UNCLASSI FI ED

FY 2006/ 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: Feb 2005
Exhibit R-2

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

COST: (Dol lars in Thousands)

Proj ect FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 Fy 2011
Nunmber  Act ual Esti mate Esti mat e Esti mat e Esti mat e Esti mate Esti mat e Esti mate
& Title

RF SYSTEMS APPLI ED RESEARCH

48, 462 64, 640 47,302 53,521 76, 407 66, 723 63, 489 61, 796

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  The Radi o Frequency (RF) Systens Applied Research

Pr ogram addr esses technol ogy deficiencies associated with naval platformneeds for new capabilities in RF
Surveill ance, RF Electronic Warfare, Commruni cati ons, Navigation, RF Solid State Power Amplifiers, Vacuum

El ectroni cs Power Anplifiers, and Supporting RF El ectronics Technol ogi es. The program supports devel opnent of
technol ogi es to enabl e 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 Departnent of Defense Joint Warfighter Plan and the Defense Technol ogy Area
Plans. Activities within this Program El enent (PE) have attributes that focus on enhancing the affordability
of warfighting systens. The program al so provides for technology efforts to nmaintain proactive connectivity
and col | aborati on between Department of the Navy (DON) Science and Technol ogy (S&T) and Joint, Navy, and

Mari ne Corps conmmands worl dwi de. This PE supports the Future Naval Capabilities (FNC) Programs in RF

Conmuni cati ons Technol ogy, Supporting Technol ogi es, and RF El ectronic Warfare (EW Technol ogy.

Due to the nunber of efforts in this PE, the programs described herein are representative of the work included
inthis PE
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DATE: Feb 2005

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602271N

PROGRAM ELEMENT Tl TLE: RF SYSTEMS APPLI ED RESEARCH

PROGRAM CHANGE SUMVARY:

FY 2004 FY 2005 FY 2006 FY 2007
FY 2005 President's Budget Subm ssion 49, 244 49, 151 54, 265 54, 045
Cong Resci ssi ons/ Adj ust nent s/ Undi st. Reducti ons 0 - 697 0 0
Congr essi onal Action 0 16, 200 0 0
Executi on Adj ustnents 329 0 0 0
FNC Real i gnnent 0 0 -6,042 -5,778
Non- Pay Inflation Adjustnents -46 0 0 0
Pr ogr am Adj ust ment s 0 -14 -45 -43
Pr ogram Real i gnnent 0 0 - 949 5,001
Rat e Adj ustnments 0 0 73 296
SBI R Assessnent -1, 065 0 0 0
FY 2006/ 2007 President's Budget Submi ssion 48, 462 64, 640 47, 302 53,521

PROGRAM CHANGE SUWMMARY EXPLANATI ON
Techni cal : Not applicable.

Schedul e: Not appli cabl e.
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COST: (Dol lars in Thousands)

Project FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FYy 2010 Fy 2011
Nunber Act ual Estimate Estimate Estinate Estimate Estimate Estimate Estinmate
& Title

RF SYSTEMS APPLI ED RESEARCH

48, 462 64, 640 47, 302 53, 521 76, 407 66, 723 63, 489 61, 796

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  Thi s project addresses technol ogy deficiencies

associ ated with naval platformneeds for new capabilities in Radar Frequency (RF) Surveillance, RF Electronic
War fare, Conmuni cations, Navigation, RF Solid State Power Anmplifiers, Vacuum El ectronics Power Anplifiers, and
Supporting RF El ectronics Technol ogi es. The project supports devel opment of technol ogies to enable
capabilities in Mssile Defense, Directed Energy, PlatformProtection (including Electric Warship), Tine
Critical Strike, and Information Distribution. RF Systens Applied Research Devel opments directly support the
Depart nent of Defense Joint Warfighter Plan and the Defense Technol ogy Area Plans. Projects within this
Program El ement (PE) have attributes that focus on enhancing the affordability of warfighting systens. The
project also provides for technology efforts to maintain proactive connectivity and col | aborati on between
Depart nent of the Navy (DON) Science and Technol ogy (S&T) and Joint, Navy, and Marine Corps conmands

wor | dwi de.

B. ACCOVPLI SHVENTS/ PLANNED PROGRAM

FY 2004 FY 2005 FY 2006 FY 2007
ELECTRONI CS AND COVMUNI CATI ONS TECHNOLCOG ES 15, 676 18, 924 15, 968 18, 936

This activity includes Future Naval Capability (FNC) investnments formerly reported for RF Commruni cations
Technol ogy, Supporting Technol ogi es, and Radi o Frequency (RF) Electronic Warfare (EW Technol ogy. This

addi ti onal breakout provides inproved detail of the underlying investnent. This activity includes support to
t he FNC Enabling Capabilities (EC) for Long Range RF Deception Mssile Defense (MD EC-1C) and Milti - Source
Intelligence Surveillance, and Reconnai ssance (ISR) to the Warfighter Know edge Superiority and Assurance (KSA
EC- 7B) .

Controls fluctuate due to conpletion of initiatives, technology maturing and noving into 6. 3.
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FY 2004 Accomnplishnents:

e Conducted |lab testing of the near real-time processing of the ultra-w deband chirp subsystem under the

El ectroni c Support (ES) Detection of Low Probability of Intercept (LPlI) Periscope Detection Radar effort.

» Devel oped and tested the frequency agile prediction algorithmfor advanced seekers under the El ectronic
Attack (EA) Techniques to Counter Advanced Threats effort.

e Advanced Multifunction Radi o Frequency Concept (AMRFC) test bed hardware delivered, integrated and tested
at the Naval Research Laboratory Chesapeake Bay Detachnent site. Successful denmonstrations of sinmultaneously
conducti ng communi cations (comercial x-band satellite comruni cati on (SATCOM), x-band TCDL), surface search
radar, and El ectronic Warfare (both ES and EA) through the same set of multifunction apertures.

e Fabricated and tested linearizers with 2 GHz of bandw dt h.

e Perforned full RF1life tests of Silicon Carbide (SiC) discrete devices and Mnolithic Mcrowave |ntegrated
Crcuits (MMCs).

