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SYnopsis

Theluminescenceintensitymeasuredunderuv-excitation

atユowtemperaturesinX-irradiatedKIandRbIhasbeencompared

withthatmeasuredinuncoloredcrysta].s.Reductioninthe

luminescenceeffゴ.ciencycausedbythecolorationisduetonon-

radiativeannihilatiOnoffreeexcゴ.tonsorconductionelectron=

holepairsthroughinteractionwithV-centers.Changeinthe

degreeoftheluminescencequenchingobservedwiththeincrease

inthephotonenergyofexcitatiOnfromtheexcitonbandregiOn

towardtheinterbandtransitionregioncanbeascribedtothe

differencebetweentherelaxatiOnprobabilityOf'excitonsand

ofelectron-holepairstothese!f-trapPedexcitOnstate.The

temperaturedependenceoftheluminescencequenchingsuggests

thatapartoffreeexcitonsrelaxtOtheself-trapPedexciton

StatethroughthermalactivatiOnprocess
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§1.工ntroductiOn

工ntrinsicluminescenceofaliぐalihalidecrystalsobserved

withhighefficiencyatlowtemperaturesisknOwntobedueto

1)
radiativedecayofso-cal!edself--trapPedexcitons(STE)

TheSTEisthestateresultingfromlatticerelaxationofan

excitonorfromrecombinationofafreeelectronwithaself=

t・apP・dh・1・(Vk-・ent・ ・)A・f・ ・th・ ・e!f-trapPi・gP・ocessof

excitons,thepossibilitythatapotentialbarrierexistsbe-

tweenthefreeexcitonstateandtheSTEstatewaspointedout

th。 。reti。a・ ・ybyT。y。,awa2)andS。mi。t。L3)E.p。 。iment。 ・・y,

F。ntanaet。 ・.4)exp・ 。、。。dth。t。mp。 。at。 。ed。P。nden。e。fth。

luminescenceeffユciencyofNalexcited!rltheexcitonbandユn

termsOfanexcitonstateseparatedfrOmtheSTEstatebya

P。,enti。 ・b。 。。i。 。.Th。 。・mi・ 。。 ユdea。a、a・ 、。u,edbyNi。himuP。5)

inordertoexplaintheintrinsicluminescenceofKI,andby

L。 、h。hik。t。 ・6)i。 。 。d。 。t。i。terp。e,。,h。m。,hani。m。fthe

host-sensitized!uminescenceinsomeimpurity-dopeda!kali

h。 、ideSR。,ent・y,K。u,mannet。 ・7)。b,e。vedaweak。missi。n

inalkaユiiodidecrystalswhichliesc10setothefundamental

absorptionedge,andtheyassumedittOcOrnefrOmametastable

freeexcitOnstatewhichliesabOvetheSTEstate.These

experimentalworksprovideinterestiMJinfOrmationsaboutthe

possibiエ ユtyofastablefreeexcユtOnstateinalkalihalide,

butarerathephypothetユcal.

8-10)Ith
asbeenreport.edbyseveralauしhoPsthatcolOratiOr.i

withirradiationofuv-lightOriOni乞inど ・r'adiatiQninduces

quench工ngofluminescenceinsOmealkalihali・(iecryst.als・



E。p。,i。 ・・y,G。 ・d、t。i。8)。b、e。vedthi,ph。n。m。n。ni・th・

intrinsicluminescenceofK工excitedintheexc工tonabsorption

bandat77K,andconcludedthatnonradiativeannihilationof

theexc工tedstateoccurswithaprobabilityproportionaltothe

concentratまonofF-centersproducedbyirradiation.Asimilar

ll)
experimentwasperformedbythepresentauthOrandhiscoworkers

atvarioustemperaturesfromlOKtolOOK,anditwassuggested

thattemperaturedependenceoftheluminescencequenching

revealsthatoftheself-trappingprobabilityofexcitons。

Theseexperimentswere、however,restrictedtoexcitationin

theexcitonabsorptionbandregion.

