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Abstract

The present work is focussed on Zinc (2, 4, 6, 8 and 10 wt%) doped CdS thin films synthesized by sol-gel spin coating
method and deposited on glass substrates. X-ray diffraction patterns of Zn doped CdS thin films exhibit cubic structure.
The microstructural properties such as crystallite size, lattice constant, microstrain, dislocation density and stacking fault
probability in the films were reported. The surface morphology and topography of the films was studied by using field
emission scanning electron microscopy and atomic force microscopy. The incorporation of Zn in CdS and elemental
composition of the films has been confirmed with X-ray photoelectron spectroscopy (XPS) and energy dispersive spec-
troscopy (EDS). Raman spectrum of Zn doped CdS thin films exhibits 1LO and 2LO phonon modes. The optical band gap
of CdS thin films increased from 2.63 to 2.73 eV with the increase of Zn dopant from 2 to 10%. Thermoelectric power
measurements show negative Seebeck coefficient indicating n-type semiconducting behaviour. The carrier concentra-
tion of Zn doped CdS thin films at room temperature are found to be in the range of 10'°-10%° cm~ suggesting that the
prepared films are degenerate semiconductors. The increase in thermal conductivity of Zn doped CdS thin film is due
to the increase in carrier concentration of the films. The lattice thermal conductivity of Zn doped CdS thin films had an
inverse temperature dependent and at high temperatures shows the dominance of phonon scattering.
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1 Introduction

Nowadays, ternary or quaternary chalcogenide semi-
conducting materials are of scientific interest because
the physical properties can be tuned to meet the spe-
cific requirements in the electronic device fabrication
[1]. Ternary chalcogenide semiconductors like Cd-Zn-X
(X=S, Se) become more interest because of possibility
in tuning the electronic properties. These chalcogenide
semiconductors exhibit a wide direct band gap value in
the range of 2.4-3.7 eV. Based on relative composition of
Cd:Zn ratio, it is utilized in blue and ultraviolet laser diodes,
window layers for solar cells, antireflection coatings for IR

(infrared) devices, electroluminescence and low-voltage
cathode luminescence [2, 3]. Experimental investigations
on doping of Zn in CdS will enhance the optoelectronic
properties and its applications in energy, electronics, and
optoelectronic devices. Zinc is a worthy element with an
ionic radius of 0.074 nm, smaller than the ionic radius of
Cadmium (Cd?*=0.097 nm), so that the Zinc (Zn**) can
incorporate in CdS lattice or substitute Cd?* position in
the crystal lattice [4]. The incorporation of Zn in CdS will
increase the resistivity of the material and diffusion length
[5]. The high band gap makes the film transparent in all the
wavelengths of solar spectrum and decreases the window
absorption losses [6]. Ternary semiconducting compounds
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are of great interest for studying the thermoelectric prop-
erties because of their good thermoelectric performance,
generally depends on the figure of merit of a material,
defined as ZT=(5%/p-k) Twhere S, p, T and k represent the
Seebeck coefficient, electrical resistivity, absolute temper-
ature and total thermal conductivity, which is composed
of electronic (k) and lattice contribution (k) respectively.
Thermoelectric measurements of semiconductors provide
information on the effective mass of charge carriers, free
carrier concentration and the scattering mechanism.

Different techniques such as chemical bath deposition
[7], vacuum evaporation [8], spray pyrolysis [9], spin coat-
ing [10], sputtering [11], chemical vapour deposition [12],
molecular beam epitaxy [13], sol-gel [14], successive ionic
layer and reaction (SILAR) [15] have been performed for
the synthesis of Zn doped CdS nanostructured thin films.
Among these methods, the sol-gel spin coating technique
had an advantage like low cost with simple working prin-
ciple, easy compositional modifications and its ability to
quickly produce very uniform thin films ranging from few
nanometres to microns in thickness low annealing tem-
perature and large growth area of the film [16]. The main
objective of the present work is to prepare Zn doped CdS
thin films by a low-cost sol-gel spin coating technique and
it can be utilized as a n-type window layer in thin film solar
cells. Even though many literatures [17-22] focussed on
structural, electrical and optical properties of Zn doped
CdS samples, studies on the thermoelectric properties are
still scanty. As reviewed from the previous literature sur-
vey, there are less reports on the thermoelectric properties
of Zn doped CdS thin films.

