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Thedepthdistributionof disorderproducedby roomtemperature30 keV Ar~andC1~ion irradiationof siliconwas
monitoredby high depthresolutionRutherfordbackscattering—channellingtechniques.A bimodaldepthdistributionof
disorderwasobservedandundercertainimplantationconditionsa cleardependenceof the magnitudeof disorderupon in-
cidention flux noted.

It hasrecentlybeenreportedthat for light ions,a wasoperatedin a broadline beammodeby usingade-
bimodaldepthdistribution of disorderresultedunder fining aperturewhichselectedthecentral~ cm core of
certain implantationconditionsof ion flux and fluence thebeam.Measurementsof thebeamprofile revealed
[1—3]. In particularit was demonstratedthat light ions a slight non-uniformity (‘~10%),andthereforea small
includingN, B, He, generateabimodaldepthdistribu- 50 Hz sinusoidalperturbationwasappliedto thebeam
tion, while thiswas apparentlyabsentin thecaseof sothat improveduniformity of implantationresulted.
mediumand heavymassimplantssuchasCl, P, Ar, Xe Thisperturbationdid not constitutea full beam“sweep”
[2,3] . Studiesof thedepthdistributionof disorder howeversincethemodulationonly extendedtheim-
createdby mediummassionsshouldprovidemore plantedwidthby 10%relativeto the unperturbedbeam
valuableinformation on themechanismof defectfor- width. Implantationat selectedfluenceswere repeated
mation,processesofdefectaccumulation,andselfinter- by varyingthebeamcurrentthus leadingto different
actionof defectsandimpurities.Therefore;the prime flux conditionsin the range1—10 jiA/cm2. RBSana-
aim of the presentstudywasto identify whether lysis employed2 MeV 4He~ions, takenwithaligned
mediummassions (suchas Ar~and CP),whichhave (111) andrandomspectra,with the ingoingbeamat
earlierbeenreportedto haveno bimodal [2,3] depth normal incidenceandthe outgoingbeammakinga low
distribution,do exhibit suchadepthdistributionby angle (‘- 10°)with thetargetsurface.Thisgeometry
usinga recentlydevelopedandmoreaccuratetechni- providesan improvementin depthresolutionby a
queof combiningchannellingandlow angleexit geo- factorof~5,to the order of~-4OA.
metryRutherfordbackscattering. Investigationof the disorderedstructureof the sur-

A seriesof (ill) silicon singlecrystalswere im- faceregion asa function of depthafter Ar+ andCP~
plantedat 12°off the surfacenormal,at room tempera- bombardmentwith a dc beamshowedthatin a definite
ture,with 30 keV Ar+ andCl+ ionsin the University rangeof ion fluencesanda fixedion flux a bimodal
of Salford isotopeseparator.Ion fluencesbetween depthdistribution of disorderis observed.Fig. 1 shows
3 X 1013 cm2 and 1 X 1014cm2 wereusedand theresult of aseriesof alignedlow-angleexit analyses
greatcarewastakento ascertainthat the Ar and Cl following 30 keV Ar~bombardmentwithadcbeamfor
beamswere free from impuritiesandthat the ion flux ion fluenceover the range3 X l0~—1 X 1014ions
(beamcurrent)wasmaintainedconstant(to within cm2 andfor anion flux of 10 pA cm2.The major
±10%).The sampleswere implantedeitherwith a dc featureof fig. 1 is that thedeeperpeakof thebimodal
beamor a sweptbeamof 100 Hz. The dc ion beam depthdistribution of disorderincreasesrapidlywith ion
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Fig. 1. Low angleexit (10°)alignedtill) RBS spectrafrom (111) silicon samples,implantedwith 30 keV40Ar~usinga dcbeam
ata flux of 10 ~zAcm2 and fluencesof(.) virgin, X —3 X 1013 ions cm2,+5 X 1013 ionscm2, 07 x 1013 ionscm2,~ 1 x 1014
ionscm2. Analysesby 2 MeV 4He~.

fluenceand thesurfacepeakincreasesslowly until at or absentfollowing 30 keY Ar+ andCl~bombardment
highion fluence(—1 X 1014 ion cm2) the peaks with sweptbeamsof 100 Hz with similaraveragefluxes
mergeand thedisorderapproachesthatof a continu- to thedc casebutwith muchhigher instantaneous
ously amorphouslayer. Thisbehaviourwas, however, fluxesandundersimilar experimentalconditions,as
found to be ion flux dependentat a given ion fluence. shownin fig. 3 for a rangeof ion fluxes(1—10 pA cm2).
Thus fig. 2 showsthat following 30 keV C1~bombard- It shouldbe notedthat the flux effect for Ar~and C1~
mentwith a dc beam,andan ion fluenceof 5 X 1013 ions,althoughreal,is muchweakerthan thecorre-
ion cm2,thedeeperpeakof thedepthdistribution spondingeffectfor N~ionswhereit wasobservedthat
of disorderincreasesin magnitudewith increasingion thedisordergeneratedcontinuedto increaserapidly
flux. Such a behaviourwas foundto bemuchweaker with increasingflux at a given fluencewhereasfrom
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Fig. 2. Low angleexit (10°)aligned(111> RBS spectrafrom (111) siliconsamples,implantedwith 30 keVCl~usingdc beamata
fluenceof 5 x 1013 ion cm

