AIR FORCE
STTR PROPOSAL PREPARATION INSTRUCTIONS

The responsibility for the implementation and management of the Air Force STTR Program is with the Air Force
Research Lab, Wright-Patterson Air Force Base, Ohio. The Air Force STTR Program Manager is Mr. Steve
Guilfoos, (800) 222-0336. The Air Force Office of Scientific Research (AFOSR) is responsible for scientific
oversight and program execution of Air Force STTRs.

Air Force Research Laboratory

AFOSR/PIE

Attn: Lt Col James D. Thorne/Gonca Birkan
4015 Wilson Blvd, room 846

Arlington, VA 22203-1954

Phone: (703) 696-7313/(703)696-7300
Fax: (703) 696-7320
Email: James.Thorne@afosr.af.mil/Gonca.birkan@afosr.af.mil

For general inquires or problems with the electronic submission, contact the DoD Help Desk at 1-866-724-7457
(8am to 5pm EST). For technical questions about the topic during the pre-solicitation period (1 Feb through 14
Mar), contact the Topic Authors listed for each topic on the website. For obtaining answers to your technical
questions during the formal solicitation go to (http://www.dodsbir.net/sitis).

The Air Force STTR Program is a mission-oriented program that integrates the needs and requirements of the Air
Force through R&D topics that have military and commercial potential. Information can be found at the following
website: http://www.afrl.af.mil/sbir/index.htm

Unless otherwise stated in the topic, Phase | will show the concept feasibility and Phase Il will produce a prototype
or at least show a proof-of-principle.

Phase | period of performance is typically 9 months, not to exceed $100,000.
Phase 11 period of performance is typically 2 years, not to exceed $750,000.
The solicitation closing dates and times are firm.

FAST TRACK

Detailed instructions on the Air Force Phase Il program and notification of the opportunity to submit a FAST
TRACK application will be forwarded with all AF Phase I selection E-Mail notifications. The Air Force encourages
businesses to consider a FAST TRACK application when they can attract outside funding and the technology is
mature enough to be ready for application following successful completion of the Phase Il contract.

NOTE:
1) Fast Track applications must be submitted not later Than 150 days after the start of the Phase I contract.
2) Fast Track phase Il proposals must be submitted not later than 180 days after the start of the Phase |
contract.

For FAST TRACK applicants, should the outside funding not become available by the time designated by the
awarding Air Force activity, the offeror will not be considered for any Phase 1l award. FAST TRACK applicants
may submit a Phase Il proposal prior to receiving a formal invitation letter. The Air Force will select Phase 11
winners based solely upon the merits of the proposal submitted, including FAST TRACK applicants.
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PROPOSAL SUBMISSION INSTRUCTIONS

ALL PROPOSAL SUBMISSIONS TO THE AIR FORCE MUST BE SUBMITTED ELECTRONICALLY.

It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, ENTIRE Technical Proposal
with any appendices, Cost Proposal, and the Company Commercialization Report -- be submitted electronically
through the DoD SBIR/STTR website at http://www.dodsbir.net/submission. Each of these documents is to be
submitted separately through the website. Your complete proposal must be submitted via the submissions site on or
before the 6:00am EST April 15, 2005 deadline. A hardcopy will not be required. Signatures are not required at
proposal submission when you submit your proposal over the Internet. If you have any questions or problems with
electronic submission, contact the DoD SBIR/STTR Help Desk at 1-866-724-7457 (8am to 5pm EST).

Acceptable Format for On-Line Submission: All technical proposal files must be in Portable Document Format
(PDF) for evaluation purposes. The Technical Proposal should include all graphics and attachments but should not
include the Cover Sheet or Company Commercialization Report (as these items are completed separately). Cost
Proposal information should be provided by completing the on-line Cost Proposal form.

Technical Proposals should conform to the limitations on margins and number of pages specified in the front section
of this DoD solicitation. However, your cost proposal will only count as one page and your Cover Sheet will only
count as two, no matter how they print out after being converted. Most proposals will be printed out on black and
white printers so make sure all graphics are distinguishable in black and white. It is strongly encouraged that you
perform a virus check on each submission to avoid complications or delays in submitting your Technical Proposal.
To verify that your proposal has been received, click on the “Check Upload” icon to view your proposal. Typically,
your uploaded file will be virus checked and converted to PDF within the hour. However, if your proposal does not
appear after an hour, please contact the DoD SBIR/STTR Help Desk.

The Air Force recommends that you complete your submission early, as computer traffic gets heavy near the
solicitation closing and slows down the system. Do not wait until the last minute. The Air Force will not be
responsible for proposals being denied due to servers being “down” or inaccessible. Please assure that your e-mail
address listed in your proposal is current and accurate. By the end of April, you will receive an e-mail serving as
our acknowledgement that we have received your proposal. The Air Force cannot be responsible for notifying
companies that change their mailing address, their e-mail address, or company official after proposal submission.

COMMERCIAL POTENTIAL EVIDENCE

An offeror needs to document their Phase | or Il proposal's commercial potential as follows: 1) the small business
concern's record of commercializing STTR or other research, particularly as reflected in its Company
Commercialization Report http://www.dodsbir.net/submission; 2) the existence of second phase funding
commitments from private sector or non-SBIR funding sources; 3) the existence of third phase follow-on
commitments for the subject of the research and 4) the presence of other indicators of commercial potential of the
idea, including the small business' commercialization strategy.
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ELECTRONIC SUBMISSION OF PROPOSAL

If you have never visited the site before, you must first register your firm and create a password for access (Have
your Tax ID handy). Once registered, from the Main Menu:

Select “Prepare/Edit Phase | Cover Sheets” —

1.

Prepare a Cover Sheet. Add a cover sheet for each proposal you plan to submit. Once you have
entered all the necessary cover sheet data and clicked the Save button, the proposal grid will show the
cover sheet you have just created. You may edit the cover sheet at any time prior to the close of the
solicitation.

Prepare a Cost Proposal. Use the on-line proposal form by clicking on the dollar sign icon.

Prepare and Upload a Technical Proposal. Using a word processor, prepare a technical proposal
following the instructions and requirements outlined in the solicitation. When you are ready to submit
your proposal, click the on-line icon to begin the upload process. You are responsible for virus
checking your technical proposal file prior to upload. Any files received with viruses will be deleted
immediately.

Select “Prepare/Edit a Company Commercialization Report” —

4. Prepare a Company Commercialization Report. Add and/or update sales and investment

information on all prior Phase Il awards won by your firm.

NOTE: Even if your company has had no previous Phase | or Il awards, you must submit a
Company Commercialization Report. Your proposal will not be penalized in the evaluation process
if your company has never had any STTR Phase Is or IIs in the past.

Once steps 1 through 4 are done, the electronic submission process is complete.

AIR FORCE PROPOSAL EVALUATIONS

Evaluation of the primary research effort and the proposal will be based on the scientific review criteria factors (i.e.,
technical merit, principal investigator (and team), and commercialization plan). Please note that where technical
evaluations are essentially equal in merit, and as cost and/or price is a substantial factor, cost to the government will
be considered in determining the successful offeror. The Air Force anticipates that pricing will be based on adequate
price competition. The next tie-breaker on essentially equal proposals will be the inclusion of manufacturing
technology considerations.

The Air Force will utilize the Phase | evaluation criteria in section 4.2 of the DoD solicitation in descending
order of importance with technical merit being most important, followed by the qualifications of the principal
investigator (and team), and followed by commercialization plan. The Air Force will use the phase Il
evaluation criteria in section 4.3 of the DoD solicitation with technical merit being most important, followed by
the commercialization plan, and then qualifications of the principal investigator (and team).

PROPOSAL/AWARD INQUIRIES

We anticipate having all the proposals evaluated and our Phase | contract decisions by mid-Aug. All questions
concerning the evaluation and selection process should be directed to the Air Force Office of Scientific Research
(AFOSR). The Air Force will send out selection and non-selection notification e-mails by mid-Aug.
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ON-LINE PROPOSAL STATUS AND DEBRIEFINGS

The Air Force has implemented on-line proposal status updates and debriefings (for proposals not selected for an Air
Force award) for small businesses submitting proposals against Air Force topics. At the close of the Phase |
Solicitation — and following the submission of a Phase Il via the DoD SBIR / STTR Submission Site (
https://www.dodsbir.net/submission ) - small business can track the progress of their proposal submission by
logging into the Small Business Area of the Air Force SBIR / STTR Virtual Shopping Mall
(http://www.shirsttrmall.com ). The Small Business Area (http://www.sbirsttrmall.com/Firm/login.aspx ) is
password protected and uses the same login information as the DoD SBIR / STTR Submission Site. Small
Businesses can view information for their company only.

To receive a status update of a proposal submission, click the “Proposal Status / Debriefings” link at the top of the
page in the Small Business Area (after logging in). A listing of proposal submissions to the Air Force within the last
12 months is displayed. Status update intervals are: Proposal Received, Evaluation Started, Evaluation Completed,
Selection Started, and Selection Completed. A date will be displayed in the appropriate column indicating when this
stage has been completed. If no date is present, the proposal submission has not completed this stage. Small
businesses are encouraged to check this site often as it is updated in real - time and provide the most up - to- date
information available for all proposal submissions. Once the “Selection Completed* date is visible, it could still
be a few weeks (or more) before you are contacted by the Air Force with a notification of selection or non —
selection. The Air Force receives thousands of proposals during each solicitation and the notification process
requires specific steps to be completed prior to a Contracting Officer distributing this information to small business.

The Principal Investigator (PI) and Corporate Official (CO) indicated on the Proposal Coversheet will be notified by
Email regarding proposal selection or non-selection. The Email will include a link to a secure Internet page to be
accessed which contains the appropriate information. If your proposal is tentatively selected to receive an Air Force
award, the Pl and CO will receive a single notification. If your proposal is not selected for an Air Force award, the
Pl and CO may receive up to two messages. The first message will notify the small business that the proposal has
not been selected for an Air Force award and provide information regarding the availability of a proposal debriefing.
The notification will either indicate that the debriefing is ready for review and include instructions to proceed to the
“ Proposal Status / Debriefings “ area of the Air Force SBIR / STTR Virtual Shopping Mall or it may state that the
debriefing is not currently available but will be within 90 days. If the initial notification indicates the debriefing will
be available within 90 days, the Pl and CO will receive a follow — up notification once the debriefing is available on
- line. All proposals not selected for an Air Force award will have an on — line debriefing available for review.
Available debriefings can be viewed by clicking on the “ Debriefing “ link, located on the right of the Proposal Title,
in the “ Proposal Status / Debriefings “ section of the Small Business Area of the Air Force SBIR / STTR Virtual
Shopping Mall. Small Businesses will receive a notification for each proposal submitted. Please read each
notification carefully and note the proposal number and topic number referenced. Also observe the status of
the debriefing as availability may differ between submissions (e.g., one may state the debriefing is currently
available while another may indicate the debriefing will be available within 90 days).
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PHASE Il PROPOSAL SUBMISSIONS

Phase Il is the demonstration of the technology that was found feasible in Phase I. Only those Phase | awardees that
are invited to submit a Phase Il proposal and all FAST TRACK applicants will be eligible to submit a Phase Il
proposal. The Phase | award winners must accomplish the majority of their primary research during the first six
months of the contract. Each Air Force organization may request Phase Il proposals prior to the completion of the
first six months of the contract based upon an evaluation of the contractor’s technical progress and reviewed by the
Air Force Technical point of contact utilizing the criteria in section 4.3 of the DoD solicitation  The awarding Air
Force organization will send detailed Phase Il proposal instructions to the appropriate small businesses. Phase 1l
efforts are typically two (2) years in duration and do not exceed $750,000. (NOTE) All Phase 11 awardees must have
a Defense Contract Audit Agency (DCAA) approved accounting system. Get your DCAA accounting system in
place prior to the AF Phase Il award timeframe. If you do not have a DCAA approved accounting system this
will delay / prevent Phase Il contract award. If you have questions regarding this matter, please discuss with
your Phase | contracting officer.

