AIR FORCE

STTR 10.B PROPOSAL PREPARATION INSTRUCTIONS

The Air Force proposal submission instructions are intended to clarify the DoD instructions as they apply to AF requirements.
The responsibility for the implementation and management of the Air Force Small Business Technology Transfer (STTR) Program is with the Air Force Research Lab, Wright-Patterson Air Force Base, Ohio.  The Air Force STTR Program Manager is Mr. Augustine Vu, (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:  Raheem Lawal

875 Randolph Street

Suite 325, Room 3112
Arlington, VA  22203-1954

Phone:  (703) 696-7313 / (703) 696-9513

Fax:  (703) 696-7320

Email:  raheem.lawal@afosr.af.mil

For general inquiries or problems with the electronic submission, contact the DoD Help Desk at 1-866-724-7457 (8:00 am to 5:00 pm ET).  For technical questions about the Topics during the pre-solicitation period (20 July through 16 August 2010), contact the Topic Authors listed for each Topic on the website.  For information on obtaining answers to your technical questions during the formal solicitation period 
(17 August through 15 September 2010), go to http://www.dodsbir.net/sitis.
For additional information regarding the SBIR/STTR Programs, a Defense Acquisition University (DAU) Continuous Learning Module, FA010, entitled “Small Business Innovation Research/Small Business Technology Transfer (SBIR/STTR)”, may be accessed (subject to availability) at https://learn.dau.mil/html/clc/Clc1.jsp?cl.  It is recommended that those taking the course register as “General Public” and select “only browse the module not getting credit”.  Site performance is enhanced by utilizing Internet Explorer.  General information related to the AF Small Business Program can be found at the AF Small Business website, http://www.airforcesmallbiz.org.   The site contains information related to contracting opportunities within the AF, as well as business information, and upcoming outreach/conference events.  Other informative sites include those for the Small Business Administration (SBA), www.sba.gov, and the Procurement Technical Assistance Centers, www.aptac-us.org/new/Govt_Contracting/index.php.  These centers provide Government contracting assistance and guidance to small businesses, generally at no cost. 

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.  

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

Phase I period of performance is typically 9 months, not to exceed $100,000. 

Phase II period of performance is typically 2 years, not to exceed $750,000.  

The solicitation closing dates and times are firm. 

PHASE I PROPOSAL SUBMISSION

Read the DoD program solicitation at www.dodsbir.net/solicitation for detailed instructions on proposal format and program requirements.  When you prepare your proposal, keep in mind that Phase I should address the feasibility of a solution to the topic.  For the Air Force, the contract period of performance for Phase I shall be nine (9) months, and the award shall not exceed $100,000.  We will accept only one Cost Proposal per Topic Proposal and it must address the entire nine-month contract period of performance.

The Phase I 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 II proposals prior to the completion of the first six months of the contract based upon an evaluation of the contractor’s technical progress and review by the Air Force technical point of contact utilizing the criteria in section 4.3 of the DoD solicitation    The last three months of the nine-month Phase I contract will provide project continuity for all Phase II award winners so no modification to the Phase I contract should be necessary.  Phase I technical proposals have a 20 page-limit (excluding the Cost Proposal and Company Commercialization Report).  The Air Force will evaluate and select Phase I proposals using review criteria based upon technical merit, principal investigator qualifications, and commercialization potential as discussed in this solicitation document (reference paragraph 4.2). 

	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 6:00 am ET 15 September 2010 deadline.  A hardcopy will not be accepted.  Signatures are not required at proposal submission when submitting electronically.  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 ET).

Acceptable Format for On-Line Submission:  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 a .pdf  document 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 September, 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 without proper notification to the Air Force.



Voluntary Protection Program (VPP):  VPP promotes effective worksite-based safety and health. In the VPP, management, labor, and the Occupational Safety and Health Agency (OSHA) establish cooperative relationships at workplaces that have implemented a comprehensive safety and health management system.  Approval into the VPP is OSHA’s official recognition of the outstanding efforts of employers and employees who have achieved exemplary occupational safety and health.   An “Applicable Contractor” under the VPP is defined as a construction or services contractor with employees working at least a 1,000 hours at the site in any calendar quarter within the last 12 months that is NOT directly supervised by the applicant (installation).  The definition flows down to affected subcontractors.  Applicable contractors will be required to submit Days Away, Restricted, and Transfer (DART) and Total Case Incident (TCIR) rates for the past three years as part of the proposal.  Pages associated with this information will NOT contribute to the overall technical proposal page count.
COMMERCIAL POTENTIAL EVIDENCE

An offeror needs to document their Phase I or II 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-STTR  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.

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 I 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.  

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

3. 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 II awards won by your firm. 

	NOTE:  Even if your company has had no previous Phase I or II 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 I 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 II 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 I contract decisions within approximately four months after proposal receipt.  All questions concerning the evaluation and selection process should be directed to the Air Force Office of Scientific Research (AFOSR).  

ON-LINE PROPOSAL STATUS AND DEBRIEFINGS

The AF has implemented on-line proposal status updates for small businesses submitting proposals against AF topics. At the close of the Phase I Solicitation – and following the submission of a Phase II 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 AF SBIR/STTR site (http://www.sbirsttrmall.com). The Small Business Area (http://www.sbirsttrmall.com/Firm/login.aspx) is password protected and firms can view their information only.

To receive a status update of a proposal submission, click the “Proposal Status” link at the top of the page in the Small Business Area (after logging in). A listing of proposal submissions to the AF 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 AF with a notification of selection or non-selection.  The AF 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 Cover Sheet will be notified by e-mail regarding proposal selection or non-selection.  The email will include a link to a secure Internet page containing specific selection/non-selection information.   Small Businesses will receive a notification for each proposal submitted. Please read each notification carefully and note the Proposal Number and Topic Number referenced. 

In accordance with FAR 15.505, a pre-award debriefing may be received by written request.  As is consistent with the DoD SBIR/STTR solicitation, the request must be received within 30 days after receipt of notification of non-selection.  As found at FAR 15.505(a)(2), it may be requested that the debriefing be delayed until after award.  Written requests for debriefing should be mailed to AFRL/XPP (SBIR), 1864 4th Street, Room 225, Wright-Patterson AFB OH, 45433-7130.  Requests for debriefing should include the company name and the telephone number/email address for a specific point of contract, as well as an alternate.  Also include the topic number under which the proposal(s) was submitted, the proposal number(s), and whether a pre- or post-award debrief(s) is desired.  Debrief requests received more than 30 days after receipt of notification of non-selection will be fulfilled at the Contracting Officers' discretion.  Unsuccessful offerors are entitled to no more than one debriefing for each proposal. 
PHASE II PROPOSAL SUBMISSIONS Phase II is the demonstration of the technology that was found feasible in Phase I.  Only those Phase I awardees that are invited to submit a Phase II proposal and all FAST TRACK applicants will be eligible to submit a Phase II proposal.  Phase I awardees can verify selection for receipt of a Phase II invitation letter by logging into the “Small business Area” at http://sbirsttrmall.com.  If “Phase II Invitation Letter Sent” and associated date are visible, a Phase II invitation letter has been sent.  If the letter is not received within 10 days of the date and/or the contact information for technical/contracting points of contact has changed since submission of the Phase I proposal, contact the appropriate AF STTR Program Manager, as found in the Phase I selection notification letter, for resolution.  Please note that it is solely the responsibility of the Phase I awardee to contact this individual.  There will be no further attempts on the part of the Air Force to solicit a Phase II proposal.  The Phase I 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 II 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 II proposal instructions to the appropriate small businesses.  Phase II efforts are typically two (2) years in duration and do not exceed $750,000. (NOTE) All Phase II awardees must have a Defense Contract Audit Agency (DCAA) approved accounting system. Get your DCAA accounting system in place prior to the AF Phase II award time frame. If you do not have a DCAA approved accounting system, this will delay / prevent Phase II contract award. If you have questions regarding this matter, please discuss with your Phase I contracting officer.
All proposals must be submitted electronically at www.dodsbir.net/submission.  The complete proposal - Department of Defense (DoD) Cover Sheet, entire Technical Proposal with appendices, Cost Proposal and the Company Commercialization Report – must be submitted by the date indicated in the invitation.  The technical proposal is limited to 50 pages (unless a different number is specified in the invitation).  The Commercialization Report, any advocacy letters, and the additional Cost Proposal itemized listing ( a-h) will not count against the 50 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.)  The preferred format for submission of proposals is Portable Document Format (.pdf).  Graphics must be distinguishable in black and white.  Please virus-check your submissions. 
NOTE: Key Program Personnel

Ensure that in the Technical Proposal all key personnel who will be involved in this project are identified; include information on directly related education, experience, and citizenship.  A technical resume of the principle investigator, including a list of publications, if any, must be part of that information.  Concise technical resumes for subcontractors and consultants, if any, are also useful.   You must identify all U.S. permanent residents to be involved in the project as direct employees, subcontractors, or consultants.    You must also identify all non-U.S. citizens expected to be involved in the project as direct employees, subcontractors, or consultants.  For these individuals, in addition to technical resumes, please provide countries of origin, the type of visa or work permit under which they are performing and an explanation of their anticipated level of involvement on this project.  You may be asked to provide additional information during negotiations in order to verify the foreign citizen’s eligibility to participate on a contract issued as a result of this solicitation.
FAST TRACK
Detailed instructions on the Air Force Phase II 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 II 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 II proposals must be submitted not later than 180 days after the start of the Phase I contract.

3. The Air Force does not provide interim funding for Fast Track applications.  If selected for a Phase II award, we will match only the outside funding for Phase II. 

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 II award.  FAST TRACK applicants may submit a Phase II proposal prior to receiving a formal invitation letter.  The Air Force will select Phase II winners based solely upon the merits of the proposal submitted, including FAST TRACK applicants.

PHASE II ENHANCEMENT POLICY
The Air Force currently does not participate in the DoD Enhancement Program.  

PHASE I SUMMARY REPORTS

In addition to all the Phase I contractual deliverables, Phase I award winners must submit a Phase I Final Summary Report at the end of their Phase I project. The Phase I summary report is an unclassified, non-sensitive, and non-proprietary summation of Phase I 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 I 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) items. 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 II submission requirements.  Should the requirements change, all Phase I awardees that are invited to submit Phase II 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 10.B Topic Descriptions
AF10-BT01

TITLE: Develop Thermally Conductive Structural 2D Laminate Graphite Fiber 




Reinforced Composites
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Develop a fiber interface thermostructural improving material or technique to make an all axis (z axis emphasis) thermally conductive, structural, 2D unitape laminate graphite fiber composite.

DESCRIPTION:  Currently, industry has not been able to make 2D laminate composite materials from unitape prepreg that are simultaneously thermally conductive (with particular emphasis on the thru thickness z axis thermal conductivity) and structural. If such a composite could be developed, it would improve the thermal performance and reduce the weight of aircraft radiators, directed energy mirror structures, satellite buses and aircraft electronics components. Also once such a composite is developed it will allow the creation of innovative thermal management structures which simultaneously accomplish both the thermal management and structural requirements of aircraft, directed energy systems and satellites. The key to achieving this goal is to develop an innovative means of improving both the thermal and structural interface between the 120+ W/mK axially thermally conductive graphite fibers presently used in many thermal management applications and the resins used to bond them into a composite. At present the graphite fiber to organic matrix resin interface is both structurally and thermally deficient. It does not transmit mechanical loads adequately between fibers to meet structural demands and it is an excellent thermal insulator instead of the imperatively needed thermal conductor required to move heat from one side of the composite to the other. The interface is the fundamental reason why no unitape prepreg lay up, 2D laminate organic resin matrix composite exists that delivers this desired combination of       thermal conductivity (with particular emphasis on the thru thickness z axis thermal conductivity) and structural properties. One example of a possible means to improve the thermal and structural aspects of the interface is to modify it by growing carbon nanofins on the fiber’s surface.

PHASE I:  Select an axially 120+ W/mK graphite fiber, use proposed interface property improving material or technique to treat the fiber's surface. Demonstrate conventional 2D laminate composite interlaminar and interface strengths while improving z axis conductivity 2 fold increase from 0.2 to 20+ W/mK.

PHASE II:  Optimize the thermostructural interface between two axially 120+ W/mK graphite fibers and two organic resins and 1) fabricate prepreg from five distinct lots of the fibers and five distinct lots of the resins 2) fabricate and test various interface and matrix dominated composite property testing specimens 3) fabricate and test thermal conductivity measurements specimens. Results design data based.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Improve thermal management performance, reduce of aircraft radiators, directed energy mirror structures, satellite buses and aircraft electronics weight.

Commercial Application:  Improve thermal performance, reduce weight of aircraft radiators, satellite buses and aircraft electronics, allow for creation of innovative thermal management structures.

REFERENCES:

1.   Bhuvana T., Kumar A., Sood A., Gerzeski R., Hu J., Bhadram V., Narayana C., and Fisher T., “Contiguous Petal-like Carbon Nanosheet Outgrowths from Graphite Fibers by Plasma CVD Submitted to ACS Applied Materials & Interfaces. 

2.  Gerzeski R. H., Improving The D2512 LOX Compatibility of Composites By Using Thermally Conductive Graphite Fibers, 1-888, AFRL-ML-WP-TR-2005-4239 

3.  Gerzeski R. H., AFRL/MLBC In-House Generated BisMaleImide Matrix Composites Database, 1st ED, 1-162, AFRL-ML-WP-TR-2006-4177 

KEYWORDS: Thermally Conductive, Structural, 2D Laminate, Graphite Fiber, Composite,  Interface 
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Joycelyn Harrison
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(703) 696-6225

Fax: 



Email: 

joycelyn.harrison@afosr.af.mil

AF10-BT02

TITLE: Optical Cryocooling for Space-borne Sensors
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE:  To develop concepts for a compact solid-state cryocooler  for space applications based on optical refrigeration.  This enables vibrationless microscale coolers to support AF IR space missions.

DESCRIPTION:  Next generation Air Force space infrared sensing technologies and on-board cryogenic cooling needs will require improvements in component level technology that reduce payload jitter, mass, and power budgets through improved thermal management of cooling loads and rejected heat.  Sensor sensitivity in general depends on reducing the background noise due to thermal fluctuations and stabilizing the device’s temperature dependent calibration. Active localized cooling can be used to prevent thermal run-away in high-density processor chips, and processing speed is increased by decreased resistance. The thermal solution is microscale, vibrationless cryocoolers, which have become high interest items for the Air Force (especially for operationally responsive space) in order to reduce thermal fluctuations and improve EO IR payloads.  Space-based cryocoolers tend to be costly items with low MRLs and TRLs. Currently, conventional space qualified cryocoolers do not exist that are compact, vibrationless and microscale.  Traditional R&D shows small incremental improvements in size, weight, and power (SWAP) reductions.  Optical refrigeration offers an innovative way to significantly reduce SWAP without large sacrifices in capability.  All devices must be capable of 10 years operation in a space environment, including 300Krad total dose of radiation (ionizing and proton). Some notional system within which the improved component will operate must be described, including thermal stability across the array and stability over time.  Increasing the thermal stability of the system improves the reliability and lifetime of the components, which are important for satellites. The nominal rejection sink of a usual payload is at 250-325 K and the minimal continuous duty lifetime is 10 years.   Optical Refrigeration is based on anti-Stokes fluorescence in rare-earth doped solids. Recently temperatures down to 155K has been achieved in a ytterbium-doped crystal with a heat lift of >100 mW.  Laser light can be delivered with a fiber to the cooling crystal which has shown to be able to deliver a high cooling power density (10 W/cm3).  The compactness and solid-state aspect of these refrigerators make them suitable for cooling sensors in space applications where the lack of vibrations is critical.  Furthermore, the low mass of the cooling head offers much desired agility in gimbal-mounted sensors.  Achieving <100K is a significant challenge for optical cryocoolers, and requires an innovative approach.

