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We reportmeasurementsof electrontemperatureof DC andRF dischargein pureAr and
Ar + 10% O� gasmixture, andthe measurementsof collisional broadeningby argon of
threeoxygenlines at 777 nm (3p

�
P� � � � ��� 3s

�
S� transitions)in an Ar + 10% O� gas

mixture.Theelectrontemperatureis determinedusingthedouble-probetechniqueandthe
logarithmic-plotmethod.Theline widthsof oxygenatomiclinesbroadenedby argonwere
measuredwith thehigh-resolutionmonochromatorandlateranalyzednumerically.

PACSnumbers:32.70.Jz,33.70.Jg UDC 535.33

Keywords: collisional line broadeningof oxygenlines, threeoxygenlinesat 777nm, discharge in
pureAr andin Ar + 10%O� gas

1. Introduction

Low-pressurenoble-gasglow dischargesarevery frequentlysubjectof bothbasicand
appliedresearchandwidely usedin industrialtechnologicalprocesses.In mostcasesar-
gon is usedastheworking gas.In someapplicationsoxygenis added,but in someother
applicationsthe argonplasmamustbe freeof oxygen.It is of interestfor successfulap-
plicationsthat basicparametersof Ar/O � plasma(electrontemperature,electrondensity
andenergy-distributionfunction,densitiesof metastableatoms,atomic-interactionparam-
eters)areinvestigated.Measurementsof basicparametersprovide a betterunderstanding
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of verycomplex Ar/O 	 plasmaprocessesandthey arenecessaryasinputdatafor computer
simulationswhicharethesubjectof muchrecentresearch[1].

Therearenumerousexamplesof basicandappliedresearchwhich requiretheknowl-
edgeof thebasicatomicor plasmaparametersfor themixtureof argonandoxygen(see
Ref.2 andreferencestherein).Dueto its strongoxidationproperties,thepresenceof oxy-
genmay have an enormousimpacton the courseof the processesin plasmaandon the
courseof the plasma-electrode–surfaceprocesses.For example,argon is usedasthe ig-
nition gasin high-pressuremetal-halideandsodiumlamps.The presenceof oxygenin
argonin assmalla concentrationas10
 � or more,drasticallyshortensthe lamp lifetime
[3]. Therefore,it is of greatimportancenot only to studythe basicAr/O 	 processesbut
alsoto developandfurther improve techniquesfor detectionof smallamountsof oxygen
in (argon)plasmas[4]. Anotherhugeareaof applicationof theAr/O 	 plasmais in themi-
croelectronicsindustry, whereit is usedasa tool for depositingthin films, andfor etching
metalsandsemiconductors.Somerecentinvestigationsshowedthatif depositionof Pt thin
films (thehighestqualitymicroelectrodesin contemporarymicroprocessors)is doneunder
preciselycontrolledconditionsin the mixture of Ar with 10% O	 , the defect-freefilms
with desiredcrystallographicorientationareobtained[5].

In spiteof suchsignificanceof argon-oxygendischargesfor variousapplications,and
of big interestfor basicatomicparameterswhicharenecessaryfor computerplasmamod-
eling, thereis still a lack of informationon Ar/O 	 plasmaparametersin general,andes-
peciallyon Ar-O

�
atomicinteractionparameters.Thereasonfor this lies,probably, in the

complexity of the low-pressureAr/O 	 plasma.Evena purelow-pressureargondischarge
is a rathercomplex plasma,comprisingelectrons,groundstateargon atoms,metastable
argonatoms,argonions,Ar

�	 andAr

	 molecules,andimpurity atomsexisting in argonor

sputteredfrom electrodes[6,7]. The mixed argon-oxygenplasmais muchmorecompli-
cated.Oxygenis anelectronattachinggasandit affectspropertiesof argonplasmaeven
at minuteO	 concentrations.Thedensityof metastableargonis very sensitive to any ad-
mixtureof oxygen[2], but onecanexpectthechangeof all otherplasmaparameterssuch
aselectrondensity(��� ) andelectrontemperature(

� � ), too. Atomic oxygenin theground
state,metastableoxygenatoms,oxygenions,O

�	 andO

	 moleculesaregeneratedin the

discharge after complicatedcollisional excitation, dissociationand ionizationprocesses
involving molecularandatomicoxygen.Thevery importantresultis that thepresenceof
oxygeninducestheappearanceof differentargon-oxygencollisioncomplexes.

