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MasaharuAoNo*,HisayoshiKuRoKAwA**,MasafbmiJINNo*☆zmdHidekiMoToMuRA

Thispaperdealswiththercsultsobtainedbyrecentresearchesaimedatdevelopingnovelxenon-filled

fluorescentlamps・Thecriticalissueofxenon-filledlampsistopreventthecomactionofitspositivecolumn,as

acontractedpositivecolumntendstoemitintenseinftaredmdiationinsteadoftheresonanceradiationrequired

fbrexcitingthephosPhoEManymethodswereattemptedinordertoincreasethedischaIgecurTcntWhile

maintainingadiEfilsepositivecolumn､Themulti-channelpositivecolumnisoneofthemostusefUlmethodsto

gainhighluminancewithadiffUsepositivecolumnThepulseddisChargeisalsoaneffectiveoperatingmethod

becauseofthecontribution仕omtheafterglow・Furthenhighpressureandhighvoltagearerequiredtoobtain

highluminancewithadmsepositivecolumn､Itisexpectedthattheresultsobtainedinthisstudyareusedto

realizexenon-filledfluorescentlampswilhhighefficacyb

ＫｅｙＷＯｒｄｓ：FluorescentLamp,Ｘｅnon,PositiveColumn,AfterglowbExcimerRadiation

１Introduction

Thefluorescentlampthatwasinventedbylnmaninl938hasbeenactivelyinvestigatedanddeveloped

especiallyinourcountrybecauseofitshighefficacyandlonglife,andinrecentyearsitamountstoabout70％

ofanilluminatinglampsmanufhlcturedinourcountry6Thestudiesfbrrealizingthefluorescentlampswidlhigher

e競cacy》longerlifeandhighfimctionalityarenowinprogrBss・TheauthorsaIcattemptingtostudyanddevelop

anewtypeoffluorescentlamp・ConventionalfluorBscentlampsarcfilledwithmercury8ndaIgon,butonly

mercurycontributestotheemissionoflightfromthefluorescentlamps､HowevenaIgonisalsoexcitedand

emitsultravioletradiationbypulseddisCharge・OriginallybthisteChniquewasfirstdevelopedbylheauthorsto

con杜oltheluminouscolorofdisChaIgelamps〔'】・Firstly§welriedtoimprovetheefficacyoffluorescentlampsby

employingthiscontroltechnique・HowevenlhewavelengthoftheUltravioletradiationfiomargonistooShortto

excitethephospho喝henceamixtureofmercuryandxenonwasusedinlheexperiments・Secondl肌outof

concemontheenvlronmentaliｓｓｕｅｗｅａｔ力emptedtoremovethepoisonousmercmymmlhefluorescentlamps・

Extensivevaluableresultshavebeenobtainedbytheseexperiments．

zExperimentalDischargeLampsanｄＦｍｉｎＧａｓｅｓ

Threetypesoflampconfigurationswereinvestigated

inthisstudy・Thefirstlamp(dischaEgelampDhasasingle

palrormultipairsofelectrodesconstructedinthetubeas

illustratedinFig.1,thesecondlamp(disChaIgelampll)has

twormgelectrodestwistedoutsidelhetUbeapartinthe

directionoｆｔｕｂｅａｘｉｓａｓＳｈｏｗｎｉｎＦｉｇ,２．Ｔｈｅｔｈｉｒｄｌａｍｐ

ＮＰ－１Ｏ７

Ｆｉｇ・lDischaIgelampwithinner

electrodesのisChaIgelampI)．
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(disChargelamp叩hastwosheetsofplateelectrodespastedontheoppositesidesofthetubeintheradial

directionasShowni、Fig.３.XenongaswasfilledinalllhesedisChaIgelamps・Amixtureofmercuryandxenon

wasinvestigatedindisChaIgelampI・Thefilexenonfillp唾ssureisgiveninparenthesisinkPa,suChasXe(aa)．

ThePhosphorNP-107iscoatedontheimerhalfsurfaceofthetube．
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Fig.２DisChaIgelampwithextemalring

electmdesのisChaIgelampID．

Fig.３DisChargelampwithextemalSheetelectrodes

①isChaIgelampIII)．

３ExperimentalResultsandDiscussion

3.1DischargeLampI:Hg-XeLampwithImerElectmdes

SincetheexcitationwavelengmlofphosPhoriswide,itcanbeexcitedbytheultravioletradiationsfiom

bothmercuIyandaIgon・Thehigjlefficacyoffluorescentlampsmaybeobtainedbycontrollingtheexcitationof

aIgonbymeansoftheteChniqUediscussedabove､Howeve喝thewavelengthoftheresonancemdiationofaIgon

