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Abstract

CdsSe thin films have been deposited on suitably cleaned glass substrates by thermal
evaporation method. The pressure during evaporation was maintained at 10° to 10® Torr.
The samples are annealed in vacuum for 2h at various temperatures and characterized by
structural, optical and electrical properties. The crystal structure and lattice parameter of these
films were determined from X-ray diffractograms. It was observed that the films have a
polycrystalline hexagonal (wurtzite) structure with preferred orientation along (002) plane.
The crystallite size, dislocation density and micro strain were calculated by considering high
intense diffraction peaks of the as-deposited and annealed films. It was found that the average
size of the crystallites increases and the average dislocation density decreases with increasing
annealing temperature. Absorption and transmittance spectra of these thin films were studied
using UV-visible double beam spectrophotometer in the wavelength range of 300 — 1100 nm.
The energy band gaps have been determined using absorption spectra. The values of the
optical band gap energy, Eq, decreased from 2.37 — 2.08 eV with increasing the annealed
temperature. Dependence of optical band gap on crystallite size has also been studied. The
electrical resistivity and activation energy of CdSe thin films are calculated by two probe
resistivity measurements. The decrease in dc resistivity with increase the grain size was also
noted.

Keywords: Cadmium selenide, Thermal deposition, Annealing temperature, XRD, Crystallite
size.

1. Introduction

Semiconducting thin film technologies are
used for large area productions, minimizing
the production costs. Now-a-days
semiconducting nanocrystalline materials are
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used to convert solar energy into electricity. In
nano materials the quantum dots increase the
efficiency of solar power conversion through
multiexcitons generation [1]. The
semiconductor nanoparticles have properties
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between molecules and bulk solids and their
physicochemical properties are found to be
strongly size dependent [2,3-8]. It is well
known that the nanoscale systems show
interesting physical properties, for example,
increasing of the semiconductor band gap due
to electron confinement [9-15]. Due to the
effect of the spacing in the energy levels, the
value of the energy gap is increased by
decreasing nanocrystalline size [16-18]. At
such crystalline dimensions, the
photogenerated electron hole pairs are
spatially confined [19], due to the large
surface to volume ratio. The II-VI group
compound semiconductors, due to their direct
and large band gap, attract intense interest
from both fundamental view point and the
promising  applications  in  electronic,
optoelectronic, and photo-voltaic devices [20].
Cadmium selenide is one of the well-known of
this group binary compounds as important
material because of its containing active
regions which can be used to produce light
emission. The spectral range (460-530) nm
and suitable band gap (1.74 eV) [21], can be
used for optoelectronic devices such as solar
cells[22], (PEC) cells [23] and light emitting
diodes ...etc. For the preparation of CdSe thin
films, different methods have been used and
reported in literature [24].

The structural parameters such as lattice

constant, grain size, etc. are dependent on the
deposition conditions. The structure of CdSe
thin films is dependent on the rate of
deposition, substrate temperature, vacuum
conditions, film thickness, etc. In this paper,
CdSe thin films were deposited by thermal
evaporation method and the results have been
analyzed and presented.

2. Experimental part
2.1.  Substrate cleaning

The substrate cleaning is very important in the
deposition of thin films. The properties of
such a deposited film depends on the
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cleanliness of the substrate surface on which
the film is deposited. Contamination on this
surface can result in reduced adhesion of the
film to the substrate, more rapid degradation
of the film after deposition, greater contact
resistance for electrically conducting films,
and poor optical qualities for optical films.
Even with careful handling, surface
contamination in the form of adsorbed water
vapor and a variety of hydrocarbons results
from exposure to the laboratory atmosphere
prior to deposition. This exposure can also
cause the formation of native oxide layers on
reactive substrate materials [25]. To remove
this surface contamination, it is necessary to
clean the substrate surface. Microslide glasses
of dimensions of (75 mm x 25 mm x 1 mm)
were used as substrates. Before deposition, the
glass substrates were cleaned first by a mild
soap solution, then degreased with acetone
(99.5%), etched with 5% HCI for 24 hours and
ultrasonically for 10 min, first in acetone and
then in water: ethanol (1:1) solution and then
rinsed with double distilled water.

