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A simpletechniquebasedon a non-lineareffect of self-excited ionizationwavesis used
to measurethetransitioncurrentIt from normalglow dischargeto anabnormalglow dis-
chargein neon.Theexperimentalresultsareusedfurtherto calculatethesimilarity param-
eter jn

�
p2, where jn is thenormalcurrentdensityandp is theneongaspressure.TheD.C.

neonglow discharge is sustainedin a large-diametercylindrical glasstube(D � 10 cm)
over thepressurerangefrom 13 to 133Pa (0.1 to 1.0Torr). Theresultsshow that It hasa
quadraticdependenceon p, andtheaveragevalueof thesimilarity parameterjn

�
p2 is 453

pA/(cm2Pa2) (i.e.8.05µA/(cm2Torr2)).

1. Introduction

An oscillatorynon-lineareffectobservedasanonsetof theself-excitedionizationwave
frequencieshasbeenreportedrelatively recentlyin a neondiffuseglow discharge[1], and
in the aureoleof a neonglow discharge [2]. Thereare two essentialcharacteristicsof
this effect that make it attractive for developinga high sensitivity techniqueto measure
the transitionparametersfrom normalto abnormalD.C. neonglow discharge. First, the
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effectoccursonly for thedischargecurrentlevel thatcorrespondsto thetransitionregime.
Second,theeffect is verysensitive to verysmalltracesof impurities.

It is the intent of this work to suggestthe useof the new techniquerelying on such
oscillatorynon-lineareffect for the measurementsof parameterswhich characterizethe
transitionregimein a neonglow discharge.Experimentalvaluesof high accuracy areob-
tainedfor thetransitioncurrentIt whichareusedfurtherto calculatethesimilarity param-
eter jn � p2. Herewe investigatelow-pressure(13 to 133Pa, i.e., 0.1 to 1.0Torr, as1 Torr
correspondsto 133.3Pa)andlow-current(1 to 600µA) D.C.neonglow dischargeobtained
in a large-diametercylindrical glasstube(D � 10 cm). Becauseof thehigh sensitivity of
this particularmeasuringtechnique,we expectthatthedataof this paperwill beusefulto
supplementthosereportedby Francis[3] andEngel[4].

2. Apparatusandmethod

Figure1 is aschematicof theexperimentalset-up.Thelow pressureandlow D.C.cur-
rentneonglow dischargeis obtainedin a10cminsidediameterand40cmlongcylindrical
glasstube,usingtwo identicalnickel electrodeshaving theform

Fig. 1. A schematicof theexperimetalset-upshowing theneonglow dischargeoperation
andits diagnosticby four differentmethods.

of 9.6cm diameterplanediscsof Rogowsky profile. Themainglasstubehastwo 2.2cm
insidediameterand25 cm long cylindrical extensions.Eachelectrodeis connectedto the
correspondingextensionendvia a nickel spiral,a stainlesssteelrod anda massive nickel
cylinder, soasto beindependentlydisplaceableusingexternalmagnets.A planeprobeis
placedontheaxisof thedischargetubeandcanbeplacedatany distancefrom thecathode.

190 FIZIKA A 6 (1997)4, 189–194



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

A diffusionpumpwith a liquid nitrogentrapevacuatesthe tubeto 5 � 3 � 10� 6 Pa, and
theglasstubeis degassedunderavacuumof about1 � 3 � 10� 5 Pa,while bakedseveraldays
in anoven. The surfaceof the nickel electrodesis cleanedby runningneondischargeat
high currentlevels; neonis quite effective for sputteringmostmetals,including nickel.
A carefullypreparedcathodeprovidesvolt-amperecharacteristicswhich arestableto less
thanonepercentover a periodof time of a few weeks.Theleak-rateinto thesealedtube
is approximately0 � 8 Pa/day. For thedischargeoperation,ultra-highpurity (99.99%)neon
is used.A capacitive manometermonitorsthe pressurein the rangefrom 13 to 133 Pa.
Experimentswerecarriedout over a rangeof discharge currentsfrom 1 to 600 µA. To
studytheneonglow dischargesunderthesimplestandmosteasilycontrolledconditions,
andto avoid theanodefall regionandpositive columnaspossiblesourcesof oscillations,
theanodeis placedin theaureoleof theneonglow discharges.

As shown in Fig. 1, four differentrecordingtechniqueswereusedto recordthe ap-
pearanceof the ionizationwave signalsandtheonsetof instability by observingthetime
variationof thedischargevoltage,theplasmapotential,thelight intensityandthesignals
emittedby theglow discharge.Thesefour techniquesarecomplementaryandweredetailed
in our papers,Refs.5, 6, 1 and7. Therefore,onecanusethe techniquethat is themost
appropriatein thechosenexperimentalconditionsfor recordingtheoscillatorysignals,in-
stability onsetandtransitioncurrent.The simplestis the techniquerelying on recording
of thetime variationof thedischargevoltage,while themostcomplex is thetechniqueof
measuringthelight intensitywith thephotomultiplierin a housingwith a slit, placedat a
distanceof a few centimetersfrom thetube,which wasviewing thelight passingthrough
anotherslit placedonthedischargetubewall.

