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Cadmium sulfide polycrystalline thin films of different thickness were deposited on
ultrasonically cleaned glass substrates by thermal evaporation technique in a vacuum of

about 2x10 ~ torr. X-ray diffraction and SEM (scanning electron microscope) were used to
characterize the thin films. X-ray diffraction study showed that, all the films have the
hexagonal wurtzite structure, with lattice constants a=b=4.142, ¢=6.724A°. Crystallite
sizes calculated from Scherrer relation are in the range of 49-68 nm and the grain size of
the thin films are observed to increase with the increase in the thickness of the sample. The
optical properties of the polycrystalline thin films were investigated by the UV-VIS-NIR
spectroscopy. The band gap of the thin films is found to be direct allowed transition and
increases with the increase of thickness of films in the range of 2.35- 2.46 eV. Extinction
coefficient k showed oscillatory behavior in lower band edge region. The CdS
polycrystalline thin films are suitable for solar cell application.
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1. Introduction

The synthesis and characterization of polycrystalline materials have attracted much
attention not only because of their exceptional properties [1, 2], but also due to their structure and
temperature dependent properties and great potential for many technological applications [3, 4].
Recently, there has been an increase in research and development of II-VI materials which are
widely used in devices such as interference filters, optical fibers, optical instruments, coated
glazing for windows, solar energy collectors and low coast flat panel solar cells. Optical constant
as input data in design process of the thin film devices gives the designer an additional tool for
optimization of the product design, and thus an accurate knowledge of optical constant over wide
range of wavelength is essentially important [5, 6].

These films offer a larger number of applications in solid-state device technologies such as
the target material of television cameras, microwave devices, switching devices, infrared detectors,
diodes and Hall effect devices.

Many techniques have been reported for the deposition of CdS thin films. These include
thermal evaporation [7], sputtering [8], chemical bath deposition [9], spray pyrolysis [10], metal
organic chemical vapour deposition (MOCVD) [11], molecular beam epitaxial technique [12],
electro deposition [13], photochemical deposition [14] etc. The structural and physical properties
of CdS thin films prepared by thermal evaporation technique at different deposition conditions
have been reported in literature [15-18]. In this work, thermal evaporation technique has been
chosen for deposition of CdS thin films because it is a trouble-free and controllable technique. The
present study is centred over the effect of thickness on the structural and optical properties of
thermally evaporated CdS polycrystalline thin films. X-Ray diffraction (XRD), Ultraviolet-visible
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(UV=VIS-NIR) and Scanning Electron Microscope (SEM) are used to characterize the samples.
Optical constants, such as optical band gap, absorption coefficient, extinction coefficient, Urbach’s
energy and grain size are evaluated from the optical spectra.

2. Experimental

Analytical grade CdS (99.99% purity) was purchased from Alfa Aesar Company (UK).
CdS thin films were prepared by thermal evaporation technique using vacuum coating unit in a
vacuum about 2 x 10® Torr. CdS was put in a Molybdenum boat and the substrate glass was
placed directly above the source at a distance of nearly 18 cm. The glass substrates were cleaned
with freshly prepared acetone, detergent solution and distilled water. Further, the substrates were
subjected to ultrasonically cleaning prior to the evaporation of CdS. Thickness of the thin films
were measured with a Gaertner Scientific Corporation Chicago-L117 Spectroscopic Ellipsometer
(SE). The optical absorbance and transmission spectra for as-deposited CdS thin films of different
thickness were obtained in the ultraviolet/ infrared region up to 900 nm using JASCO UV-VIS-
NIR spectrometers (V-570). The optical measurements were made at room temperature with
uncoated glass slide as reference. The structure of the films was studied by the using Philips
analytical diffractometer (Model- PW3710). Surface morphology of the films was characterized by
scanning electron microscopy (Jeol Scanning Microscope-6380).

3. Results and discussion

The thickness of the four CdS thin films deposited on glass substrate as measured using
SE was found to be 200 nm, 245 nm, 400 nm and 500 nm. Effect of the change in thickness of the
film on the structural and optical properties using the XRD and UV-VIS absorption spectroscopy
are presented in the following sections.

3.1 X-ray diffraction analysis

Fig. 1 shows the X-ray diffraction patterns of the four CdS thin films deposited on glass
substrate. Deposited films were uniform, reflective, adherent and orange in colour. A strong peak
with 20 value about 26.4° corresponds to the (002) crystalline plane of CdS is present in all the
four XRD patterns. This peak in these XRD could be indexed to hexagonal structure of CdS and
the 20 value is consistent with the value in standard card (JCPDS file no. 41-1049).

