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Abstract

Nanocrystalline thin films of pure ZnS were deposited on the glass substrate by a chemical bath
deposition method (CBD). Thin films of doped Zns with Fe and Cu were also deposited by
CBD method on a glass substrate. Different parameters e.g. temperature during reaction and
time of deposition were changed during the growth. X-ray diffraction confirm the cubical zinc
blende phase of pure ZnS. Whereas in the case of doping, change in structure is observed i.e,
its lattice constant, d-spacing and grain sizes were changed. Optical properties of the films such
as transmission, absorbance, reflectance, refractive index, real dielectric constant, imaginary
dielectric constant, absorption coefficient, extinction coefficient, optical conductivity and band
gap were determined through the UV-Vis spectrum and ellipsometry. Optical measurements
reveal that all the samples have maximum transmission in wavelength above 350nm with a
band gap varying between 3.6 eV to 3.8 eV for pure ZnS films and in case of doping band gap
changed to 3.89 eV. I-V curves have been observed through electrical characterization. SEM
images reflect the growth of clusters and tube like structures in case of doping of ZnS films,

whereas in remaining all pure ZnS films show granular structures.
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Chapter 1 Introduction 1

Chapter 1 Introduction

A microscopically thin layer of material that is deposited on a metal, ceramic, semiconductor
or plastic base, typically less than one micron thick is known as thin films. Thin films can be
conductive or dielectric (non-conductive) and are used in myriad applications [1]. For example,
the top metallic layer on a chip and the coating on magnetic disks are thin films. Let’s have a
brief outlook on thin films firstly.

1.1 Thin films

Thin films are meant to be layers, their thickness is ranging from micrometer to nanometer.
There are several different notations of thin films m science and engineering. For example, the
meaning of thin film may be denoted as laminated viscous layer of a fluid. A typical structure
of thin film is illustrated in figure

Figure 1.1: Structure of thin film
Thin films have different properties as compared to bulk material with which they are made of.
Now we summarize these properties of thin films.
1.1.1 Properties of Thin Films:
Thin films properties are different from bulk materials. Thin films may be

s Not fully dense.

¢ They are ranging from monolayer to several micrometers
¢ Quantum confinement effect can be observed in thin films
¢ Thin films are ofien under stress
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o Thin films have defcct structures different from bulk
* These are quasi - two dimensional strueture (very thin films)

¢ Different properties are strongly influeneed by surface and interface effects

This will change clectrical, magnetic, optical, thermal, and mechanical properties. Thin films
are the key element of continued technological advances made in the ficlds of optoelectronic,
photonic and magnetic devices. Their studies have directly or indirectly advanced many new
areas of research in solid state physics and chemistry which are based on phenomena uniquely
characteristic of the thickness, geometry and structure of the film. The processing of materials
into thin films ajlows easy integration into various types of devices.

Thin films are theymally stable and reasonably hard, but could be fragile. Their mechanical
properties can be measured by tensile testing of freestanding films and by micro beain
cantilever deflection technique, but the easiest way is by means of Nano-indentation. Optical
characterization provides a good way of examining the propertics of semiconductors.
Particularly measuring the absorption cocfficicnt for various cnergics gives information about

the band gaps of thc material.

1.1.2 Classification of Thin films

Thin films are classified in many ways mainly, according to the materials used for coatings,
the damage threshold and sirength, ete. Thin film technology has been developed primarily for
the need of the integrated circuit industry. Thin filins as a two dimensional system are of great
importance to many real-world problems. Their material costs are very small as compared to
the corresponding bulk material and they perform the same function when it comes to surface

processcs. Thin film technology is based on three foundations:

e Fabrication
s Characterization

= Applications.

Some of the important applications of thin {ilms are microclectronics, commmunication, optical
clectronics, and catalysis, coating of all kinds, and encrgy gencration and conservation
strategics. Manufacturing of many machine parts require thin film coating of different materials
i.c. carbides and nitrates because they are used to harden and protect cutting and sliding
surfaces Wear characteristics of metal surfaces are improved by these various coatings {2].

Thin film science and technology plays an important role in the high-tech industries. In the
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history of thin films, defects are very important and play a vital role. Importance of defects is

illustrated as follows

1.1.3 Defects

Nanostructure is converted to microstructure in the presence of some defects like vacancies
interstitial, impurities, defonmed bond and surface roughness etc. Structural defects tike
dislocations determine the mechanical properties of materials. The local distortions of the
atomic lattice in the vicinity of the dislocation influence the mechanical strength. Defects can
affect the properties of thin films as spatial fluctuation of the atomic composition, variation in
granular structure involving size, gain boundaries and thickness ctc. Thin films have number

of application in different ficlds. Few of these are listed below

1.1.4 Applications

Thin films play vital role in different applications field like

% Optics (Anti-reflection, Anti-reflection coating; on lenses or solar cells, Reflection
coatings for mirrors ete.)

% Chemistry (sensors for liquid, diffusion barriers, protection against corrosion etc.)

% Magnetics (video/audio tapes, hard disks etc.)

< Electricity without semiconductors (conducting films for resister, capacitors cic.)

% Mechanics (friction reduction, adhesion providers etc.)

% [Electronics (LEDs ,LCDs)

% Tailored materials. (Layer very thin films to develop materials with new properties efc.)

Thin film materials are used in semiconductor devices, wireless communications,
telecommunications, integrated circuits, rectifiers, transistors, solar cells, light-emitting diodes,
photoconductors and light, crystal displays, lithography, micro- electromechanical systems
(MEMS) and multifunctional emerging coatings, as well as other emecrging cutting

technologies.

1.2 Fabrication of thin films

Typical steps that are involved in manufacturing of thin filin are as follows

1. Emission of particles from source (through heat, high voltage)
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¢ Thermal oxidation

e [Electroplating

¢ Plasma enhanced(PE) CVD

¢ [on implantation

¢ Liquid phase epitaxy

» Photon activated CVD

e Laser induced CVD

e Chemical bath deposition (CBD)

We used chemical bath deposition method to deposit our thin films in the reported project
1.4 Chemical bath deposition (CBD)

First of all Bunsen and Grove obtained metal films in 1852 by means of chemical deposition
and flow discharge of sputtering, respectively. Faraday made metal films in 1857 by the
thermal evaporation on explosion of current carrying metal wire. The usefulness of the optical
properties of metal films and the scientific curiosity about the behavior of two dimensional
solids has been responsible for the immense interest in the study of science and technology of

thin Alms.

