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STUDY OF Vk CENTERSIN Cs! CRYSTAL
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Vk centershavebeenobservedin CsI dopedwith Na~andfl~afterX-ray
irradiationatLHeT usingopticalandEPRtechniques.It isshownthat
they areorientedalong[100] directions.By studyingthermoluminescence
two typesof thermalmigrationhavebeenfound,onedueto linear
displacementof the centersalongthe cubicaxisandthe otherdueto 90°
rotations.They correspondto two glow peaksat60 and90°Krespectively.

INTRODUCTION isolatedX2 ions) must beidenticalto themetastable

IN ALKAU halidecrystalsthefree holeswhichare statesformedby anelectronin presenceof apre.
producedby ionisingradiationare spontaneously existingVk center.

2Thepurposeof this work is to
trappedatlow temperatureto form a covalentbond prove directly the existenceof V,, centersin Cs! and
betweentwo adjacenthalideions(X~or Vk center). to obtaininformationon their thermalmobilities.
The electronscaneither recombinewith Vk centres
giving rise to thecharacteristicintrinsic emissionor PRODUCTIONAND IDENTIFICATION OF
canbe trappedat defectsalreadypresentin the Vk CENTERS
crystalor createdby theradiation.Thesetrapping
processesallow of thepossibility to havestableVk In CsI, defectssuch asvacancies,mterstitials,etc.
centers.Their numberis afunction of the concen- haveneverbeencreatedin a stableconfigurationunder
trationandof the efficiencyof the electrontraps. themost severeionisingirradiatingconditions(X, j3).

StableV,, centersshouldthereforebe observedin
V,, centershavebeenalreadyobservedand thissubstanceonly in dopedcrystalsafter irradiation

studiedin detail in severalalkali halidesof NaCl atlow temperature.We performedfor thispurpose
structureandin a numberof othercrystals.’ Their opticalmeasurementsof absorptionspectraafter
existencein alkali halidecrystalswith CsCl structure X-ray irradiationatLHeT of CsI dopedeitherwith
was neverexplicitly demonstratedthoughit canbe Ná~or with TI. The resultsare reportedin Fig. 1.
inferredindirectly. Since theoptical propertiesof thebandcenteredat

410 nm areindependentof thenatureof the impurity,
In the caseof pureCsI crystalsfor instance,two we attributethis bandto the u.v. transition

intrinsic luminescentcomponentsat290and338nm 2E~2E of Vk centres.We summarisein Table 1
areobservedeitherunderu.v. excitationin the relevantdatain connexionwith differentexperimental
excitomcbandsor underionisingradiation(x, j3) conditions.It can be observedthat Na~impurityappears
Sincetheemissionsare thesamein both casesthe asthemost efficientelectrontrapavailableyet.Several
relaxedexcitonstatesproduceddirectly (without the otherbandsappearatlongerwavelengthandtheir
_____________ number,positionandwidth arerelatedto the specific
* Visiting scientiston leave from the Institut National impurity introducedin the crystalasan electrontrap
desSciencesAppliquées,(I.N.S.A.)Villeurbanne, (720urnfor CsI: Na~,500 and620nm for Cs!: T1~).
France.
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Table1

Csl:Tl4 CsI:Na~

Origin K. Korth TeledyneIsotopes
Impurity concentrationin
themelt 1000ppm 200—300ppm
X-ray irradiationtimeat 10°K 20 mm i mm
(150kV, 10 mA, anodeW)
Absorptioncoefficientaat 410 nm 8.6cm~ 10.2 cm’
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A [nm3 FIG. 2. Dichroicabsorptionspectra(a[0l0] — a [0011)

for Vk centersobtainedby bleachingwith [001]
polarizedlight propagatingalong[100]direction.(a)

FIG. 1. Optical absorptionafter X-ray irradiationat Csl : Na~~ = 406 rim, (b) CsI : Tl~Xbl~Ch~flg
LHeT, (a) CsI:Na~,(b) Csl:T1~. = 606 nm.

To further provetheidentificationof the410 intrinsicrecombinationluminescenceat 290and
nm bandwith Vk centerabsorptionwe haveshownits 338 nm producedby optical excitationof thetraps
dichroismby bleachingwith light propagatingalong exhibitsa partial planepolarizationhavingessentially
the [100] directionandpolarizedalongthe [001] aacharacterwith respectto theaxisof the parent
direction.Wereportin Fig. 2 the dichroic spectrum Vk center.(PolarizationFe = (‘ii — JjJ/(Jii + I~)= 0.2).

