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In this paper, we report the substrate temperature induced change in structural, optical, morphological,
luminescence and photoelectrochemical properties of CdS films deposited by a simple and facile approach
called nebulized spray pyrolysis technique. X-ray diffraction study confirmed the deposited CdS films be-
long to hexagonal wurtzite structure, with preferential orientation along c-axis, (002) direction perpen-
dicular to the substrate plane. The crack free, uniform, and homogeneously distributed spherical particles
are witnessed from AFM image. Various optical parameters like energy band gap, optical conductivity,
refractive index, extinction coefficient, dielectric constants, and dispersion energy parameters of the films
were evaluated. The strong band edge emission observed in the PL study may be attributed to the re-
combination of excitations and/or shallowly trapped electron-hole pairs. The first and second overtone
of LO modes of CdS at 302 and 600 cm~! are observed in the Raman study. The photoelectrochemical

properties of the films were also tested.
© 2016 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published

by Elsevier B.V. and Science Press. All rights reserved.

1. Introduction

Cadmium sulfide (CdS) is a most important member of metal
chalcogenide family (II-VI group) having n-type semiconducting
nature and it has been considered as one of the most promis-
ing window layer materials for heterojunction thin film solar cells
[1,2], photovoltaic devices [3,4], and photo sensors [5] because of
its intermediate band gap (2.42eV), high absorption coefficient,
electron affinity and low resistivity. For solar cell applications, CdS
films need to have a suitable conductivity (>106 carriers/cm?3) with
adequate thickness to allow high transmission. Thin film based
photoelectrochemical (PEC) solar cells have wide applications due
to their low fabrication cost, high throughput processing tech-
niques and ease of junction formation with an electrolyte. The
semiconductors with band gap close to the maximum wavelength
in the visible spectrum are promising materials for the PEC cells.
Hence, CdS is one of the promising semiconductors for PEC studies.

Although high-quality polycrystalline CdS films can be produced
using vapor epitaxial growth techniques [6,7] or sputtering [8,9],
the fabrication cost increases significantly. Since CdS compound
is an expensive material, several studies were developed towards
the polycrystalline compound semiconductors, especially polycrys-
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talline thin films. Spray pyrolysis is a widely used method for pro-
ducing polycrystalline CdS films [10]. This is a convenient, fast and
relatively low-cost process which has been used for the deposi-
tion of thin films for many years. Spray pyrolysis technique is a
simple technology which involves many processes such as aerosol
generation and transport, solvent evaporation, droplet impact with
consecutive spreading and precursor decomposition. The substrate
temperature is implicated in all above mentioned processes, except
in the aerosol generation. Therefore substrate temperature has a
vital role in determining the morphology and other physical prop-
erties of the deposited films.

In present work, we have employed the nebulized spray py-
rolysis technique (NSP) for the fabrication of polycrystalline CdS
thin films which has not yet been reported to the best of our
knowledge. Unlike sophisticated apparatus, NSP consists of only
hot furnace, temperature controller, compressor and nebulizer with
a spray nozzle. In NSP technique, carrier gas is pumped directly in
to the solution thereby enhancing the atomization of particles in-
side the nebulizer. The atomized particles are brought to the sub-
strate through the ‘L’ shaped glass tube which acts as the spray
nozzle. In conventional spray technique, though the solution is pul-
verized by means of air and the atomized particles reach the sub-
strate, thereby the deposition of large droplets take place. Thus,
the generated aerosol does not get proper atomization. NSP tech-
nique avoids these shortcomings to fabricate homogeneous CdS
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thin films. The basic principle behind the working of the nebulizer
is Venturi effect. The Venturi effect is explained as the high ve-
locity movement of fluid, when passed through a constricted tube
or pipe causing reduction in the fluid pressure and self-pumping
effect. It is a jet effect as with a funnel velocity of the fluid de-
creases as the cross sectional area decreases as with the static
pressure correspondingly decreasing. The spray quality generated
by the nebulizers play an important role in various properties of
thin films. Within the spray system, the droplet size is one of the
most critical factors related to drift. Drift is caused when large
droplets retain momentum for a long time and less prone to dis-
placement. The droplet size distribution near the aperture depend
on the nozzle size, spray pressure, liquid properties etc. When a
fluid flows through a tube that narrows to a smaller diameter, the
partial restriction causes a higher pressure at the inlet than that
at the narrow end. In addition, the advantage of NSP over conven-
tional pneumatic spray method is that its low material consump-
tion with superior control of the spray particles and very low car-
rier gas pressure, which leads to get very thin layer of pinhole free
films with desired properties.

