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Optical properties of CdS sintered film 
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Abstract. Chemical method has been used to prepare cadmium sulphide by using cadmium, hydrochloric acid 
and H2S. The reflection spectra of covered and uncovered sintered films of CdS have been recorded by ‘Hitachi 
spectrophotometer’ over the wavelength range 300–700 nm. The energy band gaps of these films have been 
calculated from reflection spectra. It is found that the energy band gap of both films is same as 2⋅⋅41 eV. It is 
indicated that energy band gap of these films does not change. This value of band gap is in good agreement 
with the value reported by other workers. The measurement of photocurrent has also been carried out using 
Keithley High Resistance meter/ Electrometer. This film shows the high photosensitivity and high photocurrent 
decay. Thus so obtained films are suitable for fabrication of photo detectors and solar cells. 
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1. Introduction 

The use of thin film polycrystalline semiconductors has 
attracted much interest in an expanding variety of applica-
tions in various electronic and optoelectronic devices. 
The technological interest in polycrystalline based devices 
is mainly caused by their very low production costs. Thin 
films now occupy a prominent place in basic research and 
solid state technology. Cadmium sulphide (CdS) is a very 
useful optoelectronic (Iyechika et al 1988; Bogdanov and 
Lyssenko 1988), piezo-electronic (Kerk and Kelly 1964; 
Stefko 1991) and semiconducting material. The thin films 
of CdS are of considerable interest for their efficient use 
in the fabrication of solar cells (Chu et al 1992; Britt and 
Ferekids 1993). 
 In recent years, there has been a rapid development in 
the field of II–VI semiconductors for their use in solar 
cells. Cadmium sulphide belonging to the II–VI group is the 
most widely used material for CdS/CdTe and CdS/Cu2S 
heterojunction solar cells. It is because of the fact that CdS 
has intermediate energy band gap, reasonable conversion 
efficiency, stability and low cost (Lee and Im 1980; Naka-
yama et al 1980). A variety of deposition techniques have 
been used to grow CdS films of desirable optical, electri-
cal and structural properties, a few of them being chemi-
cal deposition (Ocampo and Sebastian 1994; Sebastian 
and Hu 1994), physical vapour deposition (Bouchenaki et al 
1990; Sravani et al 1992), spray pyrolysis (Cong and Chartier 
1993; Gurumurugan et al 1994), electro deposition (Das 

1993; Edamura and Muto 1993) etc. Each of the above listed 
techniques has produced sulphur deficient films. In this 
connection, method of screen printing with sintering is 
one of the cheapest and convenient techniques for fabrication 
of both layer and an ohmic contact. 
 In this paper, chemical method has been used to prepare 
the sample (CdS) by using Cd, HCl and H2S and preparing 
the screen printed sintered films of CdS, on the glass substrate 
with the help of cadmium chloride and ethylene glycol. It 
is the cheapest method for preparation of the sample. Investi-
gation of optical properties of semiconducting films is 
essential for proper application in semiconducting devices. 
The fundamental optical property which has been investigated 
here is reflectance of light at various wavelengths using 
the ‘Hitachi spectrophotometer U-3400’. The energy band 
gaps of covered and uncovered sintered films of CdS are 
determined using the reflection spectra. The decay of photo-
current of sintered film of CdS has been determined using 
the ‘Keithley High Resistance meter/Electrometer model 
6517 A’.  

2. Experimental 

In the present work, samples were prepared by chemical 
method using Cd, HCl and H2S. Cadmium metal (1 g) was 
completely dissolved in HCl (5 ml) solution. Then H2S gas 
was passed through the solution. The reaction of precipitation 
for this process is given below 
 

Cd + 2HCl → CdCl2 + H2, 
 
CdCl2 + H2S → CdS + 2 HCl. 
         (yellow) 

 
*Author for correspondence (n_s_ saxena@rediffmail.com) 



D  Patidar  et  al 

 

22

The yellow precipitate obtained in the above process was 
filtered. This composite was then dried in an oven at 50°C 
for 30 min. When the precipitate was completely dried, it 
was then crushed to fine powder by grinding process. 
Cadmium sulphide (CdS) films were prepared by the sintering 
technique. In appropriate amount of cadmium sulphide, cad-
mium chloride was added as an adhesive and ethylene 
glycol as the binder. The weight of CdCl2 was only 10% of 
the weight of CdS. CdS and CdCl2 were thoroughly mixed 
and then a few drops of ethylene glycol was added to form 
the paste. The paste thus prepared was screen printed on 
glass substrates which were cleaned by acetone and dis-
tilled water. 
 The films thus prepared were dried at 100°C for 2 h in 
open air. The reason for drying the sample at lower tempera-
ture was to avoid creaks in the samples. After this, one film 
was covered by glass substrate and other film was uncove-
red. Both films were then sintered at 400°C temperature 
for 10 min in the open air atmosphere. The melting point 
of CdCl2 was 568°C. However, the evaporation of CdCl2 
started at about 400°C. Cadmium chloride was hygro-
scopic, so as to obtain stable sintered films, organic material 
and cadmium chloride should not remain in the sample. 
As the removal of organic substance takes place at about 
400°C, the sintering temperature cannot be less than 400°C. 
 Reflection spectra of covered and uncovered sintered 
films of chemically prepared cadmium sulphide were taken 
at room temperature with the help of ‘Hitachi spectropho-
tometer model U-3400’ and shown in figure 1 in the wave-
length region from 300–700 nm. The energy band gaps of 
these films are determined from reflection spectra. Almost 
all the II–VI compounds are direct band gap semiconductors. 
According to Tauc relation, the absorption coefficient for 
direct band gap material is given by (Tauc 1974; Sharma 
et al 1992) 