The Chemical bath deposition {CBD) method is one of the cheapest methods to deposit thin
films and nanomaterials. The main purpose of depositing thin films using CBD (chemical bath
deposition method) is that, it can be employed for large area batch processing or continuous
deposition. This method is also popular due to some of its amazing properties such as it is non-
polluted, less expensive instruments, simple in operation, use low temperature like room
temperature, last but not least the materials which we used are easily available in the market.
Some other advantages that are present in this method are as it is versatile method, easy to
handle, no need of vacuum, no inert gas required, less cost and high yield. CBD is basically
based on the formation of a solid phase from a solution [3]. The chemical bath deposition
involves two steps,

* Nucleation

» Particle growth

Experimental arrangement for chemical bath deposition method is illustrated in figure 1.3.
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e Topographical of film,
* Chemical nature of the substrate
Different combinations of materials are used to deposit films of ZnS. The materials that

we used to deposit our thin films of ZnS are as

1.5 Materials

Thin films of different materials were prepared and analyzed. In our proposed research work

we required II-VI materials. Detail of these materials are suinmarized as

1.5.1 Zinc Sulphide (ZnS)

CdS buffer layer is most widely used in thin films solar cell [4]. But Cd is toxic and can cause
serious environmental problems. So nowadays Zine sulfide (ZnS) is becoming more important
and considered to be as a promising candidate for replacement of toxic CdS in the buffer layer

for CIGS solar cells. ZnS has several advantages over CdS in application range i.e.

¢ A solar cell with ZnS as buftfer layer has been realized with efficiency of 18.6% [5].
¢ Zns films can increase responses in short wavelength region.
» Zns films can also reduce the band offset of the ZnS/ZnQ layer, because the ZnS

bandgap (3.5-3.7 eV} is close to ZnO bandgap (3.7 eV).

ZnS with the addition of few suitable activator such as phosphorous, it can be used as

luminescent material. It also has many advantages such as

e It is an important semiconductor with direct band gap and high refractive index.
+ Relatively cheaper and abundant
e Qptical properties of ZnS can be tuned easily by modulation of their size, chemical

composition and impurity{defects) doping [6]

1.5.1.1 Crystal Structure

ZnS is an inorganic compound with the chemical formula ZnS. It mainly occurs in the minerals
sphalerite and wurtzite. Both sphalerite and wurtzite are intrinsic, semi-conductors-, wide band
gap. In its dense form, zinc sulfide can be transparent. Zn§ exists in two main crystalline forms,
in each form, the coordination geometry at Zn & S is tetrahedral, The more stable cubic form
is zinc blende & hexagonal form is know is the mineral wurzite. Structure of zinc blende and

wurzite are illustrated in figures
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1.5.3.1 Properties

e Chemical formula;:FeCly
» Color: pale green
o Molar mass: 126.751 g/mol (anhydrous)
198.8102 g/mol (tetrahydrate)
» Density: 3.16 g/cm3 (anhydrous)
2.39 g/em3 (dihydrate)
1.93 g/cm3 (tetrahydrate)
¢ Melting point: 677 °C (1,251 °F; 950 K) (anhydrous}
120 °C (dihydrate)
105 °C (tetrahvdrate)
Boiling point :1,023 °C (1,873 °F; 1,296 K) (anhydrous)

1.5.3.2 Applications

Ferrous chloride has a variety of nice applications, but the related compounds ferrous sulfate
and ferric chloride enjoy more applications. Its major uses are as follows:

o Itis used in the laboratory for synthesis of iron complexes,

¢ Ferrous chloride serves as a reducing flocculating agent in wastewater treatment,
especially for wastes containing chromate [7].

e It is the precursor to hydrated iron (IIT) oxides that are magnetic pigments [11].

»  Fertous chloride is employed as a reducing agent in many organic synthesis reactions.
1.6 Literature survey

Types II-VI semiconductors have long been developed as materials for optoelectronics. The
band gap for these mixed-crystal semiconductors can be greatly varied simply by changing
their composition, and these semiconductors are used as materials in light emitters of a range
of wavelengths from the visible to the infra-red spectrum, as well as in photo acceptance units.
Recently, types II-VI semiconductors have also been employed in the buffer layer of Cu
(In,Ga)Sez (CIGS) thin-film solar cells. CIGS solar cells were typically fabricated using a
cadmium sulfide (CdS) buffer layer in order to protect the junction region from spuftering

damage during subsequent zinc¢ oxide (ZnO) deposition and to modify the surface of CIGS
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absorber [12]. However, the quantum efficiency of a CdS/CIGS solar cell drops at short
wavelengths due to optical absorption losses from the CdS layer. This implies that further
imptovement in the short circuit current (Jsc) can be achieved by replacing CdS with ancther
appropriate wider band gap buffer material. In addition to these technical considerations,
avoiding the use of cadmium compounds is desirable from the viewpoint of environmental
safety.

One promising alternative material is ZnS thin film. Its band gap energy (Eg) of 3.68 cV at
room temperature [13] makes it transparent to practically all wavelengths of the solar spectrum.
In contrast CdS, with its band gap of 2.42 eV at room temperature [14], is highly absorbing for
wavelengths below 520nm [15]. There has been a considerable progress in using ZnS in CIGS
thin-film solar cells, ZnG/ZnS/CIGS solar cells with efficiency of up to 18.6% have been
fabricated [16].

A very attractive method for producing ZnS thin films, due to the possibility of large-area
deposition at low cost is the so-called chemical bath deposition (CBD) method {17, 18].
Ammonia and hydrazine are popular choices as the complexing agent in the CBD of ZnS thin
films. For instance, Dona and Herrero [19] have deposited ZnS films using hydrazine hydratc
as a complexing agent. However, the films obtained by CBD method are either amorphous or
poorly crystallized. Therefore, annealing at high temperature was needed to improve the
crystallinity of the thin films {20}]. In addition, tri-sodium citrate can significantly improve the
quality of the ZnS films obtained [21]. Go"de et al. obtained hexagonal ZnS thin films using
triethanolamine and tri-sodium citrate as complexing agents by CBD at 84°C with 4.5 h [13].
Chemical deposition of ZnS films has been carried out in aqueous alkaline baths by many
workers [22-25]. In our work ZnS thin films had been deposited by chemical bath deposition

(CBD) method onto glass substrates.
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Chapter 2 Growth & Characterization of Films by
Chemical Bath Deposition

We used chemical bath deposition method to deposit our thip films due to its intrinsic properties

like simple process. Experimental detail of our process is as follows.
2.1 Experimental details

We have divided our experimental work in three steps
. Deposition of un-doped thin (ilms of ZnS by using CBD.
ii. Deposition of Cu and Fe doped thin films of ZnS using FeCl; and CuCl»
materials,
iti. Characterization of thin films using different technigues like XRD, SEM, UV-
Vis Spectroscopy, cllipsometry, [-V measurements through two-probe electrieal
measurement technique,

