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ABSTRACT

Zinc sulfide thin films were prepared by chemical bath deposition technique using zinc
sulfate (ZnS0,.7H,0) and thiourea [SC(NH,),] as sources of Zn** and S* ions, and
ammonia (NH3) and hydrazine hydrate (N2H;) as complexing agents. ZnS is an important
semiconductor compound of excellent physical properties such as wide band-gap energy of
3.7 eV at 300 K, high refractive index (2.35 at 632 nm), transparent to practically all
wavelengths of the solar spectrum, non-toxic and environmentally friendly buffer materials
that are suitable for industrial production. A very attractive method for producing ZnS thin
films, due to the possibility of large-area deposition at low cost is the chemical bath
deposition (CBD) method. Chemical bath deposition (CBD) is known to produce solar cell
grade films at simpleness, convenience, a low cost and low temperature. The depositions
were carried out by varying PH of bath solution from 9.3 to 10.1 and keeping bath
temperature fixed at 70 °C for two hours. The thickness of the films was tuned between 72
nm to 319 nm by controlling the ammonia and thiourea concentration. The structural,
stoichiometric proportion, morphology and optical properties of the ZnS thin films were
investigated as a function of thiourea and ammonia concentrations using X-ray diffraction
(XRD), energy-dispersive spectroscopy (EDS), scanning electron microscopy (SEM) and
UV- visible spectro-photometry measurements. X-ray diffraction analysis of the as-deposited
films showed that the films have amorphous structure and poor crystallinity. Energy-
dispersive spectroscopy (EDS) showed that all ZnS thin films exhibited both Zn and S. The
UV-visible spectrophotometric measurement showed that, the transmittance of the ZnS thin
films vary from 45% to 65%, while the band gap vary from 3.85 eV to 3.89 eV for different

ammonia and thiourea concentration.
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1. CHAPTER ONE

1.0 INTRODUCTION

Energy is the prerequisite for creation of wealth and sustainability of development. The
importance of energy in economic development has been recognised historically but the
equitable distribution of energy amongst the masses has always been a matter of great
concern. The cost of energy really came into the picture in the aftermath of the global oil
crisis in the early 1970s. Since then the two key aspects which attracted the global attention

are the cost of energy and related impact on our environment.

Sustainability of development can be ensured by use of sustainable energy resources which
are environment-friendly and available in abundance. And the only possible answer to this
problem is Renewable Energy. Kyoto Protocol echoed the same. The UN also strongly
recommends the increase of share of the Renewable Sources in the energy supply mix which,
at present, is mere 0.8%. Renewable Sources include wind, biomass, geothermal, hydro-

power, ocean thermal and last but not the least Solar.

Owing to the exponential growth of global population, the need for energy is going to be
doubled in coming fifty years. But this huge demand can be met by solar energy alone.
Available data shows that earth receives 3x10?* joule energy per year which is about 10,000
times the present global consumption of energy. In other words, if 0.1% of earth surface is
covered with solar cells of 10 % conversion efficiency it would meet our present demand for
energy. India receives 6.6x10" kWh annually in terms of solar radiation which, figuratively,
104 times our annual consumption of electricity. The use of mere 1% of this insolation can
cater to all energy-related issues in our country. Thus it is needless to say that the huge
potential of solar energy has to be explored in order to harness it efficiently and bring it to the

use of mankind.

It all started in the year 1839, when a French teenager Alexandra Edmund Bequerel reported
the Photo Voltaic Effect for the first time. The major thrust really came in this field of science
in the first decade of nineteen hundred when Einstein was awarded with Nobel Prize for his
pioneering work in Photoelectric Effect. The pace of research in Photovoltaic and opto-
electronics was boosted in the last quarter. With the advancement in the field of

nanotechnology and material science, a huge number of motivated researchers are exploring

1
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this vast area of science and thereby making great contribution towards different methods of
fabrication techniques to produce a cheap, sustainable, environment friendly, highly efficient

solar cell and other nano-electronic devices.

Semiconducting materials play an indispensable role in contemporary electronics. In the early
days of radio and television, transmitting and receiving equipment relied on vacuum tubes,
but these have been almost completely replaced in the last four decades by semiconducting
materials, including transistors, diodes, integrated circuits and other solid-state devices [1].
Such devices have found wide application because of their compactness, reliability, power
efficiency, and low cost. As discrete components, they have found use in power devices,
optical sensors, and light emitters, including solid-state lasers. They have a wide range of
current- and voltage-handling capabilities and, more important, lend themselves to integration
into complex but readily manufacturable microelectronic circuits. They are, and will be in the
foreseeable future, the key elements for the majority of electronic systems, serving
communications, signal processing, computing, and control applications in both the consumer

and industrial markets (Encyclopedia Britannica, 2010).