Thepresentpaperisconcernedwithquenchin90fthe

intrinsicluminescencebycolOrationinKIandRbl.Ratioof

the!uminescenceintensユtyincolQrederystalstothatinun-

coloredcrystalsisstudiedunderexcitatiOnwiththelightof

variousenergies土nthefundamentalabsorptionband.Dependence

oftheratioontemperatureaswellasontheconcentrationof

defectsisinvestigated.ItisshownthatbehaviOrofthe

luminescencequenchingobtainedunderexcitationintheinter-

bandtransitionregionisdifferentfromthatobtainedunder

excitationinthefirstexcitOnabsOrptionband.Theresu⊥ts

areanalyzedontheassumptionthattheluminescenceinterlsity

isproportionaltOthecreationprobabilityoftheSTEstate,

andthelatticere!axatiOnprOcessofexcユtOnsOrfreeelectron=

holepairsユsdユscussed.

§2. Experimenta⊥Procedures
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SinglecrystalsofKIwereobtainedfromtheHarshaw

ChemicalCo.,whilesinglecrystaisofRb工weregrowninour

laboratorybytheKyropoulostechnique.Crystalsofaboutl㎜

thickwerecユeavedandmountedonacopPerholderofacryostat

Temperatureofspecimenwasmonitoredbyathermocouple

at蜀h・dt・thec・PP・ ・h・ ・d・・By・ ・t・ti・n・fth・ ・amp・ ・h・ ・d・・

thecrystalwasabletofacedtowardvariouswindowsofthe

cryostatforX-rayirradiation,foropticalabsorptionmeasurements

andfOrIUmineSCenCeeXCitatiOn.

Exci七ationofluminesceneewasmadewithuv-lightfroma

Seya・-Namiokatypevacuummonochromatorinconjunctionwitha

deuteriumlampthroughaLiFwindowofthecryostat.Theband-

passwaskeptbelow8A.Theluminescencewasdetectedataρ
rightangletotheexcユtinglightwithanHTV-R636photomulti-

pliertubethroughaNikonG250gratingmonochromatororthrough

apPropriatefilters

ColorationofcrystaユswasmadewithX。raysfromatungsten

targettubeoperatedat401{Vand20mAthroughaberyllium

windowofthecryostatThecolorationwasalwayscarriedout

nearroomtemperatureaftertheluminescenceintheuncolored

crystalhadbeenmeasuredatlowtemperatures・Beforethe

crystalwascolored,andaftereachstepofcoloration,trans-

mittanceoflightatvariouswavelengthswasmeasuredat78K

inordertoestimatethedensityofproduceddefects.Thecolor_

ationdidnotOccuruniformlyintothecrystal,butitseemedto

occurapparentlydeepenoughcomparedwiththepenetrationdepth

ofthemOnochromatユcuv-lightusedfor工uminescenceexcitation.
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ThenumberofF-centerwasestimatedapProximatelyfromthe

opt}icaldensityofF-absorptionbandwlthuseofSmakula曾s

formula.Theirradiationwithuv。1ightduringluminescence

studlesbroughtnegligibleeffectonthedefectconcentration.

53.ExperimentalResults

Underirradiationwithuv-lightinthefundamenta!ab-

sorptionregion,KIluminesceswithhighefficiencybelow

～100K
。Twoemiss工onbandsaremainlyinducedat3.31eVand

4.10eVunderexcitationintheinterbandtransitionregion,

whileanemissionbandat3.05eVisinducedespeciallybelow

～30Kinadditiontothe3 .31eVemissionunderexcitationin

l2)thefirstexcitonabsorptionbandregion
,TheSeemiSSiOn

bandshavebeenconfirmedtooriginatefromexcitedstatesofa

、e・f.t。apP。dex。it。n.13・14)Aft。 。th。 、。y,t。 ・wasc。 ・。。ed,

reductionintheintensityofeachoftheseemissionbandswas

observedatwholetemperaturerangebelow-・lOOK。NoapPreciable

changewasObservedinthepeakpositionorintheshapeof

thesebands.ThetotalintensityoftheseemユssiOnbandsis

usedhereafterastheintensityoftheSTEluminescence.

Excitationspectraofthetotalluminescencemeasuredat5K

f・ ・anun・ ・1…dKI(エ0)andf・rth…!・ ・ed・ne(1)・ ・e・h。wn

bysOlidcurvesinFig.1.HerethereflectionlOssatthe

crystalsurfacehasnotbeencOrrected.ThenumberofF-center

i。thec。 、。red,。y,t。 ・wa,e,tim。t。dt。b。 ・.72・ 、。!6/,m3

Rati・ ・fth・1・minescen・eint・n・ityエ/エOi・al…h・wnbyth・

brokencurveinFig・1・IntheupPerpartOfthefigurethe
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one-photonabsorptionspectrumatlOKmeasuredbyTeegarden

andB。 ・di。iユ5)andth。tw。-ph。t。 。 。b,。 。pti。n、p。,t。 。m。t4.2K

aswellasthelQcationofth・bandgapene「gyEggivenby

l6)areshownforcomparison
.ThevalueofHopfieldandWorlock

th・ ・ati・ エ/10i…ea・e・withrai・ ユ・gth・ph・t。nenergyof

excitationfrorn～6.2eVwhichisintheneighborhoodofthe

thresholdfortwo-photonabsorption.