 Broadened the database for addressing infant nortality issues in GalliumN tride (GaN) discrete devices and
began to establish approaches to RF life testing of GaN High Electron Mbility Transistors (HEMS).

» Demonstrated a 3 port, 6-18 GHz hi gh power handling channelizer in the |laboratory (1.2 dB insertion |oss).
e Model of a 6-18 GHz isolator was calibrated and then used to design 20 watt isolator with reduced | osses
(<1 dB). Fabrication and revised design conpl et ed.

« Dempnstrated a superconducting band pass sigma delta anal og-to-digital converter (ADC) with a 5 GHz center
frequency.

* Increased the performance and yield of devices used in the Direct Digital Synthesizer (DDS) frequency
source.

e Optinized the wi de bandgap | ow noi se receiver anplifier designs by targeting specific spectral bands and
expl ori ng approaches to the utilization of these anplifiers with reduced liniter protection

e Continued cost reduction technical approaches critical to the devel opnent of digitally progranmable RF

el ectroni cs conponents for electronically scanned arrays in the areas of architecture, scale of integration
and packaging for multifunction RF component technol ogy and systens.
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FY 2005 PI ans:

e Conplete Next Generation Buoyant Cable (NGBCA) and transition to devel opnent of Next Generation

Conmuni cati ons at Speed and Depth (NGCSD) previously funded under PE 0603271N.

e Performat-sea testing of the ultra-w deband chirp subsystem under the ES Detection of LPlI Periscope

Det ecti on Radar effort.

e Performshore based field testing agai nst advanced seekers using the advanced techni ques generator in the
EA Techni ques to Counter Advanced Threats effort.

e Initiate AMRFC Version 2 (V2) renamed Milti-Function El ectronics Warfare (MFEW program and aligned with
DD( X), conpliant to new DODI 5000.2 acquisition rules as the Technol ogy Devel opment Phase, to build an

El ectronic Warfare (EW Advanced Devel opment Model (ADM for the DD(X) program using the technology fromthe
AMRFC testbed as the basis. During this year the system design and architecture for the ADMw || be deci ded
and contracts awarded to produce the major hardware pieces. This systemw ||l nmamintain the scalability and
multi-functionality fromthe AMRFC V1 programis architecture. This will enable adding the comunications and
radar functions when the next generation of transmt array is developed (starts in FYO7 through FY11).
Programwi || nove from RF Commruni cati ons Technol ogy to El ectronics and Conmuni cati ons Technol ogy in FYO06.

e Fabricate and test linearizers optimzed with GaN high power anplifiers having a mninumof 4 GHz of

bandw dt h.

e Continue the effort to inprove DDS and power digital to anal og converter (Power-DAC) device perfornmance and
yield with a target of up to 20 GH.

e Transfer results of initial SCRF life tests into the manufacturing technology and initiate a second
iteration of testing.

e Continue to investigate cost reduction and affordability technical approaches critical to the devel opnment
of digitally programabl e RF el ectronics conponents for use in electronically scanned arrays.

« Demponstrate True Tine Delay (TTD) signal processing that can be integrated into DDS and Power - DAC
conponentry that support affordable multi Giz bandwi dth RF m crowave beansteering.

e Initiate highly integrated and affordabl e RX conmponent optim zation supporting AVMRFC/ nul tifunction
electronic warfare (MFEW with a transition target of FYO8. This include the optimzation of entire conponent
chains of |ow noise anplifier (LNA), ADC s, channelizers, and radiating elenents specific to the MFEW
receiver, 2-D electronically scanned arrays.
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FY 2006 Pl ans:

e Conpl ete Advanced Techni ques CGenerator (ATGQ/Digital Radio Frequency Menmory (DRFM | aboratory wavef orm
testing under the EA Techni ques to Counter Advanced Threats effort.

 Continue devel opment of RX components including ADCs to support AMRFC/ MFEW

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

e Conduct | aboratory testing of the frequency nodul ated conti nuous wave (FMCW and Advanced Phase Coded LP
radar detection subsystenms with the BLQ 10(V) system

e The Multi-Function Electronic Warfare (MFEW programw |l be in production phase for the RF components of
the ADM The AMRFC V1 Testbed will be used for risk reduction and devel opnental testing of components as they
cone avail able from nanufacturers. Software devel opnent to integrate system functions with DD(X) Total Ship
Conputing Environnent will be conducted. Integrated with DD(X) devel opnental conbat systemw || proceed.

e Establish industrial standard for RF life testing of GaN based MIlinmeter-Wave Integrated Circuits (MM Cs)
and devices and being to apply this standard to state-of-the-art (SOA) MM Cs and devi ces.

» Demonstrate highly linear Power-DAC (or DDS linearized anplifier chain) supporting up to 20 GHz frequency
and nmulti GHz Bandwi dt h at hi gh power output |evels required for AMFRC/ MFEW

e Initiate conponent chain optimzation for AVRFC MFEWtransmitter technology with a target of neeting FYl1l
transition target date.

FY 2007 Pl ans:

e Conplete counter term nal and counter targeting techni ques devel opment under the EA Techni ques to Counter
Advanced Threats effort.

» Complete initial phase of GaN life testing with denmonstration of greater than 10 hour lifetimes for 175
degree channel tenperatures.