PHASE I:  Efforts should concentrate on the development of the fundamental concepts for increased efficiency or reduced mass, jitter, or power input of space EO payloads by developing the concepts of a solid-state optical cryocooler that can approach 100 K with a cooling power exceeding 200 mW.

PHASE II:  Efforts should take the innovation of Phase I and design/implement the thermal link, cold finger, high power operation, and to demonstrate the innovation to specifications.  Demonstration of the potential improvements in efficiency or mass reduction of space cryogenic coolers or space payloads should be included in the effort, but does not need to be optimized to flight levels.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Transition into military systems working with spaced-based IR sensors is anticipated, particularly missile tracking, surveillance, and Operationally Responsive Space Flight Demos for EO IR payloads.

Commercial Application:  Applications of this technology include NASA and commercial for space/airborne uses such as astronomy, weather & earth monitoring ,and ground uses such as superconducting electronics, and MRIs.

REFERENCES:

1. Optical Refrigeration: Science and Applications of Laser Cooling of Solids By Richard Epstein, Mansoor Sheik-Bahae, ISBN 978 3 527 40876 4 

2. D. V. Seletskiy, S. D. Melgaard, S. Bigotta, A. Di Lieto, M. Tonelli and M. Sheik-Bahae, "Laser Cooling of Solids to Cryogenic Temperatures," Nature Photonics 4, 161 - 164 (2010)

3. T. Roberts and F. Roush, USAF Cryogenic Thermal Management System Needs, Proceedings of the 2007 Cryogenic Engineering Conference 

4. Davis, T. M., Reilly, J., and Tomlinson, B. J., USAF "Air Force Research Laboratory Cryocooler Technology Development," Cryocoolers 10, R. G. Ross, Jr., Ed., Plenum Press, New York (1999), pp. 21-32.

KEYWORDS: optical cooling; anti-Stokes; fluorescence; thermal management; cryogenics
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AF10-BT03

TITLE: Innovative Approaches to On-Demand Cloud Computing over Ad-Hoc Wireless 




Networks 
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Develop techniques, algorithms, protocols and architectures to enable on-demand cloud computing across varied tactical platforms utilizing distributed ad-hoc wireless networks.

DESCRIPTION:  Platforms of the current generation employ monolithic, stove-piped computer architectures.  These platforms have reduced effectiveness due to a  lack of scalable, tactical wireless networks to support collaboration between platforms.  Moreover, each platform attempts to perform its mission isolated from other platforms, unable to leverage resources from other platforms to solve war fighting problems.  Innovative techniques, algorithms, protocols and architectures are sought to enable cloud computing across varied platforms. Cloud computing uses programming models, such as MapReduce, and associated implementation for processing and generating large datasets. Users specify the computation in terms of a map and a reduce function and the underlying runtime system automatically parallelizes the computation across large-scale clusters of machines, handles machine failures, and schedules inter-machine communication to make efficient use of networks and disks. MapReduce is resilient to large-scale processor failures. For example, during one MapReduce operation, network maintenance on a running cluster caused a group of 80 machines to become unreachable for several minutes. The MapReduce master simply re-executed the work done by the unreachable worker machines. Thus, cloud computing is designed to be fault tolerant, since component failures are the norm rather than the exception. Therefore, constant monitoring, error detection, fault tolerance, and automatic recovery are integral to cloud computers. The idea of on-demand cloud computing is to deploy cloud services over an existing infrastructure, rather than using dedicated machines within a data center. These cloud computing concepts have been developed commercially and are heavily used to maximize application performance over the Internet as well as distributed computing applications.  In addition, for large scale scientific cloud computing, Graphics Processing Unit (GPU)-based clouds will probably be needed to complement x86-based multicore clouds. Also, cloud computing allows applications to use all available processing resources, adapting the use of resources on the fly as necessary to maximize performance. Novel approaches are needed to develop protocols and model effects in military operations with highly dynamic constraints and topologies.  As the speed of battlefield operations increases, there exists a need to rapidly add, remove, and utilize cloud computing, storage, software application, and connectivity resources across multi-vehicle scenarios, involving manned and unmanned aviation, and ground,  as well as human assets.  Proposed concepts should place special emphasis on autonomous Unmanned Air Systems (UAS), which deliver intelligence, critical information  and munitions on-demand.  This will be collaboration between a UAS cloud which has context knowledge, while local clients (sensor(s) plus local processing) provide filtered and encrypted local data.

Cloud computing concepts and protocols should be able to:

- Support scaling of collaborative applications from 10 to at least 100 local nodes with no degradation in performance, with further capacity through tiered multiple local node groups through backbone networks;

- Seamlessly scale while specific node-to-node communications bandwidth varies by at least three orders of magnitude (e.g. 10 kbps to 10 Mbps) over just a few seconds;

- Support local collaborative applications with timeliness requirements of a few milliseconds (with allowance for increasing latency with number of hops and distance).

PHASE I:  Develop novel cloud computing architectures together supporting algorithms & protocols to effectively abstract resources over unstable networks. Document the feasibility of cloud computing architectures through laboratory experimentation where appropriate, modeling &  simulation tools.

PHASE II:  Design and implement cloud computing designs through real-time simulations and UAS flight test data  to verify design assumptions and determine their effectiveness.  At the end of Phase II, the cloud computing design and implementation will be fully documented and its effectiveness supported by the results of the aforementioned experiments.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Transition the architectures and/or technology components into DoD and/or commercial systems.  Demonstrate benefits of approach in real-world operations and exercises.

Commercial Application:  Transition the architectures and/or technology components into DoD and/or commercial systems.  Demonstrate benefits of approach in real-world operations and exercises.
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TITLE: Novel Materials for In-Situ Ablation Sensing
TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE:  Investigate new material systems to self-sense and quantify ablation during ground and flight tests.

DESCRIPTION:  The next generation of maneuvering reentry vehicles being designed for DoD applications will have requirements for system range and payload that will preclude conservative Thermal Protection System (TPS) design.  To achieve precise vehicle guidance, navigation and control, the time-varying aerodynamic shape of such vehicles must be accurately known throughout the flight trajectory.  Substantial research is required to develop the basic knowledge building blocks essential for the eventual development of both a predictive capability for the in-flight degraded shape of maneuverable reentry systems and innovative thermal protection systems.  Characterization and modeling of the fundamental response of a high-temperature TPS material to the extreme hypersonic environment is critical.  To facilitate such efforts, novel methods are sought to provide integrated, in-situ, quantitative measurements of material degradation and surface recession during ground and flight tests.

Contributions are sought to transform the state of the art of ablation testing through development of a novel material and/or new sensing system that allows for non-intrusive, real-time evaluation of ablation as the ablation is occurring during testing. Simulations or computational methods for predicting ablation or quantifying ablation after the fact will not be considered. 

Research areas of interest include, but are not limited to, the following:

-  Investigations into novel materials that have characteristic signatures during high temperature ablation events

-  Development of non-intrusive, integrated ablation sensing techniques

-  Novel methodologies for the time-accurate quantification of surface degradation or recession

PHASE I:  Identify and determine feasibility of novel method for the time-accurate quantified measurement of TPS material degradation or recession in an extreme aerothermodynamic environment.  Conduct a bench-top scale proof of concept.

PHASE II:  Develop, demonstrate and evaluate a prototype capability based on Phase I approach.  New materials should be able to withstand minimum heat fluxes of 113 W/cm2.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Develop and demonstrate new real-time, non-intrusive ablation test capability on hypersonic test asset. Improve ability to determine real-time ablation of material during hypersonic asset testing.

Commercial Application:  Allow real-time measuring of ablation during spacecraft re-entry allowing for on the fly safety and mission modifications.

REFERENCES:

1.  R Gosse and E Alyanak, “Micro-Mechanical Ablation of Carbon-Carbon Materials,” AIAA Paper 2009-1564, 2009.

2.  D Bianchi, F Nasauti and E Martelli., “Coupled Analysis of Flow and Surface Ablation in Carbon-Carbon Rocket Nozzles,” Journal of Spacecraft and Rockets, vol 46, No 3, June 2009.
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TITLE: High Efficiency Flexible Photovoltaics
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  The development and integration of high-efficiency photovoltaics into foldable/rollable blankets to reduce solider borne weight by reducing battery requirements.

DESCRIPTION:  Soldiers currently are forced to carry significant battery loads to accomplish many missions without being resupplied.  In addition, unattended devices must often be visited to allow for battery changes.  The frequent trips to the unattended devices puts soldiers at risk and can also either compromise the unattended device or identify it as a target.  High efficiency flexible solar blankets would allow soldiers to recharge their batteries to enable longer duration missions and soldiers could eliminate battery changeouts for unattended devices.  The blankets must be robust, lightweight, and be high efficiency to minimize their detectability.

Amorphous silicon based flexible photovoltaics are currently 6% efficient and optimistic estimates are that this technology can ultimately reach 10% efficiency.  Recent advances in inverted metamorphic multi-junction (IMM) photovoltaics have shown efficiencies greater than 30%.  IMM photovoltaics are grown upside down on a rigid germanium or gallium arsenide substrate.  A secondary carrier is attached to the top surface and the cell is lifted off the substrate.  The secondary carrier can be engineered to optimize its properties.  For example if the if the substrate is a polymer sheet it would result in high efficiency flexible solar cells.  The substrate can also be tuned for optical properties and heat conductivity.  The integration of IMM cells into a robust rollable/foldable photovoltaic blankets has not been demonstrated to date. Challenges include electrical connections, encapsulation of the photovoltaic, thermal management, and toughening of the overall system. 

The goal of this research is to achieve lightweight flexible photovoltaic blankets with conversion efficiencies greater than 25% and specific power and reliability that are significantly improved compared to existing flexible photovoltaic technologies.  Because reducing the mass and maintaining flexibility are key focuses of this topic, solar concentration is not expected to be feasible.  Flexible blanket power generation capability should scale from 50 to 1000 Watts with minimal reductions in overall device efficiency.  Fully integrated blankets are expected to exceed 125 W/kg specific power under AM 1.5 (air mass) conditions and ambient temperatures. 50 to 250 W blankets should generate 30 V DC.

PHASE I:  Evaluate photovoltaic materials, device design, and processing and integration technology options to achieve flexible blanket conversion efficiencies of >25%.  Define specifications and testing protocols for Phase II experimental prototype.

PHASE II:  Apply the designs developed in Phase I to fabricate prototype working photovoltaic blankets at 60-250 scales to demonstrate scalability of cell integration onto flexible photovoltaic blankets. Conduct appropriate tests to demonstrate photovoltaic (electrical) and mechanical performance in a laboratory environment. Conduct detailed experimental and theoretical analysis of system performance.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Develop flexible photovoltaic blankets for integration into expeditionary and special forces equipment. Blankets will enable longer unsupplied mission lengths due to reduced battery requirements.

Commercial Application:  High efficiency flexible photovoltaic civilian applications include solar rechargers for portable power applications, including flexible battery-charging covers for hybrid electric vehicles etc.

REFERENCES:
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TITLE: Formally verified information-flow architectures
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Develop formal concepts and tools to support an architectural approach to the design of systems with guaranteed information-flow security properties.

DESCRIPTION:  An important element in securing cyberspace is to build a rigorous foundation for the design and construction of systems guaranteed to satisfy security properties.  Approaches to security include access control and encryption.  The first cannot guarantee legitimate use of information after granting access to it; the second can be computationally expensive.  A complementary approach is to constrain the flow of information.  Since Goguen and Meseguer [1] introduced the fundamental property of information flow called noninterference, several variations and generalizations have been defined.  Much work in the area of information-flow security is focused on language-based analysis.  This solicitation seeks fundamental research to provide a foundation for a component-based architectural approach to the construction of systems guaranteed to satisfy information-flow security properties.  Protecting and sharing information securely can be achieved by constraints on the flow of information, which can express confidentiality and integrity requirements.  It can be very difficult and time-consuming to rigorously verify that a system satisfies such requirements.  A common approach to reduce the complexity of verification problems is to apply compositional techniques, as is the case when proving safety and liveness properties.  Many security properties, however, do not fall within the safety/liveness framework.  Yet there are several results on the composition of some information-flow properties [2 – 5].  If decomposition can reduce the cost of verifying that a system is secure, much greater reductions would be possible if there were a collection of high-level designs or component-based architectures that had been verified to satisfy some information-flow security properties.  Systems could be developed as instantiations of these architectures reducing development time, and different developers could produce different components possibly reducing development costs.  This solicitation seeks fundamental research on a framework to support the development of architectures of distributed systems that are guaranteed to satisfy information-flow security properties.  It should include a language for the specification of information-flow security properties, a formal model of components that satisfy these properties, and a formal semantics to support reasoning about composed systems.  The set of information-flow properties expressible in this framework should support the definition of security requirements for a broad class of distributed systems.  Deliverables include a prototype of the framework, with support for compositional analysis of information-flow properties, and formally verified security architectures.

PHASE I:  Identify set of information-flow security properties. Develop theory of compositional framework to design component-based security architectures with such properties (specification language for properties, components; semantics for composition). Identify practical security architectures.

PHASE II:  Develop a prototype of a tool that implements the theoretical compositional framework developed in Phase I to provide support to system architects.  Demonstrate the prototype formally verifying component-based security architectures.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Architecture for secure air-to-air, air-to-ground, and air-to-space communication.

Commercial Application:  Information protection of electronic medical records.

REFERENCES:
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TITLE: Nonintrusive Diagnostics for Off-Body Measurements in Flight Experiments
TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE:  Develop diagnostic capability for the nonintrusive dynamic measurement of local flowfield parameters in high-speed flight research experiments.

DESCRIPTION:  While ground test and numerical simulation provide the scientific foundation for the development of essential technologies for high-speed flight, ground test cannot be accomplished at flight conditions and numerical simulations require validation data.  Thus, the extrapolation and scaling of both methods to flight conditions is a pervasive scientific challenge.  To address this issue, several federal agencies have developed flight research programs to complement and provide critical guidance to ground test and computational efforts.  An essential element of these flight research programs is the desire to collect extensive time- and spatially-resolved measurements of critical aerothermodynamic phenomena during the flight experiment.  Unfortunately, surface-based measurements alone do not provide sufficient insight into the complex flowfield to allow unambiguous conclusions to be drawn from the flight data.  The capability to dynamically measure off-body flow parameters would add an exciting new dimension to the suite of measurements currently employed in flight research programs.

Contributions are sought to transform the state of the art in the dynamic measurement of fluctuating flowfield parameters in flight.  Novel methods that provide nonintrusive, spatially- and temporally-resolved measurements either in the off-body flow near the surface of the vehicle or in the freestream are strongly encouraged.  Offerings substantially based on analytical or computational approaches to the problem will be considered nonresponsive.

Research areas of interest include, but are not limited to, the following:

-  Measurement of freestream fluctuations in the flow upstream of a flight research vehicle.

-  Development of non-intrusive techniques for off-body measurements in the local flowfield.

-  Integration and demonstration in a small scale flight experiment.

PHASE I:  Identify and determine feasibility of novel method for the time-accurate measurement of off-body flow parameters.  Demonstrate proof-of-concept in a laboratory scale experiment.