工ntrinsicluminescenceofRb工observedbelow～70Kconsists

l7)ofthreeemissi
onbandsat3.95eV,3.14eVand2.30eV

The3.95eVemissionisabsentinthecaseofexcitationinthe

firstexCitonabsorptionregion。Excitationspectraofthe

totalluminescencemeasuredat5KforanuncoloredRbI(10)

andforthecolOredone(1)areshownbysolidcurvesinFig.2

Th・b・ ・kencu「veshOw・th・ ・atio・fth・int・n・ityl/10・Here

th。n。mb。 。 。fF.。ent。 。i。thec。1。 。ed。 。y。t。 、wa。 、.、8・!016/

,m3・ne.andt・ ・-ph。t・nab・ 。。pti。 。 。p。,t。aandth。bandg。p

en。rgyl5・18)。 。ea・ 、。,h。wnf。 。,。mp。 。i,。n.Th。i。,。ea,ein

th・value。fl/エ0・pPear・ab。ve-6・1・V・hi・hi・i・th・n・ighb・ ・-

hoodofthetwo-photonabsorptionedge,anditisa!sonearly

coincidentwiththethresholdforintrinsicphotOcondしLctivity

mea,。 。edbyH。g9。ttandTeegard。n.!9)エtisc・ea。i。b。thK、

andRblthattheluminescenceisstrOnglyquenchedbycoloration

especialユywhentheluminescenceisexcitedaroundthefirst

excitonabsorptionband.

工tshouldbenOtedthat,inthecaseofexcitationabOve

ヤ6.2eVfOrK工orabove～6.⊥eVforRb工 、theluminescence

ユntensityrisessomewhatslowlytoastatiOnaryvaluewhenthe
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excitinglightisturnedonfirstaftercoloration.Thetime

periodforreachingthestationarYvaluebecomeslongerasthe

excitinglightintensitydecreases.Aftertheluminescence

intensityreachesoncethesaturatedvalue,theresponseis

instantaneouswhentheexcitinglightisturnedofforturned

onagain.Suchinitialslowbuild-upoftheluminescence

intensityinthecoloredcrystaldoesnOtappearunderexci-

tation工ntheexcitonbandregion.Itissuggestedfrom

observationofthesimilareffectinimpurity-dopedalkali

h。lid。 、20・21)th。tthesl。wb。ild.up。fth。 ・。mine。cencei。due

totrappingoffreee!ectronsandholesbysomecenterscreated

withX-rayirradiationwhichmaybeassociatedwithtracesof

impuritiesInthepresentpaper,theluminescenceintensityρ
ofcoloredcrystalsIisaiwaysgivenbythesaturatedva!ue.

ThetotalluminescenceintensityinanuncoloredK工is

・・arユy・ ・n・tan・b… 羨8・K,'2)・hi・ ・i・d・p・ndsst…g・y・n

temperatureincOloredcrystalsespeciallyiftheexcitatiOnis

madeinthefirstexcitonabsorptionbandregion.Typical

examplesareshowninFig.3.Thetemperaturedependence

obtainedunderexcitationwith6.OleVphOtonsisshOwnin(a),

andthatobtaユnedunderexcitationwith637eVphOtonsis

shownin(b)ThenumberofF-centerinthecoloredcrystal

wa,3.64・ 、・16/,m3i。b。th(。)and(b)Fig。 。。4。h。w、the

t・mp・ratured・p・nd・n・e・fth・int・n・ityrati・ エ/エ0・btain・d

frOmvaluesinFig.3.ClosedcirclesandOpencirclescOrre_

spondtovaluesObtainedfOr6・OleVexcitationandfor6.37eV

ex・it・ti・n,…p・ ・tive・yTheex・it・ti・na・6… 鍵ypユ ・a・ ・f
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theexcitationintheexcitonband.工twasconfirmedthatthe

temp・ratur・d・pend・nce・fl/10i・'q・it・ ・imilartothe「esult

for6.OleVexcitationasfarastheexcitat工onismadeinthe

曇
highenergysideofthefirstexcitonabsorptionband,wh工le

thetemperaturedependencebecomesweakasthephotonenergyof

excitat工onisraisedtowar(ユtheinterbandtransitionregion

beyondthefirstexcitonband.Theexcitationat6.37eVis

typicaloftheinterbandexcitation.