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

e Continue entire component chain optinization for AMRFC MFEWtransmitter (TX) technology with a target of
meeting FY10 transition to the AMRFC MFEWtransnitter, with enphasis on affability and cost reduction of
nmodul es. This task includes optimzation of the entire conmponent chain consisting of at |east the radiating
el ement, digital synthesizer, channelizer, RF power anmplifiers, isolators, beanfornmer, and nodul e package.
Affordable digital solutions to 20 GHz are sought after.
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e Conduct a trade off study of avail able and devel oprmental two-dinmensional, planar and non-pl anar phased
array technol ogi es for the Enhanced Nul ka Payl oad effort.

e Initiate denonstration packagi ng techniques to provide cost reduction and affordability for nodul es,

i ncl udi ng conmponent architecture, packagi ng, and scale of integration optinization

» Dempnstrate conplete ARMFC/ MFEW recei ver (RX) conponent chains and nodules with a target transition of
FY08. A target metric of cost reduction to 1/3 of current is sought after for conponent chains and nodul es.
e« MEWpPpProgramw || accept, integrate and test RF components fromcontractors to denonstrate the EW ADM f or
DD(X). Testing will occur in a devel opnental test manner to support mlestone B decision by the acquisition
authority and transition of the ADMto Program Executive Ofice Integrated Warfare System (1 W5)2 for System
Devel opnent Denonstration (SDD) phase and subsequent acquisition and installation in DD(X). Testing will go
t hrough Technol ogy readi ness |evel (TRL) 7.

FY 2004 FY 2005 FY 2006 FY 2007
RF ELECTRONI C WARFARE TECHNOLOGY 5, 557 7,342 9,531 10, 581

Supports technol ogi es that enabl e the devel opnment 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 countermneasure (RFCM systens
that exploit and counter a broad range of electromagnetic threats. The focus is on naintaining near perfect
real -time knowl edge of the enemny; countering the threat of mssiles to depl oyed Naval forces; precision
identification and | ocation of threat enitters; and, devel opnent of technol ogies that have broad application
across nultiple disciplines within the EWm ssion area.

FY 2004 Acconplishnents:

Technol ogy devel opnent in the areas of Tactical Aircraft, Surface Ships, Submarines, Unnmanned Aerial Vehicles
(UAVs), and EW Enabl i ng Technol ogy was perfornmed. Sone specific acconplishnents include:

e Completed full radio frequency-to-pul se descriptor word systemfunctionality under the Wdeband EW
Channel i zer effort;

e Conpleted portions of the Electronic Counterneasure (ECM) systens anal ysis and nodeling for both onboard
and offboard systens under the counterneasures for Wdeband Antiship Threats effort;

e Continued to pursue the design and validation testing of a photonic mllinmeter wave detection hardware
covering 20 to 40 GHz (NRL).
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 Continued devel opnent and quantitative eval uation of technology and algorithms to detect, identify, exploit
and counter advanced w rel ess comuni cation systens including third generation personal comruni cation systens
(PCS) by conducting flight tests of nobst effective/efficient techniques (NRL).

« Continued the devel opment and denonstration of key technologies that will enable an air-Iaunched unmanned
pl atform carryi ng an advanced EW payl oad for the suppression of eneny air defense (SEAD) mission (NRL).
e Continued the devel opment of key capabilities of an Autonomous mllimeter wave (MWY receiver and Coherent

techni ques to counter 18-40 GHz airborne threats (NRL).

e Continued devel opnent of niniature, |owcost electronic warfare devices that can be used in tactica
unmanned vehicles or in unattended ground sensor and effector fields (NRL).

e Initiated the devel opment of range/phase correction algorithms that can generate focused, distributed false
i mges agai nst synthetic-aperture radar (SARs) froman Electronic Attack (EA) platform (NRL) offset in range
and azinmuth (NRL).

e Initiated analysis and nodeling to devel op and refine the detailed direction findings (DF) antenna design
for the Hybrid Interferoneter Technol ogy Devel opnent effort.

FY 2005 PI ans:

Technol ogy devel opnent in the areas of Tactical Aircraft, Surface Ships, Submarines, UAVs, and EW Enabling
Technol ogy continues. Sonme specific plans include:

e Complete the devel opnent and denonstration of key technologies that will enable an air-launched unmanned
pl atform carryi ng an advanced EW payl oad for the suppression of eneny air defense (SEAD) nission (NRL).

e Conplete the devel opnent of key capabilities of an Autononmobus MWVrecei ver and Coherent techniques to
counter 18-40 GHz airborne threats (NRL).

e Continue the devel opnment of miniature, |owcost electronic warfare devices that can be used in tactica
unmanned vehicles or in unattended ground sensor and effector fields (NRL).s Continue the analysis and
nodel ing to develop and refine the detailed direction findings (DF) antenna design for the Hybrid
Interferonmeter Technol ogy Devel oprment effort.

e Continue to incorporate the prelimnary mllinmeter detection hardware into a systens concept and test
agai nst 35 GHz surrogate threat (NRL).

« Continue countermeasures technol ogy and al gorithmefforts against w reless conmunications and transition
nost useful techniques into operational Navy electronic attack (EA) systens (NRL).

e Continue the fabricating a hardware breadboard incorporating range/phase correction algorithns for offset
(SAR) counterneasures (NRL).
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e Initiate the devel opnent of an integrated Digital electronic warfare (EW, electronic attack (EA) and

el ectroni c support (ES) suite using a tightly coupled comobn architecture (NRL).

e Initiate vulnerability analysis of seeker discrimnation and home-on-jam (HQJ) subsystens to the ECM system
as part of the counterneasure (CM for Wdeband Antiship Threats effort.

e Initiate and conplete fabrication and performlab denonstration of the DF antenna for the Hybrid
Interferometer Technol ogy Devel oprment effort.

