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We studiedthe growth of microcrystallinediamond Ims on pre-treatedsi andWC-Co sub-
stratesby microwave plasmachemicalvapourdeposition(MPCVD). The pre-treatmentvas
variedandits effecton diamondIm wasstudied.

PACS: 81.05.Uw81.15.Gh,68.37.Hk

1 Intr oduction

Therearetwo majormethodof diamondsynthesisoneis thewell-known methodn thethermo-
dynamicstability region of superhigtpressurendhigh temperatureandthe otheris thatin ther
modynamicallyhinderedow pressureegion. This paperdealswith the secondnethod namely
microcrystallinediamondgrowth by microwave plasmachemicalvapourdepositionMPCVD).

The diamond Im growth on the silicon surfaceis a subjectof intenseresearchdueto its
potentialapplicationsn microelectronicandoptics. On the mirror-polishedsilicon surfacethe
densityof diamondnucleationis very low. Somesurfacepre-treatments neededo enhance
the nucleationdensity In this work the abrasionof the substratesurfacewith differenttype of
abrasveswas usedas a pre-treatment.The in uence of methaneconcentratiorand the type
of pre-treatmenbn the diamondnucleationdensityand the morphologyof the nal Im was
studied[1].

Themachiningindustryis alwaysseekinga meansof improving productvity andmachined
part quality. Thereforethereexist increasingdemandfor improved cutting tool materialsthat
enhanceproductivity by extendingtool life underincreasinglyaggressie machiningcondi-
tions. For example,the aerospaceand automotve industriesare utilising increasingquantities
of lightweightmaterialssuchashigh-siliconaluminiumalloys, bre-reinforcedcompositesand
metalmatrixcompositeswhichoffer uniqueoptionsfor componentiesign.Unfortunatelymary
of theseenablingmaterialsarevery abrasve anddif cult —if notimpossible- to machineusing
cornventionalcutting tools. Thereforewe studiedthe possibility of depositinguC-diamondon
standardungstencarbidecutting tools. This thin Im technologycanhave perspeciie advan-
tagesoverthick Im freestandingliamondtips, especiallyto overcomethe depthof cut limita-
tions[2].
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Fig. 1. A§Tex reactor(left) anddetail of the substratédolderwith plasma(right).
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Fig. 2. Schematidrawving of experimentalpparatus.
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2 Experimental

The experimentalapparatusvas a corventionalbell jar (ASTeX-type) MPCVD reactorwith
thefrequeny 2.45GHz (I =12.6cm). The microwave power canbe variedfrom approx.0.5to
6.0kW. We usedpoweraboutl kW. H, andCHy (afew vol%) wereusedasreactant$3], [4], [5].

For depositionon silicon wafers, the total pressurewas kept at 10 kPa and the total ow
ratewasabout1000sccm. The substrateemperatureneasuredby optical pyrometerwas1050—
1250K. Thesubstratdolderwasmadeof graphiteandit couldbea secondargourceof carbon
in theplasma.Thedepositiortime was2 hours.

For depositionon WC-Co cutting tools the total pressurevaskeptat 11 kPa andthe total

o w ratewas about400 sccm. The substrateéemperatureneasurecdy optical pyrometerwas
1100-125K. The substrateholderwas madeof hexagonalBN andthereforeit couldn't be a
secondangourceof carbonin the plasma.The depositiortime rangedfrom 2 to 6 hours.

The photograptof the MPCVD reactorandthe detail of the resonatowith plasmaball are
shavnin Figl. Schemaof theapparatuss givenin theFig.2.