Details of all above mentioned steps are given in the following sections

2.1.1 Growth of thin films

The reaction between zinc chloride (ZnCly) and thiourea (CS(NH2):) laid the base for the
formation of thin films of ZnS by using CBD technique. The corresponding reaction is as

follows

ZnCl, + 4NH, . [Zn(NH;)},)2" + 2C1-

Zn(NH,),)?* + CS(NHp), —  ZnS+ 4NH; + CNyH,

For initially above reaction we have taken 20ml of 0.4M solutien of ZnCl2 by adding 1.09g of
ZnClz in 20ml of distilled water, then it is added to an excess of aqueous ammonium to form
white precipitates of [Zn{NHs)4}?* which on stirring dissolve completely to form a clear
solution. Then to this solution 13ml of 0.6M solution of CS(NHa2)2 was added, which was
prepared by adding 0.45g of CS(NH:): in 13ml distilled water and stirred for three hours,
Finally in order to form an alkaline medium for deposition to take places 10ml of 0.15M
solution of NaOH was added. This NaOH solution was prepared by adding 0.059g of NaOH in

10m] distilled water.






Chapter 2 Growth & Characterization Of Films by CBD 17
L ]

Remaining deposition conditions in this case are as follows

Table 2.2: Deposition # 2

Samples Temperature PH of solution Deposition Time

ZnS 84°C 5 1:30 Hours T

ZnS 84°C 5 2:00 Hours

ZnsS 84°C 5 2:30 Hours

ZnS 84°C 5 3:00 Hours
Deposition #3

In third case, we doped copper in ZnS thin film by adding 20ml of 0.4M solution of copper
chloride (CuCly) in the same final solution that are used to deposited un-doped ZnS thin films.
This solution of copper chloride was prepared by adding 1.07g of copper chloride (CuClI2) in

20ml of distilled water. Others conditions in this case are as shown in table 2.3.

Table 2.3: Deposition # 3

Sample Temperature PH of solution Deposition Time
Cu doped ZnS 84°C 5 3 Hours
Deposition #4

In final case, we doped iron in ZnS thin film by adding 20ml of 0.4M solution of iron chloride
(FeClz) in the same final solution that are used to deposited un-doped ZnS thin films. This
solution of iron chloride was prepared by dissolving 1.014g of iron chloride (FeClz) in distilled

water. Others conditions in this case are as shown in table 2.4,

Table 2.4: Deposition # 4

Samples Temperature PH of solution Depaosition Time

Fe doped ZnS 84°C 5 3 Hours

After preparation of all these samples by above mention process, samples of prepared thin films

were subjected for the characterization.
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2.2 Characterization of thin films

After deposition process, prepared thin films were taken for characterized for their structural,
optical and electrical behavior. Detail of the different techniques used in our experiment is

elaborated in the proceeding sections.

2.2.1 X-Ray diffraction measurement

X-Rays are electromagnetic radiations. XRD is employed, when X-Rays falls on the surface of
the matcrial. This X-Ray beam is not only absorbed by or transmitted, but also a part of it is
scattered. The incident X-Ray beam interacts with the different planes of atoms and diftract by
crystal planes, which is recorded on the film.

Crystalline structure and composition of different types of samples like thin films, powdcrs and
substrates can be determined by X-Ray diffraction (XRD) technique. X-Ray diffraction
tcchnigue is a non-destructive technique. We use it to determine the crystalline phase which is
present in the sample. A variety of other parameters can also be determined by using X-Ray
diffraction. It determines variety of structural parameters such as pgrain sizc, phase composition,
preferred orientation and defect in structure along with strain,

In crystalline materials, atoms are arranged in periodic manner. In each crystal, therc is a unit
cell describing the properties of the matcrial. Crystal possess a rcpetitive, regular internal
structure [26]. The concept of symmetry, describe the repetition of structural [catures. At
regular intcrval in crystal, there exist parallel planes. These parallel planes are associated to the
direction and distances in the crystal. These intervals are known as “cell constant™ such as a, b
and c. Orthogonal coordinate system is based upon these constants.

Indexing is a process of determining the unit cell parameters from peak positions. To index a
powder diffraction pattern it is necessary to assign Miller indices (h, k, |) corresponding to cach
peak. Miller indices are basically an arbitrary set of planes and it define where the planc
intersects the coordinate axes in integer multiples of a, b and ¢ respectively. The distance d
between hkl planes in a cubic crystal, for which a=b=¢ is known as d-spacing. For cubic phase

the d-value can be calculated from Miller indices (hkl), using the [ollowing relation

a
=i 2.1
hi NERENCENE 2D

In XRD, during this scattering process from a crystal lattice, a peak of scattered intensity are

observed which corresponds to the following conditions
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Figure 2.3: Schematic diagram of X — ray diffractometer
The determination of an unknown structure from diffraction pattern proceeds in (otlowing [7]

o The shape and size of a unit cell are deduced from the angular positions of the
diffraction line

» The number of atoms per unit cell is then computed from the shape and the size of the
unit cell, chemical composition of the sample, and its measured density

« Finally the position of atom within the unit cell are deduced from the relative intensities

of the diffraction lines

The third step is generally the most difficult as there are many structures which are known

incompletely. This step is same as the indexing of power diffraction pattern as its involves

» The accurate determination of peak positions

e Determination of unit cell parameters from the peak positions

2.2.2 Scanning Electron Microscopy (SEM)

One of the most widely used techniques in characterization of nanomaterials and
nanostructures is SEM, whose resolution approaches a few nanometers. The magnilications of
SEM instrument are also easily adjusted from- 10 to over 3000,000.

Principle of SEM is that it uses focused beam of electrons scanning over the surface specimens
{thick or thin specimens). Finally images are produced one spot at a time in a grid-like raster

pattern. Not only does the SEM provides us topographical information as optical microscopes
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» Morphology
(The shape and size of the particles with which the specimen is made up of; direct
relation between these structures and material properties)

¢ Composition
(The relative amount and detection of elements and compounds that the specimen is
composed of; thus direct relation between composition and maicrial properties)

* Crystallographic Information
(Arrangement of atoms in the specimen; thus direct relation between thesc
arrangements and material properties)

* (Cracks and fracture surfaces, bond failures can be analysied with the hclp of SEM
inspection.