FY 2006 Pl ans:

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

e Conplete the devel opment of miniature, |owcost electronic warfare devices that can be used in tactica
unmanned vehicles or in unattended ground sensor and effector fields (NRL).

e Compl ete advanced wi rel ess comuni cati on counterneasures systens technol ogy and al gorithm devel opnents
(NRL) .

e Complete field test of offset SAR counterneasures hardware breadboard (NRL).

e Continue devel opment of inprovenent concepts for electronic counterneasures (ECM agai nst advanced RF
mssile threats.

« Continue devel oprent, eval uation, and of test hardware independent algorithnms to address known shortfalls
in existing specific Emtter ldentification (SEl) capabilities.

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

e Continue to expand the frequency coverage of the basic optical detector design up to 80Ghz and test (NRL).
e Continue the devel opnent of an integrated Digital EW EA and ES suite (NRL).

* Initiate devel opment of simulation capability to analyze and eval uate future countermeasure techniques.

e Initiate devel opment of advanced signal processing architectures to assist in identification and
classification of |ow probability of intercept (LPI) and other advanced emtter types.

e Initiate enploynment of nodeling and sinulation tools to optimze technique selection to maxi mum el ectronic
attack effectiveness in counter targeting and counter surveillance operations.

e Initiate investigation of nethods of inproving pulse de-interleaving that will support detection and
identification of conplex emtters and allow sorting of multiple tracks and support of raid analysis.

e Initiate the investigation mllineter wave (MWJ technol ogi es to support the devel opnent of off board and
onboard count er neasures.
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FY 2007 Pl ans:

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

» Compl ete devel opment of capability to sinmulate returns fromship targets, decoys, jamers and clutter to
assist in the analysis and eval uati on of advanced RF counterneasures techni ques.

e Conpl ete devel opment of extraction routines to extract nodul ati on features of advanced waveforns that can
be used for signal identification and classification

« Compl ete expansi on of the frequency coverage of the prior detector design up to 95Ghz and test (NRL).

« Continue devel opment efforts in |ow cost receivers, digital RF menory (DRFM and techni que generators to
support devel opment of | ow cost EW payl oads for unmanned aerial vehicles (UAVS).

e Continue investigations into MW technol ogies to support the devel opment of off board and onboard
count er neasur es.

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

e Continue fabricating and integrating Digital EW EA and ES suite brassboard inplementing algorithms in
Field Programmabl e Gate Arrays (FPGAs) (NRL).

e Initiate inplenentation of advanced SEI algorithns into existing hardware using a flexible architecture
t hat supports future wi despread al gorithmintegrati on and application

FY 2004 FY 2005 FY 2006 FY 2007
RF SURVEI LLANCE TECHNOLOGY 5,591 6, 869 9, 590 10, 696

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

envi ronnent s.
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FY 2004 Accomnplishnents:

e Conpleted an expl oded prototype of a distributed |ocal oscillator in support of the Digital Array Radar
(DAR) technol ogy devel oprment effort.

» Completed an algorithmfor characterization of advanced Non- Cooperative Target Recognition (NCTR)

al gorithms in congested harbor environnents.

e Continued the architectural design of a one di nensional active phased array apertures for Harbor
Surveillance and situational awareness.

» Demponstrated a critical enabling high power anplifier technology and |ightwei ght cooling approach capabl e
of supporting the Horizon Extension Sensor System (HESS) and X-band Unmanned Aerial Vehicle (UAV) efforts.

e« Continued devel opnent and eval uation via sinulation of an effective band-partitioned canceller of w deband
interference (NRL).

e Continued designing and devel oping a testbed for conducting w deband jamm ng ECCM experiments (NRL).
 Continued devel oping algorithms for DARPA's KASSPER | Datacube Chall enges (an airborne G ound Myving Target
| magi ng (GMIl) adaptive array problem. Wth exact knowl edge one can find 192 out of 268 targets (with one
false alarm. 192 out of 268 targets were detected (clairvoyance signal -processi ng parlance) by using
internally devel oped data-nining techniques and algorithnms. Algorithnms were devel oped for DARPA' s KASSPER I |
Dat acube Chal | enges (an airborne GMIl adaptive array problem. Wth exact knowl edge one can find 73 out of
127 targets (with one false alarmj. 51 out of 127 targets were detected by using internally devel oped dat a-
m ni ng techni ques and al gorithms (NRL).

e Initiated El ectronmagneti c bandgap (EBG structures design using conputational codes and the effect of
various dielectric layers were evaluated (NRL).

e Initiated devel opnent and denonstrati on of a broadband dual polarized array with coinci dent phase center
and true time delay beam steering. Investigated both the single and doubl e el ement nethods (NRL).

e Initiated wi deband experinments (NRL).

FY 2005 Pl ans:

» Compl ete devel opment of prototype level hardware for DAR and characterize its performance at the el enent,
sub-array and systemlevels. Effort will transition to the Know edge, Superiority and Assurance (KSA) Future
Naval Capability (FNC).

e Conpl ete Radar ECCM al gorithnms and perform and eval uate associ ated w deband experinents (NRL).

e Initiate denonstrations of advanced NCTR al gorithns in congested harbor environnents.
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e Continue the HESS project with formfactored integration of H gh Power Anplifier (HPA) and devel opnent of a
Silicon Germani um (Si Ge) downconverter in support of HESS and DAR efforts.

e Continue the devel opment to denbnstrate signal processing, waveform generati on and one di nensional active
phased array apertures for Harbor Surveillance and situational awareness.

« Continue the design and fabrication of EBG structures, validate conputational-code designs through
nmeasurenents, and test for isolation of RF waves (NRL).

e Continue broadband-array effort by designing and building an 8X8 el ement dual -pol arized array with

coi nci dent phase center (NRL).

e Initiate the design and devel opment of a field probe and radone assenbly for a real-time calibration
technique that will utilize an optical-to-RF distribution network to inject a lowlevel RF CWsignal into each
el ement of a phased array (NRL).

