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ABSTRACT
Successive ionic layer adsorption and reaction (SILAR) technique was used to prepare (CdS)
thin films on glass substrate, by changing the immersion time in thiourea solution. XRD patterns
proved that the as deposited thin films were polycrystalline structure with an average crystallite size
ranging from 14.1 nm to 5.6 nm depending on immersion time. The EDX confirm the existence of
CdS. Scanning electron microscopy reveals that the deposited films have a nanorod structure.Atomic
force microscopy has shown that the values of average roughness and the root mean square roughness
increase upon increasing the immersion time. The transmittance spectra reveal that as the immersion
time increase, the value of transmittance decrease.
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1. INTRODUCTION
In the past few decades, attention has been paid to the preparation of semiconducting
chalcogenide thin films due to their wide application in various scientific and technological
fields, causing a significant reduction in the cost of production of semiconductor devices. The
films prepared from chalcogenide have been studied closely for their important applications in
electronic, optical, and superconductor devices [1-3].
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Chalcogenide thin films are semiconductors that have a broad energy gap that causes
emissions cover the blue and green spectral region in terms of technology. The importance of
these membranes comes from their emissions, which are close to human eye sensitivity, so the
CdS thin films is very important for photonic devices [4]. Cadmium sulphide (CdS) is a
significant and useful material for optoelectronic applications. Undoped CdS thin film is
always growing as n-type [5].
The CdS thin films have been used in applications such as optical window solar cells
[6,7], field effect transistors, light emitting diodes [8,9], photocatalysis and biological sensors
[10,11] optical coding, optical data storage and sensing [12], nonlinear integrated optical
device [13]. In recent years there has been growing interest in developing techniques for
preparing semiconductor nanoparticles and thin films because the properties in nano form
differ significantly from those of their bulk counterparts. Therefore, there is much interest in
physical properties of nanometer size (20-80 nm) semiconductor materials due to their
novelties; their properties are different and often superior to those coarse grained
polycrystalline materials and also amorphous alloys of same composition [14,15].
Recently there has been extensive work on the deposition of thin film materials such as
CdS. This material was prepared by several methods including evaporation [16], sputtering
[17], chemical bath deposition (CBD) [18], spray [19], molecular beam epitaxy (MBE) [20],
and metal organic chemical vapor deposition (MOCVD) [21].
The successive ionic layer adsorption and reaction (SILAR) technique was introduced
by Nicolau in the mid-1980’s [22]. The method has been employed to grow selected II-VI
compounds, especially CdS and ZnS. In the SILAR method, a substrate is immersed
separately in precursor solutions and washed in between by water to get rid of the loosely
bound species.
Thus the content of one SILAR-cycle is adsorption of cationic precursors, rinsing with
water, adsorption of anion precursors, followed by reaction, and again rinsing. The growth
rates of the thin films in the SILAR technique have varied between a quarter and a half of a
mono layer depending on the experimental conditions [22–25].

2. Experimental Procedures
2. 1. Substrates Cleaning
The cleaning of the substrate is very important because it greatly influences on
properties of the films deposited on it. In this study glass slides were used to prepare the
samples. This process can be summarized as follows:
1\ Glass slides were cleaned using cleaning solution and water to remove dust sticking its
surfaces.
2\ rinsing the slides in chromic acid (for 24 hours) to introduce functional groups called
nucleation and / or epitaxial centers, which formed the basis for the thin film growth.
3\ glass slides were dipped in a beaker contains pure solution of alcohol and put it in
ultrasonic device for fifteen minutes to remove contamination such as grease.
4\ eventually, glass slides were rinsed using distilled water and then dried by hot air.
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2. 2. Thin film preparation
Thin films of CdS deposited on glass substrates at room temperature by the SILAR
technique. Cadmium acetate solution was used as the cationic and thiourea solution (CH4N2S)
was used as the anion precursors; the concentration of both solutions is 0.1 M. While rinsing
water is a mixture of deionized water and ammonia (NH3) with pH~10.8. Dive time in
cadmium acetate solution was 5 s with changing the dive time in the thiourea solution (5, 10,
15 s), the rinsing time after each immersion process is 5 s and the number of SILAR cycles
was constant at preparing all thin films.