istooshortfbrexcitingthePhosphomHenceamixturcof

mercuIyandxenon，whichhasthelongestresonance a、白

１．０

２００３００４００５００６００７００８００

Waveleng血【ｎm］

（b)SinusoidaldischaIge

Fig、４EmissionspectrafromHg-Xe

disChaIgelamp．

wavelenghamongallraregases，wasinvestigated・The

wavelengthoftheresonanceradiationofatomicxenonisl47

nmandthatofmolecularxenoniscenter巳ｄａｔｌ７２ｎｍ,The

disChaIgelampswithtwoorthreepairsofelectmdeswerealso

investigated．

０

３０

1.0
つ
『
×

言＝

昌農

胃

員

0 ｕ４

２００．３００４００５００６００７００８００

WavelengU1[ｍｑｌ

（a)PulseddischaIge

3.1.1ＴｈｅＬ皿、ｉｎ⑪uSStatesofPositiveCoIumn

ThespectraldistributionsoftheHg斑e(1.33)ｌａｍｐｗｉｌｈ

ｔｈｅｉｎｎｅｒｄｉａｍｅｔｅｒｏｆｌ４ｍｍandthedigb3ncebetweenthe

electrｏｄｅｓｏｆｌ５０ｍｍａｒｅＳｈｏｗｎｉｎＦｉｇ､４[2],whentheywere

operatedbyarectangUlarvoltagewithapulsewidlhofl５１』sat

50Hzandasinusoidalvoltageat２８．８ｋＨｚ,rcspectively6The

roomtemperaturewas25oCgivingrisetoawalltemperaturB

ofabout50oＣ・Inthecaseofsinusoidaldisch麺ge，the

specmmisfbrmedpredominantlybymercuryemissions,while

xenonemissionsdominateinpulseddisChaIge・Neonemissions

wercnotobservedinthesinusoidaldischaIgeofmercurybneon

mixture，becausetheeneIgiesoftheneonexcitedstatesaIB

higherthantheionizationeneIgyofmercurybasShownin
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Fig.５【3】・InthemercuIy-xenon

dischaIge,whilemercuryisionizedto

maintainthedischarge，ａｓｍａｌｌ

ａｍｏｕｎｔｏｆｘｅｎｏｎｉｓｅｘｃｉｔｅｄａｎd

radiates，assomeexcitedstatesof

xenonhavelowerenelgiesthanthe

ionizationenergyofmercurybOnthe

otherhand，inlhecaseofpulsed

dischaIge，xenonisexcitedinthe

risingedgeoftheculTentandemits

thestrOngsPectra・ＡｓＳｈｏｗｎｉｎ

Ｆｉｇ､６例,mercurymainlyemitsduring

thedischargeperiodandxenonemits

moreintenselyduringtheafterglow

period・Thisisbecauseduringthe

Ｎｅ

い､'五鮒い、蛤vｄ
１８Ｖ】

２０

afterglowperiod，theelectron
Fig・sSimplifiedenergylevelsofHg,ＸｅａｎｄＮｅ・

temperatureislowandxenon

molecules（excimeウarefbrmedby

thrBe-body-collisionsbetweentwogroundstatexenonatomsandametastablexenonatomaccordingto：

Ｘｅ、＋２Ｘｅ→Xe2o＋Ｘｅ． （１）
'

Theexcimeremitsradiationwhenittransfbrstothegmundstatethroughtheradiationprocess：

Ｘｅ2．→Xe2＋畑（２）

ｗhe唾XeandXemdenotethegroundstateandthemetastablestateofatomicxenonrespectively;Xe2andXe2o

denotethegmundstateandtheexcitedstateofmolecularxenonreSpectivel乳ａｎｄルツdenotestheradiation・Since

themolecularxenonatthegroundstateisunstable,itinstantlydissociatesintotwogroundstateatoms・The

thrBeもody-collisionprocessofmercuryatomsdoesnottakeplacebecauseofitslowprcssure・

TheluminousstateofapositivecolumnchangesbyvaryingthedisChaIgecuIrent,thefiFeqUencyandthe

pulsewidth､Fig.7回showsthethreekindsofpositivecolumnsobtainedfiomanHg-Xe(20)dischargelamp・I、

Fig.７(8),theluminouspartofapositivecolumncompletelydiffUses・ThisisthediffUsepositivecolumn・Fig.７

(b)Showsanarmwandbrightfilamentarypositivecolumn､nlisisthecontractedpositivecolumn・Thepositive

columnShowninFi9.7(C)Showsapartiallycontractedpositivecolumnsurmundedbyadiffmsepositivecolumn・

Thisisknownasthecoexistencepositivecolumn・Theconditionsofthecurrentlthefrequencyandthepulse

widthwherethediffilse，thecontractedandthe

coexistencepositivecolumnsoccurarBchangeｄａｓｔｈｅｎ誼、
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丘eqUencies,ThexenonprEssuresstudiedare(a)６．７

Time【us］
kPa,(b)１１kPa,(c）14.6kPaand(の２０kPa・Atthe

constantfi℃quencybasthedisChargecurrentincreases， Fig.６Xenonradiationwavefbrminthepulsed

thepositivecolumnChangesfromthediffUsestateto disChaIge・
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Frequency(kHz）

