CHEMICAL AND BIOLOGICAL DEFENSE PROGRAM
SBIR 11.1 Proposal Submission

General Information

In response to Congressiona interest in the readiness and effectiveness of U.S. Nuclear,
Biological and Chemical (NBC) warfare defenses, Title XVII of the National Defense Authorization Act
for Fiscal Year 1994 (Public Law 103-160) required the Department of Defense (DoD) to consolidate
management and oversight of the Chemical and Biological Defense (CBD) Program into a single office —
Office of the Special Assistant, Chemical and Biologica Defense and Chemical Demilitarization
Programs. The Joint Science and Technology Office for Chemical and Biological Defense (JSTO-CBD),
Defense Threat Reduction Agency (DTRA) provides the management for the Science and Technology
component of the Chemica and Biological Defense Program. Technologies developed under the SBIR
program have the potential to transition to the Joint Program Executive Office for Chemical and
Biological Defense (JPEO-CBD) if the appropriate level of technology maturity has been demonstrated.
The JSTO-CBD Science & Technology programs and initiatives are improving defensive capabilities
against Chemical and Biological Weapons. The Small Business Innovation Research (SBIR) portion of
the CBD Program is managed by the JSTO-CBD through the Army SBIR Program Management Office
(PMO, Army SBIR), Ft. Belvoir, VA.

The mission of the Chemical and Biological Defense Program is to ensure that the U.S. Military
has the capahility to operate effectively and decisively in the face of chemical or biological warfare
threats at home or abroad. Numerously factors continually influence the program and its technology
development priorities, including planning for war-fighting support to asymmetrical threats, the evolving
geopolitical environment, development of new threat materials, the threat of global proliferation of
chemical and biologica weapons, and available DoD resources. Improved defensive capabilities are
essential in order to minimize the impact of such weapons. The U.S. military requires the finest state-of-
the-art equipment and instrumentation available that permits our warfighters to detect to warn and avoid
contamination, if possible -- and to be able to sustain operations in a potentialy contaminated
environment through protection and decontamination. Further information regarding the DoD Joint
Chemica and Biological Defense program is available at the DoD Counterproliferation and Chemical
Biological Defense homepage at http://www.acg.osd.mil/cp

The overal objective of the CBD SBIR Program is to improve the transition or transfer of
innovative Chem-Bio technologies to the end user — the warfighter — in addition to commercializing
technologies within the private sector for mutual benefit. The CBD SBIR Program targets those
technology efforts that maximize a strong defensive posture in a biological or chemical environment
using passive and active means as deterrents. These technologies include chemica and biological
detection for both point and stand-off capabilities; individual and collective protection; hazard mitigation
(decontamination); information systems technology to include but not limited to modeling and
simulation; medical pre-treatments (e.g., vaccine development and delivery); medical diagnostics, and
medical therapeutics (chemical countermeasures and biological countermeasures).

Submitting Your Phase | CBD SBIR Proposal
Your entire proposal (consisting of Proposal Cover Sheets, the full Technical Proposal, Cost
Proposal, and Company Commercialization Report) must be submitted electronically through the

DoD SBIR/STTR Proposal Submission site located at www.dodshir.net/submission. A hardcopy is
NOT required for CBD. Hand or electronic signature on the proposal isalso NOT required.
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The Proposal Cover Sheets and Technical Proposal is 25 pages or less in length. The Cost Proposal and
Company Commercialization Report do not count against the 25 page limit. Pages in excess of this
length will not be considered for review or award. The proposal must not contain any type smaller than
10-point font size (except as legend on reduced drawings, but not tables).

Y ou must prepare a Company Commercialization Report through the Submission site. It will be
included with your electronic submission; however, it does not count against the proposal page limit.
Update your commercialization information if you have not done so in the past year. Please note that
improper handling of the Commercialization Report may result in the proposal being substantially
delayed and that information provided may have a direct impact on the review of the proposal. Refer to
section 3.5d of the DoD 11.1 SBIR Solicitation for detailed instructions on the Company
Commercialization Report.

Be reminded that section 3.5.a of the DoD 11.1 SBIR solicitation states: “If your proposal is
selected for award, the technical abstract and discussion of anticipated benefits will be publicly released
on the Internet; therefore, do not include proprietary or classified information in these sections’. Note
also that the DoD web site contains timely information on firm, award, and abstract data for all DoD
SBIR Phase | and Il awards archived for several years. This information can be viewed on the DoD
SBIR/STTR website at http://www.acg.osd.mil/sadbu/sbir/.

The CBD SBIR Program has enhanced its Phase I-Phase |1 transition process by implementing
the use of a Phase | Option. This option may be exercised to fund interim Phase Il activities while a
Phase Il contract is being negotiated. The maximum dollar amount for a Phase | feasibility study is
$100,000. The Phase | Option, which must be proposed as part of the Phase | proposal, covers activities
over a period of up to three months and at a cost not to exceed $50,000. All proposed Phase | Options
must be fully costed and should describe appropriate initial Phase Il activities, which would lead, in the
event of a Phase Il award, to the successful demonstration of a product or technology. The CBD SBIR
Program will not accept Phase | proposals which exceed $100,000 for the Phase | effort and $50,000
for the Phase | Option effort. Only those Phase | efforts selected for Phase Il awards through the CBD
SBIR Program’s competitive process will be eligible to exercise the Phase | Option. The total funding
amount available for activities under aresulting Phase || contract will be $1,000,000.

Companies submitting a Phase | proposal under this solicitation must complete the Cost Proposal
using the on-line form within atotal cost of $100,000 over a period of up to 6 months (plus up to $50,000
for the Phase | Option over a period of up to three (3) months). Phase | and Phase | Option costs must be
shown separately.

Selection of Phase | proposals will be based upon the evaluation procedures and criteria discussed
in section 4.2 of the DoD 11.1 SBIR Solicitation. The CBD SBIR Program reserves the right to limit
awards under any topic, and only those proposals of superior scientific and technical quality in the
judgment of the technical evaluation team will be funded.

Proposals not conforming to the terms of this solicitation and unsolicited proposals will not be
considered. Awards are subject to the availability of funding and successful completion of contract
negotiations.

CBD Program Phase Il Proposal Guidelines
Phase Il is the demonstration of the technology found feasible in Phase I. Only those Phase |

awardees which achieved success in Phase |, as determined by the project technical monitor measuring
the results achieved against the criteria contained in section 4.3 of the DoD 11.1 SBIR Solicitation, will
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be invited to submit a Phase Il proposal. During or at the end of the Phase | effort, awardees will be
invited to submit proposals for evaluation for a Phase |1 award based on the results of the Phase | effort.
The invitation will be issued in writing by the organization responsible for awarding the Phase | effort.
Invited proposers are required to develop and submit a commercialization plan describing feasible
approaches for marketing the developed technology. Proposers are required to submit a budget for the
entire 24 month Phase 11 period. During contract negotiation, the contracting officer may require a cost
proposal for a base year and an option year; thus, proposers are advised to be aware of this possibility.
These costs must be submitted using the Cost Proposal format (accessible electronically on the DoD
Submission Site), and may be presented side-by-side on a single Cost Proposal sheet. The total proposed
amount should be indicated on the Proposal Cover sheet as the Proposed Cost. At the contracting
officer’s discretion, Phase |1 projects may be evaluated after the base year prior to extending funding for
the option year.