The study of semiconducting materials began in the early 19th century. The elemental
semiconducting materials are those composed of single species of atoms, such as silicon (Si),
germanium (Ge), and tin (Sn) in group 1V and selenium (Se) and tellurium (Te) in group VI
of the periodic table. During the early 1950s germanium was the major semiconductor
material. However, it proved unsuitable for many applications, because devices made of the
material exhibited high leakage currents at only moderately elevated temperatures. Since the
early 1960s silicon has become by far the most widely used semiconductor, virtually
supplanting germanium as a material for device fabrication. The main reasons for this are
twofold: (1) silicon devices exhibit much lower leakage currents, and (2) silicon dioxide
(Si0,), which is a high-quality insulator, is easy to incorporate as part of a silicon-based
device. Thus, silicon technology has become very advanced and invasive, with silicon

devices constituting more than 95 percent of all semiconductor products sold worldwide.

The potential applications of chalcogenide based materials in electronic and optoelectronic
devices are vast, but has received little attention until recently due to the cheap and wide
availability of silicon based alternatives [2]. Chalcogenide I1-VI, compound semiconductors,
such as zinc sulphide (ZnS) has generated a lot of interest among scientists because of its
extensive use in the fabrication of solid state devices such as solar cells, thin film transistors

and electroluminescent displays.
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ZnS is an important 11-VI group semiconductor with a large direct band gap of 3.5-3.8eV in
the UV range [3]. Zinc sulphide is a white to yellow-colored powder or crystal with
molecular mass of 97.474 gmol™ and density of 4.090 gcm™. It is typically encountered in the
more stable cubic form, known also as zinc blende or sphalerite. The hexagonal form is also
known both as a synthetic material and as the mineral wurtzite. Both sphalerite and wurtzite
are intrinsic, wide-band gap semiconductors. The cubic form has a band gap of 3.54 eV at
300 K whereas the hexagonal form has a band gap of 3.91 eV (Wells, 1984). ZnS has a
melting point (phase transition) of 1020 °C. The cubic form is stable at room temperature,
while the less dense hexagonal form (wurtzite) is stable above 1020 °C at atmospheric

pressure [4].

Zinc Blende

Figure 1.1 Shows Each Crystal Structure

Figure 1.1 shows the sphalerite or zinc blende and the wurtzite crystal structure of ZnS

(chem.ox.ac.uk)

The sphalerite structure can be derived from a cubic close packing of ions, while the wurtzite
structure is derived from a hexagonal close packing scheme. This situation is not that simple
however, because the difference in energy of the two structures is small. Artertonet al.,
(1992) reported that electroluminescent material must contain both sphalerite and wurtzite
phases. The wurtzite type structure predominates when the bonding is primarily ionic

whereas the more covalent systems favor the sphalerite form. The nature of the end product is
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usually dependent on heat treatment temperature, cooling profile, and cooling atmosphere.
One phase can be more suitable than another in certain applications. The cubic phase of ZnS
is not grown as easily as the hexagonal phase, thus making the hexagonal phase more
appealing for electroluminescence device applications (Bellottiet al., 1998). ZnS was used by
Ernest Rutherford and others in the early years of nuclear physics as a scintillation detector,
because it emits light on excitation by X-rays or electron beam, making it useful for X-ray
screens and cathode ray tubes. It also exhibits phosphorescence due to impurities on

illumination with blue or ultraviolet light [5].

ZnS thin films have been found valuable in various devices. The application of ZnS thin films
which cover a wide area of interest are. Antireflection coating for the solar cell [6].
Environmental friendly buffer layer as compared to CdS layer in CIS based thin film solar
cell [7]. Wide band gap material for electroluminescent and optoelectronic devices (Tong et
al., 1996), Photosynthetic coating [8], Blue light emitting laser diodes [9], As a- particle

detector [10].

In thin film solar cells based on CuGaln(S, Se), absorbers, a CdS (Cadmium Sulphide) buffer
layer is generally required in order to obtain high conversion efficiency. However, there are
toxic hazards with respect to the production and use of the CdS layer. Therefore research in
developing Cadmium (Cd) free buffer layers has been encouraged. This has lead to the
investigation of ZnS as a buffer layer in ZnO / ZnS / CulnS; devices [11]. ZnS has a wider
energy band gap than CdS, which results in the transmission of more high-energy photons to

the junction, and to the enhancement of the blue response of the photovoltaic cells.

Zinc sulphide (ZnS) thin films with a wide direct band gap and n-type conductivity are
promising for optoelectronic device applications, such as electroluminescent devices and
photovoltaic cells. In optoelectronics, it can be used as light emitting diode in the blue to

ultraviolet spectral region due to its wide band gap of 3.7 eV at room temperature [12]. In the
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area of optics, ZnS can be used as a reflector and dielectric filter because of its high refractive

index (2.35) and high transmittance in the visible range, respectively.

In recent times, the study of semiconductors in the bulk has been replaced with that of thin
films. Thin film technique is one of the most fully-fledged technologies that greatly
contribute to developing the study of semiconductors by giving a clear indication of their
chemical and physical properties. Thin films have mechanical, electrical, magnetic and
optical properties which may differ from those of the bulk material and are used commonly in
the form of a deposit on a suitable substrate. Presently, rapidly changing needs for thin film
materials and devices are creating new opportunities for the development of new processes,

materials and technologies.

