DEFENSE THREAT REDUCTION AGENCY
SBIR FY10.2 Proposal Submission

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. From these activities,
DTRA administers two SBIR programs. One is affiliated with the Chemical-Biological Defense Program
and appears as a separate component under this solicitation. The other is drawn from the nuclear, counter
WMD, and innovation/systems engineering portfolios and is described herein. Communications for this
program should be directed to:

Defense Threat Reduction Agency

ATTN: Darian Cochran, 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.

The DTRA SBIR program complements the agency’s principal technology programs to
detect/locate/track WMD; interdict or neutralize adversary WMD capabilities; protect against and restore
following WMD use; attribute parties responsible for WMD attacks; and provide situational awareness
and decision support to key leaders. SBIR topics reflect the current strategic priorities where small
businesses are believed to have capabilities to address challenging technical issues. DTRA supports
efforts to advance manufacturing technology through SBIR, where the challenges of such technology are
inherent to technical issues of interest to the agency.

PROPOSAL PREPARATION AND SUBMISSION

Proposals (consisting of coversheets, technical proposal, cost proposal, and company
commercialization  report)  will be accepted only by electronic  submission at
http://www.dodsbir.net/submission/. Paragraph 3.0 of  the solicitation (found at
http://www.dodsbir.net/solicitation/) provides the proposal preparation instructions. Consideration is
limited to those proposals which do not exceed $100,000 and seven months of performance. The period
of performance may be extended up to five additional months following award, but such extensions may
delay consideration for Phase Il proposal invitation. Proposals may define and address a subset of the
overall topic scope. Proposals applicable to more than one DTRA topic must be submitted under each
topic.

PROPOSAL REVIEW

During the proposal review process, employees from BRTRC, Inc., and TASC, Inc., will provide
administrative support for proposal handling and will have access to proposal information on an
administrative basis only. Organizational conflict of interest provisions apply to these entities and their
contracts include specifications for non-disclosure of proprietary information. All proposers to DTRA
topics consent to the disclosure of their information to BRTRC and TASC employees under these
conditions.
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BRTRC, Inc.
8260 Willow Oaks Corporate Drive, Suite 800
Fairfax, VA 22031-4506

TASC, Inc.
8211 Terminal Road, Suite 1000
Lorton, VA 22079-1421

DTRA will evaluate Phase | proposals using the criteria specified in paragraph 4.2 of the
solicitation with technical merit being most important, followed by principal investigator qualifications,
and commercialization potential. Topic Points of Contact (TPOC) lead the evaluation of all proposals
submitted in their topics.

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 | proposals based upon the strengths and weaknesses
identified in proposal review plus other considerations including limitation of funds and balanced
investment across all the DTRA topics in the solicitation. Balanced investment includes the degree to
which offers support a manufacturing technology challenge. To balance investment across topics, a lower
rated proposal in one topic could be selected over a higher rated proposal in a different topic. DTRA
reserves the right to select all, some, or none of the proposals in a particular topic.

Following the SSA decision, the contracting officer will release notification e-mails through
DTRA’s SBIR evaluation system 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 which, if successfully completed, will
result in contract award. DTRA Phase | awards are issued as fixed-price purchase orders with a seven-
month period of performance that may be extended, as previously discussed. DTRA may complete Phase
| 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 18 Phase | awards annually over
multiple solicitations. Actual number of awards may vary.

DTRA Phase | awards for this solicitation will be fully funded with FY11 appropriation available
on or after December 1, 2010. Awards will be subject to availability of those funds and are expected to
occur by the end of December 2010.

CONTINUATION TO PHASE II

Only Phase Il proposals provided in response to a written invitation from a DTRA contracting
officer will be evaluated; no unsolicited proposals will be accepted. DTRA invitations are issued based
on the degree to which the offeror successfully proved feasibility of the concept in Phase I, program
balance, and possible duplication of other research. Phase Il invitations are issued when the majority of
Phase | contracts from the preceding solicitation are complete. Phase | efforts which were delayed in
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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 7-10 new Phase Il awards annually to
meet an objective of continuing approximately 50 percent of Phase | efforts to Phase Il. Actual number
of awards may vary.

OTHER CONSIDERATIONS

DTRA does not utilize a Phase 1l Enhancement process. While funds have not specifically been
set aside for bridge funding between Phase | and Phase 11, DTRA does not preclude FAST TRACK Phase
Il awards, and the potential offeror is advised to read carefully the conditions set out in this solicitation.

Notice of award will appear first on the Agency Web site at http://www.dtra.mil. Unsuccessful
offerors may receive debriefing upon written request only. E-mail correspondence is considered to be
written correspondence for this purpose and is encouraged.
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DTRA102-001

DTRA102-002
DTRA102-003
DTRA102-004
DTRA102-005
DTRA102-006

DTRA102-007
DTRA102-008

DTRA102-009
DTRA102-010
DTRA102-011

DTRA SBIR 10.2 Topic Index

Tag, Track, and Locate (TTL) technologies and concepts for combating weapons of mass
destruction (CWMD).

Weapon Payloads for Chemical and Biological Agent Plume Neutralization
Stochastic Consideration of Cased Munitions for Casing Breakup and Airblast
Energy Harvesting Technologies

Engineering Model for Curtain Wall Systems Subject to Blast

Unpowered, reconfigurable micro-nanoscale materials/material systems for sensory
applications

Forensic DNA Analysis Kit for Genetic Intelligence

The Characterization and Mitigation of Radiation Effects on Nano-technology
Microelectronics

Hardening Electronics to Electromagnetic Threats

Research in Photoconductive Semiconductor Switching (PCSS)

Advanced Diagnostics for Nuclear Weapons Effects Experimentation
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DTRA SBIR 10.2 Topic Descriptions

DTRA102-001 TITLE: Tag, Track, and Locate (TTL) technologies and concepts for combating weapons
of mass destruction (CWMD).

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors, Electronics, Weapons

OBJECTIVE: Expand the state-of-the-art to develop new technologies that predict our enemy’s intentions before
they act by focusing on “24x7” TTL of terrorists and WMD-related activities in what is now a global theater of war.
Enhance technical capabilities to globally tag, track and locate personnel and materials associated with the
development, manufacture, or proliferation of WMD.

DESCRIPTION: DTRA is seeking TTL technologies that can be used to locate and track either personnel or
material associated with WMD-related activities. Personnel applications seek to tag, track, and locate known and
suspected WMD terrorists, research scientists, or potential proliferators. TTL technologies will support
confirmation of suspected involvement in WMD-related activities; location of WMD research, manufacture, storage,
or proliferation sites; and identification of proliferation activities. Material applications seek to tag, track, and locate
nuclear materials, biological or chemical agents and their precursors, and WMD employment devices and their spare
parts or key supplies. Relevant TTL technologies will support tracking of WMD material, verify locations of
friendly or neutral WMD material, confirm locations of suspected WMD supplies, and identify potential WMD
proliferation. Ideal TTL tags would possess operating lifetimes measured in months to years. Tag detection and
location could come from short-range (1-10 meters) when object movement is constrained to a limited number of
well-defined routes (such as roads or building exits) or from long-range (space-based) when object motion is
unconstrained. TTL technologies of interest that could be applied to either personnel or material include but are not
limited to:

1) Miniature low-power (long lifetime) radio frequency (RF) tags that could be covertly attached to WMD-related
personnel or equipment.

