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Automated Inspection System for Micro-pattern Defection
Using Artificial Intelligence
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{Abstract)

Recently Artificial Intelligence(A) has been developed and used in various fields.
Especially Al recognition technology can perceive and distinguish images so it should plays a
significant role in quality inspection process. For stability of autonomous driving technology,
semiconductors inside automobiles must be protected from external electromagnetic wave(EM
wave). As a shield film, a thin polymeric material with hole shaped micro-patterns created by
a laser processing could be used for the protection. The shielding efficiency of the film
can be increased by the hole structure with appropriate pitch and size. However, since the
sensitivity of micro-machining for some parameters, the shape of every single hole can
not be same, even it is possible to make defective patterns during process. And it is
absolutely time consuming way to inspect all patterns by just using optical microscope.
In this paper, we introduce a Al inspection system which is based on web site Al tool.
And we evaluate the usefulness of Al model by calculate Area Under ROC curve(Receiver
Operating Characteristics). The Al system can classify the micro-patterns into normal or
abnormal ones displaying the text of the result on real-time images and save them as
image files respectively. Furthermore, pressing the running button, the Hardware of robot
arm with two Arduino motors move the film on the optical microscopy stage in order for
raster scanning, So this Al system can inspect the entire micro-patterns of a film automatically.
If our system could collect much more identified data, it is believed that this system
should be a more precise and accurate process for the efficiency of the Al inspection.
Also this one could be applied to image-based inspection process of other products.
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Fig. 1 The Emission of EM waves from autonomous
vehicles

Fig. 2 An EM wave shielding film and a micro hole
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Table 1. Confusion matrix

Actual Value
Positive Negative
Predicted Positive TP FP
Value Negative FN TN
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True Positive Rate

Worthless

False Positive Rate

Area Under the ROC

*+ 09 ~ 1.0 : Excellent
+ 08 ~ 0.89 : Good

* 0.7 ~ 079 : Fair

* 0.6 ~ 069 : Poor

+ 05~ 059 :Fall
*0~049 :Worthless

Fig. 3 Mullers AUC Level
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Fig. 4 The images of hole type captured by optical
microscope
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Table 2. The accuracy result of another sample
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Fig. 7 The monitor of the Al trained model

4, 2 E

gl9} o] 7E A2HE olg3le] eiSe]
4 A SIS Ao s
agch G N5} wo FHRA 4
—LXT 74/\}/] Q.%}do] lco};ﬂ ﬂoa 01747‘\#1;]_
o) s Ao BEe] vkl e A 3}
e s Ffo] ol o] o) kAo
AR H9E AND 9ol vlelamule o
919] WS ARE dols B FRH ARE %
Holl gl 3k 17} AUtk ool AAHE QlEAlE Al
AR aEdE IS & & Sle
oz HgE9irt. 100702 vlA| el Y
o7 HARks Bl oF 602l
Rh 2 Aol AR QleAle AlAEE oF 13
o] 48 %It
2o oy ATEgol= e A FuloE
B3PI7F et Ho] IR vkt AA
=2 Speckle 718E o83t vieA| W s A
|y ol s flek 22 S Sl AFAs

O D D
2 pE ol
2 |o rlo w0

r{nz

weg AP Ax) 79 100%2] FeR e
£ FEBICE ofmlx] Y|uke] ke AEE]
st A

= Zo] x o]u|x] dlojgut 53| &
HEE A4 oY BEe 183 4 grje =

x

Tt s BeIA 95.05%9] B
M Q3As B AR tebis Al

7} tha Wold 4 9k ofulA] dolelzh Lol
i 5

of Wl B e FEAL Hols gAY
e ulgol Hoke Wl Au BEe] A2 37t
Hog Fuslel o we o] oulA dole}
79 "ot qrk

