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HybridPlasmaGenerationTriggeredbyaShuntlng
ArcDischargeUsingaPositivelyBiasedElectrode
KenYuklmura,Member;IEEE,Takafumllmal,KoIChlTakakl,Member;ifEE,andTakashlIkehata

AbsLTaCL-Therecenttretldlmthin丘血 depositiotlLStOprepare
ceranlic且ImscaFIabLeofenduringviolentenyiFVtLmeEltS,Such iLS
corrosiyepouutaJlLgaseswlthhightemperatures.DiEFeTtntkinds
ofplasmaSpeciesexistiJ1giDthesaJneSpaceareadyaJ)tageOtlSiJ)
ordertoraciljtateareactivedepositionbetweenthegaseousaJ)d
mehllkspecies.h thispaper,WesttldyacarbonshLutingarc
thaHriggersagasdischargeuslngapositivelyblaSedelectrode.
AJleleetTOdewithapositivevoltageofllplo500Vwassetnearby
thecarbonshuntingarcsource.Nitrogen,methane,OrargorIWas
tlSedaSanambientgas.TheiJlducedplasmawasgeneratedwith
且ti皿edelayEroTnthemomentofthegenerationortheshuntiJlg
arc.TheelectricalaJ)dopticaleharacterlSticsofthedischargewere
studled･TheonsetdtneortJleinducedp一asmaasafuJICtiotlOfthe
ambleZltgasPressurehasaPasdlen-likeV-shapeddlaraCteristk
ThegeneratedplastnaLndudesbothcarbotlaJldgaseotLS5PeCLeS･
ALtJ)eSurfaceoftheposidvelybiasedelectrode,bothspectru m
emissionsorcarbonaIldgaseousspeciesaJ.eObseT･Ved,bywhlCh
thep)asmaisconLirmedtobemixed.Th岱isbasedon山espectrum
observationinadditiontothechangeinthecoloroftheplasma.A
Shuntingarcisaneasytnelhodusedingeneratingahybridplasma
consistingofmetallic(includlngCarbon)andgaseousspecies･This
methodpromisestoef丘eientlyprepareceramiC丘1msbyreactiye
deposltion･Thismethodissimple,andbothplasmaspedes,1.e.,
thoseofmetalandgasparticles,areeasilymixed.Thecarbon
shu)tiJlgarcplaStnaplaysbothtJlerolesorsupplyingtJ)ecarbon
speCleSaJldtriggerlFLgagaSeOLはpta5maaSanirLducedplasma.

tTZder Terms-Arcdischarge,emission speetT'tlm,hybrid
plaLSma,Paschen'shw,shLLJltjJlgarcdisdlarge.

IINTRODUCT10N

M E.TuTeLaI,Cpuscpaet;:enssbhuatvael,b.ere.nraulS:ddenpOolslOhTnybfyo;hl,OsT
ICalvapordeposlt10nOrCheJnlCalvapordeposLtlOnl1日2]The
recenttrendof血ethin丘lmpreparation)stoprepareceramic

BlmstoendurevlOlentenvLrOntneJltS,SuchasacozTOSIVePOl-

lutan【gaseJIVlrOnmentwithhlgh temperaturesAn efficieTlt

reactivedeposltionsystemunderalargevolumeofplasmais

desirableThereareadvatltagesforahybndplasmaconsistlng

ofmetallJCandgaseousspeciestoenhancethereactionbetween

thesespeciestOPreParefunctioT]al丘Ims･lnaplastt]a-basedlen

lmPlantatlOnanddeposltlOnSystem,3-Dsubstratesare打eated

forsurfacemodl丘cahon[3]
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ApulsedplasmamaybedeizTablefornongas10numplan-

tauon,becauseitbecomespo軍Slbletosuppressundesirable
surfacedeposltlOnOftheIonsbyemploym gasynchronized

pulsebiasof山esubstra【e･Ametalhcoracarbonarcisusually

hggeredbyaplasmaproducedbetweenapLnelectrodeand

acathodeormetalevaporahonbyanelectronbeam l4]No

tnggenngsystem LSdesirableforplasmaproductionforthe

simpleconstruchonoftheplasmasources.

