DEFENSE THREAT REDUCTION AGENCY 
11.2 Small Business Innovation Research (SBIR)

Proposal Submission Instructions

INTRODUCTION


The mission of the Defense Threat Reduction Agency (DTRA) is to safeguard the United States and its allies from weapons of mass destruction (WMD)—chemical, biological, radiological, nuclear and high-yield explosives—by providing capabilities to reduce, eliminate and counter the threat and mitigate its effects.  This mission includes research and development activities organized into chemical/biological, nuclear, counter WMD, and innovation/systems engineering technology portfolios.  The DTRA SBIR program funds efforts that support these research and development areas.  SBIR topics reflect the current strategic priorities where small businesses are believed to have capabilities to address challenging technical issues.  During pre-release, general questions about DTRA and questions about solicitation topics should be directed to:
Defense Threat Reduction Agency
ATTN:  Robert Swahn, SBIR Program Manager
8725 John J. Kingman Drive, MSC 6201
Fort Belvoir, VA  22060-6201
E-mail:  dtrasbir@dtra.mil (use of e-mail is encouraged) 

PHASE I PROPOSAL INFORMATION

Paragraph 3.0 of the DoD program solicitation (found at http://www.dodsbir.net/solicitation/) provides the proposal preparation instructions.  Consideration is limited to proposals that do not exceed $150,000 and seven months of performance.  Proposals may define and address a subset of the overall topic scope.  
PROPOSAL REVIEW PROCESS 
DTRA will evaluate Phase I proposals using the criteria specified in paragraph 4.2 of the DoD 11.2 SBIR Solicitation.  During the proposal review process, government support contractors will provide administrative support and advisory services.    Organizational conflict of interest provisions apply to all these entities and their contracts include specifications for non-disclosure of proprietary information.  
SELECTION DECISION AND NOTIFICATION
DTRA has a single source selection authority (SSA) for all proposals received under one solicitation.  The SSA either selects or rejects Phase I proposals based upon the evaluation recommendation, availability of funding, requirements, and balance of portfolio.  

Following the SSA decision, DTRA will send notification e-mails for each accepted or rejected offer.  E-mails will be sent to the addresses provided for the Principal Investigator and Corporate Official.  Offerors may request a debriefing of the evaluation of their proposal.  Once released, debriefings are viewable at https:\\www.dtrasbir.net\debriefing\ and require password access.  Debriefings are provided to help improve the offeror’s potential response to future solicitations.  

For selected offers, DTRA will initiate contracting actions that, if successfully completed, will result in contract award.  DTRA Phase I awards are issued as fixed-price purchase orders with a seven-month period of performance.  DTRA may complete Phase I awards without additional negotiations by the Contracting Officer or opportunity for revision for proposals that are reasonable and complete.
DTRA’s projected funding levels support a steady state of 16-20 Phase I awards annually over multiple solicitations.  Actual number of awards may vary.
DTRA Phase I awards for this solicitation will be fully funded with FY12 appropriations available on or after January 1, 2012.  Awards will be subject to availability of those funds and are expected to occur by the end of February 2012.  
CONTINUATION TO PHASE II
DTRA invitations for Phase II proposals are issued based on factors that include but are not limited to the successful completion of the Phase I effort, requirements/need, and funding considerations.  Phase II invitations are issued when the majority of Phase I contracts from the preceding solicitation are complete.  Phase I efforts which were delayed in award or extended after award will be considered for invitation the following year.  DTRA is not responsible for any money expended by the proposer prior to contract award.
DTRA’s projected funding levels support a steady state of five to seven new Phase II awards annually.  Actual number of awards may vary.
OTHER CONSIDERATIONS
DTRA does not utilize a Phase II Enhancement process.  While funds have not specifically been set aside for bridge funding between Phase I and Phase II, DTRA does not preclude FAST TRACK Phase II awards, and the potential offeror is advised to read carefully the conditions set out in this solicitation.
Notice of award will appear on the Agency Web site at http://www.dtra.mil.  Unsuccessful offerors may receive debriefing upon written request.  E-mail correspondence is considered to be written correspondence for this purpose and is encouraged. 
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DTRA SBIR 11.2 Topic Descriptions
DTRA112_001

TITLE: Potting Materials for Support of Test and Weapons Systems Electronics under

Extreme High-G Loads and Temperatures
TECHNOLOGY AREAS: Sensors, Electronics, Battlespace, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services.  Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Develop, test, and demonstrate novel potting materials for reliable support of electronic packages operating at high-g loads and temperature extremes.  