The CBD SBIR Program is committed to minimizing the funding gap between Phase | and Phase
Il activities. All invited CBD SBIR Phase |1 proposals will be reviewed and be eligible for interim
funding (refer to top for information regarding the Phase | Option). Accordingly, al Phase Il proposals
will be evaluated within a multi-tiered evaluation process and schedule. Phase || proposals will typically
be invited for submission within five months from the scheduled DoD Phase | award date which, subject
to the Congressional Budget process, is four months from close of the DoD SBIR Solicitation. The CBD
Program typically funds a cost plus fixed fee Phase || award, but may award afirm fixed price contract at
the discretion of the contracting officer.

Key Dates

11.1 Solicitation Pre-Release 10 November 2010 — 12 December 2010
11.1 Solicitation Open/Close 13 December 2010 — 12 January 2011

Phase | Evaluations January - March 2011
Phase | Selections March 2011

Phase | Awards May 2011*

Phase Il Invitations October 2011

Phase Il Proposals Due November 2011

* Subject to the Congressional Budget process.
CBD SBIR PROPOSAL CHECKLIST
Thisis a Checklist of Requirements for your proposal. Please review the checklist carefully to

ensure your proposal meets the CBD SBIR requirements. Failureto meet these reguirements will
result in your proposal not being evaluated or considered for award.

1. The Proposal Cover Sheets along with the Technical Proposal, Cost Proposal and Company
Commercialization Report were submitted via the Internet using the DoD’ s SBIR/STTR Proposal
Submission Site at http://www.dodsbir.net/submission.

2. The proposal cost adheresto the CBD Program criteria specified.

3. The proposal islimited to only ONE solicitation topic. All required documentation within the
proposal references the same topic number.

4. The Project Abstract and other content provided on the Proposal Cover Sheet contains no
proprietary or classified information and is limited to the space provided.
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5. The Technical Content of the proposal, including the Option (if applicable), includes the items
identified in Section 3.4 of the DoD 11.1 SBIR Solicitation.

6. The Proposal Cover Sheets and Technical Proposal is 25 pages or lessin length. The Cost
Proposal and Company Commercialization Report do not count against the 25 page limit. Pagesin
excess of thislength will not be considered for review or award.

7. The Company Commercialization Report is submitted online in accordance with Section 3.5.d
of the DoD 11.1 SBIR Solicitation. This report isrequired even if the company has not received any
SBIR funding

8. The proposal must not contain any type smaller than 10-point font size (except aslegend on
reduced drawings, but not tables).
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CBD11-101

CBD11-102
CBD11-103
CBD11-104
CBD11-105
CBD11-106
CBD11-107
CBD11-108
CBD11-109

CBD SBIR 11.1 Topic Index

Rapid Detection System for Decontaminated Bacillus Thuringiensis Al Hakam Spore
Strips

Narrowband Perfect Absorber using Metamaterials

Improved M8 Chemical Agent Detector Paper for Facilities Monitoring

Wollaston prism based interferometer for chemical and biological early warning
Solid state deep UV laser for Raman detection of CB agents

Advanced Transmitter for Chem-Bio Standoff Detection

Reactive/Media-less Technologies for Air Purification

Compact Narrow-Band High-Intensity Acoustic Sound Source

Development of an in vitro assay as correlate of passive immune protection against
botulinum neurotoxin to minimize use of whole animal testing
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CBD SBIR 11.1 Topic Descriptions

CBD11-101 TITLE: Rapid Detection System for Decontaminated Bacillus Thuringiensis Al Hakam
Spore Strips

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVES: Develop a biological indicator system that consists of 1) a fieldable analytical device, and 2) spore
strips composed of a variety of materials (plastic, stainless steel, glass, etc.) that are inoculated with characterized
spores of Bacillus thuringiensis Al Hakam.

DESCRIPTION: Current fielded biological indicator systems offer the advantage of on-site detection. This saves
mail-in costs and time. Disadvantages of these systems are that they are qualitative, there is limited quality assurance
and quantity data on test spores, there is limited data on controls, there is limited data on inoculated materials, and
current systems are exclusive to Geobacillus stearothermophilis. Furthermore, commercia spore strips are typically
available with spores of three species Geobacillus stearothermophilis, Bacillus pumilis and Bacillus atrophaeus.
None of these spores are representative of the macrobacillus group including B. anthracis.

This effort requests the development of a fieldable, rapid, NIST-certified, quantitative bio-indicator system for
spore-inoculated materials (spore strips). Spore strips should include a variety of materials that are inoculated with
spores of the macrobacillus Bacillus thuringiensis Al Hakam. The materials should vary in hydrophobicity and
porosity.

Proposals will be judged based on the following performance parameters, and each parameter will carry similar rank
of importance.

1. The time and number of process steps for performing a decontamination (bio-indicator) assessment. It is
advantageous to reduce detection time and reduce the number of processing steps.

2. Sizelweight/power requirements of the system. It is advantageous to have lower size/weight/power requirements
for afieldable system.

3. Assay sensitivity. The threshold for assay sensitivity is a qualitative measure of decontamination. The objectiveis
guantitation of decontaminated spores. Quantitative results will facilitate decontamination modeling and analysis of
decontamination kinetics for field applications.

4. Reproducibility, accuracy and selectivity are critical. Specific requirements for spore preparation quality are
described below. Characterization, documentation and replication of all steps of spore preparations, coupon
materials, coupon pouches/vials, and detection equipment will be critical.

PHASE |: Naval Surface Warfare Center — Dahlgren or another federal laboratory will provide a starter culture of
Bacillus thuringiensis Al Hakam. 1) Demonstrate a concept proof for a fieldable, quantifiable bio-indicator device.
2) Develop areproducible spore preparation protocol for Bacillus thuringiensis Al Hakam that meets the following
minimum requirements: 1) a minimum titer of 100,000,000 spores mL-1 of sporulation medium prior to spore
harvest, 2) quantification of at least 10,000 spores for each spore preparation with a minimum of 95% phase-bright
spores per preparation, 3) demonstrate spore size, 4) demonstrate spore heat resistance at 65°C for 30 minutes. The
spore material must meet or exceed these requirements and be reproduced on at least 10 independent dates. Spore
preparation and post-harvest additives must be described in detail.

PHASE I1: 1) Develop a prototype for fieldable, rapid, NIST-certified, quantifiable bio-indicator device. 2) Develop
spore strips made of different materials including stainless steel, plastic, painted steel, glass and rubber that are
inoculated with 6, 7, and 8 logs of Bacillus thuringiensis Al Hakam spores. Source of inoculated materials must be
described in detail. Demonstrate uniform spore distribution among the spores strips. Make strips available for
decontamination testing.

PHASE I11: All aspects of the system should be applicable for field testing. The system (including instructions and
extra equipment) should account for potential field contamination and power requirements. A macrobacillus-centric
bio-indicator system with spore strips could be used to analyze and assess decontamination at sites that are
contaminated with macrobacillus species. This includes the analysis of a variety of different materials that might be
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contaminated. Spore strips could also be used for developmental testing of next-generation decontamination
systems.

REFERENCES:

1. Bailey, JE. (2007) A Set of Scientific Issues Being Considered by the Environmental Protection Agency
Regarding: Guidance on Test Methods for Demonstrating the Efficacy of Antimicrobial Products for Inactivating
Bacillus anthracis Spores on Environmental Surfaces. Environmental Protection Agency Scientific Advisory Panel
Minutes No. 2007-05.