2.2. Preparation of CdSe thin films

Thin films of CdSe that have thickness around
560 nm were deposited on chemically and
ultrasonically cleaned glass substrates with the
help of vacuum coating unit at room
temperature for substrates. The CdSe film
thickness was measured with commonly used
weight difference method by using a sensitive
microbalance. A clean evaporation source
molybdenum boat was fixed in the filament
holder inside the chamber. Stoichiometric
CdSe powder has purity around 5N was placed
in a molybdenum boat. When 10° Torr
vacuum was attained in vacuum chamber by
the combination of rotary and diffusion pump,
the heater connected to the evaporation source
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was switched on which in turn slowly heated
the source of CdSe to temperatures grater then
melting point. This allowed the evaporation of
CdSe material. After finishing the deposition
of all the samples, the CdSe thin films were
subjected to an annealed at 200 °C, 300 °C and
400 °C, in vacuum for almost two hours.
Annealed which is performed by a tubular
furnace, afterwards the sample was allowed to
cool down naturally. The aim of this post-
deposition procedure is to improve the
structural, morphological and chemical quality
of the films.

2.3. Characterizations

The structure evolution of the as-deposited
CdSe and annealed thin films was examined
by high-resolution X-ray diffraction (HR-
XRD) using Xpert pro MRD diffractometer
(PANalytical company) system equipped with
Cu-Ka radiation wavelength (A= 0.15406 nm)
in the range from 20° to 80°. The optical
characteristics were studied at room
temperature for CdSe using HelIOS o UV-
Visible spectrophotometer
(ThermoSpectronic, England) at wavelengths
ranging from 300 to 1100 nm.

3. Results and discussion
3.1. Structural analysis of CdSe thin films:
X-ray diffraction

The crystallite size, structural phase,
dislocation density (8) and micro strain (g) of
the CdSe thin films have been determined
using XRD measurements. Cadmium selenide
can be formed having the hexagonal (wurtzite
type) structure or the cubic (zinc-blende type)
structure [26]. Figure 1 shows the XRD
pattern of as-deposited and annealed CdSe
thin films at different temperatures. The X-ray
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diffraction patterns indicate that the prepared
films are polycrystalline and have a hexagonal
(wurtzite) structure. The films are highly
oriented toward (002) planes. There are three
dominant diffraction peaks: (002), (101) and
(103). The d-values for peaks in XRD patterns
were calculated and have been given in Table-
1 along with the standard JCPDS data [27]. It
is good agreement between the calculated and
the standard d-values for the hexagonal
structure. Since, the thickness of the films was
not sufficiently enough, the intensity of other
peaks is almost negligible. The lattice
parameters (a and c) of hexagonal phase of as-
deposited and annealed thin films were
calculated using Eq.(1) [28]:

1 _ 4(h®+hk+k?) | 12
=3 @ Ta @

The calculated values are tabulated in Table 1.
These values are in good agreement with the
desired one as well as the reported data
[27,29].

The crystallite size, dislocation density
and micro strain were calculated by
considering high intense diffraction peaks of
the as-deposited and annealed films using
Egs.(2-4) and the values are listed in Table 1.
Debye — Scherrer’s formula [28]

0.9A
D= BcosH (2)

Where D is the crystallite size, A is the
wavelength of the X-ray source, B is the full
width at half maximum value and 0 is the
Bragg's angle. The dislocation is imperfection
in the crystal which is created during growth
of the thin film.

The dislocation density () was calculated
from the crystallite size of the samples using
Williamson and Smallman's formula [30]:
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It was found that the average size of the
crystallites increases and the average
dislocation density decreases with increasing
annealing temperature.

Figure (2) shows variation of crystallite size
from 39-82 nm with annealing temperatures,
which shows that the crystallinity of CdSe
increases with annealing temperature.

(002)

2000 -

(002)

The strain in thin film is defined as the
disarrangement of lattice created during their
deposition and depends upon the deposition
parameters. The micro strain () is obtained by
using the relation:
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Fig. 1 XRD patterns of CdSe thin films (a) as-deposited and annealed at (b) 473 K, (c) 573 K and (d)

673 K.
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Fig. 2 Variation of crystallite size with annealing temperature of CdSe thin films.
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Fig. 3 Shows the variation of dislocation density and strain with annealing temperature of CdSe thin

films.
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Table 1: structural parameters of as-deposited and annealed CdSe thin films at different temperatures.

Thin films 20° (hkl) | d-spacing(A) lattice parameters(A) crystallite 8 x0™ €
x10°
Stan. | Obse. Stan. | Obse. Stan. Ref. [29] Obse. size nm Line/cm?
(Aver.) (Aver.)
a c a c a c
as- 2541 | 252948 | (002) | 3.5125 | 3.5210 | 4.311 | 7.025 | - | -—- [ 4.326 [ 7.042 | 39 0.662 1.0048
deposited
26.76 | 26.9575 | (101) | 3.2929 | 3.3075
2558 | 25.3561 | (002) | ----- 3.5097 | 4.295 | 7.007 | 4.303 | 7.018 | 4.310 | 7.019 | 41 0.592 1.0012
annealed at
2715 | 27.0341 | (101) | ----- 3.2956
200°C
2539 | 25.2975 | (002) | ----- 3.5115 | 4.304 | 7.020 | 4.310 | 7.029 | 4.327 | 7.023 52 0.372 0.7932
annealed at
2711 | 26.9676 | (101) | ---- 3.3063
300°C
2541 | 25.1931 | (002) | ----- 35350 | ---- | - | 4.298 | 7.011 | 4.338 | 7.070 82 0.148 0.6687
annealed at
27.12 | 26.8703 | (101) | ---- 3.3180
400°C
3.2.0ptical properties
Figure 4 shows the variation of optical function to the wavelengths for as-deposited
absorption and transmittance spectrum as a and annealed CdSe thin films. The results of