» In order to perform compositional analysis on specimens, SEM tay be equipped with
an EDX (Energy Dispersion Spectroscopy) analysis system

» SEM allows a large amount of sample to be focused at one time. It produces a image
that is good representation of the three dimensional sample. Thus SEM inspection has
a large depth of field

* SEM is one of the most heavily used instruments in academic lab research areas and
industry because of the combination of higher magnification, larger depth of field,
greater resolution, compositional and crystallographic information

* SEM application also include roughness measurement, measurement of fractal
dimension, examining fracture surface of metals, characterization of marerials,
corrosion measurement, and dimensional measurements at the nanoscale

+ When SEM is combined with chemical analytical capabilities, it not only provides the
image of the morphology and microstructures of bulk and nanostructured materials and
devices, but can also provide detailed information of chemical composition and

distribution.

2.2.3 Hall Effect measurements

Electrical characterization of materials evolved in three levels of understanding, In the early
1800s, the resistance R and conductance G were treated as measurable physical quantitics
obtainable from two-terminal /-F measurements (i.c., current /, voltage V). Later, it became
obvious that the resistance alone was not comprehensive enough since different sample shapes

gave different resistance values. This led to the understanding (second level) that an intrinsic
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Hall Effect is also used to determine devices characteristics and performance, Depending on
the device in hands we will atain different information. It is a basic electric measurement and

a fundamental way to discover behavior and characterize the following devices.

» Semiconductors (ICs, memory, MOS FETs, bipolar transistors, ctc.)

+ Components {(LEDs, sensors, resistors, etc.)

» New materials {Carbon nanotube, Graphene, Nanowire, GMR, organic decvices, etc.)
s Other electronic devices {photovoltaic cell, clectric circuit, etc,)

There are many parameters which could be extracted from I-V measurements such as threshold

voltage and sub threshold slope and resistance.

2.2.4 Ultraviolet-Visible (UV-Vis) Spectroscopy

For the last 35 years, Ultraviolet and visible spectrometers have been in general use and in the
modern day laboratory it have become the most important analytical instrument over this period.
Other techniques could be employed in many applications but none replacc UV-Visible
spectrometry for its simplicity, versatility, speed, accuracy and cost-effectiveness.

Principle of Ultraviolet-visible (UV-Vis) spectroscopy is that it is used to obtain the absorbance
spectra of a compound in solution or as a solid. During this process, actually the absorbance of
light energy or electromagnetic radiation is observed spectroscopically. This energy is
responsible for the excitation of electrons from the ground state to the first singlet excited state
of the compound or material.

For the electromagnetic spectrum the UV-Vis region of energy covers 1.5 - 6.2 eV
correspondence to the wavelength range of 800 - 200 nm. Basically we can obtain qualitative
and quantitative information of a given compound or molecule from UV-Vis spectroscopic data.
A typical UV spectrotneter is shown in figure 2.6.

Electromagnetic spectrum consists of Ultraviolet (UV) and visible radiation along with other
form of radiation such as radio, infrared {IR), cosmic, and X rays. Encrgy corresponding with

electromagnetic radiation is defined by the following relation:
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We also know that whatever the amount of energy possesses by a molecule, it does not exist in

a continuum but instead present in a series of discrete levels or states. Application of UV Vis

spectroscopy are as

UV/Vis spectroscopy is routinely used in analytical chemistry for the quantitative
determination of different analyses, such as transition metal ions, highly conjugated organic
compounds, and biological macromolecules. Spectroscopic analysis is commonly carried
out in solutions but solids and gases may also be studied.

Solutions of transition metal ions can be colored (i.e., absorb visible light) due to the d
electrons within the metal atoms can be excited from one electronic state to another. The
colour of metal ion solutions is strongly affected by the presence of other species, such as
certain anions or ligands.

Organic compounds, especially those with a high degree of conjugation, also absorb light
in the UV or visible regions of the clectromagnetic spectrum, The solvents for these
determinations are often water for water-soluble compounds, or ethanol for organic-soluble
compounds. (Organic solvents may have significant UV absorption; not all solvents are
suitable for use in UV spectroscopy. Ethanol absorbs very weakly at most wavelengths.)
Solvent polarity and pH can affect the absorption spectruin of an organic compound.
While charge transfer complexes also give rise to colors, the colors are often too intense to
be used for guantitative measurement,

UV-Vis spectroscopy is also used in the semiconductor industry to measure the thickness
and optical properties of thin films on a wafer

UV-Vis spectrometers are used to measure the reflectance of light, the Index of Refraction
(n) and the Extinction Coefficient (k) of a given film across the measured spectral range
The Beer-Lambert law states that the absorbance of a solution is directly proportional to the
concentration of the absorbing species in the solution and the path length. Thus, for a fixed
path length, UV/Vis spectroscopy can be used to determine the concentration of the absorber

in 4 solution

Transinittance and concentration according to Beer’s law is illustrated in figure 2.8
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perpendicular is called s-polarized (s-polarised), accordingly [29). Ellipsometry has a number

of advantapes compared to standard reflection intensity measurements:

« Ellipsometry measures at least two parameters at each wavelength of the spectrum. IT
generalized ellipsometry is applied up to 16 parameters can be measured at each
wavelength.

» Ellipsometry measures an intensity ratio instead of pure intensities. Therefore,
ellipsometry is less affected by intensity instabilities of the light source or atmospheric
absorption.

» By using polarized light, normal ambient unpolarized stray light does not significantly
influence the measurement, no dark box is necessary.

» No reference measurement is necessary,

» Both real and imaginary part of the dielectric function (or complex refractive index)
can be extracted without the necessity to perform a Kramers—Kronig analysis.

» CEllipsometry is especially superior to reflectivity mecasurements when studying

anisotropic samples.
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Chapter 3  Results & Discussions

In chapter 3, we will discuss in detail the results to analyze the structural, optical and electrical
properties of ZnS thin films prepared with different growth parameters and doping materials.

Results of our prepared films related with their structural, optical, electrical and morphological

analysis are as follows,

3.1 Structural analysis

In order to investigate the crystal structure of the film, XRD measurements were performed.
The D8 Discover HR-XRD is used for XRD measurements. Using these XRD results we
investigate the effect of deposition temperature, deposition time along with doping on the
structural properties of thin films.