2. Buhr, T.L., McPherson, D.C. and B.W. Gutting, B.W. (2008) Analysis of Broth-cultured Bacillus atrophaeus and
Bacillus cereus Spores. JAppl Microbiol (Manuscript Accepted).

3. Canter, D.A. (2005). Addressing residual risk issues at anthrax cleanups: how clean is safe? J Toxicol Environ
Health 68, 1017-1032.

4. Carrera, M., Zandomeni, R.O., Fitzgibbon. and Sagripanti, J.-L. (2006) Difference Between the Spore Sizes of
Bacillus anthracis and other Bacillus Species. JAppl Microbiol 102, 303-312.

5. Charlton, S., Moir, A.J.G., Baillig, L. and Moir, A. (1999) Characterization of the exosporium of Bacillus cereus.
JAppl Micrabiol 87, 241-245.

6. Dewan, PK., Fry, AM., Laserson, K., Tierney, B.C., Quinn, C.P., Haydlett, JA., Broyles, L.N., Shane, K.L.,
Winthrop, 1., Walks, L., Siegel, T. Hales, V., Semenova, V.A., Romero-Steiner, S., Elie, C., Khabbaz, R., Khan,
A.S., Hajjeh, R.A. and Schuchat. (2002) Inhalational Anthrax Outbreak Among Postal Workers, Washington, D.C.,
2001. Emerg Infect Dis 8, 1066-1072.

7. Dixon, T.C., Meselson, M., Gullemin, J. and Hanna, P.C. (1999) Anthrax. New England J. Medicine 341, 815-
826.

8. Doyle, R.J, Fariboz, N.-H. and Singh, J.S. (1984) Hydrophobic Characteristics of Bacillus Spores. Curr
Microbiol 10, 320-332.

9. Falille, C., dullien, C., Fontaine, F., Bellon-Fontaine, M.-N., Slomianny, C. and Benezech, T. (2002) Adhesion of
Bacillus Spores and Escherichia coli Cells to Inert Surfaces. Role of Surface Hydrophobicity. Can J Microbiol 48,
728-738.

10. Helgason, E., Okstad, O.A., Caugant, D.A., Johansen, H.A., Fouet, A., Mock, M., Hegna, 1., Kolsto, A.-B.
(2000) Bacillus anthracis, Bacillus cereus, and Bacillus thuringiensis — One Species on the Basis of Genetic
Evidence. Appl Environ Microbiol 66, 2627-2630.

11. Husmark, U. and Ronner, U. (1990) Forces Involved in Adhesion of Bacillus cereus Spores to Solid Surfaces
under Different Environmental Conditions. J Appl Bacteriol 69, 557-562.

12. Inglesby, T.V., O'Toole, T., Henderson, D.A., Bartlett, J.G., Ascher, M.S., Eitzen, E., Friedlander, A.M.,
Gerberding, J., Hauer, J., Hughes, J., McDade, J., Osterholm, M.T., Parker, G., Perl, T.M., Russell, P.K., and Tonat,
K. (2002) Anthrax as a Biological Wesapon, 2002: Updated Recommendations for Management. JAMA 287, 2236-
2252,

13. Koshikawa, T., Yamazaki, M., Yoshimi, M., Ogawa, S., Yamada, A., Watabe, K. and Torii, M. (1989) Surface
Hydrophobicity of Spores of Bacillus spp. J Gen Micrabiol 135, 2717-2722.

14. Ronner, U., Husmark, U. and Henriksson, A. (1990) Adhesion of Bacillus Spores in Relation to
Hydrophobicity. J Appl Bacteriol 69, 550-556.
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15. Tomasino, S.F., Pines, R.M., and Cottrill, M.P. (2008) Determining the Efficacay of Liquid Sporicides Against
Spores of Bacillus subtilis on a Hard Nonporous Surface Using the Quantitative Three Step Method: Collaborative
Study,” AOAC International, 91, 833-852.

KEYWORDS: Bacillus, spores, spore strips, decontamination, bio-indicators

CBD11-102 TITLE: Narrowband Perfect Absorber using Metamaterials

TECHNOLOGY AREAS: Chemical/Bio Defense, Materia s/Processes

OBJECTIVE: Using metamaterial technology, develop narrowband perfect absorber that functions in the longwave
infrared region. Examine methods for tuning the perfect absorber to absorb at different frequencies. Examine the
utility of narrowband perfect absorbers in the development of the next generation infrared microbolometer focal-
plane arrays.

DESCRIPTION: A metamaterial is defined as a substance that acquires its electromagnetic properties from
imbedded physical structures instead of from its chemical composition. In order for the embedded structures to
strongly affect electromagnetic waves, a metamateriadl must possess features with sizes comparable to the
wavelength of the electromagnetic radiation with which it interacts.

Metamaterials are manufactured composites that exhibit novel properties not found in nature. Electromagnetic
metamaterials exhibiting negative refraction have shown promise for a variety of optical applications such as lenses,
beam steerers, couplers, modulators, band-pass filters, and antennas. Invisibility cloaks, where light is bent around
an object using metamaterials, have been envisioned. To date, laboratory demonstrations of negative refraction have
been limited to small structures due to laborious fabrication techniques.

Metamaterials can be characterized by a complex electric permittivity and magnetic permeability. Much of the work
in metamaterials has focused on the real part of electric permittivity and magnetic permeability, which can be
manipulated to form a material with a negative index of refraction. However, the imaginary part of the electric
permittivity and magnetic permeability can also be manipulated to create unusua properties. In particular, the
electric permittivity and magnetic permeability of metamaterials can be manipulated to create a very strong
absorber. By manipulating electric and magnetic resonances independently, it is possible to absorb both the incident
electric and magnetic field. Additionally, by adjusting the electric permittivity and magnetic permeability, a
metamaterial can be impedance-matched to free space, minimizing reflectivity. Thus, metamaterials can be
fashioned to create narrow-band perfect absorbers. Perfect absorbers have the potential to facilitate the devel opment
of new and novel optical devices. In particular, perfect absorbers have the potential to significantly improve the
function of microbolometer focal-plane arrays.

Microbolometer arrays hold the potential for significantly improving the chemical and biological sensing
capabilities of the DOD. Microbolometer arrays are commonly used in thermal imaging cameras for military and
commercial applications. These microbolometer arrays are typically broadband detectors. Individual
microbolometer pixels absorb light across the entire infrared region, generating a thermal imaging. However,
currently available broadband uncooled microbolometer arrays are generally not sensitive enough to perform low-
concentration chemical detection. In particular, microbolometer arrays operating in the longwave infrared region (8-
12um) are limited by the blackbody radiation limit.

Recently, it has been demonstrated that the blackbody radiation limit truly applies only to broadband devices
detecting radiation in the long-wave infrared (8-12um). There has been considerable research in wavelength-
selective uncooled devices in order to exceed the sensitivity imposed by the blackbody radiation limit. There is
growing interest in narrowband microbolometer arrays for chemical and biological sensing applications. Using
narrowband absorbers, it may be possible to develop uncooled infrared focal-plane arrays with the sensitivity
comparable to cryogenic arrays. An uncooled array would have significant advantages in size, weight, power, and
cost over technologies currently in use for chemical/biological sensing.

CBD-8



A perfect absorber that is both narrowband and tunable would facilitate better focal-plane arrays and possibly allow
microbolometer arrays to exceed the blackbody radiation limit. The resonant frequency of the metamaterial elements
would be tuned throughout some range of frequencies enabling hyperspectral imaging.

