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. DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 2003
APPROPRIATION/BUDGET ACTIVITY R-11TEM NOMENCLATURE
RDT&E, Defense-wide Advanced Electronics Technology
BA3 Advanced Technology Devel opment PE 0603739E, R-1 #41
COST (In Millions) FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009
Total Program Element (PE) Cost 192.895 158.987 174.150 172.151 161.258 170.313 172.293 201.381
Uncooled Integrated Sensors MT-03 5.605 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Electronic Module Technology MT-04 31.403 21.487 17.028 17.972 18.102 26.872 30.749 30.719
Centers of Excellence MT-07 5.000 4,783 4,000 0.000 0.000 0.000 0.000 0.000
Advanced Lithography MT-10 33.321 34.053 24.606 24.520 0.000 0.000 0.000 0.000
MEMS and Integrated Micro-systems 40716 | 2573 | 26204 | 27462 | 30599 9.771 0.000 0.000
Technology MT-12
Mixed Technology Integration MT-15 76.850 72.928 102.312 102.197 112.557 133.670 141.544 170.662

V) Mission Description:

(U)  The Advanced Electronics Technology program element is budgeted in the Advanced Technology Development Budget Activity because
it seeks to design and demongtrate state-of -the-art manufacturing and process technologies for the production of various e ectronics and
microelectronic devices, sensor systems, actuators and gear drives that have military applications and potential commercid utility. Introduction of
advanced product design capability and flexible, scalable manufacturing techniques will enable the commercia sector to rapidly and cost-
effectively satisfy military requirements.

(U)  TheUncooled Integrated Sensors project addressed a long-standing Defense requirement for uncooled infrared sensor arrays for major
weapons systems that cannot accommodate costly cryogenic cooling packages. This program completedin FY 2002.

(U)  The Electronic Module Technology project is a broad initiative to decrease the cost and increase the performance of weapon systems
through the insertion of electronic modules. Electronic module technology addresses the design and fabrication of various types of digital, analog
and mixed signal modules consisting of electronic, electro-optical and micro-mechanical components. Included in this project is the
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Semiconductor Ultraviolet Optical Sources (SUVOS), the Photonic Analog/Digital A/D Conversion, Distributed Robotics and the Direct Energy
Conversion initiatives.

(U)  Advanced Lithography technology has enabled the dramatic growth of integrated circuit capability. Advances have led to improvements
in electronic and computing systems performance in terms of speed, power, weight and reliability. Further improvements require microcircuits
with smaller features to meet the operational speed, power, weight and volume constraints.

V) The Microelectromechanical Systems (MEMS) and Integrated Microsystems Technology project is a broad and cross-disciplinary
initiative to develop an enabling technology that merges computation and power generation with sensing and actuation to realize new systems for
both perceiving and controlling weapons systems, processes and battlefield environments. Using fabrication processes and materials similar to
those that are used to make microelectronic devices, MEM S conveys the advantages of miniaturization, multiple components and integrated
microel ectronics to the design and construction of integrated el ectromechanical and electro-chemical-mechanical systems. The microfluidic
molecular systems program will address issues centered around the devel opment of automated microsystems that integrate biochemical fluid
handling capahility along with electronics, opto-electronics and chip-based reaction and detection modules to perform tailored analysis sequences
for monitoring of environmental conditions, health hazards and physiologica states.

V) The goal of the Mixed Technology Integration project is to revolutionize the integration of mixed technologies at the
micrometer/nanometer scale. Thiswill produce low-cog, lightweight, low-power 3-D microsystems that improve battlefield awareness and the
operational performance of military platforms. This project will leverage industrial manufacturing infrastructure to produce mixed-technology
microsystems that will revolutionize the way warfighters see, hear, taste, smell, touch and control environments.

(U)  The Centers of Excellence project finances demonstration, training and deployment of advanced manufacturing technology at Marshall
University and the Defense Techlink Rural Technology program. This effort will complete during FY 2004.
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(V)

(V)

Program Change Summary: (In Millions) FY 2002

FY 2003 FY 2004 FY2005

Previous President’ s Budget 199.564

150.400 148.070 143.776

Current President’ s Budget 192.895 158.987 174.150 172.151

Total Adjustments -6.669 8587 26.080 28.375

Congressional program reductions 0.000 -8.013

Congressiond increases 0.000 16.600

Reprogrammings +3.331 0.000

SBIR/STTR transfer -10.000 0.000

Change Summary Explanation:

FY 2002 Decrease reflects SBIR transfer and below threshold reprogrammings.

FY 2003 Increase reflects Congressiona adds for advanced lithography programs, novel crystal growth, and
MEMS, offset by Congressional program and undistributed reductions.

FY 2004 — 2005 Increases reflect new initiatives in project MT-12 that apply cryogenic cooling to MEM S-based

components and utilize MEM S sensors to detect airborne particles. In addition, a number of ongoing
programs in project MT-15 have been expanded, particularly in the area of componentry for optica

networks and chip-scale wave division multiplexing.
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COST (In Millions) Fy 2002 | FY 2003 | FY 2004 | FY 2005 | FY 2006 | FY 2007 | FY 2008 | FY 2009

Electronic Module Technology MT-04 31.403 21.487 17.028 17.972 18.102 26.872 30.749 30.719

(8)) Mission Description:

(U)  The Electronic Module Technology Project is abroad initiative to substantially decrease the cost and increase the performance of weapon
systems through the timely insertion of state-of-the-art electronic modules. Electronic module technology addresses the design and fabrication of
various types of digital, analog and mixed signal modules consisting of electronic, electro-optical and micro-mechanical components. It includes
traditional approaches such as printed circuit boards, and emerging technologies such as high density Multichip Modules. The project has three
major objectives: (1) shorten the overal design, manufacture, test and insertion cycle for advanced electronic subsystems; (2) advance the state-of -
the-art in electronic interconnection and physical packaging technology to allow circuits to gperate close to their intrinsic maximum speed with
less overhead in terms of volume, weight and cost; and (3) provide a robust manufacturing infrastructure for electronic modules.