(b)１１１聖ａ

thecontractedstatebypassingthroughthecoexistencestate・

Asthefifequencyisincreasedftom１ｋＨｚ，thedischalge

currentreqUiredfbrmaintainingadiffUsepositivecolumn

graduallyincreasestoamaxlmumvalueandthenstartsto

decrease・Themaximumdischalgecurrentrequiredfbr

maintainingadiffUsepositivecolumnincreasesasthexenon

pressureincreases・Themaxlmumcurrentisobtainedatthe

figeqUencyoflOkHzfbrtheHg-Xe（6.7）lampandatthe

ftequencyof30kHzfbrtheHgXe(20)lamp､BelowlOkHz，

themaximumdischargecurrentfbrmaintainingadiffilse

positivecolumndecreasesasthexenonpressureincreases，

Fig.９回ｓｈｏｗｓｈｏｗｔｈｅｌｕｍｉｎｏｕｓｓｔａｔｅｏｆｔｈｅＨg-Xe

lampchangeswhenthexenonpressureandtheoperating

fieqUencyarevaried・WhentheoperatingfifeqUencyis

increasedataconstantxenonpressure，thepositivecolumn

changesftomthecontractedstatetotheco-existencestate,then

tothediffilsestate,andlaterretumstotheco-existencestate，

(a)６．７１聖ａ
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Fig.７Threedifferentstatesofpositive
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andfinallytothecomactedstate・

Athighxenonpressures，the

frequencyrangeinwhichadiffUse

positivecolumncanbemaintained

becomesnarrowemTheratioofthe

intensityofXeI（8280）tothe

intensityofHgI(4358)isshownin

Fig､１０回．Thenumericalvaluesin
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PressurB(Pa）【×1ｃ Ｆ肥quencyO《Hz）theparenthesisdenotethe
，

Fig.９LuminousstatesoftheFig・１０TheemissionintensitywavelengthsinAunit・HgIandXe

Hg-XelampsasafimctionofratioofXel(8280)toHgl(4358）Iindicatetheneutralatomsof

freqUencyandPressure．asafimctionoffrequencymercUryandxenon配spectivelyb

ThemercuIyemissions鉦emore

intensewiththedifnsepositivecolumn；ontheotherhand,thexenonemissionsaremoreintensewiththe

contractedpositivecolumn・Thespectralintensitiesofmercuryandxenonwiththecoexistencepositivecolｕｍｎ

liebetweenthesetwoextremeconditions．
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3.1.2AtomicPr0cessesinSinusoidalDischarge

Thevoltage,currBntandradiationwavefbrmsoｆＨｇｌ(4358)and

Xel(8280)oflheHgXe(20)lampsareshowninFig､11回,whenitis

operatedbyasinusoidalvoltageataconstantdischaIgecurr巳ｎｔｏｆ４ｍＡ

(rms)．

§”
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:Ｍ１
§･皿
麗‘
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(1)ThecaseoflkHZG7ig､１１(a)）
~０５０１００１５０

Ｗｈｅｎtheappliedvoltagereachesl260V;1helampre-ignitesand
T℃mPem蝕uｴもrq

immediatelyanarcdisChargeisinitiated・Thetubevoltagedecreases
Fig、１２Themercmyvapor

Sharplytoabout250VandremainsatthatvaluewhilethearCdischaIge
prcssureasafimctionof

continues・ThedischaIgecunentincreasesr2pidlyto１２．９mAandthen
temperature・

decreasesgradually6Ahighelectrontemperatureisobtaineddunngthe

highrateofincreaseofdischaIgecurrent､ＨｇＩ(4358)isemittedatthesametimeasthedisChaIgestartsand

becomesweakwhilethembevoltageislow・Ontheotherhand,Ｘｅｌ(8280)isemittedafterthedisChaIgecurrent

reachestoitspeakandcontinuestoemitthroughoutdisCh麺ge､ThisphenomenoniseXPlainedasthefbllows・

SincemercuryhaslowerexcitationeneIgiescomparedtoxenon，astheelectrontemperaturerisesafter

re-ignition,themercuryisfirstexcitedandislaterfbllowedbytheexcitationofxenon．

Thevaporpressureofmercuryis1.7Paat50oC

hencethexenonprcssurcismorethanthreeordem遇of

maglitudeofthemercuxyvaporpr巳ssurc・TherBfbrc

appreciablefbrmationofXeFnoccursdmingthehigh

electmntemperatme・TheseatomsarerBlatedtothe

excitationandlheionizationofxemonfbrmaintainingthe

disChaIge,asgivenbylhefbllowing：

eO1igh)＋Xem→ｅ(low)＋Ｘｅ｡， （３）

eO1igh)＋Xem→2e(low)＋Ｘｅ+， （４）

whereＸｅ･ａｎｄＸｅ＋denoteanexcitedxenonatomanda

xenonionrBspectivelXandeO1igh）ａｎｄｅ(low)denote

electronsofhighspeedandoflowspeedrespectivelyb

Thecomractedpositivecolumnisfbrmedinthe

disChargeinWhichxenonemitsstrongmdiation．
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Fig.’３merelationsoftheemissionsHgI
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(2)ThecaseoflOkHz(Fig.１１(bD

