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Abstract:ThemechanismofdefectsonCuprocessalongwiththedevelopmentofnewproductisstudＧ
iedinthispaper,andimprovementmethodsareproposed．TheresultsshowthatthehighflowofO２

usedinpostashingcorrodestheCuinPVX１(TheFirstpassivationLayer)etch,andmakestheCu
holeblackened．AfteraddingtheH２treatmentstep,CuOcanbereducedtoCu,andtheholeappears
metallicwhitecolorduringCD (CriticalDimension)measurement．During１ITO (TheFirstIndium
TinOxidesLayer)etchprocess,hightemperatureannealingresultsintheoccurrenceofseriousoxidaＧ
tionofexposedSDCu．Skippingannealorchangingmaskdesigncanavoidthedefect．IntheVIAetch
step,highcontentofO２oxidizestheCu,resultinginthebreakofconductionbetweengateandSD
throughtheholewhichleadstotheoccurrenceofverticallineMura．ReducingthecontentofO２of
VIAetchcansolvetheproblem．
Keywords:arrayprocess;Cucorrosion;Cuoxidation;blackholedefect;anneal;verticallineMura

阵列基板铜工艺不良研究
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摘要:本文结合产品开发过程中遇到的铜相关不良现象进行研究,提出了有效的改善措施.结果表明,在第一次氮化硅

刻蚀中的后灰化工序有高含量的氧气,会使过孔内部铜发生氧化而发黑.使用氢等离子体处理,可以将氧化铜还原成

铜,在生产线光学设备测量时过孔反射出金属白色.在氧化铟锡刻蚀过程中,高温退火会造成裸露的铜发生严重氧化,

需要去掉退火步骤或者更改设计来规避.在第二次氮化硅刻蚀步骤中,高含量的氧会氧化过孔处的铜,造成过孔连接异

常,降低刻蚀步骤中氧气含量可以解决该不良.
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１　Introduction

Drivenbythehighrefreshrateandhigh

resolution ofdisplay products,many display
plantsuselowresistivityCuinsteadofAlinthe
gateorSDlayer,eveninbothlayersatthesame
time,soastoavoidtheriskofresistorＧcapaciＧ



tancedelay[１Ｇ３]．ORG (Organic)film material
havemanyadvantagessuchaslowdielectricconＧ
stantandhighflatness which makeitwidely
usedinTFTＧLCD[４]．whenconvertingAltoCu,

notonlytheDEP(Deposition)processchanges,

butalsomask,etchandstripprocesseshaveto
changecorrespondingly．Sotheprocessbecomes
morecomplicatedwhen ORGisadded．Inthis
paper,accordingtoa HADS (High Advanced
DimensionSwitch)modeproductwithorganic
filmdevelopmentprocess,thedefectscausedby
theuseofCumaterialsarestudiedandimproveＧ
mentmethodsarealsogiventosolvethetechnoＧ
logicalchallenges．

Fig．１　Schematicdiagram oforganicfilm product
structure

２　ArrayProcessandDefects

AsshowninFig．１,atypicalarrayprocessof６
maskproductisdescribed．Thegatelayerisfirstly
fabricated．ThenactiveandSDfilmaredeposited
successivelyandHTM (HalfTone Mask)isused
foronceexposurewhichneedstwicewetetch,twice
dryetchandonceashingprocesses,thuspresenting
TFTchannelstructure．Finally,ORG/１ITO/VIA/

２ITO (TheSecondITO Layer)layersaremade．
ThethicknessofCuingateandSDlayersareboth
３００nm．

Fig．２istakenonORGFICD(FinalInspecＧ
tionCriticalDimension)inAA (ActiveArea)

zone．Itcanbeseenthatthepixelholeisvery

Fig．２　DefectofpixelholeinAAzone

black．Thiscolorisabnormalbecausetheinside
oftheholeiscopperanditshouldbeasbright
whiteastheSDlineunderthesamevision．

AsshowninFig．３,GOA (GateonArray)

holeistaken byoptical microscopeafterthe
arraysubstrateisfabricated．BlackstainandabＧ
normalcolorcanbeobservedintheleftSDhole
whilethegateholeontherightisclean．

Fig．３　DefectofSDholeinGOAzone

Fig．４　VerticallineMura

FromFig．４,wecanseethatverticalblack
lineappearsin monochromatic green picture
whenthemoduleislighted．Theincidenceofthis
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defectisabout２０％,anditsdistribution on
arrayglass(２．２m×２．５m)isirregular．