3. Resultsanddiscussion

Theself-excitedoscillationsof theD.C. low-pressureandlow-currentneonglow dis-
chargesaresystematicallyrecordedusingthefour techniquespresentedabove.Thoughin
this paperwe arenot concernedwith theorigin of theoscillatorysignalsrecordedexper-
imentally, it is worth sayingthat the form of theoscillatorysignalsis independenton the
recordingmethod.This meansthat theobservedoscillationsaredifferentmanifestations
of thesamephenomenon,i.e.,of theionizationwaves.However, thereis averysubstantial
differencebetweentheoscillationsof thedischargevoltageandof the light intensity;the
amplitudeof the discharge-voltageoscillationsrepresentsa modulationof a few percent
of theD.C. dischargevoltage,while themodulationof thelight intensityis almost100%.
Theexternalcircuit hasno influenceupontheoscillations.An extensive bibliographyon
theappearance,origin, typeandparametersof theionizationwavesis givenin morecom-
prehensive papersdue to Donahueand Dieke [8], Nedospasov [9], Pekarek[10], Pfau,
RutscherandWojaczek[11] andGarscadden[12].

Figure2 shows themeasuredvaluesof the frequency of oscillations,ν, asa function
of thedischargecurrentI , for a neongaspressureof 53 Pa. Theformsof thetwo curves
are typical for the whole rangeof pressuresusedin our experiment.The moststriking
featureof suchdispersioncurves is the occurrenceof a frequency onset,which, for a
constantpressure,takesplaceinvariablyat thesamedischargecurrentlevel I , which is the
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transitioncurrentfrom thenormalmodeto theabnormalmodeof theneonglow discharge.
When the discharge currentlevel equalsIt , the glow discharge bouncesbackand forth
betweentwo valuesof theoscillationfrequency, andit is accompaniedby radialexpansion
and contractionof the glow. The upperpart of the curve in Fig. 2 correspondsto the
normalglow discharge,while thelower partcorrespondsto theabnormalglow discharge.
Consequently, theonsetof the frequency of theself excitedwavestakesplaceexactly at
thevalueIt of thedischargecurrent.

Fig. 2. Theoscillatoryfrequency ν asa functionof the dischargecurrentI for neongas
pressureof 533Pashowing theinstabilityonsetandtheinfluenceof impurities.

In Table1 aregiventheexperimetalvaluesobtainedfor thetransitiondischargecurrent
It andthevaluesof thesimilarity parameterjn � p2 asfunctionsof theneongaspressure
p. The transitioncurrenthasa quadraticdependenceon theneongaspressure,while the
similarity parameterremainsconstantoverthewholepressurerange.Thefactthat jn � p2 is
aconstantof theglow dischargeis anotherproofthatIt correspondsindeedto thetransition
dischargecurrent.Using the dataof Table1, an averagevalueof 453 pA/(cm2Pa2) (i.e.,
8.05µA/(cm2Torr2) is obtainedfor thesimilarity parameter. As canbeseenfrom thedata
of Fig. 2, small tracesof impuritiesdestroy the frequency onset.Consequently, this new
techniquemayalsobeusedto controlin situ thepurity of theneongas.
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TABLE 1. The valuesof the transitiondischarge currentIt andthe similarity parameter
jn � p2 asa functionof theneongaspressurep.

p (Pa) 13 27 40 53 66 80 93 106 120 133
It 	 µA) 6.4 25 58 104 158 227 310 400 506 620
jn � p2 459 448 462 466 453 452 454 448 447 444
(pA/(cm2 Pa2))

4. Conclusions

Theneonglow dischargessustainedin a large-diameterdischargeglasstubehave an
oscillatorybehaviour in thepressurerangefrom 13 Pa to 133Pa (0.1 to 1.0 Torr), andin
thedischargecurrentrangefrom 1 to 600µA. An oscillatorynon-lineareffect appearsfor
a dischargecurrentlevel which correspondsto thetransitionfrom thenormalto abnormal
neonglow discharge.Relyingonthisonset,aninnovativetechniqueis usedto measurethe
transitiondischargecurrentIt andtocalculatethesimilarityparameterjn � p2. As impurities
of neondestroy thefrequency onset,this techniqueallows,in principle,to elaborateavery
sensitive techniquefor detectingsmalltracesof impuritiesin neon.
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MJERENJEPRIJELAZNESTRUJEOD NORMALNOG NA KAOTIČAN TINJAV
IZBOJU NEONU

Primijenili smojednostavnu metodumjerenjaprijelaznestrujeIt iz normalnogu kaotǐcan
tinjav izboj u neonu,zasnovanunanelinearnomučinkusamo-uzbud–enihionizacijskihval-
ova. Na osnovi mjernih rezultataizračunali smo parametarsličnosti jn � p2, gdje je jn
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normalnagustóca struje,a p tlak neona.Istosmjernitinjav izboj u neonuseodržavaou
cilindričnoj staklenojcijevi velikog promjera(10 cm), zatlakove 13 do 133Pa. Rezultati
pokazujudaprijelaznastrujaima kvadratǐcnuovisnosto tlaku neona,a prosjěcnavrijed-
nostparametrasličnostiiznosi453pA/(cm2Pa2).
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