DEFENSE ADVANCED RESEARCH PROJECTS AGENCY

| Submitting Proposals

The responsibility for carrying out the DARPA SBIR Program is vested in the Program Management Office. The
DARPA Coordinator and Manager of the program is Mr. John K. Meson.

DARPA incites the small business community to send proposals directly to DARPA under the following addresses:

Defense Advanced Research Projects Agency
Program Management Office

ATTN: Mr. John K. Meson

1400 Wilson Boulevard

Acrlington, VA 22209

The proposals will be processed in the Program Management Office and distributed to appropriate technical offices
for evaluation and action.

DARPA identified 8 technical topics to which the small business can respond. A brief description of each topic is
included below.
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11 TOPICS

SB83-001 TITLE: SMALL UNDERSEA POWER SOURCES

DESCRIPTION: Recent advances in low power integrated circuitry, as well as low threshold optical sources, allows
the operation of a fiber optic repeater in the ocean at a power of less than | watt. This, in turn, opens the possibility
of autonomously powered repeaters in a fiber optic telemetry cable system. Thus, the weight and expense of
supplying power for repeaters and sensors through the trunk cable can be eliminated, and this can save an order of
magnitude in the size of the trunk line cable. Unfortunately, present batteries available for the powering of repeaters
are relatively expensive, and its predicted that within a repeater module, the battery would be the most expensive
component. Present technology suggests the use of a lithium thionyl chloride batter which would cost between
$5,000 and $10,00.

The purpose of the proposed research effort is to investigate novel methods of supplying approximately 1 watt of
electrical power for 1 year on the ocean seabed. The power source must be easily transportable, deployable under
military conditions, and have minimal volume. In addition, it must be safe to handle, and obviously must not depend
upon light as an energy source. Three approaches are known at this time: Seawater batteries, radioisotope thermo-
electric generators (TRG’s), and optical powering.

(@) Sea_Water Batteries. The government is undertaking some research in this area, using the cathodic
corrosion of, say, magnesium or aluminum in sea water to produce low voltage (about 1 volt) at low current
levels. This research is directed at a specific application, and further basic research is warranted in the
selection of materials, the build-up of hydrogen on the cathode and its elimination with low water flow over
the active surface, low power dc-to-dc converters to boost cell voltages of 1 volt to 5 to 25 volts, and the
shape and material of the cathode.

(b) Radioisotope Thermo-electric Generators (RTG’s). RTG’s have been available to supply power in remote
areas for sometime. In use on the seabed for fiber optic repeaters, a number of difficulties arise concerning
the safety of the nuclear material. Present designs for RTG’s primarily use in uranium or plutonium as the
fuel, which has difficulties because of the toxicity of the material and its by-products and international
controls on accountable weapons grade material. The research should focus on the possibility of other less
toxic isotopes, which could still supply the now-reduced power requirements, and be less politically
sensitive.

(c) Optical Powering. If attenuation in optical fibers continues to drop, and the efficiency with which light can
be converted into electrical energy increases, it may be possible to supply some or all of the power to such
a repeater through a ser of optical fibers. The object of this research would be to characterize, as a function
of light attenuation in fibers, the extent to which a transmission link could be optically powered. The
analysis should include an estimate of the light-to-electric power conversion efficiency, source power
required, receiver sensitivity, repeater spacing possible, and available fiber telemetry data rate. The thrust
of the effort is to determine at what fiber attenuation levels, and with what light-to-electrical conversion
effeciciencies, light powering of fiber-optic repeaters become a practical matter.

SB83-002 TITLE: NEW TECHNIQUES APPLICABLE TO BIO-CHEMICAL TECHNOLOGY
PROGRAM

DESCRIPTION: New classes of chemical ultra sensors offer promise of broad applicability to defense-related
strategic and tactical issues including both CBW and non-CBW problems. Current interest focuses on the
development of elementary sensor components which offer single-molecule sensitivity, extraordinary specificity,
and the intrinsic potential for applicability to a very wide range of target molecules. Particular interest exists in
membrane-bound receptor systems with good dynamic range.
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SB83-003 TITLE: NEW DISPLAY TECHNOLOGIES

DESCRIPTION: There are presently a variety of display technologies, including CRT displays, liquid crystals,
electrophoretic, and electroluminescence. No single technology can be scaled to handle a range of displays ranging
from hand held to blackboard sized. New concepts for low power, high resolution displays are being sought with
emphasis on extensible designs that con be realized in hand held sizes and blackboard sizes.

SB83-004 TITLE: ADVANCED NON-DESTRUCTIVE INSPECTION TECHNOLOGIES

DESCRIPTION: New high performance structural materials for advanced weapon system applications depend on
non-destructive inspection to insure that flaws do not exist which will compromise overall reliability and component
lifetime requirements. For some materials and components it is anticipated that inspection techniques will have to be
capable of achieving resolution in the range of tens of microns, not only for quantitative sizing of defects, but also
for determining their precise location. Unique, new approaches, which have the clear potential of satisfying this
demanding resolution requirement are needed.

