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Abstract To achieve low-cost and high-efficiency of thin-film solar cells applications, the sol-gel method that can be
coated on a large area substrate, obtain homogeneous thin films of high purity was used. We studied structural and optical
characteristics versus annealing temperature of Cu,ZnSnS, which has kedterite structure by substitution low-cost sulfur (S)
instead of high-cost selenium (Se). By analyzing XRD patterns, main peak was observed at 20 = 28.5° when Zn/Sh ratio is
0.8/1.2. And when we observed kesterite structure which has orientation of (112) direction, the more annealing temperature
increase the bigger strength of (112) direction is. Cu,ZnSnS, thin film showed characteristics of kesterite structure at 550°C.
And when we caculated lattice constant, a=5.5047 and ¢=11.014 A as same JCPDS (Joint Committee on Powder
Standards) data measured. We measured optical transmittance to analyze optical characteristics. Optical transmittance was
lower than 65 % at visible ray (A =380~770 nm).

Key words Thin film, Cu,ZnSnS,, Solar cdl, Sol-ge

Sol-gelgell 2]+ uhatef) ok312] & Cu,ZnSns, Bhete] S-2h) 54

ko
.o
L)
=
Lo
r_N_
D
o,
)
N
N
fd
]:O‘l
o
s

>,

3| we Wl 7)a 9o Zgol shsatn] 139 §47F BQ
7 QAL A 7E ety eel] A vehs AS Sl wheke] A4S GAl 228 F e Sol-Gdi s ol &35k
th SeHt} A7lolw EAo] gl F Y7 SE XF5F] AMEEH zZ/SH] S REIL kedterite FRE e
Cu,ZnsnS,e] A2 &xo we viute] L33, 383 %*éoﬂ U] e HPEEY JFS LolBdth. XRD paterns ##
g A3} Zr/snvl 7t 08/12°‘ W 20=28504 Fu37t 7 BebAl vehdon (112) Wkl wlgd S 7Hd kesterite A
e Sl & Ak A 2E7F SUIEESE (119) 4 sk AAW B50°ColN A E F Cuznsns, Hhuke
kesterite 7-%¢] 3}SHFEZ CuZnSnS, 54 Yehl £ A3 MZe AadFE 43 ghol a=55047 and c=
11.014 A o]w JCPDS(Joint Committee on Powder Standards)ol] B 2%¥ Ho|E a=5427 and c=10.848A 3 A< 4X 3}3iTh
A EAFS dolr 7] 98 4% FEALL sA) A oﬂoﬂ(380~770 nm)oﬂf‘i AA O 7 65% o] stz LFEps),

1M E ol sle] A o WA W o] F97k AL
ooz o8] Aol 2 Waph & Floln solme
17604~18304 AKISH o]F FNARS AMOR 2 9§ A9 Lo Al @4o] dold Aoz A

ojpfstERe] 7] & st FAS] SRSkl Aol "k AME A ARUAE zd @ Rt opd
et ganl Weh W B, WFe] db dge] Bk oRlEEs §4vt Ao Jo) mE eEAe A2k

4 Zolty, &4 mwel AT eus A4 Al
*Corresponding author M 2 Pelo] He 7k wiEES AAATIE
Fon: 162.52.950.5605 Zo] FAFoIth. SAeIIA oA At e oz

=3
E-mail: boperk@knuackr AT 87 1004 ool 22E Zlolw] Aol



128 Gwan-Tae Kim, Sang-Hyun Lee and Byung-Ok Park

ARSI Sl AR Agelde olisltkag vl
o 2T 730 A1Fe Tt 9,131 A EEgt
YA A= AT A 5
k= AAolt), o]y st A3toA] <17 Aule e
AZL AUAE Jitehes A olH, tAdUAdes
tEZQl Ao] Aol BjARE Eoko 2 HE]
WA= W oUAE REEA] p-nid @S o]&3ste] %7
quixlz A Waksl= 7leE 197040 T xhel] 2
A A T ol FRE W, Y, FHE TR A
e Af 5 AR &S ouiR] 7 gk
s A Aot RS PR Bl
W 71l EAH U Atz D3tk e
2 AF7HA] IF7F st oyA] e FollA 7 7l
23k o] &R e WOW photono] ZAk=
j_ﬂ"— J)rxqoﬂ o= %a g}s‘w@ u}_CLo] 01—5}