3.1.1 Effect of temperature

Figures 3.1 show XRD results related to ZnS thin films grown by chemical bath deposition at

two different temperatures i.e 32°C and 84°C

i_’)-wmn
W (002)
Wi(101)
W(111)

g A g = =
£ F T % (a) 32°C
T \ @ & 2 (b) 84°C

w{{wurzite}
s(sphalerite)
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Intensity

10 15 20 25 a0 35 40
Diffraction Angle

Figure 3.1: XRD pattern of ZnS films deposited at different temperature (a) T=32°C
(b) T=84°C
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From above XRD pattern we can concluded that the crystallinity of ZnS thin films increases
with the increase in temperature, In figure 3.1(a) peak (111} and (110) corresponding to cubic
structure of Za$ thin films whereas peaks in figure 3.1(b) also shows the formation of crystal
structure of wurtzite and sphalerite (zinc blende) in Zns thin film (JCPDS card no 77-2100).
Taisuke Iwashita at el. have achieved the similar kind of XRD results for ZnS films grown
through chemical bath deposition method [30].

Grain size is calculated by using the Debye scherrer formula

Where A is the wavelength of X-rays, ff is the angular line width at half maximum in radians
and @ is the Bragg diffraction angle. The micro-strain can be calculated by using the formula
[31]

e =PCOSE) (B 2)

Other parameter such as d-spacing was also calculated by using equation 2.2. Our

corresponding results were as follows

Table 3.1: Structural Parameters of Zn8 films calculated through XRD measurement

Samples Grain Size(nm) d-Spacing(A°) Lattice strain (¢)
ZnS (32°C) 2.01 0.79 0.101
ZnS (84°C) 3.48 1.09 0.134

Similar kind of results for d-spacing were also achieved for ZnS films grown by chemical bath

deposition by Qi Liu at el. [32].

3.1.2 Effect of deposition time

As we have seen in pervious section that the films deposited at 84°C had better structural quality
so we have tried to optimize the film quality by changing the time of deposition by keeping
temperature of bath at 84°C. Figurcs 3.2 show XRD pattern of Zn$S thin films deposited for
three different deposition time i.e., 1.5 hr,, 2 hr. and 2.5 hr. at fixed temperature of 84°C. We
observed more peaks as the deposition time increases, s0 we can assume that the crystallinity

of films got better. From these praph, some other diffraction peak were observed at 20 =[0-
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40°, some of these corresponds to glass, which is amorphous in nature, which is also consistent
with the literature [33). Peak (100), (111), (002), corresponds to cubical structure of ZnS. This
diffraction pattern confirmed the cubical structure of ZnS (JCPDS card no. 72-0613). Grain
size varies from 2.7nm to 3.9nm corresponding to peaks (110) and (111) respectively. Similarly
d- spacing and lattice constant calculated by using equations (2.2) & (3.2) remains the same as

discussed in section 3.1.1.
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Figure 3.2: XRD pattern of ZnS films deposited at different deposition time (84°C)

3.1.3 Effect of Doping in ZnS films

XRD pattern for Cu and Fe doped of ZnS thin films are shown in figure 3.3 & 3.4, There arc
no distinct peaks were observed in both pattern showing the amorphous nature of thin films.
Few diffraction peaks corresponding to (111), (220) and (311) planes show cubical structure
of undoped ZnS§ (Zince blende JCPDS 050566). Similar kind of results for doped samples of
ZnS8 films have achieved [34, 35]. Grain size found to increase due to the doping of Cu and Fe
in ZnS thin films. Other parameters include lattice constant, d-spacing were also calculated.

Our corresponding results were as follows
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Table 3.2: Structural Parameters of doped ZnS calculated from XRD measurements

Samples Grain size(nm) Lattice strain (€) d-spacing value{nm)
Cu doped ZnS 4.6 3.353 6.93
Fe doped ZnS 13.2 7.109 3.53

These values were also calculated from the data using equations (3.1), {(3.2) & (2.2). The
change in lattice paramcters could be well understood by the substitution of Cu®* ions (ionic
radius = 0.73°A ) which is larger than that of Zn* ions (ionic radius = 0.74 °A ) {36]. Similarly
it is well know that ionic radius of Fe** (0.77°A) is close to that Zn®", and therefore it is
reasonable to speculate that it is easy for Fe** to penetrate into ZnS lattice or to substitute the

Zn**. Figure 3.3 and 3.4 shows the XRD pattern corresponding to Fc and Cu respectively.
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Figure 3.3: XRD pattern of Fe doped ZnS thin film
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Figure 3.4: XRD pattern of Cu doped ZnS thin film
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Zhou at ¢l. [38]. Similarly the surface structure become more granular and dense with the

increasing deposition time.

Thus it can be concluded that longer deposition time will allow more time to ZnS nuclei to

settle on the film surface and because of this our film in figure 3.5 appear more dense.

3.2.3 Effect of doping

In the case of doping of ZnS films with Cu and Fe, our SEM images arcas are shown in figures

38.

AEM MAG: 10.00 hx WD D mm
A HY: 10,0 MY Ol IhEadrn
10,00 Dafeirmidryy. 022418

T
vy Y
p L, ’ BEMMAG. 10T hx , WO 540 mun

REM HU: 0.0 kY Dt inibeam
Wl 10.00 Dlate{mJan); O34t

Figure 3.8: SEM micrographs for doped ZnS film (a) Cu doped ZnS (b} Fe doped ZnS

Small aggregates with elongated shape are observed in SEM image of Cu doped ZnS film.
These structure ae due to anisotropic collection within the solution because of formation of
both ZnS and CuS particles, which is consistent with the results reported in the literature [39].
Similarly in case of Fe doped ZnS film we also observed Nano crystalline structure in the form
of rods and spherical clusters. Thus overall we conclude that with doping of ZnS films with Cu

and Fe, we observed change in morphology from granular structure to the tube like structure.

3.3 Electrical properties

In order to investigate electrical properties we used research grade Hall measurement.
Electrical properties are measured, using Nano-chip teliability grade hall effect system. I-V

curves related to our samples are as shown in figure 3.9 and 3.10.
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Figure 3.9: I-V curves of samples (1)ZnS at 84°C(1:30 Hours) (2)Cu doped ZnS (3)ZnS at
32°C(3 Hours) (4)ZnS at 84°C(2:30 Hours) (5)ZnS at 84°C (2 Hours)(6)ZnS at 84°C(3 Hours)

Voitage (V)

Figure 3.10: I-V Curves of sample (7) Fe Doped ZnS

Figures show the 1-V curves of doped and undoped samples of ZnS. In all these figures it had
been observed that current and voltage shows limear behavior. So Zns film does not have semi
conductivity properties as we have not used the dopants suitable to enhance the electrical
conductivity. It is clear from the figures that all the films are highly resistive as the current
measured has very low values, might be corresponding to or comparable to the system noise.

I-V curve of Zn$ thin film grown at room temperature shows slightly higher values of current.
Still the values are lying in pA range. I-V characterization for Fe doped ZnS thin film is
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presented in figure 3.10. Current levels are higher than other films but still not corresponding

to semiconducting regime.