~
10—a001in this region.The bandis centeredat

410nm (3.02eV) andits halfwidth is 0.35 eV. Up to
now no i.r. transitionhavebeenfoundfor Vk THERMAL MIGRATION OF Vk CENTERS
centersin this material. The thermoluminescenceof dopedCs!crystals

X or 13 irradiatedat LHeT showstwo peakshaving
WehavealsoperformedEPRmeasurementsto their maximaat 60 and90°Kfor a heatingrateof

showthatX~molecularions areeffectively created i .4°K/min.The ratio of the maximumintensities
in Cs!: Ná~andin Csl : Tl~.Theresonancespectrum dependson theimpurity concentrationandon the
of nonaligned Vk centersis given in Fig. 3. The irradiationdose.The emissionspectrumof both
elevenprominentlinessuggestindeedan interaction bandsis centeredat 420nm forCs!:Na~andis
with a total nuclearspinof 5 (nuclearspin for 127j is identical to theemissionattributedto theradiative
5/2,naturalabundance100per cent). It is possible recombinationoflocalisedexcitonsin the neighbour-
to showby EPRthat afterpolarizedbleachingper- hoodof defectsassociatedwith this impurity.

4 For
formedunderthe sameconditionsasdescribedin CsI : Tl~thelocation of the emissionis specifically
Fig. 2 oneobtainsa V,, centersystemalmostcorn- relatedto thenatureof this impurity (560nm). The
pletely alignedin a specific direction.3 glow peaksare reportedin Fig. 4. We maynotethat

in similarexperimentsof thermoluminescencein NaCJ
It isworthwhile to mentionalso that in CsI:Na~ structurealkali halidesonly oneglow peakis observed

havingaligned Vh centersin a [1001 directionthe whichcorrespondsto the rotationalmobility by 60°

jumps.5
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FIG. 3. EPRspectrumof unalignedV,, centersin CsI : Tl~.fill [100], ~= 9.523GHz.

servedtheir alignrnentpropertiesalongthe [100] direc-
tions.We concludethenthat the first glow peakcorres-

______ ________________________________ pondsto alinear migrationof V,, centers(0°jumps).
Similar experimentsshowthat the secondglow peak
correspondsto migrationof V,, centersby 90°jumps
with reorientation.

i~~r\NH//T\~~
After thermalannealingat l20°Kall the Vk

centershavedisappeared.Their destructionhas
______ ______ occurredeitherradiatively(glow peaks)or by capture

50 60 70 ab do T (KJ on unknownsitesasobservedby theappearanceof
new optical absorptionbands(e.g.380 nmin Csl : N?).

FIG. 4. Glow curve for Csl : N?after 1/4 mm Thisgives riseto severalotherglow peaksfor T> 120°K.
irradiationj3 at LHeT.

Let usnotethat this double thermalmobility has

The thermoluminescencepropertiescanbe alreadybeenobservedin othercrystalswith CsC1
explainedby a doublemigrationof thermally activated structurelike SrF2,BaF2 andNH4 Cl.’ Thereis also
Vk centersfollowed by a radiativerecombinationwith preliminaryevidencethat the samemechanismof
the trappedelectrons.Similar measurementsperformed doublemobility is commonto V,, centersin all alkali
with analigned Vk centersystemshow a netpolar- halideswith CsC1 structure.

36
isationof the first glow peakwhich disappearson the
low temperatureside of the secondglow peak.On the
otherhand,opticalabsorptionandEPRspectrameasured Acknowledgements— We are indebtedto Mr. J.-J.Pilloud,Universit~de Neuchâtel,for allowing us to
at LHeT afterthermalannealingat 70°Kpresentonly usehisEPRresultsprior to their publicationand
a globalreductionof their intensities.This important ProfessorF. Bassanifor valuable discussions.This
result meansthat theremainingV,, centershavecon- work is supportedby theSwissNational Foundation.
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Les centresVh ont ~ observesdansCsI doteen N?etTI~aprèsirradiation
X a 4°Kpar desmCthodesoptiquesetRPE.LescentresV,, sont orientCs
selonles directions[100]. L’Ctude de la thermoluminescenceareveledeux
typesdemigration thermique,unepremiereduea un dCplacementlineaire
descentresetunedeuxiêmepar rotationde 90°.On leur attribuedeux pics
de thermotuminescencea 60 et a 90°Krespectivement.


