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Abstract Cy ZrlSl”lS4 ( CZIS thin filns for the ahsorherof thin film solar ce|[swere successfully prepared hy sulfurization of rfmag.
netron sputtered meta] Precursors on soda. [ine glass supstrate The CZTS thin filns having the single stannjte t¥Pe Phase structure with

good crysta]llne qualitywere ohtajned as revealed n XRD analysiswhen e cond itions of preparation and sulfurization of fe precursors

wer dtinized Hall effectand UV-VIS measuramen ts showed that sheet resistivit}" ahsorP ton oefficient and optica] hand— gap ener

gy for tye filns Prepared under the optinized Processng conditions are ahautg (73 () - an 10" ax! and 53 e\{ respectivel},f mn

dicating hat the CZI'S filns Prepared by sulfurization of puttered meita] Precursor are sujtaple r the thin filn solar ce]] ahsorper
Key word§ Cuz ZHSH§7 thin [ih} solar_ceLl rfmagneton sputtering
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1] Introduction

CyZn$§ ( CZI9 thin filn is a pronspgma
terja] for Jov_cost thir film wOlar cells Jue 1O its Pran s
ing optica] popertes( 1 4 ~1. 5 & band gp energy

high ahsotion coefficient i the order ofjg* an ‘),

aswel]] as the apundant and nontoxi constjtuent €le
ments"™ ¥ Togpy Katgiri attained he highest con
verspn effic ency ofs. 45% of a solarce||w it the de
vice stucture of Zn() A} CdS/CZTYMO, soda |ine
glask! However the efficiency is sti]] lover than that
of the canpet;tive solar celp such as Cy InSg, It
essentia] 10 nvestigate the pasic pPropertes of CZT§

e 2 the effect of the canpositpn deviation fran stoi
chiam etty on electricazl optica,l and structura] proper
ties There are few reports on the hasic Propertes of
CZIS The reason is pobably the Jack of the establish-
ment of sujtaple fapricatpn techndue for CZIS thmn
fim In our previous Work§ CZ1IS thn fimswere suc
cessfully prepared by usng sulfurgation of pn— heam
sputtered meta] Precursors pr the first tine and a Jow
sheet resistivity of ahouty 156 Q) © m  a h 8h absom.
tion coeffeientyt an! and an optica] hand-gap ener
gy 01,51 &/ were optanel® However these CZIS
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fims sufirized by ion-beam sputtered Cuy S/ Zn pre
cursors exhipted Poor adhesion © supstrate and Lrow
rate of hemeta] Precursor § 100 S|ow

In e presmtwoﬂg rfmagne tron spu tterng tech
nique was utilized f{or depositing stacked Cu/SnyzZn
layers precursors This method s more sujtable {or
lar€e scale production

2  Experinenta] details

The studied sanples were prepared by a wo— s€p
process The Cw SnyZn Precursors were first deposited
on soda |ine glass supstrates hY rfmagnetron sputterpng
technflue  The mewr]lc Cu Sn and Zn ( Purity
99, 99% ) Plateswere used as the sputterng taigets and
pure aron as the Puterng as The RIF Pover was set
atpoW pr Zl;l 30W for SI} andso0W for Clyl respec
tively The deposition order of the stackedmeta] Jayers
Precurorwas Zr} 51:1 and Cu and the thickness of ev
ery hyerwere adjusted by alterng depositon tine A {
ter the depositiox’l the Precursors were jmmediately
transferred 10 an electric fumace for sulfurgation m he
fluxof§ ( 82y and N for cbaining CZIS film  The
detaj] of te sulfurizatpn process has heen repored
elsevheré®  The canposition and ciysta]pgraphic
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structure of samples were detemmed by ene1gY d sper
sSive spec troscopy ( ED% and X_.nry (iffractaneter
( XRD) The electrica] and oPtcal Propertieswere an
alyzed by Hall effectmeasuramentsw 1, Van der Pauw
method hot prohe measurements and UV-V S sPectra
Photometer

3 Results and discusspn

Tah | Thickness of each Precursors and Pred icted atamic rato

Thickness of each . . .