Thereis a strongexperimentalevidencethat the formationof excitedatomicoxygen
in triplet and quintet atomic states(Fig. 1) follows different excitation, ionization and
dissociationpathways,dependingon the typeof thecarriernoblegas[6]. In the caseof
lighter noblegases(He,Ne), it seemsthatthePenningionizationof O	 is thedominating
ionizationmechanism[8]:

��� ����� 	�� ��� ��� � 
	�� � � � 
�� �  �
Theexcitedmolecularions (O


	�� � , after dissociative recombination,produceexcited
atomicoxygen,O

�
, andground-stateoxygenatoms,O(! " P):
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MARGETIĆ AND VEŽA : EXPERIMENTAL STUDY OF AR-O# LOW-PRESSURE . . .

$ %�&')( *,+,- .0/1%2*)+�%2$ 3 4 5�( 6 $ 3 (
Excitedoxygen,O

*
, canappearin triplet or quintetstates,dependingon theexcitation

anddissociationpathwaysof O
'

andO
&'

molecules.

Fig. 1. Termdiagramof oxygen.

However, if heavier noblegases(Ar, Kr, Xe) areused,morecomplicatedprocesses
causeexcitation, ionizationanddissociationof oxygenmolecules.The first stageis the
formationof anexcitedcomplex moleculein collisionsof argonmetastablesandO

'
:7�8 * +�% ' /9$ 7�8 % ' ( * 6 $ : (

The secondstageis dissociationof this complex to argon atomsin the groundstate
(
3 4

P) andexcitedoxygenatomsin
3 ;

S< and
3 ;

D
'

atomicstates[6,9]:$ 7�8 % ' ( *�/ 7�8 +�%2$ 3 4 5)(�+�%=* $ 3 ; > < ? 3 ; @ ' (�+�ACBD6 $ E (
Theenergy defectsharedby two oxygenatoms,

ADB
, contributesto the non-thermal

velocity distribution of the involvedatomicpopulations.Atomic populationsin
3 ;

S< and3 ;
D
'

atomicstates(“warmatoms”,seeFig. 1), possessingthis non-thermalvelocity dis-
tribution,aretransferredto thehigheratomicstatesO

* $ : 4
S< ? : 4 PF ( by electron-atomcol-

lisions[9]. As aconsequence,wideandanomalouslybroadenedatomiclines,correspond-
ing to transitionsinvolving thesetriplet atomiclevels,areobservedin emissionandlaser
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atomicabsorption[10]. On theotherhand,if higheratomicstatesarepopulatedthrough
electron-atomcollisionsfrom the groundstate(“cold atoms”), the thermalvelocity dis-
tribution is preserved,andthe line width reflectsMaxwell’s velocity distribution. That is
exactly the casewith oxygenquintet levels H I SJ and H I PK , wherethe thermalvelocity
distribution of groundstateatomsis preservedin electronexcitationprocesses,resulting
in thermalvelocitydistributionof atomicpopulationsinvolvedin theformationof the777
nmlines.

In this paperwe report the electrontemperaturemeasurementsof DC and RF dis-
chargesin pureAr andAr + 10%OJ mixture,andthemeasurementsof collisionalbroad-
eningby argon of threeoxygenlines at 777 nm (3p I PL M N M J�O 3s I SJ transitions)in the
samegasmixture.It is of interestto comparemeasurementsof electrontemperatures(and
otherrelatedplasmaparameters)in pureargondischargeto thosein mixedargon-oxygen
discharge,aswell asthetemperaturesof DC-excitedplasmasto RF-excitedones.Regard-
ing oxygenline broadening,therearesomepreliminarydataon theargonbroadeningof
infraredoxygenlinesat 845nm (3p P PL M N M J�O 3s P SN , [11]). Thereareseveralreportson
theDoppler-freehighresolutionmeasurementsof isotopeline shift andhyperfinestructure
of oxygenatomiclevelsinvolvedin atomictransitionsat 777nm,whichareimportantfor
possibleopticalcoolingof oxygenatoms(Ref. 12 andreferencestherein).To our knowl-
edgethough, there is still no systematicclassicalor lasermeasurementsof collisional
broadeningof the777nmoxygenlinesby argonatoms.