All Phase Il proposals must have a complete electronic submission. COMPLETE electronic submission includes
the submission of the Cover Sheet, Cost Proposal, Company Commercialization Report, the ENTIRE technical
proposal with any appendices via the DoD submission site. The DoD proposal submission site at
http://www.dodsbir.net/submission will lead you through the process for submitting your technical proposal and all
of the sections electronically. Your proposal must be submitted via the submission site on or before the Air Force
activity specified deadline. Phase Il Technical proposal is limited to 75 pages. Phase Il Cost Proposal information
should be provided by completing the on-line Cost Proposal form. The commercialization report, any advocacy
letters will not count against the 75 page limitation and should be placed as the last pages of the Technical Proposal
file that is uploaded. (Note: Only one file can be uploaded to the DoD Submission Site. Ensure that this single file
includes your complete Technical Proposal and the additional cost proposal information.)

PHASE | SUMMARY REPORTS

All Phase I award winners must submit a Phase | Final Summary Report at the end of their Phase | project. The
Phase | summary report is an unclassified, non-sensitive, and non-proprietary summation of Phase | results that is
intended for public viewing on the Air Force SBIR / STTR Virtual Shopping Mall. A summary report should not
exceed 700 words, and should include the technology description and anticipated applications / benefits for
government and / or private sector use. It should require minimal work from the contractor because most of this
information is required in the final technical report. The Phase | summary report shall be submitted in accordance
with the format and instructions posted on the Virtual Shopping Mall website at http://www.sbirsttrmall.com.

SUBMISSION OF FINAL REPORTS

All final reports will be submitted to the awarding Air Force organization in accordance with Contract Data
Requirements List (CDRL). Companies will not submit final reports directly to the Defense Technical Information
Center (DTIC).

AIR FORCE STTR PROGRAM MANAGEMENT IMPROVEMENTS

The Air Force reserves the right to modify the Phase 1l submission requirements. Should the requirements change,
all Phase | awardees that are invited to submit Phase Il proposals will be notified. The Air Force also reserves the
right to change any administrative procedures at any time that will improve management of the Air Force STTR
Program.
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Air Force STTR 2005 Topic Index

Multistage Electromagnetic and Laser Launch Systems for Affordable, Rapid Access to Space
Speech Synthesis for Distance Cueing in Audio Displays

Closed-Loop, Real-Time, Growth-to-Device Semiconductor Modeling

Wireless Strain Gage

Laser Plasma Manufacturing of Oriented Carbon Nanotubes and Nanowires

Joint 3D Reconstruction of Static Background and Moving Targets Using Structure from Motion
Continuous Variable Quantum Encryption using Short Laser Pulses

High Current Capacity Superconducting Wire for Compact Power Systems

Computational Prediction of Kinetic Rate Constants

Cooperative Decision and Control with Intermittent Asynchronous Communication

Pressure Scaling Laws for Spectroscopic Quantification of Nitric Oxide (NO) in Combustors
Silicon-Based Lasers for All-Optic Integrated Systems

Ultrahydrophobic Coatings

Software for the Design and Certification of Unitized Airframe Components

Near Surface Flow Control and Electrical Power Extraction Using Magnetohydrodynamics in
High Mach Number Flight

Algorithmic Tools for Adversarial Games

Advanced Antenna Pattern Prediction Software

Multifunctional Design of Load Bearing Antenna Structure for Small UAVs

Novel Terahertz Sources for Advanced Terahertz Power: Nanoklystrons and nanoTWTs
Nonlinear Enhancement of Visual Target Detection

Seamless Non-Line-Of-Sight Communications for Urban Warfare

Hybrid Carbon/Ceramic Nanocomposites

High Temp High Energy Product Permanent Magnet Material

Surface-Enhanced Detection of Molecular and Biomolecular Species
Aeroservothermoelastic System for Extreme Environments

Material Surface Properties Modifications by Nonequilibrium Atmospheric Pressure Plasma
Processing

High Performance Liquid Crystals for Infrared Applications
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Air Force STTR 2005 Topic Descriptions

AF05-T001 TITLE: Multistage Electromagnetic and Laser Launch Systems for Affordable, Rapid Access to
Space

TECHNOLOGY AREAS: Space Platforms, Weapons

OBJECTIVE: The objective is to develop new technologies, tools, and concepts of operations to advance the
development of a responsive, low-cost launch system for micro-satellites, based on the combination of a high
efficiency multi-stage electromagnetic gun and laser beam propulsion. Objectives include, but not limited to, basic
research issues associated with the optimization of each component, such as: thermal protection, erosion, power
generation and energy storage, switching, structural loads, beam optics, etc. Integration issues are also of interest.

DESCRIPTION: There is a significant need to investigate the science and technology required to enable affordable,
rapid access to space for small payloads, e.g. micro-satellites (0.4 — 10 kg). The present research opportunity is key
to an effective space support transformational capability that can provide highly-responsive, assured Space Access
for time-sensitive military operations and surge capability. This range of missions is difficult to achieve with current
technology, due to the inherent inefficiencies of conventional rockets, such as engine performance limits
(combustion temperature) and relatively high structural factors (the propulsion system and tank must be launched
with the payload). The DoD interest in launching large numbers of robust micro-payloads into low-earth-orbit
(LEO) sets the stage for the successful development of ground- or air-based innovative solutions that can reduce the
mission cost from the current $20,000/kg in LEO to below $600/kg. Both the multistage electromagnetic launchers
and laser-propelled trans-atmospheric vehicle concepts offer the potential for such orders-of-magnitude reductions
in launch cost, as well as a rapid, launch-on-demand capability that will revolutionize thinking in this field. This
breakthrough is made possible by a combination of advances in manufacturing technology for high-g tolerant
electronics and micro-satellite designs. Electromagnetic acceleration of the payload to moderate (e.g. 5 km/s)
velocities using multi-stage launchers reduced g-forces, heat loads, and power and switching requirements, making
the approach more feasible. The subsequent acceleration by laser beam propulsion can then occur at higher altitude,
reducing the problems of beam absorption and turbulence. The laser “lightcraft” is a related concept developed for
the Air Force in which the laser propulsion engine and satellite hardware are intimately shared: the forebody
aeroshell acted as an external compression surface, while the afterbody had a dual function as a primary receptive
optic (parabolic mirror) for the laser beam and as an external expansion surface (plug nozzle). The integration of this
concept with electromagnetic acceleration would be of particular interest.

PHASE I: Conduct analysis, numerical simulations and/or small scale experiments to determine potential of the
proposed technology or innovative concept, and the validity of the proposed approach; preliminary system
optimization, cost/lifetime estimations and identification of potential problems and key requirements for validating
the technology, are also of interest. Propose approach for Phase 11 demonstration.

PHASE II: Demonstrate the technology with small-scale experiments, or experiments aimed at verifying key aspects
of the concept for overall concept validation; provide detailed plan for scaling-up and additional testing, and

prototyping.

PRIVATE SECTOR COMMERCIAL PLAN: If successful, the technology or concept will play a critical role in the
development of very low-cost access to space for micro-satellites. This will open a world-wide market for such
systems as nano-satellite constellations for telecommunications, advanced GPS, weather, environmental and
agricultural monitoring, especially for countries that were previously unable to afford such space systems. Spin-off
applications are multiple, depending on the technology being proposed: power conditioning, energy storage,
switching, laser manufacturing, etc. The accelerator stage can also be applicable to US Army and US Navy interests.

REFERENCES: 1. R. McNab, “Launch to Space with an Electromagnetic Railgun,” IEEE Trans. Mag, 39, pp. 295-
304, January 2003.

2. T.S. Wang, Y.S. Chen, J. Liu, L.N. Myrabo, and F. B. Mead, Jr. “Advanced Performance Modeling of
Experimental Laser Lightcraft” the AIAA Journal of Propulsion and Power, Nov.-Dec.02, pp..1129-38
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3. C. R. Phipps and M. M. Michaelis, “Laser Impulse Space Propulsion,” Laser and Particle Beams, 12(1), 23-54
(1994)

4. J.M. Neri and J.S. Kim, “Initial operation, modeling and optimization of a low-velocity augmented railgun,” Proc.
Of the 14th IEEE Int. Pulsed Power Conf, pp. 1103-1106, 2003.

KEYWORDS: spacelift, laser, electromagnetics, lightcraft, railgun

AFO05-T002 TITLE: Speech Synthesis for Distance Cueing in Audio Displays

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a voice synthesis system capable of adding robust, intuitive auditory distance cues to an
arbitrary input speech signal.

DESCRIPTION: Although virtual audio displays have advanced significantly in recent years, their ability to
provide robust information about the distance between a sound source and the listener remains limited. In ordinary,
free-field conditions, acoustic distance information can be vital, enabling the listener to distinguish among multiple
acoustic objects. When headphones or other audio devices are needed, this information is usually lost or degraded.

Several possible methods can be considered to inform listeners about the distance to a virtual auditory source.
Loudness can be manipulated, but it cannot cue the absolute distance unless the listener has a priori knowledge of
the source intensity. Spectral changes could be employed to simulate the low-pass filtering effects of large
atmospheric distances or of structured indoor environments. There is psychophysical evidence for a strong effect of
reverberation, but further research is needed to map the many dynamic parameters of reverberation onto perceived
distance. Binaural cues could also be useful, especially if the sound source is lateral to the median plane. These
various factors may become more salient if the listener is familiar with the spectro-temporal characteristics of the
sound source, as may be the case when the source is human speech.

If the sound source is speech being directed to the listener, the speaker’s vocal effort can be a reliable distance cue.
Recent research has found that apparent distance doubles with each 8 dB increase in speech production level for
shouted speech, and with each 12 dB increase in production level for conversational speech, where the production
level is defined as the Root Mean Square (RMS) level of the speech measured 1 m from the talker’s mouth. The
utility of this cue in audio displays has been limited , thus far, by the need to use prerecorded exemplars of each
utterance. This problem could be addressed by (1) developing an algorithm capable of modifying the apparent vocal
effort of any arbitrary speech signal, or (2) developing a text-to-speech synthesizer capable of simulating a voice
with any desired level of vocal effort. This STTR topic invites research effort toward either or both approaches.
Any of the factors alluded to in the preceding paragraph also could be included in this research, but the primary
focus must be the effective manipulation of vocal effort, with eventual ‘real-time’ applications in mind. The
technological goal should be to optimize the listener’s ability to discern the distance of communicative speech. It is
recognized that reaching this goal may require new, basic psychoacoustic research as well as efforts in signal
processing and electronic implementation.

PHASE I: Design a promising approach to synthesize or modify speech to optimize the listener’s ability to discern
the apparent distance between the speaker and the listener. Use vocal effort as the primary distance cue. Carry out
psychoacoustic research, as needed, to inform and validate the approach.

PHASE II: Develop a system capable of synthesizing voices over the maximum range for useful distance
perception. Develop prototype algorithms to modify speech in real-time. Conduct and report validation studies.