TheshuntlngarcISOneOftheplasmaproductlOnmethods

forsol]d-statematenals,111Cludingmetalplasmas,wlthoutany

exterTlahrlggerSOurCe･TheshunhngarcISIDqitedortnggered

byself-hea(mgoftherodtoiJICreaSethevaporpressureandJor
toemitthermoelectroTISaroundarodwhichlSconnectedtoa

storedcapacltOrAsenesof訂亡lClesconcermi gtheshunting

arcdischargehasbeenshownill[5ト【13]

DifferentkJndsofplasmaspecleSeXIStlnginthesamespace

areadvantageousforthefacilltahonofareactlVedeposlhon

betweenthegaseousandmetalhcspecleSh thisCase,both
plasmaspecleSareaCtlValed Wnenacarbonshuntlngarc

plasmalSgeTleratedlnmetha且egas,thehydrogencontentof

thepreparedamorphouscarbon丘lmsISCOntrOued【13】.When

amelaucshuntingaTCISgeneratedm ahydrocarbongas,

themetallicspecleSmaybedopedlnPrepareddiamond-like
carbonfi1皿S

h thisPaper,thegaseousplasmawasgeneratedbythe

shuntlngarchggennguslngaPOSlhvelyblaSedelectrodethat

lSSetnearashuntingarcsource.Itisexpectedthat,bythis

method,Speciesbothfromtheshuntlngarcdischargeplasma

andfromthegasplasmaaremXedbyaslmPleconstruchon

ofthesystem,thatlS,aPOSltlVelyblaSedelectrodelSSetulthe

processchambertomakealargepotenbaldifferencefrom the

plasmasource･ThisaccelerateselectronstowaLrdthepositively

blaSedelectrodetoiJlduceagaseousplasma･1加 S,thespecies

ofthesolidmatenals(inthepresetltCase,Carbon)aremエedl皿

thegasplasma,whichresultsln makingalaLrgeVOlumeofthe

plasmaconsIStlngOfcarbonandgaseousspecleS･

ThlSPaperlSfocusedontheelectncal andlightemlSS10n

charac【enstlCSOf仙einducedplasma,where血eambientgas

pressurelSVanedltlSCOnfim edthatacarbonshuntlng打C

generatedlnanambientgastnggersagaseousplasmalnWhlCh.J

gaseousandcarbonspeciesaremixed

Ⅲ.PRODUCTIONOFSHUNTINGARC

TheshunhngarcISapulsedplastnasourceform etalorsoudi
matenals,andtheplasm a lSproducedwlthapowersoLuCe
whichlSldendcaltothatusedforheatingarod･TherodlSSell

lnaChamberlnalow-pressuregasorvacuum.Flg･1showsa]

schematlCdlaWlngOftheshuntlngarclgnlt10nWhユChdevelopSj
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Fig.1.Schemadcdiagramof呈eneratulgaShuJltugaECdischarge-

aroundasolid-Statematehalcomectedbetweetlelectrodesー

Wh enacuTTent丘owsthrough therodinalow-pressuregas

orvacuumandohmiCallyheatstherod,itresultsinavapor

pressureincreaseandapossibleemissionofthermOelectrons

fromtherodsurface[Fig.1(a)and(ち)].Ifthevoltageacross

therodaJldthepressuremeettheappropnatecondition,a

breakdownoccursbetweentheelectrodes,producingaplasma
thatconminsionsmainlyofthematerialbetweentheelectrodes

Fig･1(C)]･Wh entheimpedanceofthepowersupplyislow,the

breakdowntransitstoanarcdischargeimmediately.

Oncethearcdischargeisestablished,thedischargectlrrent

mainlyBowsthrough theplasma,andtheelectrodevoltage
decreasessigdficantlybecauseofthelowimpedanceOfthe

arcplasma･

TheplasmageneradonarotndthecondtlCdvematerialshas

beenknownastheshuntingarcl14]ortheperipheralarcl15].