一 一 一 一 一 一 一 一 一 一 一 一 一 一一 一 一 一 一 一 一 一 一 一__繭 一 一 一_噂_囎 一__一 一 一 一 一 一 一 一 一 一 一 一 ロ ー 一 一 一 一 一 一 一 一 一 一 一 一

曇Thestudyoftheluminescencequenchingunderexcitationin

thelowenergysideofthefirstexcitonbandisomittedinthe

presentwork.Becauseastrongabsorptionchangeisinducedby

。。1。 。ati。 。 ユ。thisen。 。gy。egi。nwhi,hisca・1。dY.b。 。d,22)and

itbringsunavoidablecomplications。

InthecaseofRb工thetota!ユuminescenceintensityinan

uncoloredcrystalisnearlyconstantbe!ow～60K,whilethe

intensityinthecoloredonevarieswithtemperatureinasimi!ar

waytothecaseofK工 。 「remperaturedependenceoftheintensity

ratio工/工Oobtainedunderexcitationintheexcitonband(5。98

eV)andunderexcユtatユonabovethebandgapenergy(6.26eV)is

shownbyclosedcirclesandOpencircles,respectively,inFig.5.

H。r。th。n・mb…fF-cent・ ・i・th。,。 ・。。ed。 。y,t。li。1.85.IOI6

/・m3エt・pP・a・ ・i・b・thKエ ・・dRb・th・tth。,t。 。ngt。mp。 。at。 。e

dependenceoftheユuminescencequenchユngischaracteristicof

eXCitOneXCitatiOn.

Quenchingofluminescencebycolorationdependsalsoonthe
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densityofdefects.ColorationwithX-raysatroomtemperature

P。 。d。,e,m。in・yF.,ent。 。andV-,eht。 。.22)Si・ ・e・pti・aエ

absorptionmeasurementsprovedthatV--centersareproduced工n

numbersproportionaltoF-centers,thenumberofF-centeris

usedhereasameasureofthedefectconcentration.The

quantities[(エ0/エ)-1]deri・ ・df・ ・mvaユue・ 。fエ/エOobtained

atvarioustemperaturesunderexcitationwith6.OleVphotons

areplottedasafunctionofF-centerdensityinFig.6。Itis

seenth・tval・ …f[(エ0/エ)-1]d・p・ndlinearly。nF-一 ・ente「

density・s・thatth・rati。1/エ0・anb・givenby

I/エ ・=

、.'。.nF・(1)

herenFistheF-centerdensityandα ユsaconstant・InFig。7

valuesof[(10/工)-1】obtainedat5Kareplottedagainst

F-centerdensity工nvariouscasesofdifferentvaluesof

excitationenergy(6.OleV,6.26eV,6.37eVand656eV)

Thevaluesobtainedfor6.26eV,6.37eVand6.56eVexcitation

aresomewhatapartfromthelinearrelatiOnincontrasttothe

caseof6.OleVexcitationasshownbydashedcurvesSimilar

resultswereobtainedforRbl.Therelation(1)wasconfirmed

tobeapplicablewhentheexcitationwasmadeintheexciton

bandregi。n。fRbエbelow-60K.

InadditiontoexPerimentsonthelu「ninescenceintensity

asshownabove,decaytimeofthe3・31eVemissionandofthe

3.05eVemユssionincolOredK工wasmeasuredat5Kand78K

withuseofapulsedlightfromasparksOurce-AllOfObserved
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decaycurvesweresingleexponentialintimerangelongerthan

～lL」sec
.afterpulsedexcitation.Noappreciablechangewas

foundtobeinducedbycolorationinthedecaytimeofeach

emissionevenwhentheintensityofeachemissionwasreduced

bycoユorationdQwnto⊥/10Thedecaytimeofthe3.31eV

emissionat78Kwas～!.8りsec.irrespectiveofthephotonenergy

ofexcitatlonbetween5.8eVand65eVAt5Kthedecaytimeコし
ofthe3.05eVemiss工onexcitedwith6.OeVphotonsandthatof

the3.3ユeVemissionexcitedwith6.5eVphotonswere～6.0レsec.

and～5.5りsec.,respectively-Thesevaluesareequaltothose

measuredintheuncoloredcrystal,andarenearlycoincident

l4,23)
withthosereportedbyotherauthors.