PHASE II:  Develop, demonstrate and evaluate a prototype capability based on Phase I approach.  Integrate and demonstrate capability in small scale flight demonstration.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:   Enhanced ability to measure flow environment will facilitate in-flight optimization of resource-intensive flight tests.

Commercial Application:  Knowledge and diagnostic capabilities derived from this effort should be of considerable benefit to the commercial space launch enterprise.

REFERENCES:
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TITLE: Microcavity Plasma Ozone Generator
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  Demonstration of a compact, microcavity plasma-based ozone generator capable of surpassing the performance of existing ozone production technology.

DESCRIPTION:  Over the past decade, microcavity plasmas have been shown to have several unique characteristics.  Confining low temperature, nonequilibrium plasma within cavities having mesoscopic dimensions results in operating pressures of one atmosphere and beyond as well as power loadings of tens to hundreds of kW – cm-3.  The latter is particularly attractive for plasma processing of attaching gases and stable, uniform glow discharges in atmospheric air have been demonstrated recently.  These developments open the door to a broad range of applications for this technology, including the production of ozone for water purification or the destruction of toxic or environmentally hazardous vapors and gases.

The proposed program should address the efficient generation of ozone with microcavity plasma arrays.  The value of this technology for DOD applications (such as fieldable, low cost systems for potable water production) will hinge on increasing the efficiency for the conversion of air or oxygen into ozone.  Of particular interest is air (as the feedstock gas) for which the ozone conversion efficiency is currently 2 – 6% (by weight) for large commercial systems having outputs of 5 – 50 kg/h.  Increased efficiencies are necessary for the potential benefit of ozone treatment of potable water to be realized.  Furthermore, conventional ozone generators require voltages of several kV.

The proposed program must present a viable pathway for designing, constructing, and testing a microcavity plasma reactor capable of efficiently generating ozone from air and operating at peak voltages below 2 kV.

PHASE I:  Design, construct, and test a small, single line ozone generator based on microcavity plasma arrays.  One atmosphere of air must be the feedstock gas and the ozone production efficiency (in at. wt. %) as well as the electrical efficiency (g O3 per kWh) must be measured.

PHASE II:  Demonstrate an ozone generator capable of producing 0.5 kg of O3 per hour.  The conversion efficiency should exceed that of conventional ozone generators (i.e., > 6% for air as the feedstock) and the reactor footprint (not including the power supply) should be <0.8 m2.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Remediation of toxic or environmentally hazardous gases, plasmachemical generation of reactants for high power gas lasers, field production of potable water, air purification and surface sterilization.

Commercial Application:  Large scale purification of water, air purification, surface sterilization in medical environments.

REFERENCES:

1. K. H. Becker, K. H. Schoenbach, and J. G. Eden, “Microplasmas and applications,” J. Phys. D: Appl. Phys., vol. 39, no. 3, pp. R55-R70, February 7, 2006.

2. Yanzhou SUN, Feng Zhang, “Investigation of influencing factors in ozone generation using dielectric barrier discharge”, Proceedings of the 9th International Conference on Properties and Applications of Dielectric Materials, July 19-23, 2009, Harbin, China, available at http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=05252354

3. Kazuo Shimizu, Masahiro Yamada, Masaki Kanamori, and Marius Blajan, “Basic Study of Sterilization at Low Discharge Voltage by Using Microplasma”, available at http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=04658875
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TITLE: Dynamic Cross-layer Routing Using Cognitive Spectrum Allocation Techniques
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Design and assess innovative methods to create adaptive cross-layer wireless networking protocols to achieve network resiliency in contested RF spectra.

DESCRIPTION:  Spectrum efficiency and utilization is becoming an increasingly important factor for both military and commercial wireless applications, where the number of users and competing/conflicting data-rate requirements therein are growing tremendously. This topic seeks to develop a cognitive protocol framework for wireless (space, air, and ground) networks in which primary users and cognitive radio users can cooperate for mutual benefit to include: an increase in network capacity, transmission power savings, a reduction in routing latency, and a reduction in over-the-air time by fully taking advantage of the open wireless medium; thus, increasing overall spectrum efficiency and utilization. The fundamental design trade-offs inherent to energy-constrained and band-limited adaptable networks should be considered to efficiently use limited network/radio resources and provide assured, reliable wireless links in harsh, rapidly-changing RF environments by maintaining link stability without sacrificing capacity. Novel algorithms using spectral information should be designed to distributively control the space, time, coding, and frequency behavior of network nodes and achieve greater network performance. Decentralized network control strategies based on local information/measurements are needed to adaptively reconfigure the physical-layer and routing parameter space if/when links are determined unsuitable for the communications requirements. That is, the main challenge is to jointly consider route selection and spectrum allocation to take into account current spectrum occupancy and user demands/priorities, given network topology dynamicity is governed by the spectrum switching process and asset/node mobility. Solutions that require minimal change to existing waveforms are preferred.

PHASE I:  Design robust, spectrally-mutable wireless connectivity solutions that operate in dynamic environments, & tolerate long feedback delays. Dev. network models to demonstrate, compare, assess feasibility via RF wireless network simulation in terms of scalability & sys constraints (size/weight/power).

PHASE II:  Complete design and development of software-defined-radio prototype systems that implement candidate solutions. Demonstrate within an emulated or experimental airborne network environment. Demo environment should be spectrally dynamic and heterogeneous, hosting multiple data link layer technologies (e.g., joint tactical radio system (JTRS) waveforms, or surrogates) and mobile routing algorithms.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Reliable mission-critical time-sensitive info flows amongst in-theater military aircraft and satcom terminals to provide battlespace situational awareness and enable joint tactical edge networking.

Commercial Application:  Solutions can increase network capacity significantly, and enhance QoS therein, for commercial mobile wireless and satcom systems.

REFERENCES:
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4. L. Ding, T. Melodia, S. Batalama, J. Matyjas, M. Medley, “Cross-layer Routing and Dynamic Spectrum Allocation in Cognitive Radio Ad Hoc Networks,” IEEE Trans. on Vehicular Technology, 2010.

5. I. Akyildiz, W. Lee, M. Vuran, S. Mohanty, “NeXt Generation/Dynamic Spectrum Access/Cognitive Radio Wireless Networks:  A Survey,” Computer Networks, Volume 50, Issue 13, 15 September 2006, Pages 2127-2159.
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TITLE: Mission Prioritized Lossless Data Compression
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Investigate new capabilities for mission prioritized data acquisition, compression and reduced bandwidth representation for efficient and effective telemetry and processing of test and evaluation data.

DESCRIPTION:  The test and evaluation (T&E) mission in complex test facilities such as wind tunnels, flight tests or anechoic chambers results in large amounts of data collection, transmission and transfer due to the numbers and complexity of sensors. Restrictions and limitations on human capacity to review large amounts of data and on transmission bandwidth can adversely impact the ability to collect and process all pertinent sensed information in a timely and accurate manner.  

Discovery of fast and efficient methods to assist engineers in identifying which data is critical to review during or after a test is crucial for assessing flight/test safety, test hardware integrity, and achievement of test objectives.  Often, a terabyte or more of data is collected during a test, which must be examined in a prioritized way to make timely programmatic decisions.  

In addition, current practices employ data compression techniques on single sensor data sources without regard to intended use of the data or to correlations between co-located or nearly co-located sensors.  New research indicates it may be possible to combine low-rate sampling with computational power for efficient and accurate signal acquisition, referred to as compressive sampling or compressed sensing.  Furthermore, advances in computational abilities and algorithms now allow for consideration of compression and fusion of data to greatly reduce required transmission bandwidths, particularly when the compression is accomplished to optimize the inference requirement of the mission. For bandwidth reduction methods that employ data fusion via algorithmic and computational approaches, intelligent use of metadata and/or knowledge of user requirements combined with cognitive communication processes can also advance existing capabilities.

Contributions are sought to significantly advance the through-put and efficiency of collection of large amounts of useful data through novel, mission prioritized data acquisition and compression capabilities, without loss of signal integrity.

Potential topics for consideration include, but are not limited to, the following:

- Algorithm development or improvement allowing for user-defined prioritization of lossless data compression or extraction

- Computational methods that assist in mission prioritized data collection, transmission or transfer

- Development of machine learning methods to reduce total data collection

- Investigation into compressed sensing techniques applicable for very large data collections

PHASE I:  Identify and determine feasibility of novel methods for mission prioritized lossless data compression.

PHASE II:  Develop, demonstrate and evaluate a prototype capability from most promising Phase I method.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Develop robust user prioritized data acquisition and compression capability resulting in a 10:1 effectively lossless compression rate for military or commercial test facilities.

Commercial Application:  Improved efficiency in collection of large quantities of data from complex test facilities such as commercial wind tunnels including reductions in required bandwidth.

REFERENCES:
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3. Fowler, M., “Data Compression Trade-offs for TDOA/FDOA Geo-Location Systems,” AFRL-RI-RS-TR-2008-31, February 2008.

4. S. Marusic and G. Deng, “Adaptive prediction for lossless image compression,” Signal Processing: Image Communication vol. 17, pp. 363-372, 2002.
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TITLE: Photoactivatable Protean Glass/Ceramic Materials
TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE:  Development of protean glass/ceramic materials, where RF and DC electrical properties can be imbued in the material volume by laser excitation and subsequent material transformation processes.

DESCRIPTION:  Glass and ceramics are used in many aerospace applications. They are routinely used as barriers, insulating two very different environments.  They also serve as a passive substrate for the incorporation of devices. In limited cases but increasing in use, they serve as “containment” vessels for “extreme” environment reactions (i.e. hypersonic vehicle combustion). Of particular interest to aerospace systems is the desired high strength-to-weight ratio property. Consequently, glass/ceramics have made strong inroads in manufacturing because of the wide variety of mechanical, optical and thermal properties that can be “engineered” by altering the chemical composition and stoichiometry of the constituents. Two specific technology areas keep the glass/ceramics from finding wider use in meso and macro scale applications. 1) In applications where a form must be cut with sub-mm scale features in three dimensions (3D). 2) In applications where the delivery of electrical power is to be an integral part of the glass/ceramic component, nominally because glass/ceramic materials serve as barriers to harsh environments. For the former case the limitation arises because the fabrication of 3D structures with sub-mm scale precision is a costly enterprise. In the latter case, the limitation is the lack of technology for patterning conductors in true 3D and in microscopic dimensions if necessary. While, there is the metal-through-ceramic feed through technology used in electronic packaging, it is not the preferable approach in applications where the electronic lines must be conformal.    

A solution to make glass/ceramics more applicable to harsh applications is to explore the inclusion of additives in the glass/ceramic composition that can be initiated by photolytic excitation to induce a transformation which leads with further processing to the desired properties. We can label this kind of material as protean or changeable, mutable. The material is manufactured in a “metastable” state but can be altered to suit. There is a class of photosensitive glass/ceramic materials where the use of optical lithography patterning yields glass/ceramic components with high precision [1-4]. High precision is achieved because the patterning step precedes a chemical processing step and timed etching can be used for control. Modern lithography can be done with pulsed lasers and intimate motion control. Pulsed lasers have high peak powers that can induce exceedingly high temperature jumps (e.g. ~ 1012 K/s) in materials. Pulsed lasers can also initiate material transformations (e.g., phase separation and phase precipitation) via non linear or through non equilibrium processes. There are conflicting reports that with metallic doped glasses, it may be possible to directly precipitate metallic conducting phases within the insulating material by pulsed laser excitation. There are also reports that laser induced transient melting and subsequent re-growth can lead to specific crystalline phases within a material. It is theoretically possible that by controlling the directed energy flux of a pulsed laser with high fidelity, it may be possible to pattern novel phase transformations in protean glass/ceramics by laser direct-write techniques and yield physical property changes to allow the transmission of RF or DC electrical energy in seemingly insulating material.

PHASE I:  Use a combination of experimental, simulation and theoretical research to advance the development of glass/ceramic protean materials whereby a material transformation is initiated by a laser enabling the volumetric patterning of either RF (8-12 GHz) or DC electrical conducting lines within the bulk.

PHASE II:  Based upon the insight developed from the Phase I research results manufacture liter size samples of the material. Fully characterize the protean material properties along with the electrical (RF or DC) and chemical etching properties.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Sensors, mass producible space platforms, integrated miniature antenna systems, Multifunction space propulsion systems, microwave devices, high temperature components.

Commercial Application:  Sensor-rich micro analysis biological systems for point-of-care testing, architectural panels for modern office buildings, optical components, and high temperature ceramics.

REFERENCES:
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TITLE: Highly-Scalable Computational-Based Engineering Algorithms for Emerging

Parallel Machine Architectures
TECHNOLOGY AREAS: Air Platform

OBJECTIVE:  Develop domain partitioning and/or execution algorithms for computing aero-loads and aero-elastic phenomena by way of highly-parallel solutions to the equations of fluid and structural dynamics.

DESCRIPTION:  Modern, production-quality solvers for the governing equations of fluid dynamics (CFD) and structural dynamics (CSD) are generally based upon solving discretized versions of the governing equations on a domain that has been partitioned over a specified number of compute cores.  CFD solutions are amenable to iterative techniques running on distributed memory architectures, and state-of-the-art solvers have demonstrated linear scalability up to about 4,000 processors.  On the other hand, CSD solutions are better suited for large, shared-memory machines.  Computational tools are rapidly moving into the areas of multi-disciplinary analyses such that these solver types must execute together on machines where core counts are quickly approaching 105 and where the individual nodes contain upwards of 32 compute cores with a corresponding amount of shared memory on the node.  Future computational-based engineering tools must be able to operate efficiently in these environments and possess linear scalability such that high-fidelity simulations are completed within the time required to impact acquisition and certification activities.  To date, ad-hoc attempts have been made to apply hybrid MPI/OpenMP techniques to take advantage of the many-core processors with limited success.  However, formal investigations into novel looping strategies, cache memory usage techniques, and other areas in the context of emerging parallel machine architectures have been very limited.  The validity and consistency of the solved equations should obviously be retained in any implementation, but consolidated efforts to couple transformative partitioning techniques with hybrid parallel execution models and scalable numerical algorithms should yield fertile ground such that CFD/CSD solvers may take advantage of the massively-parallel machines currently going into general production (upwards of 50,000 compute cores).

PHASE I:  Survey the state-of-the-art, highly-scalable CFD/CSD algorithms, develop/prototype execution strategies/execution techniques that enables these types of solvers to scale to tens-of-thousands of processors on emerging HPC platforms while preserving the physical consistency/validity of the equations.

PHASE II:  Apply the theory and prototype methods developed in Phase I to a production-quality CFD/CSD solver and demonstrate linear speedup on computations spanning tens-of-thousands of processors.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  The computational algorithms developed will be directly applicable to computational-based engineering tools used by all military branches as well as many other non-DoD government organizations.

Commercial Application:  Commercial air and space companies will benefit from the developed products since the results are equally applicable to in-house computational tools.
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TITLE: Nanomembrane Photonic, Electronic, and Mechatronic Components
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Design and develop semiconductor photonic/electronic/mechanical components and systems, using single-crystal semiconductor nanomembranes or their integration with noncrystalline polymeric nanomembranes.

DESCRIPTION:  Inorganic nanomembranes (free-standing sheets 3 to 1000nm thick and with cm lateral dimensions) have, in the last several years, demonstrated great potential to become a disruptive technology, driven primarily by the successes shown with Group IV crystalline nanomembranes in flexible shaped electronics and optoelectronics.  The drivers for this potential are the inherently novel electronic and mechanical properties of these sheets; their flexibility, conformability, and transferability to other hosts; the ability to introduce strain (and thus novel properties associated with strain) in ways not possible with bulk materials; and the ability to integrate membranes of different materials because of the much better bondability of membranes than bulk material.

