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Aspheric Lens Measurements by Digital Holographic Microscopy and Liquid
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Digital holographic microscopy allows optical path difference measurement. Optical path difference depends on both the
refractive index and the morphology of the sample. When interference fringes are very closely spaced, the phase data contain
high frequencies where 2t ambiguities cannot be resolved. The immersion testing method, which is a transmission test while the
sample is immersed in liquid, is very effective in reducing high frequency fringes in transmission measurements so that large
dynamic range testing is possible for a non-null configuration. We developed a digital holographic microscope using liquid that
can measure the high numerical aperture aspheric morphology of a sample. This system provides highly precise three-dimensional
information on the sample. By improving the experimental method, choosing liquids which have similar refractive index to the

sample, we can measure more accurate three-dimensional information on the samples.
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Color versions of one or more of the figures in this paper are available online.
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FIG. 1. Shematic diagram of digital holography microscope and
image reconstruction.

MO: Magnify Lens, R: Reference Beam, O: Objective Beam, BS:
Beam Splitter, b: distance between sample and lens, S': distance
between lens and CCD, S: distance between CCD and image

reconstruction plane.
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FIG. 2. Transmission DHM and Optical path difference in different
refractive index material.
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FIG. 3. Simulation with aspheric lens in air. (a) phase of 633 nm
wavelength, (b) phase of 671 nm wavelength, (c) phase of virtual
wavelength, (d) 3-D grey level of designed aspheric lens, (e)
phase unwrapping result of (a), (f) phase unwrapping result of
(b), (g) phase unwrapping result of (c), (h) profile of dotted line
in unwrapping results.
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FIG. 4. Simulation with aspheric lens in water. (a) phase of 633
nm wavelength, (b) phase of 671 nm wavelength, (c) phase of
virtual wavelength, (d) 3-D grey level of designed aspheric lens,
(e) phase unwrapping result of (a), (f) phase unwrapping result
of (b), (g) phase unwrapping result of (c), (h) profile of dotted
line in unwrapping results.
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FIG. 5. Shematic diagram of experimental set-up for transmission
DHM. VN: variable neutral density filter, BS: Beam splitter, M:
Mirror, O: Objective light, R: Reference light, BE: Beam expander,
ML: Objective lens.
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FIG. 7. Hologram and profile of Lens C610. (a) Hologram, (b)
Phase image, (c) 3-D grey level of lens, (d) designed profile of
lens (@) and measured profile (@).



322 3=233k3| A A4 Al6s, 201349 12¢

A1 (Mol A ki= conicgho &, B AT A= k=-12 s}k
HlAH 129 Aot mefE S435E7] QA= conic Ft=
2A3lojok st AR WS paraboloidE 7} AL
d=o] A FE SA5laL o] 22 conicgto] FaFol
HEolcth 12 A= FHoRRE v wake] Ag,
R+&= ROCo]t}
a9 71 9 82 A=E Eef Wol SA3t

d 71 17 8oflA (= 219, (b= 94 o=
z

ot

Autolct. 71

QA

£3}o] A& M Z(grey level) 32 FAL, (d)= U
A= ) S
a9 73 O9 8EHE g2

#=9] profile(¢) o]tk
C6103} A2309] ROCZHS: 7+

@ (b)

—9—neasured
—& designed

© d

FIG. 8. Hologram and profile of Lens C610. (a) Hologram, (b)
Phase image, (c) 3-D grey level of lens, (d) designed profile of
lens (W) and measured profile (@).

mm
0.05

T
—4— measurad

0.045} —m— designed

0.04
0035
0.03f
0.025
0.02f
0.015}F
0.01F
0.005

mm

FIG. 9. Designed lens profile (®) and measured profile with
using 2 different refractive index material (4).