In this paper, we have studied the structural, optical, morpho-
logical and photoelectrochemical properties of CdS thin films de-
posited by nebulized spray pyrolysis technique. We report, for the
first time, the dielectric and dispersion parameters of CdS thin
films derived from the optical study.

2. Experimental

CdS thin films were deposited on glass substrates by nebulized
spray pyrolysis (NSP) technique. The precursor solution was pre-
pared by dissolving equal amounts of aqueous solutions of 10 mL
of 0.16 M cadmium chloride (CdCl,) and 0.16 M thiourea (CS(NH;),)
and continuously stirred for 15 min to get homogenous solution.
The solution thus obtained was sprayed intermittently on well
cleaned pre-heated glass substrates by means of nebulized spray
pyrolysis at three different substrate temperatures like 300, 350,
400°C. The intermittent spray interval (30s) promotes the sub-
strates to attain the expected temperature before the start of next
spray. The solution flow was controlled by the pressurized air with
a constant pressure of 0.7 kg/cm?. In this technique, comparatively
lesser air pressure is employed, even without any compromise in
the quality of thin films. The low flow rate controls the droplet
size hence minimizing drift. The distance between nozzle and sub-
strate was 4 cm. The films were deposited for about 30 min. When
the substrate temperature is too low (below 300 °C), there is a pos-
sibility for the formation of oxide phase during film growth due to
the slow dissociation of complexes. On the other hand, at higher
substrate temperature (above 400 °C) the re-evaporation of sulphur
can take place due to its elevated vapor pressure. Therefore, the
substrate temperature was optimized between 300 and 400 °C. The
deposited films were observed as yellow in color, well adherent to
the substrate, pin hole free, and uniform in nature. The thickness of
deposited film varies between 0.68 and 0.71 pm as observed from
the surface profilometer (Mitutoyo, SJ-301).

The structural property of CdS thin films were studied by X-
ray diffraction (XRD) using CuK, (A =0.154nm) radiation source
(X'Pert Pro PANalytical) over 20 scan range of 10-70°. The ef-
fect of substrate temperature on the change in optical property of
CdS film was studied using UV-Vis-NIR spectrophotometer (Ocean
optics HR2000). The room temperature photoluminescence (PL)
study was performed using a fluorescence spectrophotometer (Var-
ian Cary Eclipse). Vibrational property of the film was studied us-
ing micro Raman spectrometer system (LABRAM HR-800) using
488 nm line of Ar* -ion laser with a power of 10 mW. Surface mor-
phological study was carried out using atomic force microscope
(AFM; Nanoscope-E). The compositional nature of the film was
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Fig. 1. XRD patterns of CdS thin films.

tested by energy dispersive X-ray analysis (EDX; INCA OXFORD).
The photoelectrochemical (PEC) properties of the film was stud-
ied by forming two electrode system consisting of CdS thin film
deposited on fluorine doped tin oxide (FTO) coated glass substrate
as a working electrode and graphite as a counter electrode with
the 0.25M polysulphide electrolyte solution. Current-voltage (I-V)
characteristics of the PEC cells were measured by solar simulator
(4200 Keithley semiconductor characterization system) under illu-
mination using a halogen lamp with an intensity of 10 mW/cm?.

3. Results and discussion
3.1. X-ray diffraction

Fig. 1 shows the X-ray diffraction patterns of CdS thin films de-
posited at 300, 350, and 400 °C. It is observed that all the films are
highly crystalline in nature. The observed lattice spacings (d) were
matched very well with JCPDS data (card No.: 77-2306), which
confirmed the hexagonal wurtzite structure, with a preferential
orientation along the c-axis, (002) direction perpendicular to the
substrate plane.

