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Abstract:Cu2ZnSnS4 (CZTS) thinfilmsfortheabsorberofthinfilmsolarcellsweresuccessfullypreparedbysulfurizationofrfmag-

netronsputteredmetalprecursorsonsoda-limeglasssubstrate.TheCZTSthinfilmshavingthesinglestannite-typephasestructurewith

goodcrystallinequalitywereobtainedasrevealedinXRDanalysiswhentheconditionsofpreparationandsulfurizationoftheprecursors

wereoptimized.HalleffectandUV-VISmeasurementsshowedthatsheetresistivity, absorptioncoefficientandopticalband-gapener-

gyforthefilmspreparedundertheoptimizedprocessingconditionsareabout0.073 Ψ· cm, 104 cm-1 and1.53eV, respectively, in-

dicatingthattheCZTSfilmspreparedbysulfurizationofsputteredmetalprecursoraresuitableforthethinfilmsolar-cellabsorber.
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1　Introduction

Cu2ZnSnS4 (CZTS) thinfilmisapromisingma-

terialforlow-costthin-filmsolarcellsduetoitspromis-
ingopticalproperties( 1.4 ～ 1.5 eVbandgapenergy,
highabsorptioncoefficientintheorderof10

4
cm

-1
) ,

aswellastheabundantandnontoxicconstituentele-
ments

[ 1-4]
.In2005, Katagiriattainedthehighestcon-

versionefficiencyof5.45%ofasolarcellwiththede-
vicestructureofZnO:Al/CdS/CZTS/Mo/sodalime
glass

[ 5]
.However, theefficiencyisstilllowerthanthat

ofthecompetitivesolarcells, suchasCu2InSe2.Itis
essentialtoinvestigatethebasicpropertiesofCZTS,
e.g.theeffectofthecompositiondeviationfromstoi-
chiometryonelectrical, optical, andstructuralproper-
ties.Therearefewreportsonthebasicpropertiesof
CZTS.Thereasonisprobablythelackoftheestablish-
mentofsuitablefabricationtechniqueforCZTSthin
film.Inourpreviousworks, CZTSthinfilmsweresuc-
cessfullypreparedbyusingsulfurizationofion-beam
sputteredmetalprecursorsforthefirsttimeandalow
sheetresistivityofabout0.156Ψ· cm, ahighabsorp-
tioncoefficient10

4
cm

-1
andanopticalband-gapener-

gyof1.51eVwereobtained
[ 6]
.However, theseCZTS

filmssufurizedbyion-beamsputteredCu/Sn/Znpre-
cursorsexhibitedpooradhesiontosubstrateandgrow
rateofthemetalprecursoristooslow.

Inthepresentwork, rfmagnetronsputteringtech-
niquewasutilizedfordepositingstackedCu/Sn/Zn
layersprecursors.Thismethodismoresuitablefor
large-scaleproduction.

2　Experimentaldetails

Thestudiedsampleswerepreparedbyatwo-step
process.TheCu/Sn/Znprecursorswerefirstdeposited
onsodalimeglasssubstratesbyrfmagnetronsputtering
technique.ThemetallicCu, SnandZn ( purity
99.99%) plateswereusedasthesputteringtargetsand
pureargonasthesputteringgas.TheRFPowerwasset
at20WforZn, 30WforSn, and50WforCu, respec-
tively.Thedepositionorderofthestackedmetallayers
precursorwasZn, Sn, andCuandthethicknessofev-
erylayerwereadjustedbyalteringdepositiontime.Af-
terthedeposition, theprecursorswereimmediately
transferredtoanelectricfurnaceforsulfurizationinthe

fluxofS2 (gas) andN2 forobtainingCZTSfilm.The
detailofthesulfurizationprocesshasbeenreported
elsewhere

[ 6]
.Thecomposition andcrystallographic
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structureofsamplesweredeterminedbyenergydisper-
sivespectroscopy ( EDS) andX-raydiffractometer
(XRD).Theelectricalandopticalpropertieswerean-
alyzedbyHalleffectmeasurementswithVanderPauw
method, hot-probemeasurementsandUV-VISspectro-
photo-meter.

3　Resultsanddiscussion

Tab.1　Thicknessofeachprecursorsandpredictedatomicratio

Precursor
type

Thicknessofeach
precursors/nm

Cu Zn Sn

Predictedatomicratio

Cu/ (Zn+Sn) Zn/Sn

1 108 120 140 0.63 1.61

2 120 120 140 0.70 1.61

3 132 120 140 0.77 1.61

4 144 120 140 0.84 1.61

5 156 120 140 0.91 1.61

Table1 showsthethicknessofeachlayerofpre-
cursorsandthepredictedatomicratios, thecomposition
ratioofeachelementpredictedbytheirdensityanda-
tomicweigh.Thecompositionratiosofeachelementaf-
tersulphurisationdeterminedbyEDSwereshownin
Tab.2.

