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【Abstract】 WesuccessfullypreparedCaOthinfilmsonthe(111)-orientedyttrium-stabilizedzirconia(YSZ)

substratesbyapulsedlaserdeposition(PLD)technique.TheintrinsicnatureofferromagnetisminCaOfilmshas

beenestablishedwiththeexperimentalobservationofthemagnetichysteresisloopatroomtemperature.TheX-ray
diffractionandX-rayphotoelectronspectroscopyanalysishaveshownthatthepreparedCaOfilmsare(111)-oriented

andnoimpurityphasesaredetected.TheCaOfilmsweregrownandannealedunderhighvacuumconditionsalways

exhibitmagnetizationsignal,which wasnotdetectedinitscorrespondingtarget.Itisfoundthatthereare

correlationsbetweenthevacancyconcentrationandthemagnetizationofCaOfilms,whichsuggeststhattheoxygen

vacancyconcentrationisdirectlyrelatedtotheferromagnetism.
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【摘要】 通过脉冲激光沉积在(111)取向钇稳定的氧化锆(YSZ)衬底上制备了氧化钙(CaO)薄膜.室温
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下磁滞回线的实验观测数据表明CaO薄膜具有明显的铁磁性.X射线衍射和X射线光电子能谱分析表

明,CaO薄膜为(111)取向,没有杂质相.在高真空条件下生长和退火的CaO薄膜都表现出铁磁性磁化

行为,而在相应的CaO靶材上没有检测到这种铁磁性.结果表明,氧空位浓度与氧化钙薄膜的磁化强度

之间存在一定的相关性,后退火对CaO薄膜磁性的影响说明,氧空位浓度与氧化钙薄膜的铁磁性是相

关的.
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1 Introduction

Oxidematerialshavebeenoneofthemostat-
tractiveresearchtopicsinphysicsand materials
science,e.g.,binaryoxideanddoubleandlayered
perovskites.Recently,thetransitionmetaldoped
semiconductors,suchasZnOandTiO2,havere-
vealed manynovelandexcitingphenomenaand
challengedourviewofthesolid-statephysics.

PureCalcium oxide (CaO)hasarocksalt
structurewithalatticeparametera=0.481059nm
(JCPDSFileNo4-777).Ithasawideband-gapof
7eV,makingitusefulforelectricalisolationappli-
cations,suchascoolingblanketsfornuclearreac-
tors[1].Thisbinaryoxideisofteninvestigatedasa
componentincatalyticpowder materialsorce-
ments[2,3].Itcanalsobeusedasadopantto
modifytheelectricalandopticalpropertiesofma-
terialslikeZrO2andHfO2[4,5].Bandstructurecal-
culationshaveshownthatthevacancyinCaOhas
anassociatedmagneticmoment,makingthisma-
terialattractiveasa magneticsemiconductor[6].
Basedonthesepeculiarpropertiesandinteresting
phenomenon,theintricateinterplaybetweento-

pologicalorderandferromagnetism(FM)isexpec-
tedtogiverisetoavarietyofunconventional
effectsthatmayleadtonewdeviceparadigms[7].

Previously,Kambeetal.usedatwo-stage

processbyfirstdepositingtheCa(OH)2onMgO
substrateusingpulsedlaserdeposition (PLD).
TheCa(OH)2filmswerethenannealedtoobtain
the CaO films[8]. To fix the orientation
irrespectiveofthesubstratetemperatureandthe
oxygenpressure,ametallayershouldbeanchored
tightlyonthesubstrate.Anoxidefilmisthen
formedbythermalannealing,whilemaintaining
theorientation.Atpresent,manymetaloxidesare
notmagnetic,butthematerialscanbemadeferro-
magneticbycertaintechnicalmeans,suchasintro-
ducingvacancyand magneticiondoping[9-16].In
thiswork,thevariationofdepositionconditions
forCaOfilmswascarriedoutusingpulsed-laser

deposition(PLD).Weanalyzetheirstructureand
experimentallystudiedtheinfluenceofdefecton
theferromagnetisminthesefilms.

2 Experimental

TheCaOtargetispreparedbystandardsolid-
statereactions.TheCaOfilmswerefirstdeposited
onthe (111)-orientedyttrium-stabilizedzirconia
(YSZ)substratesbyPLDusinga248-nmKrFex-
cimerlaserwiththerepetitionrateof5Hzandan
energyof180mJ/pulse.Thetarget-substratedis-
tanceandlaserenergywerekeptat5cmand2J/

cm2,respectively.DuringthedepositionofCaO
films,thesubstratetemperatureiskeptat350℃
andtheoxygenpressureis maintainedat0.01
mTorrand100mTorr,respectively.Afterdeposi-
tion,thefilmsareannealedat400℃inanoxygen
atmosphere.Threeseriesoffilmswereprepared
byvaryingoneofthefollowingparameters:as-

grown,O2annealing,andvacuumannealing.
ThefilmsarestructurallycharacterizedbyX-

raydiffractions(XRD)usingCuKα1radiation.
Thedopinglevelsandthebondingcharacteristics
weredeterminedbyX-rayphotoelectronspectros-
copy(XPS,VGESCALAB210).Themeasure-
mentsof magneticproperties werecarriedout
usingtheVibratingSampleMagnetometer(VSM,

Lakeshore7304).