2. Experiment

A blockdiagramof theexperimentalarrangementusedin ourmeasurementsof atomic
oxygenline broadeningandelectrontemperatureis shown in Fig. 2. Theline broadening
measurementshavebeenperformedusingaplasmacell, ahighresolutionmonochromator,
lock-in detectionfollowedby A/D conversion,andcomputerdataacquisition.Theelectron
temperaturemeasurementshave beenperformedusingthe sameplasmacell, a variable-
polarity voltagesourceand two digital voltmetersto simultaneouslymeasurethe probe
voltageandtheprobecurrent.

Theplasmais generatedin 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
temperature(300 Q C) andlow cell residualpressure( R�S T 10UVP mbar).Finally, it hasbeen
self-cleanedby runningaDC dischargein theflow of pureargon(10mA, 1000V, 8 hours
at0.5mbar).

TheDC excitationis producedbyanunregulatedstablehigh-voltagesource(maximum
voltage4 kV, maxcurrent0.1 A, ripple W 0.1%).Theelectrodesweremadeof stainless
steeltubing (type 304) with the inner diameterof 1 cm and 3 cm long. The electrode
spacingis 8 cm.Typicalcurrentsusedherewereabout1 - 10mA (correspondingto current
densitiesof about0.5- 5 mA/cmJ ).
52 FIZIKA A 7 (1998)2, 49–63
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Fig. 2.Experimentalarrangement.HV: highvoltagesource,CH: chopper, MC: monochro-
mator, PMT: photomultiplier tube, I/V: current-to-voltageconverter, LIA: lock-in am-
plifier, ADC: analog-to-digitalconverter, FG: function generator, V and A: digital
volt(amper)-meter.

Fig. 3. Dischargecell.

TheRF excitation is performedusinga homemade60 MHz RF generatorbasedon a
6360A tetrodetube[13]. Two silveredO-shapedelectrodes,madeof copperwire (wire
diameter2 mm),embracingthecell andspacedabout6 cmareusedfor plasmaexcitation.
Theamountof RF power deliveredto theplasmais not known exactly, but accordingto
the6360Aspecificationsit cannotbemorethanseveralwatts.

During the experiment,we run the discharge in a steadyflow of gas(pureargon or
argon-oxygenmixture) at a flow rate of about5 cmY sZ�[ . The reasonis that the oxy-
gen(evenin smallquantities)in thegasmixturestronglyreactswith thesurfaceof elec-
trodesandprobes,causinga ratherunstabledischarge operationif the cell is closed.If
thegasmixtureflows steadilythroughthedischargecell, thestreamof freshgaswashes
thecell, allowing a quietandstabledischarge.Thegaswe usedwasthecommercialmix-
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ture (“MesserGriesheimAG”), containing10%of naturallyabundantmolecularoxygen
(99.76% ] ^ O_ , 0.2% ] ` O_ , and0.04% ] a O_ ). The gaspressurewasmonitoredcontinu-
ouslyby adigital Piranigauge(“LeyboldThermovacTM20”) with anaccuracy betterthan
5%.

3. Results and discussion

3.1. Determination of electron temperature

Regardingthe low-temperatureplasmacharacterization,oneis concernedwith mea-
suringtheelectrontemperaturebVc d theelectrondensitye�c , andtheelectronenergy distri-
bution function f g h i j . To thispurpose,Langmuirprobeshavebeenusedfor over70years
[14,15]. It is a well known methodto measureimportantparametersof low-pressureand
low-temperatureplasmas.In our experiment,two probesmadeof thin platinumwire (0.4
mm diameter),spaced2.8 cm andinsertedabout0.5 cm perpendicularlyinto theplasma
columnhave beenusedfor the electron-temperaturemeasurements(Fig. 3). Prior to the
measurements,the probeswerecarefully self-cleanedby runninga weakDC discharge
in pureargonflowing throughthecell underthepressureof 100Pa (1 mbar).Theprobe
system

