
106 Surfaceand Coatings Technology,47 (1991) 106—112

The systemfor depositinghard diamond-like films onto
complex-shapedmachineelementsin an r.f. arc plasma
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Abstract

In this paperthe influenceof additional carbonatom particles on the synthesisof hard carbon
films in an r.f. plasma hasbeen discussed.To estimatethis, the r.f. plasma was discharged
betweentwo electrodes:one in a cylinder form madeof graphite and the other formed as a
substrateholder. Methaneandnitrogen,argon andhydrogenin different ratios was suppliedto
the reactor chamberthrougha gasfeederwith a microcomputercontrol.

A two-channelr.f. generatorwasusedfor plasmaexcitation.In addition, to obtain a plasma
in the pressurerangei0~—i0~hPa, a gas-ionization-independentsourcebasedon the d.c. arc
principle was used.

1. Introduction

It is 35 yearssinceSchmellenmeier[1] presentedthe first methodfor the
production of hard carbon layers. During that period, many competitive
methodshavebeeninvented,the most interestingbeing the growth of carbon
films from ion beams[2—4], r.f. decompositionof hydrocarbons[5, 6], mag-
netron sputtering of graphite [7, 8] and plasma-enhancedchemical vapour
deposition [9—12].Theseand many other methodshavebeen presentedin
detail by Angus et al. [13].

In general,thesemethodscanbe divided into two groups:gas-phaseand
surfacemethods.In the gas-phasemethods,the nuclei of the diamond phase
producedin the gas dischargeare very important [14, 15]. Thesenuclei are
depositedon substratesby diffusion and form the basis of the carbon layers.
In the surfacemethods,coatingsare formed directly on the substrates.

Our aim wasto developsuchamethod for producingcarbonfilms which
would include the characteristicsof both those methods.

2. The systemfor depositinghard carbon films

The methodsusedto depositthe carbon films on the machineelements
(substrates)are outlined in order to highlight the important characteristics
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Fig. 1. The chamberof theplasmareactor with part of the systemsfor ther.f. decompositionof
hydrocarbon:RF, first channelof the 13.56MHz generator; MU, matchingunit; GFMC, gas
feederwith microcomputercontrol.

of the r.f. magnetronand arc plasma techniquesthat contributed to the
positiveevaluationof the hybrid plasmasystem.

2.1. R.f. decompositionof hydrocarbons
We haveused this methodto produceamorphouscarbon and diamond

films in our laboratoryin Polandsince 1978.Figure 1 shows the chamberof
a plasmareactor. The energyof the r.f. electric field is suppliedthrough a
matching box to an electrodewhich is a substrateholder. The amount of
energy transmitted owing to the collisions of electrons with the gas
moleculesis characterizedby the r.f. peak-to-peakpotential ~ However,
anotherparameterthat is moreconvenient,andwhich is proportionalto Vrn,,
is the negativeself-biasvoltage of the r.f-poweredelectrode, Ve. The nega-
tive self-biaspotential Ve is indicative of the processesoccurringin the gas
phase[16]. The gas supply for the dischargechamberis controlled by four
flowmeterswith an accuracyof 0.5%.

2.2. Cylindrical magnetronsputtering
Figure 2 shows the classicalmethod of physically sputtering positive

ions from a negativelybiasedgraphitesurface.The numberof positive ions
(andhencethe amountof materialbeing sputtered)is increasedby forming
a magneticfield over the electrodesurface.

In this method a relatively large flux of sputteredmaterialparticles is
produced.A negativepolarizationof the electrodesurfacecanbe causedboth
by direct current and by r.f.
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Fig. 2. The chamberof the plasmareactorwith cylindrical magnetronsputtering: RF, second
channelof the 13.56MHz generator;MU, matchingunit; PS,powersupply for magnetroncoil.
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Fig. 3. The chamberof the plasmareactor with d.c. arc plasma: A, anode; C, cathode; MV,
magnetic valve; GDI, gasdischargeignition.

2.3. D.c. arc plasma
Themajorityof moderndevicesfordepositinghardwear-resistantcoatings

areconstructedon the basisof the d.c. arc method,asshown in Fig. 3.
Material depositedon asurfaceisproducedduring thearcingbetweenthe

electrodes.Thesourcematerialis the cathode.To removedropletsof sputtered
material that build up a layer, a systemof magneticcoils is often used [19].
In suchcasesonlyionsreachthe surfacebeing coated.The arcingis initiated
by theapplicationof ahighvoltagepulseto acathode(gasdischargeignition).
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Fig. 4. The chamberof the plasmareactorwith the hybrid r.f. magnetronand d.c. arc plasma
systems: RF, first and secondchannelsof the 13.56 MHz generator;MU, matching units; A,
anode for d.c. arcing; C, cathodefor d.c. arcing; MV, magnetic valve; GDI, gas discharge
ignition; GFMC, gasfeederwith microcomputercontrol; PS,powersupply for magnetron.

Thecharacteristicsof the d.c. arc plasmamethodare (a) averyhigh rate
of depositionand (b) almost 70% ionization of the materialbeing deposited.
As thebeamof ions canbe usedin the preliminaryetchingof the surface,the
layers of coating produced using the d.c. arc plasma method are highly
adhesive[17, 18].

