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Abstract

The chemical bath deposition technique was used to deposit thin films of copper
sulphide onto indium tin oxide glass substrates. The bath composition included copper
chloride which was the source of Cu*" and sodium thiosulfate which supplied the S~ ions. X-
ray diffraction and atomic force microscopy were used to investigate structural and
mor phological characterization, respectively. The influence of deposition time was studied
to determine the optimum condition for deposition process. The deposited CuS films showed
hexagonal structure. The number of peaks attributable to CuS increased as the deposition
time was increased to 16 hours based on XRD data. AFM images revealed that the chemical
bath-deposited films for 16 hours showed more homogeneous and uniform compared with
other deposition times, and the highest absorbance value was obtained for the films
deposited at this period. The band gap energy decreased from 2.9 to 2.45 eV when the
deposition time was increased from 8 to 20 hours.
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I ntroduction

Nowadays, thin film semiconductors have attracteer éncreasing attention due to
their potential in many industries. Among them, pepsulfide is the most commonly used
material. The copper sulfide thin film attractseation of many researchers mostly due to its
semiconducting properties. In addition, the constit elements of this material (Cu and S)
are non-toxic and abundant in nature. The copgédsdilm can play a significant role in
solar cells, solar control coatings, microwave Islimg coatings, electroconductive
electrodes and photothermal conversion applicateords so on. Many techniques such as
chemical bath depositidnSILAR?, spray pyrolysi§ electrodepositichand photochemical
depositiont have been developed to synthesize copper sulfidéilm.
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Chemical bath deposition technique is one of thgk and low cost methods which
can operates at low processing temperature andjaiss large deposition area. The method
requires a source of chalcogen ions and metal tondeposit on the substrates. The
preparations of various thin films like ShgnS, CdS, CuInS’, Zn.Cd,,S'° and CySnS™
have been reported by several authors using chkebgttadeposition method.

In the present work, influence of the depositionetion the CusS film was investigated
from acidic solutions at room temperature. The Itesof the investigations on structural,
morphological and optical properties of CuS thim§ have been carried out by using X-ray
diffraction, atomic force microscopy and UV-Vis spephotometer techniques,
respectively.

Experimental M ethods

All the chemicals used for the deposition were @il grade and all the solutions
were prepared in deionized water (Alpha-Q Millipor&he copper sulfide thin film was
prepared from an acidic bath using aqueous sokitidrcopper chloride (CugkH,0) and
sodium thiosulfate (N&,0,.5H,0) acted as a source of Cand $ ions, respectively. The
indium tin oxide (ITO) glass was used as the sabstfor the chemical bath deposition of
the CusS thin film. Before chemical bath deposititne glass was degreased with ethanol for
10 minutes, and then ultrasonically cleaned withtilted water for 10 min and dried in
desiccators. The CuS thin film deposit was carmed at room temperature by using
following procedure: 25 mL of Cug(0.05 M) was taken in a 100 mL beaker and 25 mL of
NaS,0; (0.05 M) was mixed in it with constant stirringhd pH of resultant solution was
adjusted to 3 by adding drop wise hydrochloric a@ide cleaned ITO glass substrate was
immersed vertically into beaker. The depositioncpss was carried out at different
deposition times of 8, 12, 16 and 20 h in ordedeétermine the optimum condition for the
deposition of Cus thin film. After the depositidhe films were washed with distilled water
and kept for analysis.

The structure of the film was monitored using X-thffraction (XRD) with a Philips
PM 11730 diffractometer equipped with a Gui& = 0.15418 nm) radiation source. The
surface morphology, thickness and roughness weamieed by recording atomic force
microscopy images with a Q-Scope 250 in contact enadth a commercial W,
cantilever. Value of root mean square (RMS) rougbneas calculated from the height
values in the atomic force microscopic images ugirgcommercial software. The optical
properties of the chemical bath-deposited filmseneeasured with a Perkin Elmer UV/Vis
Lambda 20 Spectrophotometer in the wavelength rah@)0 to 800 nm. The film-coated
indium tin oxide glass was placed across the samggiation pathway while the uncoated
indium tin oxide glass was put across the refergrath. From the analyses of absorption
spectra, the band gap energy) (& the CusS film was determined.
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Results and Discussion

