UNCLASSI FI ED

FY 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: Feb 2006
Exhibit R-2

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602271N
PROGRAM ELEMENT TI TLE: RF SYSTEMS APPLI ED RESEARCH

COST: (Dollars in Thousands)

Project FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011
Nunber Act ual Esti mat e Esti mat e Esti mat e Esti mat e Esti mat e Esti mat e
& Title

RF SYSTEMS APPLI ED RESEARCH
60, 316 64, 642 42,619 33,378 44,907 45, 199 45, 583

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  The Radi o Frequency (RF) Systens Applied Research
Program addr esses technol ogy deficiencies associated with Naval platformneeds for new capabilities in RF
Surveillance, RF Electronic Warfare, Navigation, RF Solid State Power Anplifiers, RF Vacuum El ectronics Power
Anmplifiers, and Supporting RF El ectronics Technol ogies. The program supports devel opnment of technologies to
enabl e capabilities in Mssile Defense, Directed Energy, Platform Protection (including Electric Wrship),
Time Critical Strike, and Information Distribution. RF Systens Applied Research Devel opments directly support
t he Department of Defense Joint Warfighter Plan and the Defense Technol ogy Area Plans. Activities within this
Program El ement (PE) have attributes that focus on enhancing the affordability of warfighting systens. The
program al so provides for technology efforts to maintain proactive connectivity and col |l aborati on between
Department of the Navy (DON) Science and Technol ogy (S&T) and Joint, Navy, and Marine Corps commands

wor |l dwi de. This PE supports the Future Naval Capabilities (FNC) Prograns in Conmunications Technol ogy,
Supporting Technol ogi es, and RF Electronic Warfare (EW Technol ogy.

Due to the nunber of efforts in this PE, the prograns described herein are representative of the work included
in this PE
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B. PROGRAM CHANGE SUMVARY

Exhi bi t

R- 2

FY 2005 FY 2006 FY 2007
FY 2006 President's Budget Subm ssion 64, 640 47, 302 53, 521
Congr essi onal Action 0 18, 050 0
Congressional Undistributed Reducti ons/Resci ssions -50 -710 0
Executi on Adjustnments -3,494 0 0
FY 2005 SBIR - 905 0 0
GWOT Counter |ED Efforts 125 0 0
Program Real i gnnment 0 0 -10, 803
Rat e Adj ustments 0 0 -99
FY 2007 President's Budget Submi ssion 60, 316 64, 642 42,619

PROGRAM CHANGE SUMVARY EXPLANATI ON:
Techni cal : Not applicable.

Schedul e: Not applicable.

C. OTHER PROGRAM FUNDI NG SUMVARY:
Not appli cabl e.

D. ACQUI SI TI ON STRATEGY:
Not appl i cabl e.

E. PERFORMANCE METRI CS:
Perf ormance Metrics are di scussed within the R-2a.
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BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602271N PROGRAM ELEMENT TI TLE: RF SYSTEMS APPLI ED RESEARCH
PROJECT TI TLE: RF SYSTEMS APPLI ED RESEARCH

COST: (Dollars in Thousands)

Project FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011
Nunber Act ual Estimate Estimate Estimate Estimate Estinate Estinmate
& Title

RF SYSTEMS APPLI ED RESEARCH

44,697 46, 592 42,619 33,378 44,907 45,199 45, 583

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This project addresses technol ogy deficiencies
associated with Naval platformneeds for new capabilities in Radar Frequency (RF) Surveillance, RF Electronic
War fare, Comruni cations, Navigation, RF Solid State Power Anplifiers, Vacuum El ectroni cs Power Anplifiers, and
Supporting RF El ectronics Technol ogi es. The project supports devel opnment of technol ogies to enable
capabilities in Mssile Defense, Directed Energy, Platform Protection (including Electric Warship), Tinme
Critical Strike, and Information Distribution. RF Systens Applied Research Devel opnents directly support the
Department of Defense Joint Warfighter Plan and the Defense Technol ogy Area Plans. Projects within this
Program El enent (PE) have attributes that focus on enhancing the affordability of warfighting systenms. The
project also provides for technology efforts to maintain proactive connectivity and col | aborati on between
Department of the Navy (DON) Science and Technol ogy (S&T) and Joint, Navy, and Marine Corps commands
wor | dwi de.

B. ACCOWVPLI SHVENTS/ PLANNED PROGRAM

FY 2005 FY 2006 FY 2007
ELECTRONI CS AND COMMUNI CATI ONS TECHNCOLOG ES 17,335 15, 968 10, 015

Sea Shield (formerly Electronics and Commruni cati ons Technol ogi es) provides technol ogi es devel oped under the
Future Naval Capabilities (FNC) Program specifically the Multi-Source ISR to the Warfighter and the Advanced
El ectroni ¢ Sensor Systens. Enphasis is placed on the devel opnent of Electronic Warfare, Milti-Function and
advanced nul tifunction RF and nicrowave el ectronic conponents. Included are; the devel opnent of capabilities
to increase the effectiveness in countering a broad range of threats fromanti-ship mssiles, and increasing
the overall real tine situational awareness of operational forces through the detection and processing of RF
signals designed with | ow probability of detection characteristics. The electronics conponents are devel oped,
optim zed and denonstrated in conponent chains that nmust neet size, weight and power requirenments and wll
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formthe basis of new nmultifunction nodules to help support these functions.