DUAL USE COMMERCIALIZATION: System will be useful in several military command-and-control
applications, as well as in a wide variety of commercial audio display applications. Examples of the latter include
navigation and ranging technologies for the blind, warning signals in rail, air, and vehicular transportation, and
coordination of search-and-rescue operations in emergency response teams.
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REFERENCES:
1. Brungart, D.S. and Scott, K.R. (2001) The effects of production and presentation level on the auditory distance
perception of speech. Journal of the Acoustical Society of America. 110(1), 425-440.

2. Brungart, D.S. (2000) A Speech-Based Auditory Distance Display. Proceedings of the 109th Convention of the
Audio Engineering Society, Los Angeles, CA, September 22-25, 2000.

3. Brungart, D.S., Kordik, A.J., Das, K., and Shaw, A.K. (2002) The effects of FO manipulation on the perceived
distance of speech. Proceedings of ICSLP 2002, Denver, CO, September 16-20, 2002, pp. 1641-1644.

4. Naguib, M., and Wiley, R. H. (2001) Estimating the distance to a source of sound: mechanisms and adaptations
for long-range communication. Animal Behavior. 62, 825-837.

5. Blauert, J. (1983) Spatial Hearing. MIT Press, Cambridge, MA.

KEYWORDS: Text-to-speech, speech synthesis, shouted speech, vocal effort

AFO05-T003 TITLE: Closed-Loop, Real-Time, Growth-to-Device Semiconductor Modeling

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

OBJECTIVE: Utilize advanced semiconductor device modeling in coordination with available in-situ growth
diagnostics for improvements to eventual device performance.

DESCRIPTION: Semiconductor material and device modeling and epitaxial growth techniques have both reached
an extremely high level of sophistication, but there exists a lack of real-time coordination between these two
processes to enhance overall device performance. This SBIR Phase | topic seeks to overcome some of these issues.

PHASE |: Demonstrate the ability to utilize data from a host of in-situ growth diagnostics (such as ellipsometry,
reflectivity, photoluminescence, etc) in combination with advanced device-based modeling to analyze a sample
during growth to predict eventual device performance

PHASE II: Establish procedures to further correct or improve performance in "real time" (i.e., on the time cycle of
growth system fluctuations) based on the in-chamber measurement methodologies detailed above.

DUAL USE COMMERCIALIZATION: Expand the capabilities listed above to as many material systems as
possible. Verify performance versus an array of potential devices (electronics, optoelectronics, Micro Electro
Mechanical System (MEMS) based devices, nano-scale structures, etc). This effort will provide the fundamental link
between growth technology and semiconductor material and device modeling. Such efforts will then allow the
military and commercial sectors to perform advanced growth for novel and potentially military unique devices with
great cost and risk reduction.

REFERENCES: IEEE Jnl Selected Topics in Quantum Electronics, Vol. 9, #3, pp. 688-697, May 2003

KEYWORDS: semiconductor, device, modeling

AF05-T004 TITLE: Wireless Strain Gage

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: Develop ability communicate wide bandwidth, high speed data from strain sensors inside rotating
machines to stationary equipment without a slip ring.
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DESCRIPTION: The current method of measuring the mechanical properties of rotating machinery is to couple
sensors on the machine through a slip ring. The disadvantages to this approach are (1) the installation process is a
non-trivial, lengthy and manpower intensive process, (2) the skills needed to accomplish the installation are rare and
expensive, (3) the coupling fails within the first few hours of testing due to the harsh environment, (4) expensive
support equipment is needed to support the slip ring operation, (5) the slip ring and maintenance of the slip ring are
expensive, and (6) the wires used to couple the sensors alter the properties of the specimen that is being
characterized by the sensors. All of the aforementioned shortcomings of the current measurement methodology
could be avoided if a method of communicating the data from the rotating machinery without the coupling to the slip
ring could be realized. This topic seeks novel exploitations of concepts to provide the communication of test strain
data from a rotating specimen to stationary equipment without the requirement for the slip ring or the couplings.
The goal is real-time communication with 100 sensors, each having strain data signal content of 45 KHz. The
stationary equipment must provide at least 1 Hz resolution of the received data. Also, the system should be easily
installed on engines that are installed and operated on aircraft with no permanent changes to the engine or airframe.
Phase | should demonstrate the ability to communicate a single channel of high quality data from a third stage
rotating compressor blade to stationary equipment

PHASE I: Determine technical feasibility and an approach of illuminating a sensor on the third stage of a rotating
turbine engine compressor and receiving strain data from the sensor. The effort should address the ability to
communicate high quality data from the blade without distortion.

PHASE Il: Construct and demonstrate the operation of a prototype on a high speed rotating third stage compressor
blade. The system may be demonstrated on a full-up test program conducted at the Research Facility, Air Force.
The operating environment includes 217 rev/sec, temperatures up to 300°F, and acceleration forces up to 56600g.

DUAL USE COMMERCIALIZATION: Although the wireless strain gauge system is being developed for use in
turbine engine compressors, this technology could be used on rotating or stationary machines or structure/airframe
tests where wiring to a central location is difficult. As an example, the automotive and aircraft industries conducts
thousands of tests on rotating and non-rotating machines each year. In any application this technology would
greatly improve efficiency by saving an incredible amount of test article preparation time.

REFERENCES:

1. Jung, K.H., Bredow, J.W., Joshi, S.P., “Electromagnetically Coupled Embedded Sensors,” Proc, SPIE Vol. 3674,
p.148-156, Smart Structure and Materials 1999: Industrial and Commercial Applications of Smart Structure
Technologies, Jack H. Jacobs; Ed.

2. Varadan, Vijay K., Nanotechnology: “MEMS and NEMS and their applications to smart systems and devices,”
Smart Materials, Structures, and Systems. Edited by Mohan, S.; Dattaguru, B.; Gopalakrishnan, S. Proceedings of
the SPIE, Volume 5062, pp. 20-43 (2003).

KEYWORDS: strain gage, wireless sensors, electromagnetically coupled sensors

AFO05-T005 TITLE: Laser Plasma Manufacturing of Oriented Carbon Nanotubes and Nanowires

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop fundamental understanding of molecular and atomic processes for controlled manufacturing
of single wall carbon nanotubes and nanowires using laser plasmas.

DESCRIPTION: Nanotubes and other nanowires exhibit unique quantum properties based on their quasi-one-
dimensional shape. These exceptional electrical, mechanical, and thermal properties offer new capabilities for
manufacturing advanced multifunctional composites and electronic materials. In particular, single wall carbon
nanotubes are unique in that they simultaneously offer exceptionally high mechanical strength, electrical
conductivity, and thermal conductivity. Potential Air Force applications range from super-strong compaosites with
high thermal conductivity for structural elements of supersonic and space vehicles, electrically and thermally
conductive adhesives and gap fillers, photonic nanowires for next generation quantum dot computation, and
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nanoscale lasers and sensors. Single-wall nanotubes and nanowires with controlled properties are most difficult to
synthesize. However, high energy laser plasmas have shown remarkable advantages for the preferred production of
single-wall carbon nanotubes which are formed after the laser ablation of carbon and metal catalysts. Similarly,
nanowires of many other materials can be synthesized using other material/catalyst combinations and utilizing lasers
to vaporize materials into constituent atoms and molecules. Unlike thermal methods, growth by laser vaporization
proceeds without interference from a substrate - with all the constituents supported only by background gas. Further
progress in large scale production of pure single wall nanotubes critically depends on understanding the
fundamentals of molecular and atomic physical processes responsible for their growth. Growth of nanotubes and
nanowires by gas-phase condensation provides opportunities for detailed process characterization and control using
time-resolved plasma diagnostic techniques, real-time sensors, modeling, and advanced control algorithms. Through
fundamental plasma characterization and understanding, this program will develop methods to control yield,
structure, composition, and purity of nanotubes and nanowires in the gas phase. They will be used to produce highly
oriented nanotube and nanowire materials critical for many Air Force and commercial applications. The near term
application of the research should target nanotube manufacturing for electrically conductive gap fillers and coatings
of stealth aircrafts, thermally conductive composites and adhesives (with above 100 W/mK thermal conductivity) for
space structures, tribological pairs, and integrated circuit packaging.

PHASE I: Research molecular and atomic processes for nanotube/nanowire synthesis in laser plasma. Develop real-
time process control methods. Show feasibility of controlled production of oriented single wall carbon nanotubes for
subsequent incorporation into gap fillers, adhesives, and composite materials.

PHASE II: Generate a fundamental knowledge of processes in nanotube and nanowire synthesis from laser
generated plasmas. Develop technology to produce single wall carbon nanotubes with high yields and orientation
control. Optimize the technology and produce single wall oriented nanotubes for incorporation into thermal and
electrical conductive gap fillers, adhesives, and composite materials.

DUAL USE COMMERCIALIZATION: Apply the developed processes of controllable nanotube/nanowire
synthesis for use in various Air Force applications. The novel nanowire/ nanotube materials will be also used in
many commercial applications: commercial aircraft and space, auto, electronics, medical, etc.

REFERENCES:
1. “Growth mechanisms for single-wall carbon nanotubes in a laser-ablation process” C.D.Scott, S. Arepalli, P.
Nikolaev, R.E.Smalley, Applied Physics A72 (2001),573-80.

2. “Investigations of single-wall carbon nanotube growth by time-restricted laser vaporization” A. A. Puretzky, H.
Schittenhelm, X. Fan, M. J. Lance, L. F. Allard, Jr., and D. B. Geohegan Phys. Rev. B 65, 245425 (2002).

KEYWORDS: single wall nanotube, carbon, plasma, physics, characterization, manufacturing, process control

AFO05-T006 TITLE: Joint 3D Reconstruction of Static Background and Moving Targets Using Structure from
Motion

TECHNOLOGY AREAS: Air Platform, Information Systems, Weapons

OBJECTIVE: Develop structure from motion algorithms that support the joint 3D reconstruction of a static
background and moving vehicle sized targets using low-altitude passive aerial imagery.

DESCRIPTION: Current passive 3D imaging systems typically rely on stereo vision. The use of paired cameras on
munitions is difficult due to the need for spatial separation of the cameras for resolution and the general desire to
minimize the weight and cost of seeker payloads. Structure from motion (SFM) techniques offer 3D imaging
capability through the use of a single sensor. One limitation of most SFM algorithms is an assumption of a static
scene. The development of SFM algorithms which jointly reconstruct static backgrounds and moving targets would
constitute an important advance in military applicability.
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Source data in Phase | will primarily be truthed synthetic imagery representing a calibrated camera with known
motion parameters. It is expected that the contractor will provide a capability to render synthetic electro optical
(EO) data with an ability to script 6 degree of freedom (6DOF) camera motion and truthed moving ground targets.
The government may provide some synthetic data. Government provided data will be in standard formats for video
and American Standard Code for Information Interchange (ASCII) for text. Data sources will expand in later phases
to include real EO sensors with various levels of calibration and motion truth.

PHASE I: Implement SFM algorithms to detect, locate, segment, and reconstruct vehicle sized moving targets in an
otherwise static scene. Some measures of performance include 3D reconstruction performance, performance for
static vs. moving target reconstruction, computational speed and computational complexity.

PHASE II: Build upon the initial phase | algorithm to improve robustness to variations in camera calibration and
errors in camera motion measurement. Source data will expand to include real imagery with various levels of
calibration and motion truth. Code should be matured to allow for end-to-end processing from input EO video to 3D
reconstruction output and a hardware architecture identified to support real-time processing.