The lattice constants of deposited CdS films are found as
a=0.596 nm; ¢=0.400nm (hexagonal), which agreed well with
JCPDS data. The substrate temperature induced enhancement in
degree of (002) peak intensity revealed the increase in crystalline
nature of deposited films. At higher substrate temperature, atomic,
ionic or molecular species of CdS on the substrate surface acquire
more thermal energy which leads to the large adatom mobility.
This leads to the formation of more number of nucleus which
coalesces to form a continuous film with high crystalline nature.
Ashour [11] has observed the improved crystallization of CdS films
with increase in substrate temperature. From the XRD result we
have evaluated various structural parameters viz. crystallite size
(D), dislocation density (&), strain (¢), and lattice distortion (LD)
using the following relations [12-14] D=0.94 A/B cos 6, § = 1/D?,
&= cos 0/4, LD = B/4 tan 6, where B is full width at half maxi-
mum (FWHM) (in radians) of the XRD peak and the evaluated data
are presented in Table 1. One can observe from Table 1 that the av-
erage crystallite size of the films increase (37-69 nm) with increas-
ing substrate temperature, which clearly demonstrate the enhance-
ment in degree of crystallinity of films with substrate temperature.
On the other hand, the strain, dislocation density and lattice dis-
tortion are gradually decreased with increase in substrate temper-
ature. This revealed the decrease in concentration of lattice imper-
fections since the internal microstrain reduced within the films.
It may be mentioned that the dislocation density and the lattice



400 M. Girish et al./Journal of Energy Chemistry 26 (2017) 398-405

Table 1. Structural parameters of CdS thin films.

Substrate Crystallite Strain Dislocation density Lattice
temperature (°C) size (nm) (x103 lines~2 m~4) (x10% lines/m?) distortion (10-3)
300 37 0.944 0.730 0.847
350 4 0.654 0.594 0.688
400 69 0.453 0.210 0.640
100 2.0
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Fig. 3. Refractive index of CdS thin films.
¢ 300°C; 2.45 eV Cds
- : iggﬂgf ;;; :\\I/ rect inter-band transitions and is shown in Fig. 2(b) as a function
= T of substrate temperature. A systematic reduction in the band gap
§ with increase in substrate temperature is observed here. The opti-
a cal band gap values vary from 2.45 to 2.32 eV. A significant varia-
& tion in crystallite size for the film deposited at 400°C may be the
o~ reason for decreased band gap. The observed Eg values are consis-
= tent with the reported value of CdS thin films prepared by spray
.% pyrolysis technique [16].
~ The refractive index plays a vital role in the search for optically
active materials, being a significant factor in optical communica-
tion and in designing devices for spectral dispersion. If the absorp-
tion is high with minimal interference, the refractive index (n) of
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Fig. 2. (a) Transmittance spectra and (b) Tauc plots of CdS thin films.

strain are the manifestation of dislocation network in the films and
hence the decrease in dislocation density and strain revealed the
formation of good quality films at higher substrate temperature.

3.2. Optical properties

3.2.1. Transmittance, energy band gap, and optical constants

The optical properties of NSP deposited CdS thin films were
studied by UV-Vis-NIR spectrophotometer. Fig. 2(a) shows the op-
tical transmittance spectra of CdS thin films deposited at different
substrate temperatures. It may be mentioned that the transmit-
tance of CdS film strongly depends on the film structure, which
is determined by the preparation methods, film thickness and de-
position conditions [10]. It is observed that the transmittance de-
creases with increase in substrate temperature. This may be at-
tributed to the enhancement in crystallinity and grain growth of
films with substrate temperature [15]. Thus, the carrier concentra-
tion and surface topography of the film demands the variation in
the transmittance of CdS thin films. From the optical data, the di-
rect energy band gap, Eg, of the film was extracted from the tra-
ditional Tauc plot of (ahv)? versus photon energy E (=hv) for di-

film can be calculated according to Born and Wolf [17]:

n?+1

R_nz—l (0
1+R++R

n_il—R (2)

where R is the reflectance of the film. The dependence of refractive
index (n) as a function of wavelength for CdS thin films at different
substrate temperatures is depicted in Fig. 3. The ‘n’ value is found
to be maximum at higher substrate temperatures and decreases
with increase in wavelength. Thus, the higher substrate tempera-
ture favors the denser films as well as high refractive index [18].
It is also found that the higher value of refractive index at lower
wavelength region. This may be due to the quality between the fre-
quency of incident photon and plasma frequency. Anomalous dis-
persion of refractive index was prevailed in the region of plasma
frequency. The refractive index becomes mostly imaginary, when
A crosses Ap (plasma wavelength) and the corresponding dielectric
constant becomes negative [18]. The extinction coefficient (k) can
be determined using the following relation [19]:

k= yr (3)

Fig. 4 shows the spectral variation of extinction coefficient as
a function of wavelength. The k value increases with increase in
substrate temperature. This may be attributed to the transitions
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Fig. 4. Extinction coefficient of CdS thin films.
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Fig. 5. Optical conductivity of CdS thin films.

