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Abstract

Cadmium sulphide (CdS) thin films were deposited on glass substrates by the chemical bath deposition
(CBD) method, using anhydrous cadmium chloride (CdCl,) and thiourea (CS(NH,),) as sources of cadmium
and sulphur ions respectively. The influence of bath temperature (Ty), deposition time (t4) and [S]/[Cd] ratio
in the solution on the structural, morphological, chemical composition and optical properties of these films
were investigated. XRD studies revealed that all the deposited films were polycrystalline with hexagonal
structure and exhibited (002) preferential orientation. The films deposited under optimum conditions (T, =
75°C, tg = 60 min and [S]/[Cd] ratio = 2.5) were relatively well crystallized. These films showed large final
thickness and their surface morphologies were composed of small grains with an approximate size of 20 to
30 nm and grains grouped together to form large clusters. EDAX analysis revealed that these films were
nonstoichiometric with a slight sulphur deficiency. These films exhibited also a transmittance value about

80% in the visible and infra red range.

Keywords: Cadmium Sulphide, Chemical Bath Deposition, Thin Film, Structure, Morphology, Optical
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1. Introduction

Amongst of the chalcogenide thin films like PbS, CdS,
ZnS and MnS, CdS appear as an interesting material for
using as n-type window layer for p-CdTe and chalcopyrite-
based solar cells such as p-CulnSe,, and/or p-Cu(In,Ga)Se,
(CIGS) [1]. This is because CdS has high transparency,
wide and direct band gap transition (2.42 eV), photo-
conductivity, high electron affinity and n-type conduc-
tivity. CdS can also be used in a lot of applications in-
cluding electronic [2] and optoelectronic devices [3].
Undoped and doped CdS thin films have been reported
using different methods: electrodeposition (ED) [4],
spray pyrolysis (SP) [5], chemical bath deposition (CBD)
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[6], molecular beam epitaxy (MBE) [7], metal organic
vapour phase epitaxy (MOVPE) [8], successive ionic
layer adsorption and reaction (SILAR) [9], and physical
vapour deposition (PVD) [10]. Among these methods,
the CBD technique is relatively simple, low cost com-
pared to other methods requiring vacuum environment
and its capable to yield films with good quality at opti-
mum growth conditions.

The aim of this present work is to study the influence
of some deposition parameters, such as bath temperature,
deposition time and [S]/[Cd] ratio in the solution (thio-
urea to cadmium chloride concentration) on the crystal-
line structure, surface morphology, chemical composi-
tion and optical properties of CdS thin films prepared by
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chemical bath deposition.
2. Experimental Procedure

CBD is a technique in which thin films are deposited on
substrates immersed in dilute alkaline solution contain-
ing metal ions and the chalcogenide source. This method
of deposition usually uses a complexing agent to control
the slow release of metal ions (Cd*") and sulphur ions
(S) to produce the controlled homogeneous precipita-
tion of the film on the solid substrate. When the com-
plexing agent is ammonia (NHj3), the possible chemical
reactions to form CdS films are as follows [11]:

Cd(NH,)." > 4NH, +Cd** )
CS(NH,), +OH™ <> SH +CH,N, +H,0  (2)
SH +OH <S> +H,0 3)

Cd* +S* < Cds 4)

In this work, the initial solutions to elaborate CBD-
CdS films are prepared from anhydrous cadmium chlo-
ride (CdCly), thiourea (CS(NH,),), ammonia (NH;),
ammonium chloride (NH4Cl). Cadmium chloride of 0.12
M and thiourea of 0.3 M are employed as the cadmium
and the sulfur sources, respectively. Ammonia of 10 M is
used as a complexing agent. Firstly, 3.75 ml cadmium
chloride solution is added to 112.5 ml of de-ionized wa-
ter. Thereafter, 15 ml ammonia solution is added at the
same time with 15 ml ammonium chloride solution of
0.01 to 2 M to adjust the pH at about 10 under the con-
trol of a pH meter. Pre-treated commercial microscope
slides (1.5 x 2.5 cm?) are inserted vertically into the bath
and the solution is heated at appropriate temperature
(between 60°C and 90°C). Finally, when a desired tem-
perature is obtained, 3.75 ml of thiourea solution is
added under stirring condition to ensure homogeneous
distribution of the chemicals. The total volume of solu-
tion is 150 ml. After deposition, the substrates are re-
moved from the chemical bath, and cleaned for several
times with de-ionized water, then dried in air. The
formed films are yellow in colour and exhibit good ad-
herence to the substrate surfaces.