PHASE |: Design a narrowband perfect absorber that functions in the longwave infrared region (8-12um). Adjust
the electric and magnetic resonances such that both the incident electric and magnetic field are absorbed over a
narrow frequency band. Match the electric permittivity and magnetic permeability of the metamaterial so that it is
impedance-matched to free space. Examine methods for tuning the perfect absorber across the longwave infrared
region. The desired frequency width of the perfect absorber should be approximately 10 wavenumbers and should be
tunable across the 8-12 um spectral region. The out-of-band spectral region of the perfect absorber should possess a
low extinction coefficient such that the perfect absorber collects energy only within the tunable spectral band.

PHASE II: Fabricate a tunable perfect absorber that functions in the longwave infrared region. Test the device and
determine the utility of this technology. Based on testing results, examine and propose improvements to the design.
Examine methods to incorporate a perfect absorber into a microbolometer focal-plane array.

PHASE IIl: Further research and development during Phase 11 efforts will be directed toward refining a final
deployable design; incorporating design modifications based on results from tests conducted during Phase Il; and
improving engineering/form-factors, equipment hardening, and manufacturability designs to meet U.S. Army
CONOPS and end-user requirements. A perfect absorber would facilitate the development of the next generation of
chemical/biological sensors.

PHASE I1l DUAL USE APPLICATIONS: There are numerous manufacturing processes that could benefit from
novel optical materials. In particular, the development of large area films that could be used as anti-reflective
coatings would have numerous commercia applications.

REFERENCES:
1. N. I. Landy, S. Sagjuyigbe, J. J. Mock, D. R. Smith, and W. J. Padilla, “A Perfect Metamaterial Absorber”,
Physical Review Letters, volume 100, issue 20, pages 207402/1-207402/6, 2008.

2. Yoav Avitzour, Yaroslav A. Urzhumov, and Gennady Shvets, “Wide-angle infrared absorber based on a negative-
index plasmonic metamaterial”, Physical Review B, volume 79, issue 4, pages 045131/1-045131/5, 2009.

3. Willie J. Padilla, David R. Smith, and Dimitri N. Basov, “ Spectroscopy of metamaterials from infrared to optical
frequencies’, Journal of the Optical Society of AmericaB (JOSA B), volume 23, issue 3, pages 404-414, 2006.

4. Hou-Tong Chen, John F. O'Hara, Abul K. Azad, Antoinette J. Taylor, Richard D. Averitt, David B.
Shrekenhamer, and Willie J. Padilla, “Experimental demonstration of frequency-agile terahertz metamaterials’,
Nature Photonics, volume 2, pages 295-298, 2008.

5. Zoran JakSiae Olga JakSiag Zoran Djurisg and Christoph Kment, “A consideration of the use of metamaterials for
sensing applications: field fluctuations and ultimate performance’, Journal of Optics A: Pure and Applied Optics,
volume 9, number 9, pages S377-S384, 2007

6. S. W. Han, J. W. Kim, Y. S. Sohn, and D. P. Neikirk, “Design of infrared wavel ength-sel ective microbolometers
using planar multimode detectors’, Electronics Letters, volume 40, number 22, pages 1410-1411, 2004.

7. Vladimir N. Leonov and Donald P. Butler, “Two-color Therma Detector with Therma Chopping for Infrared
Focal-Plane Arrays’, Applied Optics, volume 40, number 16, pages 2601-2610, 2001.

8. M. Almasri, B. Xu, and J. Castracane, “Amorphous Silicon Two-Color Microbolometer for Uncooled IR
Detection”, |EEE Sensors Journal, volume 6, number 2, pages 293-300, 2006.

9. Y. Wang, B. Potter, M. Sutton, R. Supino and J. Talghader, “ Step-wise tunable microbolometer long-wavelength

infrared filter”, Digest of Technical Papers. TRANSDUCERS '05. The 13th International Conference on Solid-State
Sensors, Actuators and Microsystems, volume 1, pages 1006-1009. 2005
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10. Y. Wang, B. J. Potter, and J. J. Talghader, Coupled absorption filters for thermal detectors, Optics Letters,
volume 31, number13, pages 1945-1947, 2006.

11. V. M. Shalaev and A. K. Sarychev, Electrodynamics of Metamaterials, World Scientific Publishing Company,
2007.

12. N. Enghetaand R.W Ziolkowski, Electromagnetic Metamaterials. Physics and Engineering Explorations, Wiley-
|EEE Press, 2006.

KEYWORDS: metamaterials, chemical detection, microbolometer, infrared spectrum, electric permittivity,
magnetic permeability, anti-reflective coatings.

CBD11-103 TITLE: Improved M8 Chemical Agent Detector Paper for Facilities Monitoring

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop improved inexpensive monitoring strips for detecting liquid chemical agents. Develop
improved robustness and ease and speed of detection, without materially increasing system cost, for the monitoring
of potentia liquid chemical warfare (CW) contamination of fixed-site facilities.

DESCRIPTION: M8 Chemical Agent Detector Paper consists of a 10 cm x 6.5 cm booklet of removable sheets of
detector paper packaged in a polyethylene bag used by the U.S. military to detect G- and V-nerve and H-blister
agents in the field under combat conditions. The M8 paper was designed to meet the need for a simple, rapid method
of detecting and differentiating between the 3 major groups of liquid chemical warfare agents. The M8 paper can
quickly determine the presence or absence of G, V or H agents and the type of agent encountered. The paper is
manufactured using three indicator dyes, 2,5,2'5-tetramethyltripenyl methane-4,4';-diazo-bis-beta-
hydroxynaphthoic anilide (red dye indicator), thiodiphenyl-4,4'-diazo-bis-salicylic acid (yellow dye indicator), and
ethyl-bis-2,4-dinitrophenyl acetate (green dye indicator) on a paper substrate.

Facilities and installations currently use M8 paper to monitor against persistent agent contamination or attack on
buildings and common areas. Sheets of the detector paper are placed in areas of potential contamination. The M8
paper sheets are visually monitored and replaced as needed by DoD personnel.

The current paper-based test papers are fragile and require frequent replacement in outdoor environments. They also
require DoD personnel to view and assess each individual sheet of paper deployed. Only after this viewing and
assessment can a detection decision be made. Solutions are being sought to produce test sheets for liquid chemical
agents on more durable substrates which are capable of detecting and indicating the presence of V, G or H agents at
adistance. Solutions are also being sought for a self-reporting system that utilizes the new test strips that will reduce
the need for frequent visual inspection by humans and will also provided improved early warning of a chemical
incident.