Itcanbeseenthataftersulfurizationthecomposi-
tionratioofsulfurinallthefilmsnearedtoabout
50%, indicatingthesufficientsulfurizationwasa-
chieved.Meanwhile, theratiosofCu/Zn/Sninallpre-
cursorschangedinevidencebetweendifferentsamples.
ObviouslythicknessofCulayerandcontentofZnare
veryimportantfactorsforpreparationofCZTSthinfilms
withidealstoichiometry.

Tab.2　ChemicalcompositionsofCZTSfilms
withvariousprecursors.

Precursor

Type

Chemicalcompositions
analyzedbyEDX(at.% )

Cu Zn Sn S

atomicratioof
composition

Cu/

(Zn+Sn)
Zn/SnS/Metal

1 18.9 14.2 13.9 53 0.68 1.02 1.12

2 20.5 14.0 13.5 52 0.75 1.04 1.09

3 23.1 13.5 12.4 51 0.89 1.09 1.04

4 26.1 13.4 12.0 48.5 1.03 1.11 0.92

5 26.3 12.8 11.4 49.5 1.09 1.13 0.98

Fig.1　TheXRDpatternsofCZTSfilmswith

variousthicknessesofCulayers

Tab.3　ResultsoftheHallEffectmeasurementsof

theCZTSfilmswithvariousprecursors

Precursor

type

Resistance

/ (Ψ· cm)

Mobility

(cm-2· V-1

· s-1 )

Carrier

concentration

/cm-3

Conductivity

type

1 6.973 6.0 +1.7438E+18 p

2 4.169 5.6 +6.4947E+18 p

3 0.073 8.3 +7.2010E+19 p

4 0.089 7.4 +6.2010E+19 p

5 0.053 8.9 +9.2010E+19 p

Figure1 showstheXRDpatternsoftheCZTS
filmswithvariousthicknessesofCulayers.Forallthe
thinfilmstherearestrongpeaksappearedat2θ=

28.55°, 33.05°, 47.35°and56.25°, whichcanbe
attributedtothediffractionof( 112) , ( 200), ( 220)

and ( 312 ) orientationofstannitestructureCZTS.
Meanwhile, otherpeakat2θ=46.31°couldalsobe
seenintype4 and5 films, whicharethediffraction
peakofCuxS.Theresultsindicatethatinthecopper-
poorconditionbesidesthestannitestructureCZTSno

othersecondphasecompoundappeared, butwiththe
increaseofthicknessofCulayer, anewphase, CuxS,
begintoappear.

Thehot-probeandHallEffectmeasurementsin-
dicatedthatallthefilmsexhibitedp-typeconductivity,
andtheresultswereshowninTab.3.Theopticalprop-
ertiesofthefabricatedCZTSsampleswereevaluatedby

measuringthetransmittancespectrainthewavelength
rangeof550 ～ 1100nm.Itwasfoundthatallthesam-
plesinthisstudyhadalargeabsorptioncoefficientin
theorderof10

4
cm

-1
nearafundamentalabsorption

edge.Meanwhile, thebandgapoffilmsdecreasedfrom
1.53eVto1.45eVasthethicknessofCulayerin-
creased.Thisvalueisapparentlyanappropriateenergy

bandgapforthesolarcellabsorberwithhighconver-
sion.
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4　Conclusions

StanniteCu2ZnSnS4 thinfilmswithhighcrystallin-

ityqualityweresuccessfullyfabricatedbyusingrfmag-
netronsputteredmetalprecursortogetherwithsulfuriza-
tionoftheprecursor.Theelectricalandopticalproper-
tiesofthepreparedsampleshaveastrongdependence
ontheatomicratiooftheconstituentsinthethinfilms.
ThethicknessofCulayerandthecontentofZnareim-
portantinfluencefactorsonthepreparationoftheCZTS
filmswithhighcrystallinequality.Furthermore, alow
sheetresistivityasabout0.073Ψ· cmandahighab-
sorptioncoefficientas10

4
cm

-1
wereachieved.Theop-

ticalband-gapenergyoftheCZTSsampleisabout
1.53eV, whichisveryclosetotheoptimumvaluefor
asolarcellabsorber.Thesepropertiesindicatethatthe
CZTSfilmfabricatedbythistechniqueissuitablefor
theuseastheabsorberofthelow-costandenviron-
mentfriendlythinfilmsolarcell.
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摘　要:采用射频溅射技术沉积 Cu/Sn/Zn金属前驱体叠层结合硫化技术在玻璃衬底上成功制备了 Cu2ZnSnS4薄膜。 X-
射线衍射分析表明, 通过优化制备条件可以获得单一黝锡矿结构且具有 ( 221 ) 择优取向的 Cu2ZnSnS4薄膜。 霍尔效应和

紫外可见透过谱测量表明, 样品的薄膜电阻 、 吸收系数和光学带隙分别达到 0.073 Ψ· cm, 104 cm-1和 1.53eV, 具有适合

作为薄膜太阳电池吸收层应用的可能性。
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