There exists a huge variety of thin film deposition processes and technologies which originate
from purely physical or purely chemical processes. These include vacuum evaporation, spray
pyrolysis, sputtering molecular beam epitaxy, vapor phase epitaxy, chemical vapor
deposition, solution growth, screen printing and electrophoresis. Despite the existence of
these large variety of deposition techniques, searching for the most reliable and economic
deposition technique has always been the main goal. Of all the techniques mentioned
chemical bath deposition is currently attracting a great deal of attention as the techniques is
relatively simple and cost effective, has minimum material wastage, does not need
sophisticated instrument and vacuum, and can be applied in large area deposition at low
temperature. This method uses a controlled chemical reaction to deposit a thin film. In the
typical experimental approach, the substrates are immersed in solution containing the

Chalcogenide source, metal ion, and complexing agent [13].

To make semiconducting thin films useful in any given applications, it is very important to

investigate their optical properties. Optical properties are directly related to structural and
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electronic properties of solids, and hence very important in device applications. A detailed
knowledge of optical properties can provide a huge amount of information about their
structure, optoelectronic behavior, transport of charged carriers, etc. [14]. These are important

parameters for scientists and technocrats to decide its end use.

This thesis is primarily concerned with the fabrication, characterization and the optical

properties of zinc sulphide thin films deposited from chemical baths.

1.1 OBJECTIVES OF THE PROJET

Presently the solar-cell-market is dominated by monocrystalline and polycrystalline silicon
solar cells. The major setback for using these materials is their very high cost of production.
Economics of energy production suffer from this. Again, owing to their indirect band-gap,
these materials are not ideal for fabricating the absorber layer of the solar cell. As for
materials with indirect band-gap the absorption of solar radiation is much inefficient as
compared to the materials having direct-band gap. Therefore thick layer of such indirect-band
gap-materials is required to produce the desired output and hence the economy of energy

production suffers.

The per unit cost of electricity generation from solar cell is the major hindrance in adopting
solar power as a popular source of energy as compared to other conventional technologies of
power generation. Therefore the need-of-the-hour is to develop new materials and explore
new technologies in order to curtail the cost per watt peak of solar photovoltaic power

conversion.

Thin films greatly reduce the amount of semiconductor material required for each cell when
compared to silicon wafers and hence lowers the cost of production of photovoltaic cells.
Gallium arsenide (GaAs), copper, cadmium telluride (CdTe) indium diselenide (CulnSe;) and
titanium dioxide (TiO) are materials that have been mostly used for thin film PV cells &,
These materials have some inherent problems. Thus to study ZnS buffer layer as a strong

contender in thin film technology has really been the main aim of the present work.

In thin film solar cell technology, the major function of the buffer layer (p or n type) is to

create the junction with the absorber layer with minimum absorption losses and to drive the
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generated carries to the electrode. The overall efficiency of the cell depends greatly upon this
buffer layer (or window layer) ZnS, being a high bandgap material, thus has become a
promising material for heterojunction thin film solar cell technology as buffer layer. No
toxicity, availability, high direct band-gap etc. are some of the major advantages of ZnS.

Several technologies for fabricating ZnS thin film has been explore till date.

The research presented in this thesis was motivated by the following objectives:

» To deposit zinc sulphide (ZnS) thin films using chemical bath deposition method
containing zinc sulfate (ZnS0,.7H,0), thiourea[SC(NHy),;], ammonia (NHs) and
hydrazine hydrate (N2Ha).

> To investigate the optical properties, morphology, structure and elemental
composition of the thin films.
> To analyze optical band gap of the thin films with different molar concentration of

ammonia (NH3) and thiourea [SC(NH.)2].

1.2 THIN FILM

In simple terms the word thin film means the layer of a material whose thickness vary in the
range from few nanometers to several micrometers. Thin films find wide range of
applications namely- electronic semiconductor devices, optical coatings, pharmaceuticals etc.

apart from the most common PV solar cell fabrication.

As far as fabrication technologies of thin film goes, it can be broadly classified under two
distinct categories- physical method and chemical method. Thermal evaporation in vacuum,
molecular beam epitaxy, sputtering, pulsed laser deposition etc. are some of the widely used
Physical methods whereas — Electrochemical Deposition (ECD), Chemical Bath Deposition
(CBD) and Successive lonic Layer Absorption Reaction (SILAR) method etc. are the
commonly used Chemical Methods.

1.2.1 ZNS AS A BUFFER LAYER

Thin layers of ZnS have been successfully used as a substitute to the highly toxic CdS buffer
layer in heterojunction solar cells and photovoltaic devices with conversion efficiencies
>15%. It is also interesting to use ZnS as a window material in order to exploit its wide band

gap to increase the blue response of the solar cell device further and reduce the interface
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defects. If ZnS is to be used as a window layer in solar cells, its electrical resistivity is to be

decreased by several orders of magnitude as undoped ZnS layers are highly resistive in nature

with the electrical resistivity of ~10’Qcm. An effective way to decrease the electrical

resistivity of ZnS films is to dope the layers by suitable dopants such as Al, Ga and Cu

without affecting its optical behavior.

1.2.2. WHY ZnS?

The ZnS-based buffer layer is one of the most popular candidates for replacing the CBD CdS.

This buffer demonstrated the highest CIGS-based solar cell efficiencies, is nontoxic and is

relatively less costly.