The funding profile fromFY06 to FYO7 reflects the reorgani zation of Future Naval Capabilities (FNC) Program

i nvestments into Enabling Capabilities (ECs). As a result of this reorganization, the funding for each EC has
been aligned to a Budget Activity 2 and Budget Activity 3 PE as appropriate. This Activity reflects the

al i gnnent of investments for the following ECs: Miulti-Source ISR to the Warfighter and Advanced El ectronic
Sensor Systenms for M ssile Defense.

Fundi ng decreases FY 2005 to FY 2007 due to conpletion of initiatives and technol ogy maturing and noving into
Budget Activity 3.

FY 2005 Acconplishnents:

e« Continued the El ectronic Support(ES) Detection of Low Probability of Intercept (LPlI) Periscope Detection
Radar effort and perforned at-sea testing of the ultra-w deband chirp subsystemw th an instantaneous

bandwi dth of 2.0 CGHz.

 Continued the Electronic Attack (EA) Techniques to Counter Advanced Threats effort by conpleting 90% of the
EA techni que nodul es for the advanced techni ques generator.

e Continued the effort to inprove Direct Digital Synthesizers (DDS) and power digital to anal og converter
(Power - DAC) device performance and yield with a target of up to 20 CGHz.

 Conpl eted Next Generation Buoyant Cable (NGBCA) and transitioned to devel opnent of Next Generation

Communi cations at Speed and Depth (NGCSD) funded under PE 0603271N.

» Conpl eted Advanced Multi-function Radi o Frequency Concept (AMRFC) Test Bed successfully.

 Conpleted fabrication and testing of linearizers optinmzed with GalliumNitride (GaN) high power anplifiers
having a mninum of 4 GHz of bandwi dth.

e Conpleted initial Silicon Carbide (SiC) RF |life tests, demonstrated >106 hour lifetimes, and transferred
results into the manufacturing technol ogy. Industry has internally funded further testing.

e Conpl eted devel opnent of True Tinme Delay (TTD) digital signal processing techniques that support affordable
mul ti-GHz bandwi dth RF microwave transmitter (TX) beansteering. Sinmulations denonstrate feasibility for
integration into DDS and Power- DAC conponents, and are planned for insertion into TX arrays to be initiated in
FYO7 Multi-Function Electronics Warfare (MFEW and other nulti-function systens.

e Initiated AVMRFC Version 2 (V2) renamed MFEW program and aligned with DD(X), conpliant to new DODl 5000. 2
acquisition rules as the Technol ogy Devel opnent Phase, to build an Electronic Warfare (EW Advanced

Devel opment Mbdel (ADM) for the DD(X) program using the technology fromthe AVRFC testbed as the basis.
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e Selected the system design and architecture for the ADM and awarded contracts to produce the nmjor hardware

pi eces. This systemwi |l maintain the scalability and nmulti-functionality fromthe AMRFC V1 progran s
architecture. This will enable adding the communi cations and radar functions when the next generation of
transmt array is developed (starts in FYO7 through FY11l). Programwi |l nmove from RF Conmuni cati ons Technol ogy

to El ectroni cs and Comuni cati ons Technol ogy in FYO06.

* Initiated highly integrated and affordabl e receiver (RX) component optim zation supporting
AMRFC/ nul ti function electronic warfare (MFEW with a transition target of FY08. This includes the optimn zation
of entire conponent chains of Low Noise Anplifier (LNA), Analog-to-Digital Converters (ADC s), tunable
filters, channelizers, and radiating elenents specific to the MFEWreceiver, 2-D electronically scanned
arrays. Objectives are to reduce cost to 1/3 of current nmulti-function RF systens for a mni mumof 6-18 GHz
bandwi dt h.

FY 2006 Pl ans:

e Continue all efforts of FY 2005 | ess those noted as conpl eted above.

e Conplete the ES Detection of LPlI Periscope Detection Radar effort by performng | aboratory testing of the
frequency nodul ated conti nuous wave (FMCW and Advanced Phase Coded LPI radar detection subsystens with the

BLQ 10(V) system

e Initiate devel opnent of RF technol ogi es that support advances in receiver architecture, antenna

per formance, subsystem m ni aturization, decoys and advanced si gnal processing.

e Initiate establishnment of an industrial standard appropriate for the denonstration of >106 hour lifetine

for RF life testing of GaN based M I lineter-Wave Integrated Circuits (MM Cs) and devices and being to apply

this standard to state-of-the-art (SOA) MM Cs and devi ces.

* Initiate conponent chain optinization for AMRFC MFEW transmnitter technology with a target of neeting FY11l
transition target date.