2) Novel technologies that enable passive location of RF tags inside structures.

3) Novel materials that change observable characteristics, such as becoming fluorescent, when exposed to radiation
associated with WMD-related special nuclear material.

4) Novel materials that could be applied to human hair, skin or other materials, via special lotions, soaps, or
shampoos, to provide a persistent signature, and their corresponding detectors.

5) Novel chemical sprays with highly specific signatures that could be applied to WMD-related material, and their
corresponding chemical detection systems.

6) Novel nano-materials that could be applied to personnel, equipment, or material that would exhibit laser-induced
fluorescence when illuminated by a specific frequency optical or infrared laser.

7) Miniature tags that respond when illuminated by a laser that has been modulated with a specific laser pulse code.

8) Miniature low-power chemical or biological agent detectors that can be integrated with miniature RF digital data
transmitters.

PHASE I: Provide documentation that identifies one or more new technologies for TTL in combating WMD,
specifying the pros / cons of those technologies, as well as feasibility and cost performance / benefits analyses. Such
documentation should include prototype designs that demonstrate meaningful improvements in the state-of-the-art.

PHASE II: Develop complete engineering designs, taking into account miniaturization expectations, and
demonstrate prototype TTL technologies in support of planned military exercises like Empire Challenge,
Thunderstorm, etc.

PHASE |1l DUAL USE APPLICATIONS: Produce low-rate production quantities for military and commercial
markets. Novel technologies may find commercial application within the law enforcement community, as well as in
the tracking of wildlife migratory patterns, monitoring of livestock, or assisting owners to located lost pets. Other
applications include warehouse inventory management or vehicle fleet monitoring.

REFERENCES:
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1. 2006 Quadrennial Defense Review Report; Reorienting Capabilities and Forces Chapter; Combating WMD
Section; 2006; pp 51 — 53.

2. 2007 Department of Defense Research & Engineering Strategic Plan; 2008.

3. 2008 Defense Intelligence Strategy; Policy, Strategy, and Doctrine Directorate; Office of the Under Secretary of
Defense for Intelligence; 2008.

KEYWORDS: TTL, WMD, Sensors, taggants

DTRA102-002 TITLE: Weapon Payloads for Chemical and Biological Agent Plume Neutralization

TECHNOLOGY AREAS: Chemical/Bio Defense, 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.h.(7) of the solicitation.

OBJECTIVE: To provide new and innovative weapon payload concepts that can neutralize (e.g., detoxify, kill or
decompose) chemical and biological (CB) warfare agents in a plume released from an offensive operations strike on
enemy Weapons of Mass Destruction (WMD) facilities.

DESCRIPTION: Current conventional weapons rely on blast, fragmentation, and heat as their primary mechanism
to defeat targets containing CB agents. Unfortunately, these same mechanisms can create large and unacceptable
consequences through the release of hazardous and toxic materials into the environment typically as a vented
downwind plume. Research of WMD defeat payloads have typically focused on neutralization of CB agents inside
target structures prior to venting. However, the risk remains that live CB agent may escape from the targeted
structure. An additional capability is necessary that will continue to neutralize CB agents after escaping from a
target. This prolonged effect would help further mitigate collateral effects.

This type of capability is envisioned to be a singularly deployed subsystem integrated with existing and future
conventional and WMD defeat weapons. It would have self-sustaining neutralization characteristics able to travel
with aerosolized CB agent escaping outside of the targeted structure, and neutralize the agent as it travels in the
contiguous plume. This type of capability is envisioned to reduce the viable CB agent survival fraction by more than
an order of magnitude while operating in time-frames of several minutes. Potential solutions may include, but are
not limited to, thermal or chemical reactive materials, photo-catalyzed systems, and other conventional munition
technologies that are effective against a wide variety of CB agents and sufficiently robust to survive an explosive
environment. Solutions should avoid or minimize the creation of toxic degradation products, be safe to store and
handle and easily integrated into weapon systems.

PHASE I: Perform analysis and research to demonstrate the feasibility of the innovative technology to neutralize CB
agents in vented plumes. Any modeling and simulation studies will address the neutralization performance against
agents released from all types of CB agent targets that range from mobile launcher to metal buildings and hardened
bunkers. The design concept should be benchmarked with data that validates the underlying assumptions and
neutralization technologies. The Phase | final report must clearly describe the Phase | to Phase Il decision point
along with a roadmap of key events through the planned Phase I11.

PHASE I1I: Develop and demonstrate a prototype payload capable of neutralizing CB agents/simulants within
plumes emanating from offensive operation attacks. The final Phase Il report will include an evaluation of weapon
system integration risks and mitigating factors. The report must clearly demonstrate how this concept can be used as
a fieldable system with a complete discussion of the design tradeoffs required to make this a fieldable system.
Include potential partners for production and future use of the developed technology. Include a clear Phase Il to
Phase Il decision point and a roadmap that takes the program through Phase I1I.
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PHASE 11l DUAL USE APPLICATIONS: In addition to the employment of this technology for offensive counter
WMD operations, potential applications of this technology include CB defensive measures, industrial accident/
hazard response decontamination needs, and homeland security situations. This technology could also have dual use
in fire plume or industrial waste plume interaction for clean-up/better scrubbing of toxic materials, and also in
academic and environmental study of Gas/aerosol/ash interaction of volcanic plumes.

REFERENCES:

1. National Military Strategy to Combat Weapons of Mass Destruction, Chairman of the Joint Chiefs of Staff,
February 13, 2006, www.defenselink.mil/pdf/NMS-CWMD2006.pdf

2. Removed at the request of TPOC because it is not available for public release at this time (4/28/10)

KEYWORDS: agent defeat, chemical, biological, agent neutralization, WMD defeat, weapon

DTRA102-003 TITLE: Stochastic Consideration of Cased Munitions for Casing Breakup and Airblast

TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE: To develop an analytic method to predict fragment characterization and the resulting airblast
propagation from the detonation of a cased explosive. Current procedures are heuristic, based on empirical analysis
of test data and simplified analytic expressions. While these work satisfactorily for traditional munitions that
detonate in conditions similar to the testing arenas, there is considerable uncertainty for new types of munitions
and/or munitions that are partially embedded at detonation. The intent of this effort is to provide an innovative
physics-based alternative, using explosive, casing, and environmental properties to produce stochastic fragmentation
and airblast load.

DESCRIPTION: Casing breakup fragmentation is a phenomenon that is not well analyzed by deterministic
approaches such as conventional finite element method because of their randomly distributed characteristics. As a
result, a number of heuristic methods based on observations have arisen for characterizing the fragments produced
by the casing’s breakup. These methods need to be revisited and upgraded because present day problems related to
the detonation of embedded munitions, the increasing use of small precise munitions, and the practice of more
precise targeting has given rise to the need for better tools to characterize casing fragments and fragment effects.

Since the characterization of fragments and their impact on the behavior of structural components struck by them is
an important aspect of characterizing target response, it is important that the present stochastic methodologies (e.g.,
the Mott equation) and other simplified equations associated with fragment loadings be revised or replaced to reflect
the present day problems.

