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ABSTRACT

Nanocoatingsaregainingpopularityowingtotheirwidespreadapplicationsandthephysicalvapour
depositionconstitutesaneffectivemethodofdepositionofcoatingsontoasuitablesubstrate.This
work comprises of capability resurrection of a newly installed DC sputtering machine through
troubleshooting, calibration, andestablishmentofprocessparametermainly in termsof critical-
to-performance(CTP)characteristic identifiedas thesputteringvoltage.Thisworkexercises the
identificationofpotential causes for thebreakdownof the sputteringmachine through Ishikawa
diagramandrootcauseisidentifiedthroughthewhy-whyanalysis.Prioritizationofcorrectiveactions
throughprocessfailuremodesandeffectsanalysis(PFMEA).CorrectfunctioningoftheDCsputtering
machineaftertakingcorrectiveaction,isvalidatedandconfirmedthroughexperimentation.This
workshallserveasareferencetothemaintenanceandprocesspersonnelandguidethemtoperform
theexperimentsrelatedtoDCsputteringinalaboratoryenvironment.

KEywoRDS
Critical-to-Performance (CTP) Characteristic, Failure Modes and Effects Analysis (FMEA), Ishikawa Diagram, 
Physical Vapour Deposition (PVD), Sputtering, Why-Why Analysis

1. INTRoDUCTIoN

Sputteringistheprocesswherebycoatingmaterialisejectedfromcoatingtargetduetobombardment
ofhighenergyparticlesofaninertgas.Theejectedparticlesfromthetargetstickontothesubstrate
andformacoatinglayer.Itisaphysicalvapourdepositionprocess.Thesputteringoperationisa
veryprecise,prolongedandmeticulousprocess.Thedowntimeofsputteringmachineisverycostly
andleadstoacascadingeffectonotherrelatedoperationsdownthemanufacturingprocessflow.
Thesputteringoperationdealswithionizationprocessathighvacuumpressures.Minuteleakage
ofatmosphericairintothesputteringworkingchambercanleadtoinconsistentresults.Anysmall
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variationintheprocessparametersleadstoacatastrophicfailureofthesputteringmachine.This
leadstodecreaseinMTBF(MeanTimeBetweenFailure)leadingtoineffectiveutilizationtimeof
thesputteringequipment.Thus,theaimistominimizetheMTTR(MeanTimeToRepair)sothatthe
MTBFandultimatelyMTTF(MeanTimeTofailure)ismaximizedinordertoimprovetheaverage
lifespanoftheequipment(Mortazavi,Mohamadi,&Jouzdani,2018).

Thepresentworkfocusesononesuchcasestudywheretheindustrialengineeringprinciplesare
appliedforresurrectionofcapabilityofasputteringmachine.Thesputteringmachineunderpreview
ofthisworkismanufacturedbyVRTechnologies,DC/RFsputteringunit,ofBengaluruinIndia,
consistsofacylindricalchamberwhichispumpedby250lit/mindoublestagedirectdrivenrotary
vacuumpump.Thechamberisfabricatedfrompolishedstainlesssteel.Thechamberismountedon
theMildSteelframe.Thecoolingwaterpipelineiscoiledontheouterwallofthechambertoprevent
overheating.TherearetwotargetgunsoneisforDCsputteringandanotheroneisforRFsputtering
whicharecontrolledbyindependentcontrollersprovidedonthemachine.

Thetypicalbasepressure invacuumchamber isabout1×10-5mbar.Thepressure insidethe
chamberiscreatedbyusingrotaryvacuumpumpanddiffusionpump.Diffusionpumpusessilicone
oiltoentraptheairmoleculesinsidethechamber.Therearenomechanicalpartsindiffusionpump,
soitusesrotaryvacuumpumpstoexhausttheairmolecules.Sputtergasesarefedintothesystem
throughgasneedlevalve.Typicalsputteringgasappliedisargon.Sputteringgasissuppliedtothe
vacuumchamberbyadjustingthemassflowrateaccordingtothetypeoftargetused.Thelinediagram
ofsputteringmachineisdepictedinFigure1andthepictorialviewiscapturedinFigure2.Table1
tabulatesthespecificationsofthesputteringequipment.

This paper is an application of industrial engineering principles of problem solving and
troubleshootingintothedomainofsputteringoperation.Firstlytheknowledgegapintheindustrial
engineeringareaandthePVDareaisfocusedintheintroductionsection.Thisissucceededbya
detailed literature surveyon FMEA, Ishikawa diagrams and sputtering operations. Theproblem
identificationanddefinitioniselucidatedinthesubsequentsession.TheCritical-To-Performance
(CTP)characteristic is identifiedand thenall thepotentialcausesareenlistedbyemploying the
Ishikawa diagram. The Why-Why analysis is employed for tracing the root cause. The PFMEA
(ProcessFailureModesandEffectsAnalysis)isemployedforprioritizingthecorrectiveactionsfor
thepotentialcausestraced.Innextsection,thevalidationofthecorrectiveactionsisdonethrough

Figure 1. Line diagram of sputtering machine
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