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Abstract: As an important composition of terahertz (THz) technology, THz pulsed focal-plane imaging has been paid
widely attention since it was invented. Until now, researchers have introduced all kinds of methods to enhance the
performance of this imaging technique. Simultaneously, this imaging technique has been tried to apply into various
industrial and fundamental research fields. In this paper, recent technique improvements and application researches
for THz pulsed focal-plane imaging are reviewed, including the spatial resolution enhancement, signal-to-noise ratio
improvement, information acquiring ability as well as applications of this imaging technique in spectroscopic identi-
fication inspections, function demonstrations of meta-surface devices, measurements of THz special beams, ob-
servations of THz surface electromagnetic waves, and so on. The aim of this paper is to push the technique innova-
tion and application exploration of THz pulsed focal-plane imaging.
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Fig. 1 Comparison of THz pulsed focal-plane imaging and THz raster scan imaging[12'13].

(a) Scheme of a THz raster scan imaging system and (b) THz images of a leaf by THz raster scan imaging;
(c) Scheme of a THz pulsed focal-plane imaging system and (d) THz intensity distribution obtained by THz pulsed focal-plane imaging
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Fig. 4 THz pulsed focal-plane microscopy®?". (a) Scheme of a THz pulsed focal-plane microscopy system; (b) Visible and
THz images of a double slit metallic mask; (c) THz intensity profile curve extracted along the dashed line in (b)
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Fig. 5 Vectorial measurement of a THz field by THz pulsed focal-plane imaging®??. (a) THz pulsed focal-plane imaging
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Fig. 7 Function characterization of metasurface elements by THz pulsed focal-plane imaging
(a) Imaging function characterization of a THz metasurface lens;
(b) Polarization-dependent response of a THz metasurface photonic Hall element;
(c) Function characterization of a THz metasurface ring Airy beam modulator;
(d) Function characterization of a wavelength de-multiplexing THz metasurface hologram
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Fig. 8 Vectorial characterization of THz special beams by THz pulsed focal-plane imaging®®®® #'!. (a) Vectorial characterization of a
THz vortex beam; (b) Vectorial characterization of a THz Bessel beam; (c) Vectorial characterization of a THz bottle beam
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Overview: As a class of novel far-infrared testing technology, terahertz (THz) imaging has been rapidly developed for
recent decades due to characteristics of the THz radiation, such as low photon energy, broad bandwidth, and high
transmission to non-polar materials. Notably, the THz pulsed focal-plane imaging technique has become an important
composition in all kinds of THz imaging methods because of its obvious measurement advantages. When the THz
pulsed focal-plane imaging is employed, two-dimensional THz information of a substance can be accurately acquired in
a single measurement and the raster scan process in traditional THz imaging is effectively avoided, which leads to the
reduction of the experimental time as well as the enhancements of the measurement stability and sampling ratio. In this
review, the technique innovations and application explorations of THz pulsed focal-plane imaging are introduced. This
THz imaging technique was firstly proposed in 1996 and various means have been applied to improve its performance.
With the development of the imaging technique, the super-thin sensor crystal and the quasi-near-field detection are
introduced to improve the imaging spatial resolution; the dynamics subtraction and the balanced electro-optic detection
are applied to enhance the signal-to-noise ratio of the imaging system. In addition, this imaging system can individually
measure different THz polarization components (E;, E,, and E.) by varying the polarization of the probe beam and using
the sensor crystals with different crystalline orientations. Currently, it can be said that almost all of THz wave-front in-
formation can be obtained by using this imaging technique. With the maturation of the imaging technique, it has been
applied into various industrial and fundamental research fields. Utilizing the spectroscopic measurement ability of the
imaging system, identification of different chemical and biological samples can be achieved. Utilizing the vectorial
measurement ability of the imaging system, the function of THz meta-surface devices, characterizations of THz special
beams, and observations of THz surface electromagnetic waves have been demonstrated. Besides, this imaging tech-
nique has been also applied to measure transmission modes of THz waveguides, inspections to concealed objects, and so
on. Of course, there is still much room for the future improvement of this imaging technique, such as the further en-
hancement of the signal-to-noise ratio, the enlargement of the imaging region, and the simplification of the optical con-
figuration. Nevertheless, it can be expected that the imaging technique will show its tremendous application potentials
in the future.

Citation: Wang X K, Zhang Y. Advancement and application of terahertz pulsed focal-plane imaging technique[J]. Op-
to-Electronic Engineering, 2020, 47(5): 190413

Supported by National Natural Science Foundation of China (11474206, 11404224, 11774243, 11774246)
* E-mail: yzhang@mail.cnu.edu.cn

190413-18




<<
  /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