Inthiscase,theglowdisChaIgestartsattheapplied

voltageofabout540V;whichislowerthantherB-ignition

voltageatlkHz，becausemanymetastablexenonatoms

andxenonionsarcleftbehind釦mthepreviousdischaxge

cycleduetotheshortnon-disChaIgeperiod．Ｗhenthe

dischargecurr巳ntincreasesSlowlyinthebeginningand

reaChesabout4mA,arcdischaKgebeginsandthecuIrent

risesShaxply・Mercuryemitsstronglyindleperiodofglow

dischargebecausethepotentialdi錠renceinthepositive

Cumnt-bnA］

(b)Ｘｅｌ(8232）
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Fig.１５ThemaxlmumcurTentcapableof

maintainingadif通sepositivecolumnasa

fimctionoftemperatureatthrcedifferent

prBSSureS．

１

AnnualJoumalofEng，
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(b)26,7kPa
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Fig.１４Relationsoftheluminancetothe

dischaIgecurTentatvarioustemperatures．

(3)Thecaseof20kHz(Fig.１１(cD

There-igmitionocc唾atabout410VandtheglowdischaIgestartswimhighdensitiesofresidualionsand

metastableatoms・ThedisChaIge唾mainsatthedif動sestateanddoesnotenterintothecontractedstate,sincethe

appliedvoltageincreasesslowlyandremainslow.Inthiscase,onlymercuryisexcitedandionizedunderthelow

electmntemperatmc・Thepositivecolumnisatlhediffilsestate．

2０

columnissmallasaresultofthelargecathodedmp・In

theperiodofarcdischaIge,xenonisexcitedbythelarge

potentialdifferenceinthepositivecoluｍｎｄｕｅｔｏｔｈｅ

ｓｍａｌｌｃａｔｈｏｄｅｄｍｐａｎｄｅｍitsintensely・Theluminous

stateappearsdiffilseduringtheglowdischargeand

contractedonthearcdisCharge・Onaverage,thepositive

columnappearsasacoexistencecolumn．

Fig.１６Theluminanceasafimctionof

temperatureatUlrcedifferentpressuＩＢＳ．

５ １０１５

Ｃｕ､巴nt…bnA］

(c)39.9kPa



ＭａｓａｈａｍＡＯＮＯ,HisayoshiKUROKAWA,MasafUmiJnINOandHidekiMOIoMURＡ

(4)Thecaseof65kHz(Fig.11(｡)）

TherB-ignitionstartsat220VduetothehighdensityofresidualXeP,Thecumulativeexcitationand

ionizationofxenongivenbyeqs.(3)and(4)takeplaceactivelymlesepmcessesrequirealowelectmneneIgy

lessthan4eV;whichisbelowther巳sonanceeneIgyofmercuryTherefb配mercuIycontributesweaklytothe

discha1geandthepositivecolumnappeaIsasthecontractedstate．

3.1.3InfIuenceofTblbe恥mperatu唾

The配lationsoftheemissionsHgl(4358)andXeI(8232)tothedischaIgecurrBntfbrtheHg-Xe(13.3）

dischaIgelampwiththeinnerdiameterof3､８mmandthedistancebetweentheelecｔｍｄｅｓｏｆ８０ｍｍａｒＢｓｈｏｗｎ

ｉｎＦｉｇ､１３回,whenlhislampwassetinsideanelectricovencf叩ableofatemperaturBcontmlfiom30oCtol30

oCandthedisCh皿gewasrunning・TheintensityofHgl(4358)incrBasesinpmportiontothedisChargecurrEnt

uptocertaincurrentvalueandthenfnllsdownabruptlybandafterthatincreasesslowlynlehigherthetube

temperatureis,thelaIgerthedisChaIgecurrentisatthepointWherelheHgl(4358)intensityfalls､Ontheother

hand,asthedischaIgecurTentincreases,theintensityofXeI(8232)incrBasesgraduall乳risesshaIplyatacertain

cmcntvEIue,andafterthatincreasesslowlyagain､Thehigherthetubetemperaturcis,thelaIgerthedischaIge

cunBntisatthePointwheretheXeI(8232)intensityrises・nlepointatwhiChtheHgI(4358)intensityfnlls

coincideswiththepointatwhichtheXel(8232)intensityrisesshaIply6Atthispoint,thedmsepositive

columntmnsfbrmsintothecontmctedcClumn

AsthetUbetemperaturBrises,mercuryvaporpressureincreasesalmostexponentiallyasShowninFi9.12,

buttheincrcaseofxenonpressurｅｉｓｓｍａｌｌ・ThepositivecolumnkeepsthediHUsestateduringthedisChaIge

undersmallcnmcntismaintainedbymercuryForthedischaIgerequiringla１ｇｅｃｕrrent,xenonparticipatesinthe

dischaIge,andthecontractedpositivecolumnisfbrmed・

Fig.１４回Showstherc1ationsoftheluminanceofphosphortolhedischargecurIBntfbrtheHg-Xelamp

withtheinnerdiameterof３．８mmandthedistancebetweenelectmdｅｓｏｆ８０ｍｍ,Xenonpressures韮６．７kPa，

