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Abstract

Cadmium sulphide (CdS) thin films was deposited by chemical bath method onto glass substrate at room temperature. The
absorbance spectra of the fabricated films were obtained with a Janway 6405 UV / Visible spectrophotometer in the
wavelength range of 200nm - 1100nm. Structural and surface morphology of the films were carried out using an x-ray
diffractometer with Cuk a radiation and Olumpus Optical microscope. Absorbance spectra of CdS thin film fabricated at
varying concentration of ligand show very high absorbance in the UV region, moderate absorbance in the VIS region and
relatively low absorbance in the NIR. There was no clear cut effect of the varying concentration of ligand on the absorbance of

the deposited films.
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1. Introduction

CdS thin films have properties that are suitable for solar cell
fabrication. They have good optical transmittance, a wide
bandgap and good electrical properties. CdS thin films also
have high absorption coefficient, electron affinity and easy
ohmic contact, making them suitable for solar cell
application. It is used as a window electrode because of its
stability and reasonable efficiency. The
conductivity of CdS increases when irradiated with light [1]
leading to it use as a photoresistor. When combined with a p -
type semiconductor, it forms the core component of a
photovoltaic cell [2]. When doped with for example Cu®* and
AP*, CdS luminescence and is used as phosphors [3]. CdS
crystal can act as a solid state laser [4]. It is also one of the
first semiconductor material to be used for thin film transistor
[5]. Thin films of CdS can be piezoelectric and have been
used as transducers. CdS thin films have widely been grown
by researchers using chemical bath method because it is a
more simple technique that produces quality films, [6], [7]
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[8] and [9] grew CdS thin films using chemical bath
technique.

This work present the fabrication of CdS thin film using
chemical bath method and the analysis of the absorbance
spectra at wavelength range of 200 - 1100nm. The effect of
the concentration of ligand on the absorbance of the
fabricated films was also looked at.

2. Materials and Methods

Chemical bath method was employed for the deposition of
CdS thin film. The reaction bath for the deposition of
cadmium sulphidewas composed of cadmium bromide
(CdBr,), thiourea, triethanolamine (TEA) and ammonia
solution. CdBr, was used as cadmium ion source, while
thioureawas used as sulphide ion source. TEA was used as
our ligand and ammonia solution was used for pH
adjustment.

In this experiment, five reaction baths (50mls beaker) were
used. Smls of CdBr, was measured into a 50ml beaker and
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various volumes of TEA were then added as indicated in
Table 1. Smls of thiourea solution was added, followed by
Smls of ammonia solution. Each bath was topped to
S50mlsmark by adding distilled water and stirred to ensure
uniformity of the mixture. Glass slides were then dipped
vertically into the baths and left to stand for four hours, after
which they were removed and dried in air.Theexperiment

was conducted at room temperature. Janway 6405 UV/visible
spectrophotometer was used to determine the spectra
absorbance. Structural and surface characterization of the
films was carried out using an x-ray diffractometer with
Cuka radiation and Olumpus optical microscope respectively.
Other solid state and optical properties of the films had been
investigated in our earlier publication [10].

Table 1. Bath constituents for the chemical bath deposition ofCdS thin film.

Slide NO. Volume of Volume of Volume of Volume of ammonia Time (hours)
Ligand(TEA) (mls) CdBr;(mls) thiourea(mls) solution (mls)

Cds 2.50 5.00 5.00 5.00 4.00

Cd; 5.00 5.00 5.00 5.00 4.00

Cdy 7.50 5.00 5.00 5.00 4.00

Cdy 10.00 5.00 5.00 5.00 4.00

Cdo 12.50 5.00 5.00 5.00 4.00

The reaction mechanism is of the form:
CdBr,4H,0 + TEA S Cd [TEA]* + 2HBr +3H,0
Cd [TEA]*'sSCd* + TEA
(NH,), CS + OH'SCH,N,  H,O + HS”