FY 2007 Pl ans:

e Continue all efforts of FY 2006 | ess those noted as conpl eted above.

e Conplete the EA Techni ques to Counter Advanced Threats effort by devel opnent of 100% of the EA technique
nodul es for counter terninal and counter targeting.

e Conplete initial phase of GaN HEMT |ife testing with denonstration of greater than 104 hour l|ifetines for
175 degree channel tenperatures.

e Initiate denobnstration packagi ng techniques to provide cost reduction and affordability for nodul es,
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i ncl udi ng conponent architecture, packagi ng, and scale of integration optimzation

e Conplete the Shipboard Electro-optic/Infrared (EQIR) Closed Loop Self Protection effort by devel opi ng
additional jam codes and tracking algorithns to support final at-sea testing of the Shipboard Integrated
El ectro-Optic Defense Systens (SHI ELDS) hardware. This effort previously funded in PE 0602123N

FY 2005 FY 2006 FY 2007
RF ELECTRONI C WARFARE TECHNOLOGY 6, 324 9, 342 9, 859

Supports technol ogi es that enable the devel opnent of affordable, effective and robust Electronic Warfare (EW
systens that will increase the operational effectiveness and survivability of U S. Naval units. Enphasis is
pl aced on non-optical passive sensors and active and passive Radi o Frequency Counterneasure (RFCM systens
that exploit and counter a broad range of electromagnetic threats. The focus is on maintaining near perfect
real -ti me knowl edge of the eneny; countering the threat of mssiles to deployed Naval forces; precision
identification and | ocation of threat emitters; and, devel opnent of technol ogi es that have broad application
across nultiple disciplines within the EWmni ssion area.

FY06 increase is due to a focus on counter threat technol ogies.
FY 2005 Accomplishnents:

Technol ogy devel opnent in the areas of Tactical Aircraft, Surface Ships, Submarines, Unmanned Air Vehicles
(UAVs), and EW Enabling Technol ogy continues. Sone specific acconplishments include:
e Continued to develop a new RF detection process at MIIlinmeter Wave (MWY frequencies for w deband, |ow cost
signal detection systens for high probability of intercept w deband receivers utilizing ultra high dynamc
range photonics. (NRL)
e Continued the fabricating a hardware breadboard incorporating range/ phase correction algorithnms for offset
Synt hetic Aperture Radar (SAR) counterneasures and exam ned a planar geonetry arrangenent of receive antennas
to obtain phase and delta-frequency data and resol ve anmbiguities. (NRL)
e Continued counterneasures technol ogy and al gorithm devel opnent efforts agai nst w rel ess comruni cati ons and
transitioned nost highly effective techniques into operational Navy and Air Force electronic attack (EA)
systens currently being used in the G obal War On Terrorism (NRL)
« Continued the Counterneasures (CM for Wdeband Antiship Threats effort with a 6-nonth vulnerability
anal ysis of seeker discrimnation and home-on-jam (HQJ) subsystens to the ECM system
* Devel oped janmi ng technol ogy to counter Radio-Controlled |nprovised Expl osive Devices (RCIED). System was
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transitioned to the Joint |ED Defeat Task Force. (NRL)

e Conpleted the devel opnent and denonstrati on of key technologies that will enable an air-|aunched unmanned
pl atform carryi ng an advanced EW payl oad for the Suppression of Eneny Air Defense (SEAD) m ssion. (NRL)

e Conpleted the devel opnent of key capabilities of an Aut onombus MMW receiver and coherent techniques to
counter 18-40 GHz airborne threats. (NRL)

e Conpleted the Hybrid Interferometer Technol ogy Devel opnment effort with the analysis and nodeling to devel op
and refine the detailed Direction Finding (DF) antenna design and the fabrication and | ab denonstration of the
DF antenna to achieve a DF accuracy of 0.1 degree.

e Initiated the devel opnent of an integrated Digital EW EA and ES suite using a tightly coupled commn
architecture so that there is a synergistic coupling between the sub-functions of ES and EA. (NRL)

FY 2006 Pl ans:

Technol ogy devel opnent in the areas of Tactical Aircraft, Surface Ships, Submarines, UAVs, and EW Enabli ng
Technol ogy conti nues.

e Continue all efforts of FY 2005 | ess those noted as conpl eted above.

» Conpl ete advanced wi rel ess conmuni cati on count er neasures systemnms technol ogy and al gorithm devel opnents.
(NRL)

e Conplete the CM for Wdeband Antiship Threats effort with closed |oop software testing of six electronic CM
t echni ques.

e Conpl ete devel opnment of RClIED counternmeasures for urban environnent applications. (NRL)

» Conplete the devel opnment of SAR counterneasures fal se i mage focusing algorithns with a | aboratory
denmonstration. (NRL)

e Initiate the Specific Enmitter lIdentification (SElI) Capabilities Extension effort with devel opnment of two
har dwar e i ndependent al gorithns to address known shortfalls in existing SEI systens.

e Initiate devel opment of RF technol ogies that support advances in receiver architecture, antenna
performance, subsystem m niaturization, decoys and advanced signal processing.

e Initiate the EWTactical Decision Algorithms (TDA) for Satellite Communications effort by evaluating two
at nospheric propagation nodels to assist in visualizing the inpact of satellite conmunications on future

pl anni ng and tactics.

e Initiate the Autononous Cl assification of Low Probability of Intercept (LPI) Radar Emitters effort to
devel op an advanced signal processing architecture using algorithnms evaluated using a conputer equipped with
two 1000 MHz Intel Xenon processors.

