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4 4Abstract: Thin films of Cu SnS  semiconductors were prepared by electrodeposition technique in aqueous

solutions. The effects of various bath temperatures (25-50°C) on growth of these films were reported.

4 4The structure and morphology characteristics of thin films of Cu SnS  grown on indium tin oxide glass

substrates were investigated by X-ray diffraction and atomic force microscopy techniques. The optical

properties were measured to determine the transition type and band gap value. The thin films produced

were found to be polycrystalline with orthorhombic structure. The X-ray diffraction data showed that the

4 4most prominent peak at 2q = 30.2° which belongs to (221) plane of Cu SnS . The atomic force

microscopy image indicated that the films deposited at 25°C exhibited smaller crystal size with uniformly

distributed on indium tin oxide substrates. The bandgap value was found to be 1.68 eV with direct

transition.
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INTRODUCTION

The solar cell made of polycrystalline thin film is
one of the most promising low cost candidates for

terrestrial photovoltaic applications. There are many
techniques for preparing thin films such as chemical

b a th  d e p o s i t i o n ,  v a c u u m  e v a p o r a t i o n ,[ 1 ] [ 2 ]

electrodeposition , molecular beam epitaxy , close[3] [4]

spaced sublimation , thermal evaporation , spray[5] [6]

pyrolysis , sputter deposition , metal organic chemical[7] [8]

vapor deposition and plasma-enhanced chemical vapor[9] 

deposition . The preparation of thin films by the[10]

electrodeposition is currently attracting a great deal of
attention, as the method is simple, inexpensive, no

requirement of sophisticated instruments and possibility
for large-scale production. At present, electrodeposition

has been proved as a suitable method of preparing
binary compounds like CdS , ZnS , CdSe , PbS ,[11] [12] [13] [14]

2SnS , SnSe , Cu S  and ternary semiconductors[15] [16] [17]

2 4 0.5 0.5  2  such  as  CdIn S ,  SnS Se ,  CuInS ,[18] [19] [20]

2  CuInSe , ZnCuTe . [21] [22]

In this work, we investigated the influence of the

bath tempera ture (25 -50  °C) on structural,
morphological and optical properties of electrodeposited

4 4Cu SnS  films. The structure of the film was studied by
technique. The morphology and optical absorption

properties were determined by using atomic force
microscope and UV-Visible Spectrophotometer,

respectively.

MATERIALS AND METHODS

All the chemicals used for the deposition were

4analytical grade. It includes copper sulfate (CuSO ), tin

2 2 2 3chloride (SnCl ), sodium thiosulfate (Na S O ) and
hydrochloric acid (HCl). All the solutions were

prepared in deionised water (Alpha-Q Millipore). The

4 2deposition bath contained 0.01mol/L of CuSO , SnCl

2 2 3and Na S O .The pH of the bath was adjusted to 1.5 by
using HCl. The electrodeposition was carried out in a

conventional three-electrode cell. The indium-doped tin
oxide (ITO) was used as the working electrode. The

ITO was cleaned ultrasonically in ethanol and distilled
water before use. The counter electrode and reference

electrode was The photoresponse in the anodic region
indicated the n-type semiconductor. The films deposited

at 25 °C are considered as the optimum bath
temperature to produce good quality thin films. made

from platinum wire and Ag/AgCl, respectively. The
EG&G Princeton Applied Research potentiostat driven

by a software model 270 Electrochemical Analysis
System was used to control electrodeposition process

and to monitor current and voltage profiles. The
deposition was carried out at -600 mV versus Ag/AgCl

for 45 min. In order to determine the optimum
condition for the deposition process, the films  were

deposited at different bath temperatures (25-50 °C).
After deposition, the deposited films were tested for

adhesion by subjecting it to a steady stream of distilled
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water. The deposited films were kept for further
analysis.