that occur between valence and partly filled conduction band. In
addition, this increase in k value with substrate temperature may
be due to the increase in surface roughness of the film, which in
turn increases the scattering loss thereby decreasing the transmit-
ting ability. This hypothesis is consistent with the optical transmit-
tance data. The variation in optical conductivity (0 op) as a function
of photon energy (hv) is shown in Fig. 5 and it can be determined
using the following relation [20]:

anc
Oop = 54— (4)

where c is the velocity of light. Fig. 5 shows that the optical con-
ductivity drastically increases with increasing substrate tempera-
ture. The optical conductivity is found to increase sharply for lower
wavelength values due to the large absorption coefficient. This may
be due to the low energy band gap values which favor the forma-
tion of more excitons by incident photon energy.

3.2.2. Lattice dielectric constant
The relation between refractive index (n), wavelength (1) and
lattice dielectric constant (g, =n?) [21] is given by

2
_2_o _[_® ﬁ) 2
E=m=¢w (4n6280)<m* A (5)

where ¢; is the lattice dielectric constant, e is the electronic
charge, c is the velocity of light, gy is free space dielectric con-
stant (8.854 x 10"12F/m), and N/m* is the ratio between free car-
rier density and free carrier effective mass. The variation of n?

4
cds — 300°C
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3 — 400°C
N= 2
1 %)
0

2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10°

A? (nm)2

Fig. 6. Plot of n? and A? of CdS thin films.

versus (A)2 is shown in the Fig. 6. It can be seen that the val-
ues of n? is linear at higher wavelength. The values of & and
N/m* of CdS films are presented in Table 2 and these values were
determined from the intercepts and slopes of curves shown in
Fig. 6. The ¢ value varies from 2.007 to 3.033. The values of N/m*
varies from 2.801 x 1056 cm—3.g~! to 4.168 x 10°6scm—3.g~1. The
increased values of both ¢, and N/m* with substrate temperature
is due to the higher carrier concentration. Plasma frequency (wp)
is the characteristic frequency at which the electrons couple with
the oscillating electric field and is given by the following relation.

, €N
(l)p =
EoMmx

(6)

From the above relation, it is clear that the plasma frequency is
proportional to N/m* and the evaluated w; values are reported in
Table 2. The abundance of charge carriers definitely influences the
increment in plasma frequency. These results agree well with the
optical conductivity data.

3.2.3. High frequency dielectric constant

Using the dispersion relation of incident photon, the determi-
nation of dielectric constant could be defined. The refractive index
n can further be analyzed to determine the average interband os-
cillator wavelength (1y) and the average oscillator strength (Sy) of
CdS films using the following single Sellmeier oscillator at low en-
ergies [22].

2 2
m-1) (k) )
CEINEY
where 1y(y) is the static refractive index, which provides a good
indication on the structure and density of the material. According
to Moss model [23] the contribution of free carriers to the disper-
sion are very small. This means that the data corresponding to the

wavelength range lying below the absorption edge of the material
has to be used to evaluate &, [24].

SoAZ
n?—1= 20 (8)
- (%)
and the Sy is defined as
(n—1)
S0 = T (9)

Fig. 7 shows the plot of (n2—1)~! and A2 as a function of dif-
ferent substrate temperature. In this graph the intersection with
(n>—1)~1 axis which is (ng>-~1)-! and hence, n% at Aq is equal
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Table 2. Optical dielectric parameters of CdS films.

Substrate temperature (°C) &L £ no Ao So x 1012 N/m* x 10%6 (cm~3.g~1) wp (Hz) x 10™ T (s)x 1071
No(1) No(2)
300 2.007 1.262 1416 1123 482 1128 2.801 9.001 1110
350 2.572 1577 1.603 1.255 530 2.051 3.291 9.756 1.025
400 3.033 1.704 1.741 1.305 625 1.800 4168 10.980 0.910
10 Table 3. Dispersion parameters of CdS films.
Cds — 300°C
350°C Substrate temperature (°C) Eq (eV) Eq (eV) E (eV) Eg (eV)
8 - o 300 2.141 0.308 1189 245
400°Cc 350 3.116 2.361 1426 241
400 3.140 3.206 2.062 2.32
‘TA 64
-
1
g
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Fig. 7. Plot of (n2—1)~! and A2 of CdS thin films.

