
 

RF/Microwave Photonic Data Links  

IPITEK's products cover pure analog transmission for direct conversion to analog television 
signals, QAM transmission for digital video, internet, and other digital signals sent over the cable 
networks, and binary digital transmission for backbone networks. These all can be applied to 
government systems; however, analog transmission has received a lot of interest because 
sensors used by the defense department and other agencies can have their output directly 
impressed onto optical carriers by using analog modulation. This is attractive because it requires 
no analog-to-digital conversion or signal processing at the sensor itself. IPITEK is involved with 
high-performance versions of these analog links, developing applications and improved 
performance. 

A primary direction of research at IPITEK is reduction of the optical power required by high-
performance analog links. In order to achieve high dynamic range, direct-detection analog links 
require high optical power (several mW) transmitted to the receiver. This can cause problems in 
several applications. One example of this is mixed-signal transmission 

IPITEK is also working on increasing the dynamic range of analog links by linearizing the 
transmitter. For its commercial products, IPITEK uses a cost-effective form of electronic 
linearization. For high performance links at frequencies up to 20 GHz, IPITEK uses optical 
linearization, where the optical modulator itself is made more linear. This technique can be 
applied to either traditional direct-detection analog links, or to the new low-power suppressed-
carrier links, improving the dynamic range by as much as 20 dB in either case. 

IPITEK has begun development of suppressed-carrier transmission and coherent detection as a 
means to reduce the transmitted optical power. Figure 1 shows an implementation of a single-
sideband suppressed-carrier link. Single-sideband suppressed-carrier (SSB-SC) modulation is 
the most efficient form of amplitude-modulated transmission because the only power transmitted 
is the information sideband. 

 

Figure 1: Single-sideband suppressed-carrier analog link 

Figure 1 shows one way of achieving SSB-SC modulation. The Mach-Zehnder modulator is 
biased off which results in only odd-order sidebands. The carrier and all even-order sidebands 
are eliminated. The optical filter passes only one of the sidebands, so only the power in one 
sideband is transmitted through the optical link to the detector. An optical local oscillator (LO) 
must be used at the detector to produce an intensity-modulated signal. 



A very small amount of power by analog optical link standards can produce a reasonable signal-
to-noise ratio (SNR) at the detector, as shown in Figure 2. The power level we are primarily 
concerned with is the power transmitted through the link. The power at the detector is larger due 
to the LO, but the LO power only has to be large enough that LO shot noise exceeds receiver 
thermal noise (if the LO power equals the received sideband power, which could happen in a very 
large dynamic range case, the optical modulation depth at the detector is 100%). 

 

Figure 2: Signal-to-noise ratio of a single-sideband suppressed-carrier analog link 

In addition to the desired first-order sideband, unwanted third-order intermodulation products are 
produced in the optical spectrum by the nonlinearity of the modulator. These can be made 
arbitrarily small by using a small modulation depth. For a given sideband power, the transmitter 
laser power can be increased and the modulation depth decreased to achieve any level of third-
order intermodulation suppression. Almost all of this laser power is thrown away at the modulator 
output, though, so only the small sideband power goes through the link. Although this could 
theoretically be extended to any desired dynamic range by using very large laser power, it is 
more practical to use a linearized modulator and lower laser power. For a given transmitter laser 
power, the transmitter nonlinearity sets an upper limit on the modulation depth and thereby the 
received optical power. 

 



Figure 3: Dynamic range of a single-sideband suppressed-carrier analog link. Transmitter 
laser power (PL) is 100 mW and local oscillator power is 3 mW. 

Figure 3: shows the third-order intermodulation-free dynamic range of a single-sideband link. At 
low received power, the limit is set by the signal-to-noise ratio and the dynamic range increases 
as the received power increases. There are different curves in this region for different noise 
bandwidths because larger noise bandwidths require larger received power for the same signal-
to-noise ratio (note that in Figure 2, the signal-to-noise ratio is normalized to a 1-Hz noise 
bandwidth). At higher received power levels, the dynamic range is limited by the nonlinearity of 
the transmitter-third-order intermodulation products appear above the noise floor at the link 
output. Dynamic ranges of >110 dB-Hz2/3 can thus be achieved with 10 to 100 µW of received 
power. This is a reduction in the received power of about 1000x compared to a direct-detection 
link with the same dynamic range. 

IPITEK is also working on increasing the dynamic range of analog links by linearizing the 
transmitter. For its commercial products, IPITEK uses a cost-effective form of electronic 
linearization. For high performance links at frequencies up to 20 GHz, IPITEK uses optical 
linearization, where the optical modulator itself is made more linear. One example of this type of 
linearization, designed for sub-octave links where second-order distortion is tolerable, is shown in 
Figure 4. By choosing the correct bias points for the two modulators, third-order distortion can be 
dramatically reduced while still maintaining efficient signal modulation. 

 

Figure 4: Linearized modulator formed by cascading two Mach-Zehnder modulators, used 
in a suppressed-carrier link. 

The linearized modulator of Figure 4 can be used in a normal direct-detection analog link with 
good results. It can also be used in a suppressed-carrier link as shown in Figure 4. When used 
this way, very high dynamic range can be achieved while maintaining the very low received 
power of a suppressed-carrier link. Figure 5 shows the dynamic range in this case. 



 

Figure 5: Dynamic range of a suppressed-carrier analog link using a linearized modulator. 
Transmitter laser power is 100 mW and local oscillator power is 3 mW. 

These are just a few examples of the research being done at IPITEK on advanced, high-
performance links for RF photonics. Please contact us to discuss your particular applications. 

Publication:   
1. G. Betts, “High dynamic range coherent analog links using AM-SSB”, in LEOS annual 

meeting, Puerto Rico, Nov. 2004, Invited paper MN3. 
2. Y.-C. Hung, B. Bortnik, H.R. Fetterman, R. Forber, W. Wang, “Suppressed carrier optical 

transmitter with intracavity modulation for coherent analog optical links”, JWA63, 
Proceedings of OFC/NFOEC Conference, March, 2007. 

 



<<
  /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




