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Chemical bath deposition (CBD) was used to prepare a CdSe semiconductor films on glass
substrates. Scanning electron microscopic studies shows ball type structures with
approximate grain size ranging between 4 nm and 8 nm with voids on uniform
background. The crystallographic structure of the film and the size of the crystallites in the
film were studied by X-ray diffraction. XRD measurement shows that the film is
crystallized in the wurtzite phase and presents a preferential orientation along the c-axis.
Optical constants such as refractive index n and extinction coefficient k, were determined
from transmittance spectrum in the ultraviolet-visible (UV-VIS) regions using envelope
methods. Absorption coefficient o and the thickness of the film t were calculated from
interference of transmittance spectra. Optical excitation spectra showed maximum
excitation at 389 nm. The photoluminescence (PL) emission spectra under this excitation
consisted of two peaks at 485 nm and 531 nm wavelengths, which are attributed to the
presence of one deep trapping site and electron hole recombination via trap state or
imperfection site. The blue shift observed in the PL emission spectra corresponds to the
nano-crystalline effect.
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1. Introduction

The II-VI binary semiconducting compounds, belonging to the cadmium chalcogenide
family (CdS, CdSe, CdTe) are considered to be very important due to their potential use in
photoconductive devices and solar cells [1-4]. Cadmium selenide thin film has widely been studied
because of its high absorption coefficient and nearly optimum band gap energy (1.73 eV), and it
finds a wide range of applications in low cost devices such as light emitting diodes, solar cells,
photodetectors, electro photography and laser [1,4-6]. The methods commonly used for depositing
CdSe thin films are chemical bath deposition (CBD) [1,5,6], vacuum evaporation [7], electro-
deposition [8], spray pyrolysis [9], thermal evaporation [10], successive ionic layer adsorption and
reaction (SILAR) [11]. CBD has many advantages as compared to other technologies, in particular
the low fabrication cost and the growth repeatability. The process is readily scalable to large-area
processing [12].

In this work, CdSe thin films were deposited by CBD technique on glass substrates and
their morphological, structural and optical properties are presented and discussed. The widely used
envelope method [13] has been developed for optical transmittance measurements to evaluate the
thickness (t), absorption coefficient (o), extinction coefficient (k), which is defined as the
imaginary part of the complex refractive index.
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2. Experimental details

Substrates used in the present work were commercial quality microscopic glass slides of
dimensions 24mm x75mm, which were first cleaned with HCI, acetone, distilled water and
ultrasonic cleaner. They were then dried and dipped vertically into a mixture of solutions of 1M
cadmium acetate, triethanolamine (TEA), sodium selenosulphate (prepared by heating sodium
sulphite with selenium at 90°C for 5 hrs.) and 30% aqueous ammonia. All solutions were prepared
in double distilled water. TEA was used as a complexing agent to form Cd[TEA]*" complex for
controlling the growth rate. thiophenol and methanol (in 1:1 ratio) was used as the capping agent
[13] to the above said mixture of solutions, for preparing the nano-crystalline films. The films
were then formed on glass substrates by dipping them vertically in the solution, kept in a constant
temperature water bath at 60° C for 60 minutes. The deposition of films is based on precipitation
followed by condensation. After deposition, the films were washed with double distilled water and
then dried at room temperature.

The structural properties were studied by X-ray diffraction measurements using RIGAKU
X-Ray Diffractometer with Cuko (A = 1.54056 A) radiation. The average dimension of crystallites
was determined by the Scherrer method [16] from the broadening of the diffraction peaks taking
into account the instrumental broadening.

The morphological features of the CdSe thin films were studied by JEOL JSM-5600
scanning electron microscope and the optical measurements of the crystalline CdSe thin film were
carried out at room temperature using Shimadzu UV-VIS 1700 scanning spectrophotometer in the
wavelength range from 350 to 800 nm. Swanepoel’s envelope method was employed to evaluate
the optical constants such as the refractive index n, extinction coefficient k and absorption
coefficient a from transmission spectra [14]. The thickness of the crystalline CdSe thin film was
determined from interference fringes of transmission data measured over the visible range. The
optical excitation and PL emission spectra were studied by using Shimadzu flurospectrphotometer
(RF 5301) under 389 nm excitation.