FY 2006 Pl ans:

e Continue the demonstrations of advanced NCTR al gorithns in congested harbor environments by real tinme

i mpl enent ati on of automated parameter extraction algorithns for small surface crafts.

e Continue the HESS project with formfactored integration of H gh Power Anplifier (HPA) and devel opnent of
Si Ge downconverter in support of HESS and DAR efforts.

e Continue the devel opment and testing of reconfigurable/tunable EBG structures (NRL).

e Continue the investigation of polarization conpensation approaches to inprove polarization purity,
integrate results with 8X8 broadband el ement array, and denmponstrate a 3:1 frequency bandw dth that can provide
circular polarization and true-tine-delay beam steering over |large scan angles (NRL).

e Initiate the design and fabrication of a one-dinmensional (1-D) planar light circuitry (PLC) network that
i ncl udes optical -RF detectors and el ement probes and in-bed this in a small radome assenbly (NRL).

* Initiate an element level digital array radar effort on down conversion and digital beamformers.
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FY 2007 Pl ans:

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

i mpl enent ati on of automated parameter extraction algorithns for small surface crafts.

« Complete the devel opment and testing of reconfigurable/tunable EBG structures (NRL).

e Complete the investigation of polarization conpensation approaches to inprove polarization purity,
integrate results with 8X8 broadband el enent array, and denponstrate a 3:1 frequency bandwi dth that can provide
circular polarization and true-tine-delay beam steering over |large scan angles (NRL).

e Continue the HESS project with formfactored devel opment of a single Down conversion Digital Beam Forner
(DBF) slat board denmonstration utilizing SiGe conmponents in support of HESS and Digital Array Radar efforts.

e Continue the devel opnment of an element level digital array radar effort on down conversion and digita
beam

e Continue the design, fabrication and characterization of a 2-D PLC network assenbly. Devel op an aut omat ed
calibration procedure using this conpleted network (NRL).

e Initiate a harbor surveillance tracking denmonstration with integrated automated paranmeter extraction for
smal |l surface craft identification

FY 2004 FY 2005 FY 2006 FY 2007
SUPPORTI NG TECHNOLOG ES 1, 647 5, 427 1, 946 1,668

Provides for the radiation, reception, signal control and processing of very high frequency (VHF), ultra high
frequency (UHF), micro wave (MN, and mllineter wave (MW power for Navy all-weather radar, surveillance
reconnai ssance, Electronic Attack (EA), conmmunications, and smart weapons systems. The technol ogy devel oped
cannot, for the nost part, be obtained through conmercial off the shelf (COTS) as a result of the requirenments
pl aced on power, frequency, linearity, bandw dth, weight, and size. This activity includes SwampWrks efforts
in FY 2005 which will devel op and denobnstrate technol ogi es that address energent and enduring operationa
problens in an accelerated tinmeframe. Swanpworks initiatives to PE 0603758N in FY06 and out.
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FY 2004 Accomnplishnents:

e Continued digital mxer devel opnent including denonstration of 20MHz-20GHz Local Oscillator (LO source
circuit based on 20 Gz master clock

e Compl eted design and conpact finite bandwi dth band rejector filter (NRL).

e Continued selection anal og-to-digital control (ADC) nodul ator architectures and specific sem conductor
device to be hybridized with Nb Josephson junctions.

e Behavi or nbdels and core systens identification nethodol ogy were inplenmented using hybrid autonmata nodel s
for characterizing ASCM processes of the Automated Anti-Ship Cruise Mssile (ASCM Thread Mdel Devel opnent
effort (NRL).

e Continued collecting and anal yzi ng propagation data at 94GHz, for various sea and climatic conditions.
Ful | nonopul se neasurenents (phase and anplitude) were nmade addressing angle of arrival due to atnobspheric
fluctuations (NRL).

e Continued to grow and fabrication of an npn heterojunction bipolar transistor (HBT) with an InGSb base and
Al I nSbAs emitter and collector (NRL).

FY 2005 Pl ans:

e Continue to denonstrate in the |aboratory a superconducting ADC/ Programmabl e di gital channelizer

conbi nation that derives 20MHz- 20GHz Local Oscillator (LO for digital down mixing fromnaster clock and

out puts software defined bandw dth signal centered on any center frequency in range supplied to ADC

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

» Continue devel oping prototype identification algorithms for the |ock-1ogic and El ectronic Counter
Count er neasures (ECCM conponents of the automated RF ASCM t hreat nodel (NRL).

« Continue neasuring Mnopul se tracking accuracy at |ow el evation angles using towed targets and | ow flying
aircraft and tracking error nitigation techniques suitable for mllineter wave frequencies (NRL).

e Conduct research to enable growth, fabrication, and testing of 6.1-6.3 Angstrom HEMTS with allow all oy
channel s and barriers (NRL).

e Conduct efforts within Project Shield (O assified progran)

» Develop and conpl ete denmpnstrati on technol ogi es that address emergent and enduring operational problens in
an accelerated timefrane.

e Pursue devel opnent to extend the tuning range of band reject filters (NRL).
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FY 2006 Pl ans:

e Conplete the devel opment of prototype identification algorithns for the | ock-1ogic and ECCM components of
the automated radi o frequency (RF) ASCMthreat nodel and docunent results (NRL).

e Complete the 94GH#z neasurenent effort and determine the effect of frequency agility on the diffuse multi-
pat h conponent and inplement a two-antenna configuration to neasure atnospheric turbulence (NRL).

e Conduct devel opment of 6.2-6.3 Angstrom HBT operating at mcrowave frequencies (NRL).

e Experinentally test concepts for bias current recycling in a repeated supercell superconducting circuit.

