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【Abstract】 Fe-dopedGaNfilmshavebeensuccessfullyfabricatedonsilicon(100)substratesthroughammoniating
Ga2O3:Fefilmsunderflowingammoniaatmosphereatthetemperatureof950°C.Thestructureofthesampleswas

characterizedbyX-raydiffraction(XRD).NosecondphasesarefoundwiththeincreasingofFeionconcentration

from0% to7%.Magnetic measurementsindicatethatalltheFe-dopedfilms wereferromagneticatroom

temperature,andthemomentperFeatom decreaseswithincreasingFeconcentration.Thelargestmagnetic

momentobservedwas1.92μB/FeforGa1-xFexN(x=0.01)film.
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Fe掺杂的GaN薄膜的结构和铁磁性
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【摘要】 本文通过高温氨化由磁控溅射方法制备的Ga2O3:Fe薄膜,成功地在单晶硅(100)基底上制备了Fe掺杂

的GaN薄膜.X射线衍射结果显示Fe掺杂浓度为0%~7%的GaN薄膜均未发现第二相.磁性测量表明所有Fe掺

杂的样品均显示出室温铁磁性,而且每个Fe原子的磁矩随Fe浓度的增加而减小,Fe的浓度为1%时每个Fe的磁

矩最大,最大值为1.92μB/Fe.
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1 Introduction

Spintronicscouldleadtonewtypesofdevicesand
circuits.Thedevelopmentofferromagneticsemicon-
ductorsisoneoftheprincipalresearchdirectionsin
thisfield.Inrecentyears,III-Vdilutedmagneticsem-
iconductors(DMSs)haveattractedmuchattentionas
materialsforapplicationinspintronicdevices [1].In
theareaofDMSrelatedtoIII-Vcompoundsemicon-
ductors,widebandgapsemiconductorGaNhasvery
recentlyreceivedgreatattentionaspromisinghostma-
terialformakingDMS,sinceitsCurietemperature
(Tc)higherthanroomtemperaturewaspredictedby
theoreticalstudies [2].Recently,reportsrelatedto
GaMnNhavebeenextensivelypublished [3-9],while
reportsabouttheGaN:Fewerenotstudiedthoroughly
[10-20].Bothferromagnetism (FM)[11,12,15-20]andpara-
magnetism(PM)[13]behaviorswereobservedin(Ga,

Fe)Nsamples.Additionally,Theodoroupoulouetal.
[16]andShonetal.[12]reportedaboutferromagnetism
inFeimplantedGaNandTcuptoroomtemperature
andevenabove350K,respectively.Intheseexperi-
mentsrelatedto(Ga,Fe)Nreferredabove,manyex-

perimentswereperformedbymetal-organicchemical
vapordepositionmethod(MOCVD)[12,14]orionim-
plantation [17,18].Nevertheless,noonefoundthat
(Ga,Fe)Nfilms werepreparedbythetwo-step
methodusingRfalternatemagnetronsputteringand
ammoniationathightemperature.So,inthiswork,

Fe-dopedGaNfilms(Ga1-xFexN,x=0.00~0.07)

werepreparedbythismethod,andthemagnetismand
structurepropertiesofthefilms werestudiedby
variousmeasurements.

2 Experimentalprocedures

Ga1-xFex Nfilmswerefabricatedwithdifferent
concentration(x=0.00,0.01,0.04,0.07,0.10).
Firstly,theGa2O3:FefilmsweregrownbyRFalter-
natemagnetronsputteringofFe(99.99%)andGa2O3
(99.99%)targetonsilicon(100)substrates.Thesize
oftargetis~5cmindiameterand~0.3cminthick-
ness.Thesputteringchamberwasevacuatedbyamo-

lecularpumptoabasepressurebelow3×10-5Pa.
Duringsputtering,thesubstratetemperaturewaskept
at400℃.Argonandnitrogenwereintroducedinto
thechamberasworkinggases,andtheflowratioof
argonandnitrogenwascontrolledat10:1.Thecham-
berpressurewasfixedat2.0Pa.Aftersputtering,

annealingtreatmentoftheas-grownfilmswascarried
outinthesputteringchamberat600°Cfor10min.
Thefilmthicknesswastypicallyfrom200to300nm.
TheconcentrationofFeioninthesampleswasvaried
bycontrollingthesputteringtimeofFetarget.

Subsequently,theGa2O3:Fefilmswereammoni-
atedunderflowingammoniaatmospherewithaflow
rateof200ml/mininahorizontaltubefurnace.The
temperatureandthedurationoftheammoniatingwere
950°Cand40min,respectively.

ThecrystalstructurewascharacterizedbyX-ray
diffraction(XRD),usingaCuKαradiationsource.
Magneticmeasurementswereperformedusingavibra-
tingsamplemagnetometer(VSM).Theopticalprop-
ertieswerestudiedbyphotoluminescencespectroscopy
(PL).