3. Results and discussion
3.1 SEM Studies

Scanning electron microscopy (SEM) is a convenient technique to study microstructure of
thin films. Figs. 1(a) and (b) show the SEM pictures of the CdSe films of sample A and B
respectively. Role of capping agents is to avoid coalescenceness of particles and thus particle size
reduces. As the concentration of capping agent increases, particle size is expected to reduce further
because of the more avoidance of coalescenceness of different particles in presence of capping
agents and this obviously can be seen from the micrographs. Almost spherical ball type structures
with approximate particle size ~8 nm in sample A and ~4 nm in sample B, on uniform
background, are observed. Particle size and voids are found to decrease with increase in volume of
capping agent.



-

- - — 100 1 - 1001
Fig 1(a) SEM Micrograph of CdSe thin film using Fig 1(b) SEM Micrograph of CdSe thin film using
0.2 ml of capping agent 0.5 ml of capping agent

3.2 Structural properties of the crystalline CdSe thin film

The crystal structure and orientation of the CdSe thin films were investigated by X-ray
diffraction (XRD) patterns. The X-ray diffraction spectra for the crystalline CdSe thin film shown
in fig. 2, indicate that the film is of polycrystalline nature. Data analysis revealed the formation of
nano-crystalline CdSe with wurtzite (hexagonal) structure. For both samples, the peak at lower
angles is the envelope of several reflections; therefore, this region cannot be used to evaluate the
domain dimensions. However, the large full-width-at-half-maximum of the peaks at the highest
angles gives a clear indication of the nanometer domain size [15].
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Fig -2 XRD diffractogram of different samples : (A) CdSe thin film using 0.2 ml capping
agent,(B) CdSe thin film using 0.5 ml capping agent.
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The grain size of crystallites was calculated using a well-known Scherrer’s formula [16] :

D (1]
a F cosd

(1

where D is the grain size of crystallite, A the wavelength of X-rays used, B the broadening of
diffraction line measured at half its maximum intensity in radians and 6 is the angle of diffraction.
The value found for the average grain size corresponding to the (002) peak for sample A is 6.92
nm and for sample B is 3.67 nm. This decrease in grain size with increase in volume of capping
agent supports the nano- crystalline effect.

The texture coefficient (TC) represents the texture of the particular plane, deviation of
which from unity implies the preferred growth. Quantitative information concerning the
preferential crystallite orientation was obtained from the different texture coefficient TC(hkl)
defined as [17]

I(hkI)/lo(hkI)
TC (hkl) = 2)
N™ZI(hkl)/lo(hkI)

n

where /(hkl) is the measured relative intensity of a plane (hkl), I(hkl) is the standard intensity of
the plane (hkl) taken from the JCPDS data [18], N is the reflection number and n is the number of
diffraction peaks. A sample with randomly oriented crystallite presents TC(hkl)=1, while the
larger this value, the larger abundance of crystallites oriented at (kkl) direction. The calculated
texture coefficients are presented in Table 1. It can be seen that the highest TC was in (002) plane
for CdSe thin film.

Table 1
The texture coefficients of CdSe
Systems 20 (deg) (hkl) d(A) /1y TC(hkl)
25.354 (002) 3.5099 100 3.956
Sample A 41.968 (110) 2.1509 0.291 0.012
45.788 (103) 1.98 0.323 0.013
49.669 (112) 1.834 0.494 0.02
25.344 (002) 3.5094 100 3.953
Sample B 41.896 (110) 2.1508 0.36 0.014
45.781 (103) 1.96 0.3 0.012
49.662 (112) 1.832 0.53 0.021

3.3 Optical properties of the crystalline CdSe thin film

Fig. 3 shows transmittance and reflectance curves for the crystalline CdSe thin film, where
the film due to interference phenomena between the wave fronts generated at the two interfaces
(air and substrate) defines the sinusoidal behavior of the curves’ transmittance vs. wavelength of
light. CdSe thin film showed interference fringe pattern in transmission spectrum in the infra-red
(IR) region. This revealed the smooth reflecting surfaces of the film and there was not much
scattering loss at the surface. A metal rich film usually exhibits less transparency. High
transmittance > 80% in the visible region has been observed which may be used in applications in
solar cells.
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Fig. 3 Optical transmission and reflection spectra of different samples : (4) CdSe thin
film using 0.2 ml capping agent, (B) CdSe thin film using 0.5 ml capping agent.

