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We reporton 2D Particle-In-Cell (PIC) simulationsof dc magnetizecplasmain cylindrical
coordinatesSimulationsaremaddéy XOOPIC codedevelopedon the University of Califor-
nia, Berkeley. Resultsof the simulationare comparedwith experimentaldataobtainedby
Langmuirprobeandemissve probediagnosticsn cylindrical magnetrordevice.

PACS: 52.65.Rr52.70.Ds52.25.X2,52.50.Dg

1 Introduction

PIC methodof plasmasimulationis widely usedin plasmaphysicsresearctbecausef its rea-
sonableesultsandability to solve wide rangeof problemsn its kinetic approachRegardingto
descriptionof PIC methodwe referto [1]. We presenthere2D PIC simulationsof magnetized
dcdischagein cylindrical magnetrordevice. Magnetronsareusedin industrye.g.for thin Im
layercoatingandetching.Many magnetrorcon gurationsareused.Iln our researctwe concern
ondischagein thecylindrical magnetrordevice becausés symmetryandsimplemagneticeld
arrangemengnablegelatively simpletheoreticaldescriptionrandmakeseasiemunderstandingf
processem weakly magnetizeglasmaavoiding effectsof nonhomogenousagneticeld. We
studythe in uence of the magnetic eld on dischage parametersand PIC modelof dischage
cancontributeto our description.

2 Experimental system

Schemeof the cylindrical magnetrordevice usedfor experimentakesearchn our laboratoryis
depictedn Fig. 1 andis describedn detailin [2] sothatonly its overview will be givenat this
place:Cylindrical magnetrorconsistof groundedstainlesssteeltube (anode)andwatercooled
cathodeatits axis. Dischagearea(12 cm long)is constrainedy two metalliclimiters connected
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Fig. 1. Cylindrical magnetrorscheme Faculty of MathematicsandPhysics CharlesUniversityin Prague.

to thecathodepotential.Plasman magnetrors con ned by homogenousmagneticeld parallel
to axis. It is createdby coupleof magneticcoils andcanvary upto 40 mT. Magnetronusually
operatesn noblegasesatpressureg —10 Pa. Plasmaparametersanbe determinedy means
of electricalprobesplacedin vacuumfeedthroughin the central plane of magnetron. Some
experimentaldatapresentedn this contritution are obtainedin similar cylindrical magnetron
(seee.g.[3]) thatdiffersfrom thatonedescribecherein lengthof dischagearea(30 cm instead
of 12 cm) andalsoin electrodesadii (anoderadiusis 28 mm andcathoderadiusis 9 mm). Let

usto denotethesetwo magnetrondik e "longer” and”shorter” magnetrorfor easiethandlingin
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thistext. Shortermagnetrors dimensionsregivenin Fig. 2.

For simulationswe appliedXOOPIC code[4] developedon the University of California,Berke-
ley. Schemeof region for our 2D PIC modelof dischagein cylindrical magnetroris depicted

3 2D PIC model of the magnetron
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Fig. 2. : Schemeof region for 2D PIC simulationof dischagein the"shorter” magnetron.

in Fig. 2. 2D codeis suitablefor this problembecausef symmetryof magnetrorarrangement.
Symmetrycould enablein principle even 1D description,but we know from experiment,that
dischageis nothomogenouslylistributedalongthe whole dischageregion. In orderto reduce
computationaéffort we placedre ecting boundaryto themiddleof magnetrorandwe simulated
only half of dischage area(from the centerto the left limiter). However, simulationremained
still relatively time consuming.This is becauseonditionshadto beful lled thatensurestable
andphysicallycorrectsolution. Accordingto [5] it means:1.) cell lengthsmalleror comparable
with Debyelength (thatis in the orderof tensof pum in magnetron)2.) reasonableumberof
simulatingsuperparticleg cell (optimally 10to 50 percell — thiswasnotful lled in our simu-
lation becausef too high computationatequirementsand3.) time steprestrictions:time step
mustresol\e processesn plasmarequeng andparticlesneednot y overmorethanonecell in
onetime step.

4 Results of model and comparison with experiment

An exampleof computationatesultsis presentedn gure 3. It is obtainedn simulationwhere
cells dimensionswvere comparablevith Debyelength. Comparisonof computationaklectron
densityresultswith Langmiurprobedatais givenin Fig. 4 for two differentexperimentakondi-
tions;r 4, denoteanoderadius.Consideringhatmaximumof theelectrondensityis proportional
to theappliedpower we canseesatishctoryagreementf modelresultswith experimentadata.
Maximum of computedelectrondensityis situatedapproximatelyat the samepositionlike in
experiment. Pro le of the electrondensityin the region of positive columncorrespondbetter
to Langmuirprobedataobtainedat highermagneticeld (25 mT, 5 Pa — notetheratio of the
magnetidnductionover pressuregemainshesame:B/p = 5 mT/Pa).