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

* Increase the performance of synthetic delay lines (NRL).

FY 2007 Pl ans:

« Denmpnstrate a current recycling technology for superconducting digital circuits that is mature enough to
yield a four fold reduction of bias current.

e Pursue the devel opnent of a sem conductor-based frequency selective limter (NRL).

e Pursue novel control conponents for mmwave frequencies (NRL).

FY 2004 FY 2005 FY 2006 FY 2007
RF SOLI D STATE POAER AMPLI FI ERS 2, 966 3, 461 4,282 4,792

Provi des for the generation of Very H gh Frequency (VHF), Utra H gh Frequency (UHF), M crowave (MY, and
MIllineter Wave (MWY power anplifiers for Navy all-weather radar, surveillance, reconnai ssance, electronic
attack, communications, and smart weapons systens. The technol ogy devel oped cannot, for the nobst part, be
obt ai ned through Comercial -Of-the-Shelf (COTS) as a result of the sinmultaneous requirenents placed on power,
frequency, linearity, bandw dth, weight, and size.
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FY 2004 Accomnplishnents:

Denonstrated silicon carbide (SiC) transistors with 300 Wof output power at L-band.

Denonstrated MBE-grown HEMI structure on a GaN substrate with record Hall mobility (NRL).

Devel oped advanced transistor materials and structures to enhance anplifier efficiency with the enphasis to
i ncl ude devel opnent of conplete monolithic integrated circuits.

e Continued devel opnent of MMWWAluminum GalliumNitride/GalliumN tride (Al GaN GaN) W debandgap Hi gh El ectron
Mobi lity Transistor (HEM).

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

FY 2005 Pl ans:

e Continue the devel opnent of MWV Al GaN GaN wi de bandgap HEMs.

» Develop Al GaN HEMT br oadband anplifiers with over 20W out put power over the full band for electronic
war f are decoys.

e Pursue further devel opnent of an InGaN HEMI with a ft*l g product of 20 GHz-microns (NRL).

FY 2006 Pl ans:

e Complete 4-20 GHz broad band anplifier devel opnent with 40 Wdenonstration

e Develop application specific MW Al GaN GaN W debandgap HEMI"s that will allow Al GaN broadband anplifiers to
be extended to various el ectronic attack applications.

e Pursue radiation effects and hardness studi es of w de bandgap sem conductors (NRL).

FY 2007 Pl ans:

e Transition MW Al GaNl GaN HEMTIs to conmuni cati ons and m ssile seeker platforns.
e Transition broadband Al GaN GaN anplifiers to comunications and m ssile seeker platfornmns.
e Pursue further devel opnent of reliable w de bandgap sem conductors (NRL).
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FY 2004 FY 2005 FY 2006 FY 2007
RF VACUUM ELECTRONI CS PONER AMPLI FI ERS 2,589 3,461 3,442 3,727

Provi des for the devel opment of microwave (MN, millimeter wave (MWY, submillinmeter wave power amplifiers for
use in naval all-weather radar, surveillance, reconnai ssance, electronic attack, and comunications systens.
The technol ogy devel oped cannot, for the npbst part, be obtained through commercial off the shelf (COTS) as a
result of the simultaneous requirenents placed on power, frequency, bandw dth, weight, and size. Responding to
strong interests fromthe various user comunities, efforts are focused on the devel opment of technol ogies for
hi gh- dat a-rate comuni cati ons and hi gh- power hi gh-frequency radar applications. Technol ogi es include

techni ques for power and efficiency enhancenent of millineter-wave anplifiers, nultiple-beamanplifiers,
notably the multi-beam klystron (MBK), and physics-based nodeling and sinmulation

FY 2004 Accomnplishnents:

* Released the large-signal tinme-dependent code GATOR i ncorporating the reflection nodels devel oped earlier
for beta testing.

e Released M CHELLE v3.0 and TESLA v2.0 to the donmestic vacuum el ectronics industry for beta testing.

» Demponstrated C band helix Traveling Wave Tube (TWI) |owdistortion performance (NRL).

e Optinized the single beamkyl stron | arge signal code TESLA v2.0 to nodel multiple beans (NRL).

e Continued validation of a tinme-dependent, helix TWF bl ock nodel with nenory for nodeling digital signa
anplification (NRL).

FY 2005 PI ans:

e Create techniques for TESLA as the design tool tailored for broadband singl e-beam kl ystron devel opnent.
e Initiate the devel opnent of a four-cavity narrow band S-band nulti-beam klystron for experinments (NRL).
e Pursue devel opnent of a high-data-rate TWI using 16 and 32 synbol quadrature anplitude nodul ati on ( QAM
(NRL) .
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FY 2006 Pl ans:

e Continue the devel opnent of a broad-band (~ 400 MHz) S-band nulti-beam (18 beans) klystron (NRL).
 Continue devel opi ng design techniques for a high power mllinmeter-wave TWI with quadrupol e magnetic
focusing (NRL).

* Rel ease TESLA v3.0 capabl e of npdeling broad-band single beam kl ystrons.

e Release the gun/collector code MCHELLE v4.0 with inproved GUI and postprocessor or beta testing.

* Release TESLA MB v1.0 capable of nodeling multiple beamklystrons incorporating the effect of beam wave
i nteraction for each beam separately.

 Conduct four-cavity narrow band S-band multi-beam (8-beans) klystron performance (~ 600 kWand ~ 40%
ef ficiency) experiments (NRL).

e Upgrade the large signal code CHRI STINE3D to nodel strong focusing effects for beamtransport.

