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We reportmeasurementsf electrontemperaturef DC andRF dischagein pureAr and
Ar + 10% O, gasmixture, andthe measurementsf collisional broadeningby argon of
threeoxygenlines at 777 nm (3p °Py,1,2 — 3s°S, transitions)in an Ar + 10% O, gas
mixture. Theelectrontemperaturés determinedisingthe double-probéechniqueandthe
logarithmic-plotmethod.Theline widthsof oxygenatomiclinesbroadenedhy argonwere
measuredvith the high-resolutiormonochromatoandlateranalyzechumerically

PACSnumbers32.70.Jz33.70.Jg UDC535.33

Keywords: collisional line broadeningof oxygenlines, threeoxygenlinesat 777 nm, dischage in
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1. Introduction

Low-pressuranoble-gagylow dischagesarevery frequentlysubjectof both basicand
appliedresearctandwidely usedin industrialtechnologicaprocessedn mostcasesar
gonis usedasthe working gas.In someapplicationsoxygenis added but in someother
applicationghe argon plasmamustbe free of oxygen.lt is of interestfor successfubp-
plicationsthat basicparameter®f Ar/O, plasma(electrontemperatureglectrondensity
andenegy-distributionfunction,densitiesof metastabl@toms atomic-interactioparam-
eters)areinvestigatedMeasurementsf basicparameterprovide a betterunderstanding
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of verycomplex Ar/O4 plasmaprocesseandthey arenecessargsinputdatafor computer
simulationswvhich arethe subjectof muchrecentresearchl].

Therearenumerousexamplesof basicandappliedresearctwhich requirethe knowl-
edgeof the basicatomicor plasmaparametergor the mixture of argon andoxygen(see
Ref. 2 andreferencesherein).Dueto its strongoxidationpropertiesthe presencef oxy-
genmay have an enormousmpacton the courseof the processei plasmaandon the
courseof the plasma-electrode—sadeprocessestor example,argonis usedasthe ig-
nition gasin high-pressurenetal-halideand sodiumlamps. The presenceof oxygenin
argonin assmalla concentratioras10~¢ or more, drasticallyshortenghe lamp lifetime
[3]. Therefore,it is of greatimportancenot only to studythe basicAr/O; processebut
alsoto developandfurtherimprove techniquedor detectionof smallamountsof oxygen
in (argon)plasmag4]. Anotherhugeareaof applicationof the Ar/O, plasmais in the mi-
croelectronicsndustry whereit is usedasatool for depositinghin films, andfor etching
metalsandsemiconductorsSomerecentinvestigationshavedthatif depositiorof Ptthin
films (thehighestguality microelectrode contemporarynicroprocessors$ doneunder
preciselycontrolledconditionsin the mixture of Ar with 10% O,, the defect-freefiims
with desiredcrystallographiorientationareobtained5].

In spiteof suchsignificanceof argon-oxygerdischagesfor variousapplicationsand
of big interestfor basicatomicparametersvhich arenecessarjor computetplasmamod-
eling, thereis still alack of informationon Ar/O; plasmaparameterén generalandes-
peciallyon Ar-O* atomicinteractionparametersThereasorfor this lies, probably in the
compleity of the low-pressuréAr/O, plasma.Evena purelow-pressureargondischage
is a rathercomplex plasma,comprisingelectrons groundstateargon atoms,metastable
argonatoms argonions,Ar; andAr; moleculesandimpurity atomsexisting in argonor
sputteredrom electrodeg6,7]. The mixed argon-oxygerplasmais muchmore compli-
cated.Oxygenis anelectronattachinggasandit affectspropertiesof argon plasmaeven
atminute O, concentrationsThe densityof metastablarmonis very sensitve to ary ad-
mixture of oxygen[2], but onecanexpectthe changeof all otherplasmaparametersuch
aselectrondensity(n.) andelectrontemperaturgT’, ), too. Atomic oxygenin the ground
state,metastabl@xygenatoms,oxygenions, 05 andO} moleculesaregeneratedn the
dischage after complicatedcollisional excitation, dissociationand ionization processes
involving molecularandatomicoxygen.The very importantresultis thatthe presencef
oxygeninducestheappearancef differentargon-oxygercollision complees.