7} 2,715, 2.875 o]t} o]= tJx}el ROCEE 2.71, 3.492} H]
al, C6109] 79k w9 GAIA 24 Hen, A230
1 Fjol7} Atk A2309] A A= FU(AY, FH) BE
ek e 741 olek £ DHMe] 49 d=e] 4
o 9BE Relw 'ﬂHOﬂ srle] Zgo] 2
re & Aolth. Fule] Ty JFe il 9
42 oo, A= el o] 9= B0 2

i\ rE o.,>: rlo =

—SH 9 T

EN AR 2EE APAA(Cargille, n=1.6220)5 A-$-1L
AU 52 A A 2k 19 9o Pk a9 9=
B A2 ROCFH-E 3.394=2 T]Al ROCS; FAKHS & &=
o]

_1

A% A3 AAs e xYste] AgHY, DHME o]
gfo] NAZH 2 w79l 9120) B4 ROCEES ST 4+
S8 BT 5 ik ol Wue olgshy, s1zel
A% 24 palol s wek whE 2o APsel 1eln
s 43o] A DHMS] AUEt of 2 gwolw,
He Wme FA HEe Zgsio), vl Wz 4
o Wx B RolA HTH 4L € gol A gl
o] Zoi= @=o] ROCH "t ofte}. conic ZHe 245}
oF 3

st} ol AHS s 24 AAEe] FOV(Field
B = oe 27 sfojof gt

£ Q7 ol2 ? AnE WS olgdtel &
A 9IS S 5 At AL B AL, £

olyg} conic = AL 4=

HAe] 32+l dlolEl & Al&a)
= g ZRague
o]-g-3}7 l o] Al&ﬂ o] mpgrct & UAE &
Frk NAZE 2 v dlzo] - 7]&7]7F AA
X*E’J SAp7F At o]y TS Betsh|
N3] % g3to] 2HE zols 2 st YAE
gatoleh. Egt Bl 4 A At $9 nE I
S e A9 B2, AW 45, 52 U EVS
=457 HoH Hd3t 24 E Xé 0]%6}?1 Al 5 &
tﬂ_cg_] _T'—gcl]-g A‘]EHX_—]OE é
i xﬂ zw DHM& o]&

m v do o oxt (N X
i)
e N
—lrl
A
oZi

s
51O
=3
S A~
3 o=
3}

zAe =

o] =R 20139 “AFTet A&E
ol ojstel ATE UL

re

) XA



(97=5) A2} Digital Holographic Microscopy& ©]-8-3%t H|LH =

References

. D. Malacara, Optical Shop Testing (Wiley & Sons, Inc.,
USA, 2007).

. G. R. Brady, M. Sicairos, and J. R. Fienup, “Optical
wavefront measurement using phase retrieval with transverse
translation diversity.” Opt. Express 624, 103801-103809
(2009).

. G. R. Brady and J. R. Fienup, “Range of phase retrieval
in optical metrology,” in Frontiers in Optics 2005/Laser
Science XXI (Optical Society of America, Washington DC,
2005), paper FTuS3.

. J. W. Goodman and R. W. Lawrence, “Digital image
formation from electronically detected holograms,” Appl.
Phys. Lett. 11, 77-79 (1967).

. M. A. Kronrod, N. S. Merzlyakov, and L. P. Yaroslavski,
“Reconstruction of hologram with a computer,” Sov. Phys.
Tech. 17, 434-444 (1972).

. H. Cho, D. Kim, Y. Yu, W. Jung, and S. Shin, “3-
dimensional measurement using digital holographic micro-

m

10.

11

)

B AT — AR AE 9 323

For

scope and phase unwrapping,” Korean J. Opt. Photon.
(Hankook Kwanghak Hoeji) 17, 329-334 (2006).

. E. Cuche, P. Marquet, and C. Depeursinge, “Simultaneous

amplitude-contrast and quantitative phase-contrast microscopy
by numerical reconstruction of Fresnel off-axis holograms,”
Appl. Opt. 38, 6994-7001 (1999).

. U. Schnars, “Direct phase determination in hologram

interferometry with use of digitally recorded holograms,”
J. Opt. Soc. Am. All, 2011-2015 (1994).

. D. C. Ghiglia and M. D. Pritt, Two-Dimensional Phase

Unwrapping (John Wiley & Sons., Inc. USA, 1999).

H. Cho, D. Kim, W. Jung, S, Shin, and Y. Yu,
“Dual-wavelength digital holography microscope for BGA
measurement using partial coherence source,” J. Opt. Soc.
Korea 15, 352-356 (2011).

L. Yu and M. K. Kim, “Wavelength-scanning digital
interference holography for tomographic three-dimensional
imaging by use of the angular spectrum method,” Opt. Lett.
30, 2092-3094 (2005).




<<
  /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