The excellent surface quality and homogeneity of the film were confirmed from the
appearance of interference fringes in the transmission spectra. This occurs when the film surface is
reflecting without much scattering/absorption in the bulk of the film. The films exhibited good
transparency in the visible region.

The refractive index is an important parameter for optical materials and applications. Thus,
it is important to determine optical constants of the films and the complex optical refractive indices
of the films are described by the following relation [19] :

n' =n(w) + k(o) 3)

where n is the real part and k is the imaginary part (extinction coefficient) of complex refractive
index. The refractive index # at different wavelengths was calculated using the envelope curve for
Tmax (Tym) and T, (T) in the transmission spectra [14]. The expression for refractive index is
given by

n=[N+ (N -n)"" “)
where
Tm-Tm N<2 +1
N =2n, - (5)
TwvTm 2

and n; is the refractive index of the substrate [in our case ny = 1.52 (glass)].
The extinction coefficient k can be obtained from the experimental expression [20]:
oA
k= (6)
4nd

1 (n - 1)(” - ns)((Tmax/Tmin) + 1)0.5
o=-—1In (7)
t (n + 1) (n + ns)((Tmax/Tmin) - 1)0.5
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where o is the absorption coefficient and ¢ is the film thickness. The optical constants such as
refractive index » and extinction coefficient k were determined from a transmittance spectrum in
the wavelength range 350-800 nm by envelope method. The variations of refractive index » and
extinction coefficient £ with wavelength 4 in this region are shown in figs 4 and 5, respectively.
Although extinction coefficient values increase with increasing wavelength, the refractive index
values decrease.
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Fig. 4 Plot of refractive index as a function of Fig. 5 Plot of extinction coefficient as a function of
wavelength of different samples : (A) CdSe sample wavelength of different samples : (A) CdSe sample
using 0.2 ml capping agent, (B) CdSe using 0.5 ml using 0.2 ml capping agent, (B) CdSe using 0.5 ml

capping agent. capping agent.

The thicknesses of the films has been calculated using the equation :
Mdo

t= (8)
2(An; —A5nq)

where n; and n, are the refractive indices corresponding to wavelengths A; and A,, respectively
[14]. The thicknesses of the two films were found to be 0.635 um and 0.648 nm respectively.

The absorption coefficient a of the CdSe film was determined from transmittance
measurements. Since envelope method is not valid in the strong absorption region, the calculation
of the absorption coefficient of the film in this region was calculated using the following
expression:

a (v) =2.303(A/t) 9)

where A is the optical absorbance.

Plot of the function a = f(hv), shown in fig. 6 could be subdivided into two regions [21]. The
first region is for higher values of absorption coefficient, namely for a(hv) > 10* cm™, this
corresponds to transitions among extended states in both valence and conduction bands, where the
power law of Tauc [22] :

ahv = B( hv - E,)"? (10)

is valid for direct transitions. The variation of (ahv)® with photon energy hv for the CdSe thin film
is shown in Fig. 7. It has been observed that the plots of (ahv)® versus hv are linear over a wide
range of photon energies indicating the direct type of transitions. The intercepts (extrapolations) of
these plots (straight lines) on the energy axis give the energy band gaps. From this drawing, the
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Fig. 6 Absorption coefficient as a function of photon energy for different samples : (A)
CdSe thin film using 0.2 ml capping agent, (B) CdSe thin film using 0.5 ml capping agent.
The dashed line differentiates the Tauc and Urbach regions.

band gap, E, = 1.77 eV and 1.89 eV for sample A and B, respectively, is obtained.
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Fig. 7 Tauc’s plot for determining optical energy gap of indirect transitions for different
samples : (A) CdSe thin film using 0.2 ml capping agent,(B) CdSe thin film using 0.5 ml

capping agent.