Thereis a strongexperimentalevidencethat the formationof excited atomicoxygen
in triplet and quintet atomic states(Fig. 1) follows different excitation, ionization and
dissociationpathways, dependingon the type of the carriernoblegas[6]. In the caseof
lighter noblegasegHe, Ne), it seemghatthe Penningionizationof O, is thedominating
ionizationmechanisnj8]:

He* + 02 — He + (03)* +e™. (1)

The excited molecularions (OF )*, after dissociatve recombinationproduceexcited
atomicoxygen,O*, andground-stat@xygenatoms,0(23P):
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(09)* +e~ — O* + O(2°P). (2)

Excitedoxygen,O*, canappeain triplet or quintetstatesdependingon the excitation
anddissociatiorpathvwaysof O, andOF molecules.

triplets quintets

110000

100000

Energy (cm )
:

80000 -
70000
60000
P,
ground state

Fig. 1. Termdiagramof oxygen.

However, if heavier noble gaseqAr, Kr, Xe) are used,more complicatedprocesses
causeexcitation, ionizationand dissociationof oxygenmolecules.The first stageis the
formationof anexcited complex moleculein collisionsof agonmetastableandOs,:

Ar* + 02 — (AI‘ 02)* (3)

The secondstageis dissociationof this complex to argon atomsin the groundstate
(23P) andexcitedoxygenatomsin 2'S, and2!' D, atomicstated6,9]:

(Ar 0s)* — Ar+ O(2°P) + 0*(2'S°,2'Dy) + AE. (4)

The enegy defectsharedby two oxygenatoms,A E, contritutesto the non-thermal
velocity distribution of the involved atomicpopulations Atomic populationsn 2'S, and
21D, atomicstateq“warmatoms”,seeFig. 1), possessinghis non-thermakelocity dis-
tribution, aretransferredo the higheratomicstates0* (3% Sy, 33P;) by electron-atontol-
lisions[9]. As aconsequencayide andanomaloushroadene@tomiclines,correspond-
ing to transitionsinvolving thesetriplet atomiclevels, areobsenedin emissionandlaser
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atomicabsorption10]. Onthe otherhand,if higheratomicstatesare populatedhrough
electron-atonrcollisions from the groundstate(“cold atoms”), the thermalvelocity dis-
tribution is presered,andthe line width reflectsMaxwell’s velocity distribution. Thatis
exactly the casewith oxygenquintetlevels 3°S, and 3°P;, wherethe thermalvelocity
distribution of groundstateatomsis preseredin electronexcitation processesesulting
in thermalvelocity distribution of atomicpopulationsnvolvedin theformationof the 777
nmlines.

In this paperwe reportthe electrontemperaturaneasurementsf DC and RF dis-
chagesin pureAr andAr + 10% O, mixture,andthe measurementsf collisionalbroad-
eningby argon of threeoxygenlinesat 777 nm (3p 5Py 1,2 —3s°®S; transitions)in the
samegasmixture.lt is of interestto comparemeasurementsf electrontemperatureéand
otherrelatedplasmaparametersin pureargondischageto thosein mixedargon-oxygen
dischage,aswell asthetemperaturesf DC-excited plasmago RF-excitedones Regard-
ing oxygenline broadeningthereare somepreliminarydataon the argon broadeningpf
infraredoxygenlinesat845nm (3p 3Py 1 2 — 3s3S;, [11]). Thereareseveralreportson
theDopplerfreehighresolutionmeasurementsf isotopeline shift andhyperfinestructure
of oxygenatomiclevelsinvolvedin atomictransitionsat 777 nm, which areimportantfor
possibleoptical cooling of oxygenatoms(Ref. 12 andreferencesherein).To our knowl-
edgethough, thereis still no systematicclassicalor lasermeasurementsf collisional
broadeningf the 777 nm oxygenlinesby argonatoms.

2. Experiment

A block diagramof the experimentabrrangementsedin our measuremenisf atomic
oxygenline broadeningandelectrontemperaturés shovn in Fig. 2. Theline broadening
measurementsave beenperformedusingaplasmecell, a highresolutionrmonochromatar
lock-in detectiorfollowedby A/D corversionandcomputedataacquisition.Theelectron
temperatureaneasurementisave beenperformedusingthe sameplasmacell, a variable-
polarity voltage sourceand two digital voltmetersto simultaneouslymeasurehe probe
voltageandthe probecurrent.