Fig. 4. Typical double-probecharacteristiccurve (up) and an exampleof the electron-
temperaturedeterminationusing the logarithmic plot method(down). The temperature
is determinedfrom the slopeof the k l�m versusprobevoltageplot. i n o p q arepositive ion
saturationcurrentsto probes1 and2, respectively, andi c q is theelectroncurrentto probe
2. Typical statisticalerror of the temperaturedeterminationby this methodis lessthan
10%.
appliedin our experimentcan be used,in principle, eitheras a set of singleprobesor
asa double-probesetup[16]. As we wereinterestedin a direct comparisonof DC- and
RF-drivendischarges,wehavechosenthedouble-probesetupfor themeasurementsof the
electrontemperature.Thismethodis appropriatefor thedeterminationof electrontemper-
atureevenin theabsenceof areferenceelectrode,asin thecaseof anRF-drivendischarge.
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The double-probemethodusestwo (identical)Langmuirprobesconnectedto a voltage
sourceof reversiblepolarity. Theprobesystemis permittedto float. Thepotentialdiffer-
encebetweenprobesis variedfrom about– 60 V to about+ 60 V, andthecurrent-voltage
characteristicof thedoubleprobeis determined.Theelectrontemperatureis determined
usingthelogarithmicplot method[16]. It is basedontheMaxwell–Boltzmanndistribution
of chargedparticlesin plasmapotential,plasmasheathpropertiesandKirchhoff ’scurrent
law (taking into accountelectronandpositive-ion currentsto probes1 and2). Figure4
shows a typical dataplot. Thesedatawerecollectedin thecaseof theRF dischargein Ar
+ 10%Os mixtureat the pressureof 50 Pa anda flow rateof about5 cmt /s. Maximum
currentthroughthedouble-probecircuit is determinedby positive-ionsaturationcurrents
(u v w x y ) to bothprobes.Theasymmetryof theprobecharacteristicsindicatesthattheprobes
usedin ourcell areslightly dissimilarin sizeandshape,andthatthey werelocatedatposi-
tionscharacterizedby slightly differentplasmapotential.This,however, doesn’t influence
thedeterminationof electrontemperaturesincethereis aquitesimplerelationbetweenthe
parameterz , definedas

z|{
}1~ u v ~u � y�� � �

andthepotentialdifferencebetweenprobes� :

� � z|� �
�� � � ���

Thatis, thereciprocalvalueof theslopeof thesemi-logplot
� � z)� �C� versus� equalsthe

electrontemperaturein eV.
Thepressurerangewas50 - 500Pa (0.5 - 5 mbar).Figures5a-dshow electrontem-

peraturesof theDC andtheRF discharge.Theelectrontemperatureof theDC discharge
in pureargon is about3 eV, andin Ar+10%Os mixture it is about3.3 eV. The electron
temperatureof the RF discharge in pureargon is about1.7 eV, andin Ar+10%Os mix-
ture it is about2.3 eV. Althoughtheinvestigatedpressurerangeis rathersmall (only one
decade)onecanseea small increaseof theelectrontemperaturewith thepressurein the
caseof theAr+10%Os RFdischargeandasmalldecreaseof theelectrontemperaturewith
thepressurein thecaseof DC discharge.TheDC caseis in accordancewith othermore
extensive measurementsin Ar+10%Os mixture [17]. Generally, with additionof oxygen
the increaseof electronplasmatemperature,accompaniedwith the decreaseof electron
density, is observedin othersimilar experimentswith Ar/O s mixtures[17,2]. A plausible
explanationis thattheuniformdistributionof Os in thedischargespreadselectronattach-
ment and electron loss processes, resultingin a uniformdecreaseof� � .
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Fig. 5. Resultsof the electrontemperaturemeasurementsfor DC glow discharge in (a)
pureargon,(b) Ar+10%O� mixtureandfor RF glow dischargein (c) pureargonand(d)
Ar+10%O� mixture.

Mass-spectrometrymeasurementsshow thatthedominantion in argonplasmais Ar � [18].
With additionof oxygen,theO�� densityriseson accountof Ar � [18], until O�� takesthe
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role of the dominantion. The critical O� percentageseemsto be about30% [18]. The
decreaseof Ar � densityis causedby quenchingof Ar � by atomicoxygenandO� [2], and
onecanassumethat in the Ar/10% O� mixture both the O�� andthe Ar � ions probably
playanimportantrole in sustainingthedischarge.

