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ABSTRACT

As the function of a product is advanced and the process is refined, the yield in the fine manufacturing process

becomes an important variable that determines the cost and quality of the product. Since a fine manufacturing process

generally produces a product through many steps, it is difficult to find which process or equipment has a defect, and

thus it is practically difficult to ensure a high yield. This paper presents the system architecture of how to build a

smart manufacturing system to analyze the big data of the

manufacturing plant, and the equipment factor analysis

methodology to increase the yield of products in the smart manufacturing system. In order to improve the yield of

the product, it is necessary to analyze the defect factor that

causes the low yield among the numerous factors of the

equipment, and find and manage the equipment factor that affects the defect factor. This study analyzed the key

factors of abnormal equipment that affect the yield of products in the manufacturing process using the data mining

technique. Eventually, a methodology for finding key factors of abnormal equipment that directly affect the yield of

products in smart manufacturing systems is presented. The
actual manufacturing plant to confirm the effect of key facto

Key Words : Smart manufacturing system, Equipment facto
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A1 pEuEE] 32 EERE |33 A7
plating |templ etching |temp 1 |measure |thickness
temp2 temp 2 | -ment
voltage 1 speed width
voltage 2 pressure
current 1 current 1 space
current 2 current 2 -
flux 1 Concent- -
ration

3.2 Analysis

gloly A2 AgPAolA glH 254 (plating)
2 HuE gatoR RS By owidhl)
thickness(y2)©] 31, lot sizex= 200 lot(57 variables), 137 1ot(200
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o] oAb =7|thickness), A1 E(width), 7F2(space)o] A F &l yl(137 lo} y2(137Lot)ef] wiet 2]914] Heo]
Table 2. Summary of ANOVA
Variable Target y1(width) y2(thickness)
lot size 137 200 137 200
Data set variable 200 57 200 57
training 70:30 70:30 70:30 70:30
validation
pflllgl P .pump5,6,12_flux .pumpl ::—zzlﬁg .pump6
Variable rectifier rv50, 74, w15 rvll2 Ol
L 107, 112, - avi13 3
voltage 137 TV rvi3s IV
dc°efﬁc.‘em. of R-square 0.83 036 0.76 0.29
etermination
RMSE 1.22:1.28 0.90:0.91 0.87:1.04 0.84:0.76
Validation SSE 130.9:65.5 111.5:49.9 68.8:43.6 95:34.7

Journal of KSDT Vol. 21, No. 4, 2022



172 SHAlE - AEA
ofgt malg MelE|gict mdlo] AFHE =ol7] sl 4. a4 =2
AE S 07 oo s MdAstal, 39 mde] ok At
RMSE(Root Mean Squared Eror)@} SSE(Sum of Squared Enonzt = 779 S22 vlA] A% 549 &) 3= vl
o] 70:30(Training: Validation) 7ol &34 E&= ik 2= ol FAuE ZaL AujIAkg BAste, Al =&
9 A A7 Stk olF fEl AlxEle]
Table 3. Analysis of variance EeFlolE @ AuQIXE EAsk] ofF QIAT} 42&9
e n|A=AE A, FAEE AEL 723 A
Source DF SumofSq MeanSq Fvalue Pr>|F|)  © > EH ];] ]j S8kl 3 ° OE 1‘ U= e z
ol HE #Aste] E5Fe] 24 9FS vAE s
Mode 53646 6329 2298 <0001 g
o R Bol3 Y mAEo) A icknes) 2 Al
Total 41 41560 of gt B|HEA At ¢ temp?] 4719 HR|QIAT} £
gk QAR FRlE Sick
R-Square 0.761 AdiR-Sq 07283 olgjgl YHES AMESIH A= 7YoA A EF
AIC -48.634 BIC AAE ol &S Eola, FAS A= A
SBC -38.208 C(p) 71o1d ez 7|Enh o7|A4 S8 a4r EREe
Standard TR Av], T2 a4 @ el gAds
Parameter DF Estimate oo tvale Preft]  5:@Esko] WEH o pe|Eolof gk
E3E o]t @) vlylolE EA4E flEiAE 5
Intercept 1 -86.995 45819  -190  0.0656 Ro| meo|d W 2A 7R A A go]gSol
¢ _temp 1 3.428 1.201 2.86 0.0071 A A9 A]—%?_]E]‘i‘(IOT)% Edlo] AA7ro R SAE I
rvl12 1 3.935 0.923 427 0.0001 owmEs glgo| JLEEojof 7lsSlth & AnfEA R
w113 1 8.768 1921 457 <0001 Al2"o] A4l A AR dloEleE AT
2R E Sk 2~ Ol 31A AJ8) 5
138 | 358 0980 366 00008 = THoRL Al 4 gl 2ol s ook qick
A =R A AR @] dglo AAIS
a_coll3 1 -10.148 1876  -541 <000l A A= A g HelolEl et AAsE