DUAL USE COMMERCIALIZATION: Moving target SFM algorithms can transition to both military and civilian
markets. The use of low-cost 3D sensors is also of interest for civilian security and homeland defense applications.
Military or civilian transitions will require significant hardware integration work to host the SFM algorithms on fast,
small, yet inexpensive processors.

REFERENCES:
1. Koch, R., Pollefeys, M., Van Gool, L., "Realistic surface reconstruction of 3D scenes from uncalibrated image
sequences,” Journal of Visualization and Computer Animation, Vol. 11, p 115-127, 2000.
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AF05-T007 TITLE: Continuous Variable Quantum Encryption using Short Laser Pulses

TECHNOLOGY AREAS: Air Platform, Information Systems

OBJECTIVE: Develop high bit rate, continuous variable quantum encryption system using short pulses at
optical/near infrared telecom frequencies, in point to point communications. Establish security of the system against
possible attacks for deployment in atmosphere, near space, and space environments. Moreover, it is desirable that
the encryption system, which might require a seed key to be expanded by classical cryptographic means to an
extended key, be supplemented by a quantum key distribution protocol, for example BB84.

DESCRIPTION: Continuous-variable quantum cryptography [1,23] uses states consisting of many photons to
establish secure data transmission. This is accomplished by utilization of intrinsic quantum noise in the phase or
polarization states of modulated coherent light emitted by lasers above threshold. Instead of using near steady state
emission of coherent light, suitably modulated to encrypt/encode information, of interest is the use of ultra short
pulses of coherent light to encrypt/encode information.

PHASE I. Investigate appropriate designs and design methodologies for the multi-environment capable frequency

quantum encryption system, suitable for deployment on volume and power limited platform to perform point to
point communications in atmosphere, near-space, and space environments between terminals in relative motion.
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PHASE II. Investigate methods of integrating quantum encryption designs, motivated by Phase | progress, into a
flexible and multi-purpose encryption/modulation system. Develop a plan for determining operational parameters,
such as data rates, under variable noise conditions. Use known and novel methodologies for constructing test
sequences for calibration and registration of an eventual deployed system.

DUAL USE COMMERCIALIZATION: The application of continuous variable quantum encryption terminals to
convey ultra-secure, high data rate information to distributed tactical assets is an obvious military application of
these links, as are commercial applications including transmission of financial and strategic business information,
and Mars-Earth communication.

REFERENCES:
1. M. Hillery, “Quantum cryptography with squeezed states,” Phys. Rev. A 61, 022309 (2000).

2. Barbarosa et. al, “Secure communications using mesoscopic coherent states,” Phys. Rev. Lett, Vol. 90,
pp.2290701, 2003.
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AFO05-T009 TITLE: High Current Capacity Superconducting Wire for Compact Power Systems

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: Develop high current capability for the high temperature superconductors (HTS) via thick HTS
layers, flux pinning or stabilizing substrates to improve effective engineering current densities (JE).

DESCRIPTION: Advances in the high temperature superconducting (HTS) coated conductors have resulted in
dramatic improvements in the quality and length of wire available—from 105 A/cm2 centimeter lengths to 106
Alcm2 multiple meter lengths. These successes have been achieved by improved deposition methods for the HTS
layer, more robust and appropriate buffer layer architecture, and fundamental control of the biaxial alignment of the
initial buffer layer or underlying metallic substrate. Research will continue in these areas to obtain even longer
desired lengths (hundreds of meters) for high power devices. With these advances and the establishment of reel-to-
reel processing, additional research must now be initiated to enhance the critical current (Ic) of the HTS coated
conductors, specifically in the higher magnetic fields necessary for compact power systems. Higher operating
temperatures at 77K and minimization of cooling requirements are also desired. HTS conductors will be required to
operate in magnetic fields of a few tesla and must be enhanced to maintain high currents while simultaneously
providing appropriate stabilization to the HTS conductor in power system applications. This can be accomplished by
thicker HTS layers or improved flux pinning. For the substrate to act as a stabilization layer, it must be electrically
and thermally connected to the HTS layer in the conductor for reduction of JE.

PHASE I: Identify approaches and determine the best method to deposit thicker HTS layers, incorporate effective
pinning centers in HTS films, and/or develop stabilizing substrates for the HTS coated conductor. Modeling efforts
must provide effective description of the process and lead to optimization.

PHASE II: Fabricate short lengths of the HTS coated conductor verifying the effectiveness of the process. Extend
the conductor length for either incorporation into magnets and coils or long length manufacturing. Determine
optimum performance of the conductor with respect to various magnetic field orientations. Required Phase Il
deliverables will include a length of HTS conductor and any simulation package.

DUAL USE COMMERCIALIZATION: Military applications will include compact, lightweight generators, motors,

gyrotron magnets, and transformers for high-power applications and electric ship drive. Commercial applications
include power transmission cables, transformers, generators, and motors for the power utility industry.
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AF05-T010 TITLE: Computational Prediction of Kinetic Rate Constants

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop seamless, easy to use, efficient code to calculate electronic wave functions and potential
energy surfaces of molecules and predict kinetic rate constants for reactions a priori.

DESCRIPTION: Several computer codes, some of them available commercially and others in the public domain,
currently exist which can predict the electronic structure of molecules of interest. Similarly, several codes exist
which can predict the kinetics and/or dynamics of a system given the electronic structure of the molecules involved.
Several interfaces between some of these codes currently exist, however, none are seamless. They do not predict the
likely error based on the level of quantum theory, nor do they account for the importance of small wells in the
reaction entrance or exit channels. To make the code useful to kinetic modelers and materials designers it will be
necessary to know the certainty of the codes predictions. Further, the current codes are computationally intensive
due to the number of necessary data points to make a reasonable prediction of the kinetics. These factors severely
hamper or eliminate their usefulness as tools for kinetic modelers and as design tools synthetic chemists and
chemical engineers. Emphasis shall be placed on the computational efficiency of the code as well as the accuracy.
The code may be an interface between existing electronic structure codes and kinetics codes. The code shall also
predict the potential error based on the level of quantum theory used.

PHASE I: Demonstrate the capability to calculate kinetic rate constants for chemical reactions from inputs obtained
by electronic structure theory. Estimate error, based on level of quantum theory used. Develop a plan for seamless
integration of electronic structure and kinetics calculations.

PHASE II: A seamless, integrated computer code shall be developed to permit the accurate calculation of rate
constants for chemical reactions based on electronic structure calculations. The code should be computationally
efficient and should contain a user interface that permits easy use of the program by personnel who are not experts
in computational chemistry.

DUAL USE COMMERCIALIZATION: By creating an easy to use, rate predictive code that does not rely on
information from existing databases, accurate estimates for unknown rates in kinetic models will be obtained. New
materials will also be able to be more quickly designed and synthesized in bulk. The approach will be useful for
commercial and research applications in materials, chemical vapor deposition (CVD), and combustion chemistry
applications including the automotive, aerospace, and electronics industries.

REFERENCES:

1. "Van der Waals Interactions in the Cl + HD Reaction", D. Skouteris, D. E. Manolopolous, W. Bian, H.J. Werner,
L.H. Lai and K. Liu, Science 286, 1713 (1999).
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AF05-T011 TITLE: Cooperative Decision and Control with Intermittent Asynchronous Communication

TECHNOLOGY AREAS: Air Platform, Information Systems

OBJECTIVE: Develop algorithms and tools for cooperative decision and control using limited information and
intermittent asynchronous communications.

DESCRIPTION: Cooperative decision and control algorithms for autonomous vehicle teams are of great interest, as
these teams are envisioned one day to be capable of performing many key battlefield roles. Of particular interest to
the Air Force is the cooperative control of autonomous, unmanned air vehicle (UAV) teams for such missions as
cooperative target search, acquisition, and tracking, persistent Intelligence, Surveillance, and Reconnaissance (ISR),
persistent area denial, and coordinated attack. Many efforts have been made to study cooperative control for these
applications, but issues of intermittent communications and limited information have not been sufficiently
addressed. In some applications, UAVs may have to autonomously act in a coordinated fashion while only receiving
information updates from other team members, ground operators, or remote sensing/command platforms
intermittently. Due to limited or intermittent communications, UAV team members may have varying degrees of
information available at different times, or may only receive occasional updates from a remote platform or operator.
The vehicles still need to be able to act cooperatively without full knowledge of the world state, or of one another’s
actions. Limited communication capability may be addressed by maintaining estimates of world state and estimates
of the other vehicles’ states and actions, by using asynchronous planning algorithms, or other means. These issues
could arise in persistent area denial, suppression of enemy air defense, combat ISR, urban and “over the hill”
reconnaissance, or other scenarios, any of which could be appropriate as the focus of this effort. Innovative
approaches are requested to deal with cooperative control issues arising from intermittent and asynchronous
communications, where UAV team members’ communication is limited for variable, uncertain intervals, whether
due to terrain masking, urban terrain, jamming, stealth requirements, antenna placement and vehicle orientation,
bandwidth limitations, or other reasons. This information could relate to time critical targets, moving targets, pop-up
threats or targets, new team member information, or other factors.

PHASE I: Outline a cooperative decision and control methodology for autonomous teams that explicitly accounts
for intermittent or asynchronous communications and infrequent information updates. Choose a cooperative task
and demonstrate the concept through a simplified simulation.

PHASE II: Develop and expand the cooperative decision and control algorithm for autonomous vehicle teams and
refine the analysis and synthesis tools. Provide analysis and synthesis tools that quantify how intermittent and
asynchronous communications limit autonomous vehicle teams’ performance, guarantee stability and robustness,
and optimize performance. Demonstrate the concept on a detailed simulation.

DUAL USE COMMERCIALIZATION: The methods and tools developed under this effort will be applicable to a
wide variety of cooperative, autonomous air, space, ground, and sea vehicles. Potential Phase Il military
applications include UAVs engaged in combat and ISR missions, or small and micro UAVs used for reconnaissance.
Dual use applications include air traffic control, coastal and border surveillance, homeland security, and search and
rescue.

REFERENCES:
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AF05-T012 TITLE: Pressure Scaling Laws for Spectroscopic Quantification of Nitric Oxide (NO) in
Combustors

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop spectroscopic techniques, including theory, for in situ quantitative nitric oxide (NO)
measurements in high-performance combustors from 0.5 to 60 atm.

DESCRIPTION: The demand for high-performance combustors—as stand-alone power plants and as part of
combined cycles incorporating gas turbines and supersonic combustion ramjet engines—is inspiring revolutionary
designs, for which validated combustor models or scaling laws are unavailable. Growing concern over the
environmental impact of combustion emissions has driven increased regulation in recent years, and in response gas-
turbine engine manufacturers are designing dual-use combustors that deliver increased performance and extremely
low emissions. Furthermore, NO generated in ground-based high-speed test facilities is a serious limitation to
replicating flight conditions for scramjets. In light of these needs, it is critically important that we understand the
NO formation processes and the pressure scaling laws in realistic combustor configurations for a wide range of
pressures. Current state-of-the-art measurements of NO concentrations are based on laser-induced fluorescence
(LIF). NO imaging has been demonstrated in ethanol-fueled flames at pressures up to 8 atm. Quantitative point
measurements have been achieved at pressures up to 5 atm in heptane-fueled “blue” flames and up to 60 atm in
methane-fueled flames. The use of LIF for a wide range of pressures, however, requires further development to
overcome potentially deleterious effects from soot luminescence (typical of complex JP fuels), quenching-induced
calibration uncertainties, line-broadening effects, and the destruction of NO dopants under rich conditions. While
coherent anti-Stokes Raman scattering (CARS) has been widely used to measure temperature and concentrations of
major species in combusting flows, it too can be used for minor species with electronic-resonance enhancement
(ERE); thus, ERE CARS is a potential candidate for quantitative measurements in unsteady, high-pressure diffusion
flames. Further development of technology like this should drive NO detection limits below 10 ppm for a pressure
range from 0.5 to 60 atm—a critical consideration for high-performance gas tubines—and allow high-fidelity
quantification of NO in high-speed ground-test facilities. This topic seeks spectroscopic means for quantifying NO
in high-performance combustors for pressures ranging from 0.5 to 60 atm based on enhancements of existing
techniques (LIF, ERE CARS) or development of new measurement approaches.