Equally important and apparently steeped in even more uncertainty are the methods used to develop the airblast
resulting from the detonation of cased munitions. The present reliance on the uncertainties in using the Fano
equation, especially for smaller and embedded munitions, needs to be addressed.

The present methodology for the generation of fragment and airblast loadings to assess the response of structural
components struck relies on relatively simplistic equations to calculate the fragment masses, their distribution, and
other properties. Similarly, the Fano equation is generally used to determine the amount of explosive available for
airblast generation. In both situations, improvements are warranted.

The current assumption for characterizing casing fragments and their application as loading of a structural
component is that the fragments are ejected at monotonically increasing angles from the warhead axis as the point of
ejection moves from the nose end to the tail end of the warhead, such that no fragments cross paths and the
distribution of fragments by polar zone matches JTCG/ME-approved fragmentation data for each warhead.
Fragment properties (number of fragments/area, mass distribution, speed, and the time of arrival) are calculated at
each gage point, where fragment loads are computed.
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PHASE I: Develop methodologies for the required functionality to characterize the loading imparted to structural
components both from airblast and casing fragments for a broad range of munition detonation scenarios. Review
different methodologies and data for different detonation scenarios, especially as they pertain to small and
embedded munitions. lIdentify the most feasible and applicable methods in the Phase | research for possible
implementation in a Phase |1 effort.

PHASE II: Develop methods and tools for the simulation of the casing breakup and airblast generated resulting
from the detonation of a cased explosive. Develop methods for characterizing the casing fragments in the form of
loadings suitable to perform high-fidelity physics-based (HFPB) analyses to compute the structural response of
components impacted by fragment, including components in which the munition is embedded. Gather data suitable
for evaluating the characterization methods. Evaluate the capability of each aspect of the methods by comparisons to
actual data. Use these comparisons to characterize the uncertainties associated with using these methods.

PHASE I11I/DUAL USE APPLICATIONS: Transition HFPB capabilities developed in Phase Il into engineering
level fast running models (FRMs). Provide these models in a stand-alone software module and other forms for use
by those interested in characterizing weapons effects in DoD and commercial entities of force protection and
weaponeering/targeteering areas. Commercial applications would assist in integrating these FRMs, including
inherent uncertainties associated with the methodologies, into fast running planning and assessment tools such as
Integrated Munitions Effects Assessment (IMEA), Vulnerability Assessment and Protection Option (VAPO), and
Modular Effectiveness and Vulnerability Assessment (MEVA). Capabilities for commercial computer codes would
be enhanced by adopting these applications.

REFERENCES:
1. “Structures to Resist the Effects of Accidental Explosions,” Departments of the Army, the Navy, and the Air
Force, Army TM 5-1300, Navy NAVFAC P-397, Air Force AFR 88-22, Washington, D.C., November 1991.

2. “A Manual for the Prediction of Blast and Fragment Loadings on Structures,” Department of Energy, DOE/TIC-
11268, August 1981.

3. Smith, P. D. and J. G. Hetherington, “Blast and Ballistic Loading of Structures,” 1994.

4. Dallriva, F. and J. L. Davis, “Data Report for Multiple-Fragment Impact Experiments on Reinforced Concrete
Slabs,” ERDC/GSL TR-02-7, U.S. Army Corps of Engineers, Engineer Research and Development Center,
Vicksburg, MS, June 2002.

5. Joint Munitions Effectiveness Manual (JMEM), Air-to-Surface, Test Procedures for High Explosive Munitions,
JMEM, 1975.

KEYWORDS: casing breakup, fragment analysis, airblast generation cased munitions effects, stochastic process,
fracture mechanics, HFPB analysis

DTRA102-004 TITLE: Energy Harvesting Technologies

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Sensors, Electronics

OBJECTIVE: To provide innovative technologies and system components which increase the lifetime and utility of
various systems within DTRA’s Tag, Track, and Locate (TTL) portfolio to combat weapons of mass destruction
(WMD). The specific innovations sought under this topic are improved technologies that advance the state of the art
for energy scavenging or capture from the ambient environment and high energy density storage.

DESCRIPTION: DTRA’s TTL systems are built from an extensible architecture and are designed to enhance the

observable signatures of personnel and objects associated with the development, production, storage, or use of
Weapons of Mass Destruction. TTL subsystems may include sensors to detect chemical, biological, or nuclear
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weapons materials or their precursors, and may include radio transmitters to broadcast data such as sensor detections
and tag location. A single transmission of tag location information currently requires approximately 4 milli-Joules
of energy, and operation of a typical chemical sensor for four minutes can consume an additional 3 milli-Joules.
These rates of energy usage consume the energy stored within two commercial lithium batteries (CR123) in
approximately two days while it is desirable for TTL systems to endure for weeks or months. Increasing the lifetime
of the TTL systems can be accomplished through a combination of active power management, and capturing energy
present within the TTL system’s deployment environment. The continuous collection of several micro-Watts of
power would yield enough energy to operate a TTL tag transmitter and sensor for a few minutes each hour. Several
technologies exist to extract energy from the environment. Reference 1 discusses photovoltaic technologies
developed through the Department of Energy’s Solar Energy Technologies Program, and reference 2 is a review
article that discusses technologies suitable for recovering energy from mechanical vibrations. Energy harvesting
technologies will develop power sub-systems that will enhance the persistence of TTL systems by both capturing
and storing ambient energy. Energy harvesting technologies of interest include:

* Energy capture:

1) High efficiency photovoltaic cells

2) Micro electromechanical machines (MEMS) electromagnetic generators to harvest mechanical vibration energy
3) Piezoelectric materials to harvest mechanical vibration energy

4) Rectifier-antenna (rectenna) systems to harvest electromagnetic energy

* Energy Storage:

1) Small, high-energy density batteries
2) Small, high-energy density capacitors
3) Novel miniature fuel cells

PHASE I: Provide documentation that identifies one or more novel energy harvesting technologies to support TTL
applications for combating WMD. Such documentation should include the pros / cons of those technologies,
feasibility and cost performance / benefits analyses, as well as prototype designs that demonstrate meaningful
improvements in the state-of-the-art. Candidate technologies should address the following characteristics (not in
order of priority):

« High collection efficiency (capture devices)

* Output power available (capture devices)

* Energy generation density (milliwatts per unit volume: capture devices)

* Energy storage density (Joule per unit volume: storage devices)

» Device size (energy collection and storage systems should be smaller than a commercial ‘C’ cell battery)
 Environmental constraints such as temperature, humidity, or vibration limitations

» Ease of integration with TTL sensor and transmitter payloads (which currently are powered by Li-polymer
batteries)

* Technology readiness

» Manufacturing cost

PHASE II: Develop complete engineering designs and demonstrate a prototype energy harvesting technology
integrated with a representative TTL system.

PHASE Il DUAL USE APPLICATIONS: Produce low-rate production quantities for military and commercial
markets. Potential commercial applications include powering distributed sensor networks for environmental
monitoring such as: agricultural applications that monitor soil humidity to provide water on demand; or security
applications that monitor personnel intrusions through ground vibrations.

REFERENCES:
1. U.S. Department of Energy, Solar Energy Technologies Program, Multi-Year Program Plan 2008-2012, April 15,
2008.