26.6ｋＰａａｎｄ３９．９kPaandthetemperatureinsidetheｏｖｅｎｗａｓｖａｒｉｅｄｈＤｍ２８ｏＣｔｏ９０°Ｃ､Theluminanceof

phosPhorincreasesinproportiontolhedisChaIgecmentinthercgionofdifmsepositivecolumn,butit

decreasestolowvalueinthecomactedregion・Thesametendencywasobservedfbrlheintensityofmer℃uｒｙ

ｍdiation・AsshowninFig､１５回,thedisChaIgecm函tatthedmppingpointofluminance,thatis,山emaximum

curTentcapableofmaintainingadiffUsepositivecolumn,becomeslargeathighmbetemperatureandhighxenon

prBssure・AtthesametUbetemperature,ahigherluminancemaybeobtainedmmmedischaIgeathigllerxenon

prEssureasShowninFig､16同.ThisPhenomenonisexplainedbythefbllowing・Thelowelectmntemperaturc

appmpriatefbrexcitingmercurytolhereson皿celevelisachievedbytheincreaseofelasticcollisionswith

xenonatomsathighxenonprEssuIB.Themaxlmumluminanceofl7700cd/m2wasobtained丘omUleHg-Xe

(399)disChaIgelampatthetUbetempem皿Eof90oCandthedischaIgecurrentofl0.4ｍＡ．

3.2DischargeLampI:XeLampwithImerElectrode

ThevoltageandthecurrentwavefbrmsandnlePhotographsofthepositivecolumnfbradiffmseanda

con位acteddischaIgearBshowni、Fig.17[刀,ＷｈｅｍａＸｅ(6.6)l8mpwilhlheinnerdiameter・of26mmandthe

distancebetweentheｅｌｅｃｔｒｏｄｅｓｏｆ５０ｍｍｗａｓｏｐｅｒａｔｅｄｂｙａpulsevoltagewilhapulsewidthofｌ８１Ｌｓａｎｄａ

ｒ印etition危equencyofl8kHz・Fig.１７(aﾘshowsthevoltageandtheclmcntwavefbrmsandtheluminousst8te

ofadmsepositivecolumn・ThedisChaIgecunentincreasesslowlyto9mAattheendofthepulse・Fig.１７(b）

３６
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showswavefbrmsandtheluminousstateofthe

contractedpositivecolumn､Thedischargecurrentrises

to25mAimmediatelyafterthepulsevoltageisapplied，

anditsvalueremainsduringapulse・ThediffUseandthe

contractedposiｔｉｖｅｃｏｌｕｍｎｓｍａｙｂｅｆｂｒｍｅｄｉｎａＸｅ

ｌａｍｐａｓｉｎａｎＨｇ－Ｘｅｌａｍｐ､Fig.１８[8]showstherelations

ofthemaximumcurrentrequiredtomaintainadiffilse

disChargebefbreitistransfbrmedintoacontracted

dischargetotherepetitionftequencywiththedutyratios

asaparameter､Fig.１８(a)ａｎｄ(b)showtherelationsat

(b)contractedpositivecolumn
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Fig.１７Thevoltageandthe

wavefbrmsandthephotographs

positivecolumninadiffilse

contractedstate．
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Fig.２０Theschematicdrawingsofthe

lampswithmUlti-pairsofelectrodes．

Thelampconstructedwithmulti言pairsofelectrodeswastestedtoseeifahigherluminanceisattainable・

TheschematicdrawingsofthelampsａｒｅｓｈｏｗｎｉｎＦｉｇ,２０.Theinnerdiameterandthedistancebetweenthe

electrodesare26mmand50mmrespectivelyFi９．２１(a)【8]showsthediffUsepositivecolumnandvoltageand

currentwavefbrmsoftheXe(6.6)1ampwithtwopairsofelectrodesata量equencyof7kHzandapulsewidthof

2ｍｓ,IWopositivecolumnsrunandSpreadwidelyinparallelinthetUbe､Fig.２１（b)【8]showsthecontracted

positivecolumnandthevoltageandcurrentwavefｂｒｍｓａｔ３ｋＨｚａｎｄ５０ＩＪＬｓ・ThepositivecolumnsmeIged

closelyintoeachothezFig､２２[8］ｓｈｏｗstherelationsofthedischargecurrentofasinglepositivecolumnto