DESCRIPTION:  The weapons community currently has a strong need to design and field reliable electronics for precision munitions. Electronics are used for guidance and control, mission computers, and fuze-safe-and-arm devices. Electronics packages are subjected to high-g’s during gun launch, pyrotechnic shocks during flight, and high-g’s upon impact and travel through hard and deeply buried targets.  These materials which protect, support and bind with the electronic components together (thus keep them from being destroyed), are expected to function reliably in the temperatures ranging from -40°C  to +60°C. Munitions are also subjected to numerous thermal cycles and other factors during their +20 year storage life.  As higher electronic survivability g loads during very heavy impacts upon hard targets (20-100 kilo g’s) are desired, a major and critical limiting factor of performance concerns the strong need for new potting materials for the electronic packages.  These materials require significantly greater performance than the current electronic potting materials which are exhibiting and causing component failures.   

Suitable and reliable potting materials are critically needed for a variety of survivability requirements for harsh environment electronic packages.  A successful project will provide an innovative potting material which has little measured variation (less than 10%) in key dynamic material parameters.   The successful material required for the survivability of potted critical electronics will exhibit unchanging favorable properties at a wide range of temperatures, strain rates, and other external loads.  The lack of this type of potting material has caused numerous system failures in past weapons experiments and wartime uses. 

PHASE I:  A proof of concept of a suitable potting material is required. A suitable potting material should have relatively low coefficient of thermal expansion (goal of 5.E-6 in/in °F), little change in Young’s modulus over the required temperature range (goal of less than 10% change), little aging effects, and a minimum strength of 30-MPa in the operating temperature range. The following deliverables are requested at temperatures of -40°C, +20°C, and +60°C: stress versus strain diagrams at strain rates of 100 s-1, 10 s-1, 1 s-1; damping coefficients, Poisson’s ratio, density, coefficient of thermal expansion, thermal conductivity, fracture toughness, and specific heat. The glass transition temperature of the potting materials is required and it should NOT be in the operating range. Creep and relaxation tests are desirable. One dozen test samples, consistent with ASTM tests, are requested to verify properties. A clear Phase I to Phase II decision point must be part of the final delivery in Phase I along with a roadmap that takes the program through Phase III.

PHASE II:  In this phase, prototypes will be developed and tested.  Potting will be used in small electronics packages and tested from 20,000-100,000-gs. Some high-g tests will be preceded by standard Highly Accelerated Temperature Cycling over the storage temperature range of -50°C  to +70°C. Some tests will be conducted at the operating temperature ranges of -40°C and +60°C. Facilities are available for testing within the Department of Defense. Industry and government partners for Phase III must be identified.  The system must demonstrate a final capacity (either through prototype or credible design) for surviving over 100KGs of de-acceleration in short (a few milliseconds) and long (several tens of milliseconds) duration shock loading and pyro events.  A clear Phase II to Phase III decision point must be part of the final delivery in Phase II.  

PHASE III DUAL USE APPLICATIONS:  The technology advanced in through this SBIR topic can be used to improve the survivability of any engineered component used in high-shock, high-velocity impact environments.  Specifically, the technology advanced in this topic can be used to improve the reliability and survivability of miniaturized weapon fuses used in earth penetrating munitions, guidance and control devices in precision munitions, flight data recorders in the airline and transportation industries, as well as protective safety devices such as air bag sensors in automobiles, etc.

REFERENCES:

1.  N. H. Chao, D. Carlucci, J. A. Cordes, and M. E. DeAngelis, Jyeching Lee, "Implications of a Fully-Coupled Thermal-Stresses Transient Simulation in Gun Launch Applications”, Technical Report, U.S. Army Armament Research Development and Engineering Center, Dover,  NJ,  Technical Report ARMET-TR-10030, Oct. 2010.

2.  Swanson, D.W., Enlow, L.R., “Stress Effects of Epoxy Adhesives on Ceramic Substrates and Magnetics”, Microelectronics Reliability 41, 2001, pp. 44-510. 

3.  (Ref. 3 deleted 5/19/11 because it is not available for public release at this time.)
4.  Da Silva, L.F.M., Adams, R.D., “Measurement of the Mechanical Properties of Structural Adhesives in Tension and Shear over a Wide Range of Temperatures”, J. Adhesion Sci, Technology, Vol. 19, No. 2, 2005, pp. 109-141. 