Figure 1 shows the XRD patterns of the CuS thim fidleposited at different
deposition times. The sample prepared at shorter Figure 1a) shows only single peak at
20 = 29.3° corresponding to d-spacing value of 3.0#8wever, as the deposition time was
increased to 12 and 16 hours, the number of pe#idsuted to CuS increased to four and
seven peaks, respectively. Identification of thakseon the XRD patterns shows the films
are polycrystalline in nature and the crystal stree was identified to be hexagonal. The
lattice parameter values are a = b = 3.768 A, 6 271 A, a = 90°,p = 90°,y = 120°. The
corresponding d-spacing values are well in agreémviéh the Joint Committee on Powder
Diffraction Standard data (JCPDS reference coded@®3928) belonging to the CHS
compound. Beyond this point, any increase in th@sdigion time resulted in the reduction
in the number of CuS peaks. The disappearancevefpeaks of CuS that correspond to
(102), (105), (106), (110) and (202) planes coddbserved. On the other hand, no copper
peaks, sulphur peaks or unassigned peaks are eHlsemdicating that the CuS films
obtained is pure without existence of any impuritpwever, the appearance of two other
peaks attributable to indium tin oxide (JCPDS refiee No.: 01-089-459'7)at 2 = 30.5
and 50.8° with interplanar distances of 2.91 ai® &, respectively, could be detected. The
presence of indium tin oxide peaks comes from thistsates during deposition process.
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Figure 1. X-ray diffraction patterns of CuSthin film deposited at different deposition times
(@ 8h(b)12h(b) 16 h(d) 20 h (0 CuS, ¢ Iny g7:0:SMy 129).

The surface morphology of the copper sulfide thlm fdeposited on ITO glass
substrates has been investigated by atomic forceosgopy (AFM). Figure 2 shows two-
dimensional AFM images (pm x 5um) of the surface film deposited at various depmsit
times. The AFM results suggested that the influeota@eposition time on the surface
morphology is significant. At shorter time (8 ar@2lH), the grains were found to be fine and
the films showed incomplete coverage of materi@rahe surface of substrate. The film
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prepared at 16 h reveals smooth surface with lagyain size and high degree of
homogeneity as compared with the films depositeshatter periods. The grain sizes were
almost similar to each other. The thin films deposi process on an indium tin oxide
substrate depends mainly on the formation of nticleaites and subsequent growth of the
Cus film from this centre. For the film deposited 20 h, the grain formation was observed
as irregular grain sizes different from one anatfiée spherical grains were merged in each
other. These observations suggest an incompleteation step with irregular growth rate
of the grains.
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Figure 2: Atomic force microscopic images of CuSthin film deposited at different
deposition times; (a) 8 h (b) 12 h (b) 16 h (d) 20 h.

The investigation on the surface roughness andhibkness of thin films from 2-D
AFM images was carried out by many researcfiétsRoot mean square (RMS) roughness
is defined as the standard deviation of the surfexight profile from the average height, is
the most commonly reported measurement of surfasghnest. The roughness values of
4,5, 7 and 25 nm were estimated for samples peddar 8, 12, 16 and 20 h, respectively.
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The thickness of the films was studied using AFMag®es. At the right side of the
images (Fig. 2), an intensity strip is shown, whintlicates the depth and height alongzhe
axis. The thickness values of 22, 85, 103 and 184have been observed for samples
deposited for 8, 12, 16 and 20 h, respectivelysTaisult indicates that an increase in
deposition time allows more materials to be depdsinto indium tin oxide substrate and
thicker CusS film to be formed. We can conclude tihat increase in the size of the grains
leads to an increase in the thickness and rouglufidlse films.

Figure 3 shows copper sulfide thin films depositedo ITO glass substrate under
different deposition times. The absorbance of fileposited for 16 h produced the highest
absorbance value compared with other depositioastidue to more CuS materials, which
were formed under this condition. This result soadupported by the number of CuS peaks
shown in the XRD patterns in Fig.1.
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Figure 3: Absorbance versus wavel ength spectra of CuSthin film deposited at various
deposition times.

In order to determine the band gap of thin filnhg, équation of Stethwas used.

A _Ik(hv-Eg)"
hv

where,v is the frequencyh is the Planck’s constank, equals a constant while
carries the value of either 1 or 4. Tingalue is 1 for a direct gap material and 4 forirect
gap material. The plot ofAfv)? againsthv for the films deposited at various deposition
times is presented in Fig. 4. For a direct band smpiconductor (n=1), thé\liv)? against
hv is predicted to be a straight line with a photaergy fv) axis intercept giving the band
gap value’. The band gap energies of the thin film of CuScsépd for 8, 12, 16 and 20 h
were 2.9, 2.8, 2.6 and 2.45 eV, respectively. Tdredlgap energy decreased with increasing
the grain size of the film. It has been reporteat the direct band gap energy of the copper
sulfide thin film using SILAR method was 2.36 8V
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Figure 4: Plot of (Ahv)® versus hv of CuSthin films deposited at various deposition times.
(@ 8h(b) 12h (b) 16 h (d) 20 h.

Conclusions

The thin CuS film was deposited on indium tin oxiglass substrate using
simple chemical bath deposition technique. Fromxhray diffraction analysis, it is
found that the deposited thin CuS film is of hexagjgohase. The film deposited at
16 h showed the best optimum condition for the @rafoon of the thin CuS film
because of good crystallinity, uniform surface cage and higher absorption
characteristics when compared to the films prepatedher deposition times. These
results matched well with the information obtainedm the X-ray diffraction,
atomic force microscopy and optical properties.
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