Ｊ１

聖望Ｊ

薦撫尉認闘､?最;駅頭零硬郡･拭到紀函fz霊塞例屑

罰轄鐙縄 竜鑑識
麹醗懸jH織議蕊淑識溌瀞鰯闇誕漁‘E遵溌へ融．鴇

蝿。蒲ｚ露払門

》
蝿

冒
こ
『
一

週F鑑暇瀞溌塘
必塚

,串唾暫豊艶愚｡跡塗望震寧も錘醗鑑堅理砥蝉･

０
Ⅸ
Ⅸ
Ⅸ
三二〕r霞録．

ＭａｓａｈａｒｕＡＯＮＯ,HisayoshiKUROKAWA,MasafumiJINNOandHidekiMOTOMURＡ

（
く
Ｅ
）
言
①
ピ
コ
。

ｎ
〕
ｎ
》
（
Ｕ
（
Ｕ

４
ｑ
Ｕ
ク
ー
ョ
ー

０
Ⅸ
Ⅸ
Ⅸ

voItaqe

（
く
Ｅ
）
Ｅ
①
上
画
。
（
く
Ｅ
三
５
瞳
．
。

０
０
ｎ
〕
０
（
Ｕ
Ｏ
Ｏ
《
Ｕ

等
も
塁
剖
０
叫
名
宅
剖
０
心

voItaqe

ｌ
ノ
ハ

voItagevoItage

５
０
５

－
１
１

（
ン
）
の
回
里
ユ
ン

５
０
５

－
１
１

（
ン
）
①
画
面
ニ
ー
ン
ー

５
０
５

－
１
１

（
ン
）
の
ロ
ロ
ニ
ュ
ン
ー

ノ

望哩A=Ｉ

岸冒吾ご‘Ｌ 尋
０

アレ一Ｉ cUrrent_一N

Ｆ
Ｊ

Ｏ
Ⅸ
Ⅸ
ⅨＩ

、

5０１００

Ｔｉｍｅ(us）

Fig.２１PhotographsofpositivecolumnandvoltageandcmentwavefbrmsortheXe(6.6kPa）

lampwithtwopairsofelectrodes．

(b)contractedpositivecolumn(a)diffhsepositivecolumn

５
０
５

－
１
１

（
ン
）
の
画
、
ニ
ユ
ン
ー

1同００ ＢＩＯ1００２００

Ｔｉｍｅ(us）

３８

０



diffh哩亜

Ｏｌ２４６８１０２０４０６０８０ ｏ贈扶満論爵同病売耐u
FrBquency(kHz）Fmquency(kHz）

（a)2.6kPa （b)6.6kPa

Fig､２２Therelationsbetweenthepeakcurrentandtheftcquencywithtwopairsofelectrodes．

RadiationCharacteristicsofDischargeLampsFilledwithXenon

畝DpBhBOfB泊CbD由ａ

２６炉ａ
Owopd両Cie句ａｍｄｅｓ

８.田⑲ａ(a） (b）1５
1５

ＣＯ『力画C6on

０

５

１

（
く
Ｅ
）
一
仁
④
こ
『
ご
エ
⑮
①
ａ 鐙

０

５

１

（
く
Ｅ
）
一
匡
の
上
『
ら
エ
、
の
Ｑ

conbacUon

ロ

twOPahBof観eｄｍｄｅＳ

2.6kPE

o8血ytmR1O1096

●：血1Ｗ載胸１５９６

p3duWI猷絢2096

■:血馴試絢25％

◎:血ty睡灼3096

△:血Ｗ、歯4096

鍵
■

鮎

錘
恥 鮎
錘
恥

dffilgi唖dffilgi唖

AnnualJoumalofEng，

ＥｈｉｍｅUniv.，Ⅲ.，Ｍａｎ，２００５
３９

100 100

tⅥｐｐ８ｉｍＯｆｅ粕ｄｍｄｅ８

ノロ、6.6kP酒河
”
迦
姻
麺
麺

Ｉ
ｌ
（
“
Ｅ
雲
ご
）
宍
》
匡
”
Ｅ
Ｅ
コ
ー

既
既
蝿
畷

２
２
３
４

趣
唖
唖
唖

１
Ｊ
幽
軸
軸
叫

化
ｗ
ｍ
Ｄ
・
い
ふ

、
唖
麺
唖
麺
如

（
“
Ｅ
『
ご
）
史
旨
⑩
匡
一
Ｅ
コ
ヨ

(a）

。

１o： ４６８１０２０４０６０８０４６８１０２０４０６０８０

Ｆ尼quency(kHz）Ｆ幅quency(kHz）

（a)2.6kPa （b)6.6kPa

Fig､２３TherelationsbetweentheluminanceofphosPhorandthefrequencywithtwopairsof
electrodes．

２

けequencyatthexenonpressuresof2､６ｋＰａａｎｄ６､６kPawithdutyratiosasaparametemTheserelationsare

similartothoseofthedischaIgelampwithasinglepairofelectrodes・TherefbrethetotalcurTentofalampwith

twopairsofelectmdesistwicｅｏｆｄｌａｔｏｆａｌａｍｐｗｉｔｈａｓｉｎｇｌｅｐａｉｒｏfelectrodes・Fig.２3【8】Showstherelations

betweentheluminanceofphosPhorandthe齢quency6Them麺mumluminanceoftheXe(6.6)lampwithtwo

pairsofelectrodesis660cd/m2atl5kHz・ThisluminancevalueismorethantwiceofthatoftheXe(6.6)lamp
withasinglepairofelectrodes・