PHASE I: Develop a spectroscopic technique for quantifying NO at elevated pressure using experimental work to
evaluate the dependence of the measured signal on parameters, and theoretical models for interpreting measured
signals and quantifying NO concentrations under high-pressure conditions.

PHASE II: Perform measurements in a high-pressure, liquid-fueled combustor and deliver a prototype device
hardened for application in an engine environment. Techniques designed to achieve NO detection limits of 10 ppm
(with plus or minus 1 ppm accuracy as a goal) or less should be evaluated and implemented; temporal and spatial
resolutions should be 1 microsecond and 250 microns, respectively, or better. Along with the developed science and
technology base, PC software should be developed for processing measured signals to yield NO concentrations.
Government combustor facilities can be made available (depending on scheduling constraints) to test the developed
technology.
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DUAL USE COMMERCIALIZATION: Development of a compact, hardened spectroscopic measurement device
will enable engine manufacturers to monitor in situ NO concentrations at realistic operating conditions for the first
time. This capability is particularly critical for design and modeling of advanced, ultra-compact, low-emissions,
gas-turbine engines and for development of real-time combustion-control strategies based on NO measurements.
This technology will yield significant payoffs in military and commercial aviation as well as land- and sea-based
power generation.
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AF05-T013 TITLE: Silicon-Based Lasers for All-Optic Integrated Systems

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

OBJECTIVE: Design and develop Silicon-based lasers on a silicon (Si) chip for all-optic integrated systems by
utilizing Si-based microelectronics, Si-based photonic crystals, and nanoparticle and nanostructured approaches.

DESCRIPTION: Si-based microelectronics, the leading technology during the last four decades, will soon have
reached its fundamental limits as devices of miniaturization are scaled down to nanometer regimes. Optics on
silicon not only could allow monolithic integration of optics into Si-based microelectronics for further advances of
Si-based microelectronics but also be capable of a standalone technology i.e. all-optic Si-based integrated
microphotonics or nanophotonics. To achieve optics on silicon, the main limitation is the lack of any practical Si-
based light source or a Si-based laser, which has not been achieved to date, due to the fundamental limitation related
to the indirect nature of the Si band gap.

Many different approaches have been taken to achieve high efficiency silicon light emitting devices or lasers, based
on defect-engineering in silicon, silicon nanocrystals in SiO2, Er-doped Si and SiO2, SiGe and SiGeC alloys, SiGe
quantum dots, etc. To have a silicon laser, there are three key components: (1) an active material which should be
luminescent in the region of interest and be able to amplify light; (2) an optical cavity into which the active material
should be placed to provide the positive optical feedback; (3) a suitable and efficient pumping scheme to achieve
and sustain the laser action preferably by electrical injection for advantage of integration.

Photonic crystals along with photonic crystal defect engineering appear attractive to produce the ever-small
microphotonic components for photonic integrated circuits. Their unique features of strong optical confinement
make it possible to bend optical waveguides formed in the materials with extremely small curvatures. In addition,
photonic crystals may be applicable to many functional optical devices such as optical resonators, optical filters,
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directional couplers, optical switches, optical delay lines, dispersion compensators, microlasers, etc. These devices
can be potentially small in sizes due to the realization of high-Q optical cavities by strong optical confinement with
photonic crystals.

Of interest are innovative approaches for the development of Si-based lasers for all-optic integrated microphotonic
systems by utilizing Si-based microelectronic approaches, Si-based photonic band gap crystals, nanoparticles,
nanocrystals, superlattices, plasmonics and other novel concepts. This includes innovative design and development
of ever-high efficiency Si-based light emitting devices towards Si-based lasers, and all-optic Si-based components
such as switches, waveguides, modulators, wavelength division multiplexers (WDM) and photodetectors, etc. as
well as the integration strategies of such active and passive components for standalone Si-based all-optic integrated
systems and/or monolithic integrated systems along with Si-based microelectronics. Other innovative approaches,
especially using nanotechnology approaches, may be considered that would lead to a silicon based lasing device.

PHASE I: Clearly demonstrate through successful fabrication innovative approaches in achieving high efficiency
light emitting devices towards Si-based lasers including Fabry-Perot, vertical cavity surface emitting and photonic
band gap cavity-based lasers. By using simulation tool of semiconductor lasers, explore the correlations between
approach of designs, design parameters and the performances of the light emitting devices in terms of light emission
efficiency, amplification, modulation, etc. Along with finite-difference time-domain (FDTD) simulation toward all-
optic integrated systems in photonic crystals, investigate and demonstrate the integration feasibility of the light
emitting devices with other active and passive Si-based optical components, such as photodetectors, waveguides,
switches, wavelength division multiplexers, amplifiers and modulators, etc.

PHASE II: With the successful demonstration of Phase | work, establish the feasibility of constructing all-optic
integrated systems relevant to compact military platforms. This phase would focus on the system-level design,
simulation, integration and fabrication of all-optic systems integrated in Si-based photonic crystals on a single
silicon chip. Depending on the functionality and the application areas of such systems, they may consist of, but not
limited to, Si-based lasers and detectors, waveguides, switches, WDM, amplifiers, modulators and photonic crystals,
etc. System-level simulations, similar to microelectronic integrated circuit simulations should be implemented to
achieve the optimized overall performance of the all-optic integrated optical systems.

DUAL USE COMMERCIALIZATION: Si-based lasers have the potential for revolutionizing many fields
including telecommunications, data communication, and sensing. In telecommunications, Si-based lasers can
provide inexpensive optical cross-connects and optical add/drop multiplexers for direct optical connections without
the need of optical-to-electrical conversion. This conversion is one of the main limitations of speed in
communications. In data communications, Si-based laser can solve the problems of bandwidth, pinout density,
reliability, and complexity that threaten to end the advance of the silicon integrated circuit technology. In sensing,
Si-based lasers will enable systems of unprecedented throughput through massively parallel array architectures.
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nanocrystals, plasmonics, exciton engineering, quantum dots, nanostructures, pn junction diode, nanophotonics,
silicon on insulator

AF05-T014 TITLE: Ultrahydrophobic Coatings

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop methods and procedures to deposit ultrahydrophobic coatings on a variety of materials
including: aircraft, clothing, and ground vehicles.

DESCRIPTION: The Air Force as well as the DoD requires new treatment processes to improve the water
resistance of a large variety of items from aircraft to uniforms. In the past items were either coated with plastic or
wax like materials to prevent the ingress of water. After treatment the resultant material lacked breathability was
well as reduced wear and mechanical properties. More recently Gore-Tex and other materials have appeared. These
systems function using a multilayer technology that works for fabrics but not for other systems like paint and Gore-
Tex is expensive.

Recently a novel mechanism to generate hydrophobic materials was identified. Lotus leaves utilize

microstructured hydrophobic coatings to produce ultrahydrophobic materials that not only repel water

but are also self-cleaning. The lotus plant is able to utilize these materials to protect itself from dirt and pathogenic
organisms. If these materials could be applied on a variety of materials the DoD could waterproof uniforms
inexpensively or apply them to aircraft or ground vehicles to enhance corrosion protection.

PHASE I: Develop new materials and application processes to generated ultrahydrophobic materials in a cost
effective manner. Characterize the materials when applied to multiple materials including aircraft topcoats and
uniform materials.

PHASE II: Down select to the most promising materials that can be easily applied and are long-lived. Prepare
samples on aircraft topcoats and evaluate the corrosion protection in the presence of paint holidays.
Evaluate effectiveness and lifetime of coatings applied to uniform materials.

DUAL USE COMMERCIALIZATION: New water repellent treatments that could be placed on fabrics will have
an extensive market in the textile industry. In addition materials that can be used to improve corrosion protection
would be of interest to the truck and automobile industries.
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AF05-T015 TITLE: Software for the Design and Certification of Unitized Airframe Components

TECHNOLOGY AREAS: Materials/Processes
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OBJECTIVE: Development of cost-effective methods for the design and analysis of unitized airframe components.
These methods should account for the effects of residual stresses and provide sufficiently reliable information to
serve as a basis for certification or rejection of manufactured components.

DESCRIPTION: The increasing emphasis on affordability of military systems has led to a number of advances in
airframe design and production. Unitized airframe structural components are replacing sheet metal built-up
components to reduce part count and assembly cycle times and costs. The development of high speed machining
(HSM) techniques has made it possible to fabricate thin lightweight structures that provide improved performance at
lower cost.

There is a need for advanced numerical methods for the solution of problems associated with the manufacturing and
certification of unitized airframe components. The goals are to support (a) damage tolerant designs, (b)
establishment of criteria for inspection intervals, (c) planning of fabrication processes so that the incidence of re-
working and scrapping of partially or fully manufactured parts is substantially reduced, and (d) evaluation of
options for reworking as well as clear criteria for decisions to certify or reject as-manufactured parts. Achieving
these goals is expected to result in substantial affordability improvements for aircraft and spacecraft structures as
well as increased reliability. In addition, it is necessary to have the capability to verify and validate the mathematical
models that serve as a basis for engineering decisions. Parametric modeling capabilities based on a hierarchic
concept of models, that allow dimensional reduction and account for non-linearities, provide the mathematical and
technological basis.

PHASE I: Develop an implementation plan and focus on the conceptual basis for an algorithmic structure designed
to meet the objectives enumerated above. Utilize existing software tools and processes to the maximum extent
possible. The implementation plan should include a detailed justification of the choice of software tools and the
technical requirements for modifications and enhancements. Formulation and prioritization of the technical
objectives should be done with consultation with the AF Original Equipment Manufacturers (OEMs).

PHASE I1I: Implementation and testing of the algorithms developed in Phase I. Implementation of a parametric
family of models that address the specific technological features of unitized structural components in detail and
include crack growth analysis. Provisions for the integration with Product Lifecycle Management (PLM) systems
employed by aerospace OEMs are to be included. At least three model problems that demonstrate the key features
of the implementation need to be solved.

DUAL USE COMMERCIALIZATION: The primary market for the software tool developed under this project will
be the military and commercial divisions of aerospace OEMs and their suppliers. Substantial market opportunities
exist in the automotive and shipbuilding sectors as well.

REFERENCES:
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AF05-T016 TITLE: Near Surface Flow Control and Electrical Power Extraction Using
Magnetohydrodynamics in High Mach Number Flight

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop small-scale magnetohydrodynamic device for use in flow control and electrical power
extraction in high Mach number flight.