e Initiate the Unmanned Vehicle Integrated El ectronic Warfare Payl oad (UVIEW) effort for enploynment of
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nodel i ng and simulation tools to optim ze technique selection to maxi mum el ectronic attack effectiveness in
counter targeting and counter surveillance operations.

e Initiate the Advanced Pul se De-interleaving effort to investigate nmethods of inproving pul se de-
interleaving that will support detection and identification of conplex emtters and allow sorting of multiple
tracks and support raid anal ysis.

e Initiate the investigation of MMWVtechnol ogies to support the devel opnent of off board and onboard
count er neasur es.

e Initiate the devel opment and denonstration of a conpact EA technology for tactical unmanned vehicle systens
to counter w deband, spread spectrum active electronically steered array radars. (NRL)

FY 2007 Pl ans:

Technol ogy devel opnent in the areas of Tactical Aircraft, Surface Ships, submarines, UAVs, and EW Enabli ng
Technol ogy conti nues.

e Continue all efforts of FY 2006 | ess those noted as conpl eted above.

e Conplete the Autononous Cl assification of LPI Radar Emitters effort by testing and evaluating feature
extraction algorithnms on actual digitized LPI radar signals.

» Complete the Advanced Pul se De-interleaving effort by lab and field testing of the de-interleaving
algorithnms with an El ectronic Support Enhancenment (ESE) processor used for the Surface Electronic Warfare

| mprovenent Program (SEW P) .

e Conplete the UVIEW effort by conducting a nmultiplatformdenonstration of an autononous UVI EWP escort
constellation that provides countertargeting and countersurveillance for expeditionary force ships.

e Conplete the devel opnment of a RF detection process at MWV usi ng photonics. (NRL)

e Conplete the SEI Capabilities Extension effort with inplenentation of advanced SEl algorithms into W ndows
based SElI software and SElI hardware using a flexible architecture enploying |FD-120 Field Programmbl e Gate
Arrays (FPGA) with 3 nillion gates.

* Initiate the Ka/WBand M ni ature Sensor Devel opnment effort with Ka/WBand architecture device selection and
downconverter subsystem conceptual design

e Initiate the Counterneasures to Anti-Helicopter Mnes effort by reviewing current and previous Arny efforts
and devel oping initial counterneasure concepts.

e Initiate the Conpact Electro-Magnetic (EM Source for |nprovised Expl osive Device (I ED) and Engi ne Def eat
effort by measuring the RF i npedances of the materials and conparing the results with conventional theory.
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FY 2005 FY 2006 FY 2007
RF SURVEI LLANCE TECHNOLOGY 5,996 9,372 10, 272

Enphasi zes non-optical advanced sensor and sensor processing systems for continuous high volunme theater-w de
air and surface surveillance, battle group surveillance, real tinme reconnaissance and ship defense. Mjor
technol ogy goal s include |ong-range target detection and discrimnation, Target ldentification (ID) and fire
control quality target tracking in adverse weather, background clutter and el ectronic counterneasure

envi ronnent s.

Increase fromFY 05 to FY 06 is due to new surveillance technol ogy efforts.
FY 2005 Acconplishnents:

e Continued the Horizon Extension Sensor System (HESS) project with formfactored integration of Hi gh Power
Amplifier (HPA) and devel opnent of a Silicon Germanium (Si Ge) downconverter in support of HESS and Digital
Array Radar (DAR) efforts.

e Continued devel opnent efforts to demonstrate signal processing, waveform generation and one di nensi onal
active phased array apertures for Harbor Surveillance and situational awareness.

» Continued broadband-array effort by designing the radiating elenment and the feed for the single-el enment
approach and fabrication of a 3-elenent array. (NRL)

e Continued the design and fabrication of Electromagnetic Bandgap (EBG) structures, validate conputational -
code designs through neasurenents, and test for isolation of RF waves. (NRL)

» Conpl eted devel opnent of prototype |evel hardware for the Digital Array Radar (DAR) and characterize its
performance at the elenment, sub-array and systemlevels. Effort will transition to the Know edge, Superiority
and Assurance (KSA) FNC.

e Conpl eted Radar El ectronic Counter Counterneasures (ECCM al gorithnms and perfornmed and eval uated associ at ed
wi deband experinments. (NRL)

e Initiated denonstrati ons of advanced Non- Cooperative Target Recognition (NCTR) algorithms in congested

har bor environnents.

e Initiated the design and devel opnent of a field probe and radone assenbly for a real-tine calibration
technique that will utilize an optical-to-RF distribution network to inject a | owlevel RF Continuous Wave
(CW signal into each elenment of a phased array. Denpnstrated the polarization properties of a w deband probe
using a zero-bias optical detector. (NRL)
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FY 2006 Pl ans:

e Continue all efforts of FY 2005 | ess those noted as conpl eted above.