Fig.２４【8IillustratesthepictureofadiffUsepositivecolumnandthevoltageandthecurrentwavefbrms

whentheXe(2.6)lampwiththreepairsofelectrodesisoperatedatlOkHzandlOlls・ThrcediffUsepositive

columnsrunabreastandspreadinthetube・WhenthedischaIgecurrentorthepulsewidthisincreased,three

positivecolumnshavemeIgedintooneanothertofbrmasinglecontractedpositivecolumn・Fig.２５{9】indicates

therelationsbetweentheficquencyandthemaximumcurrcntperdiffilsepositivecolumnofalampwithth配e

pairsofelectrodes・ThediBfUsestatecannotberealizeｄｂｅｌｏｗ２ｋＨＺ,ThemaximumcurrentofdiffUsepositive

cohmmisobtainedat3kHzanditsvalueisnearlyequaltothatofthelampwithasinglepairortwopairsof

electmdes・The唾fbre'1hetotalmaximumcuITentcapableofmaintainingadiffUsedischaIgefbralampwith

threepairsofelectmdesisaboutthreetimesofthatofthelampwithasinglepairofelectrodes・Fig.２６【'o1Shows

therelationsofthephosPhorluminanceoftheXe(2.6)lampwiththreepairsofelectrodestotherBpetition

ftequency・Themaxlmumluminanceof420cd/m2isobtainedattheftequencyof9kＨｚａｎｄｔｈｅｄｕｔｙｒａｔｉｏｏｆ
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Higherluminancemaybeobtainedbyusingdischarge
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ThedisChalgelampwithextemalelectrodesisoftencalledtheelectrode-freedischargelamp、Since

extemalelectrodesarenotindirectcontactwiththeplasmainsidealamp,thelifeofelectrodesmaybeextended

andawiderangeofmaterialsmaybeusedaselectrodes・G1asslayer§actingasadielectricbarrienbetweenthe

electrodesandtheplasmapreventsexcessivecurrentfiomflowingintotheplasmaSinceglassworksasa

barriertothecurrentflow,thistypeofdisChargeisoftencalledabarrierdischarge・Becausetheexcessivecurrent

ispreventedbytheglasslay“thepositivecolumndoes、otcontracteasilywithabarrierdisChargeevenifa

currentlimitinggearknownasballastisnoteqUipped・

Thevoltage,currentandtheradiationwavefbrmｓｏｆＸｅＩ(8232),Ｘｅｌ(8280)andthephosphorNP-107

areshowninFig.２７['１],WhenthelampWhichhastworingelecｔｒｏｄｅｓｏｆ６ｍｍｗｉｄｔｈｔｈａｔａｒｅｌ５ｍｍａｐａrtand

hastheinnerdiameterof7mm,isoperatedbypUlsevoltagewithamagnitudeofl400V;repetitionftequencyof

40kHzanddutyratioof50％・Xenonfillpressuresare2､６kPa,６．７ｋＰａａｎｄ13.31銀a､Largecurrentspikeflows
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PhosphorNP-107、

immediatelyaftertheapplicationofvoltage・Thecurrentspikeflowsagainatthecut-outofthevoltage・The

radiationftomphosphorcontinuestoemitthroughoutthedischaIgeandnon-dischaxgeperiod・

Three-body-collisionsoccuractivelyinalowelectrontemperatuIeconditionaftertheendofthepulse・Xenon

exclmerradiationcentercｄａｔｌ７２ｎｍｉｎｃｒ巳asesasxenonpressure

increasesasShowninFig､２８['2】・TherBfbre,moreintenseradiation

6romphosphorisObtainedathigherxenonpressures・

Fig.２９【'１】Showsthevoltage,currentandradiationwavefbrms

ofＸｅｌ(8232),Ｘｅｌ(8280)andthephosphorNP-107,whentheXe

(13.3）lampisoperatedbypulsevoltageatvariousdutymtios・

Figs､29(a),(b)and(c)reprBsentwavefbrmsatthedutyratiosof40％，

50％ａｎｄ６０％respectivelySincethethree-body-collisionsareactive

withtheabundantmetastablexenonatomsgeneratedinlhedischaIge

withlongpulse，ｔｈｅｌａＩｇｅｒｔｈｅｄｕｔｙｒａｔｉｏｉｓ，dlemoreintensethe

afterglowbecomes．
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lampisoperatedbypulsevoltageatvarious丘eqUencies

andpulsewidlhof１．５ｕｓ・TWosheetelectrodesof5mm×

８０mminsizeareattaChedontheoppositesidesoftube

surf白Ce・Theinputpowerperpulsetothelampislimitedby

theelectrostaticcapacityoflheglassimmediatelyunderan

electmde・Ｔｈｅｈｉｇｈluminancemaybeobtainedathigh

仕equencybecausetheinputpowerincrcasesinproportion

totheftequencyindependenUyofthepulsewidth・Asthe

fteqUencyincreasesataconstantinputpow“thepower

duringthepulseonperiodbecomesShorterandthe

luminancedecreases・Asthexenonpressmeincreases，

thrce七ody-collisionstakeplacemore住equentlyandthe

luminanceincreases．Ｔｈｅ
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e厨cacytoinputpoweratthe （a)1.3kPa （b)10.7浬a

xenonprcssuresof１．３kPaandFig,３１TherelationsoftheefficacytoinpUtpoweratthexenonprcssure

l０．７kParespectivelyAstheofl3kPaand１０．７kPa・

EreqUencymcreasesata

constantinputpowerbtheafterglowdecreasesandthene伍cacydecreases・Atlowxenonpressure,theradiation

