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New technologyfor carbonIm depositionis presentedThecarbonIm is condensindrom
carbonplasmagenerateddy a thermionicvacuumarc with carbonanode. Carbon Im is
bombardedluringdepositiorby enegeticcarbonionsat x edenegy. High purity, hydrogen
free andnanostructuredayersare obtainedthe characteristisize of structuresbeingin the
orderof few nanometers.

PACS: 81.05.Uw81.07.Bc81.15.Ef

1 Intr oduction

Presenththereis a greatinterestin amorphougarbon(a-C) Ims thatcontainsigni cant frac-
tionsof sp* bonding.This bondinggivessuchdiamond-like carbon(DLC) structureswith useful
propertiessuchas wear resistanceadhesion electricalconductvity, hardnessand stressand
oxidationresistanceA DLC material,whosepropertiesesembleput do not duplicatethoseof
diamond,is a randomcovalentnetwork of sp? — bonded‘graphitic” carbonstructuresntercon-
nectedby sp® “diamond-like” linkageswith no long-rangecrystallineorder([1, 2].

DLC canbe preparedby a variety of vapordepositiontechniques.A commonfeatureis
growing from beamscontaininga signi cant fraction of medium-enggy ions (20-500eV).In
this papera new technology namely Thermionic VacuumArc, is describedfor carbonlayer
deposition.

2 Method

ThermionicVacuumArc (TVA) is an externally heatedcathodearc which can be established
in high vacuumcondition, in vaporsof the anodematerial,continuouslygeneratediueto the
incomingpower P givenbytherelationP = Ugnode | anode WhereUanoge iStheanodepotential
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Fig. 1. Correlationof measureanaximumion enegiesandthe arcvoltagedrop Uac wheref de nesthe
anglebetweertheimaginarylines perpendiculato theanodeandthe axis of the cathode.

fall andl gnoge isthearccurrent{3-6]. Thearcis ignitedbetweeraheatedcathodegprovidedwith
awheneltcylinder andtheanodewhichis a cruciblecontainingthe materialto be evaporated.

Becausethis systemcan heatary materialat increasedemperatureijt is one of the most
adequatdgechnologiedor carbonevaporation. In this case,insteadof crucible containingthe
materialto be evaporateda carbonrod is useddirectly. Moreover, the dischage canbe ignited
in high vacuumcondition,ensuringhigh purity anddepositionof hydrogerfree carbonlayer.

This new type of arc offers the uniqueopportunityto generateenegeticions, with a con-
trolled value of the directedenegy, which arebombardinghe condensinghin Im onthe sub-
strate. Theionsarejust those(the substratdoombardingons aregeneratequst from the atoms
of the depositingmaterial,no gasbeingpresentn the vacuumchamberduring the process)pf
thedepositingatomson substrate.

Thedirectedenepy of ionsis relatedto the cathodéall. Indeedbecauseathodds atground
potential,the plasmaagainsthe wall of the vacuumvesseis at a potentialequalto the cathode
fall. Consequentlyapotentialdifferenceequalto thecathoddall will accelerat¢heionstowards
thewalls of thevacuumvesselup to enegy of 500eV, for characteristicahinodecurrentsof 1 A.

Simple meansare availableto control the value of theions enepy like anode-cathoddis-
tance relative positionof electrodescathodeheatingcurrent,etc. Evenduring deposition the
valueof thecathodéfall canbe changedn arangeof somehundredvolts.

Suchbehaiour is easyto understand.Indeed,for a constanthermionicarc current,if the
temperaturef the cathode(namelycathodeheatingcurrent)is decreasedn orderto maintain
thesamearccurrent,the potentialdropoverthearcmustbeincreasedwhich hasa consequence
the increaseof the potentialdrop at the cathode. Similar explanationsare valid for the effect
of othermentionedharametersExperimentameasurementsn theion enegy distribution have
shavn thatbetweerthe directedenengy of ions (away from plasmasource)andthe arcpotential
dropis nearlya linear relationwe canseein Fig. 1. It givesan easycontrol of the value of
ions enegy througharc voltagedrop. Theion densitydependn the arc current. For 1.8 A
arc current,theion densityis 5% from the neutralcarbondensityatoms. However, dueto the
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Fig. 2. Schematicview of the electrodesarrangementor carbonplasmageneration(indirectly heated
cathode).

electric eld betweerplasmasourceandvacuumvesselwall, theionsaremuchfastercollected
thanneutralatoms.