KEYWORDS: Data Recorder, Electronics, Fusing, Shock Hardened Components, Weapons, Potting

DTRA112_002

TITLE: Adaptable Multi-Layer Inference System for Distributed Sensor Networks
TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace, Human Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: The primary objective of this research topic is to develop an adaptable multi-layer inference system for distributed, multi-modal sensor networks. The approach should exploit knowledge of measurement uncertainties and leverage machine learning techniques to provide automated adaptation to different environments, sensor lay-downs, and sensor capabilities. The inference system must also blend knowledge from subject matter experts, historical data sets, and in situ data collects to maximize the discriminative capability of the system.

DESCRIPTION: Distributed sensors play a critical role in many diverse DTRA applications such as tunnel detection, vehicle monitoring, nuclear test surveillance, bio-agent detection, underground facility monitoring, reconstitution monitoring, battle damage assessment, and others. Furthermore, these sensors often utilize multiple sensing phenomenologies (e.g. seismic, acoustic, chemical, RF, EM, imagery) to sample independent feature sets. However, a hierarchical inference approach is required that can rapidly aggregate disparate modalities at the individual sensor level and provide conclusions to feed subsequent inference steps. These single-sensor conclusions can then be assessed within the context of the entire sensor network to support system-level inferences. In order to maximize the discriminative capability of the sensor network, the multi-layer inference approach can capture measurement uncertainty and track the evolution of the uncertainty through each inference step.

An adaptable multi-layer inference approach for distributed sensor networks will enable significant performance gains via integrated machine learning techniques:

- In situ performance characterization through use of “sources of opportunity”

- Automated adaptation to site-specific environmental characteristics/propagation

- Unsupervised learning to analyze activity patterns (e.g. for underground facilities, vehicle transits, etc.) and establish a baseline for anomaly detection

- Flexible subject-matter expert knowledge capture and integration

- Incorporation of historical and/or prototypical data sets to generate a baseline inference structure prior to sensor emplacement

Sensitivity analysis can be performed on the hierarchical inference network to ascertain the most significant sources of uncertainty and identify mitigation strategies (e.g. more sensors, which types of sensors, sensor placement, etc.).

PHASE I: Design a multi-layer inference approach for distributed, multi-modal sensor networks that minimizes data exfiltration requirements and supports in-situ learning to adapt inference parameters. Provide a proof-of-concept demonstration with a simple data set (e.g. two sensing modalities and ten sensors).  Provide performance estimates/bounds for a real-world problem.

PHASE II: Implement the multi-layer inference approach in a real-world demonstration with government-provided (i.e. Government-Furnished Equipment (GFE)) unattended seismic, acoustic, electromagnetic and Radio Frequency (RF) ground sensors. Demonstrate in situ performance characterization via sources of opportunity and adaptation of inference parameters based upon site-specific characteristics. Quantify the effectiveness of the approach. Deliver a prototype inference system and associated documentation.

PHASE III: Further develop the inference system to support incorporation of historical and/or prototypical data sets and unsupervised learning routines to analyze activity patterns. Build/demonstrate a pre-production prototype software system with operator interface.

PRIVATE SECTOR COMMERCIAL POTENTIAL/DUAL-USE APPLICATIONS: The multi-layer inference system is broadly applicable to applications in which distributed sensors are employed, such as civilian surveillance applications (e.g. with remote cameras), traffic monitoring and cyber-security (i.e. virtual sensors).

REFERENCES:

1.  Russell, Stuart J.; Norvig, Peter, Artificial Intelligence: A Modern Approach, Prentice Hall, 2009.

2.  Richard O. Duda, Peter E. Hart, David G. Stork, Pattern Classification, John Wiley and Sons, Inc., 2001.

3.  Christopher M. Bishop, Pattern Recognition and Machine Learning, Springer Science+Business Media, 2006.

KEYWORDS: Inference, Hierarchical Data Fusion, Decision-Making Under Uncertainty, Distributed Sensing

DTRA112_003

TITLE: Technologies to Mitigate Radiation Effects in Advanced Nanoscale

Microelectronics
TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Nuclear Technology

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: The objective of this effort is to support the use in defense systems of submicron ultra-deep, radiation-hardened integrated circuits with less than 90 nm feature size.  A second objective is to support the introduction and use of compound semiconductor technologies with technology nodes <= 45 nm in these systems.  Significant dual use and improvements in weight, power and reliability for satellite systems are anticipated to result from development of the technologies.  