It is evident that a huge potential exists for applications of membranes beyond what has so far been demonstrated.  In particular, the range of successes so far shown in Si should be directly extendable to III-V and II-VI nanomembranes, with a consequent much greater potential for novel photonic devices.  All crystalline semiconductor nanomembranes have significant potential for exploitation of mechanical and mechatronic properties.  This area has barely been touched.  For example, shape changes can induce electronic transport changes, and surface modification can change the shape of nanomembranes. 

The integration of nanomembranes of different materials is another area of great potential.  In Si, so far this potential has begun to be demonstrated by hybrid-orientation and hybrid-composition technologies (HOT and HCT), with the layering of membranes of different orientations or different compositions.  This technology can be extended to take advantage of the properties of other materials, including polymer membranes.  A vast opportunity exists:  integration of optics and electronics, improved heterojunction solar cells, diffusional transport with electronic monitoring; shape changes as switches, ion sensors, or antennas; chemically sensitive resonators, and so on.

A third area, which naturally involves integration of different nanomembranes, is the use of strain to engineer different shapes (tubes, rolled rugs, corkscrews, etc.) that have unique mechanical, electronic, and optical properties.  They can be formed by integrating nearly all materials (crystalline or organic)  that have different strain properties, including lattice or thermal-mismatch strain.  Such nanomembrane structures offer potential in sensors, shaped electronics, novel light sources, and microfluidics, and specifically in mechanoelectronic applications where shape changes produce different resonant frequencies and Q values.

Of interest are innovative approaches using mechanical and electronic properties of single-material or integrated nanomembranes for the development of innovative devices in the areas of optoelectronics, photonics, optics, flexible electronics, sensors, power sources, or communications using any of the above approaches or suggested applications. 

PHASE I:  Demonstrate innovative approaches for one or more of the above listed technologies. Feasibility of a novel application will involve simulation of the device design, predicted design specifications, demonstration of processing steps, and progress toward an actual prototype.

PHASE II:  Develop a manufacturable prototype in the above application areas.  Demonstrate integration with requisite control and necessary other components to make a complete optoelectronic, photonic, electronic, mechatronic, or energy conversion/power system.  Demonstrate superiority, if applicable, over existing approaches or devices.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Nanomembranes have the potential for revolutionizing many fields, including imaging, communication, information processing, sensing, and energy conversion.

Commercial Application:  Applications include imaging, communication, information processing, sensing, energy conversion, and even personalized medicine.
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TITLE: Saliency Annotation of Image and Video Data
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Enable efficient image analyst performance as part of an intelligence, surveillance, and reconnaissance system via automated region-of-interest (“saliency”) annotation of image and video data.

DESCRIPTION:  Human image analysts expected to remain integral elements in ISR systems for the foreseeable future. Among many reasons for continued reliance on human analysts are: (i) fully autonomous ISR systems have not reached the necessary levels of operational performance; (ii) urban clutter remains very challenging for conventional statistical signal processing methods; and (iii) collateral damage can be so catastrophic that final confirmation is required before a target is engaged. 

While human analyst resources are limited and costly, several technical trends in ISR continue to mount increasing demands upon them: (i) persistent operation is increasingly desired of ISR platforms; (ii) heterogeneous sensor suites are becoming increasingly necessary to address more challenging clutter environments; and (iii) ISR sensors are generating increasingly large volumes of imagery. These trends, together with the perishable nature of information contained in the raw data and the need for fusion of information extracted by different analysts from different segments of raw data, create a critical and growing need for automated capabilities to enable analysts to perform more efficiently.

Achieving an effective capability for saliency annotation of video and image data is expected to entail fusion of intrinsic information within the collected data with side information from other sources, such as sensor data from other modalities, intelligence or environmental information, and historical or geographical context. Information from some important sources may not be quantitative in nature (i.e., “soft information”). Additionally, automated assessment of saliency necessarily involves some level of analytical and algorithmic modeling of relevant human cognitive processes to ensure that annotations are consistently of high relevance to the human analyst (e.g., so that images are not cluttered with annotations of the obvious, but that important features most likely to be missed in rapid human analysis are marked). Recent research in human-in-the-loop systems, bio-inspired multi-layer architectures, dimensionality reduction, data representation, learning theory, and sensor management are all potentially valuable resources for attaining the desired capabilities.   

Regardless of the specific approach, proposed solutions should set forth quantifiable metrics of performance, including algorithm complexity and scalability as well as fidelity and latency, and should consider achievable performance and trade-offs in terms of these metrics.

PHASE I:  Develop an analytical formulation and perform a preliminary proof of concept with video and/or still image data. Devise a plan for full theoretical development, implementation, and detailed experimental validation of the methodology using representative ISR streaming video.

PHASE II:  Fully develop rigorous mathematical foundations for saliency annotation of image/video data. Instantiate a prototype capability, either as a stand-alone system or as a module of an existing system, suitable for demonstration and evaluation of the saliency augmentation technique developed. Evaluate the system's performance using multimode ISR data. Devise a specific plan for transition to practice.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  DoD transition opportunities include ISR systems involving human analysis of image and video data collected by UAVs, satellites, manned aircraft, special forces, and other intelligence assets.

Commercial Application:  Successful realization of mathematically sound multisensor saliency methodology will enable a broad spectrum of technologies for homeland security and industrial surveillance applications.

REFERENCES:
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TITLE: Toward a Virtual Flight Test Capability
TECHNOLOGY AREAS: Air Platform

OBJECTIVE:  Develop a system level multi-body dynamic response computational simulation capability that can accurately predict integrated loads on the structure.

DESCRIPTION:  Typically during Test and Evaluation of new military aircraft discrepancies are found between analysis and flight test data.  Many times with higher fidelity analysis these discrepancies could be avoided, which would result in increased test efficiency and possibly reduced test points (read as saving tax dollars).  This research is meant to push the limits of multi discipline modeling and simulation in order to realize this test efficiency.  The objective of this research is to develop a high fidelity multi discipline simulation capability that includes but is not necessarily limited to aerodynamics, structural dynamics, propulsion dynamics, and control system dynamics (including sensor, hydraulic, and actuator modeling) of a full aircraft configuration with external stores.  This simulation capability should be at least and provably second order accurate in time and space including coupling between fields.  It should be capable of simulating low, sub, trans, and super sonic regimes and should be able to handle flows that are dominantly viscous or invisid.  This capability should also provide a means to run simulation in real time such that it can be used to simulate a pilot in the loop, hardware in the loop, or real time decisions.  It should be capable of simulating multiple bodies and resolve the interactions and relative motion between bodies.  This multi body capability should also be provably second order accurate as well.  This capability should also be able to accurately predict acoustic levels in both near body and far field.  Specific physical phenomenon of interest that have been historically difficult to simulate include, but are not limited to, control surface buzz, free play and its effect on aeroelasticity, and buffeting.  It is also desirable that this capability include the ability to model landing gear and runway (both geometric and friction profiles), cargo extraction dynamics (including parachute dynamics if possible), and simulate in hypersonic flow regime.

PHASE I:  Identify technologies required to extend simulation capability to fulfill the description above.  Determine and develop path to implement these technologies into appropriate capability.  Identify the test data that will be used to validate the final product to be developed and validated in phase II.

PHASE II:  Develop and demonstrate prototype for most promising technology determined in Phase I.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Technology will provide capability for determining and predicting loads on military assets during operation.

Commercial Application:  Technology will provide capability for determining and predicting loads on commercial aircraft assets.

REFERENCES:
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TITLE: Miniature Optical Quantum Gas Systems for Timekeeping, Sensing, and

Emulation
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  To develop a compact, atom chip based system capable of producing and optically controlling ultracold quantum atomic gases with substantial reduction in complexity, size, weight and power consumption.

DESCRIPTION:  Cold atomic gases are finding increasing utility in sensing of inertial forces, and magnetic fields, in timing, and more recently in simulation of condensed matter systems.  Devices and systems based on cold atoms have demonstrated orders of magnitude sensitivity improvement, for example, in measurements of local gravity.  Similarly, for comparable geometries, atom gyroscopes have orders of magnitude greater sensitivity than their laser and fiber gyroscope counterparts. It is very likely that cold atoms will find their way into other arenas of broad commercial as well as Air Force interest.  In particular the quantum behavior of atoms at ultracold temperatures has enabled unprecedented performance of atomic clocks, has founded an entirely new scientific field of quantum emulation of condensed matter systems, and is the basis for new atomtronic devices and systems. Many of the recent achievements are due to advancements in optical confinement and manipulation of ultracold atoms, such as those based on optical lattices and the quantum gas microscope. For example, optical lattice based clocks have demonstrated performance more than an order-of-magnitude better than the NIST timekeeping standards.

While the study of optically confined and controlled ultracold atomic gases has undergone considerable progress in the past few years, the practical aspects of such systems has received comparatively little attention. The need for ultrahigh vacuum (UHV <10-9 torr), the incorporation of a magneto-optic trap (MOT) system for laser cooling atoms, as well as a provision for a high degree of optical access to the ultracold atoms, lead to competing system requirements.  As a result, existing systems are typically cumbersome, involving in-vacuum bulk optical components and/or large aperture windows, as well as large magnetic field generating coils that require very high currents to develop the necessary field gradients. 

Atom microchip technology has led to substantial reduction in size and complexity of ultracold atom systems, and future progress is likely to lead to still more compact systems of sufficiently small size, weight, and power consumption, to be practical for field use. Atom chip technology uses lithographically patterned electrically conducting elements to generate magnetic fields, which are used to produce, confine, and otherwise manipulate ultracold atoms.  Because atoms are confined to a region very near to the chip substrate, the power and size requirements are considerably low compared to traditional systems.  Moreover, the chip concept enables one to implement multiple functions on a single substrate: for example one can use different regions of the chip for ultracold atom production, transport, sensing, and detection.  

It is thus of considerable interest to retain the practical benefits of the atom chip approach while also enabling the application of optical forces on ultracold atoms.  This could be achieved, for example, by incorporating optical windows and/or other optical elements on the surface of the chip. However, other approaches to miniature ultracold atom system that enable optical lattices and similar, optically-based quantum gas systems could also be acceptable.

PHASE I:  A minimum effort would deliver working drawings of a prototype device, along with laboratory reports demonstrating concept feasibility.

PHASE II:  Develop, fabricate, and deliver a complete prototype system capable of producing and sustaining ultracold atoms (e.g.. a BEC) that provides substantial optical access for subsequent optical control, manipulation, and imaging of the ultracold atoms.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Miniature GPS-free, jam-proof precision inertial navigation; remote sensing; precision pointing and tracking; quantum computing.

Commercial Application:  Satellite pointing for communication; high-precision atomic clocks for time-keeping; quantum computing.

REFERENCES:
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TITLE: Securing Applications by Limiting Exposure
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Develop techniques and technologies that improve network and computer security by application and/or module isolation.

DESCRIPTION:  Today’s PCs are capable of playing host to a wide array of third-party components from web-browsers and their associated plug-ins to hot-pluggable devices like flatbed scanners and their device drivers. While some of these components may have undergone thorough testing and evaluation, many have not and their use would represent an unquantifiable risk to system and network security. One approach to addressing this risk, as exemplified by the Federal Desktop Core Configuration (FDCC) has been to develop and enforce restrictions on which configurations are allowed to be deployed. Unfortunately, even if composed solely of software from trusted vendors, these configurations are often rendered insecure to implementation flaws. Given the assumption that such implementation flaws are inevitable, and that attackers will find a way to exploit them, more robust approaches must be found to mitigate the damage that such flaws can cause. Application and/or module isolation is one way increase computer security by preventing a successful attack against one application/module from propagating throughout the rest of the system. The current approach to isolation is to rely on isolation services provided by an operating system like Microsoft Windows. From a security perspective this approach suffers from two fundamental flaws. The first is that operating systems are designed to isolate users, not applications or hardware devices. The result is if a single program is compromised, any resources available to a user of that program are susceptible to attack. The second flaw is that the size of and complexity of modern operating systems renders them vulnerable too implementation flaws just like any other software, making the isolation that they provide ineffective against deliberate attack. In critical domains such as Multi-Level Security (MLS), the key approach to enforcing isolation is the use of virtual machine (VM) architectures. Prior attempts at strong isolation by implementing secure VMs were unsuccessful due to a limitation in the Intel Pentium architecture.1 Both Intel (VT/VPro) and AMD (AMD-V) now have available hardware-assisted virtualization technology that if properly leveraged provides secure isolation. Another potential benefit of such isolation is the potential to facilitate the application of the principle of least privilege to COTS systems. In addition to application and/or module isolation techniques, cross-domain communications (another avenue for spreading cyber attacks) must be addressed. By tightly controlling the interaction between isolated components it should also be possible to reduce the exposure of components to attack. Given that many attacks originate from the Internet, a further extension of cross-domain communications (beyond communication between applications) could include limiting exposure of applications to the Internet. Since many attacks originate in the vast Internet, not exposing applications and/or modules to the Internet if not necessary provides additional levels of security. Submission should propose approaches to secure application/module isolation, mediation of inter-application/module communication, and dynamic/intelligent exposure to the Internet.

PHASE I:  Identify approaches to secure isolation of applications, modules, & processes; to mediate safe inter-application, module, processes, & Internet comm. Provide architectural & design documents of system concept, & basal demos feasibility concepts (techniques do not have to be fully integrated).

PHASE II:  Develop and demonstrate a refined and integrated prototype that implements the Phase I methodology. Identify appropriate performance metrics for testing and evaluation.  Demonstrate the robustness of the prototype to cyber attack.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Secure computing in contested and/or vulnerable networks.

Commercial Application:  Secure computing, secure communications in banking and health industries.

REFERENCES:
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TITLE: Organic & Hybrid Organic/Inorganic-Based Graded-Index/Layered Optical
Coatings by Physical Vapor Deposition (PVD)
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Fabrication of organic- and hybrid organic/inorganic-based graded-index/layered thin-films by physical vapor deposition techniques for use in AR coatings applications.

DESCRIPTION:  Current metal oxides and metal sulfides used for graded index optical coatings tend to delaminate or develop stress cracks when deposited by magnetron sputtering onto the polymer surfaces of interest to the DoD. Delamination and stress cracks form in these coatings due to a mismatch in the coefficient of thermal expansion (CTE) between the coatings and the polymer substrates. Organic- and hybrid organic/inorganic-based graded-index thin-films are of interest as they will enable the deposition of adherent non-delaminating coatings onto polymer surfaces since the presence of the organic materials would result in little or no coating-substrate CTE mismatch. Hybrid organic/inorganic-based films would have the advantage of minimized CTE mismatch as well as higher refractive index, due to the presence of inorganic metal oxides and metal sulfides. Antireflective (AR) coatings require accurate thickness control, discrete materials deposition, and consistent thin-film uniformity. Vacuum deposition techniques such as pulsed laser deposition (PLD) can provide these requirements, however the structural and chemical integrity of organic-based materials are lost in these deposition processes. A modified PLD technique, matrix assisted pulsed laser evaporation (MAPLE) which involves dissolving an organic-based material in an appropriate solvent and freezing the solution solid to form an ablation target, unlike conventional PLD, preserves structural and chemical integrity. The solvent in the frozen solid matrix target evaporates when hit by laser pulses enabling the release of the organic material and subsequent deposition onto a desired substrate. This effort involves the design and fabrication of organic- and hybrid organic/inorganic-based graded-index/layered thin-films using MAPLE and  combinations of MAPLE and other physical vapor deposition techniques such as resonant infrared-MAPLE (RIR-MAPLE), RIR-PLD, PLD, and magnetron sputtering, for use in AR coatings applications. Appropriate processing parameters and optical coatings designs derived from mathematical modeling (MM) and spectroscopic ellipsometry (SE),  for fabrication of envrionmentally durable adherent coatings (according to MIL-C-48497A), with controlled thickness, minimal stress, minimal water content and controlled porosity, should be identified and result in a repeatable and controllable thin-film fabrication process.

