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ABSTRACT

NanocrystallineTiNfilmswerepreparedbyDCreactivemagnetronsputtering．Theinfluenceofsubstrate
biasesonstructure, mechanicalandcorrosionpropertiesofthedepositedfilmswasstudiedusingXＧray
diffraction,fieldemissionscanningelectronmicroscopy,nanoindentationandelectrochemicaltechniques．
Thedepositedfilmshaveacolumnarstructure,andtheirpreferentialorientationstronglydependsonbias
voltage．Thepreferentialorientationschangefrom (２００)planeatlowbiasto(１１１)planeatmoderatebias
andthento(２２０)planeatrelativelyhighbias．NanohardnessH ,elasticmodulusE, H /E∗andH３/E∗２

ratios,andcorrosionresistanceofthedepositedfilmsincreasefirstandthendecreasewiththeincreasein
biasvoltage．Allthebestvaluesappearatbiasof－１２０V,attributingtothefilm withafine,compact
andlessdefectivestructure．Thisdemonstratesthatthereisacloserelationamongmicrostructure, meＧ
chanicalandcorrosionpropertiesoftheTiNfilms,andthefilmwiththebestmechanicalpropertycanalso
providethemosteffectivecorrosionprotection．

１．Introduction

　TiNfilmsarewidelyusedasprotectioncoatings
ofcuttingtools, moldsanddiesagainstabrasion,
corrosionandoxidation[１,２] ．TheyaregenerallyproＧ
ducedbyphysicalvapordeposition(PVD),andthe
relationshipbetweendepositingprocesses, microＧ
structureandpropertiesisinvestigated[３Ｇ６] ．ThemeＧ
chanicalpropertiesandcorrosionresistanceofthe
sputteredfilmsarestronglydependentontheirmiＧ
crostructureaffectedbyprocessingparameters[７Ｇ１０] ．
Ingeneral, TiNfilmsareinertandstableinmost
aggressivemedia．However, PVDfilmsmostoften
presentgrowthrelateddefectssuchaspinholesand
pores,throughwhichthesubstratematerialsareatＧ
tackedincorrosion media[１１Ｇ１３] ．Therefore, forinＧ
dustrialapplications,PVDfilmswithafine,homoＧ
geneousandcompactstructurearealwaysdesirable,
especiallyforpromotingcorrosionresistance．
　Althoughtherehasbeenmuchinformationabout
microstructure, mechanicalandcorrosionproperties
forPVD metalnitridefilms[１４Ｇ１６] ,itisnotalways
consistentduetovariousprocessingparametersused．
Thefilmswhichhavethebestmechanicalpropertiesare

mostlynotwiththebestcorrosionresistance[１４,１６] beＧ
causetheircorrosionresistanceisverysensitiveto
theporesorpinholes[１３,１７] ．Moreover, previousreＧ
searcheshaveshownthatthe microstructureand
propertiesofTiNＧbasedmultilayerfilms(eg．TiN/
Ti[１４] , TiN/AlN[１８] , TiN/CrN[１９] , TiN/ZrN[２０] ,
TiN/W２N[２１] , TiN/TiAlN[２２] , etc．) areassociated
withtheTiNsinglelayer．Therefore,itisalsoimＧ
portanttoprepareamonolithicTiNfilm withhigh
qualityinmultilayersystems[６,２１,２３] ．Inthispaper,
nanocrystallineTiNthinfilmswerepreparedbyDC
reactivesputteringatvariousbiasvoltages,andthe
relationshipamongbias,structure, mechanicaland
corrosionperformanceoftheresultingfilms was
studiedindetail．TheresultsshowthatPVDfilm
producedataproperbiasvoltagecanexhibitboth
highmechanicalandcorrosionperformancedueto
itsfine,denseandlessdefectivestructure, whichis
veryusefulfortheapplicationofnitrideＧbasedfilms
inabrasiveandcorrosionprotectionfields．

２．MaterialsandMethods

２１．Filmpreparation

　NanocrystallineTiNthinfilmswerepreparedon

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)１２２３－１２３０　　　　　　　　　　



bothSi(１００)and３０４stainlesssteelsubstratesusing
DCreactive magnetronsputtering．Theapparatus
schematicdiagramispresentedinFig１．ThedisＧ
tanceoftheTi (９９９９％) targettothesubstrate
wasabout８cm．Thesubstrate wassuccessively
cleanedfor２０mininacetone,１０mininethanoland
５minindeionizedwaterbyultrasonicwave．The
baseandworkingpressuresofthedepositionchamＧ
berwere６０×１０－４Paand０５Pa,respectively．Ar
(９９９９９％) and N２ (９９９９９％) gases wereused
withfixedflowratesof３０mL/minand４mL/min,
respectively．Tithininterlayerwasfirstdeposited
onthesubstrateinArgasatmospherefor１０minto
promoteadhesion,andthentheTiNlayerwasdeＧ
positedatopinamixtureatmosphereofArandN２

gasesfor２h．ThebiasvoltageappliedonthesubＧ
stratechangedbetween －５０and －１５５V．During
deposition,thesubstratewaskeptat３００°C．