(8)) Program Accomplishments/Planned Programs.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Semiconductor Ultraviolet Optical Sources (SUVOS) 11.620 18.303 15551 10.004

(U)  The Semiconductor Ultraviolet Optical Sources (SUVOS) program will develop photonic wide band gap materials for optical emissionin
the ultraviolet for bio sensing, and covert communications applications. This program will develop high conductivity p-type (positive charge
carrier) material and highly efficiently active region material suitable for ultraviolet emission, and exploit these results to enable the devel opment
of heterojunction bipolar transistors (HBT). The program will demonstrate short-wavel ength semiconductor ultraviolet optical sources operating
at wavelengths as short as 280 nm. Compared to conventiona technologies, this program will achieve: 50x reduction of power requirements,
100x reduction of size and weight. This program will enable microsystems for biological agent detection, and covert non-line-of-sight (NLOS)
tactical communications.
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V) Program Plans:
- Demonstrate p-type (positive charge carrier) doping in high aluminum concentration nitride materials at concentrations sufficient for
minority carrier injection devices.
- Demongtrate minority carrier devices (e.g. light emitting diodes (LED), laser diodes, heterojunction bipolar transistors).
- Develop and demonstrate 340 nm laser diodes and LEDs.
- Develop and demonstrate <280 nm laser diodes and LEDs.
- Demongtrate prototype microsystems based on SUV OS devices.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Photonic A/D 11.733 2.000 0.000 0.000

(U)  The Photonic Analog/Digital (A/D) conversion program will utilize breakthrough photonic developments that substantially increase the
speed that analog signals are converted into digital data streams for data reduction and processing.

V) Program Plans:
- Completed photonic analog/digital converter technology development.
- Integrated photonic clock and sampler modules with electronic quantizers.
- Demonstrated high linearity and dynamic range.

Fy 2002 | FY 2003 | FY 2004 | FY 2005
Distributed Robotics 8.050 0.000 0.000 0.000

(U)  The Distributed Robotics program integrated developments in Microelectromechanical Systems (MEMS), power sources, communications
and advanced microelectronics to design, construct and field multiple, high-performance, mobile, autonomous systems. Design tools were
developed (concept exploration, analysis, optimization and verification) to alow thousands of analog, digital, optical, MEMS and microfluidic
devices to be integrated into “ systems-on-a-chip” and other highly integrated mixed technology systems.
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V) Program Plans:

- Completed current contracts on micro robot devel opments.

- Dédlivered prototype hardware and fina reports.

- Demongrated prototype robotic systems to operational military users.

FY 2002

FY 2003

FY 2004

FY 2005

Very High Speed Digital and Mixed Signal Microsystems

0.000

1184

1477

7.968

(U)  Thisinitiative addresses development of the key technologies that will accelerate the availability of extremely high performance circuits
that meet emerging DoD needs while also leveraging the pull from commercia applications. This program, in two thrusts, is developing robust
methods for attaining extreme precision and performance in mixed signal/analog signa processing with low power dissipation. This program is
developing technologies for integrating multiple compound semiconductors with silicon and silicon-based alloy materials, and new wafer-scale
approaches with deeply embedded circuit implementations that exploit large device counts to implement sophisticated chip-scale circuits for new

DoD applications.

(8)) Program Plans:

- Demonstrate bonding and interconnection of two different semiconductor circuit technologies.

- Make dynamic measurements of performance and power dissipation.
- Demondtrate digital correction circuits for nonlinear compensation of analog signals.

(8)) Other Program Funding Summary Cost:

Not Applicable.
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COST (In Millions) Fy 2002 | FY 2003 | FY 2004 | FY 2005 | FY 2006 | FY 2007 | FY 2008 | FY 2009
Centers of Excellence MT-07 5.000 4,783 4,000 0.000 0.000 0.000 0.000 0.000

(8)) Mission Description:

(U)  Thisproject provides funding for the Robert C. Byrd Ingtitute for Advanced Flexible Manufacturing at Marshall University. The Byrd
Ingtitute provides both a teaching factory and initiatives to local areaindustries to utilize computer-integrated manufacturing technol ogies and
manageria techniques to improve manufacturing productivity and competitiveness. Training includes technologies to significantly reduce unit
production and life cycle costs and to improve product quality. This project aso includes funding for the Defense Techlink Rural Technology
Transfer Project.

V) Program Accomplishments/Planned Programs:

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Advanced Flexible Manufacturing 4.000 3.808 4.000 0.000

V) Program Plan:
- Continue the assessment of the Ingtitute for Advanced Flexible Manufacturing's performance and transition from DoD to state/private
support.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Defense Techlink Rura Technology Transfer Project 1.000 0.975 0.000 0.000

V) Program Plan:
- Provide funding for the Defense Techlink Rural Technology Transfer Project.
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(V)

Other Program Funding Summary Cost:

Not Applicable.

UNCLASSIFIED

276


vmonteros
276


UNCLASSIFIED

- DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 2003
APPROPRIATION/BUDGET ACTIVITY R-11TEM NOMENCLATURE
RDT&E, Defense-wide Advanced Electronics Technology
BA3 Advanced Technology Devel opment PE 0603739E, Project MT-10
COST (In Millions) FY 2002 | FY 2003 | FY 2004 | FY 2005 | FY 2006 | FY 2007 | FY 2008 | FY 2009
Advanced Lithography MT-10 33.321 34.053 24.606 24.520 0.000 0.000 0.000 0.000

V) Mission Description:

V) Microelectronicsis a key to improved weapon system performance. Lithography technology has enabled the dramatic growth in
microelectronics capability over the past three decades. The improved capabilities in semiconductor technology have contributed to significant
system gainsin speed, reliability, cost, power consumption and weight. Advanced microelectronics technology has been essential for computing
and signal processing in virtualy al military systems including command, control, communications and intelligence; electronic warfare; and beam
forming for radar and sonar. Further improvements in areas such as target recognition, autonomous guided missiles and digital battlefield
applications require microcircuits with smaller features to meet the operational speed, power, weight and volume constraints of these systems.
Current microelectronics fabrication utilizes feature sizes of 0.18 microns. The Advanced Lithography program has emphasized longer-term
research with expected high payoff in the fabrication of semiconductor devices with 0.05 or less micron feature sizes. These effortswill develop
technology for sub 0.05 micron features.