2 Experimental details
2.1 Synthesis

Cadmium nitrate tetrahydrate (Cd(NO;),-4H,0), Zinc
nitrate hexahydrate (Zn(NO;),-6H,0), thiourea (CS(NH,),)
and ethanol were used as precursors and solvent. All the
chemicals purchased from Merck chemical Co., with high
purity (99.99%) AR grade and used without further purifi-
cation. Solution 1 is considered as by adding 0.6 ml of Poly-
ethylene Glycol (PEG 200, Merck, India), 8.9 ml of ethanol
and 0.5 ml of acetic acid in a beaker by stirring 1% h. The
precursors were dissolved in ethanol in another beaker
by stirring 90 min at 60 °C to obtain solution 2. The zinc
doping concentrations in solution 2 are varied from 0.01
to 0.05 M to obtain 2, 4, 6, 8 and 10%. Now the solution
2 is mixed with solution 1 drop wise for 5 h with continu-
ous stirring until the value of pH reaches 10. Then the final
solution is used for the preparation of Zn doped CdS thin
films on glass substrates using a spin coater (Model No.
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spin NXG-P1, Apex instruments, India) with a speed of
1500 rpm for 45 s. Before the deposition, the substrates
were cleaned with double-distilled water, acetone and in
ultrasonic heater. After the deposition, the films were dried
on hot plate at 100 °C for 10 min and then annealed at
200 °C in muffle furnace for 1 h.

2.2 Characterization

The crystal structure and crystallographic orientation
of the films were investigated by X-ray diffractometer
(Model: Rigaku Ultima Ill) using Cu-Ka radiation with a
wavelength A=0.154 nm. The diffraction patterns were
recorded at an operative voltage of 40 kV and current
30 mA at an angle of incidence 1° with a scan range (26)
from 10° to 80°. The surface morphology of the films has
been determined by field emission scanning electron
microscope (FESEM) (Model: ULTRA-55, KARL ZIESS) and
atomic force microscopy (AFM) (Model: Bruker). The quan-
titative elemental analysis of Zn doped CdS thin films were
analysed by energy dispersive X-ray spectroscopy (EDS,
Oxford Instruments) assembled with FESEM unit. The
binding energy and surface composition of the elements
in the film is recorded by X-ray photoelectron spectros-
copy (Model: AXIS ULTRA-165). The Raman spectra of the
films were recorded by LabRAM HR. The thickness of the
film measured by Talysurf profilometer is in the range of
250-300 nm. The optical absorption spectra of the films
were measured using UV-VIS-NIR spectrophotometer in
the wavelength range of 300-800 nm. The thermoelectric
properties of the films were determined by the integral
method and measured the electromotive force (emf)
developed across the film. The emf developed across the
two copper leads of Cu-constantan thermocouples was
maintained at the cold and hot ends are noted. The ther-
mal emf is measured with a Keithley 2400 source meter in
the temperature range of 313-453 K.

