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A simpletechniquebasedon a non-lineareffect of self-excited ionizationwavesis used
to measurahetransitioncurrentl; from normalglow dischageto anabnormalglow dis-
chagein neon.Theexperimentatesultsareusedfurtherto calculatethe similarity param-
eterjn/p?, wherejy is thenormalcurrentdensityandp is theneongaspressureTheD.C.
neonglow dischage is sustainedn a large-diametecylindrical glasstube (D = 10 cm)
overthe pressurgangefrom 13to 133 Pa(0.1to 1.0 Torr). Theresultsshow thatl; hasa
quadraticdependencen p, andthe averagevalueof thesimilarity parameteijn/ p? is 453

pA/(c?Pe?) (i.e.8.05pA/(cm?Torr?)).

1. Introduction

An oscillatorynon-lineareffectobsenedasanonsebf theself-excitedionizationwave
frequenciediasbeenreportedrelatively recentlyin a neondiffuseglow dischage[1], and
in the aureoleof a neonglow dischage [2]. Therearetwo essentialcharacteristicof
this effect that male it attractive for developinga high sensitvity techniqueto measure
the transitionparameterérom normalto abnormalD.C. neonglow dischage. First, the
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effectoccursonly for thedischagecurrentlevel thatcorrespondso thetransitionregime.
Secondtheeffectis very sensitve to very smalltracesof impurities.

It is the intent of this work to suggesthe useof the new techniquerelying on such
oscillatory non-lineareffect for the measurementsf parametersvhich characterizeéhe
transitionregimein a neonglow dischage. Experimentalaluesof high accurag areob-
tainedfor thetransitioncurrentl; which areusedfurtherto calculatethe similarity param-
eter j,/p?. Herewe investigatdow-pressurg13to 133Pa,i.e.,0.1to 1.0 Torr, as1 Torr
correspond# 133.3Pa) andlow-current(1 to 600pA) D.C.neonglow dischageobtained
in a large-diametecylindrical glasstube (D = 10 cm). Becausef the high sensitvity of
this particularmeasuringechniquewe expectthatthe dataof this papemwill be usefulto
supplementhosereportedoy Francis[3] andEngel[4].

2. Appamtusandmethod

Figurelis aschematiof theexperimentaket-up.Thelow pressurendlow D.C. cur-
rentneonglow dischageis obtainedn a10cminsidediameteand40cmlongcylindrical
glasstube,usingtwo identicalnickel electrodesaving theform
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Fig. 1. A schematiof the experimetalset-upshawving the neonglow dischage operation
andits diagnostiadby four differentmethods.

of 9.6 cm diametermlanediscsof Rogavsky profile. The main glasstubehastwo 2.2cm
insidediameterand25 cm long cylindrical extensionsEachelectrodds connectedo the
correspondingxtensionendvia a nickel spiral,a stainlessteelrod anda massie nickel
cylinder, soasto beindependentlyisplaceableisingexternalmagnetsA planeprobeis
placedontheaxisof thedischagetubeandcanbeplacedatary distancdrom thecathode.
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A diffusion pumpwith a liquid nitrogentrap evacuateghe tubeto 5.3- 10-% Pa, and
theglasstubeis degassedindera vacuumof aboutl.3- 10~° Pa, while bakedseveraldays
in anoven. The surfaceof the nickel electrodess cleanedby runningneondischage at
high currentlevels; neonis quite effective for sputteringmost metals,including nickel.
A carefully preparedcathodeprovidesvolt-amperecharacteristicsvhich arestableto less
thanonepercentover a periodof time of a few weeks.The leak-rateinto the sealedtube
is approximately0.8 Pa/day For the dischage operation ultra-highpurity (99.99%)neon
is used.A capacitve manometemonitorsthe pressuran the rangefrom 13 to 133 Pa.
Experimentswere carriedout over a rangeof dischage currentsfrom 1 to 600 pA. To
studythe neonglow dischagesunderthe simplestandmosteasily controlledconditions,
andto avoid the anodefall region andpositive columnaspossiblesourcef oscillations,
theanodeis placedin the aureoleof the neonglow dischages.

As shawn in Fig. 1, four differentrecordingtechniquesvere usedto recordthe ap-
pearancef theionizationwave signalsandthe onsetof instability by observingthetime
variationof the dischage voltage,the plasmapotential the light intensityandthe signals
emittedby theglow dischage. Thesdour techniquesirecomplementargndweredetailed
in our papersRefs.5, 6, 1 and7. Therefore,onecanusethetechniquethatis the most
appropriatén the choserexperimentakonditionsfor recordingthe oscillatorysignals,in-
stability onsetandtransitioncurrent. The simplestis the techniquerelying on recording
of thetime variationof the dischagevoltage ,while the mostcomplex is the techniqueof
measuringhe light intensitywith the photomultiplierin a housingwith a slit, placedata
distanceof afew centimetergrom the tube,which wasviewing thelight passinghrough
anotherslit placedonthedischagetubewall.

