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Abstract — Thin films of CdZnS have found extensive
applications in various optical, electrical and optoelectronic
devices. A simple method of microwave assisted chemical
bath deposition (MW-CBD) has been used to deposit CdZnS
(Cadmium Zinc Sulphide) thin films. The bath solution is
composed of Cadmium Sulphate, Zinc Sulphate, thiourea,
ammonium Sulphate and ammonia. The concentration of
bath solution is varied as Y=0.1, 0.3 and 0.5 where Y=
[ZnSO4]/ {{CdSOy4] + [ZnSO,]}. Deposition has been carried
out for 120s microwave irradiation time. X-ray diffraction
(XRD) indicates the hexagonal structure (002) reflection for
the as-deposited CdZnS thin films. Grain size, dislocation
density and strain in the deposited films have been
determined. High resolution scanning electron microscopy
(HRSEM) image gives the morphology, size and shape of
particles in the deposited CdZnS thin films. Secondary ion
mass spectrometry (SIMS) results show that composition is
uniform throughout the entire film thickness. Band gap of
deposited films as determined by photoluminescence (PL)
studies is found to increase from 2.40 eV to 2.47eV with the
increase in Y from 0.1 to 0.5. Ohmic conduction and space
charge limited conduction (SCLC) has been observed in the
deposited films.

Keywords — CdZnS, microwave, PL, SCLC

I. INTRODUCTION

CdZnS thin films have become the subject of
considerable interest due to their use in solar cells [1].
CdZnS have attracted technological interest because the
energy gap can be tuned and lattice parameters can be
varied [2]. The common techniques which have been
adopted for preparation of CdZnS films are vacuum
evaporation [3], chemical solution spray [4], Chemical
bath deposition [5] etc. In the present work CdZnS thin
films have been prepared by microwave assisted chemical
bath deposition. Microwave irradiation as a heating method
has found a number of applications since 1986 [6]. The effect
of heating is created by the interaction of dipole moment of
molecules (solvent and solute) with high frequency
electromagnetic radiation (2.45 GHz). Therefore a polar
solvent such as water is preferred for microwave assisted
reactions.

MW-CBD is essentially based on microwave heating
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solutions

of the precursor solution. Microwave heating is a quite
fast, simple and efficient method to prepare nano-sized
inorganic materials [5, 7, 8]. Although the exact nature of
interaction between microwaves and reactants during
synthesis of materials is somewhat unclear and
speculative; energy transfer from microwave to the
material is believed to occur either through resonance or
relaxation, which results in rapid heating. Interaction
between dielectric materials and microwaves leads to
dielectric heating. Electric dipoles present in such
materials respond to applied electric field leading to dipole
interaction. MW-enhanced chemistry is based on the
efficiency of interaction of molecules in a reaction mixture
(substrates, catalyst and solvents) with electromagnetic
waves generated by a “microwave dielectric effect” [5].
This process mainly depends on the specific polarity of
molecules where a constant reorientation creates friction
and collisions between molecules, which subsequently
generates heat. Hence, compared to conventional heating
in bath, which is realized mainly by heat conduction,
microwave heating is more efficient and rapid.

By applying microwave irradiation in chemical bath,
nucleation on surface of substrate results in a preferential
adsorption of negative and positive ions, over the rest of
the sub-products of chemical reaction [9, 10].
Consequently substrate—ion interaction during growth
process can be modified; that is, ion-by-ion heterogeneous
growth on substrate can be promoted. In this way
uniformly deposited CdZnS thin film is obtained in few
seconds compared to some minutes or hours by the
conventional chemical bath deposition. In the present work
we discuss about the effect of Zn/Cd concentration on the
structural, PL and electrical properties of CdZnS thin
films. To the best of our knowledge this is the first study
which gives the SIMS depth profile of elements in CdZnS
thin films and explains the transport mechanisms of
ternary semiconductor compound CdZnS (thin films)
deposited by microwave assisted CBD.

II. METHODOLOGY

The chemicals used in this work consist of aqueous
of 5.8x10°mol/l 3CdS0,.5H,0, 0.037mol/l
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NH;SO,,  0.065mol/l  H,NCSNH,,  1.738x10”mol/l
ZnS0,.7H,0 and 1.5 mol/l NH;. The value of Y = 0.3 and.
We define Y = [ZnSO4)/ ([ZnSO4] + [CdSOy4)). Thin films of
CdZnS were deposited on well cleaned glass substrates.
Microwave assisted bath temperature of solution was kept in
the temperature range between 90°C to 95°C. Deposition
time is maintained for 120s.

In this case, the advantages of microwave such as
rapid reaction, small particle size and narrow particle size
distribution are taken into account [11]. At the same time to
have a controlled deposition of thin film, a cyclic microwave
radiation(duty cycle) is applied to the bath solution, where
the microwave is on for first 30 seconds; by this time,
chemical bath temperature reaches around 70 degrees and
color of solution changes to yellow (formation of the
product). After this microwave is switched OFF and ON, for
every 5 seconds (so that the temperature is maintained below
95 degrees) until the desired time. By this way we tried to
control the deposition process to achieve small particle
sizes—with narrow size distribution. Reaction procedure for
the formation of CdZnS has been described in our previous
report [12].

