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Studies on Effect of S/Se Ratio on the Properties of
Cu,ZnSn(SxSeix)4 (CZTSSe) Thin Films by Sulfo-Selenization
of Stacked Precursor Thin Films
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ABSTRACT: Cu,ZnSn(S:Sei.x)4 (CZTSSe) absorber thin films were prepared on Mo coated soda lime glass substrates by sulfo-
selenization of sputtered stacked Zn-Sn-Cu precursor thin films. The Zn-Sn-Cu precursor thin films were sulfo-selenized inside a graphite
box containing S and Se powder using rapid thermal processing furnace at 540°C in Ar atmosphere with pre-treatment at 300°C. The
effect of different S/Se ratio on the structural, compositional, morphological and electrical properties of the CZTSSe thin films were
studied using XRD (X-ray diffraction), XRF (X-ray fluorescence analysis), FE-SEM (field-emission scanning electron microscopy),
respectively. The XRD, FE-SEM, XRF results indicated that the properties of sulfo-selenized CZTSSe thin films were strongly related
to the S/Se composition ratio. In particular, the CZTS thin film solar cells with S/(S+Se)=0.25 shows best conversion efficiency of 4.6%
(Voc : 348 mV, Jsc : 26.71 mA/ cm’, FF : 50%, and active area : 0.31 cmz). Further detailed analysis and discussion for effect of S/Se
composition ratio on the properties CZTSSe thin films will be discussed.

Key words: Kesterite, CZTSSe, Sulfurization, Selenization, Microstrucuture

pyrolysis"” 5] R E0] AMGE|1L glek. o] FoflA] 2m e
2 A wt g o) FaL A Safo] golsih= A

CusZnSn(SSer)s (CZTSSe) 7uke] ejopaa)i gy A= 7Pl Q7] mi2ell Ao B s of-8-2h upf Al of
Aol 317 AB1E YAER AAslo] 9lo] 72| cIGse & ATHEel ofFof AaL 9lt CZTS fHgel 7HE 549
CdTe B2 7]uto] glopa |2 giaatukst e 7 = SHE e /NS Katagini o] ofsl 7 Ao
A2 A zFguka 9)r} . Shockley Queisser photon balanced 152 RF co-sputtering S o]-8-5ko] FH|E A S HS

1LME

O

it

e

calculations®f] &J31H CZTS BF2tel| QA Z|(TFSCs) 9] o] &4
2|0 M3 E &(PCE)232.2 %2 A, 2 71 -2 CZTSSe 1t
2k gjof A A] 8-S Bt A 47= IBM 189 Hila g
12.6%24 hydrazine & A3 -9 719ke] Lhie )% 344
HholY.,

CZTSSe HFRg A| 231 W 0 2= FA| 5, RF 2
7, electroplating®, W=zl 0]83t 14”, spray

5

*Corresponding author: jinhyeok@chonnam.ac.kr
Received November 19, 2014; Revised November 29, 2014;
Accepted November 29, 2014

7k BolTol| 4] 580°COlA] 3A17F EoF AA]a|S Aa)ato]
6.77%2] T8-S UERY = CZTS E45-3 Azt . 12

L HLS 917104 A GA 2] sk 3782 /d-8-3toll= AR
SHA] g¥t}. whebA] graphite box W -ofl Golut Al e §
1 rapid thermal annealing (RTA) ZZA|AE- o] &5} -2 A]
7H K308 A7) ok BAHL Bl vl-8-S Aol 54

of| A3t 11EA 0] CZTSSe BHFS: A% &4 It} Pawar®}
B QA7AE0] o] ofstel AmE Y W02 Zn-Sn-Cu

o= 7

T4 7R| 2 A5 30| graphite box U0l 4] 3HE2 of
85}0] CZTS uiuhe A zoks W02 4.9%9) W3l 7
Crepey .

(©) 2014 by Korea Photovoltaic Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




178 M.G. Gang et al./ Current Photovoltaic Research 2(4) 177-181 (2014)

th2 gh, CIGSY CZTSSe 7|HHe] B P X[ ol A 71 2
BIEHE8-S ER W7 oU A 115 eV~1 2eVolc). &
A S o8 25 R S R
%Olvi CZTSSe 2] T35 423 CdS &= Alo]9] conduction
band offset (CBO) Z4o] FFANT} 8 7]11o] CZTSSe FE20]
.2 7% 2ol ofgh T ATe) 2710 ofgt A &40

ol

= é
Foj o]t} IBM 74 0] R. Haight= evaporation Hog
=

A2 AFA] Tt S/Se H[ER FTrF5S AR
CBOZ Z43tH”. S o] ujgo] 2713 422 CBO Zto] £7}
a1olom, 12eV 2 o] 713 LS CBO ZHS LFERNQITE CZTSSe