The second region for a = f(hv) is for lower value of o that is for a = f(hv) < 10* cm™, where the
absorption coefficient presents a roughly exponential behavior :

a=op exp ( hv/E,) (11)

where ay is a constant and E, is Urbach energy interpreted as the width of the tails of localized
states, associated with the amorphous state, in the forbidden gap. The absorption in this region is
due to transitions between the extended states in one of the bands and localized states in the
exponential tail of the other band [23,24]. The inverse slope or the width of the exponential edge
(E,) reflects the width of the more extended band tail that is often called Urbach energy. Such
exponential or Urbach edge is usually ascribed to localized states at the band edges. In other
words, the Urbach edge is determined by the degree of disorder (e.g. charged impurities) and /or
structural defects (e.g. broken or dangling bonds, vacancies, non-bridging atoms or chain ends) in
the considered semiconductor material [25]. The structural defects are collected together or
assembled with impurities thus forming defect complexes in order to obtain a lower energy state.
The In(a) vs. photon energy plots for the CdSe thin film is shown in fig. 8. The value of E,
obtained from this figure is 71.88 meV.
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Fig. 8 Urbach plot of different samples:(A) CdSe thin film using 0.2 ml capping agent,
(B) CdSe thin film using 0.5 ml capping agent.

The particle sizes are calculated using the formula [26]
Egn = [Eg’ + 2h°Egy(n/R*)/m’]"? (26)

where Eg & Eg, are the band gap of nano-crystallites, and bulk semiconductor(1.73 eV)
respectively, R is the particle radius and m* is the effective mass of electron. Substituting the
values of E, determined above (1.77 eV and 1.89 eV for samples A and B respectively) and
standard values of other parameters, the particle sizes of samples A and B were found to be 6.7583
nm and 3.3227 nm respectively. These values are very close to the values obtained from the SEM
and XRD studies.

3.4 PL excitation and emission studies of the crystalline CdSe thin film

The optical excitation and PL emission spectra under 389 nm excitation of CdSe thin film,
which were recorded at room temperature, are shown in fig. 9. It is observed that with increase in
volume of capping agent, the intensity of PL emission peaks improves. Sample B has slightly
lower grain size whose PL spectrum shows an intense band in the green region (531 nm) and a less
intense in the blue region (485 nm). This is associated with decrease of particle size with increase
in volume of capping agent. The band gap of the CdSe film in sample B is about 1.89 eV and the
emission band values observed in PL studies are very much blue shifted. Such a large Stokes shift
between the optical absorption spectrum and PL emission band may be attributed to the presence
of one deep trapping site and electron hole recombination via trap state or imperfection site (donor
here) [27]. Such lattice phenomena are observed in nano materials and these results confirm the
nano-crystalline nature of the chemically deposited CdSe film in the present study. Deep states in
nano-crystalline materials are mainly associated with stoichiometric defects, dangling bonds or
external atoms such as oxygen [28].
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Fig. 9(a) Optical excitation spectrum of CdSe thin film.  Fig. 9(b) PL emission spectra of different sample :
(4) CdSe thin film using 0.2 ml capping agent,(B)
CdSe thin film using 0.5 ml capping agent.

4. Conclusions

CdSe nano-crystalline thin films have been deposited onto glass substrates by the chemical
bath deposition method at 60° C temperatures. Ball type structures (spherical grains of approximate
size ranging between 4 nm and 8 nm) with voids on uniform background are seen in the SEM
micrographs. The X-ray diffraction patterns of the crystalline CdSe thin films reveal the existence
of a CdSe single-phase with a hexagonal wurtzite structure. The XRD patterns consist of (002)
main peak, which is due to CdSe crystals that grow along the c-axis. Optical constants such as
refractive index n and extinction coefficient k were determined from transmittance spectrum in the
UV-VIS regions using envelope method. The thickness of the film t was calculated from
interference of transmittance spectra. Also, energy band gap values (Eg) and Urbach energy (Eu)
were calculated. In conclusion, the deposited crystalline CdSe thin film was suitable for many
optical devices, such as solar cells, because of well-crystallized, high transmittance in visible
region (> 80%) and suitably wide band gap value. PL emission spectra (under 389 nm excitation)
exhibits blue shift (nano-crystalline effect), consisting of two peaks at 485 nm and 531 nm
wavelengths.
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