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Abstract: Terahertz (THz) waves have a good transmissivity through non-polar materials, and have no ionization
effects on biomedical tissues. Therefore, it is ideal for the applications such as non-destructive testing and biomed-
ical imaging. The imaging system based on THz quantum well photodetectors (THz QWPs) has higher imaging
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resolution, faster imaging speed, higher signal-to-noise ratio, and more compact structure than the imaging systems
based on other detectors, as the THz QWPs have fast response, high responsivity, low noise equivalent power, and
tiny size. This paper reviews the research progress of the imaging technology based on THz QWPs. And the factors
affecting the core indicators of the imaging system are analyzed and summarized. Using more stable fixtures to
mount the THz QWPs, improving the device response speed, detection sensitivity, array size, can improve the key
performance of imaging systems effectively.
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Fig. 1 (a) Device schematic; (b) Band profile of an n-type GaAs/(Al,Ga)As 45° facet coupled THz QWP
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Table 1 Comparison of main features of common terahertz detectors. Updated with ref.[10]

Detectors NEP/(pW/Hz"®) Response time/s Frequency/THz
Golay cell, typical ~140 >0.03 0.04~20
VO, bolometers ~40 >0.01 1.0~10
LiTiO3 pyroelectric detectors ~400 >0.01 0.2~30
Schottky barrier diodes ~100 1070 0.1~10
Superconducting hot electron bolometers 0.1 times the quantum limited ~2x1071° 0.1~10
Si bolometers ~0.1 >0.025 0.15~20
Pair-breaking detectors Close to quantum limit ~2x10710 <2.0
Glow discharge detector 12600 ~103 0.1~0.25
Terahertz quantum well photodetector ~0.1 ~10710 1.5~7.6 & 8.8~20.5
]
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Fig. 2 (a) Setup of the THz raster scanning transmission imaging system (with a blackbody as the source); (b) Comparison of
visible image (top) and THz images for the hidden metal key with different SNR: 27, 17, and 10 (from top to bottom)“®!
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Fig. 3 (a) Setup of the THz raster scanning transmission imaging system (with a THz QCL as the source);
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Fig. 4 (a) Setup of the THz raster scanning reflection imaging system (with sample moving);
(b), (c) Visible (b) and THz images (c) of the surface of flash disk!?

2019 THz QWP
THz (QcL) 22 ZHEERFHEME
( 2012 THz QWP
5(a) ¥ THz QWP 42 THz THz (QCL)
0.5 A/W 4x101 W/Hz*?
5K THz QCL 4.3 THz 5(b) ( 6(a) Yl THz QWP 3.2
40 5(d) THz 0.5 A/W 10t
THz 5(c) cm-Hz*/W ~34 K 2(a) THz
5(e) 20 mmx30 mm QCL 39THz 1.5 mm
0.2 mm 15000 0.52 6(b)
mm ~60 min THz QWP 85 mmx85 mm 1 mm
12° 24 1.2 mm
THz 7225%24 ~600 ~24h

190667-4



https://doi.org/10.12086/0ee.2020.190667

(a) 250
200
Object 150
100

Driver

250
200
150

’ Source and preamplifier ‘
%vjerahertz QWP
[SourceJ | Lock-in amplifier F@

100

50

x/lcm

B 5 (a) THz MHisiasb KA A B (RS 30); (D), (C) T EAF AL 40 B F LT 6T LA RM
B (b)5 THz AMEE(C); (d), (e) RAM(PU)LATH A A = K8 T LA E ()5 THz AL E (e)
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THz images (e) of three drops of water covered with the polyurethane (PU) insulation materials!*®!
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(a) Setup of the THz archimedes spiral scanning imaging system; (b), (c) Visible (b) and THz images (c) of a leaf half

covered with a plastic bag; (d), (e) Visible (d) and THz images (e) of a leaf covered with a polyethylene lid"*®
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Table 2 Parameters of a imaging system based on THz QWP
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(a) Device schematic; (b) Band profile of an n-type GaAs/(Al,Ga)As 45° facet coupled THz QWP

Overview: Terahertz (THz) waves have a good transmissivity on non-polar materials and no ionization effects on
biomedical tissues. Therefore it is ideal for the applications such as non-destructive testing and biomedical imaging. The
imaging system based on THz quantum well photodetectors (THz QWPs) has higher imaging resolution, faster imaging
speed, higher signal-to-noise ratio (SNR), and more compact structure as the THz QWPs have fast response, high res-
ponsivity, low noise equivalent power, and tiny size. This paper reviews the research progress of the imaging system
based on THz QWPs. The direct transmission and direct reflection imaging systems have simple light paths, and the 3D
imaging system can obtain 3D information of objects. However, the imaging speed, the resolution and SNR are low. The
archimedean spiral scanning imaging system progressed in imaging speed, but the resolution is still not high. The con-
focal scanning imaging system has a short imaging time and a relatively high imaging resolution, nevertheless, the SNR
is low. The pixel-less imaging system has a diffraction-limited resolution, extremely short imaging time, and high SNR,
is the most promising one above. There are some tips for system performance improvement. First, the imaging resolu-
tion can be optimized by the optical confocal methods. Second, the large imaging area can be achieved by optimized
optical path design. Third, high imaging speed can be achieved with no mechanical stop scanning, multi-pixels detectors,
or reducing signal acquisition time with an ultrafast detector. Forth, the SNR is mainly relying on the steady optical path,
optical source power, and detector sensitivity. However, these factors are always competitive, a trade-off must be made
to achieve an optimized imaging solution for a specific application. It improves the light output stability and beam qual-
ity with a more stable fixture for the source and the detector mounting. The improvement of the detector response
speed, detection sensitivity, and array size are also working. It is believed that the THz imaging will become faster
(real-time/ultra-fast), more accurate (higher resolution), and simpler (lower systems complexity) with these efforts. And
it will play an important role in biomedical and industrial imaging in the future.
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Supported by National Key R&D Program of China (2017YFF0106302), National Natural Science Foundation of China
(61927813, 61975225, 61875220, 61775229), the Fundamental Frontier Scientific Research Program of the Chinese
Academy of Sciences (ZDBS-LY-JSC009), and Shanghai Sailing Program (17YF1429900)

* E-mail: jccao@mail.sim.ac.cn

190667-10




<<
  /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