* Initiate an elenent |level DAR effort on down conversion and digital beam fornmers.

e Initiate a programto devel op and denonstrate nethodol ogi es that provide small threat radar detection in
the presence of |arge masking radar returns using an Adaptive Pul se Conpression technique. (NRL)

FY 2007 Pl ans:

e Continue all efforts of FY 2006 |ess those noted as conpl et ed above.

e Conplete denonstrations of advanced NCTR al gorithns in congested harbor environnments by real tine

i mpl enentation of automated paraneter extraction algorithns for small surface crafts.

e Conplete the devel opnent and testing of reconfigurable/tunable EBG structures. (NRL)

e Conplete the broadband-array effort by denonstrating a dual polarized array with coincident phase center
and true tinme delay beam steering. (NRL)

e Initiate a harbor surveillance tracking denonstration with integrated automated paraneter extraction for
smal | surface craft identification

FY 2005 FY 2006 FY 2007
SUPPORTI NG TECHNCLOG ES 4, 687 1,919 1, 517

Provi des for the radiation, reception, signal control and processing of Very Hi gh Frequency (VHF), Utra High
Frequency (UHF), Mcro Wave (MW, and MI1iMter Wave (MWY power for Navy all-weather radar, surveill ance,
reconnai ssance, Electronic Attack (EA), conmunications, smart weapons, networked sensors, and precision tine
and navi gation systens. The technol ogy devel oped whi ch includes nanotechnol ogy cannot, for the npst part, be
obt ai ned t hrough commercial off the shelf (COTS) as a result of the requirenments placed on power, frequency,
linearity, bandw dth, weight, and size. This activity includes SwanpWrks efforts in FY 2005 whi ch devel oped
and denonstrated technol ogi es that addressed emergent and enduring operational problenms in an accel erated
timeframe. Swanpworks initiatives transferred to PE 0603758N in FY0O6 and out.

FY 2005 Acconplishnents:

e Continued effort on superconducting ADC/ Progranmabl e di gital channelizer conbination that derives a Loca
Gscillator (LO froman externally supplied signal and, when signals in 2-175 MHz range are supplied to the
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ADC, outputs software defined bandw dth signal centered on the LO frequency.

e Continued to denobnstrate flip-chip bonding of sem conducting and superconducting devices to forma
functional hybrid circuit.

e Continued research to enable growth, fabrication, and testing of 6.2-6.3 Angstrom Hi gh Electron Mbility
Transi stors (HEMIS) with alloy channels and barriers. (NRL)

e Continued devel oping prototype identification algorithns for the |ock-1ogic and El ectroni c Counter
Count er neasures (ECCM conponents of the automated RF ASCM t hreat nodel. (NRL)

« Continued neasuring Monopul se tracking accuracy at |ow el evati on angles using towed targets and |ow flying
aircraft and tracking error mitigation techniques suitable for mllinmeter wave frequencies. (NRL)

e Continued devel opnent to extend the tuning range of band reject filters. (NRL)

e Conducted efforts within Project Shield (Classified program.

» Devel oped and conpl eted denonstration technol ogi es that addressed energent and enduring operationa
problenms in an accelerated tinmefrane.

e Initiated effort on current recycling in superconducting digital circuits.

FY 2006 Pl ans:

e Continue all efforts of FY 2005 | ess those noted as conpl eted above.

e Conplete effort on a superconducti ng ADC/ Programmabl e digital channelizer conbination that derives 20MHz-
20CGHz Local Oscillator (LO for digital dowmn mxing from master clock and outputs software defined bandw dth
signal centered on any center frequency in range supplied to ADC.

e Conplete the devel opnent of prototype identification algorithns for the |ock-1ogic and ECCM conponents of
the automated radio frequency (RF) ASCM t hreat nodel and docunent results. (NRL)

e Conplete the 94GHz neasurenent effort and determ ne the effect of frequency agility on the diffuse nmulti-
pat h conponent and inplenment a two-antenna configuration to nmeasure atnospheric turbulence. (NRL)

« Conpl ete devel opment of 6.2-6.3 Angstrom Heterojunction Bipolar Transistor (HBT) operating at m crowave
frequenci es. (NRL)

e Initiate the devel opnent of anal ysis/nodeling infrastructure and prototype inprovenent concepts for

el ectroni c counterneasures and counter-targeting agai nst RF surveillance threats. (NRL)

FY 2007 Pl ans:

e Continue all efforts of FY 2006 | ess those noted as conpl eted above.
* Conplete the denpnstration of a current recycling technol ogy for superconducting digital circuits that is
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mat ure enough to yield a four fold reduction of bias current.

e Conplete the proof of feasibility of hybrid Nb Josephson Junction/InP HBTs ADC nodul ator circuits operating
properly at 4K and with 10 GHz cl ock when the hot InP transistors are <3mm away fromthe active Josephson
junctions.

e Conplete the effort to extend the tuning range of band reject filters. (NRL)

e Initiate a denobnstration of > 6dB inprovenment in state of the art, S or X band, band pass, ADC dynami c
range.

* Initiate the devel opment of a sem conductor-based frequency selective limter. (NRL)

FY 2005 FY 2006 FY 2007
RF SOLI D STATE POWER AMPLI FI ERS 4,491 4,169 4,501

Provi des for the generation of VHF, UHF, MN and MMW power anplifiers for Navy all-weather radar
surveillance, reconnai ssance, electronic attack, communi cations, and smart weapons systens. The technol ogy
devel oped cannot, for the nobst part, be obtained through Conmrercial -Of-the-Shelf (COTS) as a result of the
si mul t aneous requirenents placed on power, frequency, linearity, bandw dth, weight, and size.