X-ray diffraction analysis was carried out, using a
Philips PM 11730 diffractometer for the 2θ ranging

αfrom 25° to 60° with CuK  (λ=0.15418 nm) radiation.
Topography was measured by using an atomic force
microscopy (Quesant Instrument Corporation, Q-Scope
250) operating in contact mode, with a commercial

3 4Si N  cantilever. Pho toelectrochemical (PEC)

6experiments were p erformed using a [Fe(CN) ]3 -

6/[Fe(CN) ]  redox system, by performing linear sweep4-

voltammetry between 300 to 1000 mV. The sequence
of constant illumination, chopped illumination and dark
period were performed on the P.E.C cell to study the
effect  on  photoactivity  behavior.  A halogen lamp
(300 W, 120 V) was used for illuminating the
electrode. Optical absorption study was carried out
using the Perkin Elmer UV/Vis Lambda 20
Spectrophotometer. The film-coated indium doped tin
oxide glass was placed across the sample radiation
pathway while the uncoated I.T.O glass was put across
the reference path. From the analyses of absorption
spectra, the band gap energy was determined.

RESULTS AND DISCUSSION

Fig. 1 shows the X-ray diffraction (XRD) patterns
for the films deposited at various bath temperatures.
The XRD patterns are found to be polycrystalline with
orthorhombic  structure.  There  are   six   peaks   at
2q =30.2°, 35.4.°, 42.9°, 47.4°, 50.7° and 57.5 °C were
detected for films deposited from 25°C to 35 °C. The
corresponding interplanar distances are well in
agreement with JCPDS data (Reference code:
010710129) of 0.296, 0.255, 0.210, 0.192, 0.180 and
0.161 nm which attributed to the (221), (420), (331),
(040), (711) and (532) planes, respectively. All these

4 4 peaks are related to the compound of Cu SnS of
orthorhombic structure (a =13.5580 Å, b = 7.6810 Å,
c =6.4120Å, α = β = γ =90°). However, raising the
bath temperature further to 40 °C and above, resulted
in the disappearance of (532) plane could be observed
in X.R.D patterns. The most prominent peak obtained
at 2q =30.2° corresponding to interplanar distance of
0.296 nm. As the bath temperature increased, the
intensity of the peak (221) increased. This indicates
that the grain size increases when the bath temperature
is increased.  

4 4The Cu SnS  thin films were morphologically
characterized using atomic force microscopy (AFM).
Fig. 2 shows the three-dimensional representation of a

4 420 mm X 20 mm area of the Cu SnS  thin films
deposited at different bath temperatures. It is observed
that the films deposited at 25 °C have a homogeneous,
uniform surface and well cover the substrate (Fig. 2a).
As  the  bath  temperature  was  increased to 50 °C
(Fig. 2b), decreasing in the number of grains could be

4 4observed. The grain size of Cu SnS  material is much
bigger with diameter around 1 mm. This result is
consistent with the observation from X-ray diffraction
patterns.  
 

4 4Fig. 3 shows the absorption spectra of Cu SnS
films at various bath temperatures. The films show a
gradually increasing absorbance throughout the visible
region, which makes it possible for this material to be
used in a photoelectrochemical cell. The film deposited
at 25°C showed gradual increasing of absorption
starting from 650 nm downward. This film showed
higher absorption characteristics when compared to the
films prepared at other bath temperatures. Thus, this
bath temperature is more preferable in the preparation

4 4 of Cu SnS films of better quality on ITO substrate.
The optical absorption values are in line with AFM
results, the larger grain sizes could be obtained in the
films deposited at higher temperature that produce
lower absorption results.

Fig. 4 shows the difference between photocurrent

p d 4 4 (I ) and darkcurrent (I ) for the Cu SnS thin films in
contact with 0.01M Fe /Fe redox couple. An increase2+ 3+ 

in current could be observed as the films were
illuminated. The current change upon illumination
indicates semiconductor behavior of the materials. The
fact that photocurrent occurs on the positive potential
region reflects that the films prepared are n-type. This
indicates that the majority carriers generated are
electrons.

