH), seeks to
develop novel manufacturing processes to
produce electric motors with double the power
and torque density of existing motors at half
the production cost. In the early 1990s, IAP
originated dynamic magnetic compaction
(DMC), which uses a strong magnetic field to
fuse powered materials (Figure 2).

“Whether it’s a ceramic or a metal, the
powder is quickly consolidated to a high per-
centage of its theoretical density,” says vice
president David Bauer. “As density increas-
es, voids in the material decrease and ther-
mal conductivity, magnetic properties, and
other properties improve.”

IAP has used DMC to make automotive
parts. Now, in partnership with Delco Remy
America (Anderson, IN) and Select Tool & Die
Corp. (Dayton, OH), it plans to use its four-
year, $4.4-million ATP award to help create
<1-mm thick neodymium-iron-boronide mag-
nets on an iron composite rotor, which would
provide high-performance permanent mag-
nets at lower cost. Another goal is to devise
single-step processes for making stators and
rotors. The company sees cranking motors
and alternators for motor vehicles as its first
commercial products.

PolyPlus Battery Co. (Berkeley, CA) leads a
two-year, $3.8 million joint venture with
Eveready Battery Co. (Westlake, OH) and Shel-
dahl, Inc. (Northfield, MN) to develop
rechargeable, longife lithium-sulfur batteries
for use in laptop computers, cell phones, and
other wireless electronic devices. This battery
market “is virtually dominated by five Japan-
ese companies,” says Steven J. Visco, Poly-
plus’s vice president for research. “The Unit-
ed States is locked out.”

Researchers hope to make smaller, lighter,
safer batteries with increased energy density
and lower manufacturing costs. Their innova-
tive approach will use lithium negative elec-
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trodes, polymer-gel electrolytes, and sulfur
positive electrodes with one of the highest the-
oretical energy densities of known chemically
rechargeable systems. The project’s greatest

Figure 2. High-density powdered
metal motor parts, which are
compacted by strong magnetic
forces, have highly desirable
properties and can be produced

economically.

technical challenge lies in developing a
highly reversible lithium electrode that
consists of an ultrathin composite foil of
lithium on glass.

“This is very high risk, high payoff,” Visco
says. “If we can deliver, the impact on the
commercial marketplace will be huge.”