V) Program Accomplishments/Planned Programs:

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Advanced Lithography 21.221 23.517 24.606 24.520

V) The god of the Advanced Lithography program is to reduce technical barriers to the development of advanced lithographic technologies
for the fabrication of a broad range of microelectronic devices and structures. Innovative research in pattern generation and transfer, imaging
materias, new process and metrology will provide alternatives beyond current evolutionary trends. Maskless approaches will address the low
volume needs of military systems. The program will investigate technologies for the areation of highly complex patterns at sub 0.05 mm resolution
over field areas in excess of 1000 mn’. Applications with larger geometries will be explored for innovative devices and structures beyond
microelectronics, including photonics and bio-arrays.
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(9)] Program Plans:

- Develop thinner resists appropriate for emerging exposure sources.

- Develop mask technology (writing, inspection and repair), resists and metrology for lithography for 0.05 micron and below.

- Exploit advances from longer term developments in direct write-on-wafer projects.
- Develop sub systems for maskless and imprint lithography systems.

- Develop maskless lithography tool for sub 50 nm.

- Develop data handling (terabits/sec) for maskless lithography.
- Develop support technologies (masks, resist, and inspection) for projection lithography.
- Develop support technology (template, inspection, and repair) for imprint lithography.

Fy 2002 | FY 2003 | FY 2004 | FY 2005
Laser Plasma X-Ray Source 4.300 2.536 0.000 0.000
V) Program Plans:
- Continue laser plasma x-ray source technology.
Fy 2002 | FY 2003 | FY 2004 | FY 2005
Advanced Lithography Demonstration 4.300 3.903 0.000 0.000

V) Program Plans:

- Continue point source lithography development.
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Fy 2002 | FY 2003 | FY 2004 | FY 2005

Advanced Lithography X-Ray Thin Film Development 3.500

4.097 0.000 0.000

V) Program Plans:
- Continue X-Ray mask lithography thin film devel opmert.

V) Other Program Funding Summary Cost:

Not Applicable.
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COST (In Millions) Fy 2002 | FY 2003 | FY 2004 | FY 2005 | FY 2006 | FY 2007 | FY 2008 | FY 2009
MEMS and Integrated Micro-systems 0716 | 2573 | 26204 | 27462 | 30599 9.771 0.000 0.000
Technology MT-12

(8)) Mission Description:

(U)  The Microelectromechanica Systems (MEMS) program is a broad, cross-disciplinary initiative to develop an enabling technology that
merges computation and power generation with sensing and actuation to realize a new technology for both perceiving and controlling wespons
systems and battlefield environments. Using fabrication processes and materials similar to those that are used to make microel ectronic devices,
MEMS provides the advantages of miniaturization, multiple components and integrated microel ectronics to the design and construction of
integrated el ectromechanical and e ectro-chemical- mechanical systems. The MEMS program addresses issues ranging from the scaling of devices
and physical forces to new organization and control strategies for distributed, high-density arrays of sensor and actuator elements. These issues
include microscale power and actuation systems as well as microscale components that survive harsh environments. The microfluidic molecular
systems program will develop automated microsystems that integrate biochemical fluid handling capability along with electronics, optoelectronics
and chip-based reaction and detection modules to perform tailored analysis sequences to monitor environmental conditions, health hazards and
physiological states.

V) Program Accomplishments/Planned Programs.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

MEMS Micro Power Generation 17.883 6.164 6.142 0.000

(U)  The MEMS program has three principal objectives: the realization of advanced devices and systems concepts; the development and
insertion of MEMS into DoD systems; and the creation of support and access technologies to catalyze a MEMS technology infrastructure. These
three objectives cut across a number of focus application areas to create revolutionary military capabilities, make high-end functionality affordable
to low-end systems and extend the operationa performance and lifetimes of existing weapons platforms. The major technical focus areas for the
MEMS program are: 1) inertial measurement; 2) fluid sensing and control; 3) electromagnetic and optical beam steering; 4) mass data storage;
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5) chemical reactions on chip; 6) electromechanical signa processing; 7) active structura control; 8) anaytical instruments; and 9) distributed
networks of sensors and actuators.

(8)) Compact portable power sources capable of generating power in the range of a few hundred milliwatts to one watt are critical to providing
power for untethered sensors and other chip-scale microsystems. This program aims to replace today's technologies relying on primary and
rechargeable batteries, which severely limit mission endurance and capabilities, by extending microelectronic machine technology to develop
micro-power generators based on mechanical actuation and thermal-el ectric power generation. Operating with traditional fuels, these micropower
generators will be capable of generating sustained power in the desired range for use with remote, field-deployed microsensors and microactuators.

V) Finaly, the program will explore innovative micro-scale, integratable power sources to provide high density energy sources.

(9)] Program Plans:
- Demongtrate capahilitiesin fuel processing, energy conversion to electricity, thermal and exhaust management.
- Demonstrate MEMS micro heat engines utilizing micropower sources.
- Demondtrate integration of various power-generation components with microsensors and microactuators.
- Demonstrate stand alone, remotely distributed microsensors and actuators with built-in power supply and wireless communication.
- Establish design paradigm-shifts that occur when implementing novel power sources at the micro-scale usng MEM S technol ogy.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Bio-Fluidic Chips (BioFlips) 14.114 12.858 0.000 0.000

(U)  TheBio-Fluidic Chips program is funding development of totally integrated microfluidic chips to enable ubiquitous yet unobtrusive
assessment of the warfighter’s body fluids. These microchips integrate detection, diagnostics and treatment in one chip-scale system.