TusarcgenerationmethodbelongstosoICal1edtTExploding

Wires" [16]-[19]･However,inthepreviousstudiesonthe

explodhgwires,theiJlputpowertOthematerialwassohigh

thatthematerialwasviOlendyexplodedorevaporatedina

singledischarge･Onthecontrary,inthedevelopedsystem,we

haveadjustedtheinputpowersuchthatthematerialsurvives

formorethan10000dischargecyclesaffectingtheself-ignition
charactedstics.

nemajoradvantagesoftheshuntingarctreatedinthis

paperasaplasmasourceforsolid-statematerialsforindustrial

applicationsaresu皿narizedasfollows･

1)neshun血garcisaself-ignibondischarge,requiringno

extemaltriggersource,whichiscommontOtheconven-

donalarcplasmasource.

2)neplasmacol)tairLSionsmainlyofthesolid-statema-
terial,whichisconnectedtotheelectrodes,andthe

relativelylonglifedmeofthematerialcanbereahzed

byop血nizingthedischargeCOndidonaccordingtothe
matedal.

3)Bycombiningtheotherplasmasources,suchasaradio

frequencypowersource,withtheshun(ingarcsources,a

hybridplasmagenerationispossiblemdmayefBcietltly

prepareceramicsfi1msconsistingOfthesoud-statemate-
rialSandgasspecies.

1021

Flo_I2･ExperhenはlamngemenL･lnducLaJICeOfshun血書aLCgeneradon
circuiC10.3FIH(CiTCui日)aJ)d3.2jLH(Circuit2).

Ceramicsprate

Plasticboard

FL皇･31Schematicdia苦- oftheshuntin基山℃generationuni一･

hthispaper,wesetapositivelybiasedelectrodeneaIthe

shuntingarcsourcetoenhancethegasplasmageneration

tnggeredbytheshuntingarcdischarge.Thisplasmageneration

isdoneirlaVerySimplewaytomakeamixedplasmaconsistmg

ofthemetallic(includingcarbon)andgaseousspecies･

ⅡⅠ.ExpERIMENT

Figs･2and3showschematicdiagramsoftheexperimental

arrangementandtheshu皿血garcgeneradonunit,respecdvely,
Thechamberwas350mm indiameterand550-mm long.

neshun血garcget)e一ationunitwasonaplasdcboard,
andtherodwasconJleCtedtothestoredcapacitorviaathyTistor

workingasacloslngSwitchtoinihatethecapacitordischarge.

AthyrislorPYNEXsemiconductor,TypeTF94430H,Repeti-
dyepeakvoltage:3kV,maximumstadonarycuJent:I.35kjL

maximumsurge_curTent=13kA,maximumcurrentrise(dZ/dt)二
500 AルS,maxlm umOn-StageVOltage:2,4V)wasusedasa

closmgswitchtorelease山echargedenergytoheat也ecarbon

rodandtosustainthearcdischarge.Thecharglngvoltagewas
setsothat山ecu汀enthadadsetimeof20% of山erated

currentrisetime.TheduratioT10fthearcwaspreprogrammed
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Fig･4･SchemadcdiagramOfplasma-emissionspecmmmeasurement
SyStem･

bytheresonancefrequencyofthecapacitanceandthecircuit
inductan°e.

necarbonrodwithadiameterof2mlnandalengthof

40mm wasfixedbyapairOfcarbonholders,asshownin

Figl3･Theholderswere丘Xedtoaplasticboardusingaceramic
plate(1-mmthickness,10-mmwidth,and100-mmlength)and
twobolts,

Apositivelybiaseddisc-shapedelectrode,withadiameter
of100mm andathicknessof10mm facingtheshunting

arcgenerationumit,waspositioned100mm awayfromthe
generationuniLmecenteroftheelectrodewasthesameheight

astherod･nepositivebiasvoltagewasachargingvo一tageof

80-pFcapacitorbahkconsistlngOfeight10-pFcapacitors,and

wasVa血dupto500V
ThebasepressureforevacuationwaslO13pausmgapump-

ingsystemwithtworotarypumps(RPlandRP2)andaturbo

molecularpump(TMP).Apolytetrafhoroethylenetube(1/4in

diameter)wassettointroducethegases,suchasnitrogenand

methane,intothechamber･negaspressurewasadjustedusing
amassflowregulator.