αhν = A(hν – Eg)
1/2, (1) 

where αhν is the photon energy, Eg the band gap and A a 
constant which is different for different transitions. The 
absorption coefficient, α, may be written in terms of reflec-
tance as 

2α t = ln[(Rmax – Rmin)/(R – Rmin)], (2) 

where t is the thickness of the sample and R the reflectance 
for any intermediate photon energy. The reflectance falls 
from Rmax to Rmin due to the absorption of light by the mate-
rial. 
 The photocurrent characteristics of covered sintered 
film of chemically prepared CdS have been studied with 
the help of ‘Keithley High Resistance meter/Electrometer 
model 6517 A’. By using this system, only film is illuminated 
for a certain interval of time in the dark atmosphere. Once 
the current is stabilized, the illumination is cut off after 
this particular interval of time. Dark current, photocurrent 
and photocurrent decay are recorded manually. 

3. Results and discussion 

The sintered films of chemically prepared cadmium sul-
phide have been prepared on the glass substrate. Reflection 
spectra of covered and uncovered sintered films of chemically 
prepared CdS were taken by ‘Hitachi spectrophotometer 
model U-3400’ at room temperature. The energy band gaps 
of these films have been calculated with the help of reflection 
spectra. We plot a graph between (αhν)2 (as ordinate) vs 
hν (as abscissa), a straight line is obtained. The extrapola-
tion of straight line to (αhν)2 = 0 axis gives the value of the 
energy band gap of film materials. 
 Figure 1 represents the reflection spectra of covered 
and uncovered sintered films of chemically prepared CdS. 
In figures 2 and 3, a graph is plotted between (αhν)2 and 
hν, for determination of the energy band gap. The energy 
band gap of these films comes out to be 2⋅41 eV, same for 
both films. This value of energy band gap is in good agree-
ment with the value reported in the literature (Kumar et al 
1999). It is indicated that the energy band gap of CdS film 
does not change with covered film by glass substrate and un-
covered film. Chemical method, one of the cheapest  
and convenient techniques, is used for preparing CdS 
sample. 
 
 

 

Figure 1. Reflection spectra of covered and uncovered CdS 
films. 
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Figure 2. Energy band gap determination of covered CdS 
film. 
 

 

Figure 3. Energy band gap determination of uncovered CdS 
film. 

3.1 Photocurrent characteristics 

The dark current and photocurrent characteristics of covered 
sintered film of chemically prepared CdS are determined. 
This measurement has been carried out using ohmic con-
tacts on the top layer of the film. The distance between 
contacts is 2 mm and bias voltage, 10 V. The illumination 
level is 200 W for this measurement. The light falls on the 
film, the photocurrent is high and decreases with respect to 
time. After some time, when saturation is reached, the light 
is then turned off and the decay in photocurrent with time 
is recorded using ‘Keithley High Resistance meter/Electro-
meter model 6517 A’. The photocurrent is obtained after 
subtracting the dark current from the current measured in 
the presence of light. 

 

Figure 4. Variation of photocurrent with time. 
 
 Figure 4 shows the decay of photocurrent with time at 
room temperature for covered sintered film of chemically 
prepared CdS. When light is illuminated on the film, the 
photocurrent is high. Initially high value of the photocurrent is 
due to the absorption of photon by the film, which excites 
the electrons from the valence band to conduction band. 
This creates pairs of free holes in valence band and free 
electrons in conduction band. Most of the electrons are 
from the surface of the CdS film which moves from valence 
band to the conduction band, it increases the process of 
pair generation initially, which in turn increases the carrier 
concentration, resulting in high photocurrent. The photocur-
rent decreases with time and after some time, the photo-
current is almost constant. This is due to the fact that carrier 
concentration decreases with time. Also the process of 
recombination takes place with respect to time which de-
creases the value of photocurrent. A state is obtained where 
the process of generation of charge carrier and recombi-
nation reaches to an equilibrium in constant illumination. 
This results in a constant photocurrent with respect to time. 
When light is turned off, photocurrent decreases abruptly 
and after a few seconds, it decreases steadily with respect 
to time. Here surface recombination is very high and it leads 
to a lower carrier concentration at the surface (Sze 2001). 
The system tends to its initial stage by relaxation process 
which gives low and steady decay of photocurrent. From 
figure 4, it is also noted that the decay of photocurrent for 
the sintered film of chemically prepared CdS is fast and 
shows the high photosensitivity (ratio of Ip/Id) which indicates 
that the resistance of the film decreases very fast. 

4. Conclusions 

The technique of chemically prepared sintered films of 
CdS is cost effective and convenient. Besides, these films 
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are suitable for the fabrication of semiconducting devices 
such as solar cells, photo detectors, etc. 
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