3 Results and discussion
3.1 X-ray diffraction

Figure 1 shows X-ray diffraction (XRD) patterns of differ-
ent concentrations of Zn doped CdS thin films. The pres-
ence of peaks in the XRD spectra confirms the crystal-
linity and exhibit cubic zinc blende structure. The films
exhibit three significant diffraction peaks related to (1 1
1), (220), (31 1) with a preferred orientation along (1 1
1) at 20 values given in Table 1. The observed peaks are
well matched with the JCPDF No. 40-0836 and found to
be good in agreement with the reported data on CdZn$S
[23]. The phase and purity of the prepared Zn doped CdS
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Fig. 1 XRD patterns for (a) 2%, (b) 4%, (c) 6%, (d) 8% and (e) 10% Zn
doped CdS thin films and enlarged X-ray spectra along (1 1 1) plane
from 24° to 30°

thin films were confirmed by X-ray diffraction peaksi.e., no
extra peaks for oxides/sulphides of CdS or other planes are
found. A shift of (1 1 1) diffraction peak towards the higher
angle is noticed, indicating the contraction in the CdS thin
films with Zn doping (enlarged X-ray spectra along (11 1)
plane from 24° to 30° is shown in side view of Fig. 1). No
change in structural phase is noticed with the effect of Zn
in CdS thin films but introduces a decrease in the lattice
constant. The lattice parameter‘a’ of the films is calculated
using the relation a=d - (h? + k?+1%)". The values of lattice
parameter slightly decreased from 0.5786 to 0.5721 nm
with the increase of Zn concentration in CdS. The lattice
contraction is observed due to the strain induced in the
films and due to ionic radii difference between the dopant
ion Zn?*(=0.074 nm) and host ions Cd?" (=0.097 nm),
$27(=0.184 nm). The FWHM of the diffraction peak (1 1 1)
increases from 0.44° to 1.15° with the increase of Zn con-
centration. The crystallite size (D) estimated from Scherer
formula is decreased from 19.4 to 7.4 nm with the increase

Table 1 Structural parameters of Zn doped CdS thin films

of Zn concentration in CdS. The decrease in the crystal-
lite size may be due to incorporation of Zn?" ions into the
Cd?* sites. The number of crystallites per unit area (N) of Zn
doped CdS thin films have been calculated using the film
thickness (t) and crystallite size (D) by the relation, N=t/
D3. The number of crystallites per unit area (N) is in the
range of (0.27-4.89) x 10" m2, increased with the increase
of Zn dopant in CdS due to decrease in crystallite size of
the films. Similar results have been reported by Ligang Ma
et al. [24] for Zn doped CdS thin films prepared by chemi-
cal bath deposition method. The microstrain (g), disloca-
tion density (8) and stacking fault probability (ac) of the
films were calculated from the equations as reported in
earlier literature [25, 26]. The increase in these microstruc-
tural parameters is responsible for the peak broadening
with reduction in lattice imperfections and the presence
of defects and vacancies. The microstructural parameters
of Zn doped CdS thin films are reported in Table 1.

3.2 Surface morphology

FESEM is considered to be one of the promising tech-
niques to know the surface morphology of the films. It is
especially used for the topographical studies of the films
and to know the information regarding the shape, size and
growth mechanism. Figure 2a—e shows the FESEM images
of different concentrations of Zn doped CdS thin films.
Porosity and agglomeration of small crystallites are pre-
sent in certain regions of Zn doped CdS thin films shown
in Fig. 2a—c. With the increase of Zn dopant from 8 to 10%
in CdS thin films the grains are relatively smaller in size
and dense distribution is noticed over the surface with
good connectivity between the grains (shown in Fig. 2d,
e). FESEM micrographs reveal the decrement of grain size
with the increase of Zn content in CdS thin films.

3.3 AFM analysis

Two dimensional (2D) and three dimensional (3D) atomic
force microscopy (AFM) images of Zn doped CdS thin films