DESCRIPTION: Promising results have recently been obtained in the use of magnetohydrodynamic (MHD) devices
for near-surface flow control and electric power extraction in supersonic and hypersonic flight (Poggie & Gaitonde,
2002; Kimmel et al., 2004). Possible applications include on-board electrical power supplies for military or civilian
aerospace vehicles, generation of vehicle control forces by introducing flow asymmetry, and mitigation of the
extreme rates of heat transfer that occur during high Mach number flight.

This STTR program addresses the development of a practical, small-scale MHD unit for use on an aerospace
vehicle. Candidate devices must be small-scale, and must not incur an excessive penalty in additional weight or
power consumption in practical application. Various means for ionization and magnetic field generation may be
considered, including glow discharges, seeding with alkali metals, permanent magnets, electromagnets, and other
suitable technologies.

PHASE I. Develop candidate designs for control unit. Carry out calculations of control unit performance.
Determine optimal velocity / altitude range for efficient operation of device. Evaluate power consumption or
extraction, system weight, and rate of consumption of seed material (if any). Select best control unit designs from
candidate systems. Carry out preliminary bench and wind tunnel tests of prototype control units. Demonstrate
proof-of-concept device (not necessarily optimized or full scale). Formulate plan for Phase Il development.

PHASE II: Evaluate performance of selected design. Carry out wind tunnel testing. Estimate performance of
control unit under realistic flight conditions. Seek partners for commercialization of product. Explore application of
device to systems of commercial and military interest. Formulate plan for Phase 111 development.

PHASE |1l DUAL USE APPLICATION: Working with industrial partners, develop control unit into robust device
for use in flight applications. Carry out detailed wind tunnel tests tailored to realistic flight conditions. Plan for
potential future flight test demonstration of product, to be carried out with industrial partner outside the scope of the
STTR. Consider possible use for device or component technology in power generation applications outside of
hypersonic systems.

REFERENCES:
1. Poggie J, Gaitonde D V (2002) Magnetic control of flow past a blunt body: Numerical validation and exploration.
Phys. Fluids 14:1720-1731
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at Mach 5. AIAA Paper 2004-2661
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AF05-T017 TITLE: Algorithmic Tools for Adversarial Games

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Demonstrate new algorithms for adaptive strategy selection in multi-cultural adversarial games and
related simulations.

DESCRIPTION: This multidisciplinary topic encourages further development of policy formation algorithms used
to determine best strategies in multi-agent adversarial games. Further development is especially encouraged in
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contexts of incomplete knowledge of an adversary’s goals and utility functions and in contexts of agent-based
simulations of adversaries with distinct cultures.

Political and social dynamics in diverse cultures is of increasing importance to the Department of Defense in seeking
interventions that increase the likelihood of stability for the development of local economies and representative
forms of government. Models of social and cultural change needed to guide analysis and planning of interventions
are emerging, and increasingly rely on agent-based simulations of the societies of interest. In these simulations,
multiple software agents representing multiple elements of a society can interact competitively, learn from these
interactions, and improve strategies for dealing with the other agents in the simulation. Algorithms for agent
learning and best strategy formation do exist, and software tools for their implementation may be found in
commercial products. The existing tools, however, do not take advantage of recent discovery of improved
algorithms for strategy formulation in complex simulations where multiple agents must compete using incomplete
information about the environment. These algorithms have shown promise in related problem domains also
modeled through agent-based simulations, such as cooperative planning in robotics and communication bandwidth
sharing. This topic seeks proposals to further these algorithmic developments and to extend them through creation
of improved software tools for strategy formation in societal modeling.

PHASE I: Identify algorithms for adaptive learning and policy formation that may improve agent based simulations
of factional competition in multi-cultural settings. Create software tools for using these algorithms in simulations
and games related to social modeling.

PHASE II: Demonstrate improved capability to analyze attitude formation and behavioral change in cultural
contexts and, through simulation, to predict outcomes of interventions such as persuasive communication.

DUAL USE COMMERCIALIZATION: Successful development of new algorithms for strategy selection in
complex partially known environments would benefit economic analysis, medical diagnosis, robotic planning, and
other areas addressed through agent-based simulation.

REFERENCES:

1. Siméo, J. and Pereira, M. “Ethos: A MAS Framework for Modeling Human Social Behavior and Culture”,
available at http://centria.di.fct.unl.pt/~jsimao/papers/ethosRv.pdf
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AF05-T018 TITLE: Advanced Antenna Pattern Prediction Software

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop efficient code for pattern prediction of aircraft antennas based on aircraft geometry,
accounting for at least a single layer of coating such as a dielectric.

DESCRIPTION: Computational electromagnetics (CEM) codes are important for avionics design and integration
because they permit a priori evaluation of coverage achievable for proposed antenna placements. CEM codes may
be divided into those that implement rigorous numerical algorithms and those that provide efficient approximate
solutions based on the high-frequency asymptotics.  Since computational efficiency is essential in a
design/optimization process, the high-frequency codes are frequently preferred for analysis of antenna-pattern
platform effects in cases where the electrical size of an aircraft is large. While the Physical Theory of Diffraction
and the Uniform Geometrical Theory of Diffraction (UTD) are both widely used in platform CEM analyses, only the
latter includes the creeping-ray mechanism which is essential for providing antenna-pattern values in the shadow
region. Implementation of the UTD which has traditionally involved platform geometrical modeling in terms of
simple canonical shapes, has recently been extended to accommodate fully realistic aircraft representation.
Application of current UTD codes is limited by the failure of these codes to adequately account for the presence of
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surface materials. In particular, the existing codes do not represent the propagation of creeping rays and surface rays
over conducting surfaces coated with material layers. The code developed under this effort will be a
computationally efficient high-frequency code that exhibits none of the above deficiencies. Creeping-ray
contributions will be computed for propagation over curved coated surfaces in a way that fully and accurately
accounts for the surface geometry and the presence of the material coating. For a source antenna mounted on an
aircraft fuselage/wing/stabilizer and possibly embedded in a material layer, pattern values will be available in the lit,
far-shadow, and shadow-boundary transition regions, as well as in the paraxial region in the case where the antenna
site geometry is cylindrical. The effects of all significant aircraft external features, such as wings, stabilizers, engine
pods, etc. will be included.

PHASE I: Investigate methods for performing high-frequency pattern computations for antennas mounted on an
airframe of general shape and embedded in a layer of dielectric/magnetic material. Identify approaches to
computing the fields in the lit region.

PHASE II: Develop a suite of computational modules that implement the methods identified in phase I. Ensure the
proper functioning and efficiency of all numerical algorithms. Demonstrate approximate continuity across region
boundaries.

DUAL USE COMMERCIALIZATION: Incorporate the modules developed under Phase Il into a functional, user-
friendly antenna pattern prediction code. The final code should be Graphic User Interface (GUI)-driven, able to
access aircraft geometrical models in standard Computer Aided Design (CAD) representations, and should allow for
convenient designation of portions of the aircraft surface as covered with user-specified material. Comparison with
measurements performed on existing aircraft is highly desirable, though the availability of such measurements may
be extremely limited.
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Symposium 1996 Digest (1996), pp 696-699.
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AF05-T019 TITLE: Multifunctional Design of Load Bearing Antenna Structure for Small UAVs

TECHNOLOGY AREAS: Air Platform, Sensors, Electronics, Battlespace

OBJECTIVE: To establish a multifunctional design capability for structural integration of high-performance
broadband radio frequency (RF) antenna into Small Unmanned Air Vehicles (SUAV’s) by simultaneously
synthesizing RF and structural requirements for material properties and airframe geometries.

DESCRIPTION: The Air Force has a requirement for high-performance broadband (30 to 3000 MHz) RF antennas
on SUAV’s to provide the needed interface between potential on-board electronics and the warfighting environment.
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Conventional HF/VHF/UHF antenna design options are incompatible with the size, weight, power, required RF
performance, and flight characteristics of SUAV’s. Clearly, a full-scale improvement in antenna performance and a
revolutionary approach for integration of antennas are needed if the above-described mission parameters are to be
realized.

Recent research points an innovative approach leading to conformal antennas and vehicle integration that will use
airframe geometries (such as wing skins, fuselage skins, control surfaces) as apertures with all the polarization and
directional control afforded by elements and arrays typically found on larger aircraft. For SUAV’s, in particular,
apertures should no longer be considered as federated from the air vehicle but rather integrated/embedded into
structure geometries of airframes. Since low frequency antennas require large area for maximum gain, the concept
of electrically exciting the wing or fuselage skins as a radiating element offers the opportunity to revolutionize
antenna performance of SUAV’s.

However, currently available design tools for conformal antenna are limited to a few well-known geometries and are
not suitable for SUAV applications. Significant amount of research and development work including computational
and modeling efforts remains to be done to bring such a design capability forward and enable its use on SUAV’s.
Here the technical challenge is to develop and validate a multidisciplinary, multifunctional design capability that
simultaneously synthesizes RF and structural requirements for material properties and airframe geometries. The
computational and modeling efforts should address aperture design that includes optimization of conformal
geometries as well as dielectric material lay-up.

The program is divided into three phases.

PHASE I: Develop and demonstrate the feasibility of a multifunctional design capability that allows computation of
self and mutual impedances on structural dielectric materials that are suitable for conformal apertures in the context
of realizable airframe construction. Validate the computational approaches by test of a physical model. Develop the
computational methods specifically for feed networks and parasitic structures that achieve the gain, bandwidth and
polarization required for electrical performance.

PHASE II: Validate the developed computational approaches through design, fabrication and test of a prototype
article that provides up to 10X improvement of aperture performance of structurally integrated antennas on SUAV’s.
Quantify the performance from both structural and electrical points of view in order to define needed enhancements
to the computational approach and structural integration framework.

PHASE Il DUAL USE APPLICATIONS: Address the pervasive nature of the technology, involving
electromagnetic excitation of the structure, which may provide efficient broadband RF performance for the full
spectrum of commercial communications systems (such as HAM radio, satellite radio, cellar phones, television,
AM/FM radio, HDTV, and marine services).

REFERENCES:
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Materials 2001, Vol. 4334, Smart Electronics and MEMS, 2001, pp. 137 - 146.
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and Materials 2001, Vol. 4332, Industrial and Commercial Applications of Smart Structures Technologies, 2001, pp.
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3. Prototype testing and evaluation of a structurally integrated conformal antenna installation in the vertical tail of a
military aircraft, SPIE Smart Structures and Materials, Vol. 3046, Smart Electronics and MEMS, 1997, pp.173 -
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4. Flight test results of a conformal load-bearing antenna structure (CLAS) prototype installed in NASA's System
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5. Applications for smart skin technologies to the development of a conformal antenna installation in the vertical
tail of a military aircraft, SPIE Smart Structures and Materials, Vol. 2448, Smart Electronics, 1995, pp. 42 - 52.
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AF05-T020 TITLE: Novel Terahertz Sources for Advanced Terahertz Power: Nanoklystrons and nanoTWTs

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

OBJECTIVE: Explore new scaled-down vacuum tube designs that account for realistic limitations of fabrication,
materials, heat transfer, hermeticity (i.e. windows, vacuum maintenance), and electron-beam generation and
recovery. Scaled-down tubes with massive power supplies will defeat the overall objective of small size, so the
power supply must also be included in the design.

DESCRIPTION: The terahertz frequency regime, roughly 300-3000 GHz, is ripe for development [1]. A major
impediment to development of applications in this largely-unexplored frequency range is the lack of powerful,
compact and tunable sources of terahertz radiation that offer monochromatic, stable outputs. Phase stability of a
terahertz source combined with output powers in the milliwatt regime will enable a host of coherent sensing,
measurement and power-combining applications such as stand-off detection of concealed weapons and biological
hazards, as well as table-top accelerators.