3 Resultsanddiscussion

Fig.1(a)showstheX-ray2θ-ωlinearscan
oftheCaOfilmontheYSZ(111)substrate.Itis
foundthatthefilmisasinglephasewith (lll)

peaks(l=1,2).Fig.1(b)showsthewide-scan
XPSspectrumoftheCaOfilms.OnlyCa,OandC
elementspresentinthesefilms,indicatingthatthe
filmsarepureandnotpollutedbyanyothermag-
neticimpurities.Thepresenceofcarbonoriginates
fromthetestitem.Thethicknessofthefilmis~
320nm.

Fig.2showsthemagnetization (M)versus
magneticfield(H)fortheCaObulk(i.e.,apiece
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Fig.1 (a)XRD2θ-ωofCaOfilmsgrownonYSZ(111)

substrates.and (b)XPSspectrumforCaOfilmswith

320nm

Fig.2 M-HcurveoftheCaObulk

cutfromthecorrespondingtarget).Itisseenthat
theCaO bulkisabsolutelydiamagneticwithout
anyparamagneticorferromagneticsignals.The
redlineinFig.3showstheM-H curvemeasured
at300KoftheCaOfilmgrownat0.01mTorr,

whereawell-definedhysteresisloopisobtained,

indicating that this CaO film exhibits
ferromagnetic property at room temperature
(RT).ThisM-Hcurvehasbeencorrectedforthe
diamagneticsubstrate.TheM-T curverecorded
with �0H =0.5 T in theinset of Fig.3
demonstratesthattheCaOfilmexhibitsferromag-
neticpropertyinthe wholetemperaturerange
below400K,indicatingthattheCaOfilmhasa
highTcabove400Kandalargesaturatedmagnet-
izationof~25emu/cm3.BecausebothCa2+and

O2-arenonmagnetic,thereisnosourceformag-
netisminpristineCaOfilms,andYSZ(111)sub-
strateisnonferromagneticeither[17,18].Theoretical
calculationshavepredictedthatmagnetismcanbe
induced by defects in nonmagnetic oxides.
Previousstudieshaveshownthatdefect-induced
magnetismexistsintheCaOpowders[2],whileno
reporthasbeenpublishedaboutthemagneticCaO
filmsofar.Here,theCaOfilmisexperimentally
proventobeferromagnetic.

Fig.3 M-H curvesofCaOfilmsfor100mTorrand

0.01mTorr,TheinsetinthisfigureshowstheM-Tcurve

ofCaOfilmsgrownat0.01mTorr

ThebluelineinFig.3showsRTM-H hyster-
eticloopforthe CaO filmsdepositedat100
mTorr.ComparedwiththeCaOfilmsgrownat
0.01mTorr,thecurveoftheCaOfilmsgrownat
100mTorrclearlyshowthatthesaturatedmagnet-
izationisimmenselyreduced.Accordingtothe
previoustheoreticalandexperimentalresearches,

magnetismcanalsobeobservedinnonmagnetic
filmssuchasTiO2,HfO2andZnOstemfromoxy-
gendefectsorcationdefects.Asisknown,films
depositedin high vacuum have more oxygen
defectsthanthosedepositedinalow vacuum.
Consequently,weinferthatthemagnetisminCaO
filmsoriginatesfromoxygendefects.

Inordertochecktheeffectsofoxygenvacan-
ciesinstimulatingthemagnetisminCaOfilms,

oxygen-annealing studies were performed. To
make sure that the magnetism change is
exclusivelyinduced by oxygen-annealing,three
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samplesweresimultaneouslypreparedandthen
twoofthemwerepickedoutandannealedat400
℃inflowingoxygenfor0.5hand1h,respective-
ly.AsshowninFig.4(a),afterannealinginan
oxygenatmospherefor0.5h,thesaturatedmag-
netismoftheCaOfilmdramaticallyreducedfrom
25emu/cm3to7.4emu/cm3.Then,thesaturated
magnetismfurtherdecreasestobe3.9emu/cm3

withincreasingthedurationofannealingtimeup
to1h.Weinferthatthesampleswillbecomedia-

magneticontheconditionthattheannealingtime
islong enough,which has been reportedin
Sr3SnO/c-YSZ/Siheterostructures before.This
evidence clearly demonstrates that oxygen
vacanciescontributedirectlytothemagnetismin
thosesystemsofundopedoxides.Reducingthe
concentrationofoxygenvacanciescoulddestroy
theferromagneticinteractionsandimpairmagnetic
moments.

Fig.4 (a)M-HcurvesofCaOfilmsandannealedinoxygenatmospherefor0.5hand1hand(b)invacuumannealedat

400℃and0.01mTorrafterO2annealing

  Another procedure was performed to
investigatetheeffectsofoxygenvacanciesonthe
magnetismoftheCaOfilms.Asamplewasfirst
annealedinanoxygenatmospherefor1hourand
thenannealedinvacuum (~0.01mTorr)for10
min,asshowninFig.4(b).Itisfoundthatthe
saturatedmagnetismoftheCaOfilmannealedin
vacuum(~0.01mTorr)for10minwasstatisti-
callyhigherthanthoseannealedinanoxygenat-
mospherefor1hour.Also,thesaturationmagnet-
izationofthefilmsannealedinvacuum (~0.01
mTorr)for10 minislargerthantheas-grown

films.Therefore,itcanbeconcludedthatoxygen
vacancyisrelatedtothemagnetismoftheCaO
films.

4 Conclusion

Inconclusion,wehaveinvestigatedthemag-
neticpropertiesofCaOfilmspreparedbyPLD.
TheM-TandM-H curvesoftheCaOfilmsshow
thatthesefilmsareferromagneticinthetempera-
turerangebelow400K.Theexperimentalresults
havedemonstratedthattheoxygenvacancyisthe
reasonforthemagneticorderinCaOfilms.
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