these investigations have been used for the
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calculations of absorption coefficients and
other  parameters. From the optical
transmittance spectra, it is observed that the
transmittance of the annealed CdSe thin films
gets reduced compared to the film as-
deposited at room temperature. While, it is
apparent that the absorption spectra of
annealed films have high optical absorption
compared to those of as-deposited CdSe.
These decreases in optical transmittance and
increases in optical absorption spectra, it may
be due to increase in crystallite size, the
decrease in the number of defects, the change
in lattice parameters and change in color from
red-orange to dark brown.

The absorption coefficient a can be calculated
by using the following relationship [31]:

a =2303% (5)

Where t is the film thickness and A is the
absorption. The absorption coefficient was
found greater than 10* cm™, suggesting that
CdSe has a direct band gap that increases
sharply below a certain wavelength [32].

The  fundamental absorption,  which
corresponds to the transition from the valence
band to the conduction band, can be used to
estimate the band gap of the semiconductor
material. The relation between absorption
coefficient a, and the incident photon energy
hv, can be written as [33]:

n
A(hv—E,
o _ Alhv=y)

-~ (6)
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Where A is a constant, hv is the photon
energy, Egq is the band gap and the parameter n
depends on the type of electronic transition.
The parameter n in the equation 6 can have
values 1/2, 2, 3/2 and 3 for allowed direct,
allowed indirect, forbidden direct and
forbidden indirect transitions, respectively.
The tangent drawn at absorption edge was
extrapolated to energy axis i.e. zero absorption
and the intercept value gives the optical band
gap [34]. The band gaps (Eg) values for as-
deposited and annealed hexagonal CdSe thin
films were reported in Table 2 (see Figure
5(i)). The optical band gap values of the
annealed CdSe thin films are higher than the
value of the optical band gap of bulk CdSe
(1.7 eV), this difference in band gap may be
attributed to quantum-size effect [35].

As the annealing temperature was increased,
the crystallite size of CdSe films was
increased resulting in to decrease in band gap.
Therefore, annealing the films, exhibits strong
red shift in their optical spectra due to
localization of charges in individual
nanocrystals. Annealing of the films caused a
gradual shift of the film spectra to that
characteristic of bulk CdSe, due to sintering of
the nanocrystallites into effectively larger
crystallites. This agrees with the results
reported earlier in the literature [36-39].

Figure (5(ii)) shows the variation of band gap
Eq versus crystallite size of CdSe thin films.
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Fig. 4(ii) . Plot of transmittance vs. wavelength for CdSe thin films
(a) as-deposited, and annealed at (b) 473 K, (c) 573 K and (d) 673 K.
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Fig. 5 (i). Plot of (ahv)? vs. hv for CdSe thin films (a) as-deposited,

and annealed at (b) 473 K, (c) 573 K and (d) 673 K.

The refractive index (n) and dielectric constant
(¢) of semiconducting materials are very
important in determining the optical and
electrical properties of the film which is
essential for designing heterostructure lasers in
optoelectronic devices as well as in solar cell

40

Fig. 5 (ii). Plot of band gap vs. grain size of CdSe thin films.

applications. The refractive index is directly
related to the fundamental energy band gap
(Egy) by the Moss relation [40] equation (7)

Ejn* =k (7)
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Where k is a constant with a value of 108 eV.
A different relation between the refractive
index and band gap energy is presented by
Herve and Vandamme. The Herve and
Vandamme [41] relation is given Dby the
following equation (8)

2
! (+)
Eg+B

Where A and B are numerical constants with
values of 13.6 and 3.4 eV, respectively and the
result is shown in Table 2. The dielectric
behavior of solids is important for several
electron-device properties. Both static and
high frequency dielectric constants were
evaluated for all the films. The high frequency

(8)