20
cds — 300°C
— 350°C
15 — 400°C

5 10 15
(hv)* (eV)*

Fig. 8. Plot of (n®—1)~! and (hv)? of CdS thin films.

to high frequency dielectric constant (&4,). The evaluated values of
No(1), €00 Ao and Sg are reported in Table 2. These values are of
the same order of magnitude as those obtained by Wemple and
DiDomenico for material like ZnO [25].

3.2.4. Dispersion parameters and dielectric relaxation time

Using the single-oscillator approximation, Wemple and
DiDomenico [25] have developed a model where the refrac-
tive index dispersion is studied in the region of transparency
below the gap. Defining two parameters, the oscillation energy E,
and the dispersion energy Eg4, this model concludes that:

EoEq
E2 — (hv)®

Fig. 8 shows the plot of (n2—1)~1 and (hv)? of CdS thin films
deposited at different substrate temperatures. The energy oscilla-
tion and dispersion energy values were evaluated from the slope
and intercept of the curves, respectively and the values are given
in Table 3. The dispersion energy measures the average strength of
interband optical transitions. The Ey and E4 values increase due to

n?(hv) =1+ (10)

(n*-1)

01 02 03 04 05 06 07
(hv)* (eV)*

Fig. 9. Plot of (n2—1) and (hv)~2 of CdS thin films.

the increase in thickness [26]. Wemple and DiDomenico have re-
lated this parameter to the coordination number of the anion and
the number of valence electrons per anion. The optical parameters
such as Ey and Eg4 can be correlated with the lattice energy, which
gives information about the strength of the bonds in an ionic com-
pound. It describes the binding force between the atoms. E; can be
evaluated using the following relation [27]:

E4Eq E?

2 _
molep_p B

(11)
where E| is the lattice energy. Plotting graph between (n2—1) and
(hv)=2 (Fig. 9) and taking slope gives Elz. The calculated E; val-
ues are reported in the Table 3 and its magnitude is increas-
ing with substrate temperature. This may be probably due to the
strengthening of Cd-S bonds at higher substrate temperatures. The
static refractive index ngp) (the zero-frequency refractive index)
of CdS films can be calculated by extrapolating the Wemple and
DiDomenico dispersion relation to the value of the incident photon
energy approaching zero [10] as given by the following equation.

n=1+-2 (12)

E,

It is observed from Table 2 that the calculated ng,) values are
comparable with the values of ngqy as evaluated in the earlier
Section 3.2.3.

The dielectric relaxation time (t) can be calculated using the
relation wp x T =1. As seen from the Table 2 that the t value de-
crease with increasing substrate temperature, which may be due to
the higher carrier concentration of CdS thin films upon increasing
the substrate temperature. This inference may be related with the
plasma frequency and optical conductivity data where the carrier
concentration determines the steadiness in conductivity.
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Fig. 10. Photoluminescence spectra of CdS thin films.
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Fig. 11. Raman spectra of CdS thin films.

3.3. Photoluminescence study

Photoluminescence (PL) spectroscopy can be used to determine
the band gap of semiconductors since the most common radiative
transition in the semiconductor occurs between states at the bot-
tom of the conduction band and the top of the valence band [10].
Fig. 10 represents the room-temperature PL spectra of CdS thin
films deposited at different substrate temperature. The films were
excited at the wavelength of 280 nm. PL bands appearing in the
energy range of 2.18-2.54 eV are called green bands; bands appear-
ing between 2.07 and 2.18 eV are typically referred to as yellow
bands; the orange band is located between 2 and 2.07 eV, and the
luminescence observed around 1.54-2 eV is called the infrared | red
band [16].

Luminescence in the green band (2.51eV) is observed for all
the samples. The appearance of strong band edge emission may
be attributed to the recombination of excitations and/or shallowly
trapped electron-hole pairs. As calculated from the optical absorp-
tion study, the Eg of CdS films vary between 2.45 and 2.32 eV and
the band edge emission peak observed in the PL study is about
2.4 eV, which shows the consistency of our optical results.

3.4. Raman spectroscopy

Fig. 11 illustrates the Raman spectra of CdS thin films deposited
at 300, 350, and 400°C. It may be mentioned that the inten-
sities of the fundamental and first overtone of the longitudinal
optic (LO) phonons can be used for qualitative understanding of
electron-phonon interaction in small particles. Raman peaks ob-

Table 4. PEC cell parameters of CdS thin films.