３　ResultsandDiscussions

３．１　BlackHoleDefect
ThethreemainstepsoftheORGlayerare

PVX１DEP,ORG maskandPVX１etch (also
called ORG etch)．Thedifferencefrom other
layersisthattheorganicfilm hereactsasPR
(Photoresist), but remains in the array
structurewithoutbeingremoved．ORGFICDacＧ
tuallyreflectstheformafterPVX１etch．Itis
wellknownthatCuOisblack．Sotheblackening
oftheholeindicatesthattheCusurfaceinside
hasbeenoxidized．Inordertoclarifythestepof
Cuoxidation,thepicturesobtainedbeforePVX１
depositionandafter ORG mask,respectively．
Obviously,itcanbeseenthatthepositionofthe
baseoftheholeinFig．５(a)isthesameasthe
SDline．InFig．５ (b),allpositionsexceptthe
holearecoveredwithalayerofPVX１andORG,

both of which are transparent substances．
Therefore,thecolorofallthelocationswhere
themetalispresentisthesameinDICD(DevelＧ
opmentInspectionCriticalDimension)．Fig．２
clearlyshowsthattheholesareblackened,illusＧ
tratingthatthedefectoccursinPVX１etch．

Fig．５　ImageofTFTinAA．(a)FICDbeforePVX１
deposition;(b)DICDafterORGmask．

PVX１ etch uses dry etching to remove
about１００nmofSiNx．Actuallythisprocessis
dividedintotwosteps．Inthefirststep,SF６and
O２ withagasflowratioof１∶２areusedtoreact
withSiNx．Asshownintheequation (１),the

Fig．６　DiagramofCuOprotectivefilm

roleofO２istopromotethedissociationofF∗ ,

fromSF６soastoincreasetheetchingrate．Inthe
secondstep,thegasflowratioofSF６andO２is
changedto１∶３０．UndercutsofORGandPVX
(asshownintheFig．６)areavoidedthroughthe

reactionbetweenO２andorganicfilm．UnfortuＧ
nately,duringthisprocess,thehighcontentof
O２ willreactwiththeexposedCu,resultingina
darkercolorattheholeshownintheequation
(２):

SiNx＋４F∗ → SiF４↑ ＋ N２, (１)

Cu＋ O２→ CuO, (２)

CuO ＋ H２→ Cu＋ H２O ↑ ． (３)

Inordertoimprovethisdefect,theusual
methodistoaddagastreatmentprocess．H２isa
reducinggascommonlyusedinfactories．After
PVX１etchiscompleted,arrayglassisplacedin
H２plasma(５５５００mL/min)atmospherefor４０
sandthenCDistested．Bycontrast,itcanbe
seenfrom Fig．７thattheholeappearsbright
white again just like the metal line．
Furthermore,theyieldofarrayglassafterH２

treatmentincreasedby３６％．Alltheseshowthat
H２plasmaiseffectiveforreducingCuOandthe
treatmentcanimprovethecontactresistance．

Fig．７　ImageofTFTinAA．(a)FICDafterPVX１
etch;(b)FICDafterH２treatment．
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３．２　GOAHoleDefect
InordertoobservetheabnormalityofGOA

hole,thecrossＧsectionalpictureofthisareawas
obtainedbySEM (ScanningElectron Microscope)

inFig．８．Thereisathicklayer ofcorrosive
substancebetween２ITOandSD,presumedthat
SDCuwasreacted．Fig．９andFig．１０isthepicＧ
turebefore１ITO DEPandafter１ITOetchreＧ
spectively．Accordingtothepictures,aftermakＧ
ing１ITOlayer,thesurfaceofSDCuinGOA
areaistightlycoveredbyalayerofcorrosion
products．WhilegateCuremainsunchangedbeＧ
causeitiscoveredbyGI(GateInsulator)layer．
Itcanbedeterminedbycomparisonthatthe
stepsofabnormaloccurrenceis１ITO layer,

whichincludes１ITO DEP,１ITO mask and
１ITOetch．Experiencetellsusthat１ITO DEP
andmaskwillnotcausethedeteriorationofCu
thinfilm．Therefore１ITO etchisthe most
doubtfulstep．

１ITO etchincludes wetetch and anneal
whichcanconvertITO intoapolycrystalline
state withlow electricalresistance and high
transmissionrate,sothesampleisvalidatedby
these two processes separately after １ITO
mask[５]．Theresultsshowthatnoabnormalityis
foundinthesamplesafterwetetch．Samples
placedinovenat２３０℃for３０minareshownin
Fig．１１(b)．Thereexistsalayerofcorrosives
similartoFig．８．Thissurelyservestoillustrate
mostclearlythattheexposedSDCuwillbeoxiＧ
dized by high temperature heating in CDA
(Clean dry Air)in anneal process．Thus
resultingintheopenofGOAcircuit．