Thicknesses of the deposited films were measured
by Dektak stylus profilometer. Structure of the films were
analyzed using a Grazing Incidence X-ray diffractometer
(Siemens D5000, using Cu-Ko radiation with A = 1.5406 A).
Measurements were made for 20 values over 20-70 in steps
0f 0.03° with a count time of 5 s and a grazing angle equal to
1.5°. Surface morphology and particle size of deposited
films were analyzed by Zeiss High resolution Scanning
Electron Microscope (HRSEM). HRTEM analysis was
performed in a JEOL JEM-2010 FEG instrument with a
point resolution of 1.9 A. Composition over the depth profile
of deposited CdZnS thin films was analyzed by SIMS, ims-
6f CAMECA at room temperature. PL studies were done at
room temperature, using a SPEX double monochromator, at
325nm excitation wavelength.

For electrical studies, CdZnS samples were cut in
square shape lecmxlcm and sufficiently small contacts were
made at four corners of the sample with silver conducting
paint. Hall studies were carried out to determine the carrier
concentration and mobility of deposited films. For I-V
measurement, a current of 50 nA was applied and the
voltage has been measured at room temperature. Transport
properties of deposited films have been studied by analyzing
the different regions of I-V plot.

III. RESULTS
Structural

Several analytical techniques such as XRD, SEM
and TEM are available for the analysis of structure. These
techniques are also useful in identifying the aggregation
effect of nanoparticles, particle size, plane of orientation
etc. In general II-VI chalcogenide semiconductors can be
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formed as either spharlite (cubic, zinc blend type) or
Waurtzite (hexagonal type). X-ray diffraction patterns of
deposited films show (0 0 2), (110) and (201) reflection
which correspond to CdZnS hexagonal crystalline phase
(JCPDS card no: 40-0835) [3, 5] as given in figure 1.
Value of 20 shifts to a slightly higher angle with the
increase in Zn concentration. Lattice parameter ‘c’ has
been calculated using the below equation and given in
table 1.

1/d* =4/3[(h*+hk+k*)/a’] + [1/c]* (1)
It is observed that lattice parameter decreases with the
increase in Y which is due to the Substitution of Cd*" ions
(tcazr = 0.92 A at tetrahedral sites) with the smaller radius
Zn*" ions (rzy: = 0.74 A at tetrahedral sites) [13].

Micro structural parameters crystallite size (D),
dislocation density (6) and strain (€) of deposited CdZnS
thin films have been determined by the relations (2-4)
given below and the values are tabulated. Crystallite size is
found to decrease where as dislocation density and strain
are observed to increase with the increase in Y from 0.1 to
0.5.

D= (0.94))/ (Bcosb) 2
B=[A (DcosB)]-etanf 3)
5=1/D* 4)
(002)
T Y=05
E)
s
=
5
=N Y=03
(o1
a10) - 2o1) Y=0.1
2 25 30 3 4 45 S0 55 60 6 W 75 8
26 (degrees)
Figure 1. XRD pattern of MW-CBD CdZnS thin films.
TABLE 1. STRUCTURAL PARAMETERS OF MW-CBD
CdZnS THIN FILMS
Y=[ZnS0,)/ cA (D) ox10”  ex107
{[CdSO,] + nm lines/m’
[ZnSO4]}
0.1 6.694 21.2 2.225 2.796
0.3 6.637 203 2.426 1.978
0.5 6.589 19.52 2.624 3.273
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Morphology and Composition

Many approaches have been used to control the
growth process such as microwave irradiation [14],
magnetic field [15], ultrasonic vibration [16] etc. Among
this microwave irradiation has shown very rapid growth
due to its unique reaction effects such as rapid heating and
the consequent effective increase in reaction rates. A
preferential adsorption of negative and positive ions
induced by electromagnetic interaction results in
nucleation and heterogeneous growth on the surface as
shown in figure 2 [9, 10]. Uniform sized clusters of around
100-125nm which are made up of closely packed nano
particles is observed. The size of these nanoparticles is
determined by HRTEM analysis as discussed below.

Figure3. HRTEM image of CdZnS thin film with Y=0.3.

SIMS analysis

In order to confirm the presence of Zn throughout
entire film thickness, SIMS analysis has been carried out
and results are given in figure 4a and b. It is observed that
with the increase in Zn concentration in bath solution
Y=0.3 and 0.5, percentage of Zn in film also increases.
This analysis confirms the uniformity of Cd, Zn and S
present throughout entire film thickness.
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Figure 4. a)SIMS depth profile of deposited film with Y=0.3.
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Figure2. HRSEM images of CdZnS thin films Y=0 and Y=0.3.