2 andflux of’ virgin, A l~iAcm2, X 2~zAcm2, 0 l0j~Acm2. Analysesby 2 MeV 4He~.

figs. 2 and 3 it is evidentthat the doseratedependence the surfaceoxide.Someof thesedefectsmaycontri-
is a non-linearfunction of currentandprobablyap- buteto thenearsurfacepeak,althoughsincethemag-
proachesamaximumlevel at a doserate~10 pA cm2, nitude of the surfacepeakis less flux dependentthan
while thesweptbeamimplantationdataindicatethat the deeperpeakit seemsprobablethat the majorityof
disordermayevendecreaseat higherinstantaneous the surfacepeakresultsdirectly from enhanceddis-
doserate.The explanationof theseeffectsis not fully orderingeffectsin the regionof thestrainedsilicon—
evidentat present,but it seemsprobablethatduring oxideinterface.Suchdisorderenhancementeffects
implantation,bothsimplepointdefectsandamorphized havebeenreportedpreviouslyby Kool et al. [4] and
zonesareproducedby the radiation.At low ion fluence Aluned et al. [5] .As ion fluenceis increasedanddis-
thesepoint defectswhich are mobileat room tempera- orderedzonecreationis enhancedit would beexpected
ture diffuseto andmayannthilateor betrappedbelow that pointdefectscouldbe trappedbeforemigrationto
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Fig. 3. Low angleexit (10°)aligned(111) RBS spectrafrom (111) silicon samples,implantedwith 30 keVCI~usingsweptbeamat
a fluenceof ~ x 1013 ion cm

2 andflux of • virgin, X 1 ~A cm2, A 5 ~tAcm2, 0 10 ~sAcm2. Analysesby 2 MeV 4He~.

thesurface,whilst increasingtheion flux at a given fluenceof defectmigrationandclusteringwould beex-
fluencewould enhancethe probabilityof point defect pectedtoshowa strongerion flux effectwith the lighter
clustering,thus leadingto an increaseinstable observ- projectile,thanwith themediummassprojectilestudied
able disorderproduction.Formediummassprojectiles here,asisevidentby comparisonof thepresentdatawith
suchas Ar+ andCl~however,it wouldbeanticipated previouslyreportedstudieswithN+. Becauseof thedual
that themajorformof damageproductionwouldbe via natureof disorderproductionwith themediummasspro-
disorderzoneproductionandonly a minorcomponent jectilesandthecompetitionbetweenpointdefectgenera-
of thedisorderwouldbeproducedin simpledefectform tion, migrationto thedisorderzonesandcaptureoran-
whereaswith lighterionssuchas N~themajorcompon- nihilation andpointdefectagglomerationinto stable
entof disorderwouldbe inpointdefects.Thusthein- clusters,theflux dependencewouldbeexpectedtobe
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morecomplexfor themediummassionsthanfor the modesof amorphization,a comparisonwith theearlier
lighter ions,asobserved.Clearly,however,thedoserate N+ results[1] doesindicatethat thereare probably
effectisnotnegligiblewith mediummassionsandthis two modesof disorderproductionwith simplerdefect
resultshouldbecontrastedwith earlierstudiedby Dennis generationdominatingfor lighter ion irradiationand
andHale [6] who concluded,from doseratevariation more complexdisorderbecomingincreasinglyimpor-
measurementsof bothlight (Nt) andheavy(Kr+) ion tant asthe projectilemassis increased.
bombardmentof Si, that disorderzoneproductionis In summary,theresultssuggestthatpoint defect
the totally dominantmechanisminboth light and productionprocessesin Si maybe assumingrather
heavyion inducedradiationdamagein Si. Thepresent moreimportanceevenwith intermediatemassions
dataindicatethat sucha model is notcompletely than hasbeenpreviouslyassumedand that, at an irra-
tenable,evenfor mediummassprojectilesat 300 K, diationtemperatureof 300 K a fraction of thepoint
whilst the earlierN~data[1] obtainedin our labora- defectsmaymigrateto andbe trappedat thesilicon—
toriesare totally incompatiblewithsucha model.A oxide interface,contributingto the nearsurfacepeak,
morereasonableexplanationwould appearto lie in and mayagglomerateto form stableclustersor may
termsof bothdisorderzoneand pointdefectcreation interactwith the amorphouszonesalso generatedby
and their interactionas wassuggestedby Nelson[7]. the irradiation.
Indeedearlierexperimentswith Kr+ bombardedGaAs
[8] (which is an approximatelyequalmassprojectile References
targetatomcase)andIn~implantedGaAs [9] also
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