duringthepulseonperiodisstmngerthanthatoftheafterglow・Astheinputpowercontinuestoincreaseatlow

xenonPressure,theintensityofradiationgraduallysaturates・ＣＯnseqUentlytheefficacydecreases・Ontheother

hand,theradiationofafterglowisstrongathighxenonpressures・Asincreasinginputpowe喝theafteIglow

becomesstrongemHencelheefficacyremainsataratherfixedvalue・

TheelectrostaticcapacityCoftheglassunderaSheetofplateelectrodeisgivenby

c＝E且， （５）

－５０

wheregSandZdenotethepermittivitybsurfaceareaoftheplate

electrodeandthicknessoftheglassrBspectively6 ４０

Fig.32【'4】showslherelationsbetwecntheilluminanceand亘
theinputpoweroftheXe(13.3)lampattaChedwithtwosheetsof830
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thiclmessismo唾thantwotimeshigherthanthatoflhelampofO・S

mmglassthickness．
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sinusoidalvoltagesat30kHz

and6０ｋＨｚ・Therelative

permittivitiesofthetube

glassesarc５．３，６．５ａｎｄ9.5．

Highluminanceisobtained

withglassofhighpermittivity6

Howevertheluminancedoes

notincrBaseconsiderablywith

theincreasingpermittivity

Fig､３４【'5】indicatesthe

rclationsoftheluminanceof

phosPhortothesinusoidal

voltagefbrtheXe(13.3)lamp

llIwithelectrodesofdifferent

sizes，５ｍｍ×８０ｍｍａｎｄｌＯ

ｍｍ×８０ｍｍ，ａｔｆｒｅｑｕｅｎｃｌｅｓ

ｆｉｏｍｌＯｋＨｚｔｏ６０ｋＨｚ・Higher

luminanceisobtainedbyusing

electmdeoflagersurfacearea，

butitdoesnotincreasein

proportiontothesurfacearca・

TheedgeefYbctaroundthe

electmdecircumferenceis

likelytocausethereductionof

lumimnce・
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innersurf園ceofthedischargetUbeisneutralizedbythefirst

disChaIgeinthehalfcycle,ifthepotentialdifferBnceacmssthe
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thestartingvoltageofdischarge，aseconddisChaIgeoccuIs・A

1uminanceof8100cd/m2isobtainedbythesinusoidalvolｔａｇｅｏｆ
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voltage,theclmentandtheradiationofphosphorfbrtwolampsat１３．３ｋＰａａｎｄ５３､３kPawhenoperatedby

sinusoidalvolｔａｇｅｏｆ２８００Ｖ;Asthexenonpressureincreases,thepeakcuITentうthepeakradiationandthe

afterglowincrease・
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lowvoltagevalue・Inlhecaseofhalfwaverectifiedsinusoidal,thedisChaIgeoccurstwiceduringtherisingand

fallingperiodsofthevoltage,buttheradiationattheseconddisChaIgeisweakduetothesmallrateofvoltage

change・Inthecaseofpulse,bothlheradiationsinlhevoltagerisingPeriod8ndintheafte屯lowarestrongdueto

rapidchangeofpulsevoltage・Fig.40120】ShowstherelationsbetweentheinputpowerandtheeHicacyoftheXe
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RadiationCharacteristicsofDischargeLampsFilledwithXenon

hPutPower[Ｗ］

(6‘7)lamp,ｗｈｅｎthelampisoperatedbysinusoidal,halfwave
lO

配ctifIedsinusoidalandrectangularvoltagewithdutyratioof50％・

Thehigilestefficacyisobtainedbyrectangularvoltagewhilethe霞８
ｰ
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lowestbysinusoidalvoltage．
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Thepositivecolumnofaxenondischaxgeeasilycontractsto畠２
fbrmafilamentandtransfbrmsintoacOntractedstate・hthe

contractedpositivecolumn,themfi圏redandvisibleradiationsarc

intensebuttheultravioletradiationnecessaryfbrtheexcitationof
毎,､‘､-,,,,-6。…､…,,種,…‘,､，②へ；．…毎額需‘､.､,．.へ丹…,｡,一‘,画…Fig．phoSphorisgenerallyweak．ＳoitwasdifficulttodevelopanewFi９．４０Ｔｈｅｒｅlationsbetweenthe
xenondisChaIgelampwilhhighluminanceandhighe翫cacyBinputpowerandtheefficaCyoftheXe
Howeve風theresultsobtainedbytheaboveexperimentshave（6.7kPa)lampsoperatedbysinusoidal，
illustratedthevariousCh8mcteristicsofxenondischaIgethatarehalfwaverectifiedsinusoidaland
usefUlfbrrealizinghighluminanceandhighefficacy､Itwasfbund”ctanEularvoltaEewavefbrms・
thattheefficacyofxenonlamPscanｂｅｉｍｐｒｏｖｅｄｂｙｍａｋｉｎｇｕｓｅｏｆｔｈｅａｆｔｅrglowinpulseddisCharge，

multi-ch8meldischaIgeandthehighpermittivitymaterialsusedinbarrierdisCharge．
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