SB83-005 TITLE: ADVANCED COMMUNICATIONS

DESCRIPTION:

(@) Underwater Acoustic Communication Channels. For some years, the Navy has been interested in exploring
alternatives for underwater acoustic communications for command and control of both submerged
submarines and fixed underwater asets. Among the systems which have been deployed with varying
degrees of success are the so-called “Underwater telephone,” the Integrated Acoustic Communication
System (IACS), and several approaches using explosive sound sources. Simultaneously, the oil industry has
developed many variants of underwater control and telemetry systems, generally based on coded acoustic
tone, intended for use with both underwater vehicles and wellhead equipment at ranges on the order of a
kilometer. For many recent applications of interest, communication ranges on the order of 200 km, with
data rates of 10 bits/second would be operationally useful, but no known existing approach can supply this
performance at acceptable error tares (less than 10° per bit). To some extent, data rate and range can be
traded off against each other, but it is also strongly desirable that candidate systems and approaches should
be maximally covert and minimally susceptible to enemy jamming. Two-way communication is required in
many applications, and power demands should thus be commensurate with limitations imposed by small,
remote, unnamed platforms.

New approaches are sought to solve the communications problem posed above. It is anticipated that
investigation of candidate systems would be divided into two phases:

(1) Conceptual waveform and channel design, with theoretical and analytical assessment based on existing
environmental and experimental data describing propagation characteristics.

(2) Based on successful theoretical results, fabrication of prototype equipment and experimental
verification of competing approaches by means of critical demonstrations at sea.

(b) Multiple Access and Control in Hostile Areas. Novel techniques for control of, and report back from,
distributed sensors operating in denied or hostile geographical areas are needed. The sensors cannot be
expected to retain long-term synchronization without external control. Hencs communication to and from
the sensors must be controlled external to the overall system. A study detailing methods of achieving the
overall control is desired. It is believed that knowledge of advanced multiple access communication
techniques is required and must be included in the analysis.
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SB83-006 TITLE: ADVANCED MONOLITHIC MICROWAVE TEST INSTRUMENTATION

DESCRIPTION: Recent advances in monolithic microwave integrated circuits will make it possible to incorporate
complete transmit/receive and phase shifter functions on a single chip. Great savings in cost and the possibility of
implementing new systems are expected because of improved efficiency in manufacture and test of these devices.
Full potential for cost savings are only possible if the production check out and testing of these circuits con be
automated. There is a need to develop automated test hardware and software for high volume pass/fail microwave
chip testing.

SB83-007 TITLE: NEW_ TECHNIQUES FOR RAPID, MICROSALE CHARACTERIZATION OF
COMPOUND SEMICONDUCTORS

DESCRIPTION: Compound semiconductors, such as the GaAs-based I11-V alloys, and HgCDTe, potentially will
have widespread use in DoD systems. Rapid, high spatial resolution (<IMICRON) instruments are needed for
materials systems are to be developed to maturity suitable for manufacturing purposes. Proposed
concepts/approaches should have one or more of the following potential capabilities: (1) Measure lateral alloy
uniformity to <+0.002 mole fraction with a lateral spatial resolution <IMICRON x 1 MICRON and depth resolution
<200 A; (2) alloy composition vs. depth to £0.002 mile fraction with depth resolution <50 A and lateral resolution <
50 MICRON x 50 MICRON; (3) Minority carrier properties (e.g., lifetime and mobility) with spatial resolution
similar to those stated in (1) and (2), above. The proposed techniques should be compatible with commercialization
(e.g. , not dependant on a fixed major facility), and incorporation and use in an electronics manufacturing
environment.

New microscale characterization techniques, which may not meet the spatial resolution goals, described above, but
would provide novel and unique insight into the nature and properties of compound semiconductor structures, also
will be considered. First priority, however, will be given to new techniques which do offer the potential to meet the
spatial resolution goals.

SB83-008 TITLE: SPECIAL OPERATIONS TECHNOLOGY

DESCRIPTION: A lightweight flexible waterproof closure, which will withstand two atmospheres pressure and can
be incorporated in an outer garment or diving suit is required in the Special Operations arena. This item needs to be
long-lived, and capable of repeated opening and closing without loss of its waterproof quality. Additionally, Special
Operations needs include:

o0 A lightweight, compact solar powered distillation/purification device which will serve to make non-
portable water drinkable;

0 A compact, lightweight, colorless aerosol glue and aerosol glue-dissolvent which will not harm or discolor
clothing;

o0 A lightweight flexible membrane which is readily permeable to oxygen but impervious to carbon dioxide;

0 A ‘breathable” (allows vapor to escape) clothing material where the K value (insulation value) can be
changed to accommodate different temperatures or weather conditions; and

0 An innovative concept for extracting personnel by air where VTOL and hover aircraft capability cannot be
used.
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