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We presenta summaryof somepublishedresultsconcerningthe preparationandstudyof
the propertiesof CeO� buffer layerson R-planeAl � O� . Further, we discusssomeof our
resultswhich concernto CeO� �lms preparedby electrongun-evaporation,by on-axisrf
magnetronsputteringin mixtureof Ar andO� andby off-axis rf diodesputteringin pureoxy-
gen. As-deposited�lms show granularstructureexceptfor �lms preparedby electrongun-
evaporationwhich alreadyconsistof rectangularblocks. Atomic ForceMicroscopy (AFM)
revealsthatthepresenceof evennegligible (111)parasiticpeakin X-ray diffractionspectrum
of the as-deposited�lms stronglyin�uences the rocking curve andsurfacemorphologyaf-
ter post-depositionheattreatmentin air. The post-annealingssuppress(111) peakin X-ray
spectrum,however, the rocking curvesandAFM resultsdiffer dependingon the methodof
preparation.Somerockingcurvesseemto bea superpositionof a very narrow rockingcurve
(0.04

�

) with a broaderone(0.5-1.4
�

). Theorigin of suchbehaviour is discussed.

PACS: 68.55.-a,77.55.+f

1 Intr oduction

Ceriumoxide (CeO� ) thin �lms aregoodbuffer layersfor the growth of superconducting
YBa� Cu� O� (YBCO) andTl-basedthin �lms onsapphiresubstrates[1-10]. CeO� �lms prevent
interdiffusionandprovide goodlatticematchingto thesuperconducting�lms. In this paperwe
comparedifferentdepositionmethodsfor theCeO� �lms. Structuralpropertiesandthesurface
morphologyof thelayersarealsoanalyzed.

�

Presentedat theWorkshoponSolid StateSurfacesandInterfacesII, Bratislava, Slovakia,June20– 22,2000.

0323-0465/00 c
�

Instituteof Physics,SAS,Bratislava,Slovakia 403



404 �S Chromiket al

2 Epitaxial �lm deposition

CeO� �lms canbegrown on R-cutAl � O� (
��� �����

) by a wide varietyof depositionmethodsand
canbeoptimizedto haveverysmoothsurfacemorphology. Themostfrequentlyuseddeposition
techniquesfor theCeO� arepulsedlaserdeposition(PLD), sputtering,andevaporation.

The�lm depositionby PLD is carriedout by irradiationof a singletargetby a focusedlaser
beam(e.g. KrF, � =248nm, t=30 ns) [2, 3,8]. The typical substratetemperatureis in the range
700-750� C. Ceramictargetsareablatedwith anenergy densityQ=1 J/cm

�

in anoxygenatmo-
sphere	

�
�

Pa. Main advantagesarehigh ratestoichiometricdepositionandprocess�e xibility .
However PLD is limited to small areas(typically 1 cm

�

) and the pulseddepositionhasoften
impacton themorphology(droplets).

Sputterdepositionis widely usedfor the successfulpreparationof the CeO� �lms [1, 6,7,
9,10]. The mostseriousproblemat this depositionmethodis resputteringdueto thepresence
of oxygenions in plasmawhich bombardthe substrate.The methodto avoid this problemis
to thermalizetheenergeticspeciesby sputteringat very high pressure[1, 10] or by using”off-
axis” [9] sputtering,wherethesubstrateis positionedoutof thehigh-energyparticles�ux which
is directedmainly perpendicularto the target surface. We routinely useon-axis[10] andoff-
axis[9] rf sputteringfrom asingle,pressedandsinteredstoichiometrictarget. In caseof on-axis
sputteringthe depositionof 60 nm thick CeO� �lm in a mixture of Ar andO� at ratio of 4:1
andthe total pressureof 50 Pa wasused.Thegrowth ratewas1 nm/min. Therf power on the
target andsubstratetemperaturewere80 W and750� C, respectively. Off-axis sputteringwas
usedfor thepreparationof 15-100nmthick �lms. They weregrown at anrf powerof 30W and
at substratetemperatures640-800� C. A mixtureof Ar andO� by volume1:1 or pureO� at the
total gaspressureof 8 Pa wereusedassputteringgases.Thegrowth rateswere0.5 nm/min in
thegasmixtureand0.35nm/minin pureO� .