PHASE I: (1) Examine methods for producing durable test sheets for the detection of liquid chemical agents at
fixed-site facilities. (2) Examine colorimetric interactions on substrates that can function unprotected outdoors in a
variety of environmenta conditions (rain, sun, dust, etc) for extended periods of time (at least 4 months). The test
strips would be required to produce color changes in the presence of liquid G, V or H agents. The test sheets should
have a response that is visible to the unaided human eye for a droplet of agent with a volume of 0.02 millilitersin
volume or less. (3) Examine methods for self-reporting that allow of low-power automatic communication of any
positive interaction of the new test strips. (4) Examine development of self-reporting smart materials and other
methods of transduction and communication that could lead to remote detection capabilities using the chosen
material. Low cost, low-power, or no-power solutions are sought. (5) Examine methods for producing the new
material in paper strip format similar to the current M8 or M9 papers. (6) Test the new material against chemical
simulants to demonstrate detection capabilities and sensitivities.
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PHASE 1I: (1) Develop a detection system based on a durable replacement to the M8 paper with an integrated
transduction and communication system. The integrated system must demonstrate detection limits that meet or
exceed the detection capabilities of the current M8 paper for CW agents (V, G, and H) with minimal false alarms.
Also, the new materials must be able to survive a minimum of 4 months in an outdoor environment without
appreciable degradation of detection capabilities. The size of the new substrates should be a least as large at the
current M8 paper (10 cm x 6.5 cm). (2) Produce 100 sheets of the new chemical sensing substrates. (3) Examine the
detection limits of the new substrates, both visually and at a distance, using standard simulants with a ROC curve
analysis.

PHASE Il1: (1) Further research and development during Phase 111 efforts will be directed toward refining final
deployable designs for artificial antibodies. Design modifications based on results from tests conducted during Phase
I1 will be incorporated. (2) Manufacturability specific to U.S. Army CONOPS and end-user requirements should be
examined.

PHASE 11l DUAL-USE APPLICATIONS: Environmental applications exist for a disposable, robust chemical
sensor with wireless capability. Food safety and industrial monitoring are possible commercial applications. Also,
first responders such as Civilian Support Teams and Fire Departments have a critical need for a rapid sensing
capability that can be transported to the field to test for possible contamination by Chemical/Biologica Warfare
(CBW) agents.
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CBD11-104 TITLE: Wollaston prism based interferometer for chemical and biological early warning

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop an interferometer based on a Wollaston prism or Wollaston prism-like device and determine
the utility of the interferometer for chemical and biological sensing applications.

DESCRIPTION: The Joint Services have the need for aminiature, highly sensitive and yet highly specific sensor for
detection of chemical agents and toxic industrial chemicals. Infrared absorption spectroscopy has proven to be a
very useful tool in the detection and precise identification of airborne chemicals. Pattern recognition is used to
compare the infrared spectrum of library molecules against the infrared spectra of airborne contaminants. Infrared
spectrometers have rapid response and clear-down times, which provide utility in cloud tracking or dynamic
monitoring experiments. A miniature monolithic spectrometer that is rugged and consumes very little energy would
have utility within the chemical/biological defense community.

A Wollaston prism is an optical device that manipulates polarized light. It separates ambient light into two
orthogonal, linearly polarized outgoing beams. A typical Wollaston prism consists of orthogonal prisms with
perpendicular optic axes in a monolithic configuration. Outgoing light beams diverge from the prism, giving two
polarized rays. Wollaston prisms make use of natural birefringence of some crystals. For example, Calcite possesses
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a very strong birefringence and can be used from 400 nm to 2.5 um. Other Wollaston prism-like devices are based
on multilayer dielectric coatings, or on the polarization-selective properties of diffractive optical elements. For
example, Wollaston prism-like devices can be made using Blazed diel ectric subwavelength gratings.

A Fourier transform spectrometer based on a Wollaston prism contains a birefringent optical component, removing
the need for a conventional Michelson interferometer. The hirefringent element is used to introduce an optical path
difference between the two light polarizations. Wollaston prism-based interferometers have been designed and built
in the UV, Visble, and near-infrared regions of the spectrum. Numerous examples of practical and useful designs
exist in the literature. Typical Wollaston prism-based interferometers are small, monolithic devices. This technology
provides the potential of very small, inexpensive, rugged spectrometers for chemical/biological sensing missions.

One of the goals of this effort isto extend the advantages of a Wollaston prism-based interferometer to the longwave
infrared region. The ultimate goal of this effort is to develop a miniature chemical sensor system based on a
Wollaston prism interferometer and to determine the utility of this sensor within the chemical and biological defense
community.

PHASE |: Design an interferometer based on a Wollaston prism or a Wollaston prism-like device that operates in
the 8 to 12 &#956;m region of the electromagnetic spectrum. The spectral region of the sensor should be chosen to
interrogate spectral signatures of chemical agent plumes. The goa is to have sufficient spectral resolution and
spectral range to detect and discriminate chemical agents and simulants. Perform necessary experiments to
demonstrate proper function of the interferometer.

PHASE I1: Design and construct a chemical sensor module based on a spectrometer utilizing a Wollaston prism or a
Wollaston prism-like device operating in the 8 to 12 &#956;m region of the electromagnetic spectrum for spectral
interrogation of chemical agents. The sensor should be able to detect a common chemical agent simulant such as
triethyl phosphate (TEP) at a concentration of 1.0 milligram per cubic meter or less. The system should be battery
operated with a total weight (including batteries) of less than 2 Ibs. The total volume of the sensor module, including
source, sample cell, interferometer and detector, should be less than 50 cubic inches. In the phase |1 prototype the
electronics and signal-processing module may be separate from the sensor module. The detection and discrimination
capabilities of the sensor in this region should be comparable to existing chemical vapor sensors. Design and build
all necessary source, sample cell, and detector array components. Test and characterized the new sensor. Based on
the tests, update the design of the new chemical sensor.

PHASE II1: Further research and development during Phase |11 efforts will be directed towards refining a final
deployable design, incorporating design modifications based on results from tests conducted during Phase 1, and
improving engineering/form-factors, equipment hardening, and manufacturability designs to meet U.S. Army
CONOPS and end-user requirements.

PHASE I1l DUAL USE APPLICATIONS: There are many environmental applications for a small chemical sensor.
A rugged, monolithic chemical sensor will benefit the manufacturing community by providing very finely tuned
monitoring of chemical processes. Also first responders such as Civilian Support Teams and Fire Departments have
acritical need for a rugged, inexpensive, and versatile sensor that can be transported to the field to test for possible
contamination by CW agents and other toxic chemicals.
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CBD11-105 TITLE: Solid state deep UV laser for Raman detection of CB agents

TECHNOLOGY AREAS: Chemica/Bio Defense, Sensors

OBJECTIVE: To develop a pulsed deep ultraviolet (DUV) solid state laser source that operates between 220 and
250 nm for use in UV Raman based chemical and biological detection systems. The intent of this effort is to reduce
the size, weight and possibly power requirements of the laser source in Raman based chemical and biological
detection systems and thereby reduce the overall size and increase the portability of those systems. The
incorporation and use of solid state laser sources will also increase the overall stability, performance and reliability
resulting in cheaper and more robust detection systems.

DESCRIPTION: Raman spectroscopy has proven to be a valuable technique for detection and identification of
toxic and energetic materials.1,2 Current commercia hand-held systems such as the Ahura FirstDefender can
rapidly identify chemicals in both the solid and liquid phases. These hand-held instruments generally use a small
solid state near infrared (NIR) diode laser operating in a continuous wave (CW) mode, and are useful in detecting
bulk material where the Raman signal can be acquired with integration times of up to tens of seconds. They are not,
however, suited to on-the-move detection and identification of surface contamination where the contamination
presents as small droplets on natural or man-made surfaces.

