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Abstract:CuInAl(CIA) filmsasprecursorsforCIASwerepreparedusingmiddlefrequencyA.C.magnetronsputteringandCIAS

absorberswereobtainedbyselenization.SEMandXRDwereusedtoobserveandanalyzethecompositions, microstructures, andsur-

facemorphologiesofthefilms.TheresultsshowthattheCIASabsorberfilmswithaCu/(In+Al) atomicratioofapproaching1 andan

adjustableAl/ (In+Al) ratiocouldbeobtainedbyadjustingAlconcentrationinCIAprecursors.CIASobtainedintheworkiscom-

posedofCu(In1-xAlx) Se2 phase.AlexistsmainlyinsolidsolutionbysubstitutingIn.
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　　SolarcellsbasedonCuInSe2 thinfilmshavere-
ceivedconsiderableattentionaspromisingpotential
candidatesforthinfilmandlow-costphotovoltaicde-
vices

[ 3]
.CuIn1-xAlxSe2 singlejunctionsolarcellex-

hibitedanefficiencyof16.9%
[ 4]
.InthisworkCIAS

absorberfilmswereobtained.Compositions, micro-
structures, surfacemorphologiesofthefilmswereana-
lyzed.

1　Experiments

CIAprecursorfilmsweredepositedusingmiddle
frequencyA.C.magnetronsputteringbysputtering
CuInalloytargetandCuAlcompositetargetalternately.
Arotarydrivemechanismwasusedtorotatethesub-
stratestoensureuniformity.TheCIAprecursorswere
thenselenizedinseleniumvaporfor15 minat610℃.
CIASsamplesobtainedarenumberedasB1, B2, B3,
andB4 correspondingtotheCIAsamplesA1, A2,
A3, andA4.TheCIAprecursorsandCIASfilmswere
characterizedbySEM, EDS, andXRD.

2　Resultsanddiscussion

2.1　CompositionsofCIAprecursorsandCIASab-
sorbers
Tab.1 andTab.2 showthecompositionsforthe

filmsbeforeandafterselenization.Cu/(In+Al) atom-
icratiosoftheCIAsamplescouldbestabilizedaround
1∶1withalittlelackofCu.Al/(In+Al) atomicratios
increasedfrom0.22∶1to0.39∶1.Cu/(In+Al) atom-

icratiosoftheCIASfilmcouldalsobestabilizeda-

round1∶1 andAl/(In+Al) ratioincreasealongwith

theincreaseofAlconcentrationofprecursors.There-

sultsshowthatselenizationprocesscankeepaCu/(In

+Al) atomicratioofapproaching1 andadjustingAl/

(In+Al) ratio.

Tab.1　CompositionsforCIAfilms

No. A1 A2 A3 A4

nCu/% 44.29 42.95 47.00 46.95

nIn/% 43.38 41.79 36.82 32.12

nAl/% 12.33 15.26 16.17 20.92

nCu/(nIn+nAl) 0.80 0.75 0.89 0.89

nAl/ (nIn+nAl) 0.22 0.27 0.31 0.39

Tab.2　CompositionsforcorrespondingCIASfilms

No. B1 B2 B3 B4

nCu/% 26.86 23.95 27.65 24.84

nIn/% 25.69 25.45 22.67 20.55

nAl/% 0.41 3.94 4.28 5.12

nSe/% 47.03 46.66 45.40 49.49
nCu/(nIn+nAl) 1.03 0.81 1.03 0.97

nAl/ (nIn+nAl) 0.02 0.13 0.16 0.20

2.2　Microstructureofthefilms
Fig.1 showsthatallselenizedsamplesconsistof

CIASwithchalcopyritephase.Peakpositions, espe-
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ciallythe2θfor( 312) crystalplane, increasealong
withtheincreaseofAlconcentrationofprecursors, due
toadecreaseinlatticeparameters.Itmaybeattributed
tothefactthatAlsubstitutespartlyforInincrystallat-
tice.

Fig.1　XRDspectrumofCIASfilms

2.3　Surfacemorphologies
SurfacemorphologiesofCIASfilms(Fig.2) are

mainlycomposedofsmoothgreyareaandwhiteprotu-
berantarea.TheresultsofEDSmicro-analysisshow
thatwhiteareaareAl-poorandCu-richphasewhile
greyareaareofAl-richandCu-poorphase.Withthe
increaseofAlconcentrationinprecursorfilmsthesize
ofCu-richgrainsdecreasesanddistributionget
sparse.Thephenomenamaybeattributedthereason
thatbecauseofAllowerdiffusionandshorterdiffusion
lengthitisfavorableforthesampleofhighAlconcen-
trationtoformsmallcrystalgrainsduringselenization.

3　Summaries

Theselenizationprocesscouldbeefficienttopre-
pareCIASabsorberfilmswithanadjustableAl/(In+

Fig.2　SEMimagesoftheCIASfilmsurface

Al) ratioandwithgoodstructuralproperties.Theprop-
ertiesofsolarcellsbasedonCIASthinfilmswillbe
studied.
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硒化法制备铜铟铝硒薄膜及其性能研究

向　华,庄大明,张　弓,李春雷
(清华大学 机械工程系,北京 100084)

摘　要:采用中频交流磁控溅射方法制备了 CIA前驱膜, 并采用固态硒化法进行处理, 获得了 CIAS吸收层薄膜。采用 SEM

和 XRD观察和分析了薄膜的成分 、组织结构和表面形貌。结果表明, 通过调节 CIA前驱膜的 Al含量可制备得到 Cu/ (In+

Al)原子比接近 1,且 Al/ (In+Al)比例可调的 CIAS薄膜。 CIAS薄膜由 Cu(In1-xAlx)Se2固溶体相组成, Al主要是以替代 In

的固溶形式存在。

关键词:太阳能电池;CIAS;磁控溅射;前驱膜;硒化

中图分类号:TM615

180