The crystal phase of the films is determined by X-ray
diffraction (XRD), using CuKa radiation with 26 ranging
from 10° to 70°. The surface morphology of the films is
determined by scanning electron microscopy (SEM) and
atomic force microscopy (AFM). The chemical composi-
tion is performed with an EDAX spectrometer attached
to the scanning electron microscope. In order to deter-
mine the band gap energy of the films, the optical trans-
mission study is carried out in the wavelength range of
300 to 2500 nm, using a SHIMADZU 3101 PC UV-VIS-
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NIR spectrophotometer. The thicknesses are measured
by the gravimetric method with accuracy of 10%.

3. Results and Discussion
3.1. Crystal Structure Determination

Figure 1 shows the X-Ray diffraction diagrams of the
CdS thin films deposited at bath temperature varying
from 60 to 90°C and deposition time of 60 min. A single
diffraction peak at 26 = 26.7° is observed. The interpla-
nar spacing values corresponding to this diffraction peak
(dp = 3.34 A) is compared with the ASTM DATA [12].
This suggest that the obtained films are crystallized in
the hexagonal structure with a preferred orientation along
the (002) direction. However, R. Zhai et al. [13], O.
Oladeji et al. [14] and M. Ichimura ef al. [15], using
chemical bath deposition and other techniques, have
been found a cubic structure of the CdS films. In fact,
depending on the preparation method, cadmium sulphide
can exist in both sphalerite cubic and hexagonal forms,
but the latter structure is more stable [6]. In addition the
hexagonal structure of the CdS films is preferable to use
in solar cell applications because the lattice parameter
mismatch with CulnSe; (1.2%) compared to that of cubic
CdS (0.7%). Moreover, Figure 1 shows that the whole
X-Ray diffraction diagrams exhibit a broad hump near
the (002) peak at 26 = 26.7°, which is due to the glass
substrate. The intensity of the (002) plane is found to be
increased when increasing bath temperature up to 75°C,
which decreased afterwards. This suggests that the crys-
tallinity of these films increases when the bath tempera-
ture increases; which is explained by the increase in
films thickness due to decomposition of reactants and
production of ions which is necessary for films formation.
The decrease of the (002) plane intensity for films de-
posited at bath temperature greater than 75°C indicates a
deterioration of the crystallinity which is attributed to the
relatively lower thicknesses of the films resulted (Figure
2). The decrease of the films thickness at this tempera-
ture range is explained by the dissolution of the pre-
formed CdS films and the desorption phenomenon [16].
The lattice parameters a and ¢ are calculated from the
peaks positions using the formula of hexagonal system.
The values are found to be @ = 4.13 A, ¢ = 6.70 A and
c/a = 1.63 which are close to the values published in the
literature [17].
4(h° +k* +hk) P
e (—2) 4y ®)
dy 3a c
The average crystallite sizes (Dyy) of the CdS films
are estimated from the X-ray diffraction patterns using
the Scherrer formula [18]:
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Figure 1. X-ray diffraction patterns of CdS thin films de-
posited at bath temperature of: (a) T, = 70°C, (b) T, = 75°C,
(c) T, =80°C, (d) T, = 85°C and (e) T, = 90°C, with deposi-
tion time of 60 min.
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Figure 2. Variation of CdS film thickness with bath tem-
perature at ty = 60 min.
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where A is the wavelength of incident radiation (4 =
1.544 A), L 1s the full-width at half maximum (FWHM)
of the respective diffraction peak and 6, is the Bragg
diffraction angle.

The calculated values are reported in Table 1. As it
can be seen the values are found in the nanometer region

D,

.