A o) whRe] BAeAL % U 5 Y P
WA SHerfl) FEel, FORe A Jle

R s
o},
1990:%=0] 465 Mwpeld A Bl FA
Aakere. 1997d%0] oF 120 MwpSd.e®, 2007 Al
B A stk 3733Mwpell =2 AR wid
T FTTHIE Holal St AR oA E QA
{9 HAAdFHE 5 55 ok Addstas 71E9]
e A AR 7hsst gl o224 Eekal e A
o] F BHFE 7IE = 7P & Aol 81lelt). o=
bulk dee] dejEE AAEE she 719 442 4
g gAY AAE Blo] F7] wwoltt. wbA
Bl 7)Ee EEFS YEaME AR AEE
o] &gk A7} I FE - I AF o] BFAR] sl A4
FAlol), o]t HYHAE AAE A E AZFTA
o] dsstol| e Az=YA7F Aito] shsek v oo
of gt} A7te] thHE 7|de]e] WMEAE B FEHE
Fst] BjFAAE Az ke B A7 2 8
AFo] & Zo7 AYE QU oligt vy
o] Axol= theFet £ - sheHA wh AT
H3 JAEd, CVD, sputtering[2, 3], evaporation[4, 5]
4 sol-gel[6-8]H Tl xSl ZIEelth 1y B
AA7F & F M S-S 47 fEidE ke JF
FHE AREStelol sk @ido] k. o] BRS S538t
I uh AR E FEskeb] SeiME e d wg
&7 tEo] Hxly WAoo Axrt dHolg &t
ZAEH9].

ket gl gdA e AaEe RgEdeE(aS), CdTe,
CulnSe,, tHAAHEE 2 “EZJ—% ol aAl Fs4
o] %S W UTH10, 11]. 3], CulnSe, ElHA=
A-ol|A 42| band gap°] °¢ 1.04evelal FgA

£73 AAd R 7|Ee] shug 1wy

32 l‘l
m{>

0O

¢

£,:7]- =37, };G}ao] 4011,]. —-—EH.J gzqzl 1:1 H]z%zl
AT BFA ] A Wk g A7) - x&&st vt
ST StE AR AEE Zgitel AxZbsellM H
A AiEe] =i ok AR Ingk Se AE7F
aztelw Ine] 7 A|dell sjuatelAl EAfste] B
Ao WtE 9EE ol HE 7RI AT S &
‘go] Fskd, 7pE A 4] fle S& In Znt
e 5o M o2 AT 4= JA =HATE Cu,ZnSns,
= GEAA A H}E’}g TH=o] 1.45eVve] band gapt
10°cm ™ o)Al T8-S A= AL BolIEAL 1
oA oF 10 %°] Eg— 2st=t ol28 FE =

T 0 2 58S YU ARne Bpiast 8
Zelci{12).

Weh B ApeldE We WA )% gl ;o]
TPssi, 2139 A7k B8 glonE FAst s
3 fAHIgo] HA SR, AEE] A EH
B2 ufEd @4% 7Y Be 92 5 9, v
249 44 24 @ & 2l Sol-gele AM8sld zn

S e Cu,ZnSnS, HHEre] S48 dolugty &
g Lx9l B97] 5& Hﬂﬁ}*lﬁ @Zéi“m E45
Bk EAg7ke] #d S
2 Cu,ZnSnS, vHERS A|A o}oq ﬂl%k@x]ix o] ARE 7
AL HrkelaAt st

Hed

2. A3y

oo

B A¥oflA Cu-Zn-Sn sole] A|zel| AMg-3E FE-golo
Al 248 g Jlo Efetke WHE Fote] ke Alxst
AT WA Coppers] swUlo=24 sol-geol] Bol AR
3 = chloridere] EdRTR= 5A40] Ao A
of|xe] QPgAdS Esled copper acetate monohydrate
[(CU(CH,COO), - H,O)JE AFe-3tedom, zincs AheoiA]
o] KA H 7H4ES rste] zinc akoxide thAl €]
232l zinc acetate dihydrate [(Zn(OCOCH,),-2H,0)=
ARESIIT). Zine acetate(ZnAc)e] 7S¢ Yol the &
=7b w9 W2 o] AR, thE dak= g9y &
ElAo] L3l AESE §7)1ES I8 FA-A =
A erR, EES 9#7F Atk Tin Tin
acetate dihydrate[Sn(SnCl, - 2H,0,)]-& AF&-&F1T}.

4 oFgAIZ+=  monoethanolamine(NH,CH,CH,OH,
MEA)S H7lsllar A7 242t S50l w59 1
Hl(Ryea= D= 3ttt Svi2= 7193e] Za8s
sto] 2AFH 9 TJrX%ﬂH g o] Fiko] 3] Uoi
U ZEAEE 7 ATIESE &17] flste] BeHel =2
2-methoxyethanol-&- /\]~9—o}MJ_ Al 84S £33t 85°C
oA A7 WHE T A Z3le] ARSI



Characterization and deposition of Cu,ZnSnS, film for thin solar cells via sol-gel method 129