The crystallites size of the grains in the films is estimated using the Sherer formula [10] :

KA

D=2
f,, cos 6 M

where K is a constant taken to be 0.94, A the wavelength of X-Ray used (A=1.54 A), B,y the full
width at half maximum of (002) peak of X-RD pattern, and 20 is the Bragg angle. . The values of
crystallites sizes are found to be in the range 49-68 nm. A weak peak at 6=47° corresponding to
(110) plane is also observed in the XRD pattern. Using the Miller indices of these planes, the
lattice parameters a=b and c of the unit cell are evaluated according to the relation:
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where d is the interplanar spacing, and (h,k,I) are the Miller indices.. The calculated value of the

lattice parameter are a=b=4.142, and c=6.724A".
The strain (g) of the films is determined with the use of the following formula:
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The values of 28, By the full width at half maximum, interplanar spacing d, grain size, strain and
intensity of the XRD peak in the thin films of different thickness are given in table 1
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Fig.1. XRD patterns of CdS thin films of different
thickness t.
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Table 1. Comparison of structural parameters, FWHM, interplanar spacings, Grain size,
Strain and peak intensity of the CdS thin films of different thickness t

Thickness Angle Bao Interplanar Grain size Strain Peak
(nm) 26 (radian) | spacing(d) | XRD SEM | (e x 10™) Intensity
(t£1%) A (nm) (nm) (a.u)
200 26.420 0.0031 33714 49 46 7.42 280
245 26.415 0.0026 3.3707 57 65 6.68 288
400 26.423 0.0024 3.3721 62 71 6.18 305
500 26.411 0.0022 3.3728 68 72 5.69 467

In order to study the effect of film thickness, the grain size and strain in thermally
evaporated CdS thin films on glass substrate versus film thickness are shown in Fig. 2. It is
observed that the crystallite size increases rapidly from 200 to 250 nm and then gradually increases
up to 500 nm with the increase in thickness. The intensity of the XRD peak is also found to
increase with increase in film thickness. The strain decreases with the increase of film thickness,
such a decrease in strain reflects the decrease in the cohesive force between film and substrate
material. Therefore, we may conclude that there is a decrease in the lattice imperfections with
increase in film thickness and an increase in the crystallite size [19].
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Fig. 2. Effect of thickness t on grain size and strain of CdS thin films.

3.2 SEM analysis

The microstructure of these thin films prepared by the thermal evaporation process was
examined by SEM. The SEM micrographs of synthesized thin films are shown in Fig. 3. The SEM
micrographs show typical tightly adherent CdS films on ultrasonically cleaned glass substrates. In
most cases the final films are homogeneous, without any crack, rather dense and exhibit almost
complete coverage of the substrate. They are composed of irregular shaped grains of diameter 46—
72 nm. The average crystallite sizes are found to be 52 nm, confirming nanometer grain size in the
cadmium sulfide films. These values are similar with the values estimated from the XRD analysis.
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Fig. 3. SEM micrographs of thermally evaporated CdS thin films.

3.3 Optical properties of thermally evaporated CdS thin films

We have used four samples of thermally evaporated CdS thin films with the thicknesses of
200, 245, 400 and 500 nm. Optical absorbance and transmittance spectra of the films are given in
Figs. 4 and 5, respectively.
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Fig. 4. Absorbance spectra of CdS thin films of Fig. 5. Transmission spectra of CdS thin films of
different thickness t. different thickness t.

Interference fringes are seen in these spectra. The optical band gap E, is estimated by using the
following relation [20]:

(ahv)™ = A (hv-E,) 4)

where A is a characteristic parameter independent of photon energy, hv is the incident photon
energy and m is a constant which depends on the nature of the transition between the top of the
valence band and bottom of the conduction band. The lowest optical band gap energy in
semiconducting materials is referred to as the fundamental absorption edge and nature of interband
transition is characterized by m [21]. For allowed indirect transition m=1/2 and for the allowed
direct transition m=2. By plotting (ohv)* versus the incident photon energy (hv) and extrapolating
the straight-line portion of the plots toward low energies, the optical band gap can be obtained as
shown in Fig. 6. These plots indicate that the wider linear regions are observed for the allowed
direct transition (m=2) for the polycrystalline CdS thin films. The value of optical band gap energy
for different film thickness is found to be in the range of 2.35-2.45 eV. The values of absorption
coefficient, band gap, and Urbach’s energy obtained at different thickness of the investigated
samples of the films are given in table 2. On the basis of experimental results we may conclude
that band gap of thin films is also thickness dependent. Here we observed that the band gap of the
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thin films increases on increasing the thickness of the films. Fig. 7 shows the variation of the band
gap of the film with the increase in film thickness and it increases gradually for the thickness in the
200-400 nm range and then increases abruptly for the film thickness in 400-500 nm range.