DESCRIPTION:  Integrated circuits in defense systems are fabricated using a mix of commercial parts and radiation hardened circuits.  The use of advanced commercial integrated circuits/devices that are sensitive to nuclear radiation, however, results in the need for added complexity to mitigate any effects of radiation on the circuits.  The penalties in increased power, area, weight and added circuit complexity in many cases can out-weigh potential benefits, and preclude use of the commercial technology. Various methods to mitigate nuclear radiation effects have proven to be effective for silicon based technology with circuit geometries >150 nm.  These have been shown for several reasons, however, to be less effective when applied to integrated circuits with feature sizes below 90-100 nm.  For example, ion scattering that would otherwise affect one transistor in a circuit with 90 nm feature size can be expected to affect two to three transistors in circuits with nodes <= 45 nm.

Of particular interest to this solicitation are new and innovative technologies to characterize and mitigate radiation effects in microelectronics that have nodes <= 45 nm.  These include, but are not limited to, development of minimally invasive characterization and mitigation methods for compact model application or development, use of alternative materials, circuit enhancements, and novel transistor structures, for example.  Development of the technologies will support the introduction and use of compound III-V semiconductors (e.g., antimony compounds, indium phosphate), other materials (e.g., SiGe, SiC, graphene) and new circuit features (e.g. quantum function circuits) for these microcircuits.

A possible approach for technology development is to leverage commercial microelectronics with small feature sizes and augment these with characterization or radiation mitigation techniques that have minimal impact on electrical performance and manufacturability.  The effort may require modeling to improve understanding of circuit design sensitivities, trade studies to identify radiation sensitivities and optimize circuits in terms of radiation effects, the analysis of variations in electrical performance with feature size and other physical parameters, and/or testing/failure mode reconstruction.  Implementation of the technologies is anticipated to require cost effective methods to model, design, build and test radiation response of microcircuits.  A combination of material approaches, computer modeling, development of novel algorithms (e.g., of physics occurring in the small feature size), proof testing and analysis may be necessary.

PHASE I:  Demonstrate feasibility of technology to characterize and/or mitigate nuclear radiation effects in nano-size microelectronics with nodes <= 45 nm through analysis, measurement or other appropriate method(s).  Provide a detailed plan for further development and demonstration of the technology in Phase II.  A clear roadmap outlining program development through Phase III and that describes the Phase II to Phase III decision point must also be part of the final delivery for Phase I.  Identification of dual use commercial applications is also desirable.

PHASE II:  Demonstrate the technology to characterize and/or mitigate nuclear radiation effects in nano-size microelectronics with nodes <= 45 nm.  Identify and address technological hurdles.  Incorporate any early modeling improvements into computer aided design (CAD) tools.  Industry and government partners for Phase III must be identified along with demonstration of their support.  A revised roadmap that takes the program through Phase III must be part of the final delivery for Phase II.

PHASE III:  The end state of this effort is a technology to support the use in defense systems of radiation-hardened integrated circuits with nodes <= 45 nm.  Phase III should include partnering with a semiconductor manufacturer and/or electronic system design contractor for production and fielding of the technology.

PHASE III DUAL USE APPLICATIONS:  These technologies are required for a broad range of Defense applications that extend from very high performance microprocessors and advanced servers to very large cache digital memories and analog/mixed-signal microelectronics.  Significant dual use and improvements in weight, power and reliability for satellite systems are also anticipated to result from development of the technologies.  

REFERENCES: 

1. IEEE Transactions on Nuclear Science; December 2007, Volume 54, Number 6, Session H: Single Event Effects Mechanisms and Modeling, pages 2297 - 2425. 

2. IEEE Transactions on Nuclear Science; December 2005, Volume 52, Number 6, Session A Single Even Effects: Mechanisms and Modeling, pages 2104-2231.

3. IEEE Transactions on Nuclear Science; December 2005, Volume 52, Number 6, Session F Single Even Effects: Devices and Integrated Circuits, pages 2421-2495. 

4. JEDEC 57, SEE Test and Characterization Guidelines and Test Method.

5. Military Test Method 1019, Steady State Total Ionizing Dose

6. ASTM 1892 – Steady State Total Ionizing Effects Guideline 

KEYWORDS: Nuclear radiation effects, microcircuits, integrated circuits, single-event effects, single-event upset, single-event transients, total ionizing dose, displacement damage
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