DMEA
SBIR 10.2 PROPOSAL SUBMISSION INSTRUCTIONS

INTRODUCTION

The Defense Microelectronics Activity (DMEA) SBIR Program is implemented, administrated, and
managed by the DMEA Program Control Division. If you have any questions regarding the
administration of the DMEA SBIR Program, please contact the DMEA SBIR Program Manager (PM),
Mr. Greg Davis, greg.davis@dmea.osd.mil.

For general inquiries or problems with electronic submission, contact the DoD SBIR Help Desk at
1-866-724-7457 (1-866-SBIRHLP) between 8:00 am to 5:00 pm ET. For questions about the topic
during the pre-solicitation period (21 April 2010 through 18 May 2010) contact the Topic Authors listed
under each topic on the http://www.dodsbir.net Web site prior to the solicitation. Information regarding
the DMEA mission and programs can be found at http://www.dmea.osd.mil.

PHASE | GUIDELINES

DMEA intends for Phase | to be only an examination of the merit of the concept or technology that still
involves technical risk, with a cost not exceeding $100,000.

A list of the topics currently eligible for proposal submission is included in this section followed by full
topic descriptions. These are the only topics for which proposals will be accepted at this time. The topics
are directly linked to DMEA’s core research and development requirements.

Please assure that your e-mail address listed in your proposal is current and accurate. DMEA cannot be
responsible for notification to companies that change their mailing address, their e-mail address, or
company official after proposal submission.

PHASE | PROPOSAL SUBMISSION

Read the DoD front section of this solicitation for detailed instructions on proposal format and program
requirements. When you prepare your proposal submission, keep in mind that Phase I should address the
feasibility of a solution to the topic. Only UNCLASSIFIED proposals will be entertained. DMEA accepts
Phase | proposals not exceeding $100,000. The technical period of performance for the Phase | should be
no more than 6 months. DMEA will evaluate and select Phase | proposals using the evaluation criteria
contained in para 4.2 of the DoD Solicitation 10.2 preface. Due to limited funding, DMEA reserves the
right to limit awards under any topic and only proposals considered to be of superior quality will be
funded.

If you plan to employ NON-U.S. citizens in the performance of a DMEA SBIR contract, please identify
these individuals in your proposal as specified in Section 3.5.b(7) of the program solicitation.

It is mandatory that the ENTIRE Technical Proposal, DoD Proposal Cover Sheet, Cost Proposal, and the
Company Commercialization Report are submitted electronically through the DoD SBIR Web site at
http://www.dodsbir.net./submission. If you have any questions or problems with the electronic proposal
submission contact the DoD SBIR Helpdesk at 1-866-724-7457.

This COMPLETE electronic proposal submission includes the submission of the Cover Sheets, Cost
Proposal, Company Commercialization Report, the ENTIRE Technical Proposal and any appendices via
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the DoD Submission site. The DoD proposal submission site http://www.dodsbir.net./submission will
lead you through the process for submitting your technical proposal and all of the section electronically.
Each of these documents is submitted separately through the Web site. Your proposal submission must be
submitted vial the submission site on or before the 6:00 am deadline on 23 June 2010. Proposal
submissions received after the closing date and time will not be considered.

PHASE 11 GUIDELINES

DMEA makes no commitments to any offeror for the invitation of a Phase Il Proposal. Phase Il is the
prototype/demonstration of the technology that was found feasible in Phase 1. Only those successful
Phase | efforts that are INVITED to submit a Phase Il proposal or Fast Track will be eligible to submit a
Phase Il proposal. DMEA does encourage, but does not require, partnership and outside investment as
part of discussions with DMEA sponsors for potential Phase Il invitation.

Invitations to submit a Phase Il proposal will be made by the DMEA Procuring Contracting Officer
(PCO) in accordance with the process outlined below. Phase Il proposals may be submitted for an amount
not to exceed $1,000,000. Fast Track will be for $1,000,000 maximum, unless specified by the DMEA
SBIR PM.

PHASE 11 PROPOSAL INVITATION

The DMEA topic manager and topic author will begin the process for a Phase Il invitation by reviewing
the Phase | work of each contractor, and will recommend which Phase | efforts should continue into
Phase Il. The decision to invite a Phase 11 proposal will be made based upon the success of the Phase |
contract to meet the technical goals of the topic, as well as the overall merit based upon the criteria in
Section 4.3 of the DoD SBIR 10.2 solicitation preface.