V) Program Plans:
- Demondtrate optimization of sub-systems and components for integration into prototype systems. Sub-systemsinclude: 1) on-chip
sample preparation and processing (on-chip flow/concentration regulators, biosignal amplification, on-chip pressure sources, on chip
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Separation/mixing, reagents storage/reconstitution); 2) sample collection (body fluid extractors, concentrators); and 3) antidote
synthesis (genetic and antibodies) subsystems.

- ldentify partnersin the DoD and other federal agencies for testing prototype systems.

- Perform preliminary testing of prototype systems for re-evaluation of sub-system functionality.

- Modify sub-systems based on preliminary testing of prototype systems.

- Findizetesting of prototype systems to optimize integrated performance.

- Demongtrate prototype BioFlip systemsin field insertions.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Harsh Environment Micromechanical Devices (Chip Scale MEMS Micro-Cooler) 0.000 3.730 5.000 10.000

(U)  TheHarsh Environment Micromechanical Devices (HEMD) Program aims to demonstrate micromechanical devices that can operate
under harsh conditions—e.g., under large temperature excursions, large power throughputs, high g-forces, corrosive substances, etc—while
maintaining unprecedented performance, stability, and lifetime. Although HEMD redlizations of micromechanical RF switches are of particular
interest, where sizable power throughputs and impacting operation constitute harsh operational environments, implementations for vibrating
resonator reference tanks, gyroscopes, and accel erometers are aso of interest. Among the HEMD implementation approaches deemed likely to
succeed are two of most interest: (1) wafer-level encapsulation or packaging strategies based on MEMS technology that isolate a micromechanical
device from its surroundings while maintaining a desired environment via passive or active control; or (2) material and design engineering
strategies that render a micromechanical device impervious to its environment, with or without a package (if possible). A key approach in this
program that should allow orders of magnitude power savings is to selectively control only the needed micro-scale environment or volume via
MEM S-enabled isolation technologies. The success of this program should enable a myriad of strategic capabilities, including lower cost, more
complex phased array antennas for radar applications; tiny frequency references with long- and short-term stabilities that greatly extend the
portability of ultra-secure communications; and micro-scale inertial measurement units with bias stabilities approaching navigation-grade.

V) Program Plans:
- Edablish the feasibility of encapsulating micromechanical devices under low-cost, wafer-level packages with minimal out-gassing or
leaking and with minimal impact on device performance.
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- Demonstrate engineered materials and/or surface treatments that render a micromechanical device impervious to its surroundings or
operating enviranment.

- Demondtrate essentia elements (e.g., thermistors, heaters, getters, etc.) needed for low power control of the operating environment
surrounding a micromechanical device.

- Demongrate micromechanical devices (e.g., RF switches, vibrating resonators, etc.) fully integrated together with environment
isolating measures (including circuits, if any) that maintain unprecedented performance, stability, and reliability, even under harsh
environments.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Chip-Scde Gas Anadyzers (MEMS Based Airborne Particle Detection) 0.000 0.000 5.000 10.000

V) The Chip-Scale Gas Analyzer Program intends to utilize the latest MEM S technologies to implement separation-based anayzers (e.g., gas
chromatographs, mass spectrometers, poly-chromator - like devices) at the micro-scale to greatly enhance the selectivity of sensors to specific
species, and thus, enable extremely reliable, remote detection of chemical/biologica agents. The use of MEMS technology should also increase
analysis speed and make possible the operation of such complex analyzer systems at extremely low power levels—perhaps low enough for
operation as autonomous, wireless sensors. The many chalenges in this program include the exploration and redlization of micro-scale
preconcentrator approaches, stacked gas columns, multiple sensor arrays, ionizers, vacuum pumps, and vacuum packaging. The success of this
program will yield sensors substantially more selective than conventional sensors, again, making them particularly suitable for detection and
identification of airborne toxins.

V) Program Plans:
- Establish design trade-offs in (column) length vs. species separation efficiency for micro-scale gas chromatographs, mass
spectrometers, resonator-based separation mechanisms, etc.
- Demonstrate MEM S-enabled, micro-scale preconcentrators and explore the degree to which they enhance separation efficiency and
species detectability.
- Demonstrate MEM S-enabled, micro-scale separation columns, ionizers, electromagnetic field generators, vacuum pumps, gas sensor
arrays, calibration sources, al needed for separation-based analyzers.
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- Demonstrate advanced methods for making micromechanical sensor e ements species sensitive (e.g., combinations of absorption
spectroscopy and resonators coated with species-and-light sengitive films).

- Implement fully functional, MEM S-enabled gas separation analyzers with power consumptions small enough for autonomous, remote
operation and with control electronics integrated directly.

Fy 2002 | FY 2003 | FY 2004 | FY 2005
MEMS Exchange 0.000 0.000 3.868 5.305

(U)  Thisprogram seeks to provide flexible access to complex Microelectromechanical Systems (MEMYS) fabrication technology in awide
variety of materials and to a broad multi-disciplinary user base viathe MEMS Exchange service. A mgjor goal of the effort is to ensure self -
sustained operation of MEM S Exchange after the end of the program by adding severa process modules to the existing repertoire and increasing
the number of processes run per year so as to raise revenues to the point of self-sufficiency. Among the future payoffs of this program is the
establishment of an accessible infrastructure for low or medium volume production of MEM S-enabled products for DoD applications.