The plasmais generatedn a 20 cm long cell (Fig. 3), madeof Pyrex glass,with the
inner diameterof 1.5 cm. Prior to the usein the experiment,the cell waswashedwith
the chromsulfuricacid and distilled water, followed by one-dayoutgassingat elevated
temperaturg¢300°C) andlow cell residualpressuré< 5-10~2 mbar).Finally, it hasbeen
self-cleanedyy runninga DC dischagein theflow of pureargon(10mA, 1000V, 8 hours
at0.5mbar).

TheDC excitationis producedy anunregulatedstablehigh-wvoltagesourcegmaximum
voltage4 kV, max current0.1 A, ripple & 0.1%). The electrodeavere madeof stainless
steeltubing (type 304) with the inner diameterof 1 cm and3 cm long. The electrode
spacings 8 cm. Typical currentausedherewereaboutl - 10mA (correspondingp current
densitieof about0.5- 5 mA/cm?).
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Fig. 2. ExperimentahrrangementlV: highvoltagesource CH: chopperMC: monochro-
mator PMT: photomultipliertube, I/V: current-to-wltage corverter LIA: lock-in am-
plifier, ADC: analog-to-digitalcornverter FG: function generatar V and A: digital
volt(amper)-meter
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Fig. 3. Dischagecell.

The RF excitationis performedusinga homemad&0 MHz RF generatobasedon a
6360A tetrodetube[13]. Two silveredO-shapecelectrodesmadeof copperwire (wire
diameter2 mm),embracinghecell andspacedbouté cm areusedfor plasmaexcitation.
The amountof RF power deliveredto the plasmais not known exactly, but accordingto
the6360Aspecificationst cannotbe morethanseveralwatts.

During the experiment,we run the dischage in a steadyflow of gas(pureargon or
argon-oxygenmixture) at a flow rate of about5 cm?® s~!. The reasonis that the oxy-
gen(evenin smallquantities)in the gasmixture stronglyreactswith the surfaceof elec-
trodesand probes,causinga ratherunstabledischage operationif the cell is closed.If
the gasmixture flows steadilythroughthe dischage cell, the streamof freshgaswashes
thecell, allowing a quietandstabledischage. The gaswe usedwasthe commercialmix-
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ture (“MesserGriesheimAG”), containing10% of naturallyabundantmolecularoxygen
(99.76%'905,, 0.2%'80,, and0.04%'70,). The gaspressuravas monitoredcontinu-
ouslyby adigital Piranigaugg“Leybold ThermoracTM20") with anaccurag betterthan
5%.

3. Results and discussion

3.1. Determination of electron temperature

Regardingthe low-temperaturglasmacharacterizationpneis concernedvith mea-
suringthe electrontemperaturd’, the electrondensityn., andthe electronenegy distri-
bution function fo (v). To this purposel.angmuirprobeshave beenusedfor over 70 years
[14,15]. 1t is awell known methodto measurémportantparametersf low-pressureand
low-temperaturg@lasmasin our experiment,two probesmadeof thin platinumwire (0.4
mm diameter) spaced?.8 cm andinsertedabout0.5 cm perpendicularlyinto the plasma
columnhave beenusedfor the electron-temperatunmeasurementé=ig. 3). Prior to the
measurementghe probeswere carefully self-cleanediy runninga weak DC dischage
in pureargon flowing throughthe cell underthe pressureof 100 Pa (1 mbar). The probe
system

300 T T . T — :
2004 50 Pa
Ar +10% O
1004 2
) RF GD
— ] ip,=168 pA
41 0 1
=  -100
-200+
-300 T ; T ; — v
-60 -40 -20 0 20 40 60
sap0f ] ‘ ': ' ' ]
7397 1 =(leu fi, )1
i J
. 1.00] )
£ 0,141 ’,'
0,02: ./ Te=2,17 eV
0,00 — : , , . r
-60 -40 -20 0 20 40 60
V(V)