Electronbeamevaporationof theCeO� is a simplemethod[4,5] enablingto preparelarge-
areaepitaxiallayers.However CeO� canbereducedto nonstoichiometricCeO� with

����
��

��� �

usingreducedoxygenpartialpressureandhighertemperaturesduringthedeposition.CeO�

canbereoxidizedeasilyin atmosphericoxygento form stoichiometricCeO� [11]. In our case,
we have preparedCeO� �lms by electrongun-evaporationof ceramicCeO� sourceat oxygen
partialpressure

�����

�

Pa andsubstratetemperature850� C. Thethicknessof the�lms wasin the
range50-150nm.

To improve the crystallineperfectionand stoichiometrythe CeO� layerspreparedby our
depositiontechniques(sputtering,evaporation)wereannealedex-situ for 3 hoursat 1000� C in
theair.

3 Film characterization

In spiteof differentdepositiontechniques,thereis a numberof typical parameterswhich char-
acterizethepreparedCeO� �lms of highqualityafterpost-depositionannealingonR-planesap-
phiresubstrate.

Characteristicfeaturesare: smoothsurfacewith averageroughnessbelow 0.5 nm for the
�������

m
�

, only (00l) diffractionlinesof theCeO� , full width athalf maximum(FWHM) of the
rockingcurve of the(002) re�ection 0.2-0.4.However, thestructuralquality is oftendescribed
usingrockingcurves,whichexhibit two-componentshapes,especiallyfor verythin CeO� layers.
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Fig. 1. AFM imageof theas-depositedCeO� �lm (without (111)peakin X-ray spectrum)on thesapphire
substrate.

Therockingcurvesconsistof abroadpeakandanarrow onesittingon thetop. ThebestFWHM
valuefor thenarrow peakhasbeenrecentlyachieved0.013� [6]. Theorigin of suchbehaviour
is discussedby variousgroupsin connectionwith theeffect of structuralperfectionof theCeO�

�lms. Especially, thelocalizationof thenearperfectCeO� andthe lessorientedfraction is still
anopenquestion.Buffer layersof only 20 nm thicknessinhibit interdiffusionbetweenYBCO
andAl � O� .

4 Someexperimental resultsand discussion

In caseof electronbeamevaporationmethod,theFWHM valueof the rockingcurve of highly
oriented(001) CeO� �lms is 	 0.4-0.7� . Atomic ForceMicroscopy (AFM) and X-ray mea-
surementsreveal that thepresenceof evennegligible (111)parasiticpeak,in X-ray diffraction
spectrumof theas-deposited�lms, stronglycorrelateswith theFWHM of therockingcurveand
surfacemorphologyafterpost-depositionheattreatmentin theair. Thepost-annealingsuppress
(111)peakin X-ray spectrum,however, therockingcurvebecomesverybroad(FWHM 	 2-3� )
due to the misorientationof the CeO� grainsin a-b plane. In caseof the as-depositedCeO�

�lm without (111)peakin X-ray spectrumthepost-treatmentimprovestheFWHM valueof the
rockingcurvesandthesurfacemorphologyshows thepresenceof mosaicblocks(Fig. 1) of di-
mensions	

� ����� �
�

nm
�

andafterpost-annealingprocessthe�nal �lm hasverysmoothsurface
with overlappedblocks(Fig. 2).

In caseof theas-deposited- sputteredCeO� �lms we observeonly granular, columnarchar-
acterof the�lms [9,10] andthepost-treatmentimprovestheFWHM of therockingcurves,only.
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Fig. 2. AFM imagesof theCeO� �lms afterpost-depositionannealing(a) in caseof thepresenceof (111)
peak(b) without(111)peakin X-ray spectrumof theas-deposited�lms. Theinsetsshow therockingcurves
of theannealed�lms.
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Fig. 3. Rockingcurvesfrom the (002) peakof theCeO� layer depositedby off-axis rf sputtering(
�����

�����

�

C, � (O� )=8 Pa)with thickness(a) d=60nmand(b) d=20nm.

