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¥’i TT&L Background

* Wide variety of tags for long-range TT&L
—RF (MHz-GHz) - IR (near/far) = Optical

*Why RF for tags?
— All-weather, day/night capable
—Circuitry is robust, inexpensive, and shrinking

—Supports a variety of system concepts
e Air-Ground, Space-Ground, Ground-Ground, Air-Air

— Applicable to static targets, vehicles, and
dismount soldiers
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#’ Radar-Responsive RF Tags
*Why radar for RF tags?

—Exists on many fielded platforms to locate,
identify, and frack targets of interest

—Geo-location inherent in tag response
—Many radars share similar bandwidth
—Data extraction possible on some platforms
—Radar tags are readily integrated into the
mission CONOPS
*Radar tags aid pilot in “Speak up or die”
decision making (anti-fratricide)
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}- RF Tags at Sandia

*Fusing radar > SAR/MTI radar -> RF tags
*Over a decade of RF TT&L programs

Radar-Responsive Tags Communications Tags Monitoring Tags
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#i Radar Tag Block Diagrams
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#ﬁhena Radar-Responsive Tag

* Blue-Force Tracking and Combat ID missions
*Responds to two different radar bands
*Based on Sandia’s legacy coherent radar tags

*Includes electronics, antennas, and batteries

Sponsor Info:

US Army CERDEC I2WD
Mr. Andre Hastie
andre.hastie@us.army.mil
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* Evaluate Radar/MMW/Optical tags & systems
for air-ground and ground-ground CID

*14 Athena tags on-site supporting air-ground
—10 M3 Bradley e —
— 2 static Sights : el

—2 spare tags
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# Next-Generation RF Tags

* How can we improve today’s RF tags?
— Smaller volume... but retain ruggedness
— Longer field life... but same or smaller battery
— Increased functionality... but keep it simple to use
— Increased autonomy... but retain user controls

* What are the challenges?
— Decreased acquisition cost (of course!)
— Works for all users and CONOPS (of course!)
— Interoperable across all platforms (of course!)
— Extensible to future systems (of course!)

Force Tracking & CID Conference, 23-SEP-05, KWP Slide #8 @ ﬁaa?igﬁm

Laboratories



_
;ri Case Study: Athena Tag

Digital RF Digital RF Digital RF
Detect Mode Power Consumption Surface Area (cu. in.) - Discrete Power Supplies - Discrete
(mW) - Discrete Electronics Electronics Electronics
Clearly, RF components
dominate the tag resources.
oot * || How can we improve on this?
TX Mode Power Consumption
(mW) - Discrete Electronics
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#’ RF Integrated Circuits

* Integrate RF, IF, modulation, analog interface, etc.,
into a single RFIC chip or chip set
— Maximum functionality with minimum DC power
— Directly reduce DC power and volume
— Overall increase in functionality

* Pertinent questions
— What is the right level of integration?
— What semiconductor technology is optimum?
— What are the gains to be had?
— What is the cost of such an endeavor?
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#ﬁi RFIC Technology

 Integrate high-frequency and complex circuits
— Phase-locked loop and VCO
— DDS/DAC and complex modulator
— Digital interface/programmability

* Microwave design traditionally a I1I-V MMIC

— Excellent performance at very high frequencies
— 1s to 10s of transistors per chip typical (FET or HBT)

e Optimum technology: Silicon Germanium BiCMOS
— SiGe processes easily reach airborne radar frequencies

—1000s of transistors including CMOS and interface circuits

— Large-scale manufacturing for reduced cost
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e RX/TX architecture in IBM 7HP SiGe

*Frequency and components similar to Athena
—RF receive/transmit including video detector

—DDS synthesizer & vector modulator (did not exist)
—PLL w/ integrated VCO (replaced ﬁxed freq DRO)

*Results
—~ 20,000 transistors
—> 2x less DC power
—> 4x less board area

T e |
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* - Courtesy of Sierra Monolithics, Inc. Dave Clark, (310) 698-1030. MONOLITHICS

Sandia
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IC Board Area Savings
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¢ Applicability to Athena Tag

Discrete RFIC
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¥’ Impact on Tag Design

*Clearly, an RFIC allows significant reductions
in tag size and DC power consumption

* Athena SiGe RFIC efforts underway

*SiGe RFIC cost concerns are valid
— Affordability is a key to long-term success of tags
—Significant NRE for design, fabrication, and test
—Multiple design spins probable
—Production runs expensive (but yield 1000s)
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& “Analog” vs. “Digital” RF Tags

*This has been a confusing and misinterpreted
topic in radar-responsive tagging

* Anti-Analogy: Cellular Telephony
—Began w/ analog waveforms (FM/FDMA)
—Migrated to digital waveforms (TDMA/CDMA)

*For radar tags, “Analog” and “Digital” applies
to waveform storage (time delay)

—Athena has “analog” time delay yet uses DAC-
based digital modulation techniques
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g Analog Delay tdeology

* Time delay elements
— RF: Coaxial cable, fiber optics, meander t-line, BAW
—IF: SAW devices are small, inexpensive, surface-mount

 Advantages
— Coherence stable over delay time
— Delay stable over time and temperature
— Very low power; overcome loss w/ low-power LNA
— Field-proven methodology across many radar platforms

e Drawbacks

— Fixed time delay
— Fixed bandwidth
— Lossy
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o Digital Delay ldeology

* Digital RF Memory (“DRFM”)
— Sample = store = recall 2 reconstruct
Sandia 1-bit DRFM
— Complete DRFM includes ADC and DAC  in COTS technology

* Advantages
— Variable storage/playback
— Digital filtering and modulation
— Integrate with SiGe RFIC

e Drawbacks and TBDs

— Coherence, delay vs. clock stability and jitter
— Required number of bits
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# Impact on Tag Design

*Considerations for Analog vs. Digital delay
—Limitations or capabilities of compliant radar?
—CONOPS — what is required for the mission?
—Available DC power: static, vehicle, or dismount?

*Plan ahead
—Design with analog; add hooks for DRFM
—Design with DRFM; add hooks for analog
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}»‘ Conclusions

* Maximizing tag usefulness requires...
v Understanding of CONOPS and users
¥ Reducing tag volume and power consumption
v Balancing affordability with complexity
¥ Pursuing advanced technologies intelligently

*“Next-generation” tags are under development

*QQuestions?

Force Tracking & CID Conference, 23-SEP-05, KWP Slide #20 @ ﬁaa'[ligﬁm
Laboratories




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