(6)
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(15 - 21 nm), indicating that the polycrystalline CdS
films are made up of nanocrystal particles.

Figure 3 shows the X-Ray diffraction diagrams of the
CdS thin films prepared with different deposition times
at bath temperature of 75°C. As it can be seen the inten-
sity of the (002) plane increases with increasing deposi-
tion time (as above 60 min) and then decreases when
deposition time increases. This indicates that 60 min is
the optimum deposition time for which the crystallinity
of the films reaches the maximum. Figure 4 depicts the
variation of the films thickness in function of deposition
time. Two different regions can be observed, a first re-
gion, where the film thickness varies approximately
linearly with deposition time up to 60 min, indicating a

Table 1. Average crystallite size and thickness of the CdS
thin films prepared at different bath temperatures.

Bath temperature Average crystallite

Film thickness (nm)

O size (nm)
70 11.80 140
75 20.87 481
80 19.11 348.2
85 15.11 265
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Figure 3. X-ray diffraction patterns of CdS thin films pre-
pared with different deposition times: (a) ty = 15 min, (b) ty
=30 min, (c) ty = 60 min, (d) t; = 90 min and (e) ty = 120
min. T, = 75°C.
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Figure 4. Variation of CdS film thickness with deposition
time at T, = 75°C.

constant growth, and a second region, where a film
growth reaches saturation and decreases when the depo-
sition time is prolonged. The same behaviour is also ob-
served for other chalcogenide materials such as ZnS [13]
and MnS [19]. Lokhande ef al. [16] have explained this
phenomenon by considering two competing processes
taking place in the deposition bath: one process includes
the heterogeneous and homogenous precipitation of CdS,
which leads to the film growth; the other one involves
the dissolution of the pre-formed CdS film, which result
in the decrease of film thickness. In the initial time of
deposition, the source materials are sufficient; the proc-
ess of heterogeneous and homogenous precipitation play
a more important role than the dissolution process, lead-
ing to the increase in film thickness. When the deposition
time is prolonged (60 min in our case), the source mate-
rials become less. Therefore, the dissolution process
predominates over the heterogeneous and homogeneous
precipitation, resulting in the decrease of film thickness.

Figure 5 shows the X-Ray diffraction diagrams of the
CdS thin films prepared with different [S]/[Cd] ratios.
The intensity of the (002) plane is found to be increased
when increasing [S]/[Cd] ratio up to 2.5, which de-
creased afterwards. The decrease of the crystallinity for
the films deposited with [S]/[Cd] ratio greater than 2.5 is
attributed to the decrease in films thickness. Figure 6
presents the variation of the films thickness with the
[SJ/[Cd] ratio in the solution. As it can be seen, the
thickness reaches the maximum when the films are de-
posited with [S]/[Cd] ratio equals to 2.5, this is agree
with the R. Mendoza-Pérez et al. work [20]. The de-
crease of the films thickness for films prepared with
[S)/[Cd] ratio greater than 2.5 is probably due to the dis-
solution process of the preformed CdS films and the de-
sorption phenomenon, which are predominates over the
heterogeneous and homogeneous process.

Copyright © 2011 SciRes.
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Figure 5. X-ray diffraction patterns of CdS thin films
elaborated with different [S])/[Cd] ratios: (a) [S]/[Cd] = 1, (b)
[SV[Cd] = 2, (c) [S)VICd] = 2.5, (d) [S)/[Cd] = 3 and (e)
[S)/[Cd] =5.
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Figure 6. Variation of CdS film thickness with [S]/[Cd]
ratio. ty = 60 min, T, = 75°C.

3.2. Surface Morphology

The influence of the temperature on the morphology of
the CdS films is shown in Figure 7. It is clearly seen that
the average crystallite size decreases with increasing
temperature. For T = 90°C, no grains are observed indi-
cating an amorphous phase for films prepared at this
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Figure 7. SEM micrographs of CdS thin films deposited at bath temperature of: (a) T, = 75°C, (b) T, = 80°C, (c) T, = 85°C

and (d) T, =90°C.

temperature. These results are in agreement with those
obtained by X-ray diffraction (Table 1).