The vehicle mounted Joint Contaminated Surface Detector (JCSD) is designed to address this kind of surface
detection problem.3 The JCSD currently employs a KrF excimer laser operating at 248 nm with a pulse energy of
approximately 5 mJ, a5 ns pulse width, and a pulse repetition rate of 25 Hz. UV laser excitation provides improved
sensitivity over NIR excitation via the l/wavelength intensity dependence of the Raman signa. In addition,
excitation below 250 nm shifts the Raman spectrum away from the longer wavelength fluorescence which can
obscure the Raman signal. Because on-the-move detection is required and the signal cannot be integrated for
seconds, on-the-move detection necessitates pulsed laser excitation.

The current JCSD excimer laser presents significant logistics problems. Periodic refill of the laser cavity with a
mixture of krypton and fluorine gasesis required. This refill is technically challenging and must be performed using
a custom gas filling system at fixed site location. The laser cannot be refilled while on mission. A solid state DUV
laser would eliminate these problems.

In addition to the excimer gas issues, the current laser has a short pulse width which can produce laser breakdown
and plasma formation on the surface. To avoid breakdown, the pulse energy is limited to approximately 5 mJ/pulse
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in the current sensor configuration. A longer pulse width would allow for the use of increased pulse energies and a
subsequent improvement in the JCSD limits of detection.

The specific objectives of the program are:
1. Development of a solid state DUV laser source with the following characteristics:

Table 1: Laser Specifications

Wavelength 220-250 nm; fixed at one value

UV Linewidth < 45 pm required, < 30 pm desired

UV Pulse Energy 7 mJ minimum, >10 mJ desired; fixed at one value but adjustable down to 50% of maximum
energy available

Repetition Rate 25 Hz minimum, 75 Hz desired; fixed at one value

Pulse Width 50 ns minimum, >100 ns desired; fixed at one value

2. Specific Modeling and Documentation Goals

Characterization of laser performance specifications to include: output energy, energy stability, beam profile,
repetition rate, linewidth, beam divergence, and power consumption/wall-plug efficiency.

3. Show feasibility and develop a technology roadmap to produce rugged unit weighing less than 25 Ibs with a
volume less than 1800 in3 and an operational lifetime of 10,000 hrs (time to %2 power).

PHASE I: Phase | will be restricted to showing feasibility of the approach and creation of a development plan for
the construction of a DUV solid state laser. This effort should include sufficient modeling and experimental data to
show feasibility to achieve desired output characteristics (Table 1) prior to the start of phase .

PHASE 1I: Construct and deliver a solid state deep UV laser meeting the specifications listed in Table 1. All
attendant power supplies and coolers must be included with the delivered laser system. A detailed analysis of the
performance degradation mechanisms, beam quality stability, and frequency stability must be provided to describe
the laser’ s operational envelope and confirm the likelihood of stable operation over 10,000 hours.

PHASE 11l DUAL USE APPLICATIONS: Commercial applications include the insertion and ensuing production
of chemical, biological, and explosive (CBE) detectors for first responders and law enforcement. DoD uses could
include senditive site exploitation, explosives detection and treaty verification. Civilian uses could include
identification of illicit drugs, inspection of food and/or hazardous waste containers.
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CBD11-106 TITLE: Advanced Transmitter for Chem-Bio Standoff Detection

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors
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OBJECTIVE: Develop and demonstrate a novel compact transmitter for cloud mapping and chemical and biological
agent detection and discrimination at ranges on the order of 4 km.

DESCRIPTION: The proposed technology development would result in a novel, compact transmitter for standoff
biological aerosol and chemical vapor and aerosol detection and discrimination at ranges of 4 km with a compact,
direct detection sensor. The transmitter would support the functions of cloud mapping and tracking while in the
agent detection mode in order to minimize the timeline for both measurements. The new transmitter would make
possible threat localization and interrogation of all chem-bio agents in their various forms, day or night, with a
single compact sensor, thereby significantly reducing the cost of procurement and the logistics burdens of currently
anticipated multiple systems.

Prior work with the FAL (Frequency Agile Laser) sensor has shown that it is capable of detecting chemica vapors
and biological aerosols in the LWIR (Long Wave Infrared) spectrum by DIAL (Differential Absorption Lidar) and
DISC (Differential Scattering), respectively.(1,2,3) The direct detection sensor uses a FAL CO2 laser-based
transmitter with 100 mJ pulse energy (multiple transverse mode) at a 200 Hz pulse repetition rate with an overall
package volume of 2 cu. ft excluding power supplies. The functions of cloud mapping and tracking have not been
demonstrated satisfactorily because of transmitter waveform and pulse repetition frequency limitations.
Transmission isimpaired in high water vapor content atmospheres typical of certain battlefield scenarios, and in the
presence of interferents it would be highly desirable to have a wider selection of laser transmission lines than
currently available. Standoff chemical aerosol detection and discrimination have not yet been demonstrated with any
Sensor.

The CO2 transmitter can emit in the 9-11 micron band by using various isotopes of the lasing species. This
relatively broad band coverage may allow for detection of chemical aerosols. In order to achieve the goals of good
band coverage with the proper choice of laser emission lines to penetrate high water vapor atmospheres in the
presence of other interferents, a means of laser line shifting or selection of lines among a dense comb of fixed lines
may be required. Innovative solutions are sought for an Advanced Transmitter. CO2 laser wavelength shifting has
been demonstrated at low average power levels by sequential second harmonic generation (SHG) and optical
parametric oscillation (OPO).(4) Solid state transmitters with OPO have been demonstrated.(5) Optimum
wavelengths for cloud mapping/tracking are not necessarily the same as for chem-bio detection and may necessitate
use of an auxiliary transmitter. Advanced algorithms could be used for fusion of the data from the cloud
mapper/tracker and DISC/DIAL functions to improve detection and discrimination of all agent types.

PHASE I: Perform detailed analysis to show the brassboard Advanced Transmitter can achieve pulse energies of at
least 200 mJ and repetition rates of at least 300 Hz on al lines, representing factors of 2, and 1.5 times greater than
the present FAL device for direct detection at 4 km range. Provide analysis to support achievement of both single
mode (M2<1.2) and multimode beam quality with equivalent pulse energies and tempora waveforms for the cloud
mapping/tracking function. Provide analysis to show a factor of two improvements in band coverage at LWIR
compared to the present FAL laser operating with the normal isotope of CO2. Provide design details to show the
Advanced Transmitter total volume will be less than 3 cu. ft., or less than 1.5 times the present FAL device volume.
Develop a conceptual design for the integrated brassboard transmitter. Develop detailed designs for critical
components. Provide a detailed development plan for design, fabrication, and testing of the transmitter to be carried
out in the Phase |l program.

PHASE II: Use the results of the Phase | effort to develop all critical laser components required for the Advanced
Transmitter. Fabricate the Advanced Transmitter and demonstrate that it meets the proposed performance goals.
Deliver the Advanced Transmitter in brassboard form suitable for possible integration with an existing sensor.
Include all power supplies, electronics, cabling, and software necessary to operate the laser. In collaboration with
government technical personnel, provide sensor concept analysis to show that the demonstrated Advanced
Transmitter performance is consistent with an eventually deployable sensor with 15 cu. ft. volume. Provide a
roadmap for development of the Advanced Transmitter into a preproduction Advanced Engineering Model in the
Phase I11 program.

PHASE I11: The novel brassboard transmitter could be incorporated into an existing government sensor for field
trials and to develop a performance data base for all agent targets. The data base would support parallel devel opment
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of advanced algorithms with data fusion for simultaneous detection and discrimination of al target types in real
time. The combination of transmitter/sensor performance data and advanced algorithms would form the basis for
further concept of operations development as a basis for design of systems for military deployment and civilian
homeland defense and environmental monitoring.