PHASE I:  Select organic- and hybrid/organic-based materials, processing parameters and optical coatings designs derived from MM and SE, to demonstrate a environmentally durable adherent AR coating (400 nm - 750 nm passband; R<0.5%,T=99.5%) on a poly(carbonate) optical flat using one or more PVD techniques.

PHASE II:  Optimize physical vapor deposition techniques to prototype environmentally durable adherent organic- and hybrid organic/inorganic-based AR coatings (according to MIL-C-48497A) with a 400 nm-750 nm passband on curved poly(carbonate) and a reflectance of no greater than 0.5% (T=99.5% or greater) on curved poly(carbonate) ophthalmic blanks.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Environmentally durable UV-protected organic- and hybrid organic/inorganic-based dielectric & AR coatings for military applications. Similar technologies also apply to more complex optical coatings.

Commercial Application:  Environmentally durable UV-protected organic-based & hybrid organic/inorganic-based graded-index coatings could be optical coatings for commercial eye wear and energy efficient solar control coatings.
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AF10-BT20

TITLE: High Power, Room Temperature 2.4 - 4 micron Mid-IR Semiconductor Laser

Optimization
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Develop rigorous understanding of physical growth issues limiting room temperature performance of mid-IR semiconductor lasers. Design laser structures having Watt-level outputs at 2.4 – 4 microns.

DESCRIPTION:  For quite some time there have been major research efforts in semiconductor device physics which have been directed toward the important and useful goal of realizing lasers operating in the mid-IR region of the optical spectrum. Significant progress has been made under low-temperature and/or low power operation conditions using quinternary material combinations [1] and/or type-II band alignment configurations. Quantum cascade lasers (QCLs) provide promising performance down to 4 microns. However, their performance degrades rapidly below this wavelength, and room temperature operation still proves to be a significant challenge. 

At present, Watt-level systems operating at room temperature are not available. Besides material growth issues, numerous reasons for this failure are discussed in the literature. Among them are the high non-radiative electron-hole-pair losses (Auger recombination, free-carrier absorption, …) as well as proper management of the band-alignments and electron-hole-pair populations to realize sufficiently high optical gain. However, a comprehensive understanding of the physical effects limiting laser performance in the mid-IR region and systematic concepts to overcome these limitations is still missing. 

This has so far restricted to a few isolated examples [2,3] the development of lasers with the operating characteristics close to the ones desired here. Examples of systematic mid-IR laser modelling have been even more sparse [4] and thorough concepts on how to optimize these devices and expand their spectral availability are still awaiting development.

Of interest are particularly innovative approaches toward the development and understanding of semiconductor laser materials and epitaxial designs that might offer operation in the short-wave infrared and mid-wave infrared optical spectrums.  Designs that can scale in power and wavelength are of particular value for room temperature operation. Creation of a modeling/simulation “tool-set” and/or understanding of fundamental scaling laws and trade-space between optical- and carrier-effects is of interest. As growth fluctuations are common, “practical” epitaxial designs, resilient to fluctuations in growth, are highly desired. A list of DoD systems capabilities which can be significantly advanced include, but are not limited to, stand-off chemical detection (such as Laser Induced Breakdown Spectroscopy), laser radar (ladar) systems, and infrared countermeasures (IRCM) in compact, efficient packages such as is necessary for UAVs.

PHASE I:  Proof-of-concept demonstration of systematic theoretical modelling for gains/losses in long-wavelength laser materials in the 2.4 – 4 micron wavelength regime. Systematic modelling and preliminary tests of theoretical models of a heterostructure designed for room-temperature operation.

PHASE II:  Based on results from Phase I, the fundamental physical limitations of the achievable laser operation characteristics shall be identified. Concepts for the reduction of non-radiative losses have to be developed and laser structures shall be designed that operate at the multi-Watt level at room temperature at various wavelengths covering the desired range.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Laser radar (ladar) systems and infrared countermeasures (IRCM) in compact, packages such as is necessary for UAVs.

Commercial Application:  Stand-off chemical detection (such as Laser Induced Breakdown Spectroscopy) for environmental monitoring.
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AF10-BT21

TITLE: Tools for Modeling & Simulation of Molecular and Nanoelectronics Devices
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Develop, implement, verify & validate, and integrate in a user friendly software package, a capability to predict nanoscale conductance accurately, reliably, and efficiently.

DESCRIPTION:  Carbon nanotube-based field effect nanotransistors (FETs) were shown to be promising for detection of chemical and biological moieties, either with solid or liquid gating media.  Similarly, molecular electronics has become a potentially promising approach for use in electronic circuits.  Indeed, nanoelectronic devices have the potential to be useful as the next generation devices to support requirements across the DoD.  However, although progress was made in experimental fabrication, many challenges remain.  Among the problems hindering the study of the intrinsic properties of molecules bridging metallic electrodes for example, is the possible formation of metallic nanofilaments, which could be discerned in part by computation.  Computational prediction can also provide guidance to experimental efforts in developing relevant sensors.  However, although first principles calculations of electrical conductance in nanoscale devices have become an active area of research, limitations are still abound.  Although it has by now become common to apply a non-equilibrium Green’s function-ground state density functional theory (DFT) approach to evaluate the Landauer-Buttiker conductance, available tools are either foreign and problematic to obtain, difficult to use, highly inefficient, have not been extensively validated regarding the functional to be used, or have not addressed theoretical limitations.  The development of accurate, reliable, and efficient simulation tools to predict the behavior in a nanodevice, for example, a carbon nanotube FET-based biosensor, are missing, as are further theoretical developments, such as using time-dependent DFT.  We seek to develop, implement, verify and validate, and integrate in a user friendly software package, the capability to predict nanoscale conductance accurately, reliably, and efficiently using massively parallel computational resources.

PHASE I:  Demonstrate the capability to predict nanoscale conductance by a concept for development, implementation, verification & validation, and integration in a user friendly software package.  The application and utility of the tool for nanodevices in AF applications has to be clearly shown.

PHASE II:  Implement a highly scalable software package to predict nanoscale conductance, accurately, reliably, and efficiently, by the development, code implementation, verification & validation, and integration in a user friendly environment.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Predict behavior of materials in nanoscale devices relevant to nanoelectronics applications.

Commercial Application:  Nanoelectronics will enable electronics miniaturization.

REFERENCES:
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AF10-BT22

TITLE: Hybrid Energy Harvesting Systems
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE:  To develop a new generation of power harvesting systems with increased energy conversion efficiency by combining solar cells with magneto-thermoelectric generator as an active thermal backplane.

DESCRIPTION:  Efficiency of silicon-based solar cells drops 0.5% for each degree increase in operating temperature. Therefore, lowering the temperature of the solar cells can raise their efficiency. But conventional cooling devices for these systems require large working space for air/water collector. In contrast, the proposed technology of pairing magneto-thermoelectric generator (MTG) to photovoltaic (PV) system of solar cell as an “active thermal backplane” will provide dual benefits of (a) active cooling (via rapid heat transfer) lowering the temperature of the solar cell that subsequently raises their efficiency and (b) active energy harvesting from thermal energy conversion. The idea of MTG stems from an entirely new approach taken by the research community for harvesting of thermal energy. Its design was based on the concept of the "hybrid" system of ferromagnetic and piezoelectric materials operating in the presence of magnetic field. Below the Curie temperature, the magnetic force bends the membrane toward the hot source producing a mechanical strain on the piezoelectric material component. Due to the piezoelectric effect, the mechanical strain produces a net electrical charge on the surface of the laminate. The PV-MTG "hybrid" energy harvesting system is also expected to allow compact thin module.

PHASE I:  Demonstrate the concept of pairing magneto-thermoelectric generator (MTG) to photovoltaic (PV) solar cell into "hybrid" energy harvesting system for simultaneous conversion of solar and thermal energies into electricity.

PHASE II:  Demonstrate the advantages of a new approach when compared to the silicon-based solar cells with conventional cooling devices.  Build a bread board version demonstrating the fundamental components of the device. Develop and fabricate a "hybrid" energy harvesting system that can be integrated into commercial rechargeable systems for prolonged energy production.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  The "hybrid" energy harvesting system will allow a significant increase in the use of a wide range of wireless sensor systems including structural health monitoring, jet engine monitoring, etc.

Commercial Application:  The "hybrid" energy harvesting system will allow a significant increase in the use of a wide range of wireless sensor systems including pipeline monitoring, bio-sensors for public safety, etc.

REFERENCES:
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AF10-BT23

TITLE: Beam Control for Optical Phased Array Transceivers
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Design, develop, and demonstrate a novel beam control approach for optical phased array weapons.

DESCRIPTION:  Optical phased arrays show great promise in aircraft-based directed energy weapons. By employing a number of independent subapertures instead of a monolithic telescope, phased arrays can be compact, conformal and lightweight. Such systems combine the effects of several lasers that are individually lower in power than the large, heavy and toxic solutions currently in use.

Phased arrays were demonstrated by the US Air Force in the late 1980s but were abandoned due to the tight tolerances required by beam-combining optics. A new approach has been developed that replaces such optics with digital processes. This solution uses interferometry to capture and record the complex field at each subaperture. This information is then stitched together digitally to create a single, high-resolution image of the target. Complex field measurements provide atmospheric distortion data and can be used to correct a projected beam so that it strikes the target with a nearly diffraction-limited spot size. 

A number of critical challenges remain. Each component beam must be in phase with all others in order to produce a weapons effect on the target. This phasing must be maintained as both weapon platform and target move and vibrate, potentially at very high relative speeds. To complicate matters, imaging and high-power laser projection must be accomplished through the same subaperture at the same (or very nearly the same) wavelength.

Through this STTR, the Air Force Research Laboratory seeks to develop an acquisition, pointing and tracking system for optical phased array weapons. Solutions should consider atmospheric and target dynamics, sensor bandwidth limitations, 19 and 43 sub-apertures, latencies associated with digital calculations and time of fight requirements, signal-to-noise realities, target radiometry, and various system implementations.

During Phase I, the contractor will work with the military and academia to produce a detailed beam control system solution. That design should be sufficient to allow for modeling and system level parametric studies.  Knowledge of high energy laser beam projection, atmospherics, platform beam

control disturbances, and optics is required. Acquisition, pointing, and target tracking are important beam control architectural details to be included in the model.

In Phase II, the contractor will implement the model developed in Phase I, perform parametric studies to refine control architecture, recommend experiments to validate the model or to acquire information needed fill in model details and reduce model uncertainty. This device will be capable of high-resolution imaging and low-power laser projection through three or more apertures while maintaining coherent beam combination in the laboratory. The product should demonstrate scalability to 19 and 43 subapertures in a real-world tactical employment.

PHASE I:  During Phase I, the contractor will work with the military and academia to produce a detailed system design. That design should be of sufficient quality to allow for the production of a low-power prototype in Phase II of this STTR.

PHASE II:  In Phase II, the contractor will produce and refine a prototype device. This device will be capable of high-resolution imaging and low-power laser projection through three or more apertures while maintaining coherent beam combination in the laboratory. The product should demonstrate scalability to 19 and 43 subapertures in a real-world tactical employment.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Optical phased arrays make possible high power laser weapons on tactical and high speed aircraft as well as small, unmanned aircraft.

Commercial Application:  Civilian applications for such technology include commercial aircraft self-defense and various possible welding applications. Derivative technology may make possible innovative atmospheric studies.
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Detection: Experimental Results" by Joseph Marron at LMCT (Optics Express, Vol. 17, Issue 14, pp. 11638-11651 (2009)).  (Uploaded in SITIS 8/26/10.)
KEYWORDS: “Phased Arrays”, Optical, “Beam Control”

TPOC: 

Kent Miller

Phone: 

(703) 696-8573

Fax: 

(703) 696-8481

Email: 

kent.miller@afosr.af.mil

AF10-BT24

TITLE: Therapeutic nanoparticles to sequester and facilitate in vivo excretion of 




lipophilic molecules
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE:  The objective is to fabricate a nanoparticle therapeutic that can sequester and then facilitate the excretion of lipophilic molecules.

DESCRIPTION:  Fungal toxins (e.g. T-2 toxin) are representative of a large number of lipophilic agents that pose significant acute and chronic dangers to military combatants as potential biowarfare agents.  There are no current treatments for exposure to such agents, and in the face of continued threats.  Mycotoxins are naturally occurring and is a toxic secondary metabolite produced by an organism of the fungus kingdom, including mushrooms, molds, and yeasts.(1)  There are many examples of mycotoxins, some more acutely potent than others.(1)  T-2 mycotoxin is acutely toxic and lethal.(1)  Those not acutely toxic, for example aflatoxin, have been shown to be carcinogenic (1, 2) while others have reported acute and long-term neurological toxicity.(3)  There are reports of aflatoxin and T-2 mycotoxin being used as biowarfare agents.(1)  Such toxins are ideal because: 1) They are stable to heat and ultraviolet radiation, 2) They are relatively insoluble in water, but can be solublized by mild organic solvents such as ethanol, methanol, and dimethylsulfoxide, 3) They can be easily dispersed into water, food, or through weaponization, 4) They are cheap and easy to manufacture, and easy to store, 5) The fungi which produce the toxins are easy to obtain, and 6) The toxin/weapon is easily concealed.  All of the mycotoxins and related agents share a common theme in that they are relatively hydrophobic and lipophilic.  The reason for the production of mycotoxins is not yet known; they are neither necessary for growth nor the development of the fungi.(4)  The production of toxins depends on the surrounding intrinsic and extrinsic environments and the toxins vary greatly in their severity, depending on the organism infected and its susceptibility, metabolism, and defense mechanisms.(5)  Currently, there are no treatments for mycotoxin exposure in either the acute or chronic setting.  Accordingly, and in order to continue to protect the safety and health of our armed military personnel, especially those in remote areas of rogue and untamed world regions where such agents may be employed, the objective is to develop nanoparticle therapeutics that can be administered intravenously and/or orally that specifically adsorb lipophilic molecules, sequester them, and then facilitate their removal from the human body.  Importantly, the agent should be valuable in both the acute or chronic setting, and should be non-toxic to the affected warrior so as to be administered even under appropriate suspicion.

PHASE I:  Develop a candidate nanoparticle therapeutic with the demonstrated ability of tightly binding and sequestering lipophilic molecules in solution.  Furthermore, demonstrate in human cell culture models that such a nanoparticle can adsorb and sequester lipophilic molecules.

PHASE II:  Utilize the designed nanoparticle to adsorb and sequester lipophilic molecule(s) in an animal model.  In addition, demonstrate the enhanced secretion of such lipophilic molecule(s) from the animal model as mediated by the nanoparticle agent.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Therapeutic nanoparticles to sequester and facilitate in vivo excretion of biowarfare agents based on mycotoxins.