2. Beeby, S. P, et al; Energy harvesting vibration sources for microsystems applications; Measurement Science and
Technology, Vol. 17 (2006), R175-R195.
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3. Chalasani, Sravanthi and Conrad, James M.; A Survey of Energy Harvesting Sources for Embedded Systems;
IEEE Southeastcon 2008; 3-6 April 2008; pp. 442-447.

4. Garbuio, L., et al; Mechanical Energy Harvester with Ultralow Threshold Rectification Based on SSHI Nonlinear
Technique; IEEE Transactions on Industrial Electronics; Volume 56, Issue 4, April 2009; pp. 1048-1056.

KEYWORDS: energy harvesting, energy storage

DTRA102-005 TITLE: Engineering Model for Curtain Wall Systems Subject to Blast

TECHNOLOGY AREAS: Materials/Processes, 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 algorithms for fast-running engineering models relating damage levels of curtain wall
systems to the blast environment resulting from detonation of high explosives external to a building. Validate
models utilizing existing test data and synthetic data generated by high fidelity computational codes.

DESCRIPTION: Curtain wall systems are non-load bearing walls, often of glass and steel, fixed to the outside of a
building which serves essentially as cladding. These systems are installed in many modern structures including
DoD buildings. In a bomb attack, the exterior facade serves as the first line of defense. Conventional glazing held
within relatively rigid supports offers some protection. A properly designed curtain wall system can be expected to
offer a significantly increased level of protection due to the flexibility of the system.

Vulnerability assessment tools typically use simplified methods such as single-degree-of-freedom models or
Pressure-Impulse (P-1) diagrams to predict the effects of blast on structural and non-structural components. These
techniques provide quick and reasonable estimates of the effects of blast. However, for curtain wall systems, these
simplified methods do not capture the total system response. Finite element models are useful but are too labor
intensive for model development and have runtimes that are too long. An innovative approach is required to develop
a fast-running engineering model that adequately predicts damage to curtain wall systems and associated debris.
The model needs to be flexible enough to handle the large variety of structural shapes typically used to manufacture
curtain walls while providing a relatively simple interface for the user to input the necessary structural data.

PHASE I: Develop algorithms or a basic analytical approach for a fast-running engineering model for relating
curtain wall damage to the blast environment. Demonstrate that the basic procedure captures the appropriate
behavior through comparison with test data or synthetic data from a high-fidelity finite element calculation.

PHASE II: Refine analytical approach as needed and expand to cover the majority of typical construction types and
practices for curtain walls. Develop user interface that simplifies model development. Develop recommendations
for validation testing to be performed by the government. Demonstrate model matches test data.

PHASE Il DUAL USE APPLICATIONS: Prediction of the effects of blast on curtain walls systems can be used for
physical security studies as well as explosive safety and industrial accident studies. The fast-running algorithms can
also be used to assist in design of protective curtain wall systems.

REFERENCES:
1. Unified Facilities Criteria (UFC), "DoD Minimum Antiterrorism Standards for Buildings," UFC 4-010-01, 8
October 2003, Change 1, 22 January 2007.

KEYWORDS: blast mitigation, blast effects, structural response, curtain walls, engineering models
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DTRA102-006 TITLE: Unpowered, reconfigurable micro-nanoscale materials/material systems for
sensory applications

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics

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.h.(7) of the solicitation.

OBJECTIVE: Develop a prototype sub-millimeter material or material system that responds specifically to a threat
stimulus (e.g. chemical, biological, radiological), without the need for an active power source. The response should
be instantaneous and readily detectable upon remote electromagnetic (EM) interrogation and must operate in a wide
spectrum of environmental conditions (e.g., humidity and temperature) experienced by the Warfighter. An example
for consideration is a microelectromechanical/nanoelectromechanical system (MEMS/NEMS)-style device that
actuates/activates upon becoming triggered to complete the circuit or deploy a micro-antenna for passive radio
frequency identification (RFID) circuit that can be remotely interrogated.

DESCRIPTION: Fabrication of MEMS/NEMS devices is quite developed and highly sophisticated; however,
fabrication of “smart” material/material systems remains a challenge. The problem at these smaller size scales is
portable power to sustain device functionality; power densities of current energy sources prevent the dramatic
miniaturization of the overall system. As an alternative, there is a need to develop classes of materials that can
respond to a stimulus without any active power sources attached or integrated into the device. Significant research
has been conducted to address the development of smart materials which have properties that experience significant,
controlled-manner changes upon exposure to an external stimulus; these materials can be inorganic and/or organic,
but must meet the criteria listed in the objective. References 1 and 2 are example proof-of-concepts that are
analogous to aspects of the desired system, albeit limited in scope/implementation and applicable to aqueous
systems.

PHASE I: Phase | will culminate in the demonstration of a proof-of-concept millimeter-scale system that is
specifically sensitive to one class of threat (chemical, biological or radiological), with characterization of the system
response under various environmental and threat concentration conditions.

PHASE II: Phase Il will involve the development of a family of multiple sub-millimeter scale systems that are
specifically sensitive to multiple classes of threat (chemical, biological, or radiological). The systems must have the
ability to be remotely interrogated to ascertain status of the sensing element, and a method should exist to
differentiate the condition state of each sensor in situations where multiple sensors are implemented.

PHASE Il DUAL USE APPLICATIONS: Leveraging MEMS/NEMS fabrication strategies enables inexpensive,
mass-producible devices that should have strong commercial potential. Inexpensive, incongruous Tag, Track, and
Locate (TTL) systems that are reactive to a particular situation, such as food quality, would be of interest to
commercial sector applications. Development of new smart materials/material systems for this topic will enable the
creation of new, unpowered devices beyond sensor applications, particularly autonomous commercial systems.

REFERENCES:

1. M. S. Maynor, T. L. Nelson, C. O’Sullivan, J. J. Lavigne, “A Food Freshness Sensor Using the Multistate
Response from Analyte-Induced Aggregation of a Cross-Reactive Poly(thiophene),” Organic Letters 9, 3217-3220,
2007.

2. S. M. Zakir Hossain, R. E. Luckham, M. J. McFadden, J. D. Brennan, “Reagentless Bidirectional Lateral Flow

Bioactive Paper Sensors for Detection of Pesticides in Beverage and Food Samples,” Anal. Chem. 81, 9055-9064,
20009.
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3. G. Che, S. A. Miller, E. R. Fisher, C. R. Martin, “An Electrochemically Driven Actuator Based on a
Nanostructured Carbon Material,” Anal. Chem. 71, 3187-3191, 1999.

4. J. Gao, J.-M. Sansifiena, H.-L. Wang, “Chemical Vapor Driven Polyaniline Sensor/Actuators,” Proc. of the
International Conference on Science and Technology of Synthetic Metals, 135-136, 809-810, 2003.

5. S.-J. Lee, D. Y. Lee, Y.-S. Song, N-I Cho, “Chemically Driven Polyacrylonitrile Fibers as a Linear Actuator,”
Diffusion and Defect Data Part B, Solid Sate Phenomena 124-126, 1197-1200, 2007.

6. T. G. Leong, C. L. Randall, B. R. Benson, N. Bassik, G. M. Stern, D. H. Gracias, “Tetherless
Thermobiochemically Actuated Microgrippers,” Proc. Nat. Acad. Sci.U.S.A. 106, 703-708, 2009.