Precursor P recursors, m Predicted atam ¢ ratio

type

Cu 70 S CuyZnbSy  ZySn
1 108 120 140 0 63 1 61
2 120 120 140 Q 70 L. 61
3 132 120 140 o 77 L 61
4 144 120 140 0 84 L 61
5 156 120 140 0 91 L 61

Tahk 1 showvs the thrckness of each layer of pre
cursors and hePred cted atamic mtiqs the canpositpn
ratio of each elanent Pred cted by their density and a
tamic weigh The canposition ratos of each elementaf
ter sulphurisatpn detemined by EDS were shown mn
Tah 2

Ttcan he seen that after sulfirjzation the canposg
tion rago of sulfur in a]] the fims neared t0 apout
50%’ ndicatng the sufficient sulfurjzatjon was a
chieve Meawhik the ratios of Cu/Zry Sn p a]] pre
cursors changed in evidence heween different samp ks
Obviously thickness of Cu JaYer and content of Zn are
very important factors for preparatpn of CZTS thin filns
with idea] stoich omety

Tal 2 Chamica] canpositons of CZTS fin's

w ith varpus Precursors

Chanmica] canpos jtions atam ic ratp of

Precursor analyzed by H)X( atyg ) can pos;ton
Type ) Cu
Cu  Zn Sn S Zy S YMeta]
(25
1 189 142 139 53 068 102 112
2 205 140 135 52 075 L04 109
3 231 135 124 51 08 L09 104
4 261 134 120 485 103 L11 092
5 263 128 114 495 109 113 0098
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Fig | TheXRD Pattems of CZTS filns with

varpus thidknesses of Cu Jayers

Tah 3 Results of he Hall Efffctmeasurements of
the CZTS films Wit varjous precursors

, Mob il it/ Carrier .
Precursor Resjstance Conductivity
( m2. V! ooncentaton
pe /(Qe an) B type
B gl) yA 2 ul

1 6 973 60 +1 7438E+18 b
2 4 169 56 +6 4947E+18 p
3 0073 83 +7. 2010E+19 p
4 0089 7 4 +6 2010E+19 p
5 0 053 89 +9 2010E+19 p

Figure 1 shows he XRD Pattems of he CZIS

fims with varjous thicknesses of Cu hYers [For a]] fe
thin fims there are strong Peaks appeared atp) —
28.55°, 3305, 47.35° ads56 257 Which can be
attrputed 0 he diffraction Of( 112), (200), (220)
and (312) orentation of stanijte structure CZTS
Meanwhﬂ? other Peak atof— 46 31° could also he
seen in typeyq and 5 fitn§ which are the diffractpn
peak of Cu S The results ndcat that i the copper
poor conditon hesides the stannie stucure CZIS no
other second Phase canpound appeared but wity te
ncrease of thickness of Cu 1aYe’r a new phas’e Cuy 5
beghn 0 appear

The hot— prohe and Hall Effectmeasurements
dicated hat a]] he fins exhbited P-tyPe conductivity
and the resuts were shovn in Tah 3 TheopPtica] Prop
erties of he pbricated CZI'S sampleswere evauated by
measuring the trangn jttance spectra i He wave length
range ofs550 ~1100 M Itwas found thatal]] the san
Ples n t s study had a ke apsorPton coefficient n
the order of | an' near a findanenta] ahsorPtpn
edge Meawhile he band 8ap of fiins decreased from
.53V 101 45€V as the thickness of Cu layer in
creased This vajue s apparently an app mopriate eney
band gap for the sojar ce]] absother wihh hi8h conver
SiOn
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4 (Conclusions

Stnnijte Cy ZnSn§ h i {imswith high ciys@]lin
1itY qual;ty were successfully fahricated by using rfmag
neton sputtered meta] Precursor together w ith sulfurjza
tion of the Precursor The elctrica] and optica] proper
ties of the Prepared sampPles have a strong dePendence
on the atanic rato of he constiuents n e K fims
The tickness ofCu Jayer and the contentofZn are in.
portant pfluence fictors on the Prepamtion of the CZIS
fims with high crystalline quality Furthemore a Jow
sheet resjstiviy as ahoutp 73 - @ and a high ab
sotion coeffeientasy’ an ' were achieved The ob-
tica] pand— 8ap eney of the CZIS sanpPle is apout
1.53 e\{' which is very close 10 fe optinum value {or
a solar ce]] ahother These pooperties ndrate hat he
CZTS filn fabricated bY this technidue is sujtable for
the use as the apsorher of the low— cost and environ
ment friendly thin filn sopr ce]]
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