FY06- FYO7 increase is due to the focus on new efforts dealing with the component |evel power capabilities and
durati on.

FY 2005 Acconplishnents:

« Continued devel opnent of MMW Al um num Gallium Nitride/Gallium N tride (A GaN GaN) wi de bandgap Hi gh

El ectron Mbility Transistor (HEM).

« Continued devel opnent of Al GaN HEMI broadband anplifiers for electronic warfare decoys wi th output powers
up to 10 times that achieved with conventional solid state anplifiers.

» Compl eted devel opnent of an IndiumGalliumNitride (InGaN) HEMI with a unity gain cutoff frequency * gate
length (ft*lg) product of 20 GHz-mi crons. (NRL)

e Initiated effort on radiation effects and hardness studi es of w de bandgap seni conductors. (NRL)

FY 2006 Pl ans:
e Continue all efforts of FY 2005 | ess those noted as conpl eted above.
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FY 2007 Pl ans:

e Continue all efforts of FY 2006.

« Conplete MW Al GaN GaN HEMTIs effort and transition to conmunications and m ssile seeker platforns.
« Conpl ete broadband Al GaN GaN anplifier effort and transition to comunications and mnissile seeker
pl at f orns.

e Initiate work on GaN MWV conponents at >44 GHz to allow for Extrenely Hi gh Frequency (EHF) SATCOM
i nsertion.

* Initiate the expansion of scope of the GaN MWV devi ce program

e Initiate conponent devel opnent in support of multifunctional electronic warfare.

FY 2005 FY 2006 FY 2007
RF VACUUM ELECTRONI CS POVER AMPLI FI ERS 3,251 3,385 3,444

Provi des for the devel opment of MN MWN subnillinmeter wave power anplifiers for use in Naval all-weather
radar, surveillance, reconnai ssance, electronic attack, and comuni cati ons systens. The technol ogy devel oped
cannot, for the nobst part, be obtained through conmercial off the shelf (COTS) as a result of the sinultaneous
requi renents placed on power, frequency, bandw dth, weight, and size. Responding to strong interests fromthe
various user comunities, efforts are focused on the devel opnent of technol ogies for high-data-rate
comruni cati ons and hi gh- power high-frequency radar applications. Technol ogies include techniques for power
and efficiency enhancenent of mllinmeter-wave anplifiers, nmultiple-beamanplifiers, notably the Milti-Beam
Klystron (MBK), and physics-based nodeling and sinul ation.

FY 2005 Acconplishnents:

» Continued effort to identify and test algorithns to i nplement in the Tel egrapher's Equation Solution for
Li near Amplifiers (TESLA) design code for broadband singl e-beam klystron devel opnent.
» Continued effort to develop a four-cavity narrow band (~2% S-band MBK at 600 kW peak power and 40%
efficiency.
e Continued effort on Mchelle v3.0 with addition of Graphical User Interface (GUJI) and postprocessor to
i mpl ement Mchelle v4.0 and initiated effort to rel ease the code.
e Initiated effort to devel op Ku-band, C-band and Ka-band | ow di stortion Traveling Wave Tubes (TWI's) for
Hi gh Data Rate (HDR) conmunications that will utilize 16 and 32 synbol Quadrature Anplitude Mdul ati on (QAM
wavef or ms.

Rl Line Item 11

Page 13 of 20

UNCLASSI FI ED



UNCLASSI FI ED

FY 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: Feb 2006
Exhi bit R-2a

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602271N PROGRAM ELEMENT TI TLE: RF SYSTEMS APPLI ED RESEARCH
PROJECT TI TLE: RF SYSTEMS APPLI ED RESEARCH

e Initiated research on bandw dth enhancenent (~ 6% techniques for 500 kW S-band MBK. (NRL)
FY 2006 Pl ans:

e Continue all efforts of FY 2005 | ess those noted as conpl eted above.

e Conplete effort on low distortion TWE for HDR conmuni cati ons. (NRL)

e Initiate research on 3D nodeling of beamtransport with quadrapol e magnetic focusing for high power Ka band
TWI. (NRL)

e Initiate effort on the |arge signal code CHRISTINE to nodel beam wave interaction wi th quadrapole focusing
effects for beam transport.

e Initiate effort on the gun/collector code MCHELLE with inproved interface with the |arge signal codes

CHRI STI NE and TESLA.

FY 2007 Pl ans:

« Continue all efforts of FY 2006.

» Complete the effort on the broadband (~ 6% S-band MBK performance. (NRL)

e Conplete the effort on the release of the gun/collector code M CHELLE v4.0 with inmproved GU and

post processor.

e Initiate effort on experinental denonstration of beam propagati on with quadrapol e magnetic focusing that
will result in a factor of 2 reduction in peak magnetic field conpared to Permanent Periodic Magnet (PPM
focusi ng. (NRL)

 Initiate effort on generation and transport of sheet beamw th 5:1 aspect ratio. (NRL)

FY 2005 FY 2006 FY 2007
RF NAVI GATI ON TECHNOLOGY 2,613 2,437 3,011

Devel ops key navigation technol ogies for Naval Battle G oups, Aircraft, Unmanned Air Vehicles (UAVs), Unmanned
Under wat er Vehicles (UUVs), Ships, Submarines and ot her Navy vehicles and platforns. This activity applies

| eadi ng- edge Sci ence and Technol ogy (S&T) to enhance d obal Positioning System (GPS) capabilities in order to
make GPS nore resistant to noise and jamming. Mich of the near-termeffort concerns the devel opnent of
antennas with special features.

