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Abstract

Tin-doped nanocrystalline CdSe thin films were deposited onto glass substrate by simple chemical bath deposition technique.
The films obtained were uniform and had good adherence to the substrate. The influence of Sn (0-5%) doping on the opti-
cal, photoluminescence, electrical, morphological, compositional and structural properties of the films was investigated.
The optical absorption studies revealed that the optical band gap of the films varied from 2.62 eV for nano CdSe to 2.50 eV
for 5% Sn:CdSe. These films are appropriate for application in different optoelectronics devices due to band gap tunability
property. To analyze photoluminescence properties, the films were excited by UV (235 nm) and almost green spectrum was
emitted by the films. It is observed that the low temperature resistivity of the thin films was in the range 10’-10* Q cm and
also found to decrease with Sn concentration, as resulted from the dc two probe measurements. Activation energy was also
calculated. Noticeable changes were observed in the optical and electrical properties of CdSe thin films due to the presence
of Sn dopant. Surface morphology study using TEM/SEM showed almost uniform distribution of spherical grains. The
elemental composition study using energy dispersive spectroscopy (EDAX) confirms the existence of the desired elements.
X-ray diffraction pattern indicated that the formed structure is cubic with most prominent peak at (111). Some important
structural parameters such as lattice constant, crystallite size, strain, dislocation density and number of crystallites per unit

area were calculated and presented.

1 Introduction

Two key factors cause the properties of nanomaterial to be
special: their quantum effects and their structure. Their tiny
structure means they have a greater relative surface area
than other materials and this can alter or improve proper-
ties such as strength and electrical characteristics or reac-
tivity. In recent years, major attention has been given for
the preparation and examination of doped chalcogenide
thin films such as CdS, CdSe, CdTe, etc., because of their
brilliant semiconducting properties and applications. Out
of these CdSe belongs to II-VI semiconductor group with
direct band gap of 1.74 eV which is tunable [1] and due to
its excellent optical and electrical properties it is a prom-
ising semiconducting material for many photovoltaic and

< Prashant K. Sahu
prashantsahu.2712 @gmail.com

Rajesh Lalwani
dwijendrad @yahoo.co.in

Department of Applied Physics, Bhilai Institute
of Technology, Durg, C.G. 491001, India

optoelectronic applications such as high efficiency solar
cell, diode laser, nanosensors, light emitting diodes and
other optoelectronic devices [1-6]. The nano dimensions
of these thin films effects the band structure which changes
the optical and electrical properties and that can be used as
anew type of fluorescence materials and labelling materials
for biological research by controlling the crystallite size [5].
The electrical and optical properties can also be tailored by
appropriate doping [6].