Band gap energy and transition type can be
derived from mathematical treatment of data obtained
from optical absorbance versus wavelength with Stern
relationship of near-edge absorption:

          
(1)

where v is the frequency, h is the0 Planck’s
constant, k equals a constant while n carries the value
of either 1 or 4. The value of n is 1 and 4 for the
direct transition and indirect transition, respectively.

gThe band gap (E ) could be obtained from a straight
line plot of (Ahv)  as a function of hv. Extrapolation2/n

of the line to the base line, where the value of (Ahv)2/n

gis zero, will give E . The (Ahv)  versus hv plot is a1/2

straight line (Fig. 5) indicating that the energy band

4 4gap of Cu SnS  is direct and intercept on the hv axis
yield a band gap of 1.68 eV for the film deposited at
25 °C.

4 4Conclusion: The polycrystalline Cu SnS  thin films can
be deposited on indium tin oxide glass substrates by

4 4the electrodeposition technique. The Cu SnS  thin films
have orthorhombic structure and preferred orientation
in the 
(221) plane. The AFM images indicated that higher
bath temperature leads to larger crystal size. The films
deposited at 25 °C have a homogeneous, uniform
surface and well cover the substrate. These films also
produced higher absorption values. The band gap
energy was found to be 1.68 eV with direct
transition.The photoresponse in the anodic region
indicated the n-type semiconductor. The films deposited
at 25°C are considered as the optimum bath
temperature to produce good quality thin films.
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4 4Fig. 1: X-ray diffraction patterns of Cu SnS  thin films deposited at various bath temperatures (a) 25 °C (b) 30°C

4 4 (c) 35 °C (d) 40 °C (e) 45 °C (f) 50 °C [Cu SnS  (�)]

4 4Fig. 3: Optical absorbance versus wavelength of the Cu SnS  films deposited at various bath temperatures (a) 25

°C (b) 30 °C (c) 35 °C (d) 40 °C (e) 45 °C (f) 50 °C
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4 4Fig. 2: Atomic force microscopy images of Cu SnS  thin films deposited at various bath temperatures (a) 25 °C

(b) 30 °C (c) 35 °C (d) 40 °C (e) 45 °C (f) 50 °C 
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4 4Fig. 4: Photoresponse of Cu SnS  thin films deposited at 25 °C. The difference between photocurrent and

darkcurrent (Ë photocurrent, � darkcurrent)

4 4 2 2 3 4 Fig. 5: Plot of (Ahv)  versus hv when n=4 for Cu SnS  thin films prepared using 0.01M Na S O , CuSO and2/n

2 SnCl solutions at 25 °C



J. Appl. Sci. Res., 4(12): 1701-1707, 2008

1707

ACKNOWLEDGMENT

The authors would like to thank the Department of
Chemistry, Universiti Putra Malaysia for the provision

of laboratory facilities and MOSTI for the National
Science Fellowship (NSF). 

 
REFERENCES

1. Khallaf, H., I.O. Oladeji and L. Chow, 2008.

Optimization of chemical bath deposited CdS thin
films using nitrilotriacetic acid as a complexing

agent. Thin Solid Films, 516(18): 5967-5973.
2. Kumar, S., T.P. Sharma, M. Zulfequar and M.

Husain, 2003. Characterization of vacuum
evaporated PbS thin films. Physica B: Condensed

Matter, 325: 8-16.
3. Soliman, M., A.B. Kashyout, M. Shabana and M.

Elgamal, 2001. Preparation and characterization of
t h i n  f i l m s  o f  e l e c t r o d e p o s i t e d  C d T e

semiconductors. Renewable Energy, 23(3-4): 471-
481.

4. Gautier, C., G. Breton, M. Nouaoura, M. Cambon,
S. Charar and M. Averous, 1998. Sulfide films on

PbSe thin layer grown by MBE. Thin Solid Films,
315(1-2): 118-122.

5. Armstrong, S., P.K. Datta and R.W. Miles, 2002.
Properties of zinc sulfur selenide deposited using

a close-spaced sublimation method. Thin Solid
Films, 403-404: 126-129.

6. Timoumi, A., H. Bouzouita, M. Kanzari and B.
Rezig, 2005. Fabrication and characterization of

2 3 In S thin films deposited by thermal evaporation
technique. Thin Solid Films, 480-481: 124-128.