Certain properties pertaining to ZnS are unique and advantageous:

YV V. V V V V

Non-toxic nature

Environment friendly

It belongs to the group of 11-VI compounds.

It is a n-type semiconductor material ZnS has a direct band-gap.

It has the largest band-gap amongst group I1-VI compounds.

ZnS is also important because of its higher transmission, high refractive index, and
linear and nonlinear absorption, indicating that it finds wide applications in
optoelectronic fields as deep-blue light emitting devices or a base material for
phosphors.

ZnS has a larger bandgap of 3.72 eV and 3.77 eV (for cubic zincblende (ZB) and
hexagonal wurtzite (WZ) ZnS, respectively. Therefore it is more suitable for
ultraviolet (UV)-light based devices such as sensors/ photo detectors. On the other
hand, ZnS is traditionally the most suitable candidate for electroluminescence devices.
High optical transmittance of >85% in the visible region that can enhance the blue

response of the device.

1.3 JUSTIFICATION OF THE PROJECT

Efforts have been made currently for finding new materials for low cost energy conversion.

Among the materials of recent research interest are CdS, CdSe, ZnSe, ZnS, etc., which fall in

the group of 11-VI family of compounds [15], due to their photo- and electro- luminescence
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properties and promising applications in optoelectronics. The recent surge of activity in wide
band gap materials like ZnS has arisen from the need for electronic devices operating at high
power levels and high temperatures. ZnS is an attractive material due to its properties like

direct band gap and transparency over a wide range of the visible spectrum.

1.3.1 REASONS FOR CHOOSING THE CHEMICAL BATH DEPOSITION
TECHNIQUE

There is considerable interest in the deposition of compound semiconductors by methods
which involve relatively low capital expense and are technically undemanding on the
experimentalist. One process to meet these criteria is Chemical Bath Deposition (CBD). Such
processing methods are particularly appropriate for the production of devices for which large
areas substrates and low cost are essential such as solar cells. The CBD method is hugely
attractive since the technique possesses a number of advantages over conventional thin-film
deposition methods. The main advantages of the CBD method are low cost, low evaporation
temperature and easy coating of large surfaces. In addition, this method is free of many
inherent problems associated with high-temperature techniques; these problems include

increased point defect concentrations, evaporation and decomposition of ZnS thin films.

1.3.2 WHY INVESTIGATE THE OPTICAL PROPERTIES, STRUCTURE, AND
MORPHOLOGY OF THE THIN FILM

Several authors have reported the deposition of zinc sulphide thin films containing various
chemicals of varying concentrations and under different deposition conditions. However,
semiconductor devices based on thin films strongly depend on the structural and optical
properties of films obtained from various experimental conditions such as temperature, pH of
the solution, stirring and rate of deposition. These conditions can cause the structural and
optical properties of films as well as qualities, such as distribution of states within the film to

differ, and hence the need to investigate these properties for any preparatory method used.


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

2. CHAPTER TWO

2.0 LITERATURE REVIEW

The solids known as semiconductors have been the subject of very extensive research over
recent decades, not simply because of their intrinsic interest but also because of ever more
numerous and powerful applications: rectifiers, transistors, photoelectric cells,

magnetometers, solar cells, reprography, lasers, and so forth.

Starting with the development of the transistor by John Bardeen, Walter Brattain and
William Shockley at Bell Telephone Laboratories in 1947, the technology of semiconductors
has exploded. With the creation of integrated circuits and chips, semiconductor devices have
penetrated into large parts of our lives. The modern desktop or laptop computer would be
unthinkable without microelectronic semiconductor devices, and so would a myriad of other

devices [16].

In recent times, the study of semiconductors in the bulk has been replaced with that of thin
films. Involvement with thin films dates to the metal ages of antiquity. As a modern science,
thin films have been prepared ever since vacuum systems first became available, but
deposition as a means of producing films for device purposes is a development of the past 40
years. Thin metallic film coatings on glass or plastic were among the first to be exploited for
optical purposes, ranging from mirrors to sunglasses, and this still continues as a major,

typically high vacuum, high throughput business.

Semiconductor thin film technology has attracted much attention, because of its matchless
size dependent properties and applications in the optoelectronics devices, solar cells, sensors

and laser materials. As thin film deposition processes have developed very rapidly over the
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past 25 years, particularly in the context of semiconductor devices, processes have become

highly specialized [17].

Sulphide thin films such as zinc sulphide (ZnS) has generated a lot of interest among
scientists because of its extensive use in the fabrication of solid state devices. There is a
diverse range of applications of thin films of this semiconductor and this is reflected in the
large amount of literature available on its properties reported by various authors using

different deposition techniques.

In [18] successfully produced semiconductor thin films of copper sulphide (CuS) and zinc
sulphide (ZnS) on glass microscope slides at 320 K and pH values of 7, 9, 10, 11 and 12
using improved chemical bath deposition method. The results show that pH increases with
the optical and solid-state properties (such as transmittance, energy gap, refractive index,

absorption coefficient, dielectric constant, thickness and so on) of the films.