7. J. M. G. Swann, A. J. Ryan, “Chemical Actuation in Responsive Hydrogels,” Polymer International 58, 285-289,
20009.

8. J. S. Randhawa, M. D. Keung, P. Tyagi, D. H. Gracias, “Reversible Actuation of Microstructures by Surface-
Chemical Modification of Thin-Film Bilayers,” Adv. Mater. DOI: 10.1002/adma.200902337, 2009.

KEYWORDS: submillimeter, microelectromechanical system (MEMS), nanoelectromechanical system (NEMS),
passive sensor

DTRA102-007 TITLE: Forensic DNA Analysis Kit for Genetic Intelligence

TECHNOLOGY AREAS: Biomedical

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 a Forensic DNA Analysis Kit for Genetic Intelligence that can be used on unknown human
DNA samples collected from the battlefield to provide information about the individual who deposited the sample,
such as potential ethnicity, height, eye color, hair color, age, sex, and/or facial features. The kit should leverage
Short Tandem Repeats (STR), Single Nucleotide Polymorphisms (SNP), mitochondrial DNA, or next generation
sequencing technology. It should also be able to operate on existing commercial technology platforms.

DESCRIPTION: Human forensic DNA analysis is routinely performed on materials of interest collected from
incident sites or swabs obtained from known individuals. This analysis typically uses commercially available
Polymerase Chain Reaction (PCR) Kits to generate a DNA profile for the purposes of matching that DNA profile
against another DNA profile to establish a potential connection or identity. Forensic DNA analysis has the ability to
provide crucial information on individuals who may have built or had contact with IED’s or other potential Weapons
of Mass Destruction (WMD). The ability to match an unknown DNA profile obtained from post blast IEDs and
objects/containers involved in WMD activities can provide significant insight into who may have manufactured or
transported the device, and what agents it may contain. If one is unable to match a DNA profile against an existing
database to determine identity, then generating intelligence from this unknown DNA sample has tremendous
probative value. The ability to determine the potential ethnicity, height, eye color, hair color, age, sex or facial
features from this unknown human DNA profile can be used by commanders and warfighters to increase their
situational awareness and enhance their battle management capabilities.

The end product should be a Forensic DNA Analysis Kit that includes all critical reagents and operating
procedures/methodologies required to generate genetic intelligence information such as, but not limited to, potential
ethnicity, height, eye color, hair color, age, sex or facial features that can provide probative information on the
potential source of the genetic material. The kit may use Short Tandem Repeats (STR), Single Nucleotide
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Polymorphisms (SNP), mitochondrial DNA, or next generation sequencing technology and must be able to operate
on existing commercial technology platforms. The kit may be used by existing forensic DNA analysis laboratories.

Current technologies such as liquid handlers, thermal cyclers, and genetic analyzers/sequencers provide the
hardware/technology platform required to process genetic material however a comprehensive genetic intelligence
marker and reagent kit that can be run on this platform has yet to be developed. A kit that contains all critical
reagents and allows testing for numerous different genetic intelligence markers that is easily integrated into existing
laboratory processes would be an advancement that enables more robust use of this capability. The genetic markers
that are incorporated into the kit should have sound scientific studies that support their validity. The more useful
genetic intelligence markers that can be incorporated into a single kit, using a single type of marker such as SNPs,
the more likely that kit will be adopted for use.

PHASE I: Develop a proof-of-concept plan for a Forensic DNA Analysis Kit for Genetic Intelligence that tests for
genetic intelligence traits such as ethnicity, height, eye color, hair color, age, sex or facial features of interest using
commercially available analysis processes.

PHASE II: Develop one complete Forensic DNA Analysis Kit for Genetic Intelligence that tests for numerous
genetic intelligence traits and demonstrate the use of that kit on both known and unknown human DNA samples.

PHASE Il DUAL USE APPLICATIONS: The proposed kit may be useful for state and local forensic DNA
analysis laboratories with DNA samples from unsolved crimes.

REFERENCES:
1. President’s DNA Initiative (www.dna.gov), Research on Alternative Genetic Markers:
http://www.dna.gov/research/alternative_markers/

2. The U.S. Department of Defense New Idea Portal, DoD Needs in Battlefield Forensics:
http://www.defensesolutions.gov/needs_BF.html

3. Forensic Science International Abstract, DNA-based prediction of human externally visible characteristics in
forensics: Motivations, scientific challenges, and ethical considerations:
http://www.fsigenetics.com/article/S1872-4973(09)00015-5/abstract

4. Forensic Science International Abstract, Genotype versus phenotype: Human pigmentation:
http://www.fsigenetics.com/article/S1872-4973(07)00042-7/abstract

5. Forensic Science International Abstract, Human Eye Colour and HERC2, OCA2 and MATP:
http://www.fsigenetics.com/article/S1872-4973(09)00211-7/abstract

6. President’s DNA Initiative web site, DNA Tools for Missing Persons Investigations: Physical Characteristics:
http://www.dna.gov/research/alternative_markers/gene_polymorphism

7. Officer.com Atrticle, July 2009, New DNA testing technique pinpoints hair, eye and skin color:
http://www.officer.com/print/Law-Enforcement-Technology/New-DNA-testing-technique-pinpoints-hair--eye-and-
skin-color/1$47580

KEYWORDS: forensic, DNA, STR, SNP, crime scene, intelligence, genetics

DTRA102-008 TITLE: The Characterization and Mitigation of Radiation Effects on Nano-technology
Microelectronics

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Space Platforms, Nuclear Technology
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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 successful outcome of this effort will support the use of ultra-deep submicron integrated circuits
in DoD satellite systems that will result in very significant savings in weight, power and reliability for systems that
include Space Radar, Space Tracking and Surveillance Systems and others. In addition, this effort will also support
the use of compound semiconductor technologies (e.g. antimony based compound semiconductors, indium
phosphide, and others) in these systems and their introduction into advanced spacecraft and missile systems with
similar savings in both power and weight, coupled with increased performance.

DESCRIPTION: Current satellite systems are fabricated using a mix of commercial and radiation hardened circuits.
However, the use of advanced commercial integrated circuits devices results in added complexity to mitigate
radiation effects that can result in the mis-operation and/or destruction of devices. In many cases, the penalties in
increased power, area, weight and added circuit complexity out-weigh any potential benefits and preclude the use of
the advanced commercial technology. Moreover, these technologies have demonstrated sensitivity to radiation
effects.

The present methods to mitigate radiation effects, while proven to be effective at circuit geometries > 150nm silicon
based technology, have been shown to be less effective when applied to integrated circuit feature sizes below 100nm
silicon based and compound semiconductor technologies. In addition, the introduction of new technologies, e.g.
quantum function circuits, will require the development of new mitigation approaches.

Thus, if minimally invasive methods such as the use of alternative materials, circuit enhancements, and other
innovative approaches could be developed to reduce radiation effects sensitivity these devices could be used with
little or no penalties.

Therefore, the basic approach to accomplish this task would be to leverage commercial microelectronics at the <
90nm nodes and augment these technologies with radiation mitigation techniques that would have minimal impact
on the electrical performance and manufacturability. This same approach also applies to the radiation hardening of
the compound semiconductor and other technologies.