719+& Bare glasss 1.5cmx 1.5cme] HAEo 7
gk o oHlE, S5/, olehE £o=% 77t 108

7 285k ARG sjol, Eolo) L f71%3) olEAL
ARG ALEBHoH, Bl Be olRee A ar

guns ARgsted AARE & ARRSISITE A9 SEE A}

£351o] 71 9ol solS 2 EHA]A ll"i—ﬂ Wetting?} =
3000 rpmell A 3027+ SIFAIA FZHS SAUTE o2
Ao mo Hot platel]A] 300°Ce] %i 1087 A=z
gl 22 f71EES AU AANAFOEA BFee]
Az Alodl F71E9] e e RISt 9 stressl]
olgt #d-8 WA

Az A L T SAR e J8gs Sk
th A WA A= Spin coatmg,El utulS- graphite-box
o 30ge] sulfurel 7o) ol AAE7]9] EHE o
A B°CImin B &2 52 Al7|2L S5 I¥E vog 3
ZIZTA 371 918l 250°ColA] 30 FAIAIRL & 23A)
Al AARstE dofuAl sbz] 91k 350 400,
450, 500, 550, 600°ColA z}2t 30 &<t EAlEE 8t
of whakg A ZsIAT.

ole} 72 whetEAe Fig. 1o YERNICE Fig. 2(a)
= Spin coating® EH sulfurrl 7o) Wolx gxg
Al Z3As7E HolAl= graphitebox ZHelH  (b)=
Cu-Zn-Snetel] 7t S3tEo] ZAAstE= Tl

ghake] AXGZ2= X-ray Diffractometer(Macscience,
MO3-XHFR)E AME319oH targete Cus ARSI,
20= 20~80"] WelZE, &3 30kV, 30mAZ A3}
Atk vheke] wAMlGt2E Scanning Electron Microscope
(Hitachi, S-4200) AR&-3te] #2akict. UV-VISNIR
Spectrophotometer(Varian, Gary 5G)2 AR&-3Fe] 400~
2000 nm g el A4 FaeS S F5H W

O

Zn(CszOz)z 2H20] [ Sn(SnCl2:2H20) ]

—

[Cu(CH3C00)2H20
—|:> 2- Methoxyethano
] Monoethanolamin

[ Stlrrlng at RT for 1h
X

Ll

—

[ Clear solution

T

[ Spin coating at 2000rpm 30 sec
prore v |
[Pre-heat-treatment in air at 300°C for 10min

e a—————————

Heat-treatment in sulfur and N2 gas at 250,
350°C~600°C 30min
I

[ Cu2ZnSnSs ]
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Fig. 3. XRD patterns of CuyZn,_,Sn,.,)S, thin film with zZn/
Sn ratio sulfurized at 550°C.

Fig. 4. Surface morphologies of Cu,Zn,_,Sn,.,S, thin film
with different Zn/Sn ratio. (8) 0.8/1.2, (b) 0.9/1.1, (c) 1.0/1.0,
(d) 1.2/0.9 and () 1.2/0.8 sulfurized at 550°C.
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Fig. 5. Tranamittance spectra of the Cu,(Zn,_,Sn, ., )S, thin films
with a function of wavelength different Zn/Sn ratio sulfurized at
550°C.

Fig. 5& Zn/Sn vlol] w2 7}z} 2439 AxIgS v
21 % 550°ColA EA 2]t Cu,ZnSnS, vhate] 3 Fakg
< 400~2000 nm ZFFE el UV-VISNIR Spectrometer
(U-4100)E ol&-st S43F Aofolrt.

o] A¥= drd] #F FHES VIEoRE A =4
o absorption edge’t 900 nm 3 Aol YehaL
7B gedele] Fagd AAHSE 65% ©ltE
H|S=5E A Holi o™, Zn/shlell wet FFat
&2 TA "g2AE AT Z/SH|7F 0.8/1.204 1.2/0.8
2 7Zre]l 7t @95 4 F3Eo] WA vEkith o] €
¢1S Zn/Sn H|7F 08/1.2204 12082 571 4= band
gape] thAIF o2 Fhaelalr] wiiselztal & o 9l

3.2. Sulfurization &% =7} W& CZTS =4t

ZSHI7E 1:12) Cu,ZnSnS, Hhete] daje] Lx2 o
—_— 4 Cu,ZnSnS,
g e Cus
= —— 600 °C
= 550 °C
) ——500 °C
."é‘ ———450°C
—— 400 °C
:f . ——350 °C
Q2 Q
=
< 5
>
= ;
(1 N PR—
(=
U s
9 R e e e
£ ’—JL
-y
1 1 1 1 1
20 30 40 50 60 70 80

2 theta (degree)

Fig. 6. XRD diffraction peatterns of Cu,ZnSnS, thin films as a
function of sulfurization temperature.

Fig. 7. Surface morphologies of Cu,ZnSnS, thin film with differ-
ent sulfurization temperature: (a) 350°C, (b) 400°C, () 450°C,
(d) 500°C and (€) 550°C.
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