The results obtained by [19], the optical absorbance of ZnS thin films for wavelengths in the
infrared (up to 1100 nm) and visible spectrum showed that ZnS is practically non-absorbing
in these regions. Similar behavior was observed by [20] in the visible region. ZnS films
deposited on the glass substrate at room temperature have shown an enhanced absorption in
the neighborhood of A = 330nm [21] and were expected to have a fine grained structure. The
absorption peak shifts towards longer wavelength with increasing thickness. [8] also observed
that some ZnS films have high absorbance (~ 0.56) in the near infrared and low absorbance

(~0.01 -0.1) in the ultraviolet and visible region.

In 1951, Rood reported that rapidly evaporated ZnS films had a high optical absorption and
claimed that the deposition rate for producing good quality films should be about 0.16 nms™.
[22] found that the rapidly deposited ZnS films (1.6 nms™) had considerable light absorption,

but the films formed at about 0.5 nms™ had negligible absorption. He claimed that large ZnS
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crystals are formed at high deposition rates and this increased the amount of light lost by
scattering within the film. The result was opposite to the general experience because the grain
size of most substances falls as the rate of deposition increases. Decomposition of evaporant
may explain the greater light absorption of rapidly deposited ZnS thin films. At high rates of
evaporation corresponding to high source temperature, free zinc atoms may be trapped in the
condensed film. At low evaporation rates decomposition may be less and there is also ample
opportunity for free zinc atoms to oxidize either at the condensing surface or in the region of
the source. Zinc oxide has a refractive index comparable to that of ZnS and if present in the

deposit would not be easily detected.

ZnS films prepared by [23] using resistive heating technique had high transmittance (60-99
%) in the visible and near infrared region. ZnS thin films coated on Ge using ionized cluster
beam (ICB) method were found to have a transmittance of 96 %. So they are useful as an
antireflection coating for the optical transmission window. [24] deposited the (Cd, Zn)S thin
films on Corning 7059 glass substrate using chemical bath deposition (CBD) technique for
photovoltaic devices. Thin films with zero concentration of Cd demonstrated more than 70 %
transmittance at Wavelengths longer than 600 nm. ZnS films grown by [8] had high
transmittance (~ 64-98 %) in the visible and near infrared regions. He also observed that
some of the films had low transmittance (~ 30-37 %) in near infrared region and high
transmittance (~ 78-98 %) in the visible and ultraviolet region. The transmittance of ZnS
films grown on polyester foils [25] using successive ionic layer adsorption and reaction

method was more than 60 % above 400 nm.

In, [9] It has been reported that ZnS films deposited at high rates and low pressures are found
to exhibit bulk values of refractive index when evaporated at room temperature. [20]
observed that the refractive index for thinner ZnS films were lower than those for thicker

films. The presence of voids, more marked in the thinnest films gave rise to the mean
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refractive index below that of bulk material. [22-23] found that refractive index vary with the
wavelength of the incident light, whereas for the films analyzed by Nesmelov et al., (1984)
refractive index seems to be dependent on the growth rate. The refractive index of bulk ZnS

is 2.4 [26].

[25] grew ZnS thin films using successive layer adsorption and reaction (SILAR) technique
on soda lime glass, ITO - and Al,O3 - covered glass and Si substrate and found that the films
were inhomogeneous and of poor quality. According to them, the XRD analysis showed that
their ZnS films were polycrystalline and presumably cubic. The refractive indices varied

from 2.07 to 2.19 on glass grown ZnS films and from 2.15-2.30 on ITO — covered glass.

In 1960, W. Crawford Dunlap, Jr. estimated the band gap ZnS by means of
photoconductivity and optical process and came out with 3.67 eV and 3.58 eV respectively.
He attributed the difference in energy gap to experimental error or to a temperature difference

in band gap, amounting to 3x10™ eV.K™,
2.1 PRINCIPLES OF CHEMICAL BATH DEPOSITION (CBD)

As mentioned in chapter one, CBD method is most commonly used because it is a very
simple, cost effective and economically reproducible technique that can be applied in large
area deposition at low temperature. Chemical bath deposition is used to deposit thin films of a
wide-range of materials [27]. The deposition mechanism is largely the same for all such
materials. A soluble salt of the required metal is dissolved in an aqueous solution, to release
cations. The non-metallic element is provided by a suitable source compound, which
decomposes in the presence of hydroxide ions, releasing the anions. The anions and cations
then react to form the compound [28]. The source materials used in this work were zinc

chloride (ZnCl,) and thioacetamide (C,HsNS).
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This technique is based on the controlled release of metal ion (M**) and sulphide (S*) or
selenide (Se’") ions in an aqueous bath in which the substrates are immersed. In this process,
release of metal ion (M?*) is controlled by using a suitable complexing agent. The deposition
begins with nucleation phase followed by growth phase in which the thickness of film
increases with duration up to the terminal phase where film depletion into constituent ions

occurs after a certain time.