3. Resultsanddiscussion

The self-excited oscillationsof the D.C. low-pressurendlow-currentneonglow dis-
chagesaresystematicallyecordedusingthefour techniquegpresentecbove. Thoughin
this paperwe arenot concernedvith the origin of the oscillatorysignalsrecordedexper
imentally, it is worth sayingthatthe form of the oscillatorysignalsis independentn the
recordingmethod.This meanghat the obsenred oscillationsare differentmanifestations
of thesamephenomenon,e., of theionizationwaves.However, thereis avery substantial
differencebetweerthe oscillationsof the dischage voltageandof the light intensity;the
amplitudeof the dischage-wltageoscillationsrepresents modulationof a few percent
of the D.C. dischage voltage,while the modulationof thelight intensityis almost100%.
The externalcircuit hasno influenceuponthe oscillations.An extensve bibliographyon
theappearanceayrigin, typeandparametersf theionizationwavesis givenin morecom-
prehensie papersdue to Donahueand Dieke [8], Nedospase [9], Pekarek10], Pfau,
RutscheandWojaczek11] andGarscaddefil2].

Figure2 shavs the measuredialuesof the frequeng of oscillations,v, asa function
of the dischage currentl, for a neongaspressuref 53 Pa. The forms of thetwo curves
aretypical for the whole rangeof pressuresisedin our experiment. The moststriking
featureof suchdispersioncurvesis the occurrenceof a frequeng onset,which, for a
constanpressuretakesplaceinvariablyatthe samedischagecurrentlevel I, whichis the
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transitioncurrentfrom thenormalmodeto theabnormalmodeof theneonglow dischage.
Whenthe dischage currentlevel equalsly, the glow dischage bouncesback and forth

betweertwo valuesof theoscillationfrequeng, andit is accompanietly radialexpansion
and contractionof the glow. The upperpart of the curve in Fig. 2 correspondgo the
normalglow dischage,while the lower partcorrespondso the abnormaliglow dischage.
Consequentlythe onsetof the frequeng of the self excited wavestakesplaceexactly at

thevaluel; of thedischagecurrent.
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Fig. 2. The oscillatoryfrequeng v asa function of the dischage currentl for neongas
pressuref 533Pa shaving the instability onsetandthe influenceof impurities.

In Tablel aregiventheexperimetalaluesobtainedor thetransitiondischagecurrent
ly andthe valuesof the similarity parameterj,/p? asfunctionsof the neongaspressure
p. Thetransitioncurrenthasa quadraticdependencen the neongaspressurewhile the
similarity parameteremainsconstanbver thewholepressurgange Thefactthat j,/ p? is
aconstanbf theglow dischageis anotheiproofthatl; correspondmdeedo thetransition
dischage current.Using the dataof Table 1, an averagevalue of 453 pA/(cn?Pe?) (i.e.,
8.05pA/(cm?Torr?) is obtainedfor the similarity parameterAs canbe seenfrom the data
of Fig. 2, smalltracesof impuritiesdestry the frequeng onset.Consequentlythis new
techniquamayalsobe usedto controlin situ the purity of the neongas.
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TABLE 1. The valuesof the transitiondischage currentl; andthe similarity parameter
jn/ p? asafunctionof theneongaspressurep.

p (Pa) 13| 27] 40| 53| 66] 80| 93| 106] 120] 133
I{(WA) 64| 25| 58| 104 | 158 227 | 310 | 400 | 506 | 620
in/ P? 459 | 448 | 462 | 466 | 453 | 452 | 454 | 448 | 447 | 444
(PA/(cn? Pe?))

4. Conclusions

The neonglow dischagessustainedn a large-diametedischage glasstube have an
oscillatorybehaviour in the pressuregangefrom 13 Pato 133 Pa (0.1to 1.0 Torr), andin
thedischage currentrangefrom 1 to 600 pA. An oscillatorynon-lineareffect appearsor
adischagecurrentlevel which correspondso the transitionfrom the normalto abnormal
neonglow dischage.Relyingonthis onsetaninnovativetechniques usedto measurehe
transitiondischagecurrentl; andto calculatethesimilarity parametein/ p?. Asimpurities
of neondestry thefrequeng onsetthistechniqueallows, in principle,to elaborateavery
sensitve techniqudor detectingsmalltracesof impuritiesin neon.
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MJERENJEPRIJELAZNESTRUJEOD NORMALNOG NA KAOTICAN TINJAV
[ZBOJU NEONU

Primijenili smojednostanu metodumjerenjaprijelaznestrujel; iz normalnogu kaotican

tinjav izboj u neonu zasn@anunanelinearnonucinku samo-uzbdenihionizacijskihval-
ova. Na osnwi mjernih rezultataizratunali smo parametarslicnosti jn/p?, gdje je jn

FIZIKA A 6(1997)4,189-194 193



BARNA ET AL.. MEASUREMENTS OF THE TRANSITION CURRENT ...

normalnagustca struje, a p tlak neona.lstosmjernitinjav izboj u neonuse odrzavaou
cilindri¢noj staklenojcijevi velikog promjera(10 cm), zatlakove 13 do 133 Pa. Rezultati
pokazujuda prijelaznastrujaima kvadratEnuovisnosto tlaku neonaa prosje&navrijed-
nostparametralicnostiiznosi453 pA/(cn?Pad).
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