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HARD CARBON FILMS: DEPOSITION AND DIAGNOSTICS
�
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We studiedthegrowth of microcrystallinediamond�lms on pre-treatedSi andWC-Cosub-
stratesby microwave plasmachemicalvapourdeposition(MPCVD). Thepre-treatmentwas
variedandits effecton diamond�lm wasstudied.

PACS: 81.05.Uw,81.15.Gh,68.37.Hk

1 Intr oduction

Therearetwo majormethodsof diamondsynthesis:oneis thewell-knownmethodin thethermo-
dynamicstability regionof superhighpressureandhightemperature,andtheotheris thatin ther-
modynamicallyhinderedlow pressureregion. This paperdealswith thesecondmethod,namely
microcrystallinediamondgrowth by microwaveplasmachemicalvapourdeposition(MPCVD).

The diamond�lm growth on the silicon surfaceis a subjectof intenseresearchdueto its
potentialapplicationsin microelectronicsandoptics.On themirror-polishedsilicon surfacethe
densityof diamondnucleationis very low. Somesurfacepre-treatmentis neededto enhance
thenucleationdensity. In this work theabrasionof thesubstratesurfacewith differenttypeof
abrasiveswas usedas a pre-treatment.The in�uence of methaneconcentrationand the type
of pre-treatmenton the diamondnucleationdensityand the morphologyof the �nal �lm was
studied[1].

Themachiningindustryis alwaysseekinga meansof improving productivity andmachined
part quality. Thereforethereexist increasingdemandfor improved cutting tool materialsthat
enhanceproductivity by extending tool life under increasinglyaggressive machiningcondi-
tions. For example,the aerospaceandautomotive industriesareutilising increasingquantities
of lightweightmaterialssuchashigh-siliconaluminiumalloys, �bre-reinforcedcomposites,and
metalmatrixcomposites,whichofferuniqueoptionsfor componentdesign.Unfortunately,many
of theseenablingmaterialsareveryabrasiveanddif�cult – if not impossible– to machineusing
conventionalcutting tools. Thereforewe studiedthe possibility of depositingµC-diamondon
standardtungstencarbidecutting tools. This thin �lm technologycanhave perspective advan-
tagesover thick �lm freestandingdiamondtips, especiallyto overcomethedepthof cut limita-
tions[2].
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Fig. 1. ASTeX reactor(left) anddetailof thesubstrateholderwith plasma(right).

Fig. 2. Schematicdrawing of experimentalapparatus.
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2 Experimental

The experimentalapparatuswas a conventionalbell jar (ASTeX-type) MPCVD reactorwith
thefrequency 2.45GHz (l =12.6cm). Themicrowave power canbevariedfrom approx.0.5 to
6.0kW. Weusedpowerabout1 kW. H2 andCH4 (afew vol%) wereusedasreactants[3], [4], [5].

For depositionon silicon wafers,the total pressurewaskept at 10 kPa and the total �o w
ratewasabout1000sccm.Thesubstratetemperaturemeasuredby opticalpyrometerwas1050–
1250K. Thesubstrateholderwasmadeof graphiteandit couldbeasecondarysourceof carbon
in theplasma.Thedepositiontime was2 hours.

For depositionon WC-Co cutting tools the total pressurewaskept at 11 kPa andthe total
�o w ratewasabout400 sccm. The substratetemperaturemeasuredby optical pyrometerwas
1100–1250K. The substrateholderwasmadeof hexagonalBN andthereforeit couldn't be a
secondarysourceof carbonin theplasma.Thedepositiontimerangedfrom 2 to 6 hours.

Thephotographof theMPCVD reactorandthedetailof the resonatorwith plasmaball are
shown in Fig1. Schemaof theapparatusis givenin theFig.2.

The in�uence of the gasmixture andtheabrasive type on diamonddepositionwasinvesti-
gated.Thegasmixturewasvariedfrom 1% to 6% methanein hydrogen.VariousSiC powders
anddiamondpasteswith particlesizefrom 10 to 1 µm wereusedfor abrading.The�lms were
analysedby the micro-Ramanspectroscopy for existenceof diamondandfor the presenceof
graphiteandby ascanningelectronmicroscopy (SEM) for coverageandcrystalmorphology.