3.2. The line shape of 3p � P � � � � �2� 3s � S � transitions

Theheadof theplasmapositive columnis beingimagedby a standardsystemof two
lensesontotheentranceslit of ahigh-resolutionmonochromator(“JobinYvon” THR1500,
optical systemfocal length 1.5 m, aperturenumber1:10, holographicgrating of 2400
g/mm,entrance/exit slit widths fixed to 25 � m, slit height5 mm). Dispersedlight is de-
tectedby a photomultiplier(EMI 9558QB),andafter lock-in detection(Brookdealmodel
401A)fedinto thefirst channelof a14bit A/D converter, andfinally recordedin aPC.The
secondchannelof theA/D converteris usedfor acquisitionof thereferencesignal,used
for theaccuratecalibrationof thewavelengthscale.

Oxygenfluorescenceoriginatesfrom the negative glow region as well as from the
positive column of the discharge, but we have chosenthe positive column for the line
shapestudiesbecauseof abetterlong-termsignal-to-noiseratio.

We studiedthecollisionalbroadeningof oxygentransitionsat 777nm (3p � P� �   � �=¡
3s � S� ) by argon.Thepressuredependencehasbeenstudiedin Ar + 10%O� gasmixture
in thepressurerange50 - 800Pa (0.5 - 8 mbar).The resultingline shapeis convolution
of themonochromatorinstrumentalfunction, theDopplerprofile causedby thermalmo-
tion of gasatomsandtheLorentzianfunctionrepresentingthecollisionalbroadening.In
principle,besidesthesethreebroadeningmechanisms,thenaturalbroadeningandtheoxy-
genself-broadeningalsocontributeto themeasuredline width [19]. However, theDoppler
broadening,the instrumentalbroadeningand the pressurebroadeningby argon are the
dominantbroadeningmechanismsresultingin severalordersof magnitudelargerwidths
thantheotherones.

To analyzetheseline shapes,we mustknow verypreciselythewidth andtheshapeof
theinstrumentalfunctionfor ourmonochromator(FWHM: ¢C£¥¤ ) andthegastemperature
determiningtheDopplerwidth of the lines(FWHM: ¢C£¥¦ ). Accuratetestsperformedon
many spectrallinesstudiedin our laboratoryfor severalyearshave shown thatthe“Jobin
Yvon” THR1500monochromatorhasa puretriangularinstrumentalfunction for the slit
widths larger then15 � m, anda nearlydiffraction instrumentalfunction for slit widths
smallerthan15 � m. However, exact width andshapeof the instrumentalfunction must
beaccuratelydeterminedbeforeandin thecourseof themeasurements.To this purpose,
we measured(a) isotopeandhyperfinestructureof thewell-known mercurygreenline at
546.1nm(from thelow-pressuremercurylamp),and(b) theapparentshapeandthewidth
of theHe–Nelaserline. Themonochromatorwasusedin thedouble-passmode,enabling
ultimateresolutionof about§2¨ © ª � at546.1nmfor slit widthssmallerthan15 � m [20]. A
typical determinationof monochromatorresolutionandinstrumentalfunctionis shown in
Fig. 6. It showstheappearanceof theHe–Nelaserline measuredin diffuselaserlight. The
scanningspeedof themonochromatorwassetto4 pm/minandtheentranceandtheexit slit
widthsweresetto 25 � m with slit heightsof 5 mm.Thecorrespondinginstrumentalfunc-
tion is purelytriangularwith aFWHM of ¢D£¥¤=« 2.5pmandtheresolution¬�­ 2.6̈ 10� at
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632.8nm. Theshapeandwidth of the instrumentalfunctionhave beencheckeddaily be-
foreandafteroxygen-linemeasurements.Daily variationswerecompletelynegligible,and
weeklyvariationswerewithin ¯ 0.1pm.Fromthesemeasurements,wedeterminedthein-
strumentalfunctionof our monochromatorastriangular-shapedwith °D±¥²D³µ´ ¶ · ¸=¯�¹ · º »
pm.

Fig. 6. Instrumentalfunctionof theJobinYvonTHR1500monochromator.