§4.AnalysisandDiscussion

工rradiationwithX-raysnearroomtemperatureproducesnot

8)
onlyF-centersbutalsoV-centers.Goldsteinfoundthatno

luminescencequenchingoccursinthecaseofelectrolytically

coloredK工,andconcludedthatthedefectwhichplaysaroleon

theluminescencequenchingユsnotanisolatedF-center・The

24)
reportedtheluminescencepresentauthorandhiscoworkers

qしLenchinginK工inducedbyuv-coloratiOnbelow～200K,and

showedthatthequenchingphenOmenonisconcernedwiththe

presenceofvacanciesOrV-centersAsvacanciesarenotstable

atrOomtemperature,ユtmustbetrueinthepresentcasethat

thepresenceofV-centersisrespOnsibユefortheluminescence

quenehing.

OpticalabsorptionbandduetoV-centersapPears£rOm～2・5
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eVto～5.OeVwithnowell-definedstructureinbothKIand

Rb工.MostofintrinsicemissionbandsapPearintheenergy

regionoftheV-absorptionbandofeachcrysta1,sothatone

mightconsiderthattheobservedreductionintheluminescence

intens工tyisduetoreabsorptionofemittedphotonsbyV-・centers・

However,ifitweretrue,theremarkabledependenceofthe

luminescenceintensityincoloredcrystalsontheexcitation

energyorontemperatureshouldnotbeexpected。Astheoptical

densityofV-absorptionbandmeasuredinthepresentexperiment

isverysmall(lessthan～0.05),thereabsorptioneffectis

consユderedtobenegligible.

DecaytimemeasurementsperformedforK工supPortsthe

inferencethatthenonradiativeannihilationofintrinsicρ
exCitationoccursnotthroughrelaxedexcitedstatesfromwhich

photonsareemitted.工fitwerethecase,thedecaytimeof

theemissionshouldbereducedbycoloration.Asmentionedin

theprecedingsection,behaviorsoftheluminescenceqしienching

bycolorationdependonwhethertheexcitationismadeinthe

excitonbandorintheinterbandtransitionregion。Thisalso

suggeststhattheannihユlationprocessoecursnotthroughthe

S[1]Estatebutinanearlystagebeforetheself-trapping.

4.ユExcitatゴ.onintheexcitonband

Letusfirstdiscusstheluminescencequenchingobserved

underexcitationユntheexcitonabsorptionregionwithuseof'

asimpleexcitondecaymodel.Name工y,!etusassumethata

partofexcitOnsareannihilatednOnradiative!ywithaproba_
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bilityl/・Dduet・th・i・t・ ・a・ti。nwithV-・ent…;1・tl/τst

betheprobabilityofexcitonrelaxationtoSTEstates3and

bethatofothernonradiativedecays.Ifweassumeユetl/τ
nr

thatthetotalintensityoftheS[1]Eluminescenceisproportユonal

t・1/τ
st・th・int・n・ityl・anbeexpressedby

エct、/τ

st.舞.、/,nr(2)

エnadditi・n・assumingthatl/・Di・pr。P・ ・ti・nalt。theconcen-

trationofV・-centers,andsothattotheconcentrationofF=

cent…(1/・D=・ ・nF)・andth・t・
n。>〉 τst… 。bt・i・th・re一

ユation

エ/エ・ ・ … ≒

st・nF(3)

Thi,i。thesimi、 。。 。。、。ti。na,th。td。 。ivedbyG。 ・d,t。in8)in

ordertoexplainhisexperimentalresultsobtainedat77K.

Therelation(3)coincideswユththeexperimentalre!ation(1)

toα.ifweputc・τ
st

Temperatur・d・p・nd・n・e・fthevalue・fc'τstcanbeesti-

mat・dfr・mthat・fm・a・ur・dl/エOacc・rdingt。therelati・n(3)

Theobtainedvaユuesareplottedasafunctionofl/TinFig.8

(a)and(b)Th・t・mp・rat…d・p・nd・n・e・fcτstf・rea・h

CrystalcanbeapProximatedbytherelation

-1
=[A+B・exp(一 △E/kT)](勾)C'■

st

12



SolidcurvesinFig.8(a)and(b)representthisrelation,

whereconstantsA,Band△Earechbsensoastofittheexperi-

mentalpointsofeachcrystal.Valuesofenergy△Echosenhere

arel8.0士0.5meV,andl2.2士0.5meVforKIandforRbl,

respectively.

