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A Study on Improving the Accuracy of Wafer Align Mark Center
Detection Using Variable Thresholds

Hyeon Gyu Kim', Hak Jun Lee” and Jaehyun Park”’
** Smart Manufacturing System R&D Department, Korea Institute of Industrial Technology

ABSTRACT

Precision manufacturing technology is rapidly developing due to the extreme miniaturization of semiconductor

processes to comply with Moore's Law. Accurate and precise alignment, which is one of the key elements of the

semiconductor pre-process and post-process, is very important in the semiconductor process. The center detection of

wafer align marks plays a key role in improving yield by reducing defects and research on accurate detection methods

for this is necessary. Methods for accurate alignment using traditional image sensors can cause problems due to

changes in image brightness and noise. To solve this problem, engineers must go directly into the line and perform

maintenance work. This paper emphasizes that the development of Al technology can provide innovative solutions in

the semiconductor process as high-resolution image and image processing technology also develops. This study

proposes a new wafer center detection method through variable thresholding. And this study introduces a method for

detecting the center that is less sensitive to the brightness of LEDs by utilizing a high-performance object detection

model such as YOLOVS without relying on existing algorithms. Through this, we aim to enable precise wafer focus

detection using artificial intelligence.
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Table 1. Statistics of dataset

Training Test
Training set (90%) | Validation(8%) | Test set(2%)
Table 2. Hyperparameter for training
Parameter Value
Learning rate 0.01
Batch size 16
Image size 324*324
Epoch 40
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Table 3. Center point through changes in LED brightness

Variable threshold Constant threshold

LED X Y X Y

5 1990 1067 - -

6 1991 1066 - -

7 1991 1067 1961 1105

8 1991 1067 1991 1067

9 1991 1067 1991 1066

10 1991 1067 1991 1067

11 1991 1067 1990 1067

12 1991 1067 1989 1067

13 1991 1067 1140 984
SD. | £03142 | +03142 | +10981 | +14.2409

W] AQHE 71 threshold -2 A1
2 e UE EEEAL x yvE
£0.3142px 2 71 4 cju] 308 o)3] A4S of
Hd 5 Uk

sk
o,
o
-
eyl
O
Qe

Constant Binaryzation at LED 7 Variable Binary Image at LED 7

>

0 100 200 300 400 500 o 100 200 300 400 500

Fig. 8. Binary image comparison.

Fig 80f|4] 31 gthreshold *§-4]} & =0l 4] A|tet 7HH
threshold®4] 2] LED ¥}7]79f| 4] o] 218} Aif=g vlals)
Stk 317 threshold©] 79~ A ket 71 thresholdid-4jef 8]
3f align mark®] edge7} =8 A =D 4 QUrk 24
o ofzlg} ojulA 5 AR F& FF v oA AP 2
goll Azt d&de 71E + Ak

Journal of KSDT Vol. 22, No. 4, 2023



112 A&t - olshE - A
544 =2 2. Lee, S. H., Chen, K. N, & Lu, J. J. Q. (2011). Wafer-to-
wafer alignment for three-dimensional integration: A
£ =7oAe 9rEA flolH align make] F4 A& 1t review. Journal of Microelectromechanical Systems,
oA LED 47| sto] ;e AUeg Axsh] sl a1 ) B8 .
so Aaste shu 4 792 Alotstale) = 3. Hynix Semiconductor Co., Ltd. (2008). "Method for
71&S A85hs 7H tresho HE e AT e Defect Inspection on a Wafer" (Patent No: 10-2008-
Hol Fs 7HA2 7)o ThE align mark Q14] ol A 0061938). Korean Intellectual Property Office.
£ Zgsto] AF o2 ROIE AAsH H U9 Igo] 4. Okamoto, K., Sugiyama, M., & Mabu, S. (2020).
glo|g 2 &2 29l threshold?] 7]%S Asl= WS A Importance of Advanced Metrology in Semiconductor
—Eg'oﬂ 7] ?_]—5]'93\];]7 éﬂ_;ﬁ]gi LED 5]_]'_7] Oﬂ E}%wafer align ‘Ilndustliy afn(; \r?lue-gd(.ied Creégi(;zl USininAlI/ML.lfgﬁ-
o] 21 A2 T 308 oAk AM 2 lalck 2(;1;1‘1;;20 urface Science and Nanotechnology, 18,
SHARE A whEA] A SN HE SE B T 5. Samsung Electronics Co., Ltd. (2004). "Method for
83 Q4~o]th Al detection ZHofl ARE-3F YOLOX E-2 74 Recognizing Alignment Mark Patterns” (Patent No: 10-
A B Hrf gutsiste] w21 73St HEo] s 2004-0017132). Korean Intellectual Property Office.
31 Aersl welo]x|ul oA =Tl A H|w3t 7|2 HFA) 6. Lee, T. H, & Park, C. S. (2023). Real-Time Fire
o] Hj§] £E7F Lalths thho] QQITI0), 25 o= Detef:tlon Method .Usmg YOLOVS. Journal of the
Asl7] 98 AAWe] 27149 fin ing S o1715}0] Semiconductor & Display Technology, 22(2), 77.
A ‘—(:" f' e F7149l fine nning & 149 7. Joseph Redmon, Santosh Divvala, Ross Girshick, Ali
I ite) TR i Farhadi, “You Only Look Once: Unified, Real-time
Object Detection”, IEEE Conference on Computer
ZtALe] 2 Vision and Pattern Recognition, pp.779-788, 2015.
8. G. Ang, et al. “A novel application for real-time
BTl AREARIE W abely]sEslue) Y arrhythmia detection using YOLOVS.” arXiv preprint
L AN b arXiv:2305.16727, 2023.
glo EF Aol ’
(KEIT) ] 2915 53 9= 21554 = (Nos 20023103 9. RangeKing (Range King) - GitHub
and KM230314). 10. Lee, Y.-H., & Kim, Y. (2020). Comparison of CNN and
YOLO for Object Detection. Journal of the
Enl=C Semiconductor & Display Technology, 19(1), 85.
1. Bourjot, E., & Fournel, F. (2022, September-October).

Direct bonding: a key enabler for 3D technologies. Chip
Scale Review, 6-7.

HEA| ) 2 Z e o]7]4518]4) AT AW, 2023

4220239 119 289, AAFY: 20239 1249 89,
AAEE L2023 124 12




<<
  /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