2.46

8.00E+010

—=&— 500nm 2449

—— 400nm
245nm
—¥— 200nm

6.00E+010 2424

2

2.40

2.38 < /
2.00E+0104 1
2364

S
2 4.00E+010
3

Band gap Energy (eV)

0.00E+000 — 234

T v T v T v T v T v T v T
1 2 3 200 250 300 350 400 450 500
Energy (eV) Thickness (nm)

Fig. 6. The (ahv)’ versus hv graph of CdS thin Fig.7. Effect of thickness on band gap energy.
films of different thickness t.

Table 2. Absorption coefficient, Band gap, Urbach’s energy of CdS thin films of different thickness t.

Thickness(nm) | o (cm™) at 2.5 o (cm™) at 3.44 eV Band gap (eV) Urbach’ s
(t£1%) eV energy(eV)
200 8.73x10* 19.40x10* 2.35 0.10
245 7.96x10* 18.37x10* 2.37 0.12
400 5.40x10* 16.75x10* 2.40 0.13
500 4.47x10* 13.51x10* 2.45 0.190

The absorption coefficients of these films at different energies are shown in Fig. 8. A close
examination of Fig. 8 reveals that the thick films have lower o value at high energy region than the
thin films. The absorption coefficient shows oscillatory behaviour at the forbidden gap region. It is
also observed that the thinner films have high a value in the band-to band absorption region. This
effect may be explained by proposing that thicker films have bigger crystallites (grains), so they
are closer to bulk crystalline CdS, but bigger grain sizes results in larger unfilled inter-granular
volume so the absorption per unit thickness is reduced. The logarithm of the absorption coefficient
a(v) is plotted as a function of the photon energy (hv) for thermally evaporated CdS thin films and
is shown in Fig. 9. The values of the Urbach’ s energy (E,) were calculated by taking the
reciprocal of the slopes of the linear portion in the lower photon energy region of these curves and
the values so obtained for various film thickness are presented in table 2. The Urbach’s energy is
found to increase with the increase in film thickness. This suggests that the crystalline nature of
the thin films increase with the increase in film thickness and further supports increased crystalline
nature as implied from the enhanced peak intensity of the XRD peaks for large film thickness.
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Fig. 8. The a versus hv graphs of CdS thin films of  Fig. 9. The dependence of the natural logarithm of
different thickness t. a on photon energy for CdS thin films of different
thickness t.

The Extinction coefficient k of the thin films is also calculated using the formula:

_ 4nk
2

(24

)

where k is the extinction coefficient.
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Fig. 10. Variation of k with photon energy for
different film thickness t.

Variations of extinction coefficient as a function of photon energy are shown in Fig. 10.
The rise and fall of the extinction coefficient in the forbidden gap region is directly related to the
absorption of light. In the case of polycrystalline films, extra absorption of light occurs at the grain
boundaries. This leads to non-zero value of k for photon energies smaller than the fundamental
absorption edge.

4. Conclusion

CdS thin films prepared by thermal evaporation technique on glass substrate are found to
be polycrystalline. Films have been characterized using optical and structural measurements. All
the films exhibit high transmittance (~ 70 - 85 %), and low absorbance in the visible/ near infrared
region from ~ 500 nm to 900 nm, thus making the films suitable for optoelectronic devices, for
instance as window layers in solar cells. The films show a direct transition in the range 2.35 — 2.42
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eV. XRD studies show hexagonal wurtzite structure of the thin films. The crystallites sizes
measured by XRD studies are found to be within 49-68 nm, and those observed from SEM, are
within 46-72 nm. The deductions are made to obtain the optical and structural parameters such as
the optical band gap energy, absorption coefficient, extinction coefficient, Urbach’s energy and
grain size etc. The variations of these with thickness of thin films have been studied.
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