Additionally, the development of such methods requires the development of cost effective methods to model and
simulate the radiation response of these < 90nm, compound semiconductor and other technologies. Without a robust
modeling and simulation capability it would be both technically and economically unfeasible to develop these
mitigation methods.

PHASE I
« ldentification of minimally invasive methods, including material approaches, to mitigate radiation effects in <
90nm microelectronics technologies, 111-V, SiGe and other materials systems.

» Development of cost effective radiation effects modeling and simulation methods for < 90nm microelectronics,
compound semiconductor and other technologies for digital and analog/mixed-signal microelectronics applications.

« ldentification of design science approaches to mitigate radiation effects.

PHASE II:
* Electronic Design Automation tools (programs) that can:

o ldentify design sensitivities in complex integrated circuits

o Design radiation insensitive integrated circuits

0 Perform trade studies to provide optimized integrated circuits with respect to radiation and electrical
performance

0 Analyses the radiation response of complex integrated circuits

» Technology Computer Aided Design (TCAD) tools that can:
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0 Provide cost effective 3-D models to support the simulation of the radiation response of nanotechnology
microelectronics.
o ldentify radiation sensitivities at the transistor level

» Mixed-Mode and Level Simulation systems that can effectively couple the radiation response at the transistor
level to higher levels of circuit and subsystem integration (e.g. transistor response to small circuit to complex circuit
to sub-system) to support the accurate radiation response simulation up to and including the sub-system level.

» Radiation effects Product Design Kits (PDK) that combine the electrical and radiation response design and
modeling parameters for a specific technology. PDKs are provided by semiconductor manufacturers to their
customers to support design activities. In general a semiconductor manufacturer will develop an electrical
performance and design PDK that must be then augmented with radiation performance to support customers that
require the technology to be used in a radiation environment.

» Development and demonstration of < 90nm radiation effects modeling and simulation methods for these
technologies.

» Development and demonstration of design science approaches for radiation effects mitigation.

PHASE IIl DUAL USE APPLICATIONS: Use of the mitigation, modeling and simulation methods developed
through this effort will support the use of advanced microelectronics for terrestrial applications such as very high
performance microprocessor, advanced servers, and very large cache memories.

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 lonizing Dose
6. ASTM 1892 — Steady State Total lonizing Effects Guideline

KEYWORDS: Single-Event Effects, Single-Event Upset, Single-Event Transients, Total lonizing Dose,
Displacement Damage, nano-technology

DTRA102-009 TITLE: Hardening Electronics to Electromagnetic Threats

TECHNOLOGY AREAS: 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: To develop new technologies for protecting infrastructures (e.g., DoD Global Information Grid (GIG)

and electric power grid) and strategic systems (e.g., missiles, aircraft, ships and mobile communication systems)
against electromagnetic threats, to include nuclear electromagnetic pulse (EMP) and high power microwaves
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(HPM). These threats and their potential impact on military and civilian systems have recently been emphasized in
government and industry studies (for example, see Reference 1).

DESCRIPTION: Electromagnetic threats (EMP and HPM) pose problems to electronics both as conducted (e.g.,
through wires and antennas) and radiated energy (e.g., through apertures and cracks). Several techniques have been
developed over the last several decades to protect electronics from these threats. These protection techniques,
however, have generally focused upon use of external shielding, improvements in grounding, and/or surge arrestors.
See description in References 2-3. In many cases, they have been costly to retrofit and maintain. By comparison,
proposals responding to this solicitation should be for research and development of new or novel electromagnetic
protection technologies that proceed beyond the previous techniques and demonstrate technical feasibility and
potential for use in Defense and commercial applications. Proposed efforts are expected to be high risk and high
payoff. Innovative or creative approaches will be considered for any of the following areas:

» Technologies to protect against both nuclear EMP and HPM threats, e.g., cover the intensities and broad
frequency ranges of these threats.

» Technologies that provide new approaches to deal with individual conducted or radiated threats for critical
infrastructures and strategic system application. This includes new diagnostic methods to measure the shielding
effectiveness of small boxes that enclose electronic equipment such as typically used in these applications.

e Technologies that provide new techniques, devices and methods to protect against the late-time
magnetohydrodynamic (MHD-E3) component of the nuclear EMP threat (Reference 4).

» Technologies to protect electronics directly from HPM, similar to radiation hardening by design where protection
is embedded into circuits (instead of terminal protection or shielding).

Further, it is also desired, in order of importance, that the resulting technologies be robust (for low maintenance),
lightweight and compact for the planned applications, and of relatively low cost when implemented.

PHASE I: Demonstrate proof of concept by analysis and/or preliminary design of a protection/hardening device.
Provide a detailed plan for further engineering development and demonstration by testing in Phase Il. Further, a
clear roadmap outlining program development through Phase 111 and that describes the Phase 11 to Phase I11 decision
point must be part of the final delivery for Phase I. Identification of dual use commercial applications is also
desirable.

PHASE II: Develop prototype protection/hardening device and demonstrate it against specific electromagnetic
threat(s) described by the Government. The protection/hardening device and the system being protected should not
be degraded. Industry and government partners for Phase I1l must be identified along with demonstration of their
support. A revised roadmap that takes the program through Phase 111 must also be part of the final delivery for
Phase II.

PHASE 11l DUAL USE APPLICATIONS: Phase Il should include commercial application(s) to protect elements
of the supporting civilian infrastructure (electric power, telecommunications, banking and finance, petroleum and
natural gas, transportation, food and water, emergency services, space systems and government). Operation of the
protection/hardening prototype in its pre-production configuration should demonstrate that it will meet applicable
standards (e.g., see References 5-7).

REFERENCES:
1. "Report of the Commission to Assess the Threat to the United States from Electromagnetic Pulse Attack, Critical
National Infrastructures,” April 2008 (available on the world wide web).

2. Military Handbook, "High-Altitude Electromagnetic Pulse (HEMP) Protection for Fixed and Transportable
Ground-Based C41 Facilities," MIL-HDBK-423, 15 May 1993.

3. "High-Power-Microwave Hardening Design Guide for Systems,” HDLCR- 92-709-5, April 1992.
4. See magnetohydrodynamic EMP (MHD-EMP) description on world-wide web (many URL sites).

5. Military Standard, "Electromagnetic Environmental Effects, Requirements for Systems," MIL-STD-464A, 19
December 2002.
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6. Military Standard, "High-Altitude Electromagnetic Pulse (EMP) Protection for Ground-Based C4l Facilities
Performing Critical, Time-Urgent Missions, Part 1 - Fixed Facilities,” MIL-STD-188-125-1, 17 July 1998.

7. Military Standard, "High-Altitude Electromagnetic Pulse (EMP) Protection for Ground-Based C4l Facilities
Performing Critical, Time-Urgent Missions, Part 2 - Transportable Systems," MIL-STD-188-125-2, 3 March 1999.

KEYWORDS: electromagnetic pulse, EMP, E1, E2, E3, magnetohydrodynamic, MHD-EMP, high-power
microwave, HPM, radiation hardening, infrastructure protection.