HRTEM

From HRTEM analysis in figure 3, CdZnS o
nanoparticle of size 12nm and several particles with strong 0 10 20 30 40 5 60 70 8 % 100

aggregation having different orientations has been thickness, nm
identified. Figure 4. b)SIMS depth profile of deposited film with Y=0.5.
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Photoluminescence

Room temperature Photoluminescence (PL)
emission spectra of CdZnS thin films following the 325
nm excitation wavelength is given in figure 5. PL spectra
of CdZnS thin films shows broad green emission peak in
visible range at 516, 511 and 503nm for Y=0.1, 0.3 and 0.5
concentrations in the chemical bath. From spectral peak
position the band gap energy has been calculated and
found to be 2.40eV, 2.43eV and 2.47eV. For higher
concentrations (Y) films with poor crystalline quality and
increased structural and morphological disorders are
observed, which causes broadening and asymmetry in PL
peaks. Broad PL peak exhibited a trend of shifting towards
higher energies with increasing Zn®" content in films [17].
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Figure 5. PL spectra of CdZnS thin films
Hall Studies

Hall studies has been carried out at room
temperature and it has been determined that carrier
concentration of deposited films vary from 6.04x10'° to
7.53x10160m'3, which is in accordance with the results
reported by Oztas and Bedir [18], where they have
reported that the carrier concentration varied from
1.5x10" to 3.9x10" em™ for Zn,Cd(;»S (0.0<=x<=0.6).
Deposited films were found to be n-type with electrons as
majority carriers. Variation of mobility and carrier
concentration for Y=0.1 to 0.5 is given in table 2. It is also
observed that carrier densities are quiet high, of the order
of 10'® and increased with the increase in Y. Observed
mobility values were low, but increased with the increase
in Y. These values are in accordance with reported results ,
where the variation in carrier density and mobility values
for Cd;_Zn,S thin films (where x=0.0, 0.05, 0.08, 0.12 and
0.18) from 2.8x10"7 to 6x10"7cm™ and 2 to 4.8cm™/Vs
respectively has been observed by Khefacha et al[5].
Therefore concentration of Zn in the films plays a vital
role in determining its electrical properties.
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TABLE 2. HALL PARAMETERS FOR MW-CBD

CdZnS THIN FILMS
Y Carrier concentration Mobility(cm™/Vs)
(cm™)
0.1 6.04x10™° 39.1
0.3 6.99x10"° 48
0.5 7.53x10™° 52.4

Transport mechanism

Study on I-V characteristics is a matter of importance
for properly analyzing the conduction mechanism in films.
A non-linear curve often may reveal the existence of
different kinds of conduction mechanisms. In the present
work non-linear I-V characteristics of films are examined
and explained on the basis of space charge limited
conduction (SCLC). Figure 6 clearly shows two distinct
slopes for each of curves within the applied bias. The value
of slopes are determined from log I-log V plot, and are
found to be n=0.996 in lower voltage region and n= 2.145
in higher voltage region for film with Y=0.3. Thus -V
curves show two regions of conduction, viz. (i) nearly
ohmic and (ii) non-ohmic conduction in these CdZnS
films. For lower bias the injected charge carrier density is
lower than thermally generated carrier density and that
leads to ohmic behavior. At higher bias, as the slopes are
~2 it clearly suggests that conduction in this region is
dominated by space charge limited conduction mechanism
[3, 19]. Similar plots were obtained for films with Y=0.1
and 0.5. In addition, disorder originating from surface
defects and charge traps may also play a role which has
been reported for GaAs and CdS [20, 21].
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Figure 6. I-V plot of MW-CBD CdZnS thin film with Y=0.3.
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IV. CONCLUSIONS

Without sacrificing the simplicity and versatility of
CBD, good quality CdZnS thin films were prepared in
short duration by MW-CBD. Small particle size and
uniform particle distribution is achieved by MW-CBD.
From XRD analysis, the structural parameters like
crystallite size, dislocation density and strain were
calculated for all the deposited films. Strong aggregation
of nanoparticles has been confirmed by HRSEM analysis.
Presence of nanoparticles with different orientations has
been confirmed by HRTEM analysis. Uniform distribution
of Cd, Zn and S throughout the entire film thickness has
been verified by SIMS analysis. Increase in band gap
with the increase in Y has been observed, which confirms
the tunability of band gap, that can be used to decrease the
window layer absorption loss and hence an increase in
short circuit current in PV device. Hall studies revealed
that deposited CdZnS thin films are of n-type and the
carrier concentration and mobility increased with the
increase in Y, which shows that mobile charge carriers can
be modified based on the concentration of Zn. A transition
from nearly ohmic to SCLC conduction mechanism is
observed for the deposited films. Thus we conclude that
MW-CBD can be used as an efficient technique to deposit
a variety of binary and ternary semiconductors in short
duration.
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