Typical CBD processes for sulphides employ an alkaline medium containing the
chalcogenide source, the metal ion and added base. A chelating agent is used to limit the
hydrolysis of the metal ion and impart some stability to the bath, which would otherwise
undergo rapid hydrolysis and precipitation. The technique under these conditions relies on the
slow release of ions into an alkaline solution in which the free metal ion is buffered at a low
concentration. There are a few reports of the CBD of the binary ZnS [7-8, 29]; the most
convincing studies demonstrate that the production of good quality thin films is very difficult
by conventional chemical bath systems (Al-Kuhami et al, 2000) due to the stability of
hydroxyl species. Unlike, cadmium and lead chalcogenides in which the formation of
hydroxide species in solution is an important factor for the formation of high quality films,
ZnS is not favored with the hydroxide formation. The relatively small difference in the
solubility products of zinc sulphide and zinc hydroxide leads to possible competition between
the formation of sulphide and hydroxide in alkaline solutions, with the presence of significant
quantities of oxides or hydroxides observed in CBD zinc sulphide films [11,30]. For this
reason, hydroxide formation needs to be minimized in order to form quality CBD zinc
sulphide thin films [31]. This has led to development of a more favourable medium for

formation of ZnS thin films.

In, [11] the author developed the deposition of ZnS from acidic solutions in which urea

hydrolysis is used to control the pH and produced among the best ZnS films reported to date.
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Roy et al. prepared ZnS films using tartaric acid and hydrazine hydrate as complexing agents
[32], whereas Long et al. used tri-sodium citrate and hydrazine hydrate [33]. Agawane et al.
[34] and Vallejo et al. [35] used tri-sodium citrate and ammonia. However, ammonia and
hydrazine hydrate are still popular choices for complexing agents [36-38,39]. Dona and
Herrero reported that the quality and growth rate of ZnS thin films were improved by
addition of hydrazine hydrate to a reaction system containing ammonia [32]. Oladeji and
Chow observed a lack of film growth if hydrazine hydrate or ammonia was used as the only

complexing agent [38].

Two distinct models (ion-by-ion and cluster-by-cluster) have been discussed for the CBD
growth mechanism [34, 40]. The reaction mechanism for CdS thin films is believed to be ion-
by-ion growth. Although there have been many studies of CBD-ZnS, no definitive
mechanism has been established. Some researchers have proposed that ZnS film growth
entails adsorption of colloidal particles from solution onto the substrate (cluster-by-cluster
mechanism) [41,42] but others suggested that the growth mechanism involves heterogeneous
nucleation on the substrate surface and subsequent growth of nuclei in an ion-by-ion process
[43,44]. The morphology, stoichiometric composition and structure of ZnS thin films strongly
depend on the growth mechanism. ZnS thin films with differing morphology, such as fibrous-

like [45], micro scale [46] and Nano scale structures [47,48], have been obtained by CBD.

We prepared ZnS thin films by CBD using ammonia and hydrazine hydrate as complexing
agents, and zinc sulfate and thiourea as sources of Zn** and S ions. The effects of thiourea
and ammonia concentrations on the surface morphology, optical properties and deposition
mechanism for ZnS thin films were investigated. We previously observed that hydrazine
hydrate is always necessary to obtain ZnS and ZnSe thin films by CBD [49]. However, the
exact role of hydrazine hydrate in the chemical deposition of ZnS and ZnSe thin films

remains uncertain. We hypothesized that hydrazine hydrate might play a complexing and/or
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catalytic role in the deposition process and thus improves the growth rate, compactness and

adherence of CBD-ZnS and -ZnSe thin films.

2.2 CLASSIFICATION OF SOLIDS

There are diverse ways of classifying solids, but perhaps the most useful division is into
crystalline, polycrystalline and amorphous. Each type is characterized by the size of an
ordered region within the material. An ordered region is spatial volume in which atoms or
molecules have a regular geometric arrangement or periodicity. Figure 2.1 shows the three
structural orders [50]. It should be noted that the majority of semiconductors used in
electronic applications are crystalline materials, although some polycrystalline and
amorphous semiconductors have found a wide range of applications in various electronic

devices, [51].

SE0e
<

@) (b) (c)

Figure 2.1 Schematics of the three general types of structural orders

(a) amorphous, (b) polycrystalline, (c) crystalline

2.2.1 CRYSTALLINE SEMICONDUCTORS

In crystalline materials, the atoms are arranged in a periodic, regularly repeated three-
dimensional pattern—thus presence of long-range order. The universe of traditional solid
state physics is defined by the crystalline lattice. The principal actors are the elementary

excitations like phonons, polarons, magnons etc. in this lattice. Another is the electron that is
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perhaps the principle actor in all of solid state physics. By electron in a solid we mean

something a little different from a free electron [16].

A. H. Wilson showed in 1931 how the electronic band theory of crystals developed by F.
Bloch can be applied to the understanding of semiconductors. Properties such as the negative
temperature coefficient of electrical resistivity follow naturally from Wilson’s theory. The
key ingredients are the Bloch states which are the Eigen states of an electron moving in the
periodic potential of a crystal. The energies of the Bloch states cannot take on all possible
values, but are restricted to certain allowed regions or bands separated from one another by
forbidden regions called band gaps or energy gaps. Band theory and its outcome-effective
mass theory-has allowed us to understand the difference between metals, insulators and

semiconductors and how electrons respond to external forces in solids [52].