FY 2005 Acconplishnments:
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e Continued Digital Antenna El ectronics (DAE)-based anti-jamsystens with small patch antenna el enents using
| ow1o0ss ceramic materials for an array of 7 elenents (less than quarter (1/4)-wavelength elenments with
spiral s).

e Continued to integrate Space-Ti ne Adaptive Processing (STAP) for GPS Antennas. Specific jamer types were
addressed in this effort (the signal strength 12 dB bel ow thermal noise could be detected).

« Continued to design the STAP for GPS Antennas in one of the receiver-antenna systens developed in this
activity and to stri ke weapon systenms such as Paveway and Tactical Tomahawk (additional 43 dB inprovenent in
AJ capability).

e Continued field testing of the Submari ne mast-nmounted Controll ed Radiation Pattern Antenna (CRPA) to
deternmine if the | aboratory performance can be achieved in a nore realistic environnent; conducted nulling
optim zation in submarine mast environnment for the best broadband nulling perfornance (achieved 8 el enents in
4.25-inch submarine nmast).

e Initiated devel opnent of GPS Anti-Jam (AJ) processor (Space-Frequency Adaptive Processing (SFAP)) with

Pol y- Channel i zed, Code Gated Maxi mum Li kel i hood (PC-CGW) technique to cancel the effect of a |arge nunber of
jamrers (up to 8 janmers with 4 array el enments).

e Initiated devel opnent of GPS AJ Antenna El ectronics (AE) with | ow cost anal og processor technique for
Direction of Arrival (DOA) estimation and nulling (up to 60dB nulling capability).

e Initiated devel opnent of GPS AJ processor to reliably lock to the GPS carrier signal and in this way nake
it possible to extract very high precision positional information fromthe GPS receiver. Carrier slips are a
measur e of degraded GPS positional performance (vertical and |ateral navigation systemerrors of 40 and 30 cm
respectively).

FY 2006 Pl ans:

» Continue all efforts of FY 2005.

* Conpl ete DAE based anti-jam systens with small patch antenna using |ow | oss ceramic materials for an array
of 7 elenents.

e Conplete the devel opnent of GPS AJ processor to reliably lock to the GPS carrier signal and in this way
make it possible to extract very high precision positional information fromthe GPS receiver. Carrier slips
are a neasure of degraded GPS positional perfornmance.

e Conplete the integration of STAP for GPS Antennas. Specific jamrer types will be also addressed in this
effort (the signal strength 12 dB bel ow thermal noise could be detected).

e Conplete field testing of the Submari ne mast-nmunted Controll ed Radi ati on Pattern Antenna to determi ne if
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the | aboratory performance can be achieved in a nore realistic environment; conplete nulling optimzation in
submari ne mast environnment for the best broadband nulling performance (achieved 8 elenents in 4.25-inch
submari ne nmast).

FY 2007 Pl ans:

e Continue all efforts of FY 2006 | ess those noted as conpl eted above.

e Conplete the design and devel opnent of Space-Frequency Adaptive Processing (SFAP) for GPS AJ antenna to

i nprove receiver AJ performance by addi ng channelization to the existing Code Gated Maxi mum Li kel i hood (CGW)
recei ver; Conpleted the evaluation of the effectiveness of the Poly-Channel (PC) CGW technique by sinulation
and build it in software radios (up to 8 jamers with 4 array el ements).

e JInitiate the Inproved GPS/INS Integration using a Particle Filter Accelerator project.

e Initiate the Deeply Integrated Navigation Grade GPS Inertial System project.

« Initiate the Advanced Spoofer Mtigati on and Geol ocation through Spoofer Tracking project.

CONGRESSI ONAL PLUS- UPS:

FY 2005 FY 2006
ADVANCED M CROWAVE FERRI TE RESEARCH FOR RF SYSTEMS 1, 156 1, 500

FY 2005 - In FY0O5 very thick (1 mm hexagonal ferrite filns of outstanding quality were grown by Liquid phase
epitaxy. Mcrowave |oss and insertion characterization were perfornmed. M crowave radar circuit tuning
conti nued, and a novel planar MMV ant enna was desi gned and denonstr at ed.

FY 2006 - This effort supports advanced nmicrowave ferrite research for RF systens.

FY 2005 FY 2006
BROADBAND ELECTRONI CS FOR RF SYSTEMS 0 1, 250

This effort supports broadband el ectronics for RF systens research

Rl Line Item 11
Page 16 of 20

UNCLASSI FI ED



UNCLASSI FI ED

FY 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET

Exhi bit R-2a

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602271N
PROJECT TI TLE: RF SYSTEMS APPLI ED RESEARCH

PROGRAM ELEMENT TI TLE: RF SYSTEMS APPLI ED RESEARCH

FY 2005

FY 2006

CENTER FOR M CROWAVE FERRI TES AND MULTI FUNCTI ONAL | NTEGRATED
CIRCU TS

0

1, 000

This effort supports center for

m crowave ferrites and nultifunctiona

integrated circuits research.