TheFWHM valuesof theas-deposited�lms reachedsystematically	

�

� , while thebestvalues
FWHM 	

��� ��
�� � �

� afterthepost-annealingwereachieved.Therockingcurveof thinner�lms
(15-60nm) oftenshows a superpositionof a very sharppeakwith FWHM 	

��� � �

�� � ���

� and
a broadone 	

��� ��
 �

� . We foundout theshapedependenceof the rockingcurve on the �lm
thickness[9] (Fig. 3). However, two-componentshapeof therockingcurvecanbein�uencedby
thequality andprocessingof thesapphiresubstrateitself [10]. Fig. 4 revealsa cleardifference
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Fig. 4. AFM comparisonbetweenpre-annealedanda non-annealedtypesapphiresubstrate.

betweenthesurfacetopographyof thepre-annealed(3 hoursat 1000� C in theair) andthenon
pre-annealedsapphiresubstrate.Pre-annealedsubstrateexhibitsanincreasedroughnessandwe
detectthe presenceof the outgrowthswith a heightof 6 nm. Pre-annealedsubstrategenerates
reproduciblytwo-componentshapeof therockingcurveof thesputteredCeO� �lms. Therough-
nessof theseCeO� �lms increasedin comparisonto the�lms with prevailingly simplerocking
curvespreparedon thetopof non-annealedsubstrates.
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Fig. 5. TEM micrographof theepitaxialCeO� layerdepositedon sapphire.Thelayerconsistsof misori-
entedmosaicblocks( ���

�

nm)separatedby voidsin somecases.

Fig.6. (a)CrosssectionalTEM micrographof theas-depositedCeO� /Al � O� with facetedsurfacestructure.
Columnboundariesform during the initial stageof growth. (b) Cross-sectionalTEM micrographof the
annealedCeO� /Al � O� . Dueto therecrystallizationtheboundariesdisappears.

TheCeO� layerswith thicknessrangingfrom 15-100nmexibit thesamemicrostructure.The
TEM analysis[9] showedthat(001)orientedas-depositedCeO� layerconsistsof asmallmosaic
blocks with a size of about20 nm separatedby rectangularboundaries(Fig. 5). The cross-
sectionalTEM micrographshows a typical columnarstructureof the as-depositedepitaxially
grown CeO� (Fig. 6a).Uponannealingthelayer(3 hoursat1000� C in theair) therecrystalliza-
tion of thelayeroccurs.Besidea decreaseof theCeO� grainin-planemisorientation(4-5� ) [9],
theadjacentgrainsareconnectedcreatinglargercrystallites( 	

�
�

nm) (Fig. 6b). We observe
theexistenceof voidswith maximumdiameter	��

�

nmdistributedthroughthewholethickness
of theCeO� �lms.

Above presentedresults,the in�uence of the �lm thicknessand especiallythe substrate,
suggesttheorigin of nearperfectCeO� is linkedwith thesurfaceof thesubstratein theform of
columnsandsupposesimultaneousgrowth of thenearperfectmaterialfrom thebeginningof the
deposition.
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5 Conclusions

High-quality (00l) CeO� epitaxial �lms were grown on R-planesapphiresubstrate.We have
demonstratedthat the surfacemorphologyandFWHM valuesof the rocking curvesof the as-
deposited�lms after ex-situ annealing(for 3 hoursat 1000� C in the air) arein�uenced by the
typeof thedepositiontechnique.Wefoundout theshapedependenceof therockingcurveonthe
�lm thickness,uponorigin andprocessingof thesubstrate.This supportsthe ideathat thenear
perfectCeO� hastheorigin at thesubstrate.As-depositedCeO� layersconsistof asmallmosaic
blocks,with a sizeof about20 nm andseparatedby boundaries,which increaseto a size 	

���

nm(simultaneouslywith theexistenceof voids)afterex-situannealing.
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