Fig. 4. Typical double-probecharacteristiccurve (up) and an example of the electron-
temperaturedeterminationusing the logarithmic plot method(down). The temperature
is determinedrom the slopeof thelnT' versusprobevoltageplot. i,, , arepositive ion
saturatiorcurrentsto probesl and2, respectiely, andie, is the electroncurrentto probe
2. Typical statisticalerror of the temperaturedeterminationby this methodis lessthan
10%.

appliedin our experimentcan be used,in principle, eitherasa setof single probesor
asa double-probesetup[16]. As we wereinterestedn a direct comparisorof DC- and
RF-drivendischages,we have choserthe double-probesetupfor the measurementsf the
electrontemperatureT his methodis appropriatdor thedeterminatiorof electrontemper
atureevenin theabsencef areferenceslectrodeasin thecaseof anRF-drivendischage.
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The double-probemethodusestwo (identical) Langmuir probesconnectedo a voltage
sourceof reversiblepolarity. The probesystemis permittedto float. The potentialdiffer-
encebetweerprobess variedfrom about— 60V to about+ 60V, andthe current-wltage
characteristiof the doubleprobeis determined.The electrontemperaturés determined
usingthelogarithmicplot method16]. It is basednthe Maxwell-Boltzmanrdistribution
of chagedparticlesin plasmapotential,plasmasheathpropertiesandKirchhoff's current
law (taking into accountelectronand positive-ion currentsto probesl and?2). Figure 4
shaws atypical dataplot. Thesedatawerecollectedin the caseof the RF dischagein Ar
+ 10% O, mixture at the pressureof 50 Pa anda flow rate of about5 cm?/s. Maximum
currentthroughthe double-probeeircuit is determinedy positive-ionsaturatiorcurrents
(ip, ) to bothprobesTheasymmetryof the probecharacteristicgdicateshatthe probes
usedin ourcell areslightly dissimilarin sizeandshapeandthatthey werelocatedat posi-
tionscharacterizedy slightly differentplasmgpotential.This, however, doesnt influence
thedeterminatiorof electrontemperaturaincethereis aquitesimplerelationbetweerthe
parametel’, definedas

Pl Xl

Teqy

andthepotentialdifferencebetweerprobesV:

InT' ~ —

e
KT, V.

Thatis, thereciprocalvalueof the slopeof the semi-logplot ln I'(V') versusV equalsthe
electrontemperaturén eV.

The pressureangewas50 - 500 Pa (0.5 - 5 mbar). Figuresba-dshav electrontem-
perature®f the DC andthe RF dischage. The electrontemperaturef the DC dischage
in pureargonis about3 eV, andin Ar+10%GQ; mixtureit is about3.3 eV. The electron
temperatureof the RF dischage in pureargonis about1.7 eV, andin Ar+10%G0, mix-
tureit is about2.3 eV. Althoughtheinvestigatecpressurgangeis rathersmall (only one
decadepnecanseea smallincreaseof the electrontemperaturavith the pressuren the
caseof the Ar+10%0, RF dischageandasmalldecreasef theelectrontemperatursvith
the pressuran the caseof DC dischage. The DC caseis in accordancevith othermore
extensive measurements Ar+10%0, mixture [17]. Generally with additionof oxygen
the increaseof electronplasmatemperatureaccompanieavith the decreasef electron
density is obsenedin othersimilar experimentswvith Ar/O, mixtures[17,2]. A plausible
explanationis thatthe uniform distribution of O, in thedischage spread®lectronattach-
ment and electron loss processes, resultingina  uniformdecreasef
Te.
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Fig. 5. Resultsof the electrontemperatureneasurementfor DC glow dischagein (a)
pureargon, (b) Ar+10%0, mixture andfor RF glow dischagein (c) pureamgonand(d)
Ar+109%0s mixture.

Mass-spectrometmyeasurementshav thatthedominanton in argonplasmais Art [18].
With additionof oxygen,the OF densityriseson accountof Art [18], until OF takesthe
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role of the dominantion. The critical O, percentageseemso be about30% [18]. The
decreasef Art densityis causedy quenchingf Ar* by atomicoxygenandO. [2], and
onecanassumehatin the Ar/10% O, mixture boththe Of andthe Ar* ions probably
play animportantrolein sustaininghedischage.