Doping con- 20 (°) FWHM (°) d-spacing Lattice Crystal- Number Micro strain, € Dislocation Stacking fault
centration of (nm) constant,a litesize, D  of crystal- (x10731in"2m™2) density, & probability, ag
Zn (at%) (nm) (nm) lites per (10" linm™2)

unit area, N

(x10"7 m™
2 26.66 0.44 0.3341 0.5786 194 0.27 1.87 0.51 6.33
4 26.78 0.53 0.3326 0.5761 16.1 0.48 2.25 0.62 4.08
6 26.82 0.70 0.3320 0.5751 12.2 1.10 2,97 8.21 3.33
8 26.90 1.06 0.3310 0.5734 8 3.83 4.50 1.24 1.85
10 2696 1.15 0.3303 0.5721 74 4.89 4.88 1.35 0.74
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Fig.2 FESEM images of a 2%, b 4%, ¢ 6%, d 8% and e 10% Zn doped CdS thin films

(scan area of 5 pm x5 pm) are shown in Fig. 3a-e. AFM
analysis exhibit that the Zn incorporation in CdS thin films
will affect in the rms surface roughness and grain size. The
reduction ingrain size with the increase of Zn content in
CdS thin films can be clearly noticed in the AFM analy-
sis. The AFM image of 2 wt% Zn incorporated CdS film
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presents smaller grains agglomerated with no definite
grain boundary. The surface morphology of the films with
4to 10 wt% Zn in CdS have a well-defined grains. CdS film
doped with 10 wt% Zn presents a surface morphology
with uniformly distributed smaller grains. A similar type
of surface morphology was found in the literature Chalana
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Fig.3 AFM 2D and 3D mages
of a 2%, b 4%, ¢ 6%, d 8% and
e 10% Zn doped CdS thin films
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et al.[27]. The reduction of the grain size with the increase
of Zn dopant in CdS thin films is in good agreement with
the XRD results. The rms surface roughness for 2, 4, 6, 8
and 10 wt% Zn in CdS thin films were found to be 22.1,
18.3,16.2, 13.6 and 11. 8 nm respectively. The decrease
of rms surface roughness with the increase of Zn dopant
in CdS makes the films smoother and these features are
particularly important for manufacturing optoelectronic
devices and solar cells.

3.4 Compositional analysis with EDS

An energy dispersive X-ray spectroscopy (EDS) is used to
know the elemental composition of the films. Figure 4a-e

Full Scale 1784 cts Cursor; 0.000

Full Scale 1784 cts Cursor: 1,646 (60 cts)

shows the energy dispersive X-ray spectra for Zn doped
CdS thin films. Peaks confirm the presence of Cd, Zn and
S in the prepared thin films. The atomic percentage com-
positions of the elements Cd, S and Zn are compiled in
Table 2. It is noticed from the Table 2 that weight percent-
age of Sis constant and Cd percentage is decreased when
Zn doping percentage is varied from 2 to 10%.

3.5 X-ray photoelectron spectroscopy (XPS) analysis

X-ray photoelectron spectroscopy (XPS) is used to know
the valence states of the material and surface composi-
tion. Figure 5a shows the wide region XPS spectrum of
6% Zn doped CdS thin film. The wide energy spectrum

Full Scale 1784 cts Cursor: 1.646 (57 cts)

Full Scale 1784 cts Cursor: 0.000

Fig.4 EDS analysis of a 2%, b 4%, ¢ 6%, d 8% and e 10% Zn doped CdS thin films

SN Applied Sciences

A SPRINGERNATURE journal



SN Applied Sciences (2020) 2:552 | https://doi.org/10.1007/s42452-020-2358-3

Research Article

Table 2 Elemental composition of Zn doped CdS thin films

Doping concentration of ~ Element (wt%)