Information about the structure of solids can be obtained by plotting the so-called radial
distribution function, which is the probability, P(r), of finding an atom at a distance r from a
given atom. In crystalline solids, such a radial distribution function exhibits series of sharp
peaks indicative of the long-range order. The curve representing an amorphous material
indicates the presence of the short-range order only. This also implies that the number of
nearest neighbors to any given atom, on average, is not much different from the

corresponding number in the crystalline material.

The electronic band structure of crystalline semiconductors is substantially different from that
in the amorphous semiconductors. In crystalline materials, the periodicity of the atomic
structure and the presence of long-range order result in a band structure with allowed and
forbidden electronic levels, with sharp band edges and a fundamental energy gap separating
valence band from the conduction band. In amorphous semiconductors, there is still a

fundamental energy gap based on the short-range bonding between the atoms; however, the
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sharp band edges of the crystalline semiconductor are replaced in the amorphous materials by
exponential band tails due to localized states related to the structural disorder (i.e., bond
length and bond angle deviations that broaden the distribution of electronic states); in
addition, defects (i.e., dangling bonds) introduce electronic levels in the energy gap [51].
From observations and measurements we find that it is the regular crystalline structure that
leads to certain special properties and behavior of the associated materials [53]. The
advantage of crystalline material is that, in general, its electrical properties are superior to
those of a nonsingle-crystal material, since grain boundaries tend to degrade the electrical

characteristics [53].

[54] reported a new, simple and lost cost process to prepare large-scale single crystalline ZnS
nanowires based on thermal evaporation of sulfide powders under controlled conditions with
the presence of Au catalyst. Report ©® of a hydrothermal preparation of hexagonal ZnS
nanowires based on the thermolysis of a novel lamellar covalent organic-inorganic hybrid

chalcogenide, ZnS.0.5 EN, in a hot aqueous solution, had been made.

2.2.2 POLYCRYSTALLINE SEMICONDUCTORS

In polycrystalline materials, numerous crystalline regions called grains, have different
orientation and are separated by a grain boundary. That is, they have a high degree of order
over many atomic or molecular dimensions. These ordered regions or single-crystal regions

only vary in size and orientation with respect to one another [50].

These semiconductors can be further classified as (i) microcrystalline and nanocrystalline
materials that are usually prepared as thin films and (ii) large grain materials in the form of
sliced ingots and sheets. The grain size in polycrystalline materials depends on the substrate
temperature during thin film growth, the thickness of the film and also on post-growth

annealing treatment of the film. It is important to consider here that many solids are
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incorrectly described as being amorphous, but are in fact microcrystalline or nanocrystalline
with small crystallite sizes which fail to give crystalline X-ray diffraction patterns. However,
often these materials can be confirmed as crystalline using electron diffractions, with lattice
images routinely obtained from particles in the range of 5 nm. The grain boundaries generally
have an associated space-charge region controlled by the defect structure of the material and
the grain boundaries are paths for the rapid diffusion of impurities affecting various
properties of polycrystalline materials. An important consequence of the presence of potential
barriers on grain boundaries in a polycrystalline semiconductor is the increase of its electrical
resistivity. One of the important processes is the decoration of grain boundaries, that is, the
process in which precipitates of impurity elements segregate to the boundaries. In general, the
grain boundaries introduce allowed levels in the energy gap of a semiconductor and act as
efficient recombination centers for the minority carriers. This effect is important in minority-
carrier devices, such as photovoltaic solar cells and it is expected that some of the photo
generated carriers to be lost through recombination on the grain boundaries. Typically, the
efficiency of the device will improve with increasing grain size. In this context, the columnar
grain structure (i.e. grains in a polycrystalline material extend across the wafer thickness) is
more desirable as compared to the material containing fine grains that do not extend from
back to front of a device structure. In order to prevent significant grain boundary
recombination of the minority carriers, it is also desirable that the lateral grain sizes in the
material be larger than the minority carrier diffusion length. It should also be mentioned that
the possible preferential diffusion of dopants along the grain boundaries and or precipitates of
impurity elements segregated at the boundaries may provide shunting paths for current flow

across the device junction.

It should also be noted that hydrogen passivation of grain boundaries in polycrystalline

silicon devices, such as photovoltaic cells, is an effective method of improving their
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photovoltaic performance efficiency. This improvement is associated with the mechanism

similar to that of the passivation of dangling bonds in amorphous silicon [51].

[55] prepared transparent and polycrystalline zinc sulfide (ZnS) thin film by the chemical
bath deposition (CBD) technique onto glass substrates deposited at 80 1C using aqueous
solution of zinc acetate, thiourea, triethanolamine and tri-sodium citrate at a pH of about
10.55. Triethanolamine and tri-sodium citrate were used as complexing agents. [56] Had
reported ZnS preparation by chemical vapor deposition (CVD) followed by hot isostatic
pressing (HIP). The HIP process (uniform compression in a gaseous environment at high
temperatures) is known to improve the optical and mechanical properties of polycrystalline

zinc sulfide.

2.2.3 AMORPHOUS SEMICONDUCTORS

In contrast to crystalline materials amorphous semiconductors have only short-range order
with no periodic structure see Figure 2.3 These materials can be relatively, inexpensively

produced as thin films deposited on large area substrates [50].