HS +OH'SH,0 + S*
Cd* + S*-CdS

3. Results and Discussion
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Fig. 1. Graph of absorbance versus wavelength at 2.5mls volume of ligand.
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Fig. 2. Graph of absorbance versus wavelength at S5mls volume of ligand.
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Fig. 3. Graph of absorbance versus wavelength at 7.5mls volume of ligand.
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Fig. 4. Graph of absorbance versus wavelength at 10mls volume of ligand.
2
1.5

Absorbance
o
w [

o

200
240
280
320
360
400
440
480
520

6

0

4

8
720
760
800
840
880
920
960
1000
1040
1080

Wavelength(nm)

Fig. 5. Graph of absorbance versus wavelength at 12.5mls volume of ligand.
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Fig. 6. Micrographs of CdS thin film.
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Fig. 7. X-ray diffraction spectra for deposited CdS thin film.

Table 2. X-ray result of deposited CdS thin film.

18 reflections in pattern. Wavelength 1.5406 was used to calculate the diffraction angles.

20 Int. h k 1 26 Int. h k 1 26 Int. h k 1 20 Int. h k 1
24.8078 62 1 0 0 582801 3 2 0 2
26.5073 91 0 0 2 60.8411 3 1 0 4
28.1832 100 1 0 1 667742 15 2 0 3
36.6208 29 1 0 2 69.2662 5 2 1 0
43.6824 48 1 1 0 70.8645 8 2 1 1
47.8404 50 1 0 3 723842 4 1 1 4
50.8832 8 2 0 0 754798 9 1 0 5
51.8253 31 1 1 2 77.8577 2 2 0 4
52.7978 15 2 0 1

54.5858 5 0 0 4

Looking at the absorbance spectra of the deposited films, it
will be seen that the absorbance was highest in the UV region
of the electromagnetic spectrum, with the highest peak in the
range of 200 - 350nm for Fig. 1, for Fig. 2, the highest peak
was noticed at 250nm and 300nm. For Fig. 3, the highest
peak was observed at 250nm, while for Fig. 4 and 5, the
peaks were noticed at wavelength range of 220 - 270nm and
300nm respectively.

In the visible region, there were no pronounced peaks, but the
absorbance gradually decreased throughout the visible region
of the electromagnetic spectrum. The highest absorbance for
Fig. 1 was at a wavelength range of 400 - 500nm and 400 -
430 for Fig.2. Fig. 3 has the highest peak at 460nm. For Fig.
4 and 5, the highest absorbance was at 450nm.

In the near infrared region (NIR), the absorbance was

relatively generally low. All the samples have almost the
same absorbance value of < 0.5 at the NIR of the spectrum.
Therefore, it can be inferred that the absorbance of CdS thin
film fabricated at varying concentration of ligand show very
high absorbance in the UV region, moderate absorbance in
the VIS region and relatively low absorbance in the NIR.
This property makes CdS thin film useful in applications
such as protective coating. Also, critically looking at the
absorbance spectra, it will be seen that there is no clearcut
effect of the varying concentration of ligand on the
absorbance of the deposited films.

Figure 6 shows the optical micrograph of our deposited CdS
thin film. From the micrograph, it is evident that the surface
of the film is smooth and covers the glass substrate well. The
grains are very small with unequal size and shape.
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According to the XRD results, the chemically deposited films
of CdS are of cubic structure. This crystal structure is
consistent with [11]. From the XRD measurements, a lattice
constant of 5.6954A was calculated for CdS thin film in the
(101) plane at a maximum intensity of 26 = 28.183 using
Bragg’s law given by n = 2dsin®.

4. Conclusion

We have fabricated CdS thin film using chemical bath
deposition technique.Absorbance data of the films were
obtained using a  Janway = 6405 UV/Visible
spectrophotometer. Structural and surface morphology of the
films were carried out using an x-ray diffractometer with
Cuka radiation and Olumpus Optical microscope.
Absorbance spectra of CdS thin film fabricated at varying
concentration of ligand show very high absorbance in the UV
region, moderate absorbance in the VIS region and relatively
low absorbance in the NIR.There was no clear cut effect of
the varying concentration of ligand on the absorbance of the
deposited films.
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