Thein uence of the gasmixture andthe abrasie type on diamonddepositionwasinvesti-
gated.The gasmixture wasvariedfrom 1% to 6% methanan hydrogen.VariousSiC powders
anddiamondpasteswith particlesizefrom 10to 1 ym wereusedfor abrading.The Ims were
analysedby the micro-Ramanspectroscop for existenceof diamondandfor the presenceof
graphiteandby a scanningelectronmicroscoly (SEM) for coverageandcrystalmorphology

3 Resultsl: Diamond growth on silicon

We found out thatthe bestquality Ims grow afterabradingby 1 ym diamondpaste,normally
usedfor opticalpolishing. Thenucleatiordensityon substrateabradedy abrasveswith greater
roughnessvaspoor. Theexperimentakonditionsfor densecleardiamond Im werethefollow-
ing: total pressurel0 kPa, microwave power 1 kW, concentratiorof methane 1%, substrate
temperature 1200K. The growth raterangedfrom 1 to 4 umh * for methaneconcentrations
from 1%to 5%.

TheRamarspectravererecordedor samplegrown from mixturewith 5% and1% methane
concentratiorfseeFig.3). We canobsene changeof the graphitebandandthe diamondpeak(at
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Fig. 4. Morphologyof thelayerdepositedvith 6% methaneconcentration

Fig. 5. Morphologyof thelayerdepositedvith 1% methaneconcentration

Fig. 6. Microcrystallinediamondiayerobtainedby 6 hoursdepositionwith 1% methaneconcentratiorand
sampletemperatur@bout1230K.
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Fig. 7. CvD diamondlayerstructureaffectedby Co binderphaseduring nucleation.

Fig. 8. CVD diamondlayeronthe cuttingedgeof WC-Cotool

1334cm 1) intensity Fromthis measuremenwe caneasily nd outdiamondphasepurity.

Scanningelectronmicroscojy of the samplegFigs. 4 to 6) have shovn sphericalparticles
consistingof graphiteand diamondsplintersfor Ims grown with 6% methaneconcentration
(Fig. 4). For 1% methaneconcentratiorthe diamondcrystalsareformed(Figs. 5 and6).

4 Resultsll: Diamond growth on WC-Co cutting tools

Thegreatesproblemof diamonddepositioron cuttingtoolsis theadhesiorof coating[2] [6]. To
achiese stable Im, onemustminimaliseinterfacial defectsmaximizechemicalbondsdensity
andprovide crackde ection mechanismln the caseof WC-Co, we mustthereforeensurethat
theinterfaceis chemicallystableand suppresshe formationof soft nondiamondohasesat the
interface.

Becauseobaltcatalysesheformationof nondiamondarbon(sp,sp? bondedcarbon)in the
diamondCVD growth ervironment,it is importantthatthe Co binderphases absentrom the



390 Z. Frgalaetal.

substratesurfaceduringnucleatiorandthediffusionof the binderphaserom thebulk to thefree
surfaceis suppressedlt seemghatthe presencef Co at the growth surfaceor at a region of
alreadyformeddiamondcanperturbthe phasestability of the deposit(seeFig.7). Undertypi-
cal CVD growth conditions this mayresultin a phaseransformatiorfrom diamondto graphite
or othernondiamondcarbonphases.We have succesfullytestedpretreatmenbf the substrate
by high temperaturestching[6] in hydrogenplasmato remove the cobaltlayer Substrataem-
peraturewas kept at approx. 1400K and pretreatmentime was 1 hour We performedthis
pretreatmentlirectly in the depositionreactor SEM imageof goodquality coatingis presented
in Fig.8.

5 Conclusion

The growth of diamond Ims on Si and WC-Co substratesvas investigated. The nucleation
densityon polishedsilicon waferswas enhancedy abrasionpre-treatmenbf the substrates.
Thediamondpaste(1 um) wasfoundto bethebestabrasve. We foundthe optimumdeposition
parametergor thediamondIm growth.

We have successfullytestedMPCVD depositionon WC-Co cutting tools. To increasehe
layeradhesiorwe have pretreatedhe substrateéoy plasmaetching. We madescanningelectron
microscoly (SEM) analysisof the nished diamondlayersto obsene the homogeneityof the
depositsandits roughness.
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