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Abstract: Traditional pinhole spherical wave digital in-line holography has proved to be powerful imaging tools. Im-
age quality is affected by uncertain round of pinhole. Here, we propose a well-distributed sphere wave generation
method and it demonstrates wide field of view and high resolution microscopy. The laser focuses into an infinitesimal
spot through laser beam expander and microscope objective. Pinhole permutation with different sizes is utilized to
match the focal point, and emerges an ideal spherical wave. Interference fringes pattern, formed by reference
sphere wave and scattered sphere wave of object, is collected by large area image sensor. The influence of dirty in
image sensor and parasitic light is eliminated through subtraction with and without object. Fresnel inverse transfor-
mation reconstruction algorithm presents the object information. Biology microscopy experiments demonstrate that
the proposed techniques increase the flexibility in producing well-distributed point light source and improve the im-
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age quality. Field of view is 3.22 mmx3.22 mm and resolution is 5.09 um. Furthermore, adjustable field of view with
magnification, fast, no-contact make it to be a promising tool in optical element measurement, material identification,
biology and medicine.
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Fig. 2 Experimental platform
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Fig. 3 5 um horizontal and vertical lines. (a) Background; (b) Hologram; (c) Contrast image; (d) Reconstructed result; (e) 5.09 um
resolution central magnification; (f) 6.36 um resolution central magnification
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Fig. 4 Biology sample microscopy. (a) Rhizopusoryzae hologram; (b) Mosquito mouth hologram; (c) Housefly wing hologram; (d)
Rhizopusoryzae reconstructed result; (e) Mosquito mouth reconstructed result; (f) Housefly wing reconstructed result
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Fig. 5 Mosquito eggs microscopy. (a) Full field of view image; (b) Digital magnification image; (c) Out of focus image
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Mosquito eggs microscopy. (a) Full field of view image; (b) Digital magnification image; (c) Out of focus image

Overview: Digital in-line holography (DIH) with spherical wave, originally proposed by Gabor, is the simplest way in
realizing holographic. The object light and reference light are coaxial, and interference fringes pattern are recorded di-
gitally by image sensor. Complex amplitude distribution of object are displayed through reconstruction algorithm. In
visible light range, although the resolution is micron, it provides wide field of view. Moreover, the characters of fast,
real-time, non-contact make it be a promising tool in material identification, biology microscopy, lab-on-a-chip appli-
cations and particle track.

The quality of point source spherical wave, emerged from pinhole, has an important impact on the imaging. However,
the size and uncertain round of pinhole cannot be eliminated refer to fabrication error. Although researchers have been
capable of manufacturing nanometer accuracy pinhole, the cost is expensive extremely far more than optical elements.
On the other hand, wetting films, pixel super-resolution, differential-interference-contrast are applied efficiently to im-
prove image quality, field-of-view, and resolution, but they require sophisticated operation steps far beyond the simplic-
ity of the spherical wave digital in-line geometry.

Diffraction is much better in condition of pinhole diameter matching for incident light wavelength. And the actual
size of pinhole is determined by parameters and distance of image sensor. It makes heavy demands on manufacturing
accuracy. We first consider obtaining the well-distributed spherical wave. Laser focuses into an infinitesimal spot
through laser beam expander and microscope objective in turn. Altering axis distance between pinhole array and mi-
croscope can obtain suitable focal spot. Matching with the pinhole, an ideal spherical wave is generated. The influence
of uncertain round of pinhole can be shifted to the edge of image sensor that is negligible. Then reconstruction algo-
rithm simplify the computational process, which presents the object information. Finally, as a proof-of-concept, biology
experiments demonstrate the proposed techniques.

As shown in mosquito eggs microscopy. Figure (a) is reconstruction result without any image processing, the field of
view is 3.22 mmx3.22 mm and the resolution is 5.09 um. Figure (b) and (c) are magnified digitally four times to display
single egg. The difference of reconstruction distance, the result is changing. It is called digital focusing. Besides, the
whole measurement process is fairly high efficiency, because only three steps: placing object, exposure, and reconstruc-
tion. Large area and high resolution recovery image is our target, and also the characteristic of this microscopy system.
It can be used in detection of micro optical element, biological recognition, path tracking of plankton etc. Especially in
biology and medicine research, high efficient, flexible working distance and field of view characters are much suitable.

Citation: Tian P, Yan W, Li F X, et al. Biology microscopy using well-distributed sphere digital in-line holography][J].
Opto-Electronic Engineering, 2019, 46(1): 180110

Supported by Department of Science and Technology of Sichuan Province (2015]Q0009) and the National Natural
Science Foundation of China (61705232)
* E-mail: yanwei@ioe.ac.cn

180110-7




<<
  /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