Fig･4showsaschematicdiagramforspectroscopICinvesti-
gationsof山eshun血garcdischargeanditsinducedplasma.

Theoutputsignalfromthepulsegenerator"A"wasinputted

tothethyristorgatetolgnitetheshuntingarcdischarge,and

wasalsomputtedto血epulsegeneratorHBMtonm 山eICCD

(htensi丘edchargedcoupledevice,Andortype DH510)to
recordtheemissionspectrumintensifies_In"B,"adelayed
pulsewasgeneratedtoadjusttheobservationtimeandthegate

timeoftheICCD･Theoutputvoltageofthesignalshthewhole

systemwasam levelwi山amamplitudeof5V`
Thevisiblelightemissionwasobservedusingaspectroscope

withaSatedICCD･Theobservationpolntisfocuseduslnga

collimatorlenssetinfrontofthespectroscope.ThegTatlngWas

150Gr/rnm(Blazewavelength:400nm),andthegatetimeof
theICCDwas丘Xedat100ns.Wh entheemissionspectraof

theplasmaatthesurfaceofthepositivelybiasedelec江Odewere

observed,thefocalpolntWasadjustedontheelectrodesurface.
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Fig.5.Waveformsofshuntingarcdischargecurrentandvoltageacrossthe
rodof2-mmdiameterand40-mmlengthatanitrogenpressureof20Pa.

Thecurrentthrough thecircuitwasobservedusngacurrent

transformer(pearson,type110A,sensitivity:0.IV/1A,the

risetime:18ns,observatorybandwidth:1Hz-20Mliz).The

voltageacrosstherodwasobservedusingtwovoltageprobes

(Tektronix,type5100,ratedvoltage:DC+ACpeakof215kV,

Frequencybandwidth:DC-250MHz)aJldwasmeasuredin
differentialmode.Thesewaveformsaremonitoredbyanosci1-

loscope(Tektronix,TDS3034B,Bandwidth:300MHz,maxi-

mumsamPhngrate:2.5GS/S).

Weusedtwoci∫cuitstogenerate血eshuntingafc血scharge

plasma.Alloftheparametersarethesamebetweenthetwo

systems,exceptthecircuitparameters･Onehasacircuitin-
ductanceof103pH(Circuit1),andtheotherhasacircuit

inductanceof3.2pH(Circuit2).Circllit1wasusedinFigs.5

to8,andCircuit2wasusedinFigs.9to13.hCircuit1,the

capacitanceis20pF,withachargingVOltageofapproximately

1600Vandwi山 astoredenergyof25.6∫whencharged,
whichcausesapeakcurrentofapproximately1700A,whilein

Circuit2,wi山apeakcu汀entOf1700A,isobtainedwitha
chargingVOltageof1000V.AlthoughtwocircuitswithdifFerent

circultparametersareused,山eobtainedresultsareconsistent･

ⅠV RESUIJTSANDDISCUSSION

A･ElectT･icalCharacteristz'csoftheCarbonShunt享ngAT℃

Fig.5depictswavefomsshowing血eelectdcalcharacteris-

ticsoftheshuntingarcandrodheating.Fig.5(a)-(C)showsthe

currentthrough thecircuitandvoltageacrosstherod,power,
energy,andresistance,respectively.nepowerisp-ixi/,
whereiiscurrentandz/isvoltage,Thesevaluesareshownin

Fig･5(a)ITheenergyisobtainedviaintegrationofthepower,
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Fig.6･WavefonmOfcumntthrough dleShuJ]血g打CCircuitaJ]ditsiJlduced
ctmet)latapositivebiasvoltageof160VforvariousnitrogenpressuEeS丘om
0.74【o140Pa.

andresistanceisR-I//i.Thenitrogenpressureis20Pa,and
也ecapacitorcharglngVoltageis1600V