PHASE Il PROPOSAL SUBMISSION

All Phase Il proposals must have a complete electronic submission. Complete electronic submission
includes the submission of cover sheets, cost proposal, company commercialization report, the entire
technical proposal, and any appendices via the DoD submission site (http://www.dodsbir.net/submission).
The DoD proposal submission site will lead you through the process for submitting your technical
proposal and all of the sections electronically. Each of these documents is submitted separately through
the Web site. Your proposal must be submitted via the submission site on or before the DMEA-specified
deadline or it will not be considered.

DMEA will evaluate Phase Il proposals based on the Phase Il evaluation criteria listed in paragraph 4.3 of
the solicitation preface.

COST PROPOSAL GUIDELINES

The on-line cost proposal for Phase | and Phase 11 proposal submissions must be at a level of detail that
would enable DMEA personnel to determine the purpose, necessity, and reasonability of each cost
element. Provide sufficient information (a through i below) on how funds will be used if the contract is
awarded. Include the itemized cost proposal information (a through i below) as an appendix in your
technical proposal. The itemized cost proposal information (a through i below) will not count against the
25-page limit.

a. Special Tooling and Test Equipment and Material: The inclusion of equipment and materials
will be carefully reviewed relative to need and appropriateness of the work proposed. The
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purchase of special tooling and test equipment must, in the opinion of the Contracting
Officer, be advantageous to the government and relate directly to the specific effort. They
may include such items as innovative instrumentation and / or automatic test equipment. Title
to property furnished by the Government or acquired with Government funds will be vested
with the DoD Component, unless it is determined that transfer of the title to the contractor
would be more cost effective than recovery of the equipment by the DoD Component.

Direct Cost Materials: Justify costs for materials, parts, and supplies with an itemized list
containing types, quantities, price, and where appropriate, purposes.

Other Direct Costs: This category of costs includes specialized services such as machining or
milling, special testing or analysis, costs incurred in obtaining temporary use of specialized
equipment. Proposals, which include teased hardware, must provide an adequate lease versus
purchase justification or rationale.

Direct Labor: Identify key personnel by name if possible or by labor category if specific
names are not available. The number of hours, labor overhead and / or fringe benefits and
actual hourly rates for each individual are also necessary.

Direct / Indirect Rates: If a recent Defense Contract Audit Agency (DCAA) audit has been
done, provide a copy and / or point of contact for the DCAA.

Travel: Travel costs must relate to the needs of the project. Break out travel cost by trip, with
the number of travelers, airfare, and per diem. Indicate the destination, duration, and purpose
of each trip.

Cost Sharing: Cost sharing is permitted. However, cost sharing is not required, nor will it be
an evaluation factor in the consideration of a proposal.

Subcontracts: Involvement of university or other consultants in the planning and /or research
stages of the project may be appropriate. If the offeror intends such involvement, describe the
involvement in detail and include information in the cost proposal. The proposed total of all
consultant fees, facility leases, or usage fees and other subcontract or purchase agreements
may not exceed one-third of the total contract price or cost, unless otherwise approved in
writing by the Contracting Officer.

NOTE: The Small Business Administration has issued the following guidance:

“Agencies participating in the SBIR Program will not issue SBIR contracts to small
business firms that include provisions for subcontracting any portion of that contract
award back to the originating agency or any other Federal Government agency.” See
Section 2.6 of the DoD program solicitation as well as the DoD preface reference
3.5(b)(9) for more details. This mandate, however, may be waived by the SBA, as
detailed in 3.5(b)(9).

Support subcontract costs with copies of the subcontract agreements. The supporting
agreement documents must adequately describe the work to be performed (i.e., cost
proposal). At the very least, a statement of work with a corresponding detailed cost proposal
for each planned subcontract must be provided.

Consultants: Provide a separate agreement letter for each consultant. The letter should briefly
state what service or assistance will be provided, the number of hours required, and the
hourly rate.

DMEA FAST TRACK DATES AND REQUIREMENTS

The complete Fast Track application must be received by DMEA 120 days from the Phase | award start
date. The Phase Il proposal must be submitted within 180 days of the Phase | award start date. Any Fast
Track applications or proposals not meeting these dates may be declined. All Fast Track applications and
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required information must have a complete electronic submission. The DoD proposal submission site
http://www.dodsbir.net/submission will lead you through the process of submitting your technical
proposal and all of the sections electronically. Each of these documents is submitted separately through
the Web site. Your proposal must be submitted via the submission site on or before the DMEA-specified
deadline or will not be considered.