Zn (wt%)

cd S Zn

L K K
2 54.73 43.59 1.68
4 56.26 41.38 2.36
6 55.02 39.36 5.62
8 56.68 38.96 7.42
10 59.71 34.09 9.23

shows the presence of cadmium (Cd), zinc (Zn), and sul-
phur (S) elements in the film. The peaks of O, Na, and Si
were mainly caused by the glass substrate and surface
contamination. The spectrum observed in Fig. 5b is in the
range of 150-170 eV was identified as the 2p spectrum
of Siin metal sulphides. The peak at 160.1 eV corresponds
to S2p,), is attributed to monosulfide S™2 and the peak
at 162.4 eV corresponds to S2p,,, which is the character-
istic of a disulphide S~ phase. In Fig. 5¢, the Cd 3d core
level exists the peaks at 403 and 410 eV corresponding
to Cd3d;,, and Cd3d;,, respectively which were charac-
teristic peaks of Cd?* in CdS. Figure 5d shows the Zn2p
spectrum having two sharp peaks at 1020 and 1043 eV
corresponding to Zn2p;,, and Zn2p, , respectively with
a doublet separation of 23 eV which can be attributed to
the bivalent Zn. The peak corresponding to Zn2p;,, could
be attributed to the existence of Zn?*. XPS survey shows
that the 6% Zn doped CdS thin film contain vacancy sulfur,
carbon and oxygen impurities which plays a key influence
to improve the photoelectric properties.

3.6 Raman spectroscopy

Raman spectroscopy confirms the crystallinity of the
films by analysing the vibration phonon bands and
spectral peak position. Raman spectra of Zn doped
CdS thin films were recorded in the spectral region
of 200-800 cm™" as shown in Fig. 6a—e. The spectrum
shows first order longitudinal optical phonon frequency
(1LO) at 302 cm~" and a weak first order longitudinal
optical phonon frequency (2LO) at 603 cm™'. The 1LO
peak shifts towards the lower frequency side and
broadening with the increase of Zn content in CdS by
exhibiting asymmetric nature [28]. The frequency shift
in Raman peaks is due to the nanoparticles grain size
effect and the decrease in the crystallite size of the films
also indicates the asymmetry [29]. The 1LO modes of the
films shifted towards the lower frequency may be due
to stress, strain effects, phonon confinement, defects,
and variation in phonon relations with the grain size

[30]. It is clearly observed that the change in the lattice
parameter is due to lowering the phonon frequencies
and these results are consistent with the XRD analysis.

3.7 UV-Visible absorption spectra

Figure 7a shows the UV-Vis absorption spectra of Zn
doped CdS thin films in the wavelength range from 300 to
800 nm. When the doping concentration of Zn is increased
in CdS, the absorption edge was shifted towards the lower
wavelength side because of proper substitution of Zn?*
into the Cd?* ions. The absorption spectrum exhibits a
sharp edge in a wavelength range of 455-472 nm. The
blue-shift absorption edge and the presence of excitonic
transitions indicate quantum confinement effect [31].
The absorption edge shifted towards shorter wavelength
with the increase of Zn concentration in CdS, indicating an
increase in the optical band gap values. The optical band
gap of Zn doped CdS thin films were obtained by extrapo-
lating straight line portion of (ahv)? versus hv as shown in
Fig. 7b. The optical band gap values increased from 2.63 to
2.73 eV with the increase of Zn concentration in CdS thin
films due to the quantum confinement effect. These results
are in consistency with the previous reported values for
Zn doped CdS [32, 33]. When the Zn content is increased
in CdS thin films, the shifting of absorption edge towards
shorter wavelength, implies the tuning of the optical
band gap. The band gap tailoring will be useful in design
of suitable window materials for the fabrication of solar
cells. The addition of Zn in Cd-S can also improve the open
circuit voltage and short circuit current in hetero-junction
devices as a result of decrease of absorption losses in the
window layer. It is expected that the Zn doped CdS will
increase the efficiency of the solar cell.

The effective mass approximation method is used to
calculate the particles size with the following relation

h?x2

Egn = Egb+2m <R (1)

where E , and Ey, are the band gap values of nanocrystal-
line CdS and bulk CdS semiconductor (Egb=2.4 eV), m*is
the effective mass of the electron (=0.19 m_, m is the rest
mass of electron) and R is the particle radius [34, 35]. The
particle size of the prepared samples was calculated and
summarized in Table 3. The particle size estimated from
the absorption spectra decreased from 21 to 8 nm with
the increase of Zn content in CdS thin films.