V) Program Plans:
- Demondtrate online software capable of error checking and optimizing process flows input by users so as to reduce the turn-around
time per run and increase success rate.
- Insert aMEMS process module into the MEM S Exchange repertoire and make it available for use.
- Double the number of runs processed per year, achieving 300 runs per year.
- Provide amodular merging process that combines modules together with transistor integrated circuits.
- Insert MEMS technology into three DoD applications using MEM S Exchange as the fabrication vehicle.
- Achieve aprocess run rate of 500 runs per year.
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Fy 2002 | FY 2003 | FY 2004 | FY 2005
RFMEMS 3.519 0.000 0.000 0.000

V) RF MEMS switches in the X, Ka, and Ku band hold great promise for DoD radar applications due to their inherent small size, light
weight, low power consumption and low loss. The RF MEMS Improvement program will extend lifetimes, develop inexpensive packaging
techniques, and enhance RF performance of RF MEM S switches to allow use in devices such as phase shifters, reconfigurable apertures, and
tunable filters. RFMEMS isfunded in PE 0603762E, Project SGT-03 in FY 2003 and out.

(9)] Program Plans:
- Develop mechanical and electrica models to reduce design iteration time and enable performance increases.
- Fabricate and andyze test structures to fully understand and predict failure mechanisms for RF MEMS.
- Conduct fabrication of benchmark devices.
- Establish micro-scale mechanical techniques for neutron absorption and control by introducing new materials to the suite of
micromachinable ones (e.g., boron).
- Use MEMS technology to demonstrate micro-scale initiators, neutron absorbers, and fuel separation chambers.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

MEMS Mechanical Computation and Data Storage 0.000 0.000 6.1%4 2.157

(U)  The Micromechanical Computation and Data Storage Program aims to harness the low loss and low thermodynamic noise floor inherent in
mechanical structuresto (1) attain computational and signa processing circuits with unprecedented robustness and record low power consumption;
and (2) to redlize archival data storage devices with better than 1000Gb/in’ densities. The key to attaining such performance is the recognition that
mechanical structures are circuit elementsin their own right, each with the capability to filter signals via their resonance properties, switch signas
viamechanical actuation, and distort/shape/amplify signals via their nonlinearities, al at bandwidths rivaling those of transistors when
implemented on the nano-mechanical scae. When connected into larger circuit networks, such mechanical e ements can then be structured to
perform increasingly complex functions, including filtering, mixing, amplification, and A/D or D/A conversion, al with dynamic ranges and
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power usages potentialy better than exhibited by transistor-based counterparts. For data storage, the key approach in this program that alowsit to
bresk the 100Gb/in® thermodynamic barrier presently constraining conventional magnetic storage approaches is the use of MEMS technology to
store, access, and erase data as tiny pits, phase changes, or even molecular changes(e.g., in aDNA chain). One possible rendition might use a
MEMS based probe to manipulate the bits. A successful program in micromechanical computation and data storage would not only make single-
chip (electrical or mechanical) computers possible, but would also enable circuits that can be powered by means other than electrical energy

(e.g. direct chemical energy is possible), and that are practically immune to Electro-Magnetic Interface (EMI) and robust against radiation.

V) Program Plans:

- Demonstrate mechanical circuit elements capable of manipulating a set of signal types (e.g., mechanica, electrical, acoustic) in
various domains (e.g., frequency, time).

- Establish the feasibility of writing, reading, and erasing data using aternative storage mechanisms with higher thermodynamic density
limits (> 1000Gb/in’); (e.g., structural change-based (pits), phase change-based, DNA -chain-change based).

- Demonstrate methods for improving the data rate of data storage devices based upon the above techniques (e.g., by usng MEMS-
enabled massively parallel construction) while maintaining high read/write reliability.

- Design and demonstrate mechanical circuit networks capable of performing needed computational or signal processing functions
(e.g., addition, multiplication, mixing, amplification, A/D conversion) with extremely low power consumption, and with immunity to
EMI or radiation interference.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

MEMS Micro-Actuator Technology 0.000 1.423 0.000 0.000

V) Program Plans:
- Initiate novel design concepts of MEMS Micro-Actuators.
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Fy 2002 | FY 2003 | FY 2004 | FY 2005

MEMS Deep Silicon Etching Technology 5.200

1.561 0.000 0.000

V) Program Plans:
- Continue MEMS Deep Etching program in conjunction with Army Research Laboratory.

V) Other Program Funding Summary Cost:

Not Applicable.
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COST (In Millions) FY 2002 | FY 2003 | FY 2004 | FY 2005 | FY 2006 | FY 2007 | FY 2008 | FY 2009
Mixed Technology Integration MT-15 76.850 72.928 102.312 102.197 112557 | 133.670 141.544 170.662

V) Mission Description:

(U)  Thegoal of the MixedTechnology Integration project is to leverage advanced microel ectronics manufacturing infrastructure and DARPA
component technologies developed in other projects to produce mixed-technology microsystems that will revolutionize the way individuals see,
hear, taste, smell, touch and control their environment at adistance. These ‘wristwatch size', low-cost, lightweight and low power microsystems
will improve the battlefield awareness and security of the warfighter and the operationa performance of military platforms. At the present time,
systems are fabricated by assembling a number of mixed-technology components. Microelectromechanica Systems (MEMS), microphotonics,
microfluidics and millimeterwave/microwave. Each technology usualy requires a different level of integration, occupies a separate silicon chip
and requires off-chip wiring, fastening and packaging to form amodule. The chip assembly and packaging processes produce a high cost, high
power, large volume and lower performance system. This program is focused on the monolithic integration of mixed technologies to form batch-
fabricated, mixed technology microsystems ‘on-a-single-chip’ or an integrated and interconnected * stack-of -chips'.

(U)  Thefield of microelectronics incorporates micrometer/nanometer scale integration and is the most highly integrated, low-cost and high-
impact technology to date. Microelectronics technology has produced the microcomputer-chip that enabled or supported the revolutions in
computers, networking and communication. This program extends the microel ectronics paradigm to include the integration of heterogeneous or
mixed technologies. This new paradigm will create a new class of ‘ matchbook-size', highly integrated device and microsystem architectures.
Examples of component-microsystems include low-power, small-volume, lightweight, microsensors, microrobots and microcommunication
systems that will improve and expand the performance of the warfighter, military platforms, munitions and UAVs.