Commercial Application:  Therapeutic nanoparticles to sequester and facilitate in vivo excretion of lipophilic molecules such as the antioxidant component of cholesterol.
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AF10-BT25

TITLE: Selective Oxidation of Heterocyclic Amines
TECHNOLOGY AREAS: Weapons

OBJECTIVE:  Research synthetic methods that selectively oxidize one primary amine to a nitro group on polyamino heterocyclic ring systems without affecting other functionality and leaving the ring intact.

DESCRIPTION:  The ability to oxidize organic functional groups in a selective manner is of major importance in preparing compounds of interest to the Air Force and DoD.  This is particularly critical in the preparation of high energy density compounds and fuels.  Heterocyclic ring systems that contain both nitro and amino groups have been found to be an important class of compounds that are useful in these applications.  Their synthesis by oxidation of the corresponding polyamino systems would be particularly advantageous in terms of cost, ease of preparation and handling, and safety.  

Five-membered heterocyclic rings that contain nitro groups show great potential as energetic materials.  One such compound, 3,3’-azobis(4-nitrofurazan) is highly energetic, but its melting point is too low thus making its use prohibitive as a propellant ingredient.  Substitution of an amino for a nitro group usually results in an increased melting point (e.g., 3,3’-azobis(4-nitrofurazan), mp = 54 C; 4-[(4-nitro-furazan-3-yl)azo]-furazan-3-amine, mp = 99 C).  Unfortunately, the only practical large scale synthesis of this compound makes it necessary to produce 3,3’-azobis(4-nitrofurazan) first, which is friction sensitive.  The safety of this process could be greatly improved by avoiding this intermediate.

Research that identifies oxidation conditions that lead to successful preparation of 4-[(4-nitro-furazan-3-yl)azo]-furazan-3-amine in a safe, cost-effective manner are desired.  A synthetic method that selectively oxidizes only one amino-group of the insensitive diamine, 4,4’-azobis(3-aminofurazan), is desired to circumvent handling the dinitro derivative.  Current oxidation methods are either too weak to oxidize any of the amino-groups or too strong, thus destroying the furazan ring.  The only successful method mentioned in the literature [1] could not be replicated.  It would be beneficial to develop a straight oxidation method that allows the transformation of symmetric, heterocycles that are bridged by groups like azo, hydrazo, oxo, amino, methano bridged diamino-heterocycles (i.e., 4,4’-azobis(3-aminofurazan)) into the corresponding asymmetric amino-nitro-compounds without using any protective groups [2, 3].

This oxidation will open new molecular design space for the synthesis of asymmetric amino-nitro-heterocycles and will create low-cost access to new energetic and/or pharmaceutical ingredients. Research will include obtaining semi-quantitative yield, conversion, and selectivity data for screening experiments, but isolated yields of pure product must be reported for each down-selected transformation attempted (including reaction conditions).  Detailed experimental procedures (including full characterization data) for down-selected processes are to be submitted to the topic author at the end of Phase I.  Cost estimates based on best available chemical pricing information are to be included for the 1 kilogram level.  While model reactions may be performed to show the scope and limitations of a method, highest consideration for Phase 2 proposal invitation will be given to offerers who demonstrate selective oxidation on the types of compounds described herein.  The proposal must describe all safety precautions in detail and include specific information on the scientists involved regarding their training and experience handling energetic materials.

PHASE I:  Research should investigate methods for selective oxidation of only one amine of the diamino heterocycle, of the type described above, to the corresponding amino-nitro-compound in good overall yield with high selectivity.  Protecting groups or multi-step methods are to be minimized.

PHASE II:  Methods down-selected from Phase I should be examined with regard to yield, scope, and limitations as applied to compounds described above.  Experiments aimed at optimizing reaction conditions should be performed.  Variables needed for scale-up of the process must be determined for oxidizing 4,4’-azobis(3-aminofurazan) to 4-[(4-nitro-furazan-3-yl)azo]-furazan-3-amine.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  The specific compounds generated in this research are important as components in propellants, high energy density materials, and fuels.

Commercial Application:  The synthetic transformations generated by this research will be useful to the pharmaceutical industry for drug development and exploration of medicinal properties.
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AF10-BT26

TITLE: Next Generation Thermoelectric Devices
TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE:  Development of thermoelectric materials and devices that possess a ZT ~4 or better at T < 600 K and have an operating conversion efficiency approaching 20% or higher.

DESCRIPTION:  Waste heat represents energy created in a cheap manner, or as a byproduct of other processes, that is not converted into useful energy. Thermoelectric devices present a means to harness this wasted heat and convert it into useable electric energy. Incorporation of thermoelectric devices into systems that inherently generate significant amounts of heat could dramatically increase the overall efficiency of energy production in these systems. Jet turbine engines, combustion engines, nuclear reactors and hot water supplies are examples of such systems. Higher efficiency thermoelectrics could also lead to the development of high-performance, compact infrared (IR) sensors that would operate above cryogenic temperatures, thus providing an alternative to current IR technologies that require liquid nitrogen as a coolant. Additionally, due to the inherent radiation hardness of thermoelectric materials, their exceptionally long steady-state operational life times (> 100,000 h), their lack of moving parts and the need for little maintenance make thermoelectric power generation particularly attractive for space based energy harvesting in satellite, space station and spacecraft applications. 

Currently, the largest hindrance to the wide spread adoption of thermoelectric devices into most applications are their low conversion efficiencies. Recent advances in materials are expected to produce power generation devices with conversion efficiencies of 11 - 15% and thermoelectric figures of merit (ZT) of 1.3 - 1.7. However, these efficiencies are still too low. It has been found that the optimization of existing materials using nanoscale inclusions and compositional inhomogeneities has the potential to lead to a factor of 2 or better in the overall efficiency of thermoelectric devices. Indeed, ZTs of ~ 3.5 at 570 K have been recently observed for quantum dot incorporated PbSe/PbTe superlattices.

The focus of this solicitation is the realization of even higher figures of merit (ZT ~4 or better) thermoelectric devices at temperatures less than 600 K. Methods of accomplishing this may include, but are not limited to, reducing the thermal conductivity of the material(s) via nanostructuring the surface of the bulk material, inclusion of 0D and 1D interfaces (i.e. quantum dots and nanowires), phononic bandgap engineering, phonon localization or a combination of optimizations. It has been suggested that the continued maximization of ZT may not be attainable by further reduction in the thermal conductivity of the thermoelectric material alone. Thus, avenues that do not adversely affect electrical parameters, such as phononic bandgap manipulation and phonon localization, are encouraged.

PHASE I:  Demonstrate the feasibility of devices capable of thermoelectric figures of merit approaching ZT ~4 and operating at temperatures below 600 K. Design and proof of principle measurements or simulations are highly desired.

PHASE II:  Design, fabricate and demonstrate working devices capable of thermoelectric power generation with conversion efficiencies approaching, or better than, 20%. Develop and demonstrate the ability to perform high volume fabrication and manufacturing of these devices.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  High ZT materials will provide improved energy harvesting capabilities on land and in air and space, more advanced radiation hard materials, and improved thermal management, sensing and imaging.

Commercial Application:  High efficiency thermoelectric materials and devices may benefit alternative energy sources, conformal technologies, thermionic cooling, cryogenic heat flux sensors, and fluid flow sensors.

REFERENCES:

1. P. Pichanusakorn and P. Bandaru, “Nanostrucutred Thermoelectrics,” Materials Science and Engineering R, 67 (2010), 19-63.

2. M.G. Kanatzidis “Nanostructured Thermoelectrics: The New Paradigm?,” Chemistry of Materials, 22 (2010), 648-659.

3. S.B. Riffat and X. Ma, “Thermoelectrics: A Review of Present and Potential Applications,” Applied Thermal Engineering, 23 (2003), 913-935.

4. D.L. Medlin and G.J. Snyder, “Interfaces in Bulk Thermoelectric Materials: A Review for Current Opinion in Colloid and Interface Science,” Current Opinion in Colloid and Interface Science, 14 (2009), 226-235.
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AF10-BT27

TITLE: Lightweight Composite/Hybrid Structures with Enhanced Properties
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  To demonstrate the innovative use of porosity in materials to achieve structural “light-weighting” with increasing specific load bearing capability at high temperature in composites and hybrids.

DESCRIPTION:  Carbon fiber reinforced polymer composites (PMC) are commonly used in aerospace structural applications, with their share exceeding 50% of the structural weight in military and commercial aircrafts.  There are increasing demands of lighter weight, higher performance, and lower production cost while meeting stringent operational extreme environments (high temperature or space environments).  With an integrated mindset for optimization of these requirements, the development and eventual transition of novel materials and concepts could benefit many aircraft applications.  Future reentry long-range strike, reusable access to space, and persistent strike and hypersonic vehicles require usage of structural composites and hybrids of PMC in combination with metal or ceramics to achieve high skin temperature (3000 oF) and inner warm structure temperature (600 oF) at Mach 6.  This effort is intended to produce innovations to achieve structural “light-weighting” with increasing specific load bearing capability (instead of current non-load bearing technology) at high temperature in composites and hybrids with focus on innovative use of porosity in materials.  Different levels of hierarchical architecture of materials and related modeling are sought to offer mechanical robustness, tailorability in Poisson’s ratio, and other multifunctional properties (thermal insulating with load bearing capability).  Individual porous constituents (hollow fibers, nanoporous fibers, or porous matrices) and the hybrid structure (multi-scale porous architectures--nanopores, aerogels, foams, scaffolding to reduce fiber volume, novel bonding of porous media between fibers, resins and metal/ceramics, controlled grading of porosity through thickness, or in-situ monitoring of porosity during processing).

PHASE I:  Demonstrate a concept that meets the objectives using one or more of the hierarchical architecture of materials.  Investigate the most effective methods of applying the concept and show how the technology will work.

PHASE II:  Design/develop/construct a scaled-up composite/hybrid configurations and quantify the performance improvement and capability.  The demo should validate applicability of the concept/technology to an operational system. The contractor should address commercialization of this innovation.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Develop and implement specific technology with tremendous potential of life cycle cost saving for aerospace structural applications such as space vehicles, thermal protection systems, and others.

Commercial Application:  Advanced materials in structural components could lead to commercialization in a wide variety of applications, including spaceborne and airborne vehicles, automobiles, and more.

REFERENCES:

1. D. J. Rasky, H. K. Tran, and D. B. Leiser, “Thermal Protection Systems,” Launchspace, pp.49, June 1998.

2. Polyimide Composites in Launch Vehicle Propulsion,” High Temple Workshop XXIV, Sacramento, CA, February 2004

3. J. E. Fesmire, “Aerogel Insulation Systems for Space Launch Applications,” Cryogenics, 46, pp111, 2006.

4. C. H. Park, A. Saouab, J Breard, W S Han, A. Vautrin, and W. I Lee,” An Integrated Optimization for the Weight, the Structural Performance and the Cost of Composite Structures,” Composites Science and Technology 69, pp 1101, 2009.
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TITLE: Solvothermal growth of low-defect-density gallium nitride substrates
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Investigate and develop a method for solvothermal growth of low-defect-density gallium nitride crystals. Path to development of “True Bulk” GaN wafers used in high power RF and optoelectronic devices.

DESCRIPTION:  The Air Force has an interest in high-power electronics and ultraviolet detectors  based on group III-Nitride devices. The lack of an available native bulk substrate for these devices restricts the ultimate performance and reliability of advanced Air Force systems.   Bulk crystal wafers are the foundation of advanced microelectronics, enabling thin-film growth of a wide variety of electronic and optical devices.   Currently, thin-film GaN device technology is dependent on alternative substrates such as sapphire and silicon carbide which are not lattice-matched to GaN.  The lack of a lattice-matched substrate often necessitates expensive processing steps to compensate for the mismatch strain.   To realize the next generation of group III-Nitride devices, it is desired to utilize low-defect native GaN for substrate wafers.  A promising route to development of bulk GaN is solvothermal growth, similar to the bulk growth of quartz by the hydrothermal method. The new process requires growth near thermodynamic equilibrium for better control of defect density and crystalline perfection.  Progress in implementing solvothermal growth of GaN is limited by the availability of a suitable apparatus for producing large (2-in-diameter) bulk crystals.  Procedures and conditions appropriate for high quality (low density of threading dislocations and stacking faults) growth on seed crystals need to be established.  An understanding of the hydrodynamics and fluid flow of supercritical solutions is critical to the design and process control of the solvothermal system.  Within the proposals, offerers must justify the theoretical advantage of their proposed solvothermal method and show the feasibility of their new method to produce low-defect materials of sufficient dimensions for Air Force interest.

PHASE I:  A model shall be developed to justify the choice of the proposed apparatus and procedures to produce bulk GaN with low threading dislocation defect concentrations.  The proposed apparatus design must enable significant improvement in the growth of bulk GaN crystal growth.

PHASE II:  The proposed apparatus shall be fabricated and operated to demonstrate the improved crystal growth technology. All necessary manufacturing processes for commercialization of GaN crystal growth shall be developed as well.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  High power RF and optoelectronic devices with high performance and reliability.

Commercial Application:  Commercial benefits would be for ultraviolet sources for water purification, remote bio/chemical detection, and high power microwave devices.

REFERENCES:

1.  Buguo Wang, M.J. Callahan, “Ammonothermal synthesis of III-nitride crystals”, Cryst Growth & Design, 6 (2006) 1227-1246.

2.  Buguo Wang, Michael J. Callahan, Kelly Rakes, Lionel O. Bouthillette, Sheng-Qi Wang, David F. Bliss, Joseph W. Kolis “Ammonothermal growth of GaN crystals in alkaline solutions”, J. Cryst. Growth, 287 (2006) 376-380.

3.  K. Fujii, G. Fujimoto, T. Goto, T. Yao, Y. Kagamitani, N. Hoshino, D. Ehrentraut, and T. Fukuda, “Near band-edge 3.357 eV emission of Ga-face (0001) GaN grown by ammonothermal method”, Phys. Stat. Sol. (a) 204 (2007) 4266-4271

4.  T. Hashimoto, F. Wu, J. S. Speck, S. Nakamura, “Growth of GaN crystals by the basic ammonothermal method”, J. J. A. P., 46 (2007) L889-L891

5.  M. Saito, H. Yamada, K. Iso, H. Sato, H. Hirasawa, D. Kamber, T. Hashimoto, S. P. DenBaars, J. S. Speck, and S. Nakamura, “Evaluation of GaN substrates grown in supercritical basic ammonia”, Appl. Phys. Let., 94, (2009) 052109.
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TITLE: Holographic Radar Signal Processing
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Develop novel holographic approaches to radar signal processing tasks.

DESCRIPTION:  At optical wavelengths, holography has been used to produce 3-dimensional images, provide dense data storage, provide security features for documents, etc.  One particularly intriguing use is optical associative memory, where many images can be stored in a single hologram, and a complete image can be retrieved by illuminating the hologram with a partial image.

The principles of holography are valid for all wave phenomena, and should apply at radar frequencies as well.  Holography has already been used in the design and fabrication of radar antennas, mainly to achieve a desired radiation pattern from an arbitrary (usually conformal) antenna surface.  Other aspects of holography have not yet been exploited in radar systems.

The Air Force is interested in leveraging holographic principles to improve radar signal processing.  Possibilities include, but are not limited to:  

(1) A radar associative memory that stores many targets of interest.  In a chaotic radar environment, partially-obscured targets would elicit a complete image from the memory, and this would aid target identification. 

(2) An associative memory that separates features of interest from clutter in range and Doppler data.  