One way of achieving such a source is through scaled-down vacuum tube technology, using micromachining to
achieve THz frequencies [2-3]. Time-tested vacuum designs such as klystrons and traveling wave tubes could be
scaled down to provide significant output power without the hindrance of electrons in crystals.

PHASE I: Achieve goals of > 1 mW output power in a realistic prototype, sub-components, and/or simulation for
cavity nanoklystrons or feedback oscillators based on traveling-wave tube (TWT)s or other creative designs for the
300-3000 GHz regime. Enable total package sizes of < 1000 cm3, including power supply, which should run from
12 VVDC drawing less than 1 A.

PHASE II: Develop inexpensive manufacturing techniques to prove that such systems can be widely and
economically deployed. Develop a working prototype of the design of Phase | based on realistic simulations and
component developments.

DUAL USE COMMERCIALIZATION: The terahertz regime has selected potential applications. Communications
on the battlefield or in space, explosives and chemical agent detection, atmospheric environment sensing, near
object detection, material imaging will benefit from new technology in this part of the electromagnetic spectrum.
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on Vacuum Electronics, 2003, pp. 317- 318.
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AF05-T021 TITLE: Nonlinear Enhancement of Visual Target Detection

TECHNOLOGY AREAS: Information Systems
OBJECTIVE: Develop a technigue to enhance target detectability in visual images.

DESCRIPTION: In both military and civilian applications, the usefulness of sensing and surveillance technology
often depends upon the quality of visual images available for human scanning and interpretation. Electronic
processing may be required to improve the signal-to-noise ratio, to prepare an image optimally for speed and
accuracy in human perception.

Recently, certain nonlinear systems based upon stochastic resonance have been shown to enhance the quality of
visual imaging in medical technology. These demonstrations have enabled better detection of tumors and other
medical conditions in processed MRI (magnetic resonance imaging) data [1, 2]. Systems based upon stochastic
resonance can increase the signal-to-noise ratio [3, 4], in principle without introducing excessive distortion.
Computer simulations performed in the Air Force, show that these nonlinear transformations can be realized via
either hardware or software. The goal of this STTR Phase | is to develop new, effective algorithms, based upon
nonlinear techniques, to enhance the signal-to-noise ratio in visual images.

PHASE I. Design a promising approach to enhance imagery for human visual interpretation, using nonlinear
methods based upon stochastic resonance. Develop efficient algorithms to enhance signal-to-noise ratios for
improved visual target detection. Perform initial tests of the software on standard image files.

PHASE II: Apply the successfully tested designs from Phase | to several image enhancement problems in which
target visibility is degraded by noise and/or other interferences. Demonstrate that these algorithms are robust,
computationally efficient, and succeed for a variety of conditions in which raw image quality is degraded by noise
and other artifacts.

DUAL USE COMMERCIALIZATION: Technology will be useful in military command-and-control applications,
as well as in a wide variety of civilian applications where video display quality in the presence of noise is a
paramount consideration. Examples include medical imaging, visual astronomy, and remote visual surveillance for
security, emergency response, and manufacturing.

REFERENCES:
1. Sutton, B.P., Noll, D.C., and Fessler, J.A. (2003) Fast, iterative image reconstruction for MRI in the presence of
field inhomogeneities. IEEE Trans. on Medical Imaging, 22, 178-188.
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AF05-T022 TITLE: Seamless Non-Line-Of-Sight Communications for Urban Warfare

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace
OBJECTIVE: Develop novel approaches for space-time coding in urban terrain to leverage the interference caused

by buildings to convert unreliable, low data rate communications into secure, high data rate non-line-of-sight
communications.
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DESCRIPTION: Current deployment practices typically include unmanned aerial vehicles (UAVS) for precision
target identification, together with line-of-sight communications to securely disseminate the data between the UAV
and the ground. But, line-of-sight communications is not possible in urban environments due to interference caused
by buildings. In addition, minimizing the bandwidth required for the data transmission is a major concern in order
to assure secure activities, possibility behind enemy lines.

One promising approach towards this problem is through the use of antenna arrays. Foschini(1) showed that
multipath and fading can be exploited and that the channel capacity between two antenna arrays in a fading,
scattering environment grows linearly with the number of antennas. This idea along with the fundamental research
done by Teletar(2), Foschini and Gans(3), and Tarokh et. al.(4) began a new revolution in information and
communications theory!

We propose the use of space-time coding to increase the capacity of non-line-of-sight data links by a factor of about
100 to permit imagery to be sent securely over voice links. The space-time coding approach approaches immunity
to fading associated with diversity reception. Moreover, by using adaptive signal processing with state-of-the-art
video compression, it is possible to disseminate real-time high quality video using a bandwidth no larger than a
SINCGARS channel!

PHASE I: Determine an appropriate design for the multi-element antenna arrays for transmitting and receiving.
Consider warfighter, relay station (UAV) and other terminals. Choose operating algorithms which provide channel
sounding between all transmitting and receiving elements suitable for appropriate fading rates and Doppler shifts.
Consider appropriate modulation schemes for uplink and downlink and multi-user schemes. Consider anti-jamming
options and evaluate probability of detection advantages afforded by the space-time coding.

PHASE II: Build and test a prototype space-time multi-element link which provides about 1.5 Mbs communication
over a 20 kHz bandwidth channel to demonstrate video over a voice channel. Test performance with typical
multipath delays and Rayleigh fading with appropriate Doppler frequency spreads. Test performance in the presence
of Jamming signals. Compare mitigation strategies which employ adaptive video compression techniques in
combination with the space-time coding.

DUAL USE COMMERCIALIZATION: The application of space-time coding multi-element antenna array
terminals to convey high data rate information to the battlefield is an obvious military application of these links as
are commercial applications such as surveillance for personnel and property protection.

REFERENCES:
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AF05-T023 TITLE: Hybrid Carbon/Ceramic Nanocomposites

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Design, synthesize and characterize hybrid carbon/ceramic nanocomposites for application in
structural ceramic components.
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DESCRIPTION: Brittleness and unreliability in ceramics remain challenging problems; however, attempts to
impart "graceful failure” have been partially successful with the use of ceramic matrix composites (CMCs). The
selection and integration of the appropriate fiber, fiber coating and matrix are vital to the ultimate toughness of the
composite. In spite of considerable research, there is still a need for a tough, flaw tolerant, oxide composite that is
relatively dense and can perform in a high temperature, oxidizing environment. Owing to the remarkable
mechanical properties of carbon nanotubes (CNTS), they could be advantageously substituted for carbon fibers as
reinforcing elements in composites. Among the important particularities of CNTs are their very high aspect ratio
and their metallic or semiconducting character. Previous studies have shown that multiwalled nanotubes (MWNTS)
that are 30-40 nm in diameter, when mixed with Silicone Carbide (SiC) powder and hot-pressed, exhibit an
improvement in bending and fracture toughness of about 10% over monolithic SiC.1 However, the microstructure
of the dense materials was not fully investigated and therefore, the contribution of the CNTs to the mechanical
properties was not clearly established. Exciting new developments have recently been reported that enable the in
situ formation of CNTs in an oxide matrix via a catalytic route.2  However, a fundamental limitation of
incorporating CNTSs into an oxide ceramic matrix is the decomposition of the CNT as a result of high processing
temperatures. In spite of this, there is sufficient promise to warrant further investigation of hybrid carbon/ceramic
nanocomposites, i.e., less brittle materials and higher fracture toughness than the corresponding ceramic.3-4
Furthermore, a detailed microstructural investigation of the role of CNTSs in the ceramic composites is required to
predict performance of the composite in a variety of use environments.

The proposed research seeks to explore new concepts for designing in situ formed, carbon ceramic matrix
composites through the understanding of the fundamental reaction mechanisms, processing innovations and
microstructural control to provide new insight into the high temperature properties of this unique class of materials.

PHASE I: Demonstration of the synthesis of a hybrid carbon/ceramic nanocomposite utilizing a pressureless, low
temperature process. Develop approach for understanding the reaction mechanisms that control the formation of the
in situ CNT (or MWNT) network and the resultant ceramic microstructure. Research should focus on improving
mechanical performance of nanocomposites as compared to “traditional” carbon fiber reinforced composites and
should attempt to correlate experimental results with established CMC models that enable the prediction of
mechanical properties based on microstructure observations.

PHASE II: Establish a microstructural design and mechanical properties database for a class of hybrid
carbon/ceramic nanocomposites that will enable scale-up of commercially available composites.

DUAL USE COMMERCIALIZATION: Cost effective routes to tough and oxidation resistant ceramic matrix
composites are extremely important to the ultimate viability of ceramics in military and commercial airframe and
engine components. The need to control cost while simultaneously improving performance has been a major driver
in the exploration of ceramic composites across a wide spectrum of commercial markets including, power
generation, sensors, biomedical devices, and protective barrier coatings.
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AF05-T024 TITLE: High Temp High Energy Product Permanent Magnet Material

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Fabricate a class of new hard magnetic materials that will achieve 30 MGOe or greater at up to
temperatures of 450 °C.
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DESCRIPTION: In the design of future air and space vehicles there is a major need for hard magnetic components
which will perform well at elevated temperatures. Aircraft motors, generators, actuators, sensors, and traveling wave
tubes may require hard magnetic materials. In the design of future air and space vehicles and directed energy
weapons there is an even greater need for advancement of these hard magnetic components as weapon systems
become more-electric in nature and weight and volume are paramount. To enable the desired elimination of
hydraulics from Air Force engines and associated electrical power units, and thereby the elimination of the liquid
cooling function, many of the magnet applications will require optimized performance at elevated temperatures and
under mechanical stress. Directed energy weapons will be advanced by improved magnets for power generation
components. If new hard magnetic materials can be developed that meet the magnetic and temperature
characteristics desired, then significant improvements in weapon system reliability, maintainability and
supportability will be realized, along with a drastic reduction in the dependence on ground support equipment.

This project requires the development of (possibly composite) magnetic materials that ideally will meet the stated
temperature and energy product goals. Theory suggests that a 2X increase in energy product up to >100 MGOe is
possible for room temperature nanocomposite permanent magnets [1] and as high as 30 MGOe for high temperature
(450 °C) nanocomposite permanent magnets. These magnets are targeted for use in high reliability aerospace
machines, so they should have at temperature lifetimes of 5000 hrs or greater. Recent accomplishments with room
temperature high energy product nanocomposite hard magnets [2] suggest that high temperature capable
nanocomposite hard magnets may be achievable. It is expected that this materials development will build on the
preliminary success of earlier programs in this area, and that the work will be coordinated with the appropriate Air
Force scientists.

PHASE I: ldentify promising material candidates and demonstrate key material properties that point to the material
being able to achieve 30 MGOe at 450 °C for extended periods of time. Investigate the compositional controls and
processing parameters required to produce these optimized magnets.

PHASE II: Fabricate optimized hard magnets suitable in size and quality for insertion into actual Air Force systems.
Fully characterize the magnets produced and show that there is a marked energy product improvement over
conventional magnet. Cooperate with Air Force scientists to design and build magnetic components for
demonstration in a 450 °C prototype electrical machine.

