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Abstract

Cu,ZnSnS, (CZTS) thin film is one of the candidate materials for the solar cell. It has an excellent
optical absorption coefficient as well as appropriate 1.4~ 1.5¢V band gap. The purpose of this study is
replacing a half of high-cost Indium (In) atoms with low-cost Zinc (Zn) atoms and the other half with
low-cost Tin (Sn) atoms in the lattice of CIS. Thin films were deposited on ITO glass substrates using
a compact target which were made by Cu,S, ZnS, SnS. powder at room temperature by rf magnetron
sputtering and were annealed in the atmosphere of Ar and S»(g).

We investigated potentialities of a low-cost material for the solar cell by measuring of thin film
composition, the structure and optical properties. We could get an appropriate Cu,ZnSnS, composition.
Structure was coarsened with increasing temperature and (112}, (200), (220), (312) planes appeared
to conform to all the reflection Kesterite structure. A (112) preferred orientation was advanced with
increasing the annealing temperature as shown in the diffraction peaks of the CIS cells and was avail-
able for photovoltaic thin film materials. The band gap increased from 1.51 to 1.8eV as the annealing
temperature increased. The optical absorption coefficient of the thin film was about 10%m™".

1.M 8 A Mo|d whEx 24 uuksiy} shsela, Welol

1.04eVE 27 Busl] Aasin, FES A%

g e A, 7L B9 58 5 v 43R gdHA AR FolAd 2 3e vele
doz qldled AR A duA2 FHET Azolth®® Tjuh, o] A BE 179 Ing AL o
EAS A 2 AAD7r Bl o™ band gape] tha W
HgdAel A& F 53] CulnSe, B FHA = 4 a1, Sed] 5402 QA% EAI ] Slrh e FHA



S
g
A

e
rd
ol
o
2
o
an
i
2
P
of
[\]
(e
>
0o

ZH o] o] e 7= o, CuZnSnS = 1
2 gk g 7ol FEe A2 F2E A 9l Stan-
nite” E+= Kesterite® 7322 &2l CuZnSnS,=
FEF AT WA T UEA A8 540] Chal-
copyrite 7% CulnSe,A 5t Aoz Iy
A ek CuZnSnS,el Z&FF AFE 10Y/cm o4
o7 HuY FAf F 3 14~15eVE g AR
bzl g 24 o] o|™!'Y CulnSe, (CIS) Al &
A A 2E A7 P FAA AER &§ el
Adle 2l
uheba], 2 Aol A= A 7L e AR A & AL
d3toz o|n| 5 Al Wel gl CISA
utdkeo] w7} In 44AE A7be] Zn, SneE oA g
CuZnSnS, =HA| 2 oF Bzl O F4o] ¢
o dgozE vlwA g A8 Cusl, ZnS, Sns
& Egtsle] A8 el S o] 8-3) rf magne-
tron sputtering® © 2 CuZnSnS, 3FE ¥
whobo. 219 A )3 A 2@ ekl A7) Beha

7tz A, A7F B A A BEA ] &

y o
Ho
2,
P

tlo
o,

2.1, Mg ®xR| 2 =7

2 A& f magnetron sputtering %3] & A}&
3=

el Ale 2R ol 7h &0l % CusS (Cerac, 99.9%),

7ZnS (2l otd, 99.9%), SnS.(Cerac, 99.5%) =%
S &3 AYsted ol &l o, Ul o)
52 240 2H3EE dE 2408 A8 44
2:15:12] & H]&Z 24A|7} ball millsle] Zgxa=2
7}k (5000kgf) & st Al 28Rt Glass 7]
Indium-Tin-Oxide (ITO) glass& Arg-3atHi ot HH
o] f71 2 EHE AAS] A obAlE (CHs

COCH3), W¥ ¢3-& (CH;OH) 9 54 H0) &

=

°
=
z
N
[>
b
P
B
>
28
sl

A

2% & Table 19] 2oz da-g F3 39t
12074 21
T FoflA] 3087F Aro.Z purgingsha Arlefl A
2scem O Z Ar+S,(g) -2 EelHA £X2200°7C ~400
CE A& 3t ol €Al WHL 2°C/min
o 2 SRR JMES &, 1AL T¢ A xR

A8 O 27C/ming] ¥z £E2 P2 A

-Q
R
=
jinsA
I
e
)
2
>
1z
)
o
olN
_QL'
o
AE
o
N

]

Table 1. Deposition conditions.
-

Deposition

parameters Conditions

Sputter source Radio frequency

Working pressure 2.5 10 Torr
Purging method Ar (10scem) for 10 min.
rf power 50~ 150W

Sputtering time 120 minutes

Discharge gas

Ar (2sccm)

Temperature Room temperature
Substrate ITO glass
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Fig. 1. The atomic ratio of the Cu.ZnSnS, thin film

as a function of the rf power (Target | Cu,
S:ZnS:8nS, 1:1:1).
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g. 2. The atomic ratio of the Cu.ZnSnS, thin film

as a function of the rf power (Target : Cu.

S:ZnS:8nS; 2:15:1).
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Fig. 3. The atomic ratio of the Cu,ZnSnS, thin film
as function of the annealing temperature.
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Fig. 4. The x-ray diffraction patterns of the Cu.
7nSnS, thin film as a function of rf power.

3 Kesterite 7321 CuZnSnS, (112) He] 34 1
Azt &A=
Fig. 52 wag A, Ar+S. (g) %1714
200~ 400 ol A 1AIZF Bt Ax 2] & AlH o] X-
A 34 Aoty 7|#E 7HAgle] ITO 713 A4l
Z 25} utulo) A &= CuZnSnS.2] 37 H€e] 7%
H A ekoFo ), 200 ~400 €= g 3 vk Kesterite
TFZ9 (112), (2000, (220), (312)8 ] 34 9=
7} B o). weke 200 o] 4 dxjeldl A 23 3
7} 218 519l o o]w] CulnSe Aol A 2} Zol (112)
S wjgAdo] dR3te] Bl FA Y BFFF A
BER EE7MsE AR 32

2 Z2dHn
112)

é- ay ¢ a1z o
—_— 400 °C
z T

E " 350 oc
: N 300 °C
= 250 °C

200°C
25°C
2‘0 4‘0 8’0 8’0
20 [deg.]

Fig. 5. The x-ray diffraction patterns of Cu,ZnSnS,
thin film as a function of the anneaing tem-
perature.
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Fig. 6. The Surface morphology of the Cu,ZnSnS, thin film as a function of the annealing temperature.
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Fig. 8. The transmittance of the Cu:ZnSnS, thin
film as a function of annealing temperature.
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10. The absorption coefficient (@) of the Cu,
ZnSnS, thin film as a function of the anne-
aling temperature.
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Fig. 11. The energy band gap of the Cu:ZnSnS,

thin film as a function of the annealing
temperature.
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