The information required by DMEA is the same as the information required under the DoD Fast Track
described in the front part of this solicitation. Phase I interim funding is not guaranteed. If awarded, it is
expected that interim funding will generally not exceed $30,000. Selection and award of a Fast Track
proposal is not mandated and DMEA retains the discretion not to select or fund any Fast Track proposal.

DMEA SBIR PHASE Il ENHANCEMENT PROGRAM
To encourage transition of SBIR into DoD systems, DMEA has a Phase 1l Enhancement policy. DMEA’s
Phase Il Enhancement program requirements include: up to one year extension of existing Phase 11, and
up to $500,000 matching SBIR funds. Applications are subject to review of the statement of work, the
transition plan, and the availability of funding. DMEA will generally provide the additional Phase Il
Enhancement funds by modifying the Phase Il contract.
PHASE | PROPOSAL SUBMISSION CHECKLIST:
All of the following criteria must be met or your proposal will be REJECTED.

1. Your Technical Proposal, the DoD Cover Sheet, the DoD Company Commercialization
Report (required even if your firm has no prior SBIRs), and the Cost Proposal have been submitted
electronically through the DoD submission site by 6:00 am ET on 23 June 2010.

2. The Phase | proposal does not exceed $100,000.
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DMEA SBIR 10.2 Topic Index

DMEA-102-001 Machine Diagnostics System on a Chip
DMEA-102-002 Broadband Quadrature Mixers and 1/Q Mismatch Reduction
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DMEA SBIR 10.2 Topic Descriptions

DMEA-102-001 TITLE: Machine Diagnostics System on a Chip

TECHNOLOGY AREAS: 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.b.(7) of the solicitation.

OBJECTIVE: Develop a diagnostic chip that is capable of assessing machinery condition and diagnosing faults
through microsensory inputs.

DESCRIPTION: The military has many machines, including vehicles such as helicopters that should be monitored
on a continuous basis for incipient faults. Existing diagnostic systems are large and expensive, but are necessary for
handling the computational load of analyzing many signals. The desired solution would consist of a single chip that
could handle the computational load and be rugged enough to be placed on rotating machinery, such as the rotating
blade of a helicopter or on a turbine rotor. The algorithm executed on the chip should incorporate trainable systems
which perform advanced signal processing and pattern recognition. It is anticipated that the architecture of this chip
will accept various algorithms for easy adaptation to a select set of platforms which have various sensory inputs.

Examples of implementations of this chip are listed below:

Device #1: Helicopter gear box
Sensory Inputs: Vibration, Audio, Temperature
Desired Outputs: Failure prediction, Maintenance indicators

Device #2: Turbine rotors
Sensory Inputs: Vibration
Desired Outputs: Failure prediction, Maintenance indicators, Indicate incipient compressor stall

Device #3: Aircraft pumps and actuators
Sensory Inputs: Sound, Pressure
Desired Outputs: Failure predictions, Maintenance indicators

Device #4: Heavy machinery
Sensory Inputs: Sound, Vibration
Desired Output: Sense broken/worn tool bits

Device #5: Blades and blade tip monitoring
Sensory Inputs: Sound, Vibration, Strain, Pressure differential
Desired Outputs: Incipient failure predictions, Stall conditions

Device #6: Winglet control
Sensory Inputs: Pressure
Desired Output: Control signal

The successful solution will meet the following performance metrics:
- Accept data up to 500 kilo bits per second (kbps)

Adapt to and learn to ignore normal operational characteristics
Trigger alerts when anomalous behavior is detected

Have a low rate of false positives

Low power for energy harvesting implementation
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PHASE I: The goal of Phase 1 is to develop a chip architecture consistent with two or more specific applications for
later testing. These applications should have DoD wide impact and relate to commercial applications. In developing
the chip architecture, trades between performance and size, weight and power constraints will be considered. For
example, increased speed and RAM size must be traded off against power consumption. Data sets from real world
platforms will be investigated to verify the validity of the proposed architecture. The chip architecture will support
the sensory inputs of the potential application platforms and the outputs required for integration into current control
or health monitoring systems. At the conclusion of this phase, a report and program plan will be completed for chip
development and initial application selection.

PHASE II: Phase 2 will result in a demonstration of a breadboard/prototype version of the chip in an FPGA. The
architectural core specification will be completed in conjunction with a VHDL/SystemC implementation of key
elements. In collaboration with DMEA, a final testing application will be selected and data from the platform will
be collected for chip performance simulations and testing in the lab before being transitioned to the platform. In
conjunction with the demonstration, a detailed plan for taking the design to a chip will be completed.

