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We presenta summaryof somepublishedresultsconcerningthe preparationand study of

the propertiesof CeO buffer layerson R-planeAl O . Further we discusssomeof our
resultswhich concernto CeO Ims preparedby electrongun-evaporation,by on-axisrf

magnetrorsputteringn mixtureof Ar andO andby off-axisrf diodesputteringn pureoxy-

gen. As-depositedims shav granularstructureexceptfor Ims preparecby electrongun-
evaporationwhich alreadyconsistof rectangulablocks. Atomic Force Microscopy (AFM)

revealsthatthepresencef evennegligible (111) parasiticpeakin X-ray diffractionspectrum
of the as-depositedms stronglyin uencesthe rocking curve and surfacemorphologyaf-

ter post-depositiorheattreatmentn air. The post-annealingsuppresg111) peakin X-ray

spectrumhowever, the rocking curesandAFM resultsdiffer dependingon the methodof

preparation Somerocking curvesseento be a superpositiorof a very narrav rockingcurve

(0.04 ) with abroaderne(0.5-1.4). Theorigin of suchbehaiour is discussed.

PACS: 68.55.-a,/7.55.+f

1 Intr oduction

Ceriumoxide (CeO) thin Ims aregoodbuffer layersfor the growth of superconducting
YBa Cu O (YBCO)andTl-basedhin Ims onsapphiresubstrate§l-10]. CeO Ims prevent
interdiffusionandprovide goodIattice matchingto the superconductingms. In this paperwe
compardifferentdepositionmethodsfor the CeO Ims. Structuralpropertiesandthe surface
morphologyof thelayersarealsoanalyzed.
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2 Epitaxial Im deposition

CeO Ims canbegrown on R-cutAl O ( ) by awide variety of depositionmethodsand
canbeoptimizedto have very smoothsurfacemorphology The mostfrequentlyuseddeposition
techniquegor theCeO arepulsedlaserdeposition(PLD), sputteringandevaporation.

The Im depositionby PLD is carriedout by irradiationof a singletargetby afocusedaser
beam(e.g. KrF, =248nm,t=30ns)[2, 3,8]. Thetypical substratdemperaturas in the range
700-750C. Ceramictargetsare ablatedwith an enegy densityQ=1J/cm in anoxygenatmo-
sphere Pa. Main advantagesrehigh ratestoichiometricdepositionandprocesse xibility .
However PLD is limited to small areas(typically 1 cm ) andthe pulseddepositionhasoften
impactonthemorphology(droplets).

Sputterdepositionis widely usedfor the successfupreparatiorof the CeO Ims [1,6,7,
9,10]. The mostseriousproblemat this depositionmethodis resputteringdueto the presence
of oxygenionsin plasmawhich bombardthe substrate.The methodto avoid this problemis
to thermalizethe enepgetic specieshy sputteringat very high pressurd1, 10] or by using”off-
axis” [9] sputteringwherethe substratés positionedout of the high-enegy particles ux which
is directedmainly perpendiculato the target surface. We routinely useon-axis[10] and off-
axis[9] rf sputteringfrom a single,pressedindsinteredstoichiometridarget. In caseof on-axis
sputteringthe depositionof 60 nm thick CeO Im in a mixture of Ar andO at ratio of 4:1
andthe total pressureof 50 Pa wasused. The growth ratewas1 nm/min. Therf power on the
targetand substrateemperaturavere 80 W and 750 C, respectiely. Off-axis sputteringwas
usedfor the preparatiorof 15-100nmthick Ims. They weregrown atanrf power of 30 W and
at substrateemperature§40-800 C. A mixtureof Ar andO by volumel:1or pureO atthe
total gaspressureof 8 Pa wereusedassputteringgases.The growth rateswere 0.5 nm/minin
thegasmixtureand0.35nm/minin pureO .

Electronbeamevaporationof the CeO is a simplemethod[4, 5] enablingto prepardarge-
areaepitaxiallayers.However CeO canbereducedo nonstoichiometricCeO with

usingreducedxygenpartial pressureandhighertemperatureduringthe deposition.CeO
canbereoxidizedeasilyin atmospherioxygento form stoichiometricCeO [11]. In our case,
we have preparedCeO Ims by electrongun-ezaporationof ceramicCeO sourceat oxygen
partialpressure Pa andsubstratéemperatur&50 C. Thethicknessof the Ims wasin the
range50-150nm.

To improve the crystalline perfectionand stoichiometrythe CeO layerspreparedoy our
depositiontechniquegsputtering evaporation)were annealedx-situ for 3 hoursat 1000 C in
theair.

3 Film characterization

In spiteof differentdepositiontechniquesthereis a numberof typical parametersvhich char
acterizethepreparedCeO Ims of high quality after post-depositiomnnealingon R-planesap-
phiresubstrate.
Characteristideaturesare: smoothsurfacewith averageroughnesselow 0.5 nm for the
m , only (00l) diffractionlinesof the CeO , full width at half maximum(FWHM) of the
rocking curve of the (002) re ection 0.2-0.4. However, the structuralquality is oftendescribed
usingrockingcurves,whichexhibit two-componenshapesespeciallyfor verythin CeO layers.
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Fig. 1. AFM imageof theas-deposite€eO Im (without(111)peakin X-ray spectrum)nthesapphire
substrate.

Therockingcurvesconsistof abroadpeakanda narrav onesitting onthetop. The bestFWHM
valuefor the narrov peakhasbeenrecentlyachiered0.013 [6]. Theorigin of suchbehaiour
is discussedby variousgroupsin connectiorwith the effect of structuralperfectionof the CeO

Ims. Especially thelocalizationof the nearperfectCeO andthe lessorientedfractionis still
anopenguestion. Buffer layersof only 20 nm thicknessnhibit interdiffusion betweenYBCO
andAl O .