(3) Holographic security and authentication methods that distinguish “true” radar returns from false returns fabricated by the enemy.  

These examples are given for illustration only.  The offerer is free to propose other holographic techniques and address other radar signal processing tasks.

Some techniques may require configuring the antenna as a hologram, with the desirable result of moving signal processing tasks “forward” into the antenna itself.  However, holographic signal processing structures separate from the antenna are also of interest.

There are a number of potential users and benefactors of this technology.  Certainly all military radar systems can benefit.  Various commercial wireless systems can benefit as well.  Any system that requires authenticated transmissions, or needs to separate desired signals from noise, ghost reflections, etc., can benefit from this technology.

PHASE I:  Design and demonstrate the feasibility of a holography-based radar signal processing method. Fully define the task being addressed, the principles involved, and the proposed solution.  Present sufficient modeling data (simulation or physical model) to demonstrate the feasibility of the approach.

PHASE II:  Build a prototype of the holographic radar signal processing architecture. Demonstrate and test the performance and utility of the system to include, but not limited to, factors to quantify the performance, environmental stability, and fabrication-repeatability. Deliverables from Phase II should include demonstration of the prototype system, performance and test data, and the final report.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Holographic techniques will speed up radar signal processing in general, and provide more accurate signal authentication and target identification.  Thus, it will benefit all military radar systems.

Commercial Application:  Commercial users of radar, such as weather forecasting and air traffic control, will benefit.  Other wireless applications such as TV, satellite and mobile telecommunications, will also benefit.

REFERENCES:

1. A. Petosa, et al. (2004) "Microwave Holographic Antenna with Integrated Printed Dipole Feed". Electronic Letters, 40: Sep. 2004. 

2. T. Hirvonen, et al. (1997) "A Compact Antenna Test Range Based on a Hologram".  IEEE Transactions on Antennas and Propagation, 45, #8, Aug 1997

3. B. H. Soffer, et al. (1986) "Associative Holographic Memory with Feedback Using Phase-Conjugate Mirrors". Optics Letters, 11: 118-120.
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TITLE: Directionally-Tailored Infrared Emission and/or Transmission
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE:  Develop low-density material and/or structural solutions that enable directionally-dependent emission and/or transmission of radiation in the infrared (IR) regime.

DESCRIPTION:  The Air Force is aggressively pursuing technologies that enable advantageous interactions with electromagnetic radiation. This topic is seeking technologies that will greatly expand the Air Force’s abilities to exploit and control interactions at IR wavelength (NIR to LWIR).  

Traditional material systems and design approaches utilize materials with isotropic response, so that emissivity and transmittance are not angularly dependent. This topic is investigating engineered material systems with inherently orthotropic response; enabling IR energy to be emitted and/or transmitted in one or more discrete cones, radiating from the surface of a structure.  

Proposals should seek to address the following criteria (all 5 equally weighted): 

1. Degree of property change with respect to angle:  Preference will be given to proposed technologies that can maximize the difference between the high and low emissivity/transmittance states. This enables the maximal amount of energy to be radiated in the preferred direction.

2. Degree of angular control:  Preference will be given to those proposals that minimize the size of the emitted/transmitted radiation pattern. For example, the technology that projects a single 15 degree cone will be deemed better than the technology that projects a single 30 degree cone. However, the technology that produces three 5 degree cones will be deemed better than both of the previous examples. Again, this enables the delivery of the maximum amount of energy to the specified direction.  Both passive and active (dynamic) angular control is of interest.  Consideration will be made for active beaming methods so that it trades favorably with tighter tolerance passive methods. 

3. Frequency limitations:  Preference will be given to those proposed technologies that enable control over a broader spectrum of the IR frequencies. This can be accomplished via a single, broadband approach, or multiple narrow-band approaches, integrated into a single structure. Explain the limitations of scaling the approach to other frequency regimes. 

4. Mass:  Mass is always a critical parameter for aerospace systems. Preference will be given to inherently low-density, low-volume approaches. Preference will also be given to those proposals that allow simplified integration with current aerospace structural architectures.

5. Suitability to harsh environments:  Air Force systems operate in harsh environments. Preference will be given to proposed material systems that show hardness to hot and cold temperatures (e.g. +/- 100 degrees C), ionizing radiation, highly oxidative environments, and fracture toughness.

All proposals should seek to implement their technology into a flat-panel configuration; enabling evaluators to use consistent metrics across multiple proposals.

PHASE I:  Conduct preliminary development of directive thermal emission/transmission concept, based on criteria above. Clearly demonstrate design feasibility through robust modeling, simulation and analysis. Assess capability to predict performance parameters. Identify fabrication techniques and issues.

PHASE II:  Refine Phase I concept. Conduct comprehensive spectral and mechanical properties testing and characterization, with attention to the survivability/reliability in the appropriate environmental conditions. Assess control mechanisms. Validate design and technical objectives through bench-top experiment of prototype hardware.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  IR lenses/filters, beam splitters, focal plane elements, and novel thermal management for DOD space systems.

Commercial Application:  Similar to military application for commercial imaging systems and high-value space systems with demanding thermal management requirements.

REFERENCES:

1. Kemme S.A., et al, “Tailored Surfaces for Managing Thermal Emission: Plasmon/Photon Coupling Using Diffractive Optics Technology,” Proceedings of SPIE, Vol. 6883, 68830W, 2008.

2. Middlebrook C., Krenz P., Lail B., Boreman G., “Infrared Phased-Array Antenna,” Microwave and Optical Technology Letters, Vol. 50, Issue 3, pp 719 – 723, January 2008.

3. Kanayama K., “Apparent Directional Emittances of Random Rough Surfaces of Metals and Nonmetals,” Departmental Paper, Kitami Institute of Technology, Japan, 1971.  Available:  http://kitir.lib.kitami-it.ac.jp/dspace/bitstream/10213/194/1/3-2-7.pdf 

4. Kramper P., Agio M., Soukoulis C.M., Birner A., Muller F., Wehrspohn R. B.,  Gosele U., and Sandoghdar V., “Highly Directional Emission from Photonic Crystal Waveguides of Sub-wavelength Width,” Physical Review Letters, Vol. 92, No. 11, 19 March 2004.

5. Alu A., Engheta N., “Enhanced Directivity From Subwavelength Infrared/Optical Nano-Antennas Loaded With Plasmonic Materials or Metamaterials,” IEEE Transactions on Antennas and Propagation, Vol. 55, Issue 11, Part 1, pp. 3027-3039, November 2007.
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TITLE: VLSI CMOS-memristor Building-block for Future Autonomous Air Platforms
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Develop revolutionary parallel neuromorphic analog/digital computing architectures.

DESCRIPTION:  Future information processing systems will require some basic level of intelligence to aid user decision-making capabilities. Neuromorphic computing promises to allow the development of intelligent systems able to imitate natural neuro-biological processes. This is achieved by mimicking the highly parallelized computing architecture of the biological brain. In theory, neuromorphic computers are suitable for applications in decision making by being able to intelligently process vast amount of information in parallel and in real time. The continuing improvements within microelectronics research and development allow for the integration of hundreds of millions of CMOS transistors within a single silicon chip within just about 1 cm2. For example, the number of neurons in honey bee brain is equal to approximately 950,000 [1], and honey bees can perform autonomous functions un-matched by even the powerful supercomputers and clever algorithms in the world today such as navigation and organization skills to find and store food. However, given today’s technology integration capabilities, it should be possible to recreate in hardware, the computing architecture that enables honeybees or any other simple biological organisms to perform autonomous functions. In addition, recent developments in memristor-based technologies claim the invention of the physical analog to the synapse [2][3][4]. In theory, memristor-like technology (passive memory devices: memristor, magnetic junction, and/or continuous variable resistance devices) would enable massively parallel large scale neuromorphic computing processor architecture development. In particular, this work will:

PHASE I:  Simulate and demonstrate autonomous computing building cell block with power consumption of less to 2x10-11 Watts and footprint area of less than 2x10-13 m2.

PHASE II:  Build and optimize neuromorphic computing processors able to learn and recall complex information patterns of up to 1 MB in size.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  This research will provide foundations to develop processing systems capable of performing basic intelligent operatons for military systems for data analysis, database cross-correlation.

Commercial Application:  This research will provide foundations to develop processing systems capable of performing basic intelligent operatons for commercial systems such as automated video surveillance.

REFERENCES:

1.  Menzel, R. and Giurfa, M., “Cognitive architecture of a mini-brain: the honeybee,” Trd. Cog. Sci., 5 (2001) 62-71.

2.  L. Chua, "Memristor - The Missing Circuit Element," IEEE Transactions on Circuits Theory (IEEE) 18 (1971) 507–519.

3.  D.B. Strukov, G.S. Snider, D.R. Stewart, and R.S. Williams, "The missing memristor found," Nature, 453 (2008) 80-83.

4.  R. Stanley Williams, “How We Found the Missing Memristor,” IEEE Spectrum, 45 (2008)28-35.
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TITLE: Thermally Responsive Energy Storage - Phase Change Materials encapsulated in 




Carbon Foam
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  To develop thermally responsive energy storage technology encapsulating phase change materials in conductive carbon foam with appropriate foam surface modification to tailor thermal transport.

DESCRIPTION:  The on-board high density and responsive thermal storage is highly needed for efficient operation of many critical Air Force systems such as high power electromechanical actuators, directed energy weapons, etc.  Phase change materials (PCM) have been used to harness the waste energy. While the traditional approaches of incorporating PCM in energy storage concepts may appear adequate for steady-state operation, but the poor thermal conductivity of PCM makes the system unacceptable in episodic operational scenarios. The major drawbacks of the PCMs are their temperature response as they are inherently thermally insulative. They also tend to freeze on the heat transfer surface during heat release thereby increasing the interfacial resistance. To overcome this deficiency, the concept of encapsulating PCM inside the pores of conductive carbon foam appears promising.  PCMs exhibit a large change in volume during phase change transition and hence the system has to withstand these large volume changes. Thus, the encapsulation of PCM in the foam microstructure will require development of appropriate processing strategies to modify foam surface (such as hydrophilic or organophylic) to ensure PCM adherence with foam surface and to withstand PCM volume change.  The conductive carbon foam ligament network encapsulating the PCM is expected to enhance thermal conductivity of the system and hence to significantly reduce the storage time.  Thus, optimizing the interface thermal resistance between foam and PCM is extremely important.

PHASE I:  To demonstrate enhanced thermal response in thermal energy storage cycle through developing appropriate surface science to encapsulate PCM in conductive carbon foam.  Novel carbon foam surface modification approaches should be pursued to quantify the energy storage efficiency.

PHASE II:  Scale-up of the demonstrated carbon foam PCM energy storage concept is required with adequate thermal response efficiency to meet episodic thermal energy storage requirements of electromechanical actuators, etc.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Efficient and reduced size thermal storage systems for aircrafts (F35, Long Range Strike, etc.), satellites, and directed energy weapons (DEW).

Commercial Application:  Efficient thermal storage systems for compact loop cooling design, efficient thermal storage for energy conversion systems.

REFERENCES:

1. A. F. Fleury, Heat Transfer Engineering 1996, 17, 72.

2.  T. Bunning, et al, J. of Applied Polymer Science, Volume 87, Issue 14, 2003, pp. 2348-2355.

3. T. D. U. S. Burchell, J. W. U. S. Klett, US Patent 6780505, 2004.

KEYWORDS: thermal storage, carbon foam, PCM, surface science

TPOC: 

Joycelyn Harrison

Phone: 

(703) 696-6225

Fax: 



Email: 

joycelyn.harrison@afosr.af.mil

AF10-BT33

TITLE: Synthetic Scenery for Tracking System Evaluation
TECHNOLOGY AREAS: Weapons

OBJECTIVE:  Develop an interactive synthetic scene generation capability for evaluating a tracking and pointing algorithm for tactical HEL engagements.

DESCRIPTION:  The warfighter continues to have a need for High-Energy Laser (HEL) weapon systems on airborne platforms for tactical applications (i.e., the engagement of targets on the ground).  For these weapon systems, a tracking algorithm is necessary to maintain the pointing of the laser to a specific aimpoint on the target for a prolonged amount of time.  Recent field tests of these weapons have revealed a disparity between the simulated performance of the target tracking algorithm and the actual field performance of the algorithm.   A contributor to this disparity is that during a field test the tracker sensor receives a signal that is not included in the simulation.  This signal results from the incidence of the HEL on the target, and may be composed of the reflection of the HEL from the target, blackbody radiation from the HEL-heated target, or radiation due to ignition at the target.   The absence of this signal from simulation is simply due to a lack of an effective target scene model.

Therefore, as HEL weapon systems emerge, there is a growing need to simulate the complex interactions of the HEL and the target in the context of a closed-loop tracking system.   A high-fidelity synthetic scene generation capability would allow the robustness of the proposed system's tracking and pointing performance to be explored in a more cost-effective manner.  It is therefore desirable to demonstrate an integrated synthetic scene generation tool that works in-line with the pointing and tracking control system models.  This scene generation should account for all significant phenomena that contribute to the tracking problem, including wave-optics level atmospheric effects on both HEL's and illuminator lasers, target speckle, backgrounds and clutter, and multi-band scene radiometry.  The scene generation should support the simulation of relevant sensor signatures of the scene, including both active and passive optical sensors.

The effort required for Phase I is to research and develop a synthetic scene generation capability that supports the simulation of closed-loop active and passive tracking, including the hot spot / damage effects of the HEL engaging the target.  The scenes should be general enough to interface with existing atmospheric propagation and tracking algorithms.

PHASE I:  The synthetic scene generating capability produced for Phase I should be able interface with a wave optics algorithm to both receive simulated irradiance of the laser on the target, and provide multi-band scene radiometry for propagation back to the track sensor.

PHASE II:  Transition the prototype model from Phase I into a deliverable software tool with sufficient documentation and testing to be used by non-expert programmers.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  The development and evaluation of LIDAR sensors, Phased Array approaches, and other speckle-based imaging schemes would benefit from a simulation including high-fidelity synthetic target scenes.

Commercial Application:  The evaluation of imaging and pattern recognition schemes for robotic machinery would benefit from this high-fidelity synthetic scene generation capability.

REFERENCES:

1. Cathcart, J.M. and A.D. Sheffer, "Target and background infrared signature modeling for complex synthetic scenes," Proceedings of the SPIE, Infrared Systems and Components II, Vol. 890, 1988.

2. Byrnes, A.E. and J.R. Schott, "Correction of thermal imagery for atmospheric effects using aircraft measurements and atmospheric modeling techniques," Applied Optics, Vol. 25, No. 15, 1986.
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AF10-BT34

TITLE: Silicon Photonic Systems Integration
TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE:  Design and demonstrate optical systems in a CMOS compatible silicon photonic-electronic platform, demonstrating distinct functionality on the basis of CMOS integration and scaling.

DESCRIPTION:  A major promise of silicon photonics is in system level integrated systems.  Although a few devices built in silicon do exceed the performance of devices in other material systems, most device-level performance numbers for silicon photonic devices are either comparable to or worse than alternatives in specialized materials systems such as lithium niobate, III/V, etc.  This is not surprising, since each of these materials systems has been chosen for best-in-type performance for discrete devices.  If the world of photonics is going to remain primarily one of discrete components, silicon photonics may have an impact on a few classes of device, but is unlikely to have a huge impact overall on the structure of the industry.