FY 2007 Pl ans:

e Compl ete design of a high power MW TW with quadrupol e nmagnetic focusing (NRL).

e Release TESLA/ GENOVE v. 1 |l arge signal code capabl e of nodeling broad-band nultiple beamklystrons for beta
testing.

* Release the gun/collector code MCHELLE with inproved interface with the large signal codes CHRI STINE and
TESLA.

» Integrate the large signal codes CHRI STINE and TESLA with the gun/coll ector code M CHELLE.

e Conduct broad-band S-band multi-beam (18-beans) klystron conponent performance (NRL).

e Investigate novel approaches to mniature high power w de bandw dth devices for mmwave applications (NRL).

FY 2004 FY 2005 FY 2006 FY 2007
RF NAVI GATI ON TECHNOLOGY 2,216 3,113 2,543 3,121

Devel ops key navi gation technol ogies for Naval Battle G oups, Aircraft, Unmanned Air Vehicles (UAVs), Unnmanned
Underwat er Vehicles (UUVs), Ships, Submarines and other 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
nmake GPS nore resistant to noise and janming. Mich of the near-termeffort concerns the devel opnent of
antennas with special features.
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FY 2004 Accomnplishnents:

e Conducted | aboratory testing to determne the effectiveness of its nulling functions of the Subnarine Mast-
nmount ed Controll ed Radiation Pattern Antenna (CRPA) for the GPS.

» Devel oped additional, high ranking, techniques of those initially investigated Space-Ti ne Adaptive Array
Processing (STAP) for GPS antenna effort; inplenentation issues continued to address concerns for
conput ati onal speed and performance reliability.

e Initiated a devel opnent of GPS AJ digital antenna el ectronics (DAE) based anti-jam systens, which use
space-time adaptive processing (STAP) or space-frequency adaptive processing (SFAP); Al so develop small patch
antenna using low1loss ceramic materials for an array of 7 elenments.

FY 2005 Pl ans:

e Continue DAE based anti-jamsystens with small patch antenna using |owloss ceranic materials for an array
of 7 elenents.

e Continue to integrate STAP for GPS Antennas to one of the receiver-antenna systens devel oped in this task
or to a systemrecomended by the GPS-Joint Program Office (GPS-JPO). Specific jamer types will be also
addressed in this effort.

e Continue to design the STAP for GPS Antennas to one of the receiver-antenna systenms developed in this
activity and to strike weapon systens such as Paveway and Tactical Tonmahawk.

e Conduct field testing of the Submarine Mast-nmounted Controll ed Radiation Pattern Antenna to determne if
the | aboratory performance can be achieved in a nore realistic environnment; conduct nulling optimzation in
submarine nmast environnent for the best broadband nulling performance.

» Initiate a devel opnent of GPS AJ processor with Poly-channelized, Code Gated Maxi num Li kel i hood (CGW)
technique to cancel the effect of a |arge nunber of jammrers.

e Initiate a devel opnent of GPS AJ Antenna El ectronics (AE) with | ow cost anal og processor technique for
Direction of Arrival (DOA) estimation and nulling.

e Initiate a devel opnent of GPS AJ processor to reliably lock to the GPS carrier signal and in this way nmake
it possible to extract very high precision positional information fromthe GPS receiver. Carrier slips are a
nmeasure of degraded GPS positional perfornmance.
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FY 2006 Pl ans:

e Continue DAE based anti-jamsystens with small patch antenna using | owloss ceramc materials for an array
of 7 elenents.

e Continue to integrate and test GPS anti-jam (AJ) antenna installed on strike weapon systens by using the
STAP processing al gorithm and assess the potential jammng mitigation; Develop beamformng/null steering
techni ques instead of a sinple power mnimzation; Incorporate an algorithmto Antenna El ectronics (AE)
performance with the opti mum sanpling rate; Devel op techniques to mnimze the AE-induced errors on GPS

si gnal s.

e Continue to design and devel op SFAP for GPS AJ antenna to inprove receiver AJ performance by adding
channel i zation to the existing Code Gated Maxi num Li kel i hood (CGW.) receiver; Evaluate the effectiveness of

t he Pol y-Channel (PC) CGW technique by simulation and build it software radios.

e Continue to design and devel op GPS AJ antenna el ectronics algorithmfor providing Al and jamer direction-

finding capabilities; Three techniques (a |l ow cost "anal og", a high performance "digital", and a "hybrid")
will be investigated for high-value platforms, where great jamrer |evel dynanic range stresses anal og-to-
digital (A/D) capabilities suggesting all-digital solutions. For |owcost systens, digital control with
anal og weights initially appears to be cost effective. A cost-performance trade table will be generated to

aid the selection of the best match for a particular application
FY 2007 Pl ans:

e Continue AJ AE antenna devel opnent task, integrate testbed conponents and conduct chanber perfornmance
testing.

e Continue to integrate the small CRPA with SFAP/ STAP Antenna El ectronics; PerformRF tests with advanced

t hreats.

e Continue to design and devel op GPS AJ antenna el ectronics algorithmfor providing nulling and DOA
estimation capabilities; a |low cost "anal og", a high perfornmance "digital", and a "hybrid" wll be

i nvestigated for high-value platforns, where great janmmer |evel dynanic range stresses anal og-to-digital (A D)
capabilities suggesting all-digital solutions. For |owcost systems, digital control wth anal og wei ghts
initially appears to be cost effective. A cost-performance trade table will be generated to aid the selection
of the best match for a particular application
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FY 2004 FY 2005 FY 2006 FY 2007
RF COVMUNI CATI ONS TECHNOLOGY 1, 353 0 0 0

Addresses critical Navy comruni cations technol ogy deficiencies and needs that are not addressed by the
conmer ci al technol ogy sector. The activity enphasis is on reliable interoperable comunications between U. S.
and coalition forces, at all levels of conmand, and rapid and reliable utilization of governnment and
conmer ci al tel ecommuni cations assets worl dwi de that are efficient and responsive to warfighting needs.