DTRA102-010 TITLE: Research in Photoconductive Semiconductor Switching (PCSS)

TECHNOLOGY AREAS: Sensors, Electronics, Nuclear Technology

OBJECTIVE: Advanced pulsed power switching technologies are needed to enable future nuclear weapon effects
(NWE) experimentation capabilities and concepts for the active interrogation of special nuclear materials (SNM).
The objective of this research is to advance the state of the art of high-gain optically-triggered switches by
increasing the current density (to >1000 A/cm) and voltage hold-off (>67 kV/cm and >100 kV total) capabilities of
complete switch assemblies that allow simple laser illumination, function in oil immersion, and have rise-times and
timing jitter <0.3 ns.

DESCRIPTION: Traditional pulsed power systems have primarily used spark gaps in various forms as the main
switches for high voltage (>100 kV) and high current (>100 kA) operations. Spark gap switches have limitations in
terms of their triggering requirements, timing jitter and turn on time (both typically greater than a few nanoseconds).
Photoconductive Semiconductor Switches (PCSS) are one method of switching high voltages without requiring
direct electrically-connected trigger systems. PCSS have been demonstrated using silicon carbide (SiC), gallium
nitride (GaN), and semi-insulating gallium arsenide (GaAs) for voltages over 100 kV with turn on times of 0.35 ns
and timing jitter of ~0.1 ns. Unlike most semiconductors that only conduct as long as they are illuminated by
enough light to generate current carriers, GaAs PCSS have the advantage of also being high-gain; once the device is
turned on by a short laser pulse, they can remain conducting through a stable electron avalanche process.

The primary issue with GaAs PCSS is that the current becomes filamentary with channel widths of ~50 micrometers
and that the current per filament must be limited to <25 A for short pulses (<100 ns) in order to have long lifetimes
(>107 shots). This limit is set by the localized heating of the conducting channel and the need to keep the
temperature below the melting point. If bulk GaAs is uniformly illuminated, the current tends to form a few, high-
current channels that can damage the switch. Illuminating with narrow lines of laser light bridging the switching
gap and spaced ~300 micrometers apart has been shown to allow multiple parallel channels to form and remain
separate. However, this requirement limits the overall current density and makes the laser triggering optics more
complex and/or inefficient.

Research in this topic area may address:

(1) The development of techniques such as “dead-bands” between channels to prevent transverse current flow and
the merging of neighboring channels. It may be possible to achieve this through ion implantation or other means. If
the spacing of channels can be reduced to ~100 micrometers, the current density could be tripled.

(2) The development of integrated focusing lens assemblies that work under transformer oil, do not reduce the
voltage hold-off, and allow more efficient use of laser light.

(3) The development of advanced bulk materials and contact designs that increase voltage hold-off, switch life-time
(>100,000 shots) and enhance multi-channeling with uniform illumination.

(4) The development of techniques to field large parallel arrays of switches that can uniformly carry high total
currents with long mean-times between failures.

Impact: The development of improved optically triggered switches will enable a new class of compact, rep-rated

pulsed power systems for a number DoD and other applications. A immediate application would be for a short-
pulsed (~10 ns) bremsstrahlung diode driver for high-fidelity NWE experimentation and potentially for active
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interrogation of SNM. Other DoD applications could include: ion beam drivers for gamma ray and neutron sources;
microwave sources; electron beam sources for free-electron lasers, materials processing, and chem-bio remediation.
There are many potential commercial applications.

PHASE I: Develop a design concept for an improved PCSS and demonstrate a small-scale prototype of a single
switch capable of holding off >100 kV. A final report detailing the design and prototype results will be delivered at
the end of Phase 1.

PHASE II: Develop a sub-scale prototype of a PCSS system capable of holding off >100 kV DC and then of
triggering a discharge of over 10 kA with a conduction time of greater than 20 ns with a timing jitter of < 1 ns. A
demonstration of over 106 shot life-time should be completed in Phase Il. Laser energy triggering requirements
should be <10 mJ. The cost per switch should be kept to less than 10 times the cost of the raw GaAs wafer material.

PHASE 111 DUAL USE APPLICATIONS: Phase Il should include partnering with a semiconductor manufacturer
and/or a pulsed power system development contractor for production and fielding of the switching systems. The
potential dual use applications for aircraft radars, vehicle collision avoidance systems, and ultra-wideband sensor
systems should be discussed in the Phase Il final report.

REFERENCES:

1. “Fiber-Optic Controlled PCSS Triggers for High Voltage Pulsed Power Switches”, Zutavern, F.J.; Reed, K.W.;
Glover, S.F.; Mar, A.; Ruebush, M.H.; Horry, M.L.; Swalby, M.E.; Alexander, J.A.; Smith, T.L.; Pulsed Power
Conference, 2005 IEEE, 13-17 June 2005 Page(s):810 - 813

2. “Optically Activated Switches for Low Jitter Pulsed Power Applications”, Zutavern, F.J.; Armijo, J.C.; Cameron,
S.M.; Denison, G.J.; Lehr, J.M.; Luk, T.S.; Mar, A.; O'Malley, M.W.; Roose, L.D.; Rudd, J.V.; Pulsed Power
Conference, 2003. Digest of Technical Papers. PPC-2003. 14th IEEE International, Volume 1, 15-18 June 2003
Page(s):591 - 594 Vol.1

3. “PCSS Lifetime Testing for Pulsed Power Applications”, Saiz, T.A.; Zutavern, F.J.; Glover, S.F.; Reed, K.W.;
Cich, M.J.; Mar, A.; Swalby, M.E.; Horry, M.L.; Pulsed Power Plasma Science, 2007. PPPS 2007. Conference
Record - Abstracts. IEEE, 17-22 June 2007 Page(s):189 - 189

4. “A Novel Application of GaAs Photoconductive Semiconductor Switch in Triggering Spark Gap”
Wei Shi; Linging Zhang; Ligiang Tian; Lei Hou; Zheng Liu; Plasma Science, IEEE Transactions on, Volume 37,
Issue 4, Part 2, April 2009 Page(s):615 - 619

5. “Fiber-Optically Controlled Pulsed Power Switches”, Zutavern, F.J.; Glover, S.F.; Reed, K.W.; Cich, M.J.; Mar,
A.; Swalby, M.E.; Saiz, T.A.; Horry, M.L.; Gruner, F.R.; White, F.E.; Plasma Science, IEEE Transactions on,
Volume 36, Issue 5, Part 3, Oct. 2008 Page(s):2533 - 2540

6. “Photoconductive, Semiconductor Switch Technology for Short Pulse Electromagnetics and Lasers”, Zutavern,
F.J.; Loubriel, G.M.; Mar, A.; Hjalmarson, H.P.; Helgeson, W.D.; O'Malley, M.W.; Denison, G.J.; Pulsed Power
Conference, 1999. Digest of Technical Papers. 12th IEEE International, Volume 1, 27-30 June 1999 Page(s):295 -
298 vol.1

7. “Development and Testing of Bulk Photoconductive Switches Used for Ultra-Wideband, High-Power Microwave
Generation”, Burger, J.W.; Schoenberg, J.S.H.; Tyo, J.S.; Abdalla, M.D.; Ahern, S.M.; Skipper, M.C.; Buchwald,
W.R.; Pulsed Power Conference, 1997. Digest of Technical Papers. 1997 11th IEEE International, Volume 2, 29
June-2 July 1997 Page(s):965 - 969 vol.2