An importantcriterionof physicalreliability of our computationatesultsis plasmapotential
pro le (Fig. 3b). The discrepang in the plasmapotentialpro le in our former 1D model of
magnetror{6] wasthe motivationto apply 2D model. In 1D modeldroppedmorethanonehalf
of applieddischage voltagein the anoderegionsandin the positive column (positive column
wasnotin factdevelopedatall). Thisis in contrastwith dataobtainedn dischageby Langmuir
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Fig. 3. XOOPIC simulation resultsof Argon dischage in magnetronat p = 4 Pa, B = 20 mT,
Ucatode = —200 V. Dataarefrom snapshotaken at dischagetime ¢t = 6,4 x 10 7, Density pro-
le usedfor initial conditionwasobtainedfrom former simulationwith roughercomputationagrid. Zero
of axial coordinatedenotexenterof magnetronyanode = 30 mm; rcathode = 5 mm. Cell dimensionis

comparablevith Debyelength(i.e. 500 x 1250 cells). (a) electrondensitypro le, (b) potentialpro le (for
betterview 90 clockwiserotated).
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Fig. 4. Comparisorof computedadialdensitypro-
le with datameasuredy Langmuirprobe. ra is
anodediameter

Fig. 5. Detail of computationapotentialpro le at
threedifferentaxial positions.ra is anodediame-
ter, z = 0 denoteghe centerof themagnetron.

probediagnostics. Theseexperimentaldatashaved only small potentialfall in anoderegions
aswell asin positive column. Almost the whole appliedvoltagewasspentin cathoderegions.



2D PIC simulation of DC magnetized plasma 465

Ar 20mT,4Pa,100mA, 267V
probe:d=75pum,|=6-7 mm

-—"

Floating potential [V]
(<]
1
®-
T
T
Plasma potential [V]
&
\

104 . o* %% J/. 101 " b = 13 A
-7.7-\.\.,.‘_,.,./l"/'\' - 12 Ar 20mT,4Pa,100mA, 267V
T probe:d =75 um, =6 -7 mm

24— . . . . . ‘ ‘ ‘ ‘ ‘
00 02 04 06 08 10 12 14 o2 o o o7 o oo

Heating curent [A] rir,

Fig. 6. Heatingcharacteristicof emissve probe.  Fig. 7. Radialpro le of plasmapotentialobtained
Operatingpointdeterminedat 1.3 A. by stronglyemitting probein "longer” magnetron.

Despitethat,electrondensitypro le obtainedn 1D modelcorrespondedelatively well with the
experiment.

In our former 2D simulationswith roughercomputationabrid presentect.g. in [7] we ob-
tainedpotentialpro le thatcorrespondetietterwith Langmuirproberesultsthanin caseof 1D
model.Region of positive columnis relatively broadandis well developed.But the potentialfall
in anoderegionswasalmost40 V (from 200 V of appliedvoltage)andfurthermorenumberof
simulatingparticlesmonotonoushygren duringcomputation computatiorwasnot stable.The
presentegsimulationwas alreadystableand was madewith gird cell size comparablen both
directionswith Debyelength. Resultingplasmapotentialpro le (Fig. 3b) is in detail depicted
at threedifferentaxial positionsin 5. We cansee at andwell developedpositive columnlike
in simulation[7], but potentialpro le is betterresoled and potentialfall in anoderegionsis
smaller

To compareof potentialpro le with experimentwe usedplasmapotentialsobtainedfrom
thezerocrossof the secondderivative of the Langmuirprobecharacteristicin orderto validate
experimentaplasmagpotentialpro le by anotheimethodwe measureglasmapotentialpro le in
magnetrorby emissve probetoo (in factthe potentialshiftedby kT, /e is measured8]). These
measurementsave beenrealizedin the "longer” magnetron.Emissve probedataaredepicted
in Fig. 6 andFig. 7. Fromdatain Fig. 6 we determinedsufcient value of heatingcurrentat
which the oating potentialof the emissve probewas alreadygood approximationof plasma
potential(1.3 A at givenexperimentalconditions). Emissive probedata(seeFig. 7) con rmed
resultsobtainedby Langmuirprobe:potentialfall in the region of the positive columnwasonly
afew volts aswell asthe potentialfall in theanoderegions.

Big potentialfall in anoderegionsin thesimulationcanbecausedy someof thesefactors:a)
gridis notstill ne enoughb) discrepangis obsenedbecausef thenoisein potentialcausedy
smallnumberof superparticleperonecell, c) modeldoesnt involve all processeparticipating
in burningdischage. Solutionof this discrepang will be objectof our futurework.
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5 Conclusion

We used2D PIC codefor modelingof weakly magnetizedic dischagein the cylindrical mag-
netron. In our recentsimulationwith grid comparablewith Debyelengthwe obtainedstable
solutionthatis in relatively goodconsisteng with experimentaresults.Despitethat qualitatve
agreemenbf simulationresultswith experimentwas found, further improvementof modelis
needecbecausef relatively big potentialfall wasobsened in anoderegionsin simulationin
comparisorto dataobtainedoy emissve aswell asLangmuirprobemeasurements.
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