4 Someexperimental resultsand discussion

In caseof electronbeamevaporationmethod,the FWHM value of the rocking curve of highly
oriented(001) CeO Ims is 0.4-0.7. Atomic Force Microscopy (AFM) and X-ray mea-
surementseveal thatthe presencef evenneggligible (111) parasiticpeak,in X-ray diffraction
spectrunof theas-depositedms, stronglycorrelatesvith the FWHM of therockingcurve and
surfacemorphologyafter post-depositiomeattreatmenin theair. The post-annealinguppress
(111)peakin X-ray spectrumhowever, therocking curve becomesery broad(FWHM  2-3)
dueto the misorientationof the CeO grainsin a-b plane. In caseof the as-depositedCeO
Im without (111) peakin X-ray spectrunthe post-treatmenimprovesthe FWHM valueof the
rocking curvesandthe surfacemorphologyshows the presencef mosaicblocks(Fig. 1) of di-
mensions nm andafterpost-annealingrocesghe nal Im hasverysmoothsurface
with overlappedlocks(Fig. 2).

In caseof the as-deposited sputteredCeO Ims we obsene only granular columnarchar
acterof the Ims [9, 10] andthe post-treatmernimprovesthe FWHM of therockingcurves,only.



4Uo SLnromiketai

012 14 16 18 20 22
®(deg)

&.0 16.5 17.0 17.5 18.0
®(deg)

0

Tum

Fig. 2. AFM imagesof theCeO Ims afterpost-depositiomnnealingia) in caseof the presencef (111)
peak(b) without (111)peakin X-ray spectrunof theas-depositedms. Theinsetsshav therockingcurves
of theannealedims.

10

(d=60nm (a)

d=20nm ®)

intensity [a.u.]
o

015 16 17 18
w [deg]

Fig. 3. Rockingcurvesfrom the (002) peakof the CeO layer depositedby off-axis rf sputtering(
C, (O )=8Pa)with thicknesga) d=60nmand(b) d=20nm.

The FWHM valuesof the as-depositedms reachedsystematically , while the bestvalues
FWHM afterthepost-annealingvereachiesed. Therockingcurve of thinner Ims
(15-60nm) often shaws a superpositiorof a very sharppeakwith FWHM and
a broadone . We found out the shapedependencef the rocking curve on the Im
thicknesq9] (Fig. 3). However, two-componenshapeof therockingcurve canbein uenced by
the quality andprocessingf the sapphiresubstratétself [10]. Fig. 4 revealsa cleardifference
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Fig. 4. AFM comparisorbetweerpre-annealednda non-annealetype sapphiresubstrate.

betweerthe surfacetopographyof the pre-anneale@3 hoursat 1000 C in the air) andthe non
pre-annealedapphiresubstrate Pre-annealedubstratexhibits anincreasedoughnessandwe
detectthe presencef the outgrovthswith a heightof 6 nm. Pre-annealegubstrategenerates
reproduciblytwo-componenshapeof therockingcurve of thesputteredCeO Ims. Therough-
nessof theseCeO Ims increasedn comparisorto the Ims with prevailingly simplerocking
curvespreparecdn thetop of non-annealedubstrates.
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Fig. 5. TEM micrographof the epitaxialCeO layerdepositecbn sapphire.The layer consistsof misori-
entedmosaicblocks( nm) separatedy voidsin somecases.

Fig. 6. (a) CrosssectionalTEM micrographof theas-deposite@€eO /Al O with facetedsurfacestructure.
Columnboundarieform during the initial stageof growth. (b) Cross-sectionalEM micrographof the
annealedCeO /Al O . Dueto therecrystallizatiortheboundarieslisappears.

TheCeO layerswith thicknesgangingfrom 15-100nm exibit thesamemicrostructureThe
TEM analysig9] shavedthat(001)orientedas-deposite@€eO layerconsistof asmallmosaic
blocks with a size of about20 nm separatedy rectangulatboundarieqFig. 5). The cross-
sectionalTEM micrographshows a typical columnarstructureof the as-deposite@pitaxially
grown CeO (Fig. 6a). Uponannealinghelayer (3 hoursat 1000 C in theair) therecrystalliza-
tion of the layeroccurs.Besidea decreasef the CeO grainin-planemisorientation4-5 ) [9],
the adjacenfgrainsare connectecdreatinglarger crystallites( nm) (Fig. 6b). We obsene
theexistenceof voidswith maximumdiameter nmdistributedthroughthewholethickness
of theCeO Ims.

Above presentedesults,the in uence of the Im thicknessand especiallythe substrate,
suggestheorigin of nearperfectCeO is linkedwith the surfaceof the substraten theform of
columnsandsupposeimultaneougrowth of the nearperfectmaterialfrom thebeginningof the
deposition.
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5 Conclusions

High-quality (00l) CeO epitaxial Ims were grown on R-planesapphiresubstrate.We have
demonstratedhat the surfacemorphologyand FWHM valuesof the rocking curvesof the as-
depositedims after ex-situ annealing(for 3 hoursat 1000 C in the air) arein uenced by the
typeof thedepositiortechnique We foundoutthe shapedependencef therockingcurve onthe
Im thicknessuponorigin andprocessingf the substrate This supportghe ideathatthe near
perfectCeO hastheorigin atthesubstrateAs-depositedCeO layersconsistof asmallmosaic
blocks,with a size of about20 nm andseparatedby boundariesyhich increaseo a size

nm (simultaneouslyvith the existenceof voids) afterex-situ annealing.
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