Substrate Ise (MA/cm?) Voe (V) Fill factor Efficiency
temperature (°C) FF (%) n (%)
300 0.246 0.077 34.6 0.06

350 0.405 0.080 38.5 0.12

400 0.707 0.093 39.2 0.25

served at about 302 cm~! are corresponding to 1LO and the peak
observed at about 600cm~! is corresponds to 2LO. The position
of 1LO peak of bulk sample was reported as 305cm~! [28]. The
reduced LO phonon energy is characterized by lattice softening of
CdS thin films [29]. The broad background for CdS thin film de-
posited at 400 °C is attributed to photoluminescence superimposed
signal [30].

3.5. AFM and EDX studies

Atomic force microscopy (AFM) is one of the most effective
ways for surface analysis due to its high resolution. The morphol-
ogy and surface features of thin films could be controlled by vary-
ing the deposition parameters such as precursor concentration, car-
rier gas pressure, substrate temperature, and reducing the droplet
size in order to get a homogenous film. Fig. 12 shows the AFM
image and histogram of CdS thin film deposited at 400°C. The
complete formation of homogenous spherical crystal grains are ob-
served in the AFM image, which revealed the high crystalline na-
ture of the film deposited at 400 °C.

This is independently corroborated by our X-ray diffraction
measurement. From the histogram the root mean square surface
roughness of the film is evaluated as 12.6 nm. The compositional
nature of CdS thin film deposited at 400 °C was analyzed by EDX.
In this study, no other impurity was observed other than the Cd
and S elements (spectrum not shown here), which revealed the
compositional purity of deposited film. In addition, the S/Cd ra-
tio is measured as 0.9, which indicates the stoichiometric nature
of the prepared film.

3.6. Photoelectrochemical study

When a photoelectrode is immersed in an electrolyte an
electrode-electrolyte interface is formed which is called PEC cell.
Relatively stable and efficient photoelectrochemical solar cells fab-
ricated from transition metal chalcogenide materials exhibit a sig-
nificant improvement in the electrochemical conversion efficiency.
The generation of short circuit current (Isc) and open circuit volt-
age (Voc) in PEC cell is directly related to the properties of a semi-
conductor and an electrolyte. As soon as the photoelectrode is im-
mersed in an electrolyte, charge transfer takes place across the in-
terface, which in turn forms depletion region across the interface.
This depletion region is driving force for the current-voltage char-
acteristics in dark and under illumination [31]. Fig. 13 shows the
I-V curves of the PEC cell formed by CdS thin film (deposited on
FTO substrate) as a working electrode (active surface area 1cm?)
and graphite as counter electrode, under the illumination of light
using halogen lamp in 0.5M sulfide/polysulfide redox electrolyte.

From the figure, it is seen that all samples are of n-type as the
photovoltage behavior is cathodic. The values of Is, Vo, efficiency
(n) and fill factor (FF) are reported in Table 4. The maximum con-
version efficiency of 0.25% was obtained for the film deposited at
400°C. This may be due to thickness, high crystallinity and lower
values of strain, dislocation density and lattice distortion. The grain
growth induced by the substrate temperature reduces the grain
boundaries which in turn reduces the recombination centers for
minority charge carriers and trapping centers for majority charge
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Fig. 12. AFM image and histogram of CdS thin films.
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Fig. 13. -V characteristics of CdS thin films.

carriers. This leads to the increase in Isc and Vo with substrate
temperature.

4. Conclusions

CdS thin films were prepared by means of distinguished neb-

ulized spray technique. X-ray diffraction study revealed the for-
mation of polycrystalline films with hexagonal wurtzite phase. A
systematic reduction in the band gap (2.45 to 2.32eV) with in-
crease in substrate temperature was observed. The normal disper-
sion of the refractive index was successfully fitted with the Sell-
meier and Wemple formulae. The dispersion energy parameters
were determined using Wemple and DiDomenico approximation.
The appearance of strong band edge emission in the PL study may

be attributed to the recombination of excitations and/or shallowly
trapped electron-hole pairs. The high crystalline nature of the film
deposited at 400 °C was also evident from the complete formation
of homogenous spherical crystal grains in the AFM image. The first
and second overtone of LO modes at 302 and 600 cm~! were ob-
served in the Raman study. The substrate temperature induced in-
crease in Isc and Vi of CdS film was realized from the PEC study.
From these studies and results, the authors believe that the nebu-
lized spray pyrolysis with inhaler can be used as a potential tech-
nique to grow device quality CdS thin films for photoelectrochem-
ical application.
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