Ass・mingth・tth・p・ 。b・b且ityl/・D(=c・ ・F)i・ エ・d・pendent

oftemPerature,onecanattributethetemperaturedependenceof

、

c● τstt。th・t。fτ
st・and・ 。th・tth・ ・elf-t・apPi・gP・ 。bability

l/τ
st・anb・ ・ep・esent・df・ 。mth・ ・el・ti・n(4)・ ・th・f・rm

l/τst=1/τsto+vexp(一 △E/kT).(5)

Thisre].ationimpliesthatametastablefreeexcitonstateexists

aboveSTEstatesseparatedbyapotentialbarrier△E。Relaxation

ofexcitonstoSTEstatesoccursontheonehandwithaproba-

biユ エtyl/τst。whi・hi・ エnd・pend・nt。ft・mp・ ・at・ …and・nth・

σtherhandoccursthermallyoverthepotentialbarrier.This

。。n。1。 、ユ。n・sc。 。,i,t。nt。ithhyp。th。,e,gi。 。nby。th。rauth。 。。2-7)

mentionedin§1.Itcanbetentativelysaidthatthetemperature

dependenceoftheluminescencequenchingisgovernedbythatof

self-trapPingprobabilityofexcitons.Apartofexcitonsare

trappedandannihilatedrlearV-centersitesefficientlyat

lowertemperaturesbecausetheystayatthemetastablestate-

ThisleadstothestrongreductionintheSTE!uminescence.On

theotherhand,theincreaseintheself-trapPingProbability

withtheriseoftemperaturegivesrisetotherecoveryofthe

lUmineSCenCeintenSity,

Theaboveconclusユon,whichisbasedontheassumption
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thatth・p・ ・b・bilityl/・D(=…F)i・i・d・p・ndent・ftempe「-

ature,iswellsupportedbyapreviouspaperontheedgeemission

inKエandRbl.25)エtwa。f。undth。tth。t。mp。 。。t。 。ed。pend・n・e

oftheintensityoftheedgeemissionisquitesimilartothat

・f・ ・τst・h・wninFig・8・Theeffi・ien・y。ftheedgeemissi。n

wa・apP・ ・xim・t・lygivenbyτ
st/・ 。 ・wh・ … 。i・the「adiative

lifetimeofafreeexciton.Thegoodagreementbetweenthe

、
t・mpe・at…d・p・nd・n・e。fτst/・

rand・fc● τst・uggestSthatthe

temperaturedependenceofbothquantitiescomesfromthatof

τstasgivenbytherelation(5)・

4.2Excitationintheinterbandtransitionregion

Asthephotonenergyofexcitationisraisedtowardthe

int・rbandtran・iti・n・ ・gユ ・n・th・i・t・n・ity・ati。 エ/10mea…ed

at5KincreasesasshowninFigsland2aswellasthetemper-

aturedependenceof工/工ObecomesweakasshowninFigs・4and5・

Letusassumethatpaゴ.rsofconductionelectronsandholes

createdwithopticalexcユtationre!axtoSTEstatesthroughthe

followingtwoprocesses.(1)Theholesarelocalizedtoform

・elf-trapP・dh・les(Vk-・ent…)andth・n・ec・mbinati・n。f

electronswithseユf-trappedholesproducesSTEstates.(2)A

partofelectron-holepairsimmediatelycreatethelowestfree

excitonswhichユsfollowedbytherelaxationtoSTEstates.

Th・!・minescenceint・n・ityエOi・th・ngivenby

エ。 ・ ・。「e+エ 。ex

H… エ。「ei・th・i・t…ity。f・h…mユnescencei・d・ ・ed・h・ ・ugh

l4



existhatinducedtheformerprocess
mentionedabove,andIO

throughthelatterprocess.TheIUminescenceintensityIin

thecoloredcrystalisgivenby

工=工 「e+工ex.

FromthetwoeqしLationsweobtaユn

・/エ 。 ・Y・(・ex/・ 。ex)・(・-Y)(・ 「e/・ 。「e),(6)

where

Y・ ・。ex/エ 。 ・

whichcorrespondstotheproductionrateofthelowestfree

exciton.