PHASE I1I: Phase 3 will conclude with the chip design being implemented in silicon. Integration and testing will be
conducted on the target platform. Additional government and commercial customers for the chip will be identified.

POTENTIAL DUAL USE APPLICATIONS: This chip could be integrated into a variety of platforms and systems
in terrestrial, aerial, surface and underwater vessels due to its flexible design. It will be an effective diagnostic and
prognostic tool. Examples for integration of this chip include helicopter gear boxes, turbine rotors, aircraft pumps
and actuators, generators, blades, and winglets.

REFERENCES:

1. "A survey of signal processing and decision technologies for CBM;", Daming Lin,
<http://www.omdec.com/moxie/Technical/Optimizing-CBM/SurveyCBM%7Eemail.shtml?author8>,
http://ww.omdec.com/moxie/Technical/Optimizing-CBM/SurveyCBM.shtml.

2. Djurdjanovic D, Ni J, Lee J. Time-frequency based sensor fusion in the assessment and monitoring of machine
performance degradation. Proceedings of 2002 ASME Int. Mechanical Eng. Congress and Exposition, paper number
IMECE2002-32032.

3. Goodenow T, Hardman W, Karchnak M. Acoustic emissions in broadband vibration as an indicator of bearing
stress. Proceedings of IEEE Aerospace Conference, 2000; 6: 95-122.

4. Hansen R, Hall D, Kurtz S. New approach to the challenge of machinery prognostics. Proceedings of the
International Gas Turbine and Aeroengine Congress and Exposition, American Society of Mechanical Engineers,
June 13, 1994; p.1-8.

5. Roemer M, Kacprzynski G, Orsagh R. Assessment of data and knowledge fusion strategies for prognostics and
health management. Proceedings of IEEE Aerospace Conference, 2001; 6:62979-62988.

6. Su L, Nolan M, DeMare G, Carey D. Prognostics framework [for weapon systems health monitoring].
Proceedings of IEEE Systems Readiness Technology Conference, IEEE AUTOTESTCON, 99, 30 August - 2
September 1999; p. 661-672.

KEYWORDS: Mechanical Failures, Chip Diagnostics, Microsensor diagnostics

DMEA-102-002 TITLE: Broadband Quadrature Mixers and 1/Q Mismatch Reduction

TECHNOLOGY AREAS: 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

DMEA -7



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: Design a broadband in-phase/quadrature-phase (1/Q) modulator and demodulator suitable for
fabrication using an industry-utilized Silicon-on-Sapphire (SoS) process. Because I/Q mismatch is a prevalent
source of error in quadrature mixing, a novel approach to reduce or mitigate gain and phase error will be
investigated and developed for use in radio frequency (RF) System-on-Chip (SoC) applications, particularly low
power, single chip transceivers.

DESCRIPTION: Cliché characteristics in a desirable transceiver design are low power consumption, high
bandwidth, small form factor, and low cost with the versatility of implementing every modulation technique across a
broad frequency spectrum. As technology evolves, we get closer and closer to approaching that goal, and a key area
for research and design is I/Q modulation and demodulation. Single chip transceivers are implemented in low-1F
and zero-IF architectures aimed at the goals listed above. For example, smaller form factors are possible because
use of external filters are minimized or negated, power consumption is lessened with the use of a single LO, and cost
is reduced with the high level of integration to realize the entire transceiver on a single chip.

A design issue encountered with quadrature mixers is 1/Q imbalance. Gain and phase errors in the | and Q branches
can degrade the overall performance of a receiver, for example, reduction in image rejection in a heterodyne
architecture or intercarrier interference in a zero-1IF OFDM architecture. Multiple solutions have been devised in the
past decade to resolve the issue of 1/Q imbalance, but these solutions entailed the use of DSP. The objective of this
research is to reduce or mitigate the 1/Q imbalance without the use of DSP algorithms while minimizing power
consumption. Research will be done to investigate and develop a novel architecture modification or calibration
technique with quadrature mixers.

The development of IP blocks for RF SoCs continues to be a goal for commercial and military designers. The
availability of broadband quadrature mixers for 1/Q modulation and demodulation with minimal 1/Q mismatch can
provide a key block with the versatility to be inserted in multiple transceiver architectures implemented with various
modulation techniques. In particular, the availability of quadrature mixers fabricated using SoS is limited, and
development of such a device would lend itself to the growth of an IP library implemented in SoS.