(U)  The program includes the integration of mixed materials on generic substrates including glass, polymers and silicon. The program is
design and process intensive, using ‘standard’ processes and developing new semiconductor-like processes and technologies that support the
integration of mixed-technologies at the micrometer/nanometer scale. The program includes the development of micrometer/nanometer scale
isolation, contacts, interconnects and ‘ multiple-chip-scale’ packaging for e ectronic, mechanical, fluidic, photonic and rf/mmwave/microwave
technologies. For example, a mixed-technology microsystem using integrated microfluidics, MEMS, microphotonics, microelectronics and
microwave components could provide a highly integrated, portable analytical instrument to monitor the battlefield environment, the physica
condition of awarfighter, the identity of warfighters (friend or foe) or the combat readiness of equipment. The ability to integrate mixed
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technologies onto a single substrate will drive down the size, weight, volume and cost of weapon systems while increasing their performance and

reliability.

V) Program Accomplishments/Planned Programs.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Steered Agile Laser Beams (STAB) 12.517 12.347 0.000 0.000

(U)  The Steered Agile Laser Beams (STAB) program is developing small, lightweight laser beam scanning technologies for the replacement
of large, heavy gimbaed mirror systems. New solid state/micro-component technologies such as optical MEMSs, patterned liquid crystals and
diffractive micro-optics will be used to build small, ultra-light, rapidly steered laser beam sub-systems.

V) Program Plans:

Analyze system concepts that will be used to develop design goals for assembled components.

Fabricate individual laser beam steering components (lasers, diffractive optics, MEM S sub-assemblies, detectors, filters and integrated
circuits).

Resolve component interface issues in preparation for breadboard devel opment.

Evauate competing laser beam steering component technologies; downsdect to the most promising approaches.

Complete prototype design studies.

Assemble and test components suitable for use in prototype demonstration and evaluation.

Assess performance characteristics of the prototypes and make recommendations for future devel opment.
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FY 2002

FY 2003

FY 2004

FY 2005

RF Lightwave Integrated Circuits (RFLICS)

10.100

7.674

4.769

0.000

(U)  The Radio Frequency (RF) Lightwave Integrated Circuits (RFLICS) program is demonstrating enhanced performance capabilities of RF
systems enabled by integration of lightwave and RF technologies to route, control, and process analog RF signasin the 0.5 — 50 Ghz range.

(V) Program Plans:

- Determine the quantitative performance requirements of computationally intensive weapons systems tasks such as RF
channnelization, local oscillator distribution, antenna beam forming, jammer nulling, and signal synthesis and frequency conversion.

- Useresults of earlier RF photonics single chip development efforts to establish goals for RF photonic component fabrication.

- Integrate recently developed emitters, waveguides, detectors and integrated circuits to produce RF photonic component prototypes.
- Complete the design and fabrication of RF photonic prototypes.
- Construct testbeds capable of producing realistic systems demands for the demonstration and evaluation of RF lightwave integrated

circuit components and assemblies.

- Measure and analyze the operational impact of the photonic domain for advanced RF signa transmission, conditioning and

processing.

FY 2002

FY 2003

FY 2004

FY 2005

Nano Mechanical Array Signal Processor (NMASP)

10.087

17.301

16.514

0.000

(U)  TheNano Mechanical Array Signal Processors (NMASP) will create arrays of precision; nano mechanical structures for radio frequency
(RF) signal processing that will greatly reduce the size and power consumption of various communication systems.

V) Program Plans:

- Demongtrate fabrication techniques to control surface morphology, geometry, and material properties at the sub-micron scale.

- Demondtrate temperature stability and electrical tenability of individua nano resonators suitable for UHF communication.
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Initiate development of nano mechanica array signa processors that will enable ultra miniaturized (wristwatch or hearing aid in Size)
and ultralow power UHF communicators/GPS receivers.

Demongtrate severa aternatives to achieve uniform arrays of up to 1024 nano resonators with geometrical control and materia
uniformity at +20%, and to +1% with trimming and tuning.

Demonstrate interconnection and isolation (multiplexed, serial, or random access) of individual resonators.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Digital Control of Analog Circuits RF Front Ends 6.827 15517 16.732 17.712

V) Digital Control of Analog Circuits will demonstrate analog/RF € ectronic components with the ability to self-assess and adapt in real time
(sub microseconds), by sdlf-tuning its impedance-matched networks, extending the operational performance of analog components to the intrinsic
semiconductor device limits. This technology will result in a new generation of analog, microwave and millimeter wave components with >150X
improvements in power-bandwidth, linearity-efficiency products.

V) Program Plans:

Demonstrate real-time active salf-assessment and monitoring of RF/analog functions using nano-CMOS digital and mixed-signal
technologies to achieve stability, signal agility, and multif unctiondlity.

Design processes to fabricate arrays of molecular flow control devices including interconnect microfluidics and electronics.
Develop techniques and algorithms to monitor active device status.

Demonstrate MEM s tunable device optimization (<1 microsecond, 10:1 tuning ratio).

Fabricate tunable MEMSs control Integrated Circuits (ICS).

Fabricate self -assessment control Integrated Circuits (1CS).

Demonstrate device and algorithm concepts for intelligent self-assessment of analog functions.

Demonstrate device concepts for 10° microsecond actuation time of impedance matched networks.

Complete design concept for adaptable RF components.

Demonstrate concept of digital assessment of analog device.

Demonstrate reconfigurable network concept for 10> microsecond actuation time of impedance matched networks.
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Validate concept of adaptable RF components by demonstrate digital control of analog circuits.
I dentify component requirements.
Initiate Phase |11 — component demonstration.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Chip Scale Wavelength Division Multiplexing (WDM) 9.965 18430 18.763 14.769

(U)  Thegod of the Chip Scae Wavelength Division Multiplexing (WDM) program is to develop new materials, components and sub-systems
for use in wavelength division multiplexing based optical communications, delivering high capacity, mission adaptable networks for use in data
intensive military weapons systems.