Th・t・mp・ratur・d・p・nd・n・e。fエ/エ00btainedunderexci-

tatゴ.onintheinterbandtransitionregioncanbeexplainedin

termsofthereユation(6)Ontheassumptionthatthefraction

exex
Yisindependentoftemperatureandthattheva=Lueof工/工O

dependsontemperatureinthesamewayastheintensityratio

I/10・bt・in・dユ ・th・ ・aseofex・it・nex・itati・n・ エnth・ ・a・e

ofK工thesolidcurveinFig.4alongexperimentalpointsfor

637eVexcitationisthecalculatedcurvewithuseofthe

・・1・ti・n(6)H・ ・evalue・ 。fエ/10・bt・i・ ・df。 ・6・Ol・Vex・i-

exex
/工tat工onhavebeenusedasthevaluesof工TheratioO

・「e/・ 。「eh・ ・beent・nt・tive・yassum・d・ ・b・i・d・p・nd・n・ ・f

t・mp・ ・atur・ ・Th・va・ ・e・fYandth…fエ 「e/エ 。「ech・ ・en・ ・a・

toflttheexperimentalpOユntsareO・21andO・23,respectively,

inthiscase.Thesimilaranalysiswasab工etoperfonninthe

l5



caseofRb工.Thesolidcurvealongexperimentalpointsfor

6.26eVexcitationinFig.5isthecalculatedcurvefromthe

relation(6).ThevalueofYestimatedisO.15.

Severaldat・ ・fth・t・mp・ratur・d・p・nd…e・fl/10were

obtainedinKIundervariOusexcitationnearandabovetheband

gapenergyTheseresultswereal!possib!etobeanalyzedin

thesamewayasabovewithuseOftherelation(6)basedor〕the

ass・mpti。 ・th・tth・ ・a・i・ エ「e/・ 。「ei・i・d・p・nd・nt・ft・mp・ ・a…e・

ValuesofYchosenintheseanalysesarepresentedinTab!eI

forseveralcasesofdifferentexcitationenergy.工tislikely

thattheproductiOnrateofthelowestfreeexcitonislessthan

l/100fthetotalexcitat工onwhentheexcitationismadefarabove

26)th
ebandgapenergy.Nouailhatetal.reportedthatthe

quenchingofluminescencebycolorationisnearlyindependentof

temperatureinK工underexcitatiOnwithelectrOnbeam.This

seemsconsistentwiththepresentresultThedependenceofthe

fractiOnYonexcitationenergyobtainedhereisconsistentwith

27)thattheefficiencyofthe
edgeluminescencetheobservation

stユmulatedwithuv-lightdecreasessharplywithraisingthe

photonenergyOfexcitatj.onfromtheexcユtonbandregiontOward

theinterbandtransitionregiOn.

Th・valu・ ・f[(エ0/エ)-1]・bt・i・ ・dund・ ・ex・it・ti・ni・

theinterbandtransitiOnregiOnapPearsnottObelinear・against

F-centercOncentrationasshOwninFig.7SuchafactalsO

canbeexpectedfromtherelation(6)Itisclear}thatthe

・ati。 エ/エOd・es・ 。t・ ・i・ ・id・withth…1・tユ ・n(1)ifth・

・…ent・a…nd・p・nd…e・f・ 「e/エ 。「ei・diff・ ・e・t・'・ ・m・h…f

16



・ex/・ 。ex・

工tisconcludedthatpairsof`cunductionelectronsand

holescreatedinitiallywithexcitationintheinterbandtransi-

tionregionre!axtoS[1]EstatesthrOughthetwoprocesses

mentionedaboveA!argepartofthemrecombinetoformthe

STEdirectlywithoutpassingthroughthelowest(metastable)

freeexcitonstate.ThethermalactivatiOnprocessisnot

invOlvedinthisproc6ss,andtheprobabilityoftherecombi-

nationmustbeindependentoftemperatureincontrasttothe

caseofexcユtonexcitation.Beforethere⊥axationtoformthe

STEthrOugheitherofthetwoprOcesses,apartofexcitonsor

OfpairsOfconductionelectronsandholesarearlnihilated

nonradiativelyduetotheinteractionwithV-centers,which

leadstothequenchingOf!uminescence.Differencesinthe

behaviOrOftheluminescencequenchingobservedwithchanging

thephotOnenergyofexcitatiOnfromthefirstexcitonabsorption

bandintotheinterbandtransitionregiOncanbeattributedtO

thechangeintheproductiOnrateofthelOwestfreeexciton.