8. “3C-Silicon Carbide Photoconductive Switches”, Senpeng Sheng; Xiao Tang; Spencer, M.G.; Peizhen Zhovu;
Wongchotigul, K.; Device Research Conference, 1996. Digest. 54th Annual, 24-26 June 1996 Page(s):190 - 191

9. Charge Transport and Persistent Conduction in High Gain Photoconductive Semiconductor Switches Used in

Pulsed Power Applications, Islam, N.E.; Schamiloglu, E.; Plasma Science, 2000. ICOPS 2000. IEEE Conference
Record - Abstracts. The 27th IEEE International Conference on, 4-7 June 2000 Page(s):265
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10. “On-State Characteristics of a High-Power Photoconductive Switch Fabricated From Compensated 6-H Silicon
Carbide”, Kelkar, K.S.; Islam, N.E.; Kirawanich, P.; Fessler, C.M.; Nunnally, W.C.; Plasma Science, IEEE
Transactions on, Volume 36, Issue 1, Part 2, Feb. 2008 Page(s):287 - 292

11. “Pulsed and DC Charged PCSS Based Trigger Generators”, Glover, S.F.; Zutavern, F.J.; Swalby, M.E.; Cich,
M.J.; Loubriel, G.; Mar, A.; White, F.E.; Pulsed Power Conference, 2009. PPC '09. IEEE, June 28 2009-July 2
2009 Page(s):1444 - 1447

12. “Development of a Lateral, Opposed-Contact Photoconductive Semiconductor Switch”, Richardson, M.A.;
Stoudt, D.C.; Abdalla, M.D.; Skipper, M.C.; Schoenberg, J.S.H.; Pulsed Power Conference, 1999. Digest of
Technical Papers. 12th IEEE International, Volume 1, 27-30 June 1999 Page(s):307 - 310 vol.1

13. “Optically-Activated GaAs Switches For Compact Accelerators and Short Pulse Sensors”, Zutavern, F.J.;
Loubriel, G.M.; Helgeson, W.D.; O'Malley, M.W.; Ruebush, M.H.; Hjalmarson, H.P.; Baca, A.G.; Power Modulator
Symposium, 1996., Twenty-Second International, 25-27 June 1996 Page(s):31 - 34

14. “30 kV and 3 kA Semi-insulating GaAs Photoconductive Semiconductor Switch”, Shi, Wei; Tian, Ligiang; Liu,
Zheng; Zhang, Linging; Zhang, Zhenzhen; Zhou, Liangji; Liu, Hongwei; Xie, Weiping; Applied Physics Letters
Volume 92, Issue 4, Jan 2008 Page(s):043511 - 043511-3

15. “Multi-Filament Triggering of PCSS for High Current Utilizing VCSEL Triggers”, Mar, A.; Serkland, D.K_;
Keeler, G.A.; Roose, L.D.; Geib, K.M.; Loubriel, G.M.; Zutavern, F.J.; Pulsed Power Plasma Science, 2007. PPPS
2007. Conference Record - Abstracts. IEEE, 17-22 June 2007 Page(s):642 - 642

KEYWORDS: Photoconductive Semiconductor Switch (PCSS), nuclear weapon effects (NWE), Gallium Arsenide
(GaAs), Silicon Carbide (SiC), pulsed power, laser triggering, high voltage

DTRA102-011 TITLE: Advanced Diagnostics for Nuclear Weapons Effects Experimentation

TECHNOLOGY AREAS: Materials/Processes, Nuclear Technology

OBJECTIVE: To develop novel diagnostics to improve the accuracy of both test environment and test object
response measurements during nuclear weapons effects (NWE) experiments. Improved diagnostic accuracy is
needed to reduce the overall uncertainties in response models and design margins in support of the system
certification and hardness surveillance processes.

DESCRIPTION: The development and sustainment of military systems that must operate in environments that have
been disturbed by nuclear weapons requires a detailed understanding of the responses of all components of the
system to all aspects of the threat environment. The environments and responses of concern here include: thermal
through vacuum ultra-violet radiation; prompt x-rays; prompt and delayed gamma rays and neutrons; pumped
electron radiation belts; electromagnetic pulse (EMP); Source Region EMP (SREMP); System Generated EMP
(SGEMP); Box Internal EMP (IEMP); Transient Radiation Effects in Electronics (TREE); and Thermomechanical
Effects (TME), including Thermostructural Response (TSR), Thermomechanical Shock (TMS), optical surface
modification, and blow-off impulse.

SGEMP and IEMP experiments in particular require the use of compact, non-perturbing D-dot and B-dot sensors to
measure the local electric and magnetic fields that are induced by x-ray generated electron currents. Additionally,
TME experiments need better diagnostics for localized stress, strain, and displacement in high radiation
environments.

The ability to model the performance of many pulsed-power driven radiation sources depends on knowing the

voltages and currents reaching the load regions. The vacuum power transmission lines typically used have very
harsh radiation, plasma and electron current environments that make measurements of average electric and magnetic
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fields difficult. Novel vacuum power flow diagnostics are needed to measure magnetic fields of 105-107 Gauss and
electric fields of 107-109 Volts/meter with time resolution of nanoseconds.

More accurate (< 5% uncertainty) diagnostics are needed of the dose, dose-rate, and spectrum of pulsed x-rays used
in many NWE radiation experiments. In particular, accurate spectral diagnostics are needed for x-rays below 3 keV
and for the 15-200 keV range.

To be considered for funding, the proposed concepts must be shown to potentially lead to practical, affordable
diagnostics that will result in reduced overall uncertainties in the critical parameters associated with a NWE
experiment for component response or model validation.

PHASE I: Develop a design concept for a new diagnostic, and demonstrate how it will improve the measurement
accuracy of either the environments used in NWE experiments or the response of components or subsystems to the
environments. The demonstration can be either physical or analytical, but the proof-of-concept/feasibility must also
address the potential affordability and operability advantages of the concept.

PHASE II: Develop prototype diagnostics that can be fielded on existing experimentation capabilities in association
with either system or code NWE validation efforts. The results should be quantitatively compared to those of
standard diagnostics fielded in the same environments. Relative cost/benefit studies should be performed to
demonstrate the advantages of the new technology. The Phase Il final report should include a development plan and
partnering approach for follow-on production and commercial applications of the diagnostic.

PHASE 11l DUAL USE APPLICATIONS: Phase Il should include applications of the diagnostic to commercial
uses such as automotive engine monitoring; electromagnetic interference detection and control systems; and
geophysics research.

REFERENCES:

1. Measurement of the deuterium liner characteristics in the inverse Z-pinch configuration, Bystritsky, V.; Dudkin,
G.; Grebenyuk, V.; Gula, E.; Nechaev, B.; Padalko, V.; Parzhitski, S.; Pen'kov, F.; Ratakhin, N.; Sorokin, S.;
Stolupin, V.; Wozniak, J.; Bystritskii, V.; Pulsed Power Plasma Science, 2001. PPPS-2001. Digest of Technical
Papers, Volume 2, 17-22 June 2001 Page(s):1031 - 1034 vol. 2.

2. B-dot Detector Signal Recording at the DARHT Il Accelerator, Johnson, J.B.; Ekdahl, C.A.; Broste, W.B.;
Pulsed Power Plasma Science, 2007. PPPS 2007. Conference Record - Abstracts. IEEE, 17-22 June 2007
Page(s):371 - 371.
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