3 ResultsI: Diamond growth on silicon

We foundout that thebestquality �lms grow afterabradingby 1 µm diamondpaste,normally
usedfor opticalpolishing.Thenucleationdensityonsubstratesabradedby abrasiveswith greater
roughnesswaspoor. Theexperimentalconditionsfor densecleardiamond�lm werethefollow-
ing: total pressure10 kPa, microwave power 1 kW, concentrationof methane� 1%, substrate
temperature� 1200K. The growth raterangedfrom 1 to 4 µmh�

1 for methaneconcentrations
from 1%to 5%.

TheRamanspectrawererecordedfor samplesgrown from mixturewith 5%and1%methane
concentration(seeFig.3).We canobservechangeof thegraphitebandandthediamondpeak(at

Fig. 3. TheRamanspectraof thedifferentdiamond�lms.
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Fig. 4. Morphologyof thelayerdepositedwith 6%methaneconcentration

Fig. 5. Morphologyof thelayerdepositedwith 1%methaneconcentration

Fig. 6. Microcrystallinediamondlayerobtainedby 6 hoursdepositionwith 1%methaneconcentrationand
sampletemperatureabout1230K.



Hardcarbon�lms: depositionanddiagnostics 389

Fig. 7. CVD diamondlayerstructureaffectedby Co binderphaseduringnucleation.

Fig. 8. CVD diamondlayeron thecuttingedgeof WC-Cotool

1334cm�

1) intensity. Fromthismeasurementwecaneasily�nd outdiamondphasepurity.
Scanningelectronmicroscopy of thesamples(Figs. 4 to 6) have shown sphericalparticles

consistingof graphiteanddiamondsplintersfor �lms grown with 6% methaneconcentration
(Fig. 4). For 1%methaneconcentrationthediamondcrystalsareformed(Figs.5 and6).

4 ResultsII: Diamond growth on WC-Co cutting tools

Thegreatestproblemof diamonddepositiononcuttingtoolsis theadhesionof coating[2] [6]. To
achieve stable�lm, onemustminimaliseinterfacialdefects,maximizechemicalbondsdensity
andprovide crackde�ection mechanism.In thecaseof WC-Co,we mustthereforeensurethat
the interfaceis chemicallystableandsuppressthe formationof soft nondiamondphasesat the
interface.

Becausecobaltcatalysestheformationof nondiamondcarbon(sp,sp2 bondedcarbon)in the
diamondCVD growth environment,it is importantthat theCo binderphaseis absentfrom the



390 Z. Frgalaet al.

substratesurfaceduringnucleationandthediffusionof thebinderphasefrom thebulk to thefree
surfaceis suppressed.It seemsthat the presenceof Co at the growth surfaceor at a region of
alreadyformeddiamondcanperturbthephasestability of thedeposit(seeFig.7). Undertypi-
cal CVD growth conditions,this mayresultin a phasetransformationfrom diamondto graphite
or othernondiamondcarbonphases.We have succesfullytestedpretreatmentof the substrate
by high temperatureetching[6] in hydrogenplasmato remove thecobaltlayer. Substratetem-
peraturewas kept at approx. 1400 K andpretreatmenttime was 1 hour. We performedthis
pretreatmentdirectly in thedepositionreactor. SEM imageof goodquality coatingis presented
in Fig.8.

5 Conclusion

The growth of diamond�lms on Si and WC-Co substrateswas investigated.The nucleation
densityon polishedsilicon waferswas enhancedby abrasionpre-treatmentof the substrates.
Thediamondpaste(1 µm) wasfoundto bethebestabrasive. We foundtheoptimumdeposition
parametersfor thediamond�lm growth.

We have successfullytestedMPCVD depositionon WC-Co cutting tools. To increasethe
layeradhesionwe have pretreatedthesubstrateby plasmaetching.We madescanningelectron
microscopy (SEM) analysisof the �nished diamondlayersto observe the homogeneityof the
depositsandits roughness.
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