With the different preparing methods, the diameter, phase
structure, morphology uniformity, and properties are also
different accordingly. Das et al. [7] have reported the effect
of Sn doping on bulk CdS thin films with highly improved
photoconductivity with a current gain of 10°. Recently SnSe
semiconducting thin films have attracted researchers due to
its variety of applications. The SnSe thin films with opti-
cal bandgaps of 0.95-1.14 eV were deposited by chemical
bath deposition with thickness from 100 to 310 nm and hav-
ing orthorhombic structure [8]. However, a recent research
on high-quality epitaxial growth of SnSe films was studied
using pulsed laser deposition with indirect optical band gap
of 0.8 eV and direct band gap of 1.3 eV [9]. The structural,
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morphological, and optical properties of a-SnSe thin films
were investigated by changing Sn/Se ratio. The formation of
single phase a-SnSe was observed at a substrate temperature
of 400 °C for selenium amount of 1.0 g [10]. The photovol-
taic behavior of SnS and SnSe are examined using bulk het-
erojunction and photocurrent response [11]. SnSe thin films
of thickness 180 nm have been deposited on glass substrates
by reactive evaporation at an optimized substrate tempera-
ture of 523 +5 K and pressure of 10 mbar [12]. Structural,
morphological, optical and sensing properties of SnSe and
SnSe2 thin films as a gas sensing material are examined
[13]. Kaur et al. [14—16] deposited Sn-doped CdSe on glass
substrate by thermal evaporation method in an argon gas
atmosphere. They reported that films are hexagonal in nature
and a red shift of the absorption edge was observed with
annealing. They also reported increase in refractive index,
optical conductivity and dielectric constants after anneal-
ing. Dhanasekaran et al. [17] have deposited nanocrystalline
Cd,Sn,_,Se thin films (x=1, 0.7, 0.45, and 0) by electrodep-
osition technique. They showed that how the band gap can
be varied by doping with Sn and can be utilized for optoelec-
tronics applications. Thin films of CdSnSe have been devel-
oped on transparent conducting oxide (TCO) coated glasses
by electrolytic deposition [18]. The film that was obtained
from 10 g/1 of Sn in the bath, showed an optimum spectral
sensitivity. The optical band gap energy of bulk CdSnSe
thin films is found to be in the range of 1.23-1.25 eV [19].
The literature survey revealed that no reports are available
on preparation of Sn-doped CdSe nanoparticle thin film by
simple chemical method. In the present study, tin doped
CdSe thin films (Sn:CdSe) at different contents (0-5 wt%)
were deposited onto glass substrates by chemical bath depo-
sition method at room temperature. The samples were char-
acterized by Optical absorption, photoluminescence, SEM,
EDAX, XRD and electrical techniques. The structural, opti-
cal and electrical, as well as surface wettability properties
were extensively studied and reported.

2 Experimental details

2.1 Deposition of CdSe and Sn:CdSe thin films

Thin films of undoped and Sn-doped nanocrystalline
CdSe were deposited on commercial glass slides of size
75 %25 mm using chemical bath deposition technique.
Before deposition, they were immersed in nitric acid for a
period of 48 h to obtain a clean and contamination-free glass
surface. After that the slides were washed with detergent
and finally cleaned in ultrasonic cleaner with triple distilled
water for 15 min and then dried in air for the formation of
nucleation centers. To deposit films at room temperature
100 ml beaker was taken and reactive bath solution was
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prepared by mixing aqueous solutions of 10 ml (0.5 M)
cadmium acetate, 10 ml (30%) ammonia, 5 ml triethanola-
mine and freshly prepared and filtered 15 ml (0.5 M) sodium
selenosulphate. Using reflux condenser along with magnetic
stirrer attached with the hot plate, sodium selenosulphate
solution was prepared just prior to deposition by dissolving
selenium pellets in a sodium sulfite solution at 80 °C with
stirring for a period of 5 h. The high purity (99.99%) sele-
nium pellets and chemicals of AR grade (Sigma Aldrich)
were used here. For Sn doping (0.5 M) stannous chloride
solution was added to the bath with different proportions.
Then glass slides were immersed in the beaker vertically.
Ammonia solution was used to maintain pH of the solution
at 11 +0.3 and complexing agent triethanolamine was used
to increase the adherence of the films. Different parameters
were optimized to obtain good quality films and reported
in our earlier work [20]. Poor quality deposition was found
for less duration and at high temperature hence was not
continued and low temperature deposition at 35+ 1 °C was
selected to avoid cracks in the films. After deposition of
24 h, the glass slides were taken out from beakers and thor-
oughly washed with triple distilled water followed by dry-
ing in the air at room temperature. A series of films were
prepared for different concentrations of Sn from 0 to 5 at%
and checked for optimal results.