AttentionshouldbepaidtothehightemＧ
peratureenvironmentofCuwhenITOlayeris
madeafterSDlayerinarrayprocesssequence．
Tosolvethisproblem,wecanskipannealstep
in１ITOetchandwaitfor２ITOannealascomＧ
pensation．In ２ITO anneal,１ITO or ２ITO
coversalltheexposedSDCu,sotheoxidation
phenomenoncausedbyannealwillnothappen
again．Ontheotherhand,whenchangingdesign

Fig．８　ImageofsectionoftheGOASDhole

Fig．９　ImageofCubefore１ITODEP;(a)SDCu;
(b)GateCu．

Fig．１０　ImageofCuafter１ITOetch．(a)SDCu;
(b)GateCu．

Fig．１１　ImageofSD Cuinactivearea．(a)After
１ITOwetetch;(b)After１ITOanneal．

of１ITO mask to make allexposed SD Cu
coveredwithPR,theremained１ITOcanprotect
Cufromoxidation．
３．３　VerticalLineMura

Usually,theabnormalholewillaffectthe
inputofelectricalsignals,resultinginpoorqualＧ
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ityofpicture[６]．Inthecase ofverticalline
Mura,gateusesCuandSDusesAl．Theholein
GOAcanmaketheelectricalconductionbetween
peripheralcircuitanddatalineofthedisplay
area．Atthebeginning,laserisusedtobreak
downtheCuholetomaketheelectricalconducＧ
tionthereasshowninFig．１２(a)．Theresults
showthatthebreakdownofCuthroughgate
layer makes the Cu/２ITO lap and Mura
disappear．WhilethecrossoverholeonSDAlis
brokendown,thedefectremainsunchanged．
Therefore,itcanbejudgedthattheholeonthe
surfaceofgatelayerisabnormal．

Fig．１２　(a)Breakdownofholebylaserinperipheral
circuit; (b) Schematic diagram of the
sectionofthegatehole．

Then,theabnormalgateCuholesaretested
byfocusedion beam microscopy (FIB)．As
showninFig．１３,thereisnoabnormal２ITOon
thesurfaceoftheholeand２ITO lapatthe
climbing position with rightslope angle．So
２ITOlayerisconductingnormally．MoreimporＧ
tantly,theslopeangleoftheholeisalsogentle
withnoundercutexist．Therefore,itissuspecＧ
tedthatthesurfacecorrosionofCuleadstocirＧ
cuitbreakage．

Fig．１３　FIBtestresultofhole．(a)Topview;(b)

CrosssectionofabnormalCu．

Infailureanalysis,electricalwaveformtesＧ
tingisoftenusedtofinddefects．Comparedwith

Fig．１４　Electricalwaveformtestofdataline

theOK samplefrom Fig．１４,the NG (Not
Good)samplehasadelayof０．６７９μsatlow
voltageand０．３９μsathighvoltageintherisereＧ
gionofwaveform．Whenthefallpartofthe
waveformiscomparedwiththeOKsample,the
delayofNGsampleis０．１４１μsatlowvoltage
and０．１３７μsathighvoltage．InZＧinversiondisＧ
playmode,thedatelineofmonochromepicture
fluctuatesineachframe[７]．Poorcontactofdata
linethroughthegateholescancauseelectric
waveform delayineachframeandaffectthe
brightnessofthepicture．Sotheverticalline
Muraappearsinthissituation．

VIA etch is dry etch performed using
plasmaformedofSF６andO２．WhentheO２conＧ
tentofVIAetchischangedfrom６２％to４１％,

theincidenceofverticallineMuracanbereduced
to０％．ItcanbeseenthatwhentheoxygenconＧ
tentingasofVIAetchistoohigh,theoxidation
reactionofCucausestheabnormalcontactbeＧ
tween２ITOandCuattheconnectionhole．The
oxidationleadstotheincreaseofdatalineRC
delayandeventuallytheoccurrenceofvertical
lineMura．

４　Conclusion

TheoxidationandcorrosionofCualways
runthroughtheprocessofswitchingfrom Al
materialtoCu．OncetheCuthinfilmismade,

everyprocessstepinthefollowingmustbeconＧ
sideredtoavoiditsreactionwithsolid,liquid,
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gasandplasma．InPVX１etch,addingH２treatＧ
mentcanreduceCuOtoCuandmakethehole
appearnormalcolorin CDtest．Ifthe１ITO
layerismadeafterCulayer,theeffectofanneal
shouldbeconsidered．CuthinfilmcanbeprotecＧ
tedfromoxidationbychangingmaskdesignor
skipping anneal．In VIA etch,reducing O２

contentofgascanreduceCuoxidation,thus
avoidingtheincreaseofcontactresistance．With
thediversificationofproducts,theoxidationand
corrosionofCumayappearinavarietyofforms．
WefirmlybelievethatthesedefectscanbeexＧ
cellentlysolvedbycarefulresearcher．
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