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Cadmium selenide (CdSe) thin films have been deposited on glass substrate. CdSe thin films were char-
acterized by various techniques such as X-ray diffraction, scanning electron microscopy and UV-vis-NIR
double beam spectrophotometer. The electrical and thermo-electrical properties are also studied. The
X-ray diffraction analysis shows that the film samples are in cubic crystal structure. The optical band gap
energy (Eg) was found to be 1.7 eV.
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1. Introduction

Cadmium selenide is a popular semi-conducting material from
the II-VI group. It is used as thin film transistors, sensors, lasers,
photoluminescence and optoelectronic devices in photoconductive
and photovoltaic cells [1-14]. The nano-crystalline CdSe material
is also used as photo-electrode in photo-electrochemical cell [15].

CdSe thin films can be deposited by various techniques such
as vacuum evaporation [1,5,15], electro-deposition [16,17], spray
pyrolysis [18,19], thermal evaporation [20], successive ionic layer
adsorption and reaction (SILAR) [21] and chemical bath deposition
(CBD) [22-24]. Among these methods chemical bath deposition
(CBD) has greater advantages than others. Chemical bath deposi-
tion is quiet simple, does not require sophisticated instruments and
large area deposition is possible. Therefore we have selected CBD
method to synthesize CdSe material.

This paper deals with synthesis of cadmium selenide thin films
by chemical bath deposition at room temperature. The materials
obtained were characterized by X-ray diffraction, SEM and optical
absorption. Besides this the electrical properties of CdSe films are
also studied.
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2. Experimental details
2.1. Synthesis of cadmium selenide thin film

For the deposition of CdSe thin films cadmium chloride and sodium seleno-
sulphate were used as source of Cd?* and Se?~ ions respectively. While the malonic
acid is used as a complexing agent in the synthesis of CdSe thin films. The Cd?* ions
form complex with malonic acid and give cadmium malonate. Cadmium malonate
slowly releases Cd?* ions from the complex, which are used for the slow and uni-
form deposition of CdSe thin films. The sodium seleno-sulphate (Na,SeSO3;) was
obtained by refluxing selenium powder (5 g) with sodium sulphite (12 g) in 200 ml
distilled water for several hours [25]. The non-conducting glass plates of dimensions
26 mm x 76 mm x 2 mm were used as a substrate. The glass substrates were washed
in chromic acid and finally with distilled water before deposition of the film.

For the deposition of cadmium selenide thin films 10 ml 0.25M Cd?* ions are
complexed with malonic acid. Ammonia and sodium hydroxide are added to main-
tain the pH of the solution. Then above solution was diluted up to 50 ml with distilled
water. Then 10 ml 0.25 M sodium seleno-sulphate was added in the above reaction
mixture. Then glass substrates were kept in reaction mixture for 24 h at room tem-
perature. The pH of reaction mixture was found to be 7.5. As the ionic product of
Cd?* and Se?~ ions exceeds the solubility product of CdSe, then deposition of CdSe
thin films on glass substrates takes place.

After 24 h, the glass substrates were removed washed with distilled for sev-
eral times and dried naturally preserved in a dark desiccator over anhydrous CaCl,.
Cadmium selenide films were found to be homogenous, well adherent to the glass
substrate and orange red in color.

2.2. Characterization of film sample

CdSe thin films were characterized by using Phillips PW-1710 X-ray diffrac-
tometer in 26 range from 10° to 80° using Cr Ka; line (wavelength=2.28970A).
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Cambridge Stereo Scan (USA) Scanning Electron Microscope (SEM) was used for
surface morphological study. The optical absorption was recorded in the wavelength
range from 400 to 1400 nm using UV-vis-NIR double beam spectrophotometer
(Hitachi-330 Japan) at room temperature. The analysis of spectrum was done by
computing the values of absorption at every step of 2 nm. The thickness of the film
was estimated by weight difference density consideration technique. The electrical
resistance measurements were carried out in temperature range 300-550K on Zin-
tek - 502 BC Milliohm meter using two-probe method. The thermo-electric power
measurements were made by maintaining a temperature gradient along the length
of the film and measuring, the potential difference across the terminals having a
separation of 1 cm with the help of a digital microvolt meter.

3. Results and discussion
3.1. Growth mechanism

The proposed overall growth reaction mechanism of CdSe thin
films is given below [26]:
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The solubility product of CdSe is (Ksp, CdSe)=10-33. As the ionic
product of Cd2* and Se2~ ions exceeds to solubility product of CdSe
then deposition of CdSe film takes place. The color of the deposited
CdSe film was found to be orange red in color.