2.2 Characterizations

Optical absorption and transmission spectra of the films were
obtained at room temperature in the wavelength range of
400-800 nm using UV-Vis—NIR double beam spectropho-
tometer CHEMITO SPECTRASCAN-2600. The photolu-
minescence spectra of the films were taken using a constant
deviation spectrometer in the visible range 400-700 nm. UV
source with filters from 235 to 320 nm was used as excita-
tion source. A photomultiplier tube (RCA931A), was used to
detect emitted light and finally the emitted light output was
recorded in the form of current using digital Pico-ammeter
(DPM-121, SES, Roorkee, India). SES-CAMM computer
aided measurement module for Two Probe Experiment,
TPX-1.1 (Scientific Instruments, Roorkee) was used to
study the variation of electrical resistivity with temperature.
Contact angle measurements were carried by high preci-
sion travelling microscope with least count 0.001 cm. High-
resolution transmission electron microscopy (HRTEM)
images were obtained using a JEOL/JEM-2100 electron
microscope operated at an accelerating voltage of 200 kV.
Surface morphology was examined by scanning electron
microscope (SEM) JEOL JSM-5600. Elemental study was
carried out using EDS (INCA Oxford) coupled with SEM.
Structural characterization of the samples was carried out
using D8 Advance diffractometer with CuKa line (wave-
length=1.54060 10\) in 20 range from 20° to 70° in a step of
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0.02°. Raman spectra were recorded by Jobin Yvon Horibra
LABRAM HR-800 in the range 100-780 cm™' at room tem-
perature. (25 mW) diode laser with wavelength 473 nm was
used for excitation and scanning time was 100 s.

3 Results and discussion

Films prepared by this method were dark orange in color,
smooth, uniform, physically hard and strongly fixed to the
substrate support. The thickness of the films was measured
by weight difference method using highly sensitive Shi-
madzu micro balance (0.1 mg). It is in the range of 280 nm
for undoped CdSe and 302 nm, 370 nm and 384 nm for 1%,
3% and 5% Sn:CdSe thin films.

3.1 Optical properties

The absorption coefficient is an important optical parameter
which defines how much light of a given color (or wave-
length) will be absorbed by a material of a given thickness.
Basically, it describes the amount of light absorbed per
thickness of material. If a material absorbs more light, its
absorption coefficient will be higher. Figure 1 presents the
plots of absorbance and absorption coefficient with wave-
lengths which shows the exponential decay with increas-
ing wavelength. It can be seen here that overall variation
and shapes of the curves are nearly identical, but values
observed are slightly different. For higher wavelength region

Fig.1 Absorbance spectra of
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all films show lower absorption while it increases sharply
for lower wavelengths. The absorption coefficient was found
to increase with Sn doping, which may be due to increase
in thickness and crystallite size. Generally, in thicker films
more atomic states are present which are responsible for the
absorption of photon energy, hence absorbance and absorp-
tion coefficient increase here [21].

Absorption coefficient () of the films is calculated using

relation
o= lln< )
1t

where A is absorbance, T is transmittance, and ¢ is film
thickness. Higher values of @> 10° m™~! may correspond to a
transition taking place between extended states in both con-
duction and valance bands, while region with lower values
of @ shows rough exponential behavior [22]. For lower wave-
length between 400 and 450 nm the measured values of « is
maximum for 3% and 5% Sn:CdSe thin films as compared
to 1% Sn:CdSe and undoped CdSe thin films. 3% and 5%
Sn:CdSe thin films give highest absorption coefficient, there-
fore, more solar energy spectrum can be used here which
also indicates that these are superior over others.

Prepared films showed high absorption coefficient in near
UV region that decreased exponentially towards the NIR
region. This property of having high absorption coefficient
in the near UV region make the films good for screening off
UV portion of electromagnetic spectrum which is unsafe
to human.
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After comparison, the size quantization effects of nano-
particles of undoped CdSe and (1%, 3%, 5%) Sn:CdSe were
studied for maximum steep rise in absorption. The absorp-
tion data was analyzed, and the band gap of the films was
determined using classical Tauc relation [21]

(ahv) Yn = A(hv - E,) )

where A is a constant, E|, is band gap and n is constant which

depends on the type of transition. To estimate the type of
transitions, plot of (ahv)? versus hv is shown in Fig. 2. Direct
transition can be observed here as the nature of the graph is
linear hence the value of n has been taken as 1/2 for allowed
direct transition. The value of band gap E, was calculated
by extrapolating the straight line on x-axis whose intercept
on x-axis gives the band gap.