FY 2005 FY 2006
CORE REPARATI VE MEDI CI NE FOR TRAUMATI C | NJURI ES 0 1, 000
This effort supports core reparative nedicine for traumatic injuries research.

FY 2005 FY 2006
GALLI UM NI TRATE RF POWER TECHNOLOGY 1,928 1, 000

DATE: Feb 2006

FY 2005 - In FYO5 plans were devel oped to inprove the performance and reliability of GaN Hi gh El ectron
Mobility Transistors (GaN HEMIs) for RF power applications by exploiting innovative new nethods for the
production of GaN HEMT epitaxial material on Si C and by devel opi ng novel GaN HEMI devi ce designs and
fabrication techniques. Plans to conduct accelerated lifetinme test nmeasurements to document inprovenents were
al so devel oped.

FY 2006 - This effort supports galliumnitrate RF power technol ogy research
FY 2005 FY 2006
HI GH BRI GHTNESS ELECTRONI CS 1, 446 0

In FYO5 device fabrication and material synthesis of carbon nanostructure for application to 50W 10 GHz
vacuum el ectroni c power anplifier were optimzed with respect to; dielectric thickness of the buried line
devi ces, back-gate geonetry to maxim ze field at the em ssion sites, nanosheet crystallinity and hydrogen

content, field uniformty at the cathode surface, and efficiency of electron emi ssion to vacuum
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FY 2005

FY 2006

LI THI UM BASED BATTERY DEVELOPMENT FOR ASSET TRACKI NG

0

1, 000

This effort supports lithiumbased battery devel opnent for

asset tracking research

FY 2005

FY 2006

MARI TI ME SYNTHETI C RANGE

4,148

6, 700

FY 2005 -
participation in operational training,
Common Synthetic Battl espace (CSB) and advanced threat

FY 2006 - This effort supports maritinme synthetic range research

scenari o generati on,

In FYO5 this effort devel oped and enhanced the Maritime Synthetic Range with;
creation of synthetic forces,
envi ronnment s.

FY 2005

FY 2006

NOVEL Sl LI CON CARBI DE TECHNOLOGY DEVELOPMENT

963

1, 000

FY 2005 - In FY0O5 an existing SiC epitaxia

and purity (| Ne-Np| less than leldcm 3.)

FY 2006 - This effort supports nove

growt h system was nodified to accept
Gowth with added HCl has narkedly increased the growh rates (3 -> 20 m crons per

silicon carbide technol ogy devel opnent

research.

FY 2005

FY 2006

PACI FI C THEATER DATA FUSI ON TESTBED

2,412

0

In FYO5 the project devel oped a Pacific-theater
program devel oped a franmework theater-w de sensor fusion center
tracki ng al gorithnms,
architecture was utilized to support
sensors, sensor data fusion,
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FY 2005

FY 2006

RADAR/ VI DEO FUSI ON VESSEL AND PORT SECURI TY DEMONSTRATI ON

963

0

In FYO5 conpleted installation of automated identification system specific emtter

at first site and began data coll ection.

identification,

FY 2005 FY 2006
REPARATI VE HEALTH | NI Tl ATI VE 0 1, 000
This effort supports reparative health initiative research

FY 2005 FY 2006
RF VACUUM ELECTRONI CS POAER AMPLI FI ERS 963 0

In FYO5 the devel opnent of design tools for the gun, collector and | arge signa
anplifiers with sheet electron beans were initiated and the design of a sheet

M CHELLE was denobnstrat ed.

DATE: Feb 2006

and radar

anal ysis of vacuum el ectronics

beam gun using 3D gun code

FY 2005

FY 2006

W DE BANDGAP MATERI ALS FOR POAER ELECTRONI CS

1, 640

2,600

FY 2005 - In FYO5 plans to; reduce thermal strain-induced structura

defects (which adversely affect

devi ce

performance), reduce unintentional inpurities, and allow nore reproduci ble and affordabl e product were

devel oped. This would have the effect of further inproving the performance and capability of DOD' s high power
el ectronics by reducing the defect densities in power sem conductor substrates and thin device filns. The
contractor net with scientists fromthe Naval Research Laboratory and an approach to testing which wll

val i date progress was defi ned.

FY 2006 - This effort supports w de bandgap materials for power electronics research.
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C. OTHER PROGRAM FUNDI NG SUMMARY

NAVY RELATED RDT&E:

PE 0601153N (Def ense Research Sci ences)

PE 0602114N (Power Projection Applied Research)

PE 0602123N (Force Protection Applied Research)

PE 0603114N (Power Projection Advanced Technol ogy)
PE 0603123N (Force Protecti on Advanced Technol ogy)
PE 0603271N (RF Systens Advanced Technol ogy)

NON NAVY RELATED RDT&E:

PE 0601102A (Defense Research Sci ences)

PE 0601102F (Defense Research Sci ences)

PE 0602204F (Aerospace Sensors)

PE 0602702F (Command, Control, and Communi cati ons)

D. ACQUI SI TI ON STRATEGY:
Not appl i cabl e.
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