Duringtherodheatingstagepnortothearcstage,thecurrent
andvoltageknearlyincreasewith血le,andthearcoccursal

approximately1JISatarodvoltageof350V.hthiscase,
thethemi onicemissioncurrentisthoughttobelessthaJI

o.olA/m2[20LaJldtheconsumedenergyfortherodheating
isapproximately0.07J,asshowninFig.5(ち).Thisisless

than 1/10000ofthevaporila【ionenergyofthecarbonrodthat

isusedin thispaper･Thus,thecarbonremainsevenafterthe
repeddveoperationoftheplasmageneration.

hthearcstage,thecurrentshowsasinusoidalbehavior,and

thevoltageisconstanlwithavalueofapproximately50V.
Thepeakpowerconstlmedi皿thearcisapproximately90kW.
Undertheexperimentalcondidons,theshun血garcvoltage

isidendcaland,ths,isapproximately50V･Theconsumed

energyduringonecycleofthedischargeisapproximately
2.5J.Du血gthearcstage,theresistanceisconstarltaJ)dis

appro血mately0.3fl,asshownhFig.5(C).

An iJlducedplasmacanbeinidatedbyapositivelybiased

electrodesetnearbytheshun血garcSource.Fig.6Shows

currentwaveformsofdieShun血garcatanitrogenpressure

of16Paand也eizlducedplasmaatpressuresfromO･74to

140Pa･As shownin Fig･6(ち),theplasmaisinducedby

theshuntiJlgarCdischargetnggenngandthectmetltappears

attheposidvelybiasedelectrode.neinidadontimeofthe

inducedplasmatendstobeincreasinglydelayedwithiLlCreaSed

nitrogenpressure.AsacommonChancteriSticattheini血】

stage,thecu汀entlinearlyincreaseswithtimeandshowsadip,
adiscon血uityofthecurrent,followedbyasinusoidalshape･

Itwasrecognizedthatnoinducedplasmacurrentwasobserved

atpressureshigherthan140Pa･

Fig.7showsastillphotographoftheone-shotdischargeat

anitrogenpressureof16Pa.The血shedcircleinthefit,mre
isa丘eldofvision･Itisseeninthefigurethattheinduced
plasmaisgeneratedintheregionbetweenthepositivelybiased

electrodeandtheshuntingarcsource.Itisalsonoticedthatthe

JO'2.3

FIB.7. Sdnphotographatapositiyebiasvoltageof200Vatanitrogen
pressureof16Pa_

Plasmaconsistsoftwostructures_Oneisauniformglowuke

plasmawithamixedcolorofblueandfedintheright-hazldside.

Blueandredcolorsonglnatedfromtheshun血gafC andthe

nitrogenplasma,respectively.Theotherisabeaml止eplasma

withabrightredcolorandaclearedge,whichisgenerated

inthelefトhandside.Thisisseeninthesideofthepositively

biasedelectrode･Thus,aninducedplasmacotlSistsofauniform

glowlikeplasmaandabeamiikeplasma･
hordertoseethechangeoftheplasmastructure,thestill

photoobservationiscarriedoutforvaryingnitrogeppressures.

Fig･8(a)-(C)showsstillphoto訂aPhsatnitrogenpressuresof

O･19.44.and180Pa,respectively.Thedashedcircleineachfig-

ureisa丘eldofvisionfortakingstinphotographs･hFig.8(a),
onlyaumifom plasmaisrecognizedwithamixedcolorofblue
andred,andshowsaglowhkeplasma･As shown山the丘gure,

theblue-coloredplasmaisrecognizedneartheposidvelybiased

electrode･Thisshowsthatthepulsedshuntingarcisdriven

towardthepositivelybiasedelectrodeduetoviolentgenerabon･
h thecaseofFig,8(b)at44Pa,abeamlikeplasmais

generatedin thehalfregionOfthegapiJltheleft-handside,

aJ)ditsdiameterisapproximately12打皿,Whilethediameteris
approximately20mminFig.7.Wh enthepressureisincreased,
theplasmashTinks･hbothcases『igs･7aJld8(b)iabeamiike
plasmabridgesthegapbetweenthepositivelybiasedelectrode

andtheedgeoftheglowhkemixedplasma-
hthecaseofFig.8(C),thedifhsionoftheplasmaismore

suppressed.andthegapisnotbridgedbytheplasma-AHhe
su血ceoftheposidvelybiasedelectrode,a8areisspoutedfrom

thesurfaceofthepositivelybiasedelectrode.Abrightspotis

seenattherootoftheaareontheposidvelybiasedelectrode･

ThisshowsthattheBareisonglnatedfro皿 thevaporizadotlOf

theposidvelybiasedelectrodematerial.hthispressurereglOn,
noinducedplasmacurrentisobserved･