3.2. Structural analysis

X-ray diffractograms of deposited CdSe thin film and annealed
CdSe film at 450°C are shown in Fig. 1. The observed d-values
and respective prominent peaks correspond to the reflection from
the (111),(220) and (31 1) planes, which coincide well with the
JCPDS data [27]. The results of X-ray analysis well agree with earlier
reported method [14,22-24,28-34]. From this it can be concluded
that the deposited CdSe films are poly-crystalline in nature with
cubic modification.

The lattice parameter ‘a’ has been calculated by using following
equation:
a=d\/h?+k2 412 (4)
where ‘d’is the interplanar distance and ‘h, k, I are the Miller indices
of the lattice planes (Table 1).
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Fig. 1. (a) XRD-pattern of annealed CdSe thin film and (b) XRD-pattern of as
deposited CdSe thin film.

The crystallite size (D) in the films has been evaluated by using
Scherrer’s formula:

K
b= BcosH

where K is constant (0.94), A is wavelength of the X-ray used, 8
is broadening of diffraction line measured at half of its maximum
intensity (in rad) and 0 is Bragg's diffraction angle. The grain size of
CdSe thin film was found to be 25-30 nm.

(5)

3.3. SEM studies

The scanning electron micrograph of annealed CdSe thin films at
450°Cis shown in Fig. 2. This technique is used to study the surface
morphology of the film sample. The SEM micrograph of annealed
CdSe thin films at 450 °C shows smooth and uniform surface with-
out cracks and well adherent to the glass substrate. The annealed
sample shows total conversion into nanorods [31].

3.4. Optical properties

The optical properties of the CdSe films were measured on
UV-vis-NIR double beam spectrophotometer at room temperature
in the wavelength range 400-1400 nm. A careful observation of the
spectra revealed the presence of a broad absorption edge in the
600-800 nm range. Optical properties are studied by recording the
transmittance of the films. Optical investigations of films revealed
that there is band to band direct type of transitions. The broadening
of an absorption edge is due to the grain boundary discontinuity and
the disorderness developed in the material during film formation
[25].

The band gap energy (Eg) was determined by plotting a graph
of (whv)? versus hv as shown in Fig. 3. The linear nature of plot
indicates the existence of the direct transition. The band gap ‘Eg’
was determined by extra plotting the straight line to the energy

Table 1
Crystallographic parameter of CdSe thin film.

Film compo- ‘d’ values in A ‘d’ values hklplanes Cell parameters
sition (JCPDS) observed (A)
CdSe 3.5100 3.5045 111 6.0709
2.1490 2.1465 220
1.8330 1.8307 311
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Fig. 2. SEM micrographs of annealed CdSe thin film at 450°C.

axis whose intercept to the x-axis gives the optical band gap. The
band gap of CdSe film was found to be 1.7 eV which agrees with
earlier investigators report [11,14,22,25,35].

3.5. Electrical conductivity and transport properties

The electrical resistivity and conductivity of the sample were
measured in the temperature range 300-550 K. The conductivity
of sample increases with increase in temperature shows semi-
conducting behavior. The decreasing trend in the conductivity may
be due to the increase in the crystallite size in the CdSe thin films.
The plot of log o versus (1000/T) for the film is shown in Fig. 4. The
non-linear nature of the plot indicates two types conduction mech-
anism, also explains the same. The electrical specific conductivity
of the sample was found to be order of 10-6 (2 cm)~!. The activa-
tion energy is determined by using Arrhenius equation which can
be given as [36]:

o = oge FU/KT (6)
where o is measured electrical conductivity, o is the conductivity

pre-exponential factor, k is Boltzmann’s constant and T is absolute

20

15

10 4

{ohy )2 X 10° (eViem)

T
0.5 1 15 2 2.5

hv(eV)

Fig. 3. Plot of (ahv)? versus hv of CdSe thin film.
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Fig. 4. Plot of log o versus (1000/T) of CdSe thin film.

temperature. The ‘Ea’ was found to be in the range between 0.640 eV
in the high temperature region and 0.125eV in the lower tem-
perature region. The activation energy results were found in good
agreement with the other investigator results [35,37]. In thermo-
electric power measurements, the open circuit thermo voltage
generated by the sample when a temperature gradient is applied
across a length of the sample was measured using a potentiome-
ter. From the sign of the potentiometer terminal connected at the
cold end, one can deduce the sign of the predominant charge car-
riers. In our investigation of film sample, the negative terminal
was connected to the cold; therefore film sample shows n-type of
conductivity [22,35,37].

4. Conclusions

(i) Binary CdSe thin films can be deposited by modified CBD

method at room temperature.

(ii) XRD analysis reveals CdSe exhibit in cubic crystal structure.

(iii) Optical studies revealed direct to direct type of transitions and
band gap was found to be order of 1.7 eV.

(iv) The specific conductance of CdSe sample was found to be order
of 10-6(Qcm)-1.

(v) TEP measurement of the sample showed n-type of conduction
mechanism.
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