FY 2004 Accomnpli shnents:

e Conpl eted devel opnent of the Naval Battleforce Networking (NBN) technol ogy projects Traffic Fl ow
Engi neering and Intra-Battlegroup Wreless Networking. Successful denpnstration on USS ESSEX ESG

CONGRESSI ONAL  PLUS- UPS:

FY 2004 FY 2005
ADVANCED M CROMVE FERRI TE RESEARCH FOR RF SYSTEMS 1, 442 1,188

Note: FY04 title was ADVANCED M CROMVE FERRI TE RESEARCH

In FYO4, preparation of initial sanple advanced hexagonal nicrowave ferrites and their characterization for

m crowave radar circuit tuning were initiated.

For FY05, a selection of functional Perovskite oxides for passive m crowave device application were
deposited on both Silicon Carbide (SiC) and Gallium N tride (GaN) wi de gap sem conductors and subjected to in
chem cal, structural and mcrowave eval uation

FY 2004 FY 2005
ADVANCED SEM CONDUCTCR MATERI ALS 1, 345 0

In FYO4, the capability of deposition and characterization of functional oxides was advanced and nicrowave
tuni ng performance investigations were initiated.
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FY 2004 FY 2005
GALLI UM NI TRATE RF POVNER TECHNOLOGY 0 1,981

In FYO4, this effort was funded under PE 0602114N and developed a reliable GalliumNitride (GaN) Radio
Frequency (RF) Power Technology that is nore reliable and affordable by bringing 4 inch wafer processing on
line and through the use of High Density Dielectric Passivation (HDDP) processes.

For FYO5, inprove the performance and reliability of GaN Hi gh El ectron Mbility Transistors (GaN HEMIs) for RF
power applications by exploiting innovative new nmethods for the production of GaN HEMI epitaxial material on
Si C and by devel opi ng novel GaN HEMI devi ce designs and fabrication techniques. Conduct accelerated lifetinme
test neasurenents to document inprovenents.

FY 2004 FY 2005
HI GH BRI GHTNESS ELECTRONI CS 2,021 1, 485

In FYO4, denonstrated prototype field em ssion el ectron source using back-gated structures for application to
50 W 10 GHz vacuum el ectronic anmplifier with 10 dB gain

For FYO05, device fabrication and material synthesis of carbon nanostructure for application to 50W 10 GHz
vacuum el ectronic power anplifier will be optim zed.

FY 2004 FY 2005
MARI TI ME SYNTHETI C RANGE 4,137 4,259

In FYO4, this effort further devel oped the Maritime Synthetic Range by synchronizing the |live systens, which
repl aced synthetic systenms, to increase the conplexity of training and testing to provide a realistic setting
for joint-to-unit training with coordinated operational forces.

For FYO5, this effort will develop and enhance the Maritine Synthetic Range with increased real -tine
participation in operational training; creation of synthetic forces; scenario generation; and creation of
conmon synthetic battl espace (CSB) and advanced threat environments.
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FY 2004

FY 2005

NOVEL SI LI CON CARBI DE TECHNOLOGY DEVELOPMENT

0

990

Techni ques wi | |
crystal s using hal o-carbon precursor gases.

be devel oped to provide a solid scientific framework for the growh of SiC epitaxia

FY 2004

FY 2005

PACI FI C THEATER DATA FUSI ON TESTBED

0

2,476

The project wll

devel op a Pacific-theater Data Fusion Testbed (PDFT)
M ssil e Def ense Agency (MDA) with advanced discrimnation and tracking capabilities.

DATE: Feb 2005

and bul k

initiative and provide the U S. Navy and

The programwi || devel op

a framework theater-w de sensor fusion center, develop multiple discrimnation and tracking algorithnms, and
provi de performance verification from devel opment through testing.
utilized to support design integration and testing of next generation active and passive sensors, sensor data

fusion, and discrimnation tracking technol ogy.

FY 2004

FY 2005

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

961

990

An open systens architecture will be

In FYO4, devel oped techniques and algorithns for Autonated ldentification of vessels consistent with the Navy

and Coast Guard requirenents.
For FYO5,
operations.

use collected data to develop algorithms and automation techni ques for

FY 2004

FY 2005

RF VACUUM ELECTRONI CS POAER AMPLI FI ERS

0

990

The devel opnent of design tools for the gun, collector and | arge signa

anplifiers with sheet electron beans will be initiated.
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FY 2004 FY 2005
W DE BANDGAP MATERI ALS FOR POAER ELECTRONI CS 961 1, 684

In FYO4, inmproved the process to investigate the perfection of Silicon Carbide (SiC) for high power electronic
applications.

For FYO05, reduce thermal strain-induced structural defects (which adversely affect device perfornmance),
unintentional inpurities and allow nore reproduci bl e and affordable product. This would have the effect of
further inproving the performance and capability of DOD s hi gh power el ectronics by reducing the defect
densities in power sem conductor substrates and thin device fil nms.

C. OTHER PROGRAM FUNDI NG SUMVARY:

NAVY RELATED RDT&E:

PE 0601153N (Def ense Research Sci ences)

PE 0602114N (Power Projection Applied Research)

PE 0602123N (Force Protection Applied Research)

PE 0603271N (RF Systens Advanced Technol ogy)

PE 0603114N (Power Projection Advanced Technol ogy)
PE 0603123N (Force Protection Advanced Technol ogy)

NON NAVY RELATED RDT&E:

PE 0601102A (Def ense Research Sci ences)

PE 0601102F (Def ense Research Sci ences)

PE 0602204F ( Aerospace Sensors)

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

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