Anotherunknown parameter, thegastemperature,hasbeencontrolleddaily by mea-
suringtheDopplerwidth of theargonline at811.5nmandby monitoringthetemperature
in the laboratory. TheLorentzianwidth of this argon line hasbeenmeasuredvery accu-
rately in laseratomic-absorptionexperiment[21]. In our experiment,the Dopplerwidth
wasdeterminedby fitting theexperimentalline profile to a convolutionof the instrumen-
tal, LorentzianandDopplerfunctionsusingtheDopplerwidth astheonly freeparameter.
The temperaturesobtainedfrom 811.5nm Ar line Dopplerwidths wereidentical to the
roomtemperatures(about298K). Actually, thegasis at roomtemperaturein themajority
of experimentson the low-pressuredischarges.Elevatedtemperaturesof the carriergas
(¼¾½�¿ ¹ ¹ K) aremeasuredonly in thecasesof currentdensitieshigherthan50mA cmÀVÁ
[7], which is almosttwo ordersof magnitudehighercurrentdensitythantheoneusedin
ourexperiment.

To avoid any distortionof theinstrumentalprofile,thelinesweremeasuredusingvery
low monochromatorscanningspeeds(2 or 4 pm/min, i.e. 20 to 40 mA/min). The sam-
pling frequency of the A/D conversionwas10 Hz, correspondingto the samplingspeed
of 0.03to 0.06mA/s andtheaveragetotal numberof 2500(or 5000)datapointsper line
profile. Themeasuredline shape(Fig. 7a,b)is theconvolution of themonochromatorin-
strumentalfunction, the Doppler function, andthe Lorentzianfunction representingthe
pressurebroadeningby argonatoms.Theemissionprofileswereanalyzedusingour own
multiparameterleastsquaresfitting routinewrittenin “Matlab c

Â
” [22]. Of course,thecon-

fidencein thefitting procedureandin thesinglefittedquantitydecreaseswith thenumber
of usedparameters,but in ourcase,theoxygenLorentzianline width (FWHM: °C±¥ÃÄ ) was
theonly freeparameter. Thecoreof thefitting programis constructedusingthepowerful
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“Matlab c
Æ

” routinesfft.m andifft.m for thediscretefastFouriertransformation(FFT) and
for theinverseFFT, respectively. Generally, theFourier

Fig. 7. Typical emissionprofilesof the777,418nm oxygenline measuredat thepressure
of (a)50Paand(b) 800Pa. Circlesaretheexperimentaldataandsolid line is thebestfit.

transformof a convolutionof two (or more)functionsis proportionalto theproductof the
individual Fourier transforms.Consequently, the fft-transformsof the instrumentalfunc-
tion, theDopplerfunctionandtheLorentzianfunctionaremultiplied in theinversespace.
The resultingfunction (which is the Fourier transformof their convolution) is inversely
transformedby ifft.m routine[22]. Theprogramthencomparestheshapeof this function
with theexperimentalline shapein theleastsquaressense.Thedatareductionprocedure
outlinedaboveyieldstheLorentzianwidthsof threeoxygenlinesfor differentargonpres-
sures.Figures8a-cshow thedependenceof theobtainedLorentzianline widthson argon
pressure.Thedependenceis linear, with relatively largeerrorbarsfor all threetransitions.
Thesametypeof dependenceof Lorentzianwidthson foreigngas(hereargon)pressureis
predictedtheoreticallyas[23]

ÇDÈ¥ÉÊ�ËÌÇCÈ¥ÉÍÏÎÏÐÒÑ Ó¥ÔVÕ Ö (1)

Here
ÇCÈ ÉÍ containsthecontribution to theoxygenline width which is independentof gas

pressure- thenaturalline width. Thedependenceof oxygenline width on argonpressure
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is containedin the Ø¾Ù Ú¥ÛVÜ term,whereÚ¥ÛVÜ standsfor argonpressure.Thepossiblecon-
tribution of theoxygenself-broadeningcanbeneglectedbecauseof thevery low density
of oxygenatomscausedby a low dissociationrateof molecularoxygenin Ar-OÝ plasmas
[6,9]. Consequently, in our experimentalconditionsboth thesecontributionsto the total
line width arenegligible comparedto theargonpressurebroadening.

Fig. 8. Resultsfor the collisional line widths versusgaspressurefor oxygentransitions
(a) Þ Pß|àáÞ SÝ , (b) Þ PÝ�àâÞ SÝ , (c) Þ Pã�àáÞ SÝ . Estimatedaverageerror bar for the
determinationof Lorentzianline widthsis about50%.