The observed optical band gap values are 2.62-2.50 eV and
listed in Table 1. The value is quite high when compared with
reported values (2.25, 1.83, 1.25, 1.68) eV in the literature [16,
17, 19, 23]. The variation in band-gap energy may be due to
variation in grain structure and size of the Sn:CdSe crystallite.
Calculated band gap values (E,) are higher than the optical
band gap E,y,, of bulk CdSe which is around 1.74 eV at
room temperature [24], showing blue shift. It was observed
that the value of band gap decreases with Sn doping. In fact,
the increase of the doping density causes the broadening of
the intragap impurity bands. In particular, when the density of
n-type or p-type doping becomes sufficiently high, the impu-
rity band merges with the conduction or valence band and
causes the formation of band tail and band gap shrinkage [6,
16]. Upon Sn doping, reduction in band gap increases optical

Fig.2 Plot of (ochv)2 versus
photon energy for the undoped
CdSe and Sn doped CdSe thin
films (with different doping
percentages)
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Table 1 Values of band gap (Eg), refractive index (n), size of crystal-
lites (D) calculated from UV—-Vis data

Films Band gap Band gap D (nm) Refractive
(E,)(eV)  shift (eV) index (n)

CdSe 2.62 0.88 3.307 2.471

1% Sn:CdSe 2.59 0.85 3.365 2.481

3% Sn:CdSe 2.54 0.80 3.469 2.498

5% Sn:CdSe 2.50 0.76 3.559 2.513

absorbance and absorption coefficient (shown in Fig. 1). The
refractive index provides many important information of the
films like film density, cavities present in the film, speed of
light in films, etc. It was calculated using Herve—Vandamme
Formula [25] and listed in Table 1.

2
2 A
n—1+<Eg+B> 3)

Here A and B are constants having values of 13.6 eV and
3.4 eV and E, is the band gap [25]. Our results are compara-
ble as observed by Kaur et al. [16]. Usually refractive index
represents the density of the materials. Density of Sn (7.31 g/
cm?) is higher than the density of CdSe (5.83 g/cm?); hence
the increase in refractive index with Sn incorporation can be
due to the increase in the density of the film.

The particle size was calculated using effective mass
approximation Formula,

2n%x?
uD?

E‘g = Eg(bulk) + (4’)
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where D is the diameter of crystallites and y is the effective
mass of electron—hole pair. The average size of nanocrystal-
lites is calculated and listed in Table 1.

4 Raman spectra

The Raman spectra of undoped CdSe and 5% Sn:CdSe
thin films is shown in Fig. 3. 25 mW diode laser was used
as excitation source to take these spectra at room tem-
perature. The measurement range was 100780 cm™! with
scanning time of 100 s. Two main peaks were obtained in
both films related to first- and second-order longitudinal
optical (LO) phonons modes. First and second LOs were
detected at 206.134 cm~! and 414.320 cm™! for undoped
CdSe thin films, whereas in 5% Sn:CdSe thin film we
found the positions of first LO and second LO at 207.496
and 415.646 cm™!, respectively. Very small third LO was
also spotted around 613 cm™'. The observed LO phonon
frequency is very close to the standard bulk LO frequency
(210 cm™! and 418 cm™ ") [26], which confirms the forma-
tion of CdSe thin films. The Raman shift towards lower
frequency in LO phonon frequency is basically due to
the nanocrystalline nature and the strain developed in the
films during deposition. Here peak is highest for undoped
CdSe thin films because the optical band gap, i.e.,
2.62 eV estimated from absorption data well matches with
the excitation source energy (A1 = 473, Energy = 2.62eV).

Fig.3 Raman Spectra of
undoped CdSe and 5% Sn:CdSe
thin films
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4.1 Photoluminescence analysis

Photoluminescence study is a contactless, non-destroyable
and authentic technique to investigate various optical prop-
erties. Figure 4 shows the PL emission spectra of Sn-doped
CdSe thin films (with different percentages of Sn from 0
to 5%). To the best of our knowledge, literature on this is
scarce.