PHASE I: Research existing I/Q modulator and demodulator implementations and techniques to reduce or mitigate
I/Q mismatch. Conceive a novel approach and design the top level system of the 1/Q modulator and demodulator.
The aim of the innovation is to reduce or mitigate I/Q mismatch while meeting targeted performance specifications
and area/power consumption constraints. Determine all architectural decisions keeping in mind its implementation
using an industry-utilized SoS process. The report will present the tradeoffs between the new approach and existing
technology. The schematic design will be completed, and simulations over process, temperature, and supply
variations should meet the provided specifications and accompanying requirements. Specifications include:

1/Q Demodulator

- Input Frequency Range: 0.1GHz to 3.0GHz

- 50 ohm AC-Coupled Single-Ended RF and LO Ports
- 1IP3: >20dBm

- 1IP2: >50dBm

- Input P1dB: > 12dBm

- 1/Q Gain Mismatch: +0.02dB

- 1/Q Phase Mismatch: +0.2°

- Output DC Offset: <10mV

- Noise Figure: <13dB

- LO to RF Leakage: <-60dBm

- RF to LO Isolation: <-60dBc

- RF Input Return Loss: > 15dB

- LO Input Return Loss: > 15dB

- Supply Voltage: 3.0V + 10%

- Current Consumption: 100mA

- Current Consumption (shutdown): < 1microA
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- Operating Temperature: -55°C to 125°C
- Area: 2.5mmz2

1/Q Modulator

- Input Frequency Range: 0.1GHz to 3.0GHz

- 50 ohm AC-Coupled Single-Ended RF and LO Ports
- OIP3: >20dBm

- OIP2: >50dBm

- Output P1dB: > 10dBm

- 1/Q Gain Mismatch: +0.02dB

- 1/Q Phase Mismatch: +0.2°

- LO Feedthrough: <-50dBm

- RF Output Return Loss: > 15dB

- LO Input Return Loss: > 15dB

- Supply Voltage: 3.0V + 10%

- Current Consumption: 100mA

- Current Consumption (shutdown): <1 microA
- Operating Temperature: -55°C to 125°C

- Area: 2.5mmz2

If any of the goals listed above cannot be met, the contractor will present relevant research and establish parameters
that are attainable. The system will include any peripheral blocks on chip including, but not limited to, baseband
filters, buffers/drivers, phase shifters/generators, bias circuitry, transformers/baluns, and ESD protection. The
contractor will report on all findings/procedures and provide all CAD generated files, for example, schematics and
simulation test benches.

PHASE II: Complete the layout of the design developed in Phase I. Re-verify the performance over process,
temperature, and supply variations including extracted parasitics with the final schematic and layout iteration. The
contractor will fabricate the design using a SoS fabrication line approved by the Government. The contractor will
develop a test board and test plan to characterize the prototypes. The contractor will test the prototypes and deliver
the parts, characterization results, all CAD generated files, and the test plan to the Government for further testing
and verification.

PHASE IlI: There may be opportunities for further development of these devices for use in a specific military or
commercial application. During a Phase Il program, the contractor will refine the performance of the design and
produce pre-production quantities for evaluation by the Government.

POTENTIAL DUAL USE APPLICATIONS: The I/Q modulator and demodulator will be applicable to both
commercial and military semiconductor device research and design. Military applications include integration on a
board level system or an RF SoC for use in future wireless designs or existing fielded communication systems and
sensors. Commercial functions include any wireless application such as cell phones or wireless networks.

REFERENCES:
1. B. Razavi, “Design considerations for direct-conversion receivers,” IEEE Trans. Circuits Syst. Il, vol. 44, pp. 428
— 435, Jun. 1997.

2. M. Valkama, M. Renfors, and V. Koivunen, “Advanced methods for I/Q imbalance compensation in
communication receivers,” IEEE Trans. on Signal Proc., vol. 49, pp. 2335 — 2344, Oct. 2001.

3. L. Anttila, M. Valkama, and M. Renfors, “Blind compensation of frequency-selective 1/Q imbalances in
quadrature radio receivers: circularity-based approach,” in Proc. IEEE Int. Conf. on Acoustics, Speech and Signal
Processing, vol. 3, pp. 111-245 — 111-248, Apr. 2007.

4. G. Gil, Y. Kim, and Y. Lee, “Non-data-aided approach to 1/Q mismatch compensation in low-if receivers,” in
IEEE Trans. on Signal Processing, vol. 55, pp. 3360 — 3365, Jul. 2007.
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KEYWORDS: RF Integrated Circuit, RF System-on-Chip, RF Component, Quadrature Mixer, 1/Q Mismatch,
Microelectronics, Silicon-on-Sapphire, Transmitter, Receiver, Transceiver
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