3.2. Theline shape of 3p °Py 1 » — 3s°S; transitions

The headof the plasmapositive columnis beingimagedby a standardsystemof two
lensesntotheentranceslit of ahigh-resolutiormonochromatof“Jobin Yvon” THR1500,
optical systemfocal length 1.5 m, aperturenumber1:10, holographicgrating of 2400
g/mm, entrance/eit slit widths fixedto 25 um, slit height5 mm). Dispersedight is de-
tectedby a photomultiplier(EMI 9558QB),andafterlock-in detection(Brookdealmodel
401A)fedinto thefirst channebf a 14 bit A/D corverter andfinally recordedn aPC.The
secondchannelof the A/D corverteris usedfor acquisitionof the referencesignal,used
for theaccuratecalibrationof thewavelengthscale.

Oxygenfluorescenceriginatesfrom the negative glow region as well as from the
positve column of the dischage, but we have chosenthe positive columnfor the line
shapestudieshecaus@f a betterlong-termsignal-to-noiseatio.

We studiedthe collisional broadeningpf oxygentransitionsat 777 nm (3p°Py 1,0 —
3s5S,) by argon. The pressuraelependenchasbeenstudiedin Ar + 10% O, gasmixture
in the pressurgange50 - 800 Pa (0.5 - 8 mbar). Theresultingline shapeis convolution
of the monochromatoinstrumentafunction, the Dopplerprofile causedoy thermalmo-
tion of gasatomsandthe Lorentzianfunctionrepresentinghe collisionalbroadeningin
principle,besidegheseghreebroadeningnechanismghenaturalbroadeningndthe oxy-
genself-broadeninglsocontrituteto themeasuredine width [19]. However, the Doppler
broadeningthe instrumentalbroadeningand the pressurebroadeningby argon are the
dominantbroadeningnechanismsesultingin several ordersof magnitudearger widths
thantheotherones.

To analyzethesdine shapeswe mustknow very preciselythe width andthe shapeof
theinstrumentafunctionfor our monochromato(FWHM: AXr) andthe gastemperature
determiningthe Dopplerwidth of thelines (FWHM: AXp). Accuratetestsperformedon
mary spectralines studiedin our laboratoryfor seseralyearshave shovn thatthe“Jobin
Yvon” THR1500monochromatohasa puretriangularinstrumentafunction for the slit
widths larger then 15 um, and a nearly diffraction instrumentafunction for slit widths
smallerthan 15 um. However, exactwidth and shapeof the instrumentafunction must
be accuratelydeterminedbeforeandin the courseof the measurementd.o this purpose,
we measureda) isotopeandhyperfinestructureof the well-known mercurygreenline at
546.1nm (from thelow-pressurenmercurylamp),and(b) theapparenshapeandthewidth
of the He—Nelaserline. The monochromatowasusedin the double-passnode,enabling
ultimateresolutionof about4 - 10° at546.1nm for slit widthssmallerthan15 pm [20]. A
typical determinatiorof monochromatoresolutionandinstrumentafunctionis shavn in
Fig. 6. It shavstheappearancef theHe—Nelaserline measuredh diffuselaserlight. The
scanningspeedfthemonochromatowassetto 4 pm/minandtheentrancendtheexit slit
widthsweresetto 25 um with slit heightsof 5 mm. The correspondingnstrumentafunc-
tion is purelytriangularwith aFWHM of A)\; = 2.5pmandtheresolutionR ~ 2.6 10° at
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632.8nm. The shapeandwidth of the instrumentafunction have beenchecleddaily be-
fore andafteroxygen-linemeasurementfaily variationsnverecompletelynegligible, and
weeklyvariationswerewithin + 0.1 pm. Fromthesemeasurementsye determinedhein-

strumentafunction of our monochromatoastriangularshapedvith A); = (2.5 £ 0.1)

pm.

Relative Intensity (a. u.)