DUAL USE COMMERCIALIZATION: The development of high-temperature, high-energy product hard magnetic
materials will have an impact on the commercial, as well as the military, aircraft industry. Advantages of these types
of magnets should lead to their use anywhere weight and volume concerns force designers to more power dense
designs. Another such industry where these magnets should prove invaluable is in electric vehicles.
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AF05-T025 TITLE: Surface-Enhanced Detection of Molecular and Biomolecular Species

TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems, Biomedical
OBJECTIVE: Demonstrate and optimize a highly sensitive, selective, and quantitative optical method for the

detection of selected biomolecular species utilizing surface-enhanced spectroscopies in a controlled and
reproducible manner to enhance detection sensitivity.
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DESCRIPTION: Surface-enhanced Raman Scattering (SERS) has been demonstrated to improve the detection
sensitivity for molecular species by up to fourteen orders of magnitude. This remarkable surface enhancement
resulting from plasmon resonances can arise not only when a molecule is close to a metal surface, but also when the
molecule of interest is directed to the immediate vicinity of or junction between, metallic nanostructures of various
types. Recent advances in the ability to fabricate and control nanostructures and their plasmon resonant frequencies
offers the promise to develop techniques and methods to controllably and reproducibly use SERS to quantitatively
enhance the detection sensitivity of molecular and biomolecular species.

Of specific interest is the development of additional spectroscopies that benefit from surface enhancement. In one
potential variant, surface-enhancement might be applied to Raman Optical Activity (ROA), in which small
differences in the Raman spectrum between left and right handed circularly polarized light result in a sensitivity to
the secondary structural motifs of proteins and peptides. ROA should be generally applicable to the detection of
biomolecular and biological entities, such as trace amounts of chemical and biological agents, toxic species, and
biological species such as proteins, deoxyribonucleic acid (DNA), and ribonucleic acid (RNA). The goal of
exploiting surface-enhanced-based detection for ROA or other spectroscopies, is to couple the large signal
enhancements observed in SERS with the enhanced information content available in ROA and other spectroscopies
thereby reducing sample sizes and acquisition times. Strategies for avoiding the excitation of autofluorescent species
in real biological samples is a vital component for the development and practical implementation of this approach.

PHASE I: Assess candidate surfaces, clusters, or engineered nanostructures for use in surface-enhanced detection of
target molecules and biomolecules. Optimize surface and optical parameters, and detection and analysis methods to
give maximum signal to noise ratio and maximum reproducibility.

PHASE II: Continue the development of surface-based sensing methods and fabricate a practical spectrometer or
assay system that utilizes surface enhancement. Perform demonstrations that the new detection method is generally
to a wide range of target molecules and biomolecules.

DUAL USE COMMERCIALIZATION: Development of a surface-enhanced-based spectrometer or assay system
will lead to commercial development of portable sensors for analysis of trace species including biological weapons,
toxins, biological agents, nucleic acids, proteins, etc.
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AF05-T027 TITLE: Aeroservothermoelastic System for Extreme Environments

TECHNOLOGY AREAS: Air Platform, Space Platforms
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OBJECTIVE: Investigate aeroelastic, aerothermoelastic, and aeroservoelastic responses of hypersonic wave rider
vehicles and develop a basic understanding of the physics associated with these responses for a wave rider
throughout its mission.

DESCRIPTION: Emerging technology for Hypersonics and Space Access demands effective hypersonic vehicle
design. A hypersonic air-breathing wave rider for space access and with expandable hypersonic strike capability is
one such prevalent design concept currently being researched by the Air Force. Knowledge and methodology in
aeroelasticiy and aeroservoelasticity and in unsteady hypersonics are essential requirements in order to ascertain the
vehicle stability as well as structural integrity for such hypersonic vehicles throughout its flight phases including
extreme environments. The flight phases consist of two flight segments: the rocket assisted flight from ground zero
and the vehicle hypersonic flight beyond Mach 5.0. Much of the aeroelasticity and aeroservoelasticity methodology
has been developed in the ordinary subsonic-transonic-low supersonic range for conventional airframes. Knowledge
and understanding in aeroelasticity and aeroservoelasticity for hypersonic air-breathing vehicles are largely lacking
at present. In contrast to that of the conventional airframe, such hypersonic wave riders take up a set of different
vehicle design considerations and flight condition inputs. These include: (a) flight condition due to flight trajectory;
(b) aerothermodynamic input due to thermal protection system (TPS)/ablation; (c) all movable control surface
motions; (d) inlet flow condition that requires shock closure; and (€) panel vibrations. It is these inputs that are likely
to induce flow or structural feedbacks that affect close-loop aeroelastic stability. For example, aeroelastic feedbacks
could be caused by the control surface deformed under high aerothermodynamic loading, the aerothermodynamics
of ablation, or the detachment of inlet shock. Impacts on aeroelastic instability due to shock oscillation/detachment
with thrust feedback, TPS/ablation with aerothermoelastic feedback, panel oscillation/body-shock interaction
feedback and non-equilibrium real gas effects are subjects of research and understanding.

PHASE |I. Based on a understanding of hypersonics, formulate an expedient computational
aeroservothermoelasticity method for a hypersonic wave rider. The methodology must be physics-based, efficient,
cover all flight regimes and account for feedbacks and real-gas effects.

PHASE II: Total integration of the aeroservothermoelastic method into a comprehensive framework that contains
multidisciplinary aspects of aeroservothermoelasticity and aero-propulsion including the input of flight trajectory
and structural finite element model (FEM). Additional feedbacks due to effects of inlet-shock/thrust interaction, and
ablation/aerothermoelasticity will be included.

PHASE Il DUAL USE APPLICATIONS: This development can be turned into a comprehensive software product
using existing methodology for design and analysis of a wide class of military and commercial hypersonic vehicles
ranging from two stage air-breathing hypersonic vehicles to turbine-based combined cycle (TBCC) and rocket-based
combined cycle (RBCC) Reusable Launch Vehicles. Commercial applications range from the far reaching
hypersonic vehicles such as the Orient Express a commercial derivative of the National Aerospace Plane (NASP) to
NASA'’s recently tested hypersonic vehicle. This software product can be further enhanced into a robust, general-
purpose automated design tool with potential for commercialization.
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AF05-T028 TITLE: Material Surface Properties Modifications by Nonequilibrium Atmospheric Pressure
Plasma Processing

TECHNOLOGY AREAS: Air Platform, Materials/Processes, Space Platforms

OBJECTIVE: Design, develop, and demonstrate the operation of a nonequilibrium atmospheric or near atmospheric
pressure reactive plasma device for surface properties modification by high flux reactive species. The plasma source
design should be suitable for coating high temperature materials with thermal barrier and/or enhance thermal
emissivity, oxidation resistant, and especially interface coating to improve surface adhesion. The plasma coating
device should also capable of modifying adhesive properties of polymeric materials.

DESCRIPTION: Surface treatments using non-equilibrium low-temperature plasma are a subject of great interest.
Plasma-chemical methods suitable for coating and surface treatment can replace conventional galvanic methods and
they have the potential to be less harmful for the environment than the galvanic chemical coating process. Low-
pressure plasma chemical systems have been developed for cleaning of the surface contaminants and surface
modifications. The low gas temperature of these devices permits to produce the new functional surfaces not only in
metals, but they are also used in plastics, glass or polymers treating. Plasma pre-treated metal products have new
applications in the automobile industry, printed circuit board (PCB) manufacturing, and electromagnetic interference
(EMI) shielding materials development.

Recent advances in the short pulse excited plasma sources permit the development of similar plasma chemical
coating devices which can operate at or near atmospheric pressure. Atmospheric pressure high flux plasma sources
have been developed for a wide variety of industrial applications [1]. Usually the gas temperature rise, even in many
nonthermal plasmas, limit the usage to the materials processing of high temperature materials. A wide range of
atmospheric or near atmospheric pressure gas discharge sources which can operate at high reduced electric field,
E/n, where E is the plasma electric field and n is the gas density, have the advantage of high efficiency UV and
radical generation while maintaining the gas temperature rise to less than 300 K. These plasma sources primarily
operate either as corona discharge [2], dielectric barrier discharge [3]. These types of plasma coating devices can
operate with gas mixture plasmas such argon+ methane for carburizing, nitrogen+ methane or ammonia+ methane
for Cx Ny coating. High temperature thermal barrier SiC material coating is produced in Silane+ methane gas
mixture plasmas. Unlike conventional thermal plasma spray devices, these nonthermal plasma devices can precisely
control deposition thickness and coating uniformity. Surface conditioning can also be achieved with the energetic
UV photon flux produced simultaneously with the reactive radicals permitting surface chemical reaction rate
modification and improving surface adhesion.

PHASE I: Design and demonstrate operation of atmospheric or near atmospheric pressure nonequilibrium plasma
coating device which can be used for thin film coating at surface temperature less than 600 K.

PHASE II: Develop atmospheric or near atmospheric pressure reactive nonequilibrium plasma coating device which
can be used for surface functionlization of polymeric material, and/or to coat refractory metal with thermal barrier
and high thermal emissivity coating. Demonstrate the operational characteristics of the atmospheric or near
atmospheric pressure plasma applicator hardware for either surface coating or surface functionlization of polymeric
material. Also, demonstration of the scalability of the hardware would be desirable.

PHASE Il DUAL USE APPLICATION: Develop EMI and RFI protection coatings on polymeric material.
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AF05-T029 TITLE: High Performance Liquid Crystals for Infrared Applications

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

OBJECTIVE: Develop new electro- or photo-optic liquid crystal materials for utility in active or passive spectral
and spatial filtering applications.

DESCRIPTION: Liquid crystal (LC) materials have been explored as photonic materials because of their optical
anisotropy that can be manipulated by changing the alignment and/or orientation of the LC molecules. These
materials have been implemented in device applications that range from relatively simple display applications to
state of the art commercial imagery (i.e. scene simulation). The object of this STTR topic is to focus on the
continued development and understanding of novel LC material systems with improved properties including but not
limited to the following examples; cholesteric LC’s with tunable selective reflection properties, cholesteric LC’s
with variable yet controllable selective reflection bandwidth LC’s with large optical birefringence, novel structured
polymer/LC nanocomposites, LC’s with minimum intrinsic losses in the short wave infrared (SWIR)-medium-wave
infrared (MWIR) spectral region, and photo-addressable LC’s. These advanced materials have utility in a variety of
commercial and military photonic systems including beam steering, optically addressed spatial light modulators, and
active spectral filters. The focus of this effort is in demonstrating specific material improvements and their
applicability in a photonic application. Conceptual approaches could include passive or active designs geared
toward controlling the optical properties in the near infrared (NIR), SWIR, and MWIR spectral regions. Proposals
should address performance characteristics such as transmission, dynamic range, and response time of the proposed
materials.

This research should include synthesis and/or formulation to provide new liquid crystals materials that offers a
combination of above-mentioned properties that can be utilized to enhance the performance of active and/or passive
spectral and spatial filtering applications of interests to the Air Force. These properties should be properly
characterized to correlate and predict their impacts on device performance.

PHASE |: Demonstrate proof-of-principle with respect to a new materials and the enhanced property to be
demonstrated. The offeror will demonstrate initial material improvements, its applicability and propose potential
issues, which must be addressed during Phase II.

PHASE II: Optimize the approach demonstrated in Phase | and will design and characterize the improved article to
demonstrate advancement with respect to state-of-the-art technology.

DUAL USE COMMERCIALIZATION: Since liquid crystals are pervasive in the commercial sector, improvements
to particular materials and/or processes will have wide scale applicability in numerous markets including display,
entertainment, and research areas.
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