7. Oja, I., M.  Nanu,   A.   Katerski,   M.  Krunks,
A. Mere, J. Raudoja and A. Goossens, 2005.

2 Crystal quality studies of CuInS films prepared by
spray pyrolysis. Thin Solid Films, 480-481: 82-86.

8. Gupta, A., V. Parikh and A.D. Compaan, 2006.
High efficiency ultra-thin sputtered CdTe solar

cells. Solar Energy Materials and Solar Cells,
90(15): 2263-2271.

9. Berrigan, R.A., N. Maung, S.J.C. Irvine, D.J. Cole-
Hamilton and D. Ellis, 1998. Thin films of

CdTe/CdS grown by M.O.C.V.D for photovoltaics.
J. Crystal Growth, 195(1-4): 718-724.

10. Ali, A.M., T. Inokuma and S. Hasegawa, 2006.
Structural  and  Photo-luminescence  properties  of

nanocrystalline  silicon  films  deposited  at  low
temperature  by  plasma-enhanced  chemical

vapor deposition.  App. Surface Science, 253(3):
1198-1204.

11. Nishino, J., S. Chatani, Y. Uotani and Y. Nosaka,
1999. Electrodeposition method for controlled

formation  of  CdS  films from aqueous solutions.
J. Electroanalytical Chemistry, 473(1): 217-222.

12. Gode, F., C. Gumus and M. Zor, 2007.
Investigations on the physical properties of the

polycrystalline ZnS thin films deposited by the
chemical bath deposition method. Journal of

Crystal Growth, 299(1): 136-141.
13. Shen, C.M., X.G. Zhang and H.L. Li, 2001. Effect

of pH on the electrochemical deposition of
cadmium selenide nanocrystal films. Materials

science and Engineering B84(3): 265-270.
14. Saloniemi,   H.,   M.   Kemell,  M.   Ritala  and

M. Leskela, 2001. Electrochemical quartz crystal
microbalance study on cyclic electrodeposition of

PbS thin films. Thin Solid Films, 386(1): 32-40.
15. Cheng,  S.Y.,  G.N.   Chen,   Y.Q.   Chen  and

C.C. Huang, 2006. Effect of deposition potential
and bath temperature on the electrodeposition of

SnS film. Optical Materials, 29(4): 439-444.
16. Zainal,   Z.,   S.   Nagalingam,   A.    Kassim, 

 M. Z. Hussein and W.M.M. Yunus, 2004. Effects
of annealing on the properties of SnSe films. Solar

Energy Materials & Solar Cells, 81(2): 261-268.
17. Anuar, K., Z. Zainal, M.Z. Hussein., N. Saravanan

and I. Haslina, 2002. Cathodic electrodeposition of

2Cu S thin film for solar energy conversion. Solar

Energy Materials & Solar Cells, 73(4): 351-365. 
18. Kokate, A.V.,  M.R.   Asabe,   S.D.   Delekar,

L.V.  Gavali,  I.S.  Mulla,  P.P.   Hankare  and
B.K. Chougule, 2006. Photoelectrochemical

2 4properties of electrochemically  deposited  CdIn S
thin  films. J. Physics and Chemistry of Solids,

67(11): 2331-2336.
19. Subramanian, B., C. Sanjeeviraja and M.

Jayachandran, 2003. Materials properties of

0 5 0 5e l e c t r o d e p o s i t e d  S n S . S e .  f i lm s  a n d

characterization of photoelectrochemical solar cells.
Materials Research Bulletin, 38(5): 899-908.

20. Wijesundera, R.P. and W. Siripala, 2004.

2P r e p a ra t io n  o f  C u I n S  th in  f i lm s  b y

electrodeposition and sulphurisation for applications
in solar cells. Solar Energy Materials & Solar

Cells, 81(2): 147-154.
21. Guillen, C.,  M.A.  Martinez,  J.   Herrero  and

M.T. Gutierrez, 1999. Chemical studies of solar

2cell structures based on electrodeposited CuInSe .

Solar Energy Materials & Solar Cells, 58(2): 219-
224.

22. Pistone,  A.,    A.S.    Arico,    P.L.   Antonucci,
D. Silvestro and V. Antonucci, 1998. Preparation

and characterization of thin film ZnCuTe
semiconductors. Solar Energy Materials & Solar

Cells, 53(3-4): 255-267.