ThesephenomenaarethoughHobecloselyrelatedtothe

electriCalcharacteristics･nebeamlikeplasmashowsatraJISi-
tionoftheplasnafromauniformglowlikestate.Atthistransi-

tion,adipismadeinacuITentWaVeformoftheiJlducedplasma･

However,itshouldbenoticedthatthebeamlkeplasmais

partiallygeneratedinthesideofthepositivelybiasedelectrode･

Theglowhkeplasmaremainsintherestofthespace,thatis,the

beamiikeplasmabridgesoverthespacebetweenthepositively
biasedelectrodeandtheedgeoftheuniformglowlikeplasma･
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Fig･8･Stillphotographsa【apositivebiasvoltageof200Vatanitrogen
pressuresofO･19,44,and180Pa.
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TheinducedplasmaisalsogeneratedinamethaneenviTOn一
menLFig.9showstheonsettimeoftheinducedplasmaasa

funCtiOJIOfthemethanepressureforpositivebiasvoltagesof

200and500Vhbo山cases,山eonset血 eshowsa.Vshaped
Paschen-likecharac(erisdccurveagalnStthemethanepressure,

andthemhimumonsettimesarehapressurebetween5aJld
15Pa.hherently,thecharacteristicissimilarfordifferentgas
envlrOnmentS.

¶legenerationoftheshuntlngarCisdifferentfromacon-

ventionalgasbreakdownbecauseof血ephenomenathatthe
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Fig･10･Emissionspectra丘omthecarbonshun血garcdischafge･Delay血Ie:
15FAS,allPressure:0.045Pa.

degreeOfrodheatnglSCloselyrelatedtotheplasmainitiatiotl.

TheV-shapedcharacteristicsoftheonsetti血eShowTlinFig.9

ShowarelationshipbetweenaPaschen-hkecharacteristicand

thedegreeoftherodheating.

a SpectrumObservation

Fig･10(a)and(b)showsexamplesofemissionspectrainthe

absenceandinthepresenceofmethanegas,respectively･The

observationtimeofthespectrumhbothcasesis12psafter

therodheatlng･neChargingvoltageofthe20-pFcapacitor

is1000VAl也OugbmanyemissionspectracanbeobseⅣed,

CⅡatawavelengthof426.726JimismostsignifiCant･When

methanegasisintroduced,CHat431.726m皿isalSoobserved･

Thisshowsthatthecarbonshun血garcionizesa皿dJorex-

citesthemethanegasparticlestomaketheClispecies･By

introducirLgmethanegas,theCⅡSpectrumintensityisalso
strengthened.

IJltherangeoftheobservedwavelength,CIspectraarenot
observed.CImaybeobseryedillarangefromapproximately

477to505nm,althoughtheifiJltenSidesareweak･
Fig.I1(a)and(b)showsacurrentwavefom oftheshunting

arcdischargeandtheCⅡspectrum血tetlSityat426･726nm,
respe cdvely.Thecurrentwaveformisobservedilltheabsence

ofmethanegas_However.itwasfouTldthattheshun血garc

currentisnotlargelydifferentuJ)dertheobservedpressure

region･ItisseenhFig･IIthatthespectrumizltenSitygeneral1y
fouowsthecurrentwaveform ItisalsofoundthaHheintensity

ishcreasedbyaddiJlgmethanegas.Theintensityisquickly

decreasednearendoftheshuntingarcdischarge.
Fig.12(a)and(b)Showsacurrentwaveformoftheinduced

plasmaand也etemporalbehaviorof血ecafbonspec加皿

intensityat426.726nm formethanegasatapressureof

l･lPa,respectively.Thespectrumisobservedatthesurface
ofthepositivelybiasedelectrode.Itisseenthatthecarbon

spectrumappearssimultaneouslywiththegenerationofthe

glowlikedischarge.Withincreasingcurrent,theintensitybe-

comesgreater･ThereisadipintheiJltenSity,whichmay
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Fig･12･Temporalbehavioroftheinducedplasmacurrentandthespectrum
inlet)sityofcarbonatawavelengthof431.726nmatamethanepressureof
1Paforaposi【ivebiasVOltageof200V.