Fig１．　Schematicdiagramofexperimentalapparatus．

２２．Filmcharacterization

　ThefilmmicrostructurewasexaminedbyfieldemisＧ
sionscanningelectronmicroscopy (FESEM S４８００)．
ThephasecompositionwascharacterizedbyXＧray
diffraction(XRD,PANalyticalBV．XPertProMPD)
withCuKαradiation (wavelengthof０１５４０６nm)
operatedat４０kVand４０mA．Thegrazingincident
anglewas２°,thescanningangular(２θ)scopewas
３０°－９０°andthescanningratewas２(°)/min．NanoＧ
hardnessandelastic modulus were measured by
MTS XP nanoindenter system equipped with a
Berkovichdiamondindenterunder２mNpeakload,
andmeanvalueswereobtainedbasedon５indentaＧ
tions．Theratioofindentationdepth/filmthickness
wasnomorethan０１inordertoavoidthesubstrate
effect．
　Corrosionresistance wasevaluatedat２５°Cin
３５％ NaClaqueoussolutionusingPARSTAT２２７３
advancedelectrochemicalsystem．Thereferenceand
auxiliaryelectrodeswereasaturatedcalomelelecＧ

trodeandagraphitebar,respectively．BeforemeasＧ
urements,theTiNspecimenswereputintotheelecＧ
trolytesolutionuntilasteadyopencircuitpotential
(OCP) wasrecorded．Polarizationcurvesweremeasured
withapotentialscanningrateof０３３２mV/s,and
electrochemicalimpedancespectroscopy (EIS) was
recordedatOCPinfrequencyrangebetween１０５ Hz
and１ mHzbystimulatingthespecimenswithan
ACsignalof１０ mV．Thespecimenswerecovered
withelectricalinsulatingparaffinexceptthesurface
forelectrochemicalmeasurements．

３．ResultsandDiscussion

３１．Microstructure

　Fig２presentsthesurface morphologiesofthe
TiNfilmsproducedunderdifferentnegativebiases．
Itcan beseenthatthesurface microstructures
stronglydependonthebiases,andboththesurface
roughnessandcompactnessareimprovedwhenthe
negativebiasincreasesfrom －５０to－１２０V．HowＧ
ever,toohighnegativebias(－１５５V) maydegrade
thecompactnessandroughnessasshowninFig２
(d) wheresomevoidsappear, arisingfromtheion
bombardmenteffectonthesurfacemobilityofadatoms．
Somecrystallitesgrowintheformoftrigonalpyramids
aswellasrelativelyflatparticlesonthe－５０Vbiased
filmsurface (Fig２(a)),leadingtoaveryrough
surfacewithpinholes．Thisisinagreementwith
Ref[５]．Obviouslydecreased microstructuraldeＧ
fectsandimprovedroughnesswithincreasingnegaＧ
tivebiasvoltageswillimprovefilmproperties,esＧ
peciallycorrosionresistance[１３] ．
　Fig３showsthecrossＧsectionstructuresofthe
TiNthinfilmsproducedatdifferentbiases．The
TiNthinfilmshaveacolumnarstructure．TheaverＧ
agediameterofthecolumnsdecreasesandthecomＧ
pactnessisimprovedwhenthebiasvoltageincreaＧ
ses．Thecolumndiameterappearstobefineratthe
film/substrateinterfaceandenlargesslowly with
increasingthedistancefromtheinterface．SimilarＧ
ly, thecompactnessishigherneartheinterface
(Fig３)．
　Fig３alsoshowsthefilmthicknesschangeswith
biasvoltage, whichiscloselyrelatedtothesputteＧ
ringprocess[３] ．Underlowerbiasvoltage,theioncurＧ
rentdensityincreaseswithincreaseinbiasvoltage;
therefore,thefilmthicknessincreasesfrom０７７μmat
－５０Vtoitsmaximumvalueofabout１０１μmat
－８５V．FurtherincreasingbiasvoltagecanenhancereＧ
sputteringeffectwhichcanhinderthefilmgrowth[７,８] ,
causingalmostnochangeinthefilmthicknesswith
biasvoltagebetween－８５Vand－１２０V．Whenthe
biasvoltagefurtherincreases, thereＧsputtering
effectbecomesremarkableandfinallyleadstoobviＧ
ouslydecreasedfilmthickness(０８８μmat－１５５V)．
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