Two experimentalarrangement$or carbonevaporationhave beenused. In Fig. 2 the ex-
perimentalarrangemenof ThermionicVacuumArc with indirectly heatedcathode(by electron
bombardmentjn orderto increasehe cathoddife—time which wasreactingwith carbonvapor
generatingungstercarbideanddiminishingthe cathoddifetime is shavn schematically

In this gure, d is the distancebetweernthe substrateandthe point whereis ignited the arc-
dischage(d = 80mm). Thesubstratés atgroundpotential mountedon astainlessteelplateof
1 mmthicknessjn thedirectionindicaatedby discontinuoudine. The heattransferto substrate
from plasmawasmainly by radiation. The temperaturen the substratdevel wasaround200—
25(°C, theheatingbeingdueto radiation. Thereal positionof carbonrod wasslightly turnedby
10-1% with respecto the horizontalline.

Also, in orderto reduceheatlossesfrom the anodeby radiation,molybdenumcylindrical
re ector wasmountedat anode.

Tah 1. Working parametersf TVA with indirectly heatedtathodedepositionduration: 180s.

Rod Auxiliary dischage Main dischage Voltagedrop
diameter overdischage
(mm) | Voltage| Current | Voltageapplied | Arc current spacqV)
V) (A) V) (A)
4 2000 0.2 1700 1.8 400
3 2000 0.2 2000 25 240

In Table 1 the working parameter®f thermionicvacuumarc for a numberof deposition
experimentf carbon Ims usingsmall cathodecarbonrod distancgafew mm) aregiven. The
thicknessof the depositedcarbon Ims on Si wafersof the orderof 100—200nm. During the
experiments,a simple solution hasbeenfound both for cathodeand anode. We useda thick
lament wire with 1.5 mm diameterfrom thoriatedtungstencathodeanda shortlengthcarbon
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Fig. 3. HRTEM: Crystalssurroundingoy partialgraphitiseccarbonon theamorphousarbon Im.

rod supporteddy arefractorymetalwire (tungsten)with a diameterof 1.5-2mm anode.Other
technologicalmprovementsaredescribedelow.

3 Experimental resultsand discussions

The main parametersvere the cathode lament — thoriatedtungstenwire of 1.5 mm diame-
ter threetimeswound and heatedby a currentof 100 A; nal vacuumduring depositionwas
10 & mbar;appliedhigh voltageduringarcrunningin purecarbonwas1100V; interelectrodic
distance(cathode-anodeyvas 4 mm; sizesof the carbonanode(mountedona = 1.5 mm
tungsterwire) are = 10mm, h = 10 mm; depositiontime 300s; depositionrate3 A/s; nal
thicknesof the depositecpurecarbonthin Im 90 nm.

During thearcrunningandC thin Im depositionthe anodewascontinuouslyrotatingwith
6 rpm and also the cathode-anoddistancewas adjustedeachtime when the arc currentwas
decreasindpy morethan10%. This way, a continuousvorking of the TVA wasensured.

ThedepositedC Ims werestudiedusingTEM electronicmicroscopy with a magni cation
of 1.4M andaresolutionof 1.4 A. Thesampleof depositeccarbonIms (depositecbn NaClor
KCI monocrystalsolvedin waterbeforeTEM examination)shav nanostructuredms. Thesize
of cylindrical structurehasadiameterof 2.40—2.7(hmandalengthof only 0-20 A sustaininghe
nanostructurethin Ims asshovnin Fig. 3. PreliminaryRamarspectracon rmed theexistence
of sp® boundsbesidesp? ones.

The TEM imageof grainsis shavn in Fig. 4. The statisticalfunction presentedn Table2
indicatesa meandiameterof grain sizeabout6.52nm. The grainswith 5.5 nm diameter(see
Fig. 5) have the maximumfrequeng of appearancerlhe electrondiffractiondiagramsshow the
existenceof crystallinestructurein thedepositedhin Ims usingTVA technique.

The new systemof depositionis peculiarlyadequatdor hydrogenfree, high quality-smooth
andcompact carbonIm deposition.The TVA easilyensuresigh enegy neededo evaporate
purecarbon.

ThermionicVacuumArc canbe usedsuccessfullyffor hydrogen-freearbon Im deposition,
ensuringgood qualitiesand high purity. Nanostructureadtarbon Ims with low roughnessan
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Fig. 4. TEM imageof grains. Fig. 5. Grain size distribution graph. In caption:
diameterof thegrain(nm).

StatisticalFunction | DiameterMean
BaseUnit nm
Mean 6.52
Minimum 3.88
Maximum 15.09
Standardeviation 1.77

Tah 2. Statisticalfunctionof grains.

be obtainedquite easily Furtherdevelopmentswill berelatedmainly to theimprovementof the
TVA stability atthetransitionfrom electronbombardmenteatingof carbonrod to the TVA arc
plasmaignition andrunning. We presentherejust the rst resultson characteristicef carbon
Im obtainedusingTVA.
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