correspondtothecurrentdip･Theinducedplasmaisseenuntil
approximately80ps,whilethespectrumintensityisclearly
recognizeduntilapproximately60ps,whichisapproximately
20FASShorterthan thelifetimeoftheinducedplasma.Thisis

probablyduetothediffusionofthemixedplasmaconsistlngOf
acarbonshuntingarcPlasmaandtheinducedmethaneplasma･
Themixingoftheshuntlng arCandtheinducedplasmais
checkedbythegenerationofashuntingarcinan argongas

environmenLFig･13showsthespectraoftheinducedplasma
observedatthesurfaceofthepositivelybiasedelectrodeat
200Vforan argoTIPressureOf0.7Pa.Theobservationtime
was28psstartingfromtherodheating.Theemissionsfrom

bothcarbonandargonparticlesareobserved･ThismeanSthat
argoTl,aSanambientgas,whichisionizedintheinduced

plasma,istnggeredby山eshuntingarcdischargeJtisnoticed
thatthecarbonspeciesgeneratedbytheshuntingarcdischarge
arriveatthepositivelybiasedelectrodeduetothedrivingby

apulsedplasmageneration･Thus,itisconfi-edthatahybrid
plasmaconsistingofargonandcarbonspeciesismade,andthe
shuntingarcanditsinducedplasmaaremixed･
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Fig･13･EmissionspectraoftheargonplasTIlainducedbythecalbotlShunting
arcdischarge(Argonpressure:017Pa.andpositivebiasvoltage:200V).The
emissionwasobservedatthesurfaceofthepositlVelybiasedelectrode.

V.CoNCLUSION

ThecarbonshuntlngarctnggerSagasplasmauslngaposi-
tivelybiasedelectrodeJtiscon丘-edthatbothplasmaspecies
aremixed.Thestateofmixingisdependentontheambientgas
preSSure･

h thelow-pressureregionOfunder1Pa,aglowlikeplasma
isobservedatthegapbetweenthepositivelybiasedelectrode
and也eshuntlngarcSOurCe,anditscolorlSmixedwi山blue
fromtheshuntingarcandredfromthenitrogenplasma･Carbon
speciesgeneratedintheshuntlngarcdischargeadveatthe
positivelybiasedelectrode.

h amiddlepressureregionbetween1andapproximately
100Pa,abeamlikearcplasmapartiallybridgesthegapbetween
thepositivelybiasedelectrodeandtheedgeoftheglowlikedis-
charge.Thereisadiscontinuityofthecurrentwaveformduring

血einducedplasma.Thecu汀entdiscontinultyCO汀eSpOndsto
mechangeintheemissionspectmmintensityoftheinduced
plasma.Thecurrentdiscontinuityandthecurrentdipmaybe
closelyrelatedtoeachother;也atis,theinducedplasmais丘rst

generatedasaumiformglowlikeplasma;itisfollowedbya
beamiikeplasmapartiallybridgingthegap,whileaglowlike
dischargeremainsin血erestofthereglOn.

Inaugh-pressurereglOnOfoverapproximately100Pa,血e
difEusioTIOftheshuntlngarcissuppressed,andnoinduced
plasmaisgenerated.A免arehavingarootonthepositively
biasedelectrodeisobserved,butnot)ridgingoverphenomenon.

Fromtheemissionspectrafromtheshuntingarcdischarge
plasmaanditsinducedplasrna,itisconfirmedthattheshuntlng
arctriggersthegasdischargeandionizesthegasspecies･The

onsettimeoftheinducedplasmahasaV-shapedPaschen-like
characteristicagainsttheambientpressure.
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