The broadeningparameterØ is proportionalto the optical cross-sectionfor neutral
broadeningä¥å [19]. A comprehensivediscussionandthecompilationof theexperimental
pressurebroadeningand shift datafor a numberof atomic lines are given in Ref. 24.
Our line widthsarerelatedto theLewis’ definitionof theopticalcross-sectionfor neutral
broadening,ä å�æ via broadeningparameterØ

çDè¥éê�ë ØÒÙ Ú¥ÛVÜ�ì
è Ýíî�ï ä¥å ðÒÙ ñ2ÛVÜ�ì

è Ýí ðî�ï ò ó ä å,Ù Ú¥ÛVÜ æ (2)
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where õ = ö ÷ ø ù�ú ûVü representsthe averageatomvelocity, ý þ is the wavelengthof the
line centreand ÿ���� is argondensity. Thesymbolsû�� ø , � and ü havetheirusualmeaning.

TABLE 1. Thebroadeningcoefficientsfor threeoxygenlines.Theestimatedaverageerror
is about50%.

Transition
�
P�
	 �

S� �
P�
	 �

S� �
P�
	 �

S�ý (nm) 777,196 777.418 777.540


 ý þ � ú ����� 6 4 3
( � � ��� pm/Pa)

Thebroadeningparameters� for the threeoxygenlinesaregivenin Table1. We es-
timatethat theaverageerrorof thedeterminationof Lorentzianline widthsandresulting
broadeningparametersis about50%.Thisestimateis basedontheuncertaintyin themea-
surementof theinstrumentalwidth, uncertaintyin thedeterminationof theDopplerwidth,
on the averagesignal-to-noiseratio andon the maximalestimatederror in the determi-
nationof theLorentzianwidth usingour fitting procedure.Themajorcontribution to the
largerelative errorcomesfrom thefitting procedurewe usedfor thedeterminationof the
collision line widths.Thecollision line width amountsabout15%(or less)of thetotalex-
perimentalline width anddespiteof theuseof thesophisticatedsoftwarefor thenumerical
line shapeanalysis,thefinal numberis inevitably determinedwith a largeuncertainty. Par-
ticularly, dueto thepoorersignal-to-noiseratio, therelativeerrorbaris evenlargerfor the
lowestpressures.To ourknowledgethereis sofarnomeasurementof 777nmoxygenline
broadeningreportedin theliteratureandwehavenothingto relateourresultsto. However,
onecannotethat thedatahave similar orderof magnitudeasin thecaseof typical noble
gas- noblegasline broadeningexperiments[25].

4. Conclusion

The electrontemperaturewasdeterminedusing the double-probetechniqueandthe
logarithmicplot method.Theelectrontemperaturesof boththeDC dischargeandtheRF
discharge increasewith the additionof oxygen. In pureargon, it is about3 eV for DC
excitation (1.7 eV for RF excitation),andin Ar+10%O� mixtureandDC excitation it is
about3.3 eV (2.3 eV for RF excitation). In the caseof the DC discharge,onecanseea
smalldecreaseof theelectrontemperaturewith pressure.

We performedemissionmeasurementsof the line widths of oxygenlines at 777 nm
(
�
P� � � � ��	 �

S� ) broadenedby argon.Lineprofilesweremeasuredwith thehigh-resolution
monochromatorandlateranalyzednumerically. Theobtainedbroadeningcoefficientshave
large error barsbecauseof the indirect determinationmethod.Furthermeasurementsof
thebroadeningand,also,theshift coefficientsusingtheDoppler-freehigh-resolutionlaser
spectroscopy methodswouldbeof greatinterest.
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EKSPERIMENTALNO PROUČAVANJEAr–O� IZBOJA PRINISKOM TLAKU

Izvješćujemoo mjerenjimaelektronske temperaturepri istosmjernomi radiofrekventnom
izboju u čistomAr i u plinskoj smjesiAr + 10%O� , i o mjerenjimasudarnoǧsirenjaar-
gonomtriju kisikovih linija na777nm(3p � P� � � � �
� 3s � S� prijelazi)u plinskoj smjesiAr
+ 10%O� . Elektronskasetemperaturaodred–ivalapomócu dviju sondii metodomlogari-
tamskog dijagrama.Širinekisikovih linija susemjerile pomócu monokromatoravisokog
razlǔcivanjatenumerǐcki analizirale.
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