PHASE Il DUAL USE APPLICATIONS: The Advanced Transmitter and the resulting enabling sensors would fill
an important roll in standoff detection early warning for homeland security and environmental monitoring for which
there are presently no adequate solutions.
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CBD11-107 TITLE: Reactive/Media-less Technologies for Air Purification

TECHNOLOGY AREAS: Chemical/Bio Defense, Materia s/Processes

OBJECTIVE: Develop reactivel media-less air purification technologies that reduce size, weight, and lifecycle costs
of removing chemical and biological agents and Toxic Industrial Chemicals (T1Cs).

DESCRIPTION: Since WWI, charcoal-based filtration of contaminated air has served as the primary technology for
air purification. These filters have a limited lifespan and must be replaced after a set period of exposure in a
contaminated environment or at the end of service life. While this technology provides a high degree of protection,
the desire is to have chemical and biological air-purification alternative technologies that minimize or eliminate the
need for expendable media within acceptable size, weight and power consumption constraints. These constraints
will reduce the logistical and maintenance burden associated with of removal of CBR (Chemical, Biological,
Radiological) agents and TIC/TIMs (toxic industrial chemicals materials) from re-circulated and make up air in
buildings, shelters, or platforms. Most single pass technologies rely on adsorptive media that does not effectively
remove some of the TIC vapors. Therefore, advanced air purification technologies that will be effective in removal
of TICsand CBR agents are needed.

Novel air purification technologies that utilize a selective as well as reactive, energy efficient non-adsorptive, media-
less or non-consumable (reactive without consuming reactants) process to remove and/ or destroy CBR agents and
TIC/TIMs are desired. Explore innovative approaches destroying aerosol and vapor contaminants for gas — phase air
cleaning. Example approaches include employing the use of photocatalytic oxidation, plasma generation, and other
nonstoichiometric processes. Technologies should be designed for a diverse range of air purification applications
and integration into larger host systems, such as, transportable (200 SCFM) and fixed site (10,000 SCFM)
applications.
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PHASE |: Demonstrate the feasibility of reactive/media-less technologica capability to destroy agent simulants and
TICs when the contaminated air stream is passed through the apparatus at rated flow. For priority TICs, refer to the
TIC/TIM Task Force MFR#1. Understand and document reaction mechanisms & by-products for key design-
limiting chemicals, such as ammonia, chlorine, hydrogen chloride, oxides of nitrogen, sulfur dioxide, methyl
bromide, etc. Understand dependence of performance on process parameters (RH) and identify possible limitations.
At the end of Phase |, propose a design concept that will provide greater than 150,000 Ct (Ct = concentration * time)
against nerve agents and 50,000 Ct against selected TICS/TIMs to current 8-hr minimum threshold Military
Exposure Guideline (MEG) levels.

PHASE I1: Develop and test laboratory breadboard of proposed design concepts. Investigate further the effect of
temperature, relative humidity, challenge concentration, flow rate, power, etc. on the removal mechanisms of toxic
chemicals. A fully representative study of CWAs and TICS/TIMs (MFR#1) will be conducted. Collect data for
correlation of non surety simulant to surety agent performance. Investigate impact of aging, weathering, and
battlefield contaminants. Identify key operational characteristics and environmental conditions that may degrade
system performance. Define scaling correlations. Investigate manufacturing/ integration capabilities.

Thresholds targets for unit size, weight, power consumption are:
Size- 0.3 ft3/cfm;

Weight — 5 |bs/cfm;

Power - 0.12 kW/ cfm.

PHASE IlI: Demonstrate system performance, to include chemical removal, power, and aging/weathering
tendencies, of prototype unit in relevant environment. Use system performance data to develop engineering models
that facilitate the understanding of advanced air purification technology and to augment the optimization of sub-
systems for integration into host platforms. Based on user requirements system should allow the trade-off of
chemical vapor performance versus system requirements (e.g. size, weight, and power). Technology Readiness
Level 6 (TRL-6) maturity expected to be met to facilitate a transition to the Joint Program Manager.

PHASE 11l Dua Use Applications. The technology demonstrated in Phase |1l may also be used in non-military
buildings, vehicles, etc.
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CBD11-108 TITLE: Compact Narrow-Band High-Intensity Acoustic Sound Source

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors
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OBJECTIVE: Develop alow-power compact sound source capable of delivering high-amplitude (>140 dB @ 1min
a plane wave tube) output over a narrow frequency range of operation for extended use intervals of several months
of more. The sound source technology should be insensitive to manufacturing variances such that multiple devices
placed adjacent to one another operate with consistent performance (sound pressure level at a given frequency is
matched within 0.5dB and 50Hz respectively).

DESCRIPTION: High powered sound sources are currently used for a variety of applications related to chemical
biological media processing and the separation/isolation of aerosols. Conventional sound sources, such as
compression drivers, can be designed to have relatively flat frequency response with moderate Sound Pressure Level
(SPL) output. Compression drivers often demand high power consumption and large footprints. Alternatively, piezo-
crystal type sound sources have very narrow-band frequency responses and can generate high SPL output with
reduced power consumption. Compression drivers can be produced in volume with slight variances in performance,
while batches of piezo-crystal type sound sources can vary significantly in performance.

Both sound source technologies previously mentioned are typically used in short durations. Compression drivers
most commonly deliver musical programming that contains short bursts of high-intensity output, while usualy
operating over a wide frequency spectrum. Piezo element devices, most commonly found in alarm systems for
example, provide burst type output for short durations.

Sound sources for CB applications require durable operation over a wide range of temperature and humidity, in
locations that may be subjected to extreme environmental conditions, and for time intervals exceeding months of
continuous operation.

PHASE 1. Conduct research on appropriately defined acoustic generation devices for operation in extreme
environments that show promise in achieving SPL, frequency, duration, durability, and size and power goas. Goals
include achieving greater than 140dB at 1m in a plane wave tube, narrow-band frequency operation anywhere from
600Hz to 10kHz, and 100% duty cycle for 2 months in a military environment as described by MIL-HDBK-310
(Department of Defense Handbook, Global Climatic Data for Developing Military Products). Overall size and
power should be proportional to SPL output. For example, a 160dB capable device could consume 4 in3 and 32
Watts, while a 140dB capable device should be limited to 0.5 in3 and 4 Watts. |nnovative technol ogies such as piezo
ceramics, combustion driven acoustic devices, electric field generators, or other novel technologies should be given
priority over conventional loudspeaker technology. For example, high efficiency Helmholtz resonator cavities
driven by properly tuned piezo ceramic drivers could be implemented in series to provide required operating
characteristics, with novel housing techniques to shield from harsh environments. Demonstrate the capabilities at the
laboratory scale, and down-select the most promising technology for further devel opment.

PHASE I1: Design and test an optimized high-intensity low-power consumption sound source technology for use in
chem-bio related applications that is resistant to extreme environments and capable of operating over months of
continuous operation. Operating performance as proven in Phase | activity should remain consistent over durations
tests. Develop manufacturing methods to produce sound sources in quantity while ensuring components (e.g.
diaphragm construction, driver sources, etc.) alow for consistent system performance unaffected by manufacturing
variances. Extended duration tests should be accomplished over a variety of temperature and humidity levels in
accordance with MIL-HDBK-310. Six prototypes should be tested simultaneoudly showing a bulk system
improvement when processing media. For example, SPL should increase when placed in proximity to one another.