An excitation wavelength of 235 nm was selected for all
samples out of various UV filters. All samples showed single
peak which corresponds to free exciton emission which is
close to the band—band transition. Figure 4 shows that the
intensity increases with Sn doping, which may be due to
the change in crystalline structure and increase in crystal-
line size. We got the emission peaks at 500 nm, 515 nm,
523 nm and 530 nm corresponding to green region for
undoped CdSe, 1% Sn:CdSe, 3% Sn:CdSe and 5% Sn:CdSe
thin films, respectively. Obtained values are very close to
the results by Singh et al. [27] who observed green region
(531 nm) emission by CdSe thin films. These values are
close to the band-band transition and electron—hole recom-
bination involving levels in the band gap due to addition of
impurities. F. Laatar et al. [28] have reported well defined
PL peaks for CdSe thin films centered between 546.2 and
552.35 nm because of deposition temperature. The position
of the band-band PL emission of bulk CdSe is 730 nm and
comparison of this with our prepared samples, shows blue
shift and strong quantum confinement. Small variations
in the position of emission band with doping percentage
are observed, which indicates that the lattice remains the
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Fig.4 Photoluminescence emis-
sion spectra of undoped CdSe
and Sn doped CdSe thin films at

room temperature showing the 500 4
variation in the intensity with i
respect to doping percentage 450

Intensity (a.u.)

—a— CdSe
—0— 1% Sn
—4A— 3% Sn

—v— 5% Sn

same [28]. Highest peak was observed for 5% Sn:CdSe thin
films. Enhanced PL peaks is due to the presence of high
surface state. As we know that nano size crystallite generally
has high density of surface state due to large surface—vol-
ume ratio. These surface states may behave as traps for the
photo excited carriers which increase luminescence [29].
PL spectra shows red shift with doping as decrease in the
band gap was also observed. The Commission International
del’Echairage (CIE) chromaticity coordination (x, y) of the
prepared films was calculated and shown in Fig. 5. The value
of CIE coordinates of undoped CdSe thin film was calcu-
lated as (0.2550, 0.3886) corresponds to light blue region.
Thus, it can be used as bluish phosphor. However, on Sn
doping, we found these values as (0.2567, 0.4564), (0.2739,
0.4931) and (0.2780, 0.5101) for 1% Sn doped CdSe, 3% Sn
doped CdSe and 5% Sn doped CdSe thin films, respectively.
It is clear in the CIE chromaticity diagram that for 1% Sn-
doped CdSe and 3% Sn-doped CdSe thin films spectra lie
in the blue region with little green component. Similarly,
for 5% Sn-doped CdSe thin film spectra lies in light green
region.

Mostly phosphors are prepared by doping rare earth ele-
ments which are costlier but here without using the rare
earth elements, we got relatively better photoluminescence.
By simply varying the size of these as-deposited and doped
nanocrystalline thin films may find applications in best
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Fig.5 CIE chromatic coordination (x, y) of the deposited undoped
and Sn doped CdSe thin films (with different doping percentages)

emitters those are highly efficient, highly pure in emission
and continuously tunable [30]. Hence, we here suggest that
the prepared films can be used as blue/green phosphors.
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4.2 Electrical properties

Electrical conductivity of the prepared films was meas-
ured using two-point dc probe method under dark media.
The measurements were taken in the temperature range of
323-403 K. Figure 6 shows a plot of log (p) versus inverse
absolute temperature. By increasing the temperature, resis-
tivity decreases which confirms the semiconductor nature
of the films. The low temperature resistivity at 323 K of the
undoped CdSe and (1%, 3%, 5%) Sn:CdSe thin films are in
the range 10-10* Q cm. Resistivity decreases almost 10°
times due to doping. The similar decrease in resistivity (or
increase in conductivity) was reported in the literature with
Ag and In doped CdSe thin films [31, 32]. The high resistiv-
ity of the pure CdSe thin films may be due to the defects and
dislocations present inside the film.