SN Applied Sciences

A SPRINGER NATURE journal



Research Article

SN Applied Sciences (2020) 2:552 | https://doi.org/10.1007/s42452-020-2358-3

(a)
= s
< x x n-s msg
> : SHER
b — ) - - H e Tz
7} S 2. 38 > O
s 35 25 338 5 Jul‘!f
4
E : i 'R W MM
¥ g828 P
3 3530 i
§N IW\“M
fo N
0 200 400 600 800 1000 1200
Binding energy (eV)
(b) P (@ o ca s
Cd 3d
3 $2py, £) N
s s
2 2
[ P2 [
;: £ e
145 150 155 160 165 170 175 390 400 410 420
Binding energy (eV) Binding energy (eV)
(d) Zn 2pm = 2p
- Zn2p,,
8
2]
=
)
£ ,./
- -.-J-
s

1000 1010 1020 1030 1040 1050
Binding energy (eV)

Fig. 5 XPS spectra of 6% Zn doped CdS thin film. a Full spectrum scan, b Cd 3d core level spectra, ¢ S 2p core level spectra, d Zn 2p core

level spectra

3.8 Thermoelectric properties

The Seebeck coefficient (S) is defined as the ratio of
voltage difference (AV) that develops as a function of
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a temperature difference (AT) across the sample. It is

obtained by the equation

AV

S= AT

(2)
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Fig. 6 Raman spectra of (a) 2%, (b) 4%, (c) 6%, (d) 8% and (e) 10%
Zn doped CdS thin films

For all the Zn doped CdS thin films, thermoelectric
voltage is found to be negative indicating n-type semi-
conducting behaviour. It is noticed from the Fig. 8a that
the Seebeck coefficient (S) or thermoelectric power
of Zn doped CdS thin films increases from 1.97 x 107
to 3.28 x 107> V K" with the increase of Zn dopant. It
is also noticed that the Seebeck coefficient of the films
increases with the temperature, which is consistent for
a degenerate semiconductor. This observation is in well
agreement with the general fact that higher conductivity
exhibits low thermoelectric power [36].

The carrier concentration (n) is estimated by using the
equation

——CdS: Zn 2%
—=—CdS: Zn 4%

3.0 ——CdS: Zn 6% <
2 ——CdS: Zn 8% /
e 25 —— CdS: Zn10%
§ 2.0
6 1.5
310
21

0.5 (a)

0.0 T T r ;

300 400 500 600 700 800

Wavelength, A (nm)

8n2k? 2/3
=(25) ()

where kg (=8.61x107° eV K™) is the Boltzmann constant,
eis the charge of electron, h (=4.135x 107> eV Hz ") is the
Planck’s constant and m*is the effective mass of the charge
carrier. From the measured values of Seebeck coefficient at
different temperatures, the carrier concentration is calcu-
lated. The carrier concentration increases from 4.68x 10"
to 1.07 x 10%° cm™3 with increase of Zn dopant from 2 to
10 at wt% in CdS thin films (shown in Fig. 8b). The increase
in carrier concentration of Zn doped CdS thin films will
improve the electrical conductivity, but the Seebeck coef-
ficient will be decreased. Figure 8c shows the temperature
dependence of electrical conductivity (o) of Zn doped CdS
thin films. The electrical conductivity increases with the
increase of temperature for all compositions of Zn in CdS
thin films due to the improvement in carrier density of the
films.