Other parameters such as carrier concentration, conductivity, sheet carrier mobility are so small
that they were out of range to measure. Overall we can say that electrical properties of
chemically deposited ZnS films are not up to mark for device design. We can improve their

quality in future by changing the dopant appropriate to electrical characteristics.
3.4 Optical properties through UV-Vis Spectroscopy

Optical properties of the thin films deposited on glass substrate are determined by using UV-
Vis spectrometer. Details of the measurements and then step by step analysis are given in

coming section

3.4.1 Transmittance

Using Hitachi UV-VIS spectrometer the transmittance spectrum of all thin films was measured.
The transmittance is “Ratio of the transmitted intensity to the incident intensity of the radiation”
Using appropriate equations absorbance, reflectance, along with other optical properties were
calculated from the transmittance values. Figures 3.11-3,13 shows the transmission spectrum

of different samples.
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Figure 3.11: Transmission graph of ZnS deposited at different temperature (3hrs.)
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Figure 3.12: Transmission Graph for ZnS deposited for different deposition time (84°C)
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Figure 3.13: Transmission graph for doped ZnS films with Cu and Fe
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All the samples are semitransparent in nature therefore transmission of our samples, mostly
present in visible region (52%-68%). Qi Liu et.al have achieved the similar kind of results for
Zn8 films grown through chemical bath deposition method [32, 40]. Whereas in the case of
doped samples transmittance value enhanced from almost 0.1% to 0.6%. Thus we can conclude
from these results that our prepared doped samples of ZnS shows high transmittance so
probably it can be used as buffer layer in solar cell. Similarly from figures 3.11-3.13 it is
observed that our samples had a very low transmission in UV region, thus we can conclude

that it can be used as UV shield as depicted by transmittance graphs.

3.4.2 Absorbance

Absorption is the process in which the energy of a photon is absorbed through electronic
fransmission in inter-band or intra-band regime. The absorbance was calculated using

transmittance value through following equation 2.7.

A= logyg {%} ......................... (3.3)
0.8 , . . . . —
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" (a)
o
£ 0.6 §
% Mﬁ- ~
2 ~
(b)
0.4 " T 7 T v T T ¥ —
200 300 400 500 600 700 800

Wavelength{nm}

Figure 3.14: Absorbance graph for ZnS deposited at different temperature (3hrs)
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Figure 3.15: Absorbance graph for ZnS deposited at different deposition time (84°C)
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Figure 3.16: Absorbance graph for doped ZnS with Cu and Fe

A sharp decrease in absorbance is observed in the UV portion for all samples. If we compared
results of all these films, we observe that this decrease is sharp in ZnS films as compared with
the doped one. This observed abrupt increase in absorption is due to the UV cut-off of the used
glass substrate, Thus doped ZnS samples can be made good UV absorber and also in UV

industry can be used as UV sensor.
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3.4.3 Reflectance

Ratio of the reflected to the incident intensity is known as reflectance. It was calculated using

relation as

R=1=(T+A) e, (3.4)
0.4 v v —
(ajaz°c
{b)34°cl _
£
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Figure 3.17: Reflectance graph of ZnS deposited at different temperature (3 hrs.)
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Figure 3.18: Reflectance graph of ZnS deposited at different deposition time (84°C)
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[n this equation Am and ki are the wavelengths corresponding to maximum and minimum

transmission. The calculated thickness of our prepared films is shown in table 3.4.

Table 3.4: Comparison of thickness of ZnS films calculated by UV-Vis transmission &

ellipsometry

Samples Thickness (nm) from UV Vis data Thickness{nm) from
ellipsometry
32°C (3:00 Hours) 29.34 27.13
84°C (3:00 Hours) 33.17 27.16
84°C (1:30 Hours) 29.87 26,77
84°C (2:00 Hours) 30.15 28.04
84°C (2:30 Hours) 32.56 29,05

The calculated thickness in the case of doping with Cu and Fe are shown in table 3.5.

Table 3.5. Comparison of thickness of doped ZnS films calculated by UV-Vis transmission &

ellipsometry
Samples Thickness (nm) from UV Vis data Thickness(nm} from
ellipsometry
Cu doped Zns 32.5 29.15
Fe doped ZnS 28.54 2431

Absorption coefficient calculated through equation (3.5) as a function of wavelength for all
thin films are pletted in figure 3.20 to figure 3.22. Figures show that absorption coefficient of
all samples. It was observed that value of absorption coefficient decreased corresponding to
the wavelength of almost 340nin. Which is consistent with the result achieved by Onwuemeka
ct al. [40]. However it can also observed that with increasing deposition time, somehow an
increasing in extinction coefficient can also be observed in ZnS films from wavelength 400nm
to 900 nm respectively. This behavior of increasing is due to the less adhesivity of ZnS on glass

substrate.
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Figure 3.20: Absorption coefficient graph of ZnS deposited at different temperature (3hrs)
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Figure 3.21: Absorption coefficient graph of ZnS deposited at different deposition time (84°C)
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Figure 3.22: Absorption coefficient graph for doped ZnS with Cu and Fe

3.4.5 Energy band gap

We calculated the band gap of films from UV Vis spectrum data by using tauc plot. Based on
the obtained optical transmission measurements, the square of absorption coelficient (ahv)? is
plotied as a function of photon energy (hv) in figures 3.23-3.25. As it can be seen, (zhv)® vary
almost linearly with hv above the band gap energy (Ey).Accordingly, the following equation

for direct inter-band transition can be applied [44]

(ahv)? = Athu=E) ... (3.7)

Where A is constant. The band gap is obtained by extrapolating the linear portion of the plots
to intercept the hv axis. The band gap energy values of ZnS films grown at different

temperature are shown in table 3.6.

Table 3.6: Band gap values of ZnS Films from UV-Vis transmission

Samples Calculated Band gap ¢V i

ZnS at 32°C (3 Hours) 3,75
ZnS at 84°C (3 Hours) 3.6
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Our doped samples of ZnS with Cu and Fe show an increase in band gap of 3.8 eV 10 3.9 eV
respectively. This band gap were also achieved by Daniela at el for Cu doped thin films of ZnS
grown by chemical bath deposition method [39]. This shift in band gap values after doping
metal is due to the creation of defects levels in the film, which may change the electronics

structure of the material.