ItshouldbenotedthatthereexsユstabsOrptiOnbandsdueto

higherstatesofexcitOnsintheinterbandtransitiOnregiOn.

However,noapPreciableincreaseapPearedinther)rOduction

rateOfthelowestfreeexcitOnYunderexcitationゴ.nthese

bandsThecreatiOnOfhigherstatesOfexcitOnsisnotabユe

tobedistinguishedfrOmthecreationOffreeelectrOn-hole

コ

pa■rs・
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Figure

Fig.1

Fig・2.

Fig.3・

Captlons

ExcitationspectraofthetotalluminescencemeasuPed

at5KillanuncoloredKI(10)andinthecolo「edone

(工)Brokencurveshowsthespectrumoftheintensity

・ati・1/1。TheF-cent・ ・ …cenし ・ati。 ・i・thecol。 「ed

,。y、t。 ・i、 ユ72・ 、・16/、m3An・ 。wsi。di,at。th・b・ ・d-

passoftheexcitingmonochrOmator.One-andtwo=

photonabsOrptionspectraandthelOcationoftheband

gapene「gyEgareshownfo「compa「 ユsonintheし'pPer

part.

ExcitationspectraofthetOtalluminescencemeasured

at5Kina・ ・nc。1・redRbエ(10)・ ・di・the・ ・1・ ・'・done

(1)BrOkencurveshowsthespectrumOftheintensity

rati・1/10Th・F-・ent・ …n・entrati・ ・i・th・ ・olo「ed

。。y。t。 ・i、 ユ ・8… エ6/,m3.A。 。 。w、i。di,at。th。band.

passoftheexcitingmonochromatorOne-andtwo=

photOnabsorptionspectraandthe!ocatiOnoftheband

gapene「gyEga「eshownfo「c。mpa「isonユntheupPe「

part.

TemperaturedependenceofthetOta!luminescencein-

ten・ityinanu…1・redKI(10)・ndユ ・th…1・ ・ed・ne

(1)measuredunderexc土tationwith6,01eVphotons(a)

andwith637eVphotOns(b)「rheF-centerconcen-

、。a、i。 。 、。 、h。,。 、。。e,1,。y。t。 、i、3.614・ 、・16/,m3f。r

bQth(a)and(b)
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Fig.4.

Fig.5.

Fユ9.6.

Fig.7

Fユ9.8

T・mp・ ・atu・ed・p・ndence・fth・i・t・n・ityrati・ エ/エO

obtainedfromvaluesinF風9.3for6.OleVexcitation

(closedcircles)andfor6.37eVexcitation(open

circles).Thesolidcurvealongexperimentalpoints

for6.37eVexcitatiorユisthecalculatedoneinthe

text.

Temperaturedependenceoftheratioofthe二Lumゴ.nescence

intensityinacoloredRb工tothatintheuncoloredone

)obtainedunderexcitationwith5.98eVphotons(工/10

(closedcirc!es)andwith6.26eVphotons(opencirc=Les).

TheF-centerconcentrationinthecoloredcrystalis

・.85…16/。m3i。b。th。a、e,.Th。 。。・id,u。vea・ 。。g

experimentalpointsfOr6.26eVexcitationユsthe

calcu!atedoneinthetext

Pl。t・fquantiti・ ・[(エ0/1)-1]・bt・i・ ・dinKI・ ・a

functionoftheF-centerconcentration.Thelumi-

nescenceintensity・10andI・wasmeasuredunder6・OleV

excitationatvarioustemperaturesgiveninthefigure.

Plotofquantities[(工0/工)-1]ObtainedinK工at5K

asafunctionoftheF-centercOncentratiOn.PhOtOn

energiesofthe!uminescenceexcitatiOnaregivenin

thefユgure

plottedasafunctiOnofl/Tobt,rLiriedThevalueOfc・τst

fOrKI(a)andforRb工(b)Thesolidcurveineach

figurerepresentsthecalcu工atedcurveinthetext.
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TableI.「rheproductionrateofthelowest

variousexcitationenergiesinKI.

fpeeexcitonYfor

photonenergy

ofexcitation

Y

6.26eV

、O.Ll6

6.37eV

0.21

656eV

0.13

7.00eV

0.08
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