Figure 6 shows that undoped CdSe thin film has only
one type of conduction mechanism because graph is almost
linear, whereas in Sn-doped CdSe thin films two types of
conduction mechanism are present as the graph is not lin-
ear. Low temperature conductivity from 323 to 345 K is
due to the presence of impurity atoms in the films called as
extrinsic conductivity. On the other side, high temperature
conductivity from 345 to 403 K can be called as intrinsic
conduction. Here, the conduction is mainly due to the elec-
tron—hole pairs which are thermally stimulated. Figure 6
shows that the resistivity decreases by doping of Sn which
may be due to the improvement in structural properties and

film crystallinity. The resistivity can be expressed by fol-
lowing relation [33].

p = poexp(E,/KT) o)

where E, is the corresponding activation energy, p is the
electrical resistivity, p, is the pre-exponential factor, K is
the Boltzmann constant, 7 is the absolute temperature. The
calculated activation energy of undoped CdSe thin film was
found to be 0.806 eV as it has single conduction mechanism.
For Sn-doped films it was observed as 0.112 eV-0.299 eV
for extrinsic conduction region (low temperature) and
0.787 eV-0.862 eV for intrinsic conduction region (higher
temperature), which are in good agreement with the previous
reported data [34, 35]. 5% Sn:CdSe thin films gives lowest
resistivity (or highest conductivity) when compared to other
Sn-doped and undoped films. Thus, enhanced electrical con-
ductivity in 5% Sn:CdSe thin film shows that it is a suitable
applicant for various electronic applications.

4.3 Electron microscopy analysis

Electron microscopy has been used to investigate micro-
structural properties of the films. Figure 7 consists of
transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) images representing surface
morphology of the as-synthesized CdSe film and films
with 5% Sn doping. The presence of lattice planes in
TEM images confirms crystalline nature of the sample.

Fig.6 Plot of log (resistiv-
ity) versus inverse of absolute #— Pure CdSe
temperature for the undoped and 75 ——1% Sn
Sn doped CdSe thin films (with ’ . o
different doping percentages) ) 3% Sn
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Fig.7 a HRTEM image of undoped CdSe thin film, b interplanar spacing image of undoped CdSe thin film and SEM images of (c¢) undoped

CdSe thin film and d 5% Sn:CdSe thin film

The images show uniform surface with well-defined grain
boundaries. Crystallites of sizes well within 20 nm, with
nearly rounded edges are observed. The XRD pattern
also contains strong peak corresponds to (111). lattice
planes. The average crystalline size (D) and interplanar
spacing (d) observed in TEM image are comparable to
those obtained from XRD results. It can be seen here that
both the films are smooth and have spherical type grains
with less number of cracks and voids. Both the films have
highly dispersed grains, however, the addition of Sn in
bath clearly shows that the grains are now more spherical
and more compact as reported [17, 18]. It also clears from
UV transmission spectra that the band gap becomes low
about 2.50 eV for 5% of Sn which indicates that the low
band gap changes the crystal structure which also justified
from the PL spectra of red shifting for 5% of Sn.

@ Springer

4.4 Compositional analysis using EDAX studies

The composition of the prepared film was studied using
an energy dispersive X-ray analysis (EDAX). Figures 8
and 9 show the EDAX spectrum of undoped CdSe and 5%
Sn:CdSe thin films. The study was carried out only for find-
ing Cd, Se and Sn. In Fig. 9 the presence of Sn emission line
along with Cd and Se lines confirms the incorporation of
Sn in the CdSe thin film. Here, glass was used as substrate
and deposited films are very thin, therefore, one strong peak
corresponding to Si was also observed. The relative compo-
sitional percentages of undoped CdSe and 5% Sn:CdSe thin
films have been mentioned in corresponding tables along
with spectrum, which shows that the deposited samples are
slightly cadmium deficient and after Sn doping it becomes
cadmium rich. Purohit et al. [35] observed the same pat-
tern in CdSe films with reduced thickness. Theoretically
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Spectrum 1
Element | Weight % | Atomic %
Se L 42.59 51.36
CdL 57.41 48.64
Total 100
e cd Cd
Se Se
| EAASEN T 4 T % T . T 2 T 4 T T
2 4 6 8 10 12 14 18 2
Full Scale 284 cts Cursor: 0.000 keV keV|
Fig.8 EDAX spectrum and compositional data of undoped CdSe thin film
Spectrum 1
Element | Weight % | Atomic %
Se L 39.60 42.36
CdL 52.29 50.54
SnL 8.11 7.10
cd Total 100
Sn
e Cd
Sn
T > T ' 1 4 T % 1 = T 4 T T
2 4 6 8 10 12 14 18 2
Full Scale 284 cts Cursor: 0.000 keV keV|