V) Program Plans:

Conduct modeling, smulation and analysis of artificial dielectrics and new materias for ultra-compact Wavelength Division
Multiplexing (WDM) components.

Conduct experimenta efforts in the growth and fabrication of these new materials and determine suitable processing procedures.
Plan construction of WDM components.

Design, fabricate and test novel WDM components using the new materials and processing technology.

Determine fiberoptic and planar waveguide interconnection requirements.

Evduate the suitability of the new components for use in prototype modules.

Down-sdlect to the most promising approaches and begin prototype module assembly.

Construct testbeds capable of fully measuring and characterizing the new technologies implemented in the chip-scale WDM
components.

Evaluate the performance characteristics of the prototype modules and determine the highest payoff dual use development paths.
Evaluate and demonstrate network with device testing.
Demongtrate network with completed modules.
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Optical Code Division Multiple Access (CDMA)

0.000

0.000

1677

12.767

V) Optica CDMA represents a paradigm shift from the current WDM/TDM optical networks. Instead of assigning awavelength and atime
dot to a user, O-CDMA assigns acode to auser. The goa of this program is to demonstrate technology for an advanced O-CDMA
communications system. Such a system potentially offers the benefit of multi-level security, low probability of interception, detection and

jamming, decentralized network, and higher spectral efficiency.

V) Program Plans:

- Demongtrate 10 simultaneous users at 10 Gb/s per user with alow bit error rate.
- Demonstrate scalability to 100 simultaneous users and cardinality of 1000.

- Demongrate spectral efficiency scalableto 1 bit/s-Hz.

FY 2002

FY 2003

FY 2004

FY 2005

Robust Sensors

0.000

0.000

4.000

6.000

(U)  The operation of sensorsin harsh environments requires materials with superior mechanical and chemical properties. Silicon Carbide
(SIC), Galium Nitride (GaN), and diamond, initially developed for their attractive electrical properties, also have extremely high coefficients of
hardness and are largely chemically inert. Recent advancesin the deposition of SIC, GaN, and diamond along with techniques to pattern these

materials, have opened an opportunity to develop anew class of sensors taking advance of these materials unique properties. Of particular interest

is the large piezoelectric coefficient of some of this material, notably GaN that can be exploited to produce very sensitive strain sensors. The
program will make use of MEMs techniques developed in S-technology, and other materials, to develop a new class of robust sensors based on

SiC, GaN, and diamond.
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V) Program Plans:

- Perform concept study to identify sensor concepts enabled by unique materias properties of wide bandgap semiconductors or other

emerging materials.

- ldentify key technical challenges and quantify impact of potential platforms.

- ldentify compelling applications and opportunities for integration with electronics.
- Optimize material growth and processes for specified sensors.

- Develop micromachining techniques for wide bandgap semiconductors.

- Demongtrate low power enhancement/depl etion mode wide bandgap transistors for robust analog sense and control circuits.

FY 2002

FY 2003

FY 2004

FY 2005

Radiation Resistant Mixed Signal Electronics

0.000

0.000

5.609

8.922

(U)  Thisprogram will develop, characterize, and demonstrate the mixed-signal Rad-by Design solution with assured access to commercial

foundry for low volume applications.

(8)) Program Plans:

- Determine intrinsic hardness for pre-radiation hardness.

- Testasrequired.

- Design standard foundry flexible process evaluation chip(s) (PEC's).

- Fabricate and test PEC(S).
- ldentify failure mechanisms.
- Refine radiation hardness.
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FY 2003

FY 2004

FY 2005

Intelligent Optical Networks

0.000

0.000

5.000

7.922

V) Currently optical networks use photonics to transport data and el ectronics to process data. However, as the underlying bit rates of the
optical networks are pushed beyond 40 giga-bits per second, there will be significant processing bottlenecks in these networks and these

bottlenecks will severely limit the military’s ability to rapidly transport time critical information. A potential solution to this problem isto develop

photonic technology so optics can take over higher order network processing functions. This program will develop and demonstrate four key

photonic technol ogies to meet these challenges: al-optical routing, all-optical data buffering (controllable and eventually random access,), optical
logic and circuits, and all-optical (multi-wavelength) regenerators. These photonic technologies will lead to intelligent all-optical networks. The
program will have two major areas of interest: The first will focus on developing new photonic technology that is essential if photonicsisto play

asignificant role in higher order processing in optical networks. The second area will focus on developing novel architecture that will fully
exploit the new photonic technology to bring new and increased functionalities to the optical networks.

(V) Program Plans:
- Develop alimited (4x4 or 8x8) optical packet switch.
- Develop means for address processing.
- Develop multi-wavelength optical regenerators.
- Develop flexible, room temperature optical buffers.
- Develop synchronization techniques for short pulses.
- Develop controllable picoseconds optical time delay.

FY 2002

FY 2003

FY 2004

FY 2005

Large Area Multifunction Distributed Electronics

0.000

0.000

6.000

9.922

(U)  Thisprogram will develop large area multifunctional actuation and sensing systems using novel combinations of active and passive
electronics and flexible, conformable, non-traditional materials and techniques. It will develop basic technologies and techniques for component
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attachment, electrical interconnections, multilayer routing and utilize existing novel materials and designs for actuation and sensing such as
electroactive polymers to achieve active porosity and fibers for acoustic response. This program will demonstrate prototype systems that achieve
order of magnitude improvements in performance and/or cost. Examples of applications include: control surfaces for an autonomous precision
guided parafoil and controlled air boundary layers for reduction in drag for underwater vehicles; beam steered acoustic arrays with large aperatures
to achieve order of magnitude improvements in angle of coverage and signa to noise ratios; early warning threat detection and localization using a
large areainflatable structure with woven antennas and el ectronics for high bandwidth communications, and aircraft or UAV wing skins for
chem/bio monitoring.