Thermal conductivity (k) of the material consists of lat-
tice thermal conductivity (k) arises from heat transport-
ing phonons and electronic thermal conductivity (k,) from
heat carrying charge carriers moving through the lattice.
Therefore, the equation that describes total thermal

Table 3 Particle size of Zn doped CdS thin films calculated from
absorption spectra

Doping con- Absorption  Optical band Particle size from
centrationof Zn  edge, A (nm) gap, E; (eV)  band shift (nm)
(wt%)
2 472 2.63 21
4 468 2.65 18
6 462 2.68 14
8 458 2.71 10
10 455 2.73 8
12
1210 o7 % b)
42 |[—— CdS: Zn 4% (
1.0x10°° 1 cds: zn 6% ;
41 |——Cds: Zn 8% H
8.0x10"" {——cds: Zn10% H
6.0x10""
4.0x10"
2.0x10"
0.0- T T ;
1.5 2.0 25 3.0 3.5
hv (eV)

Fig. 7 a UV-Visible absorption spectra of Zn doped CdS thin films, b (ahv)? versus hv curves for the determination of optical band gap
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Fig. 8 Thermoelectric properties of Zn doped CdS thin films as a function of temperature: a Seebeck coefficient; b carrier concentration; ¢
electrical conductivity; d total thermal conductivity; e electronic thermal conductivity and f lattice thermal conductivity

conductivity is in the form: k=k,+k,. The total thermal
conductivity of Zn doped CdS thin films is calculated by
using the equation [37]

Vel
T AT-A

(4)

V - lis the heat power, | is the probe separation between
the two thermocouples, AT is the temperature difference
between the thermocouple and A is the cross-sectional
area. The temperature dependent thermal conductiv-
ity of Zn doped CdS thin films measured in the range of
313-453 K is shown in Fig. 8d. The total thermal conduc-
tivity (k) of Zn doped CdS thin films decreased with the
increase in temperature whereas it increased with the
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increase of Zn content in CdS thin films due to the domi-
nant of phonon scattering at higher temperatures. The
lower values of thermal conductivity may be due to the
presence of porosity in the films. The electronic thermal
conductivity (k,) of Zn doped CdS thin films was evaluated
using the Wiedemann-Franz relation [38]

ke = LoT (5)

where L=2.45x 108 WQK™2, g is the electrical conductiv-
ity, T is the absolute temperature (in Kelvin). The lattice
thermal conductivity (k) of the prepared thin films is cal-
culated by subtracting the carrier part from the total ther-
mal conductivity values. Figure 8e shows the variation of
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lattice thermal conductivity (k) of Zn doped CdS thin films
with the temperature. It exhibits a decreasing trend with
increasing temperature and k; values increases from 7.38
to 37.54 mW cm™' K™' with the increase of Zn content in
CdS. This inverse temperature dependence of k; indicates
that the films exhibit Umklapp phonon-phonon scattering
at higher temperatures.

4 Conclusions

Zn doped CdS thin films were synthesized by sol-gel spin
coating technique on glass substrates by varying the
Zn concentration from 2 to 10 wt%. XRD studies reveal
that the Zn doped CdS thin films exhibit cubic phase
structure. With the increase of Zn content in CdS thin
films, all the diffraction peaks shift towards the higher
diffraction angles. The elemental analysis of the films is
determined from XPS and EDS studies. From the Raman
spectra, the first order longitudinal optical phonon fre-
quency (1LO) shifts towards the lower frequency side
and the frequency shift indicate the grain size effect. The
absorption edge of thin films shifts towards the shorter
wavelength region and the optical band gap of the Zn
doped CdS thin films increased from 2.63 to 2.73 eV. The
particle size calculated from the shift of optical band gap
supports the formation of nanostructured thin films. The
negative values of Seebeck coefficient for Zn doped CdS
thin films indicate n-type semiconducting behaviour.
The carrier concentration of Zn doped CdS thin films is
in the range of 10'°-10%° cm=3. It is also observed that
the electrical conductivity of Zn doped CdS thin film
decreases with an increase in temperature. Our results
indicate that the prepared ternary Zn doped CdS semi-
conductor thin films fabricated via sol-gel spin coating
method will be suitable for optoelectronic devices such
as the window layer for solar cell applications.
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