Fig.9 EDAX spectrum and compositional data of 5% Sn:CdSe thin film

expected stoichiometric composition of Sn:CdSe in terms
of atom % is Cd=45%, Sn=5%, Se=50%. It is clear from
table that the films are nonstoichiometric in nature.

4.5 X-ray diffraction (XRD) studies

For structural analysis of the deposited films, X-ray diffrac-
tion technique has been used. Normally duality is observed
either with cubic (ZB-zinc blend type) or W-wurtzite
(hexagonal type) structure [6, 36]. The XRD profiles of
chemically deposited undoped and (1%, 3%, 5%) Sn-doped
nanocrystalline CdSe thin films are shown in Fig. 10. Spec-
trum was taken in the range of 20—70 degrees. All the films
show similar pattern with small change in intensity level.
Here, major peak was observed corresponding to plane (111)
which shows cubic nature of the films. This data agrees well
with the JCPDS data (19-0191). The calculated values of
X-ray analysis are in good agreement with some reported
data [30, 34] but just opposite to Dhanasekaran et al. [17].
The undoped CdSe thin film has nanocrystalline cubic nature
with amorphous phase but after doping the increase in peak
intensity and appearance of additional peak corresponding
to plane (200) indicates increase in crystallinity. The broad

and small intense peaks may be due to the formation of small
size nanoparticles in the films. Small changes observed in
the lattice parameters indicates lowest lattice distortion due
to doping.

The lattice constant ‘a’ has been calculated using fol-
lowing relation

a=dVh>+k*+1? (6)
where d is the interplanar distance and A, k, [ is the Miller
Indices. The calculated values are listed in Table 2 and
compared with standard value taken from JCPDS data file
(19-0191).

The crystallite size for highly intense peak was calculated
using the Scherrer Formula

kA
"~ Bcosf 0

where f is the full width at half maximum (FWHM), k is a
factor taken as 0.94 for spherical grains, 6 is the Bragg angle,
Ais the wavelength of X-ray used. The peak broadening and
larger value of FWHM confirm nanocrystalline nature of
the samples. For Sn-doped films, the value of D increases
which indicates better crystallization of the film by doping.
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Fig. 10 XRD pattern of o
undoped CdSe and (1%, 3%, e
5%) Sn:CdSe thin films ©
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Table 2 XR],) data of Films (hkl) Intensity Interplanar spacing Lattice
nanocrystalline undoped CdSe d ( A°) constant
and (1%, 3%, 5%) Sn:CdSe a(Ao)
thin films deposited at room
temperature CdSe 19-0191 (JCPDS data card) (11D, 100 3.5127 6.0841
Undoped CdSe thin film (111), 100 3.5497 6.1482
1% Sn:CdSe thin film (11D, 100 3.4877 6.0409
3% Sn:CdSe thin film (11D, 100 3.4511 5.9774
5% Sn:CdSe thin film (11D)¢ 100 3.5181 6.0935

Dislocation density (6) has been calculated from the
crystallite size of the films using well-known Williamson
and Smallman’s formula.

§=1/D* ®)

The strain (¢) induced in the films was calculated using
the relation.

pcotd
£ =
4

®

It has been observed that the strain and dislocation den-
sity decrease for Sn-doped films and for 5% Sn:CdSe thin
film these values are minimum, which indicates that the
films become relatively more perfect after doping with Sn.