3.4.6 Refractive index

The refractive index is given by equation [40]

- [(@y/2)
= LRI e

Plot of refractive index vs wavelength for undoped and doped ZnS films deposited by chemical

bath deposition are shown in Figures 3.26-3.28.
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Figure 3.26: Plot of refractive index vs wavelength A for ZnS films deposited at different

temperature (3 hrs.)
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Figure 3.27: Plot of refractive index vs wavelength A for ZnS films deposited at different
deposition time (84°C)
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Figure 3.28: Plot of refractive index vs wavelength A for doped ZnS with Cu and Fe
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For all the samples refractive index almost increased with increase in wavelength. Whereas a
slightly decreased behavier is observed with Fe doped samples of ZnS films in the visible
range, For Cu doped film, refractive index increases till 450nm and for & larger than 450nm it
almost remained constant. Because of the changing refractive index in spectrum, visible
wavelength can be separated. The reason for this behavior is that each wavelength will be

deviated by different angles. This is reflecting strong dispersion properties of these films.

3.4.7 Extinction coefficient, k

This is the measure of absorption when the radiation travels a distance in the sample equal to

its wavelength in free space. It is also related to absorption coefficient a by [40, 42]

Values of K for different films are calculated from @ and are plotted in fig.3.29-3.31.
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Figure 3.29:: Extinction coefficient graph of ZnS thin films deposited at different temperature
{3hrs)
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Figure 3.30: Extinction coefficient graph of ZnS thin films deposited at different deposition

time (84°C)
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Extinction coefficient first decreases then increases in all ZnS samples. Whereas in case of
doping its value decrease and then remains constant. In the case of a material with direct band
gap such as ZnS the minimum energy of the conduction band and the maximum energy of the
valance band occur at the same k-value, and in order to excite an electron across the forbidden
band a photon of energy Eg is sufficient. So the materials with high or increasing extinction
coefficient probably absorb photons more readily, which are important for excitation of

electrons. Thus ZnS can be used in solar cell design.

3.4.8 Real dielectric constant

Real dielectric constant can be expressed as the ratio of charge on the plates with free space
between the plates (Qo) to charge on the plates with a dielectric medium(Q). This can be find

by the following equation [41]

Dielectric constants basically describe the behavior of a dielectric to an applied electric field

of any frequency.

T T T — T T
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Figure 3.32: Real dielectric constant graph of ZnS thin films deposited at different

temperature (3 hrs.)
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Figure 3.33: Real dielectric constant graph of ZnS thin films deposited at different time (84°C)
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Figure 3.34: Real dielectric constant graph for doped ZnS with Cu and Fe

Figures 3.32-3.34 are related with the graphs of real dielectric constant for all of our samples.
These figures shows that in all samples real dielectric constant almost increased with increasing
wavelength. Thus thin film samples with high dielectric constant can be used in semiconductors

manufacturing process.
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3.4.9 Imaginary dielectric constant ¢

In order to find imaginary dielectric constant we used the equation as [41]

Real dielectric constant can be expressed as the ratio of Qo (charge on the plates with free space
between the plates) to Q (charge on the plates with a dielectric medium). During this some of
the charges will be out of phase with the applied field, lead to energy loss. A measure of that
is imaginary part of dielectric constant. Imaginary dielectric constant for our samples is as

shown in fig.3.35 to fig.3.37.
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Figure 3.35: Imaginary dielectric constant graph of ZnS thin films at different temperature
(3 hrs.)
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Figure 3.36: Imaginary diclectric constant graph of ZnS thin films deposited at different
deposition time (84°C)
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Figure 3.37: Imaginary dielectric constant graph for doped ZnS with Cu and Fe

Figures 3.35-3.37 shows graph for imaginary dielectric constant, calculated by using the
equation 3.10. In all these figures we observed that our prepared samples shows almost a
decreasing behavior for imaginary dielectric. This decreasing behavior of imaginary dielectric
constant is good in the manufacturing process because when losses of charges are minimum in

a product, than we can obtain excellent products in semiconductor industry.

3.4,10 Optical conductivity

The number of photons absorbed per second by the film is optical conductivity. In designing a
solar cell optical conductivity is an important parameter. It is related with absorption coefficient

by following relation [41]
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Figure 3.38: Optical conductivity graph for ZnS thin films at different temperature (3 hrs.)
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Figure 3.39: Optical conductivity graph for ZnS thin films deposited at different deposition
time (84°C}
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Figure 3.40: Optical conductivity of ZnS doped with Cu and Fe



Chapter 3 Results & Discussions 59
. . . .| ]

Optical conductivity variation with wavelength is shown in figures 3.38-3.40. From figures,
we observe that ¢ in all samples shows two different aspects. From the data obtained through
UV-Vis spectroscopy, ¢ increases in UV range and decreases as we move from UV to visible
range. There is a gradually decrease in ZnS thin film deposited at different temperatures and in
the case of doping, whereas in case of different deposition time this gradually decreasing
behavior is not observed. Thus averall in all samples the highest value of optical conductivity

is achieved in UV region, so prepared ZnS films can also be used as UV absorber.

3.5 Ellipsometry

We also determine oplical properties of the thin films deposited on glass substrate are
determined by using ellipsometry and then compared them with those obtained from UV Vis
spectroscopy. Details of the measurements and then step by step analysis are given in coming

section,

3.5.1 Refractive index
Refractive index was recorded through ellipsometry as shown in figure 3.41-3.43. In alt these
figures we observed an increasing trend of refractive index for all samples of doped and

undoped ZnS thin films using chemical bath deposition method.
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Figure 3.41; Plot of refractive index vs wavelength A of ZnS thin films deposited at different

temperature (3hr) from ellipsometry
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Figures 3.42: Plot of refractive index vs wavelength A of ZnS thin films deposited at different
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Figure 3.43: Plot of refractive index vs wavelength A for undoped and doped ZnS with Cu
and Fe from ellipsometry

From comparison of these figures with figures 3.26-3.28 it was observed that, although there
is difference in refractive index values obtained from UV-Vis spectrum and ellipsometry but
the increasing trend of refractive index remains the same. This difference is due to the fact that,

refractive index of glass substrate is also incorporated in ellipsometry. In figure 3.43, it can be
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seen that pure ZnS film has a refractive index value, intermediate between doped samples of

ZnS with Cu and Fe. This is due to the increased stress in films by doping of metals in ZnS.

3.5.2 Extinction coefficient

From ellipsometry we obtained the extinction coefficient as shown in figures 3.44-3.46.
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Figure 3.44: Extinction coefficient graph of ZnS deposited at different temperatures (3 hrs)
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Figure 3.45: Extinction coefficient graph of ZnS deposited at different deposition time (84°C)
Jrom ellipsometry
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Figure 3.46: Extinction coefficient graph of undoped and doped ZnS with Cu and Fe from

ellipsometry

These figures show a decreasing trend for extinction coefficient as the wavelength is increased.
By comparing results for K obtained through ellipsometry and UV-Vis transmission
spectroscopy, it is clear that variation with wavelength is different in two cases. For the data
obtained through UV-Vis spectroscopy, K decreases rapidly and increases as we move from
UV to visible range. The trend is different as the two techniques are measuring slight different
response. UV-Vis spectroscopy measures direct transmission incorporating the effect of
substrate whereas in the case of eilipsometry we try to rule out effect of substrate through

proper models.