2.4. Hybrid r.f., magnetronand arc plasma
In thechamberof the plasmareactorshownin Fig. 4, threesystemsthat

canoperateseparatelyor togetherare installed: (1) an r.f. generatorcoupled
capacitively via an impedancematching network MU to the electrodewith
the substrates;(2) abovethe electrode,a cylindrical magnetronsuppliedby
the secondchannelof the r.f. generator;(3) in the pipe of the plasmaguide,
an arc sourcewith a magneticdeflectorcoils—magneticvalve system.

Using the systemof vacuumpumpsit is possibleto obtain an absolute
pressureof the order of i0~hPain the chamber.Methane,with additionsof
argon or nitrogen,or hydrogenwith methaneis fed to the chamberthrough
a gas feeder with microcomputercontrol. Plasmain the chambercan be
excitedat a pressureof the order of iO~hPa.The rangeof parametersused
in the investigation is given in Table 1.

The temperatureof the substratesis measuredusing a pyrometer.The
substrates,either fixed or spinning on their central axis, are moved in a
circular orbit aroundthe magnetrongun.
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TABLE 1

Physical conditions for the hybrid r.f. magnetronand arc plasmamethod

Pressure i0~—i0~hPa
r.f. generator

Output power 5 kV A
Negativeself-biasvoltage 60—300V

Magnetron
Negativeself-biasvoltage 600—1000V
Power supply for electromagnetic 4—6 A
coil current

D.c. arc
Electric arc current 50—300A

Temperatureof substrates 100—600°C

In the first stageof the processthe substratesplaced on a spinning
electrodeare etched[17, 18]. The magnetronis then switchedoff; depending
on thenatureof the substrate,the first channelof ther.f. generatormay also
be switchedoff. The systemof deflector coils is then switchedon andthe ion
beam from the arc source reachesthe substratesurface. Cleaning of the
substratesurfacenow occurs;this is followed by the depositionof avery thin
initial layer of coating which increasesthe adhesionof subsequentcarbon
layers [17, 20]. For optical applications(e.g. antireflectioncarbon layerson a
lasermirror), parametersareset in such a way that the initial thin layer of
coatingis not producedon the substrate.

In the secondstageof the processthe magneticvalve is shut, i.e. the coil
is switchedoff, and the ion beamreachesthe wall of the plasmaguide. In
transit, the ion beam produceselectrons which move to the anode. The
electronsincreasethe ionization level in the glow spacearoundthe electrode
with the substrates.Becauseof their presence,the electronssupportplasma-
chemicalreactions,suchas diamondsynthesis.

The energy of the electric field from the secondchannel of the r.f.
generatoris suppliedto the cylindrical magnetronelectrode.In this way the
negativepotential of magnetronpolarizationis formed.The streamof carbon
particles, producedasa result of graphitesputtering,reachesthe substrate
electrodeand builds up into the layer formedon the substrate.

The hybrid methodis superiorto the r.f. decompositionof hydrocarbons
in that it producesa streamof carbon particles and a beamof electrons.
Thesechangethe natureof the processesthat takeplacein the gasphaseand
on the substratesurface.

3. Propertiesof the carboncoatings producedby the hybrid method

Carbon layers obtained by the hybrid method have properties very
similar to thoseproducedby the r.f. plasmamethod [14, 16, 21]. Dependingon
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TABLE 2

Propertiesof thecarboncoatingsproducedby hybrid r.f. magnetronand arc plasmamethod

Refractiveindex n 1.6—2.7
Width of the optical gap E,, 0.3—3.6eV
Specific resistancep 101_1012Q cm
Vickers hardness 4000HV
Breakdowntest (0.1 pm film) 1300V
(Binger Tyrod, 37 °C)

the hydrocarbon-containinggas content in the chamber,the chamberpres-
sureand the value of the negativeself-bias potential of the r.f. electrode,
carbonlayershavebeenproducedwith the propertiesgiven in Table 2. The
carbon layersare usually amorphousor have a superfinecrystalline struc-
ture. It is also possibleto obtain carbon layers with a diamond structure.
This canbeachievedusinga pressureof the order of 102 hPa,a gasmixture
containingabout99% H2 with methaneand the magnetronswitchedoff. An
exampleof such a coating is shownin Fig. 5.

Using this method we can producediamond layers. For practical pur-
poses,however, it is more reasonableto produce amorphousor superfine
crystalline layers.The amorphouslayersare moreresistantto cracking.

4. Conclusions

The application of an independentgas ionization source allows the
pressurein the plasmareactorchamberto bereducedto about iO~hPa.This

~~j4OO)
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Fig. 5. TEM micrographsof diamond films: (a) bright field image; (b) dark field image; (c)
electrondiffraction pattern. The interplanarspacingscalculatedfrom the electrondiffraction
pattern are in good agreementwith the value reportedfor cubic diamond.
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facilitatestheformation of carbonlayerswith adiamondmicrostructure.The
gasionization also producesion beamsthat etchthe original substrate:this
considerablyincreasesthe adhesionof thecarbonlayersto asubstrateof any
shape.As a result,hard, thick andhighly adhesivecoatingsof carbonlayers
are obtained.Depositionof the layersonto biomaterials,such as bone nail
andartificial joints (e.g. hip joints) usedas implants appearto be successful.
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