@ Springer

The average number of particles or crystallites per unit
area (N) was calculated using relation [35]
N=t/D’

where f is the thickness of the films.

The calculated values of crystallite size, dislocation
density, strain and number of crystallites per unit area are
listed in Table 3.

On comparing the values of crystallite size with funda-
mental Bohr exciton radius of bulk CdSe which is 5.6 nm,
it can be observed here that the crystallite sizes are less
than 5.6 nm which confirms strong confined state of the
films.

(10)
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Table 3 Values of crystallite

¢ X - ; Films Crystallite size (Scher- Strain (¢) Dislocation density 6 No. of crystallites
size (,D)’ strain (€), dlsloca.tlon rer’s formula) (D) (nm)  (lin7> m™%) (x10"7 lin m™?) per unit area (N)
density (8), no. of crystallites (x10'8 m™2)
per unit area (N) for
nanocrystalline undoped CdSe CdSe 2,518 0.063 1.577 17.538
g?igl%’ 3% 5%) Sn:CdSe thin ¢/ o cage  3.321 0.047 0.907 8.245
3% Sn:CdSe  4.051 0.038 0.609 5.566
5% Sn:CdSe  4.644 0.034 0.464 2.171

4.6 Contact angle studies

Figure 11 shows water contact angle images for undoped
and 5% Sn:CdSe thin films with variation in film thickness.
The contact angle is an angle that a liquid creates with a
solid surface material when both materials come in con-
tact together. Contact angle shows the solid liquid interfa-
cial energy [37]. Water contact angle was measured using
travelling microscope with least count 0.001 cm [38]. Fig-
ure 9 shows that the pure and doped films are hydrophilic
in nature because their contact angles are less than 90°. The
contact angles of CdSe and 5% Sn:CdSe thin films with
water were found to be 56.1° and 50°, respectively. Contact
angle reduces by incorporation of Sn, which may be due to
increase in crystallite size, increase in thickness and change
in structural properties. High wettability due to hydrophilic
nature of these films can be used for making the close con-
tact of electrolyte with electrode in photo-electrochemical
(or solar) cell.

5 Conclusions

In summing up, nanocrystalline undoped CdSe and 5%
Sn:CdSe thin films were effectually deposited on amorphous
glass slides using efficient chemical bath deposition method.
XRD study revealed that the films are cubic in nature with
highest reflection along (111). plane. The crystallinity of
the films increased by doping with Sn due to increase in
peak intensity and increase in crystallite size. TEM/SEM
analysis revealed that the films are homogenous and smooth
with almost spherical grains. EDAX study confirms incor-
poration of Sn in the doped CdSe and the sample is com-
posed of Cd, Se and Sn. Optical band gap of undoped CdSe
and 5% Sn:CdSe thin films were found to be 2.62 eV and
2.50 eV, respectively. Photoluminescence (PL) study shows
that the prepared samples have emission peaks in the green
region 500-530 nm, under excitation wavelength of 235 nm.
Inclusion of Sn in Cd and Se, improves the PL intensity and
red shift in peaks. It also shows that the transition is direct.

Fig. 11 Thickness variation and 600
images of water contact with
surface of undoped CdSe and 4
5% Sn:CdSe thin films

500 -

Film Thickness (nm)
w
3
[

CdSe 5% Sn:CdSe
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Electrical measurement confirms the semiconducting nature
of the films which can be used in optoelectronic applications.
It was found that with 5% doping of Sn, electrical resistiv-
ity decreases considerably. This may be due to increase in
grain size. In Raman analysis, two main peaks were obtained
in both films related to first- and second-order longitudinal
optical (LO) phonons modes of bulk CdSe confirming the
formation of thin films of CdSe. Water wettability analy-
sis showed that the films are hydrophilic in nature. Water
contact angle decreased from 56.1° to 50° upon Sn dop-
ing. Chemical bath deposition is a simple and fast method
to synthesize binary or ternary precursors for subsequent
processing into high-quality CdSnSe thin film absorbers for
solar cells. Band edges of these materials can be tailored by
alloying, to give wide range of band gap values.
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