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1. Introduction 

The band gap (Eg) of CuInS2 (CIS) films is 1.5 eV, which 

is close to the optimum Eg of 1.4 eV for light absorbing 

layers of solar cells. In CIS solar cells, the conversion 

efficiency of 12 % was achieved using the CIS films 

prepared by the two-step evaporation method [1-2]. The 

deposition of a CIS film with a Cu rich composition at the 

substrate temperature of > 500 
o
C resulted in a large grain 

growth but a rough surface morphology [3-4]. The rough 

surface would reduce open-circuit voltage (Voc) and fill 

factor (FF) and hence the conversion efficiency. In contrast, 

the 600 
o
C annealing of the CIS film with a Cu rich 

composition deposited at the substrate temperature of 50 
o
C 

resulted in a large grain growth and better flatness. This 

would be due to the lower substrate temperature than 

melting point of In (156.6 
o
C) thus In was not agglutinated. 

However, the CIS film was peeled off from Mo-coated 

soda-lime-glass (SLG) when the Cu-rich CIS film was 

soaked in a KCN solution to control the composition to 

In-rich. In this study, CIS films were fabricated by two-step 

evaporation methods that Cu-rich Cu-In-S deposited at 50 
o
C in the first step and In-S deposited in the second step to 

control good flatness and In-rich CIS films. 

 

2. Experimental 

All CIS films were deposited on Mo-coated SLG using 

multi-source co-evaporation. Fig. 1 shows the deposition 

sequences of (a) two- and (b) single-step evaporation 

methods. In the two-step evaporation method, a Cu-rich 

Cu-In-S film was deposited at 50 
o
C for 25min. Then, the 

substrate temperature was increased to 550 
o
C and the film 

was annealed for 15 min under S irradiation. In the second 

step, In and S were irradiated to control the film 

composition to In rich (Cu/In = 0.8~0.9) for 30min and the 

film was annealed for 15 min under S irradiation. For the 

reference, a Cu-rich Cu-In-S film was deposited at 550 
o
C 

for 35min and the film was annealed for 15min under S 

irradiation. The film was soaked in a 10 wt% KCN solution 

for 2 min to adjust to a slightly In-rich composition. The 

thickness of both films was approximately 2 µm. The CIS 

solar cells consisted of ITO/ZnO/CdS/CIS/Mo/SLG 

structure were fabricated. The current–voltage (J-V) 

characteristics of the CIS solar cells were measured under 

100 mW/cm
2
, AM 1.5 G illumination at 25 

o
C. 

 

3. Results and discussion 

Fig. 2 shows the surface SEM images of the CIS films by 

(a) two-step evaporation method and (b) single-step 

evaporation method with the KCN etching. The surface of 

the CIS films obtained from two-step evaporation method 

was smoother than single one. Fig. 3 shows the cross SEM 

images of the CIS films by (a) two-step evaporation method  

and (b) single-step evaporation method with the KCN 

etching. The grain size of the CIS films by two-step 

evaporation method was similar to that by single one. Fig. 4 

shows the J-V curves of the solar cells using the CIS films 

by (a) two- and (b) single-step evaporation methods. The 

higher Voc of 0.677 V was obtained compared with 0.633 V 

for the single-step evaporation method. This would be due 

to the improvement of the flatness. However, the FF was 

low and the conversion efficiency was 6.4 %, which was 

lower than that of the single-step evaporation of 8.5 %. 

This might be due to the poor crystal quality of the CIS 

film by the two-step evaporation because the actual 

substrate temperature during the two-step evaporation was 

lower than that during the single-step one possibly due to 

the difference in the emissivity of CIS and Mo.  

 

4. Conclusions 

The CIS films were fabricated by the single- and 

two-step evaporation methods using the multi-source 

co-evaporation of Cu-In-S. As the results, the surface 

morphology of the film prepared by the two-step 

evaporation method was improved compared with the 

single one. The crystal grain of the film prepared by the 

two-step evaporation method was similar to that by the 

single one. Moreover, the higher Voc of 0.677 V was 

obtained compared with 0.633 V for the single-step 

evaporation method. This would be due to the improvement 

of the flatness. However, the FF was low and the 

conversion efficiency was 6.4 %, which was lower than that 

of the single-step evaporation of 8.5 %. The precise control 

of the substrate temperature will be needed to improve the 

crystal quality for achieving high efficiency solar cells. 
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Fig. 1 Deposition sequences of CIS films by (a) two- and 

(b) single-step evaporation methods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Cross-sectional SEM images of CIS films by (a) 

two-step evaporation method and (b) single step 

evaporation method with the KCN etching. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Surface SEM images of CIS films by (a) two- and (b) 

single-step evaporation methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Current density -voltage curves of CIS solar cells by 

two- and single-step evaporation methods. 

 

References 
[1] D. Walter, H. Braunger, Ch. Dittrich, R. Koble, H.W. Schock 

Herberholz, Sol. Energy Mater. Sol. Cells 41/42 (1996) 355. 

 

[2] R. Kaigawa, T. Wada and R. Klenk, Thin Solid Films 516 
(2008) 7046. 

 

[3] T. Kondo et al., to be presented in this conference. 

 

[4] R. Scheer, T. Walter, H. W. Schock, M. L. Fearheiley and H. J. 

Lewerenz, Appl. Phys. Lett. 63 (1993) 3294. 

 

Voltage (V)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.80.0

C
u
r
r
en
t 
d
e
n
si
ty
 (
m
A
/c
m
2
)

5

10

15

20

25

0

Two step

Eff : 6.4 %

Jsc : 20.4 mA/cm2

Voc : 0.677 V

FF : 46.3 %

Single step

Eff : 8.5 %

Jsc : 21.7 mA/cm2

Voc : 0.633 V

FF : 62.0 %

Voltage (V)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.80.0

C
u
r
r
en
t 
d
e
n
si
ty
 (
m
A
/c
m
2
)

5

10

15

20

25

0

Two step

Eff : 6.4 %

Jsc : 20.4 mA/cm2

Voc : 0.677 V

FF : 46.3 %

Single step

Eff : 8.5 %

Jsc : 21.7 mA/cm2

Voc : 0.633 V

FF : 62.0 %

(a) 

(b) 

2µm 

CIS 

Mo 

SLG 

CIS 

2µm 

(b) 

(a) 

2µm 

50

550
S

Cu+In+S

(Cu-rich)

(25min)

S

(15min)

In+S

(30min)

S

(15min)

30 40 55 85 100

T
em
p
er
a
tu
re
 (
o
C
)

time(min)

S

Two step

50

550
S

Cu+In+S

(Cu-rich)

(25min)

S

(15min)

In+S

(30min)

S

(15min)

30 40 55 85 100

T
em
p
er
a
tu
re
 (
o
C
)

time(min)

S

Two step

Single step

20
10 45

S
Cu+In+S

(Cu-rich)

(35min)

T
em
p
er
a
tu
re
 (
o
C
)

time(min)

S

(15min)

550

60

Single step

20
10 45

S
Cu+In+S

(Cu-rich)

(35min)

T
em
p
er
a
tu
re
 (
o
C
)

time(min)

S

(15min)

550

60

(b) 

(a) 

Mo 2µm 

-622-

 