3.5.3 Real dielectric constant

Real dielectric constant was recorded through ellipsometry as shown in figures 3.47-3.49.
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Figures 3.47: Real dielectric constant graph of ZnS at different deposition time (84°C) from
ellipsometry
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Figure 3.48: Real dielectric constant graph of ZnS deposited at different temperature

(3 Hrs.) from ellipsametry
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Figures 3.49: Real dielectric constant graph of undoped and doped ZnS with Cu and Fe from

ellipsometry

Figures shows real dielectric constant of all our samples that was obtained through
ellipsometry. In all figures value of real dielectric constant ¢ is increasing and this increasing
trend match well with our UV-Vis transmission results, Thus thin film samples with high

dielectric constant can be used in semiconductors manufacturing process.
3.5.4 Imaginary dielectric constant

From ellipsometry we also obtained imaginary dielectric constant €2, which are as shown in
figures 3.50-3.52. We can observe decreasing trend of imaginary dielectric with wavelength 2,
which is accordance with our UV-Vis spectrum. This behaviour is good, for the manufacturing
process in semiconductor industry. From comparative study with figures 3.35-3.37, diclectric
constant €2 decreases rapidly and then increases as we move from UV to visible range. This
different trend arises due to two reasons. One main reason is the stresses in the films because
of thermal expansion and non-uniform layer of films on glass substrate. Sccond reason is that,
UV-Vis spectroscopy measures dircet transmission incorporating the effect of substrate where

in ellipsometry, we try to rule out effect of substrate through proper model.
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Figure 3.50: Imaginary dielectric constant graph of ZnS deposited at different temperatures

(3 Hrs.) from ellipsometry
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From these calculated values we observed that band gap of our prepared ZnS film decrease
with the increase in temperature, which is consistent with the band gap obtained from UV Vis
spectroscopy data. This decrease in band gap is favorable in designing solar cell. On the other
hand, an additional band gap was also observed in graph, which was attributed to the
conduction band tail states arising from the impurity, doping or due to the formation of both
wurzite and sphalerite structures of ZnS that extends the conduction band. Sajid Al et al. also
achieved similar pattern of dual band gap [45, 46]. Similarly in second case we prepared the
samples at same deposition temperature, but different deposition time. Band gap of these

samples are as

Table 3. 10: Comparison of Band gap values of ZnS films from ellipsometry & UV-Vis

spectroscopy
Samples Band gap eV from Band gap eV from UV-Vis
ellipsometry spectroscopy
ZnS at 84°C (1:30 Hours) 3.0 3.9
ZnS at 84°C (2:00 Hours) 321 3.75
ZnS at 84°C (2:30 Hours) 3.27 3.62
ZnS at 84°C (3:00 Hours) 34 3.60
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Figure 3.54: Band gap values of ZnS films deposited at different deposition time (84°C) from
ellipsometry
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When we change the deposition time we observed that band gap of our samples increased with
increasing in deposition time. This specific behavior of band gap is due to more deposition
time given to ZnS nuclei to settle down on substrate. This behavior is also desirable for many
applications. Now in case of doped samples band gap values are shown in table 3.11.

Table 3.11: Comparison of Band gap values of doped ZnS films from ellipsometry & UV-Vis

spectroscopy
Samples Band gap eV from Bang gap eV from UV-Vis
cllipsometry spectroscopy
ZnS 34 3.60
Fe doped ZnS 3.1 3.9
Cu doped ZnS 33 3.7
—— Pe dopad 2ns|
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Figure 3.55: Band gap values of undoped and doped ZnS with Cu and Fe from ellipsometry

ZnS films doped with Cu and Fe showed decreased band gap of 3.3 eV and 3.1 eV respectively.
These ellipsometry results are different to the band gap obtained by UV-Vis spectroscopy. The
difference in graph patterns is due to the difference in wavelength range of both of the
instruments. Moreover, general equations, irrespective of the samples, are used to analyze UV-
Vis data whereas special models, based on the type of samples, are used in ellipsometry. These
factors resulted i faintly altered band gap values calculated by ellipsometry while the increase
in band gap induced by doping is confirmed as directed by UV-Vis spectroscopy.
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3.6 Conclusions

ZnS thin fitms were prepared by CBD on glass substrate. Certain reaction parameters such as
temperatures and deposition time were varied and corresponding effects on prepared films were
observed. Doped samples of ZnS with Cu and Fe on glass substrate were also prepared by
CBD.

The thickness of films is 26-30 nin, In case of different deposition time, films were covered
with larger particles. The particles were sparsely arranged and the averape particle size
increased with the increase of deposition time. This indicated that longer deposition time would
mainly affect the growth of particle with the same deposition tempcrature. Similarly the grain
size increases and the film surface bccomes more uniform the increasc in the deposition
temperature. This indicates that a higher dcposition temperature will mainly affect the
homogeneous process for the ZnS thin film deposited at the saine time. XRD patterns showced
that all the undoped and doped ZnS films were amorphous whereas XRD pattern of ZnS films
in case of doping induced more amorphous nature as compared with undoped samples. The
band gap of synthesized films was determined by UVY-VIS spectroscopy and ellipsometry. The
calculated ZnS band gap values were in the range of 3.6-3.9 ¢V, while doping incrcased the
band gap of synthesized films up to the values 3.89 eV (Cu doped ZnS) and 3.90 eV (Fe doped
Zn8). Electrical responses of the samples were more or less resistive, SEM images showed an
increase in granular structure with the increase in temperaturc and deposition time.
Furthermore, the addition of Cu and Fe in the ZnS films also induced modifications to
morphology of the films by showing elongated aggregates or rod like structures instead of

spherical ones of undoped ZnS films.

3.7 Future Prospects

Synthesized Zn§ thin films can be utilized in various applications such as solar cells, as a
catalyst and in opto-electronics devices. The properties of the fillms can be modified by
changing the substrate, dopants and certain reaction parameters like precursors, solution pH,
deposition time and deposition temperature. Properties of these films may also be varied by
changing the amount of dopants, dcposition temperature and dopants. In future we will also
observe the corresponding changing in properties of films by changing the amount of dopants

respectively.
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