Fig.1 XRDpatternsfortheFe-dopedGaN

thinfilms(Ga1-xFexN,x=0.00~0.07)

3 ResultsandDiscussion

XRDpatternsofthethinfilmswereshownin
Fig.1.Thepatternswereindexedtoawurtzitestruc-
tureGaN.Nosecondphasesweredetectedinthesam-

pleswiththeincreasingofFeionconcentrationupto
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7%.WhenFeionconcentrationincreasedto10%,the

impurityphase(GaFeO3)wasobserved.Itisverified

thatFehassubstitutedGaorformedinterstitialatom

inthehexagonalstructurewithFeionconcentration

from0%to7%.Thelatticeconstantcofthesamples
wascalculatedfromtheXRDpatterns.Fig.2shows

thelinearincreaseofcparameterswiththeincreaseof
Feconcentration.ThisVegard’slawbehaviorisevi-

denceoftheincorporationofFeintheGasitewithre-

tentionofthewurtzitestructure[21].

Fig.2 Thelinearrelationoflatticeconstant

cwithFeconcentration

Fig.3 PLspectraoftheFe-dopedGaNthinfilms
(Ga1-xFexN,x=0.00~0.07)atRT

Fig.3showsphotoluminescence(PL)spectrafor
thesamples at room temperature (RT). The
excitationsourceisthe325nmlineofaHe-Cdlaser
withthetotalpowerof50mW.Twopeaksappearat
357nmand468nminallsamples,respectively.The

peakat357nmiscorrespondingto3.48eVinenergy,

thisisveryclosetoabandgapemissionofGaN(3.4
eV) [22]. Another peak at 468 nm is blue
luminescence,whichcorrespondsto2.65eVenergy.
Thispeakisinferredtobemainlycausedbythevacan-
ciesofN-atoms,whichisconsistentwiththeresults
reportedbyZ.H.Fengetal.[23]Itindicatesthatthe
dopingofFedoesnotaffectthephotoluminescence
measurementresultsofGaN.Itprovesthatthedoping
ofFewouldnotchangethestructureofGaN,andthe
positionofGaatomswassuccessfullyreplacedbyFe
atoms.ThisisalsoconsistentwithourpreviousXRD
measurementresults.

Fig.4 TheM-HcurveofundopedGaNsampleatRT

Fig.5 M-HcurvesforGa1-xFexNfilms
(x=0.01,0.04,0.07)atRT

Themagneticpropertiesofthefilmsweredeter-
minedusingavibratingsamplemagnetometer.Fig.4
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showstheM-HcurveofundopedGaNsample,andit
indicatesthattheundopedGaNsampleisdiamagnetic.
Themagnetizationversusmagneticfield(M-H)curves
forFe-dopedGaNfilmsareshowninFig.5.Inthese
curves,thediamagneticbackgroundofSisubstrate
wassubtracted.Onecouldseethatallthefilmsare
ferromagneticatRTandastheFeconcentrationin-
creases,themagneticmomentperFeiondecreases.
TheRTsaturationmomentwascalculatedwith1.92,

1.65,and1.26μBperFeatomforx =0.01,0.04,

and0.07,respectively.Thesesaturationmomentsare
muchlowerthanthetheoreticalvalueofμ=gμB[S(S
+1)]1/2=6.7μB(Srepresentsthetotalspinquantum
number).CombinedwiththeresultsofXRDandPL
measurements,itisconcludedthattheroomtempera-
tureferromagnetismofthefilmsaretheirintrinsic
propertyoriginatedfromthesubstituteFeforGain
thelattice.

Thereasonwhytheferromagnetismofthesample
decreasedisthatwiththeincreaseofFeconcentration,

thenumberofFeionsinthesampleincreases,

resultinginthereductionofthedistancebetweenFei-
ons.Inthecompetitionprocessofferromagneticinter-
actionandantiferromagneticinteractionbetweenFei-
ons, the antiferromagnetic interaction gradually
increasesduetothedecreaseofthedistancebetween
Feions,resultinginthedecreaseoftheferromagnetic
interactionofthesamplewiththeincreaseofFecon-
centration.

4 Conclusion

Inconclusion,weobtainedroom-temperaturefer-
romagnetic Ga1-xFexN thin films on Si (100)

substratesbyammonificationtechniqueunderflowing
ammoniaatmosphereat950°C.TheXRDpatternsof
thefilmswereindexedtoawurtzitestructureGaN
withtheFeconcentrationfrom0%to7%.Allthe
Fe-dopedGaNthinfilmsareferromagneticatroom
temperature,andthemagneticmomentdecreaseswith
increasingFeconcentration.
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