3. RESULTS AND DISCUSSION
3. 1. Structural properties
To find the best time for rearranging crystal structure of cadmium sulfide (CdS), various
thiourea deposition times have been used to improve the degree of crystallization.
3. 1. 1. XRD and SEM Studies
Fig. 1 shows the X-Ray diffraction patterns for cadmium sulfide (CdS) films prepared
by SILAR technique with (5, 10, and 15s) thiourea immersing time. X-Ray diffraction results
for samples show that the CdS films have polycrystalline nature, and that all CdS films are
mixed phases of cubic and hexagonal structure which is well matched with standard peaks.
The increasing in thiourea immersing time decrease the crystallite of prepared films and
makes it amorphous film. The XRD characterization is parameters are summarized in Table 1.
Table 1. Summary of X-Ray parameters for CdS thin films deposited at different thiourea
deposition time
Time (s)

5

10

15

2θ (Deg.)

FWHM
(Deg.)

dhkl Exp.(Å)

G.S (nm)

hkl

27.9614

0.5790

3.1884

14.1

(101)

36.7189

1.1580

2.4456

7.2

(102)

43.8118

0.9409

1.6647

9.1

(110)

48.4439

1.3027

1.8775

6.7

(103)

52.2075

1.5199

1.7507

5.8

(201)

43.8386

0.8802

1.6635

9.7

(110)

51.6870

1.1003

1.7671

8.0

(201)

43.9120

1.5404

1.6602

5.6

(110)
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Fig. 1. X-Ray diffraction patterns of CdS thin films at different thiourea deposition time
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Figure 2 shows the energy dispersive X-Ray (EDX) spectrum of the deposited CdS
nanostructure films on the glass substrates. The contents in CdS films at different immersion
time in thiourea solution (5, 10, 15 s). This figure shows that the atomic percentage of
cadmium decrease while the atomic percentage of sulphide increase, the ratio Cd/S decrease
when the immersion time in thiourea solution was increased. Table 2 shows the atomic ratio
of Cd and S in these films and sure formation CdS films. It can be stressed here that the long
time of immersion leads to enhance the film stoichiometry.

Fig. 2. EDX spectrum of CdS thin films deposited at different thiourea immersion time
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Table 2. EDX data of CdS thin films deposited at different thiourea immersion time
Thiourea time
5 sec

10 sec

15 sec

Cd atom%

71.87

70.042

69.855

S atom%

28.13

29.958

30.145

Cd/S

2.554924

2.338007

2.3173

3. 1. 2. Atomic Force Microscopy (AFM)
It is well known that the atomic force microscopy (AFM) is one of the effective ways
for the surface analysis due to its high resolution and powerful analysis software. The
nanostructure CdS thin films are morphologically characterized using (AFM) technique; also
the surface structure of a coating gains more and more importance. In the extreme case of thin
films the surface roughness may be in the order of the film thickness and can influence all
film properties such as mechanical, electrical, magnetically, and optical properties [26].
Figure 3 shows that the surface morphologies are dependent on the immersing time in
thiourea solution. The small spherical grains agglomerates are uniformly distributed of shape
and size over the film surface. It can be seen that the film is crack-free and quite smooth with
a decrease on the surface roughness [27]. Smoothening of the films is possibly due to order of
surface atoms to attain a lower energy state. Table 3 shows that the root mean square and
surface roughness increases, where the average grain size decreased with increase thiourea
deposition time (75.74 to 59.3 nm) and increased after that.
Table 3. Values of average grain size and average roughness of CdS thin films deposited at
different thiourea immersion time
Time
(s)

Average grain size (nm)

Average roughness
(nm)

Root mean square
(nm)

5

75.74

1.79

2.12

10

59.30

2.71

3.18

15

71.55

2.95

3.5

A high grain density distribution with tightly packed grains and exhibit a higher surface
roughness with uniform oriented this may correspond to the spherical grains agglomerates
with uniformly distributed of shape and size along the film surface increased as increased
deposition times.
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The grain size obtains from AFM is larger than that obtains from XRD and SEM due to the
following reasons:
1\ the effect of particle agglomeration
2\ structural defects (stress and strain)
3\ aggregation of grains