The SEM micrographs of the surface morphology of
the CdS films prepared with different [S]/[Cd] ratios in
the solution (1, 2, 2.5, 3 and 5) are shown in Figure 8.
These micrographs show that the obtained films have
good adherence on the substrates without pinholes or
cracks. Moreover, The films are covered by spherical
grains, whose size decreases and their density increases
noticeably when [S]/[Cd] ratio increases. When [S]/[Cd]
ratio is 1 (Figure 8(a)), the small particles accumulate
continuously and cover the entire surface of the substrate
leading to an homogeneous layer. This indicates that the
mechanism film formation is due to ion-by-ion deposi-
tion (heterogeneous mechanism). When [S]/[Cd] ratio
increase up to 1, a small particles are grouped to form
larger clusters discreetly distributed in the films as it is
shown clearly in Figures 8(b)-(e). This indicates that the
mechanism film formation is due to cluster-by-cluster
deposition (homogeneous mechanism). The average
crystallite size of these films varies between 500 and
1000 nm while that estimated by Scherrer’s equation is
21 nm. This value is much less than that from SEM. This
is can be explained by agglomeration of small particles

Copyright © 2011 SciRes.

of the CdS to form large clusters. To have more details
on the surface morphology of the CdS films, the AFM
analysis is used.

Figure 9 presents 3D AFM images obtained by scan-
ning an area of 2 um x 2 pm (Figure 9(a)), 20 um x 20
um (Figure 9(b)) and 20 um x 20 um (Figure 9(c)) of
the surface of the CdS films deposited with ratio [S]/[Cd] =
2.5 at 75°C and deposition time of 30 min, 75°C and
deposition time of 60 min and 85°C and deposition time
of 60 min, respectively. They show that the surfaces are
composed of small grains with an approximate size of 20
to 30 nm and grains grouped together to form large clus-
ters like a cauliflower with a mean size of 200 to 500 nm,
confirming the results obtained by X-ray diffraction
analysis and SEM, respectively. Moreover, the film de-
posited with a short deposition time (30 min) (Figure
9(a)) shows a strong surface roughness (50 to 60 nm)
compared to that of film (30 to 40 nm) prepared with a
long deposition time (60 min) (Figure 9(b)), suggesting
that, at the beginning, the mechanism CdS films forma-
tion is probably due to clusters-by-clusters deposition
(homogeneous mechanism). On the other hand, when the
bath temperature is reached to 85°C, none a significant
improvement in the surface roughness is noticed.
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Figure 8. SEM micrographs of CdS thin films deposited with different [S]/[Cd] ratios: (a) [S)/[Cd] = 1, (b) [S)/[Cd] = 2, (c)
[S)V/[Cd] = 2.5, (d) [S)/[Cd] = 3 and (e) [S]/[Cd] =5.

3.3. Composition Analysis

Figure 10 presents the EDAX spectrum of the CdS thin
films prepared under optimum growth conditions. It
shows peaks of Cd, S and some impurities like, Si, Ca,
Na and O which are originated probably from the glass
substrates and deionised water, respectively. The atomic
concentrations from EDAX analysis and the calculated
atomic ratio are presented in Table 2. As it can be seen,
the [S]/[Cd] atomic ratio is 0.94 suggesting the presence
of sulphur vacancies (excess of cadmium) in the depos-
ited films, which act as donors, leading to n-type con-
ductivity.

Copyright © 2011 SciRes.

3.4. Optical Properties

The optical properties such as transmittance, absorption
coefficient and band gap energy of CdS thin films are
determined from the variation of the optical transmission
with wavelength (4) in the range of 300 to 1500 nm (Ta-
ble 1). Figure 11 shows plots of optical transmission of
the CdS films deposited at different bath temperatures.
The films produced at optimum conditions (T, = 75°C)
are found relatively to be highly transparent of about
80% in the visible and near infra-red regions. This is can
be explained by a less light scattering of these films due
to their smoothest surfaces. The similar phenomenon has
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Figure 9. 3D AFM micrographs of CdS thin films deposited

with [S]/[Cd = 2.5 at: (a) T, = 75°C and ty 30 min, (b) T, =

75°C and ty = 60 min, (c) T, = 85°C and ty = 60 min.

been reported in the literature [21,22].