The place where silicon photonics will have a significant impact is in systems where scaling to high complexity, or where closely integrated electronics, give unique advantages.  The goal of this program is (a) to explore high military and civilian impact applications of CMOS compatible silicon photonic-electronic integrated circuits and (b) demonstrations of these same systems in phase II.  By CMOS compatible, one specifically references processes which have proven compatibility with the fabrication of transistor based electronics.  Thus, of interest are processes with a proven track record of actually fabricating CMOS devices; not speculative processes that may be made CMOS compatible at some point in the future.  

In particular, system demonstrators where multiple-order-of-magnitude improvement in SWaP metrics are sought, as are devices which provide different-in-kind functionality on the basis of high complexity or electronics integration, compared to existing optical devices and systems.

PHASE I:  Demonstrate feasibility of a highly scaled integrated photonic system through detailed system design, based on known or simulated performance of components in an existing electronic-photonic CMOS platform, of a proof-of-concept demonstrator circuit.  Demonstrate benefits of large scale integration.

PHASE II:  Develop a manufacturable prototype of the demonstration circuit designed in phase I.  Demonstrate CMOS integration of electronics and photonics, and test both device components and entire system.  Demonstrate plausibility of scaling to larger system as needed to establish superiority over alternative approaches.  Report on results and analysis, and on project plans for highly scaled system.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Si integrated photonics-electronic circuits have the potential for revolutionizing many fields, including communication, information processing, biological and chemical sensing, and medicine.

Commercial Application:  Label-free biosensing, high-bandwidth data communications for chip-to-chip and chip-scale interconnects, RF photonics.

REFERENCES:

1. Bahram Jalali and Sasan Fathpour, "Silicon Photonics," J. Lightwave Technol. 24, 4600-4615 (2006).
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3. Weiss, B.L.; Soref, R.A.; "Introduction to the Issue on Silicon-Based Optoelectronics," Selected Topics in Quantum Electronics, IEEE Journal of , vol.4, no.6, pp.897-898, Nov/Dec 1998.

4. Soref, R.; "The Past, Present, and Future of Silicon Photonics," Selected Topics in Quantum Electronics, IEEE Journal of , vol.12, no.6, pp.1678-1687, Nov.-dec. 2006.

5. Tsybeskov, L.; Lockwood, D.J.; Ichikawa, M.; , "Silicon Photonics: CMOS Going Optical," Proceedings of the IEEE , vol.97, no.7, pp.1161-1165, July 2009.
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TITLE: Conformal Aperture Technologies
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  To develop new aperture technologies required to implement next-generation electro-optic and infrared imaging systems in a conformal manner.

DESCRIPTION:  Next Generation Air Force platforms will require near conformal apertures.  Previous work has looked at subaperture-based architectures to achieve a conformal implementation.  The results of the previous work have led to the desire to consider each subaperture as an independent imaging system that will be combined through post detection processing.  This effort will investigate the underlying technologies required for each subaperture.  Qualities desired in each subaperture include transmissive operation, fast f-number (faster than f/1.3), large fields of view (on the order of +/- 45deg), high resolution (on the order of 10 to the 9th instantaneous fields of view across the full field of view), light-weight and panchromatic operation.  In addition, it is anticipated that to implement the specified field of view and resolution will require some form of agile wavefront control (steering, focus, and higher order aberration).  Considerable technical risk resides in achieving acceptable image quality (scattered stray light, spot size, modulation transfer function) and scaling.  New optical materials and concepts must be investigated and applied to achieve this goal.  Approaches shall be capable of forming images on par with commercially available lenses over one or more broad spectral bands.  Bands of interest include but are not limited to the visible region (380 nm to 720 nm), near infrared (625 nm to 950 nm), short wave infrared (900 nm to 2 microns), mid-wave infrared (3 to 5 microns), and long wave infrared (8 to 14 microns).  To compensate for field of view restrictions or aberration issues that may result from making the systems compact and light weight, it is desirable to have wavefront agility in the apertures.  This agility can take the form of simple beam steering, focus control, or even higher order compensation.  Scalability of the concepts shall be addressed either through demonstration or analysis.

PHASE I:  This phase will include subaperture architecture generation and research to develop applicable technologies.  Effort will include an examination of potential image quality (including possible image defects inherent to the technical approach), weight, size, and power consumption.

PHASE II:  Prototype subapertures using appropriate approaches as determined by the Phase I effort shall be fabricated, analyzed, and compared to commercial lenses with similar performance requirements. An analysis of candidate subaperture producability and affordability shall also be included. Phase II prototypes will be robust enough to undergo laboratory and limited field-testing as concept demonstrators.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Multi-mode high speed imaging systems (IR), high performance remote sensing, increased performance (wider field of view, higher resolution, and light weight systems).

Commercial Application:  Light weight and new material systems, high resolution detection, single sensing platform with subaperture operation for industries.

REFERENCES:

1.  M. Aubailly and M. A. Vorontsov, “Imaging with an array of adaptive subapertures,” Opt.  Let. 33(1), 10-12 (2008).

2.  P. F. McManamon, P. J. Bos, M. J. Escuti, J. Heikenfeld, S. Serati, H. Xie, E. A. Watson, “A Review of Phased Array Steering for Narrowband Electro-Optical Systems,” Proc. IEEE 97(6), 1078-1096 (2009).  
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AF10-BT36

TITLE: Time series prediction for satellite ballistic coefficients
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE:  Accurate satellite ballistic coefficient predictions for improved satellite drag modeling.

DESCRIPTION:  Satellite drag is the leading cause of orbit error predictions in low earth orbit.  As the population of satellites in Earth orbit grows with time, higher orbital prediction accuracy is required for critical missions such as accurate catalog maintenance, collision avoidance for manned and unmanned space flight, and reentry prediction.  Satellite drag varies strongly as a function of the neutral thermospheric density and the satellite ballistic coefficient.  The leading errors in computing satellite drag are generally inaccuracies in the thermospheric density and its accurate prediction vs solar flux and geomagnetic storms. The new AFSPC density model coupled with current better solar predictions is addressing many of these modeling deficiencies.  However, for satellites exhibiting large frontal area variations, changes in the satellite’s ballistic coefficient can be a major source of orbit prediction error..  Real time ballistic coefficients are currently computed from the daily differential orbit corrections obtained on all satellites in the catalog.  The challenge is predicting the ballistic coefficient changes over the period of a week from the orbit epoch time.  Corrections to thermospheric density from current models are now accurate enough to allow good determination of these ballistic coefficients.  This ability to separate density and ballistic coefficient values enables the possibility of improving satellite drag prediction significantly.  Preliminary work in modeling the ballistic coefficient variations as a time series indicates prediction improvements of up to 40% without any sophisticated analysis or optimization.  Since ballistic coefficients depend on satellite orientation relative to the direction of motion, and since most of the space catalog is tumbling debris, we expect that the ballistic coefficient as a function of time will be mostly periodic.  This periodicity can be complex however, and occasional abrupt changes are observed.  Our goal is to design a robust time series algorithm to calculate predicted ballistic coefficients based solely on past ballistic coefficient data.  Finally, if time and resources permit, it is highly desirable to apply a similar approach to processing radiation pressure coefficients for deep space satellites.  Successful proposals will develop innovative solutions using existing ballistic coefficient data.  The new algorithms will eventually be utilized in the modeling of satellite drag by the Astrodynamics Support Workstation at the Joint Space Operations Center (JSpOC), possibly through the new JSpOC Mission Systems program.

PHASE I:  Initial efforts will set up a development plan for new ballistic coefficient prediction algorithms with validation based on government supplied satellite orbit data.  This phase should address requirements and possibly outline prototype algorithms for phase II.

PHASE II:  Ballistic coefficient prediction algorithms will be fully developed, calibrated, and validated.  This calibration and validation of the coefficients will be performed using historical ballistic coefficient data on numerous satellites.  Deliverables will be the prediction algorithms, validation reports, and any necessary data storage and network hardware.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Results of this work will be used to improve AF space catalog accuracy, a critical component for space situational awareness.

Commercial Application:  The new algorithms matured under this grant can be used for high accuracy collision avoidance in commercial software applications.

REFERENCES:

1. Storz, Mark F.; Bowman, B. R., and Branson, J. I.; “High Accuracy Satellite Drag Model (HASDM),” AIAA-2002-4886, AIAA/AAS Astrodynamics Specialist Conference (Monterey, California), Aug 2002.

2. Bowman, B.R., 2002. True Satellite Ballistic Coefficient Determination for HASDM, AIAA 2002-4887, AAS/AIAA Astrodynamics Specialist Conf., Monterey, Ca, August.

3. Bowman, B. R., and Moe, K., 2005. Drag coefficient variability at 175-500km from the orbit decay analyses of spheres, AAS 2005-257, AAS/AIAA Astrodynamics Specialist Conference, Lake Tahoe, Ca, August, 2005.
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AF10-BT39

TITLE: Compact, Low Cost, High-Resolution Spectrometers
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Development of an ultra-compact (< 10 cm^3) and lightweight spectrometer on a chip for the visible, near infrared or infrared wavelength ranges with a resolution of < 0.2 nm over a bandwidth > 50 nm.

DESCRIPTION:  High-resolution spectrometers are one of the primary components in high explosives detection and biological and chemical weapons sensors, especially those based on Raman or absorption spectroscopies. Currently, high-resolution spectrometers cannot be incorporated into compact sensor devices because they are too bulky in terms of size and weight, require large demands on the system configuration for stability, and are too cost prohibitive. The aforementioned limitations have significantly hindered the adoption of these spectrometers to field designs, testing or implementation. Thus, there is a considerable need for compact, lightweight, high-resolution, rugged and inexpensive spectrometers that can operate over a range of wavelengths in the visible, near infrared (IR) and IR.

The advent of planar integrated optics has allowed for a revolution in the miniaturization of photonic devices.  The emergence of nanophotonic devices on chips is promising for numerous applications such as optical communications and quantum computing. Advances in photonic band gap devices coupled with those in digital planar holography have provided a foundation for a promising future in miniaturizing the traditional, widely known Raman and absorption spectrometers to the level of a chip. The availability of low-cost, compact, high-resolution spectrometers will have a broad impact on the fields of biological and chemical sensing, as well as enabling new applications in the areas of atmospheric and environmental detection where current technologies drastically limit the applicability of these spectroscopies due to their size and cost constraints. Additionally, photonic devices on a chip may offer properties unattainable by commonly used spectrometers, such as ultra-high resolutions in selected ranges that would allow for detection without the need of tuning. 

The focus of this STTR program is the development of compact, high-resolution (< 0.2 nm) spectrometers that can operate with a reasonably large bandwidth (at least 50 nm) in the visible, near IR or IR spectrums. Technologies that can apply all of these wavelength regions without major modifications are preferred. Low cost fabrication and manufacturing methods of these spectrometers are highly desirable and their readiness for large scale production should be addressed. The proposed systems should operate under an input signal from an optical fiber. Integrated photonic spectrometers are of prime interest. Novel ideas taking this approach into the terahertz (THz) regime may also be considered.

PHASE I:  Demonstrate the feasibility of an integrated optical spectrometer on chip that is capable of high resolution (< 0.2 nm) over a selected range of wavelengths with a bandwidth of 50 nm for each wavelength. Design and fabricate a prototype that shows proof of principle.

PHASE II:  Design, fabricate and characterize various types of spectrometers on a chip. Create a range of devices capable of operating in the visible, near IR and IR bands and possibly the THz regime. Develop and demonstrate technology capable of high volume manufacturing of these spectrometers.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Chemical and biological sensing, conventional explosives detection, quantum computing, data storage, optical communications, and optical interconnects for data processing.

Commercial Application:  Integrated spectral sensing for lab-on-a-chip development, communications equipment (ex: cellular phones), security screening devices, data processing and storage, and trace gas detection.

REFERENCES:

1.  E. Yablonovich, “Inhibited Spontaneous Emission in Solid-State Physics and Electronics”, Phys. Rev Lett. 58, 2059 (1987).

2.  B. Momeni et al., “Integrated photonic crystal spectrometers for sensing applications”, Optics Communication 282 (2009).

3.  T.W. Mossberg, “Planar holographic optical processing devices”, Optics Letters 26 (2001).

4.  S. Babin, et al, “Digital Optical Spectrometer-on-chip”, Applied Physics Let.95 041105 (2009).

5.  V. Yankov et al., “Digital Planar Holography and Multiplexer/Demultiplexer with Discrete Dispersion”, IEEE Photonics Techn. Lett. 15, 410 (2003).
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TITLE: High frequency (HF) direction-finding (DF) system based on an array of high-Tc

superconducting quantum interference devices (SQUIDs)
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  To develop a compact airborne, HF (3-30 MHz), direction-finding system based on a high-Tc SQUID array.

DESCRIPTION:  Current techniques for direction finding (DF) of signals in the high frequency (HF) band (3 to 30 MHz) require multiple antennas with a size that is a significant fraction of the incident wavelength, and that are separated by a distance comparable to the incident wavelength.  For frequencies of 3 MHz and 30 MHz this wavelength is 100 and 10 meters respectively. It is not feasible to deploy such large systems on mobile platforms, such as autonomous vehicles and planes, because their dimensions are typically smaller than the wavelength of interest, particularly at the low end of the HF band.   One possible approach to obtain smaller DF systems is to use high-transition temperature (high-TC) superconducting quantum interference device (SQUID) array sensors [1] to detect the magnetic fields associated with incident signals. These sensors could yield a substantial improvement in sensitivity so that the size and spacing of the antennas could be reduced. The advantage of using an array of SQUIDs, as opposed to a single SQUID, is that in a current-biased array the voltage signal increases as the number of SQUIDS in the array (N) but the noise only increases as the square root of N.  Therefore as N becomes larger the signal-to-noise ratio increases as the square root of N. Recently, a great deal of progress has been made in the fabrication of very large scale SQUID arrays, using high-transition temperature ion-damage Josephson junctions [2, 3].  Specifically, researchers have shown that it was possible to fabricate arrays containing over 12,000 SQUIDS with good uniformity of the devices [2].    Incorporating these arrays into the receiver of a DF system could yield significant improvements over current systems and improve signal intelligence (SIGINT) in the HF band.

PHASE I:  Determine potential improvement of DF capability by using a high-Tc ion damage SQUID array based receiver. Include fabrication and measurement of the noise properties for a high-Tc ion-damage junction SQUID array. Investigation possible 3-30MHz DF antenna designs for coupling it to the SQUID array.

PHASE II:  Build a prototype DF system based on a high-TC SQUID array, and evaluate its performance, by testing it in the 3-30 MHz range.

PHASE III DUAL USE COMMERCIALIZATION:

Military Application:  Microwave Communication Systems for ISR.

Commercial Application:  Magnetometer technology, such as satellite communications and biomagnetic detectors for magnetocardiography (MCG) [1].

REFERENCES:

1.  High-transition-temperature superconducting quantum interference devices,  D. Koelle, R. Kleiner, F. Ludwig, E. Dantsker, and John Clarke, Rev. Mod. Phys. 71, 631 (1999).

2.  Very Large Scale Integration of Nanopatterned YBa2Cu3O7-d Josephson Junctions in a Two-Dimensional Array, Shane A. Cybart, Steven M. Anton, Stephen M. Wu, John Clarke, Robert C. Dynes, Nano Letters 2009 9 (10), 3581-3585.

3. Series array of incommensurate superconducting quantum interference devices from YBa2Cu3O7-d ion damage Josephson junctions, Shane A. Cybart, S. M. Wu, S. M. Anton, I. Siddiqi, John Clarke, and R. C. Dynes, Appl. Phys. Lett. 93, 182502 (2008).
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