Fig. 6. Instrumentafunctionof the JobinYvon THR1500monochromator

Anotherunknownvn parameterthe gastemperaturehasbeencontrolleddaily by mea-
suringthe Dopplerwidth of theargonline at811.5nm andby monitoringthetemperature
in the laboratory The Lorentzianwidth of this argonline hasbeenmeasuredrery accu-
ratelyin laseratomic-absorptiomxperiment[21]. In our experiment,the Dopplerwidth
wasdeterminedy fitting the experimentaline profile to a corvolution of theinstrumen-
tal, Lorentzianand Dopplerfunctionsusingthe Dopplerwidth asthe only free parameter
The temperaturesbtainedfrom 811.5nm Ar line Dopplerwidths wereidenticalto the
roomtemperaturegabout298K). Actually, thegasis atroomtemperaturén the majority
of experimentson the low-pressuralischages. Elevatedtemperaturesf the carriergas
(T > 300 K) aremeasureanly in the case®f currentdensitieshigherthan50 mA cm—2
[7], which is almosttwo ordersof magnitudehighercurrentdensitythanthe one usedin
our experiment.

To avoid ary distortionof theinstrumentaprofile, thelinesweremeasuredisingvery
low monochromatoscanningspeedg?2 or 4 pm/min,i.e. 20 to 40 mA/min). The sam-
pling frequeng of the A/D corversionwas 10 Hz, correspondindo the samplingspeed
of 0.03to 0.06 mA/s andthe averagetotal numberof 2500 (or 5000)datapointsperline
profile. The measuredine shape(Fig. 7a,b)is the corvolution of the monochromatoin-
strumentalfunction, the Dopplerfunction, andthe Lorentzianfunction representinghe
pressurdroadeningy agonatoms.The emissionprofileswereanalyzedusingour own
multiparameteleastsquareditting routinewrittenin “Matlab©” [22]. Of coursethecon-
fidencein thefitting procedureandin the singlefitted quantitydecreasewith the number
of usedparametershut in our casethe oxygenLorentzianline width (FWHM: AA?) was
theonly free parameterThe coreof thefitting programis constructedisingthe powerful
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“Matlab©” routinesfft.m andifft.m for thediscretefastFouriertransformatior{FFT) and
for theinverseFFT, respectrely. Generallythe Fourier

‘»4 T T T T T
12+ 3pSP - 3s5S .
2 2
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Fig. 7. Typical emissionprofilesof the 777,418hm oxygenline measuredt the pressure
of (a) 50Pa and(b) 800Pa. Circlesarethe experimentabataandsolid line is the bestfit.

transformof a convolution of two (or more)functionsis proportionalto the productof the
individual Fourier transforms.Consequentlythe fft-transformsof the instrumentafunc-
tion, the Dopplerfunctionandthe Lorentzianfunctionaremultiplied in theinversespace.
The resultingfunction (which is the Fourier transformof their corvolution) is inversely
transformedy ifft.m routine[22]. The programthencompareghe shapeof this function
with the experimentaline shapen the leastsquaresenseThe datareductionprocedure
outlinedaboreyieldsthe Lorentzianwidthsof threeoxygenlinesfor differentargonpres-
sures Figures8a-cshav the dependencef the obtainedLorentzianline widthson argon
pressureThedependences linear, with relatively large errorbarsfor all threetransitions.
Thesametypeof dependencef Lorentzianwidthson foreigngas(hereargon) pressurés
predictectheoreticallyas[23]

AN = AX§ +C - par. 1)

HereAA§ containghe contrikution to the oxygenline width which is independentf gas
pressure thenaturalline width. The dependencef oxygenline width on argonpressure
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is containedn theC - p4, term,wherep4, standsfor argon pressureThe possiblecon-
tribution of the oxygenself-broadeninganbe neglectedbecausef thevery low density
of oxygenatomscausedy alow dissociatiorrateof molecularoxygenin Ar-Os plasmas
[6,9]. Consequentlyin our experimentalconditionsboth thesecontrikutionsto the total
line width arenggligible comparedo theargonpressurdroadening.

777,196 nm
N 3p 5P -3s S8
3 ’ g
T 93 ,/
g. ke
~ 0.24 e
o X )
o /v
| g } est.
014 5
0,0 ' | I '
777,418 nm
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777,540 nm
0,41 o |
p P1 - 3s sz
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Fig. 8. Resultsfor the collisional line widths versusgaspressurdor oxygentransitions
(@)%P; — 35S, (b)3Py — 3S,, (c)°P, — 5S,. Estimatedaverageerror bar for the
determinatiorof Lorentzianline widthsis about50%.