By using the Tauc relationship which is given by the
formula [23]:

(ahv)=A(hv-Eg)’ (7)

In witch, Av is the photon energy, Eg is the optical
band gap of the semiconductor, 4 is a constant and n =
1/2 for direct band gap semiconductor such as CdS, the
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Table 2. EDAX analysis of the CdS thin films deposited
under optimum conditions: T, = 75°C, ty = 60 min and
[S)/[Cd] =25.

Element Cd S O [SV[Cd]
Percentage in at % 7.6 7.2 37.7 0.94
Si

Intensity (a.u)

1.00 2.00 3.00 4.00
Energy (Kev)

Figure 10. EDAX spectrum of CdS thin film deposited un-
der optimum conditions: Ty, = 75°C, ty = 60 min and [S])/[Cd]
=25.
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T T
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Figure 11. Optical transmission spectra of CdS thin films
prepared at different bath temperatures.
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optical band gap value of the CdS thin films is estimated
by extrapolation of the straight line of the plot of (ahv)
versus photon energy as it is shown in Figure 12. We
found that the value of Eg for the films prepared at dif-
ferent temperatures varies from 2.40 to 2.46 eV, which is
in agreement with the value reported by other authors
[21,24].

The effect of [S]/[Cd] ratio on the optical properties of
CdS films deposited at T = 75°C and tg = 60 min is stud-
ied. Figure 13 shows the optical transmittance spectra of
the CdS films elaborated with different [S]/[Cd] ratios.
As it can be seen, the films elaborated with [S]/[Cd] ratio
equals 2.5 exhibit a high transmission of about 80% in
the visible and near infra-red regions. This can be ex-
plained relatively by a good cristallinity and stiochiome-
try of these films as it is found by X-ray diffraction and
EDAX analysis. The optical band gap of these films is
also calculated by extrapolation of the straight line of the
plot of (ahv)® versus photon energy as it is shown in
Figure 14. The values of Eg, average transmittance (%T)
and average crystallite size (Dy), are compiled in Table
3. It can be observed that the CdS films prepared with
[SV/[Cd] = 2.5 have high average transmission of about
80% in the visible and infrared regions, large band gap of
2.44 eV, which is close to the Eg value reported for sin-
gle crystalline CdS (2.43 eV) and relatively large grain
size.

4. Conclusions

CdS thin films were deposited on glass substrates by the
CBD method using a solution of cadmium chloride and
thiourea as sources of cadmium and sulphur ions, respec-
tively. The optimal deposition parameters were found to
be Ty, = 75°C, ty = 60 min and [S]/[Cd] = 2.5. The films
prepared under these optimal conditions were relatively
well crystallized and had hexagonal structure with a
preferential orientation along the (002) direction. These
films showed also large final thickness and their surface
morphologies were composed of small grains with an
approximate size of 15 to 25 nm and grains grouped to-
gether to form large clusters like a cauliflower. The
composition study showed that these films were non-
stoichiometric with a slight sulphur deficiency leading to
n type conductivity. These films exhibited also a good
transmittance of about 80% in visible and near infra-red
regions of the electromagnetic spectrum so it is possible
to us them as a window layer in high efficiency thin film
solar cells based on CdTe and Cu(In,Ga)Se,(CIGS).
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Table 3. Average crystallite size (D), band gap (Eg) and
average transmittance values (%T) of the CdS thin films
with varying ratios of [S]/[Cd].

[SVICd]

Average transmittance ~ Average crystallite

Eg (V)

(%) size (nm)
1 2.37 69 11.84
2 2.39 71 16.51
2.5 2.44 79 20.87
3 2.42 75 18.34
5 2.36 66 9.90

Measurement in Microscopy of University of Brest,
France” for assistance in AFM measurements.
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