B WiE] o A= S T4l Se x| 3ksto] HHEFY oy
A& 1.0eV~1.5eV, 24 & 4= Qleh kAR 7]E0) HalE =
ol ©J3HH, MoS2Htt MoSe2 7} - 4 A A/g 2 ko
E& 2o A AP ohH vl 78 MoSe2 F-o] A/ &

o]&gk £4J- double diode HIHE U 07 B2 <] HE}
o] x5}tk wetkd, A7} A8 & CZTSSe B YA E A
P7l ?15}o], MoSSe 3-9] /35 oJA|sFaL S€} Se & H|E-9]
= &5 band gap= 2450} ofof WhE F45-0] 54424
AR 9] o] ofwgt P n| A=A of| tiet A7k
A st

AW E P O 2 Zn-Sn-Cu 7} S2HE AAA1S
2|72 2 3gsto] CZTSSe HHate- Hg319iT. Tthok
-2 CZTSSe 2H2}2] EAJT} solar cell EA4Jof o

Lrﬂsgﬁnﬁ;ﬁ;&
ﬂl

03

(o

-‘i’irlﬂlﬂ;ﬂd
e
zﬂr%

rlo

o oot
L2
%)
o
I
o
=2
ﬂ

S A2 1 wm & Mo ¥-2-soda line glass 7] £of DC
sputteringZ 0]-&3}o] A|%3}Ich Zn-Sn-Cu A1 Hhake
Mo - gjof 2afef & o) §sko] 574 9] 30W o} 34
e 8 mtorrof A FAFSIATE EE] AAE Hl5t] 271 1
FL1x10 “Torr GAIE 5 A7A) F2-& AlAsiock 35 9
2] 342 rapid thermal annealing #H]o]] WA o] 11.6cmx
11.6¢m ¢l graphite box of| A& 83 ~0.01gS @11 3 2
2 (a)0g, (6)0.002g, (¢)0.004g, (d)0.006g2] Thokat ok o & w5}
A7 A1 2185191, 300°C 9] L2 4] pre-heating & 71
31 0] 540°Ce] Lol A Axle)2 Wyeloit. T H9|S
A7 $13ted, @A 2] $-ofl= graphite box & #1514 of| A

305-7F Y ZEA ZA T graphite box £]32] H-9)7]+= G 2] 1A
oA AA7FAbekE = Al wh7] $fske] Ar #2£91718 B4
o 9}e] L 400Torr 2 34| A 7tk

S5} @2l vete] A4S B 517 Sltol X-Al 88
7](XRD, X-pert PRO, Philips, Eindhoven, Netherlands), 2}

o FALE nlAlGE 9 A EAL AA HEE dnl
(FE-SEM, Model: JSM -6701F, Japan), B1a}o] ZA4]-S- 3] ?_5]-
7] £]3}e] X-ray Fluorescence (XRF, ZSX Primus II,
Corporation, Japan), BjoFZ ] 2] EAT} §-8-2 =4517] &5t
ol(Sol31, Oriel, USA)2 o] g-a0] HAa}git}.

3. 2ot ¥ oF
Fig 12 2o 0 = Al A4 BhepE 300°Co A
050t Ar E-¢]7]of| A] pre-heating 3 212+2] X-ray 3] sfj&

OIE}. X-ray 3] & o] JCusSns 2] peak (JCPDS:No. 65-2303)

2} CusZng 9] peak (JCPDS:No. 71-0397)7} T E %l o1 o] =

300=2] pre-heating A& E510] S5 alloy 7 FAE -2

& <= @it T3 Sn 2] peak (JCPDS:No. 89-4898) 2} Mo 2] peak

(JCPDS:No. 89-5156)7} &2 = 3ich
Fig. 2= A9 g% 0 2 A 23} 2714 ukak-S: graphite box

of| ] E U} oheet =S Fol I A 2] gk uhate] Xoray

- | ® Cu6Sns o After pre-heating
N

‘2 | m CuSZn8 T

= | A Mo A ,“
: |

£ -
& L
Z o o e0le
= \ [
= L mEE
o N
= || RE '
= \ R
— N | | N I

20 30 40 50 60 70

Fig. 1. 300°COll M 10232t S X 2|t CTS M A 2| XRD i &

--Mo(211)

N
e
N
o

-~ Mo(110)
___|CZTSe(204

_lczrseqnz)
_|czrsean
| CZTSe312
_|czrses

~
N
© -
=
=
o)
S
[
e’
>
~—
o -
n
=
<%}
~N—
=
]

20 30 40 50 60 70
20 (°)