The broadeningparametelC' is proportionalto the optical cross-sectiorior neutral
broadeningrg [19]. A comprehensie discussiorandthe compilationof the experimental
pressurebroadeningand shift datafor a numberof atomiclines are given in Ref. 24,
Ourline widthsarerelatedto the Lewis’ definition of the optical cross-sectioffior neutral
broadeninggg, via broadeningparametet”

AN % Cpar = 0 g5 - Ny = 200 @)
L~ Par = . OR Ar = WCkTUR DAr,
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wheret = /8kT /mu representshe averageatomvelocity, Aq is the wavelengthof the
line centreandN 4, is agondensity Thesymbolsr, &, ¢ andu have their usualmeaning.

TABLE 1. Thebroadeningoeficientsfor threeoxygenlines. The estimatedverageerror
is about50%.

Transition | °P; = S, [ 5P, = 35S, | 5P, — °S,
A(nm) 777,196 777.418 777.540
AN /par 6 4 3
(10~* pm/Pa)

The broadeningparameter€’ for the threeoxygenlinesaregivenin Tablel. We es-
timatethatthe averageerror of the determinatiorof Lorentzianline widths andresulting
broadeningparameterss about50%. This estimatds basentheuncertaintyin themea-
suremenbf theinstrumentalvidth, uncertaintyin the determinatiorof the Dopplerwidth,
on the averagesignal-to-noiseratio and on the maximal estimatederror in the determi-
nationof the Lorentzianwidth usingour fitting procedure The major contrikbution to the
largerelative errorcomesfrom thefitting procedurewne usedfor the determinatiorof the
collisionline widths. Thecollision line width amountsabout15% (or less)of the total ex-
perimentaline width anddespiteof the useof the sophisticatedoftwarefor thenumerical
line shapeanalysisthefinal numberis inevitably determinedvith alargeuncertaintyPar
ticularly, dueto the poorersignal-to-noiseatio, therelative errorbaris evenlargerfor the
lowestpressuresTo our knowledgethereis sofar no measuremerdf 777 nm oxygenline
broadeningeportedn theliteratureandwe have nothingto relateour resultsto. However,
onecannotethatthe datahave similar orderof magnitudeasin the caseof typical noble
gas- noblegasline broadeningxperimentq25].

4. Conclusion

The electrontemperaturavas determinedusing the double-probeechniqueandthe
logarithmicplot method.The electrontemperaturesf boththe DC dischageandthe RF
dischage increasewith the addition of oxygen.In pureargon, it is about3 eV for DC
excitation (1.7 eV for RF excitation),andin Ar+10%G0, mixture andDC excitationit is
about3.3 eV (2.3 eV for RF excitation). In the caseof the DC dischage, one canseea
smalldecreasef theelectrontemperaturavith pressure.

We performedemissionmeasurementsf the line widths of oxygenlinesat 777 nm
(®Ps,2,1 = 5S;) broadenedy argon.Line profilesweremeasuredavith thehigh-resolution
monochromatoandlateranalyzechumerically Theobtainedoroadeningoeficientshave
large error barsbecausef the indirect determinatiomrmethod. Furthermeasurementsf
thebroadeningnd,also,the shift coeficientsusingthe Dopplerfree high-resolutioraser
spectroscopmethodsvould be of greatinterest.
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EKSPERIMENTRLNO PROUCAVANJE Ar—O, 1ZBOJA PRINISKOM TLAKU

IzvjeStujemoo mjerenjimaelektronsle temperaturgri istosmjernom radiofrekventnom
izboju u €istomAr i u plinskoj smjesiAr + 10% O, i 0 mjerenjimasudarnogsirenjaar
gonomtriju kisikovih linija na777nm (3p5Py 1,2 — 3s°S, prijelazi) u plinskoj smjesiAr
+ 10% O5. Elektronskasetemperaturadredvalapomatu dviju sondii metodomlogari-
tamslog dijagrama Sirine kisikovih linija susemijerile pomatu monokromatoraisokog
razluivanjate numertki analizirale.
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