Fig. 3. 3D AFM images and granularity distribution chart of CdS thin films deposited
at different thiourea immersion time
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3. 1. 3 Scanning Electron Microscope (SEM)

Fig. 4. SEM image with two magnification powers for CdS thin films deposited at different
thiourea immersion times
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The morphology of CdS nanostructures film prepared by SILAR technique is
characterized by SEM investigation. Figure 4 shows the typical SEM images of the prepared
CdS nanostructures films at different immersion time in thiourea solution (5, 10, 15 s) with
two magnification powers. This figure shows clearly the effect of disposition time of thiourea
in SEM image of CdS films. Increasing the disposition time from (5 s) to (10 s) caused to
decrease the diameter of nanowires from (25 nm) to (38 nm), while increase disposition time
to (15 s) leads to formation cubic and hexagonal structures with grain size around (150 nm).
3. 1. 4. Thin film thickness
To deposit nanocrystlline CdS thin film one SILAR cycle involves the following four
steps: i. adsorption of Cd2+, a well cleaned glass substrate is immersed in the cadmium acetate
solution having Cd2+, cadmium ions are adsorbed on glass substrate. ii. rinsing the unabsorbed
Cd2+ ions are separated out by dipping the substrate in double distilled water. iii. reaction with
S2ˉ, sulfides ions were adsorbed from an aqueous solution of thiourea. iv. Finally rinsing the
substrate with distilled water, thus one SILAR cycle is completed. After few number of such
SILAR cycles, CdS thin film is formed onto a glass substrate.
Fig. 5 shows the effect of thiourea immersion time on the thickness of CdS thin films,
this figure shows that the thickness decreased at 10 s and increased at 15 s.
The thickness of the thin films reduced either by peeling of the material from the
substrate or formation of outer porous layer and peeling off from glass substrate [28].

Fig. 5. Variation of film thickness with thiourea immersion time

3. 2. Optical Properties
3. 2. 1 Transmittance Spectrum
Measurements of optical transmittance of deposited CdS films were carried out for all
prepared films at different thicknesses within wavelength range (350-900 nm); these films
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have been prepared at different thiourea immersion time. Figure 6 shows the variation
transmittance of thin films deposited at different thiourea immersion time, the transmittance
reached highest value at 10 s immersion time in thiourea, It is noticed that all the deposited
films exhibit transmission about 25–70% in the visible light range of (500–600) nm.
Transmittance varies depending on the thickness of the films, generate localized states within
the energy gap leading to an increase in the absorbance of the films and then decrease the
transmittance of the films, also the cracks and pin holes play an important role in film
transmittance. In some films there are no changes in the transmittance curves at low energies
within a range of λ = 600-900 nm, this change is due to the low absorbance of the photons
which has lower energies than that of the film. The absorbance increases or the transmittance
decreases rapidly at high energies (short wavelengths) corresponding to the energy gap of the
film, (when the incident photon has an energy equaling or higher than the energy gap value).

Fig. 6. Optical transmittance of CdS thin films deposited at different thiourea immersion time

Table 4. Transmittance, absorption coefficient, and extinction coefficient of CdS thin films
deposited at different thiourea immersion time
Thiourea deposition time (s)

T%

α (cm-1)

K

5

29.289

12579

0.054

10

63.609

8219

0.034

15

33.853

12088

0.052
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3.2.2 The optical energy gap
The energy band gap of prepared films is estimated by plotting the square of
(αhυ) versus (hυ). The extrapolation of the straight line to (αhυ)2 = 0 gives the value of energy
gap. Figure 7 shows the energy gap of CdS thin films prepared at various deposition time (5,
10, and 15 s) in thiourea solution, It is clear that the thickness film and the sulfur ratio in it has
an effect on the value of the energy gap. It is noticeable that this behavior is similar to
thickness change; this change in the energy gap can be explained by the increasing proportion
of new bonds resulting from the sulfur component that is compatible [29].

Fig. 7. Variation of energy gap for CdS thin films prepared at different immersion time
of thiourea solution

4. CONCLUSION
Thin films of CdS with different time immersion of thiourea have been successfully
deposited using SILAR technique. The XRD reveals that all the deposited films were
polycrystalline. SEM Images assure that the deposited films were nanorod shape. All the
studied parameters were affected by time immersion of thiourea.
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