PHASE 1Il: Commercialize the sound source technology that provides increased sound pressure level output at
reduced power consumption in a compact size for aternative applications. Applications could include audible
wireless warning systems to alert civilians of environmental dangers such as hurricane or tornadoes, compact alarm
systems for facility protection, and portable non-lethal acoustic weapon capabilities for law enforcement personnel.
L ow-cost acoustic pumps could also benefit from this technol ogy.
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CBD11-109 TITLE: Development of anin vitro assay as correlate of passive immune protection
against botulinum neurotoxin to minimize use of whole animal testing

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: Identify, develop and define a robust in vitro assay that functions as a correlate of passive protection
and reduces animal use for the testing and manufacture of antibodies against botulinum neurotoxin.

DESCRIPTION: A rapid, hon-animal test method is required to aid the development and manufacture of therapeutic
antibodies as new medical protections against botulism poisoning, alife threatening condition of concern to the DoD
and DHS for potentia biological terror and also a public health concern (1,2). The in vitro assay will serve as an
orthogonal measurement and partial replacement of the mouse lethality neutralization (MLN) assay, the currently
accepted standard experimental model for measuring protective efficacy against botulism (3,4). The need for an
alternative to the MLN in vivo assay arises from the complexity of neutralizing a variety of BONTsaswell asan aim
to meet federal guidance and oversight regarding animal use in testing drug products (5). Unequivocal
demonstration of effectiveness in appropriate animal models of a human disease is essential to the successful review
and manufacture of new products proposed to treat life-threatening infections or toxic exposures, such as
neutralizing antibodies for emergency treatment of botulism (6). Unfortunately, the MLN assay consumes time,
resources and animals and many MLN assays would be employed to develop and produce cocktails of antibodies as
protections against any combination of all seven botulism serotypes. Assays comprising biochemical/biophysical
measurements are preferred since activity assays based on living systems, whether comprising cultured cells or
whole animals, routinely show higher variability than in vitro tests and therefore present higher uncertainly or
greater use of replicates and improved statistical analysis. Thus, dependence on the MLN assay for anti-botulism
product discovery and manufacture will add substantial cost and schedule toward achieving a final product.
Therefore, non-animal tests of botulism therapeutic efficacy are sought to mitigate this specific difficulty and to
align with NIH and FDA guidance for reducing or replacing the use of vertebrate animals including for assays of
biological activity and product potency. The successful in vitro toxin neutralization assay will demonstrate high
correlation with the in vivo MLN assay over a meaningful range of toxin concentrations and be suitable for use in
evaluating various mixtures of anti-BoNT antibodies. In addition, findings and documentation will show its benefit
over the MLN test with regard to time, cost and other resources required to deliver final results of high confidence.
The preferred test solution will employ existing whole technology, or components of currently available as
commercia off the shelf (COTS), for immediate assay development and use in evaluating existing and new
botulinum anti-toxin treatments.

PHASE I: This phase will identify and justify suitable in vitro assay technology, demonstrate its feasibility, outline a
plan with milestones and criteria for successful development and adaptation of the method to all BONT serotype
antibody targets. On completion of phase I, the contractor will provide conceptualization, design and feasibility test
results of an innovative, non-animal toxin neutralization assay that can function as supplement to, and partial
replacement for, the MLN assay in evaluating the effectiveness of botulism antibodies. A narrative rationale and
summary of results will demonstrate a comparative evaluate that establishes suitability of the best assay, and
research findings with supplemental documentation will justify selection and definition of the proposed in vitro
method. The contractor will provide theoretical rationale for its comparability to whole animal testing and
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demonstrate direct correlation to MLN test results for at least a single set of BONT neutralizing antibodies.
Deliverables will also include proposed definitions of assay conditions, performance goals, and technical
specifications; a project plan for assay optimization and development with regard to antibodies for all seven BONT
subtypes; plus evaluations of merits and feasibility of the selected concept solution in regard to FDA rules and
guidance and toward rapid antitoxin development and commercialization.

PHASE Il: Work in this phase represents the major research and development effort to culminate in a well-defined
in vitro assay prototype. The principal deiverables of this phase will be complete documentation for concept
demonstration of the assay on atwo BoNT-target sets of antibodies; preliminary test results and detailed proposal of
the path forward to adapt the assay for al other BONT serotype antibody sets including mixtures; and market
analysis for impact and benefit of the in vitro toxin neutralization assay on rapid commercialization of botulism
therapeutic antibodies.

Milestones and deliverables include the following:

1. Develop and verify in vitro assays as correlates of toxin neutralization in vivo that are optimized for two different
BoNT-target sets of antibodies, for example BoNT/A and BoNT/B. Demonstration of their correlation to protection
in vivo against single and double toxin poisoning. Assay development will establish reagents, format,
characteristics, limits of detection and quantitation, range, sensitivity, specificity, inter- and intra-assay
reproducibility, robustness and other performance parameters as applied to single and double toxin neutralization.

2. Delivery of summary documentation with supporting data for full assay development and final written methods as
study specific procedures (SSPs) or standard operating procedures (SOPs), including material handling, facilities
engineering requirements, associated SOPS such as instrument training and preventative maintenance, and all other
information to perform the work under enhanced biosafety and biosurety conditions as are necessary.

3. Delivery of adetailed plan for the development and verification of similar, well defined in vitro assays to be used
in the discovery and evaluation of antibodies cocktails that neutralize the remaining BoNT (e.g., BONT/C,E,F);
actual work to be performed in phase I11.

4. Delivery of a detailed plan for technology transfer and conversion of each assay into validated a GLP method;
actual work to be performed in phase l11.

5. Develop and deliver projected program with schedule and cost projections for Phase |1 work as defined above.

6. Executive summary report and detailed cost and schedule proposal for continuation into phase 1.

(Technology Readiness Level) TRL Explanation Biomedical TRL Explanation, TRL 4 - Component and/or
breadboard validation in laboratory environment.

PHASE I11: Phase |11 work will comprise the full development of validated methods as required for new neutralizing
antibody discovery and production. This phase, approved beforehand and incrementally, extends to logical and
practicable conclusions step-wise and successive work projects to develop, complete, and validate in vitro assays of
toxin neutralization for each set of anti-BoNT antibody cocktails as warranted by application for antibody discovery,
or development and manufacture. The timing and choice of exact BONT subtype target and mixture (A, B, C, E, F)
will be determined by the antibody manufacturer according to production schedule and other circumstances.
Entrance criteriafor phase |11 awards will be well defined and presented in personal conference as a petition for each
stages of supplemental funding. Oral presentations and written packages will include a full proposal for
development of the next in vitro assay specific for a new BoNT subtype antibody mixture that includes full
descriptions of approach, cost, schedule, and outcomes as well as a vision or “end state” that justifies the need for
supplemental award by specifying projected military benefits to the DoD, public health benefits to state, regional or
other federal entities or any other relevant stakeholder, or additional commercial application. Evaluation will be non-
competitive but based on merit and past performance.

PHASE |1l DUAL USE APPLICATIONS: The developed solution, an in vitro correlate assay system, could be used
in a broad range of military and civilian biologics development and manufacturing applications where rapid in vitro
measurement of biological activity is necessary —for example, in the development of neutralizing antibodies against
another biological threat agent or a more common infectious disease.
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