V) Program Plans:
- Develop enhanced transistors compatible with low cost, large area fabrication.
- Develop methods to print active circuits on large area and flexible circuits.
- Develop techniques to wirelessly communicate between circuit blocks over a distributed e ectronics surface.
- Develop nove circuit/microarchitectures to enhance system performance for demanding eectronic applications.
- Demonstrate examples of large area and/or flexible substrate distributed electronics to address difficult problems in sensor networks,
physical security systems, or radar beam forming/steering.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Submillimeter Wave Imaging Technology 0.000 0.000 5.000 8.923

(U)  Thegoa of the Submillimeter Wave Imaging Technology program is to develop new radiation sources and receiver arrays that can be
used in the millimeter wave/IR region for concealed weapon detection and for seeing through fog and smoke on the battlefield. Receiver arraysto
be developed will include antenna structures as well as other approaches to directly measure the EM field to be sensed.

(8)) Program Plans:
- Fabricate microantennas with both metal-insulator-metal structures and bolometers for sensing antenna current.
- Develop InP and other sources for pulsed incoherent millimeter wave illumination.
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Achieve a specific detectivity of 10 exp +7 for metal-insulator-metal current sensing elements and a three-fold improvement in
antenna coupling efficiency.

Achieve five-watt pulses at 100ppsec at 94 GHz from an InP source.

Produce 10-100 receiver array devices.

Achieve an array senditivity of one half degree Kelvin, more than sufficient for concealed weapon detection.

Demonstrate seeing through afog that has an optical density of 25.

Achieve production yields of 30%.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

UltraWide Band Array Antenna 0.000 0.000 9.248 10.260

(V)

The UltraWide Band Array Antenna effort will develop array antenna and beamforming technology to support steering from ten to one

hundred independent beams with instantaneous bandwidths in excess of 100:1 from an array antenna. Frequency ranges of interest are: 20 MHz to
3 GHz, 100 MHz to 20 GHz and 500 MHz to 50 GHz.

(V)

Program Plans:

Initiate component design and simulation - radiating e ement, low noise amplifier, beamformer.

Extend initial designs to support 100: 1 instantaneous bandwidth.

V alidate performance by simulation, begin component fab.

Complete component fabrication, verify component performance, and demonstrate beamformer approach for 10 elements.
Complete prototype integration and test - prove multi- octave, multi-beam performance.
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Fy 2002 | FY 2003 | FY 2004 | FY 2005

Flexible Nanocomposite Organic Photovoltaic Cells 0.000 0.000 3.000 5.000

(U)  Thegod of the Flexible Nanocomposite Organic Photovoltaic (PV) Cellsisto efficiently convert solar energy to electricity utilizing
nanocomposite materials on flexible, lightweight substrates. Operational impact would be 200x increase in power/weight, longer operating time
before resupply, increased sustainability, and greater mobility.

V) Program Plans:

Deliver 2 cm2 PV cell with increased efficiency from < 3% to 20%.
Use plastic or fabric substrates in transparent electrode and heterojunction stability.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

Multi-Function Imaging Microsystems 4,996 0.000 0.000 0.000

(U)  The objective of the Multi-function Imaging Micro-systems program was to develop and demonstrate a new class of uncooled low power,
light weight sensors, with an integral intelligent imaging capability, including target discrimination, multi-spectral band imaging, sensor radiation
shielding and on-chip signal processing.

(V) Program Plans:

Demonstrated 320 x 240 photon detector array integrated with a microbolometer array.

Demonstrated 320 x 240 imaging with solid state radiation shield temperature reduction of 20 K.

Demonstrated mid wave room temperature array 320 x 240 with sengitivity suitable for imaging.

Demonstrated mid and long wave detection in uncooled array test structures, pixd size of 35 microns, and sensitivity 30 mk (Long-
WavelR) and 60 mk (Mid-WavelR).
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Fy 2002 | FY 2003 | FY 2004 | FY 2005

Anti-Tamper (AT) 7.260 0.000 0.000 0.000

(U)  Thegod of the Anti-Tamper (AT) initiative is to protect selected critical technologiesin U.S. weapons systems that may be devel oped
with or sold to foreign governments or that could possibly fal into enemy hands. Specifically, AT isintended to prevent technology transfer,
ateration of system capability, and development of countermeasures due to weapon system co-development, sales, or potential loss on the
battlefield. An AT technology base will develop complimentary AT techniques with broad applicability across the range of DoD critical
technologies. Areas of AT technology interest include software, digital electronics, materials, and systems operating across the el ectromagnetic
spectrum. The Air force, as executive agent for Anti-Tamper, assumed funding responsibility in FY 2003 and subsequent years.

(8)) Program Plans:
- Facilitated information exchanges throughout the Services, DoD Agencies and Labs and industry to preclude development of
duplicative technologies.
- Developed an interactive AT databank and library.
- Developed atechnology roadmap required to prioritize the overall technological research and devel opment effort.
- Developed AT technology throughout the Radio/Frequency/Gallium Arsenide and Digital Gallium Arsenide domains.

Fy 2002 | FY 2003 | FY 2004 | FY 2005

3-D Imaging Devices 9.098 0.000 0.000 0.000

(U)  The3-Dimensiona Imaging Devices program developed new high speed imaging devices and array technology which rapidly acquired
high resolution (less than 6 inches in range) three dimensional images of tactical targets at ranges of 7 to 10 kilometers, which increased
identification range of tactical targets, especially from fast moving platforms.

V) Program Plans:
- Demondtrated range imaging at the eye-safe wavelength of 1.54 micrometers, with aminimum array size of 64x64. The god is target
identification range of 10 km with single laser pulse imaging.
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- Demonstrated 480 x 640 array with 20 mk sensitivity.
- Investigated polarization structures, with uncooled arrays.
- Integrated photon and thermal detectors on the same chip, with dual mode read-out.

FY 2002

FY 2003

FY 2004

FY 2005

Novel Crysta Components for Imaging and Communications 6.000

1.659

0.000

0.000

(8)) Program Plans:
- Continue the development of novel crystal components.

V) Other Program Funding Summary Cost:

Not Applicable.
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