£ eRoAL BN yI3 y2FoA @Aol T
7 7Rs y2o $A%91E R BAskch 3R
(6200 FFS TIAE dulue] AL WA W A
M-S o] 85to] pglo] 005 mlTel fol3t e W
= Melsiych AEE AusEal w12, w3, i,
¢ temp, a coll3 o[k, olefat BFOE & uf PCBY =
Al mAH o] S Al ARl thet ek e 2
o2 Felwglrk

y(thickness) =-86.9 +3.4c_temp +3.9rv112 +8.7rv113

-3.5rv138-10.1a _coll3 ®)

2] Table 304 model®] p-value= 0.0001 2t} 22 A&
I 4= Sltk &, A9 pvalie= 005K} Ztomg
Solehhan A aeh R GRSy 0762 24F 3
FA41o] AR HEE 6% ol4F ARelER Aok & 4
Stk Ao 57 55| pralel 212} 005k T} 2o
2, W4 ¢ temp, v112, v113, v138, a_coll3- §-2Jsltha &

T QItKTable3 Z=).

WA 2 Z o]/l AR AP, 202

of A%9 B TR S1 PCBeRIS] AntEA| %
A2 PERE 9 A28 achiccureS 2] AAI3Heck

ol 34 2 Ao AAleld el W Alo] o]
ofe A7 F7h2 AT Aol

ALl =

B g gro) gelow dEae] AUe v
T 5] 21-5{No. 2022-0104).

]
ral

k-

1. Lee, Y. H, Choi, J. E, and Hong, S. J., “Semi-
Supervised Learning for Fault Detection and
Classification of Plasma Etch Equipment,” Journal of
the Semiconductor & Display Technology, Vol. 19, pp.
121-125, 2020.

2. Sim, H. S., “Implementation and Effectiveness of Smart
Equipment Engineering System,” Journal of the
Semiconductor & Display Technology, Vol. 16, pp. 121-
126,2017.

3. Lee, J. Y, Yoon, J. S., and Kim, B. H., “A Big Data



b A 250 Au]QlA 4

173

Analytics Platform for Smart Factories in Small and
Medium-Sized Manufacturing Enterprises: An Em-
pirical Case Study of a Die Casting Factory,” Interna-
tional Journal of Precision Engineering and Manufac-
turing, Vol. 18, pp. 1353-1361, 2017.

Usami, Yasutsugu., Kawata, Isao., Yamamoto, Hideyuki.,
Mori, Hiroyoshi., Taniguchi, Motoya., “e-Manufacturing
System for Next-generation Semiconductor Production,
Hitachi Review, Vol. 51, pp. 84-89, 2002.

MESA International., “MES Harmonizatio in a Multi-
Site, Multi-Country, and Multi-Cultural Environment:
Case Study of a Plant to Enterprise Solution,” MESA
International white Paper, 2008.

Choi, C. H., and Kim, J. S., “The Effects of the Manu-
facturing Execution System(MES) Introduction Factors
on Management Performance of Small and Medium
Business,” Journal of Product Research, Vol. 35, pp.
77-84,2017.

Jeong, Y. S., “Linking Algorithm between loT Devices
for smart factory environment of SMEs,” The Journal
of cases on Information Technology,” Vol. 8, pp. 233-
238, 2018.

i)

10.

11.

12.

13.

Ko, D., and Park, J., “A Study on the Visualization of
Facility Data Using Manufacturing Data Collection
Standard,” The Institute of Internet, Broadcasting and
Communication, Vol. 18, pp. 159-166, 2018.
Montgomery, D. C., Peck, E. A. and Vining, G.G.
“Introduction to Linear Regression Analysis”. 4th
Edition, Wiley, 2007.

Hawkins, D. M., “Multivariate Quality Control Based
on Regression-Adjusted Variables,” Technometrics,
Vol. 34, pp. 61-75, 1991.

Weisberg, S., “Applied Linear Regression(2nd ed.),”
New York: John Wiley, 1985.

Cook, R. D.. “Detection of influential observations in
lineachr regression.” Technometrics, Vol. 19, pp. 15—
18, 1977.

Hastie, T., Tibshirani, R., and Friedman, J., “The
Elements of Statistical Learning,” Springer, New York,
pp. 214-217,2001.

A 20229 129 159, AAFY: 20229 124 209,
AAEE Y 20229 124 2149

Journal of KSDT Vol. 21, No. 4, 2022




<<
  /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