540°Coll M Ex{2|5t CZTSSe H}ato|

2t (a)0g, (b)0.002g, (c)0.004g,

Fig. 2. Pre-heating &
XRD IiH. dajs+ & &
(d)0.006g



M.G. Gang et al./ Current Photovoltaic Research 2(4) 177-181 (2014) 179

9] sl ot} Xoray 24 s lof| A &ko} A3 2)7t | e A
Zo)| 4] 28.38°, 47.24°, 56.09° 9|3 372] 3t 84 w =7}
=] Q=) kesterite CZTSSe Z2F22](112), (204), (312)
oAl 71905k Aot o] @) o] th=9] ofet 7] 9] 31 vl A
7} TR Ql =), 5 kesterite CZTSSe 24 GLZ0f|A] 7] 215k
Aotk AP Al & Fe| ool S7H 5 (112) W] 9
A |39 M|7]|7} A5+ A, o] 3]st AL 3) Buto] oFo] =
7t B2 AXelg ko] Ag4o] aE RS ojujsick
(112) 43 217 1] 5.9] 92| 7FCZTSe 2 CZTS &) Afo] Fh2 2t
£ ol B GAf=] ol Aol dA7E 712 diRE
3 QA= A% 8 A . o)efek 54 b AlEEe) °
A7) 2jo|2 417y B4 gk Be] A Aelse] ¢
AL Qo wlatel ) Ee. © Bragg 34 9%
o Qa4 E&e] F dhato] w3 3 d e 2 &0 7 o]
SHA| k. whebAl, ot dAf 2 B oA et 2
1l o] u]3to] Aty S 2 Zhwel] 9113 514 w27} 2
zZEl e} o] @3t o] & (a)0g, (b)0.002g, (c)0.004g, (d)0.006g
Of thRt F o= HIPA|A DA 23t Hhate] 9] peak S A
B S/(S+Se) 2] H]£0] Z713H% peak 7} £ £0 & o] 53}
£ 7S T 4 ik AlshE W o] et 31 peak & 2

x]—gcﬂ o]

(a) Metal precursor

2 SEM_ SEl__100kV_X25000 WD7.1mm

Fig.3.CTS 2& XA 2H U ¢

PRLEENR-PEEELE:

SEM 0| O] X|2} 300°Ca|
E 3 £t SEM o] O] X|

(a) S/}S+Se) :0
|- LN

CPMD, 2 SEM SEL 100K X2500

Fig. 4. Pre-heating 3 540°COl| A{ & 2|3t CZTSSe Htato| mH
SEM 0|0|X|. Se 22t 0.04g + S £2t (a)0g, (b)0.002g,
(c)0.004g, (d)0.006g

dratoll A ik HA] ekgtom, CZTSSe 4 29| o] 4of thgt
XRD peak T3 H2E] 7] ¢Fghet

Fig. 32 (a) 23 B PR 0 = A| 28 54| 2} o] WA E o]
&3t (b)Ar91710114 300°CelA] 10
Bhal-o] FE-SEM o|u]x]o]t}, Pre-heating 5}7] 212 A1) €t

%59t pre-heating

T8 Mo-Zn-Sn-Cu 2] At 2 Z=EF]o] ¢)r} ml H__,] Cu
Bk 1 7S B4 o] AR HuRe AR B s

H ¢t} Pre-heating& 7| 2] 9] vlulo] 12 Zn-Sn—CuA 1
A7 o8] A Ae 2Rl & 4= gl om o= A= F<alloy
7h A AL Bkl A7) 2717} 2 dstet Al o
rom O FE-SEM o]n| xof| A g2l gk 4= q]rt.

Fig. 49} 5= A5 CZTS wjure] choyl 3 2ol 02 &
#]2) 2] FE-SEM o] ] 4]}, 7 FE -SEM o] a| ]| 4], 214
2] AJof| BFo] ofo] WopAZE Abt A 0 & AR o] 7|7} 2o}

A 212 891 8 4= 91910 R 1 GAE 11 el A
AN AR Btz 212 891 3 4= 9Jk. T FE-SEM o] ]

Aol A, 2 35} &3 4)2] 2 o] A uhate] 91Zo] 2 o xjo} o}

2 2R QAR o] ol 2l Ul TS TR
ol ke A7]0] FgEo| shite] EAISEL
ol {5 Ao R ol Agto] T EAfet
A B3 E g, o] @] 2] o] CZTSSe ] Huto] 2

(a) S/(S+Se) : 0 (b) S/(S+Se) : 0.25

CZTSSe

Mo

CPMD 2 SEM_ SEl 100KV X25000 WD7Smm _ fim > 2 SEM_ SEl 100KV X25000 WD78mm _ium

(¢) S/(S+Se) : 0.48 (d) S/(S+Se) : 0.53

2 SEM_ SEl 100KV X25000 WD73mm ium

CPMD 2 SEM_ SEl 100KV X25000 WD72mm

Fig. 5. Pre-heating = 540°COl|A{ @ %{2| 5t CZTSSe ttato| ch
SEM 0|0 X|. Se 22t 0.04g + S 22 (a)0g, (b)0.002g,
(c)0.004g, (d)0.006g

Table 1. Pre-heating & 540°COlA] g X 2|5t CZTSSe ot Q|
XRF Z1}. M= + & 22 (a)0g, (b)0.002g, (c)0.004g,

(d)0.006g

Cu/(Zn+Sn)| Cu/Sn | Zn/Sn | (S+Se)/M | S/(S+Se) | Se/(S+Se)
a 0.70 158 | 1.25 0.89 0 1
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c 0.69 152 | 1.20 0.93 0.48 0.52
d 0.67 151 | 1.25 0.93 0.53 0.47
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