Ho] FAsls HEEe wekivAe £
oAz Uehpl S W Aol 288 4

=
Huo Moz %A

FHO0R dkolof she He 4



ASASA)S EELF O|MIHE

SHTE AIAED Al 2HE ASOE U
Auto-Focusing Algorithm AA7} 3% AL 3}
A atEch

Al =

20219 ARAIEEAIS Algdos o
TAR7|STHY] AP ol FYE A7,
(ATHLIARL © P-0008763, AW @ AHY
ARG DA

n

TnEE]

[1] W. Tong, A. Hussain,b W. X. Bo, and S.
Maharjan, "Artificial Intelligence for Vehicle-to-
Everything: A Survey", IEEE Access, Vol. 7,
pp. 10823-10843, 2019.

[2] X. Zhang, and W. Dahu, “Application of
artificial intelligence algorithns in image processing”,
Journal of Visual Communication and Image
Representation, Vol. 61, pp. 42-49, 2019.

[3] K de Haan, Y. Rivenson, Y. Wu and A.
Ozcan, "Deep-Leaming-Based Image Reconstruction
and Fnhancement in Optical Microscopy”, Proceedings
of the IEEE, Vol. 108, pp. 30-50, 2020.

[4] J. O'Leary, K. Sawlani, and A. Mesbah, "Deep
Leaming for Classification of the Chemical
Composition of Particle Defects on Semiconductor
Wafers", IEEE Transactions on Semiconductor
Manufacturing, Vol. 33, pp. 72-85, 2020.

[5] A. Krull, P. Hirsch, C. Rother, A. Schiffrin,
and C. Krull, “Artificial-intelligence-driven scanning

KSAU(C

SYE ASE HAR A AT

[

probe microscopy”’, Communications Physics,
Vol. 3, pp. 54, 2020.

[6] A. Durand, T. Wiesner, M. A. Gardner, L. E.
Robitaille, A. Bilodeau, C. Gagne, P. D. Koninck,
and F. Lavoie-Cardinal, “ A machine learning
for online automated optimization of
super-resolution optical microscopy”, Nature
Communications, Vol. 9, pp. 5247, 2018.

[71 M H Al-Saleh, and U. Sundararaj, ‘Flectromagnetic
interference shielding mechanisms of CNT/polymer
composites”, Carbon, Vol. 47, pp. 1738-1746, 2009.

[8] K. Sushmita, G. Madras, and S. Bose, “Polymer
Nanocomposites Containing Semiconductors as
Advanced Materials for EMI Shielding”, ASC
Omega, Vol. 5, pp. 4705-4718, 2020.

[9] D. Kong, J. Li, A. Guo, and X. Xiao, “High
tenperature  electromagnetic  shielding shape  menory
polymer composite”, Chemical Engineering Journal,
Vol. 408, pp. 127365, 2021.

[10] B. Z. Liuy, Y. Yang, X. C. Wang, and Z. Zhou,
“Prediction Model of Shielding Effectiveness of
Electromagnetic Shielding Fabric with Rectangular
Hole”, Progress In Electromagnetics Research
C, Vol. 48, pp. 151-157, 2014.

[11] B. Adelmann, and R. Hellmann, ‘“Rapid micro

hole laser drilling in ceramic substrates using

single mode fiber laser”, Journal of Materials

Processing Technology, Vol. 221, pp. 80-86, 2015.

S. Marimuthu, M. Antar, and J. Dunleavey,

“Characteristics of micro-hole formation during

fibre laser drilling of aerospace superalloy”,

Precision Engineering, Vol. 55, pp. 339-348, 2019.

[13] Y. Rong, Y. Huang, C. Lin, Y. Liu, S. Shi, G.
Zhang, and C. Wu, “Stretchability improvement
of flexible electronics by laser micro-drilling
array holes in PDMS film”, Optics and Lasers
in Engineering, Vol. 134, pp. 106307, 2020.

[12]

(4= 2021.10.13. 440 2021.11.16. ARERG: 2021.11.19)

735




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