3.3.Electrical properties

Electrical resistivity of CdSe film onto glass
substrate was measured using a d.c. two
point probe method in air in the temperature
range from 300K to 430K. Figure 7 shows the
variation of (Lnp) with reciprocal of
temperature (1/T)x10% It is observed that the
resistivity —decreases with increase of
temperature, indicating semiconducting nature
of films. The resistivity at room temperature
was found to be of (2.55x10°Q.cm) of as-
deposited CdSe thin films was decreased to
(1.58x10%Q.cm) after annealing at temperature
673K. The high value of resistivity for as-
deposited CdSe thin film may be attributed to
the found some lattice defects, geometrical
and  physical imperfections  randomly
distributed on the surface and the volume of
the film [42]. The roughness of the surface,
grain boundaries and inclusions in the volume
are the main components of the geometrical
imperfection. The important factor, which is
responsible for the physical properties of thin
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dielectric constant (e,) was calculated
through the following relation equation (9)[40]

£oo = N2 9)

Where n is refractive index. The static
dielectric constant (&) [41] of the films was
calculated using a relation expressing the
energy band gap dependence of ¢, for
semiconductors compounds in the following
form equation (10)

£y = 18.52 — 3.08E, (10)

The calculated n, &, and ¢, values of the
CdSe films are presented in Table 2. Fig. 6
shows the variation in n and &,, with energy
band gap which calculated by using Moss
relation and Herve & Vandamme relation.

film, is the structure. An increase of
temperature of the films affects the structure
significantly causing a considerable increase
in the mean size of the grain [43] and a
decrease in the grain boundary area. This
decrease is due to the migration of the smaller
crystallites and joining of those grains, which
are similarly oriented, to form bigger
crystallites. Because of these structural
changes the inter-grain boundary area
decreases i.e. there is a decrease in the
scattering of electrons. Consequently, the
carrier concentration also increases with the
increase of temperature. This in turn decreases
the resistivity of given sample.

The thermal activation energy was calculated
using the relation [44]:

p = poexp (2) (11)
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Where, p is resistivity at temperature
T, po Is a constant, K is Boltzmann constant
(8.62x10°eV.K™") and E, is the activation
energy required for conduction. Figure 8
shows variation in activation energy from
0.9935 to 0.0355 eV as annealing changes
from 300 to 673 K. These observations may be
due to size effects that are arising because of
quantum confinement of charge carriers within

the particles. Also the decrease in activation
energy with annealing temperature is due to
shifting of donor level towards conduction
band. It suggests that the conduction in these
thin films is due to the thermally assisted
tunneling of the charge carriers through the
grain boundary barrier and transition from
donor level to conduction band [45].

Table 2. Crystalline size, band gap (EQ), refractive index, high frequency dielectric constant and
static dielectric constant of as-deposited and annealed CdSe thin films.

Thin films Crystalline size | Optical band gap “Eg” Moss relation Herve & Vandamme o
(nm) (eV)
n €0 n Eoo
As-deposited 39 2.37 2.598 6.750 2.560 6.555 11.220
473 K 41 2.31 2.614 6.837 2.583 6.672 11.405
573 K 52 2.2 2.646 7.006 2.626 6.897 11.744
673 K 82 2.08 2.684 7.205 2.675 7.159 12.113
2.7 - 7.3 -
2.68 - 7.2 -
266 - Moss relation 7.1 - Moss relation
2.64 - g 7
o w 3
2.62 - 6.9 -
2.6 - 6.8 -
258 1 Herve & Vandamme relation 6.7 1 )
2.56 - 6.6 1|Herve & Vandamme relation
2.54 T LI T T T 17T T T T 17T T T 1 6.5:f"'l||f‘l'|fll|f“l|||f1|'||l'||f1
205 21 215 22 225 23 235 24 205 21 215 22 225 23 235 24
Energy band gap E; (eV) Energy band gap E; (eV)

Fig. 6 Variation of n and ¢, with energy band gap of CdSe thin films.
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Fig. 8 Variation of activation energy of CdSe thin films with annealing temperature.

4. Conclusions

Polycrystalline CdSe thin films were
successfully deposited on glass substrate at
room temperature by thermal evaporation
method. The prepared CdSe films were
annealed in vacuum for 2h at 200°C, 300°C
and 400°C and characterized for structural,
optical and electrical properties. The structure
of the films consists of fine and highly
oriented grains with hexagonal (wurtzite)
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(002) planes. The crystalline nature of the film
got enhanced due to increase in the crystallite
size after annealing. The increase of optical
absorption and decrease in transmittance with
annealing temperature resulted in lowering of
the band gap value which will be
advantageous for its use in photovoltaic cells.
The values of the optical band gap energy
decreased from 2.37-2.08 eV with increased
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the annealed temperature. The decrease of the
electrical resistivity with the increase of
annealing temperature is due to the increase of
grain size and carrier density, then the
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