An interesting aspect of thin film deposition techniques is that they facilitate the formation of

amorphous metal and semiconductor structures relative to bulk preparation methods [17].

What happens to the electron energy band model in a solid without regular crystalline order?
The Bloch theorem is not applicable when the structure is not periodic, so that the electron
states cannot be described by well-defined k values. Thus, the momentum selection rule for
optical transitions is relaxed; hence all infrared and Raman modes contribute to the
absorption spectra. The optical absorption edge is rather featureless. And since momentum
conservation rules or direct and indirect optical transitions no longer apply, in the case of
amorphous silicon, e.g., this results in very high absorption coefficient, allowing the use of
only micrometer scale thin films for absorption of solar energy. As previously noted, allowed
bands and energy gaps still occur because the form of the density of states (DOS) versus
energy is determined most strongly by local electron bonding configurations.
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In amorphous semiconductors, charge carriers may be scattered strongly by the disordered
structure, so that the mean free path may sometimes be of the order of the scale of the
disorder. [57] Proposed that the states near the band edges may be localized and do not
extend through the solid. It should be noted that the transition from the localized states to the
extended states results in a sharp change in the carrier mobility, leading to the presence of the
mobility edges or the mobility gap. The carrier mobility in the extended states is higher and
the transport process is analogous to that in crystalline materials; whereas in the localized
states, the mobility is due to thermally-activated tunneling between those states (i.e., hopping
conduction) and it is lower as compared to the extended states. Thus, Anderson localization
transition caused by random local field fluctuations due to disorder can lead to “mobility
edges” rather than band edges as illustrated in Error! Reference source not found. and hence,
ather than an energy gap one has a mobility gap separating localized and non-localized or
extended states [16, 51, and 58].

Density of states

Extended states

ﬂended states

Valence band Mobility gap = Conduction band

; |- Localized, low — mobility states

» Energy

E, Lowmobiity  Eo
Figure 2.2 Area of mobility between valence and conduction bands

Two distinct classes of amorphous semiconductors are widely studied: tetrahedrally-bonded
amorphous solids such as silicon and germanium and chalcogenide glasses. The latter are
multicomponent solid of which one major constituent is a “chalcogen” element—sulphur,

selenium, or tellurium [58].

The tetrahedrally-bonded materials have properties similar to those of their crystalline forms,
provided the dangling bonds defects are compensated with hydrogen. They can be doped with
small amount of chemical impurities and their conductivity can be sharply modified by
injection of free carriers from a metallic contact. By contrast, the chalcogenide glasses are

largely insensitive to chemical impurities and to free carrier injection.
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In amorphous materials, defects are of different kind as compared to crystalline materials. In
the case of amorphous materials, the main defects are those related to the deviations from the
average coordination number, bond length and bond angle; other defects include, e.g.,

dangling bonds, deviations from an optimal bonding arrangement and micro voids.

Si:H bond

creenenneee D@Ngling
bond

Figure 2.3 Schematic illustration of a two-dimensional continuous random network of atoms
having various bonding coordination

As mentioned above, in amorphous semiconductors, the allowed energy bands have band
tails in the energy gap [51]. Consider a degenerate direct band gap p-type semiconductor.
One can excite electrons from states below the Fermi level, E;, in the valence band where the
band is nearly parabolic, to tail states below conductions band edge, E., where the density of
states decreases exponentially with energy into the band gap, away from E.. Such excitations
lead to absorption coefficient, @, depending exponentially on photon energy, Av, a

dependence that is usually called the Urbach rule, given by

a=ag exp [(hv-Eg)/4E]

where oy and Eq are material- dependent constants and 4E, called the Urbach width, is also a
material-dependent constant. The Urbach rule was originally reported for alkali halides. It has

been observed for many ionic crystals, degenerately doped crystalline semiconductors and
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almost all amorphous semiconductors. While exponential band tailing can explain the
observed Urbach tail of the absorption coefficient vs. photon energy, it is also possible to
attribute the absorption tail behavior to strong internal fields arising, for example, from
ionized dopants or defects. Temperature-induced disorder in the crystal is yet another
important mechanism that leads to an Urbach exponential absorption tail [14]. The typically
observed exponential energy dependence of the absorption edge or the Urbach edge provides
an important parameter for characterizing the material’s quality and it usually depends on the
deposition method and deposition conditions. Thus as already noted above, in amorphous
materials the exponential band tails are related to the structural disorder, i.e., bond length and
bond angle deviations that broaden the distribution of electronic states; hence, the slope of the

Urbach edge can be related to the material’s quality [59].

2.3ZnS FABRICATED BY PHYSICAL METHOD OF FABRICATION

2.3.1 THERMAL EVAPORATION PROCESS

Thermal evaporation is the most common method in producing thin film because the
advantages of thermal evaporation are stability, reproducibility, and high-deposition rate. It is
well known that the optical parameters of thin-film materials are generally different from

those of the same materials in bulk form.

[60] Used acetone- ethanol-cleaned quartz substrates of 2.5-cm diameter. The base vacuum
level was maintained at 3.0 x10-3 Pa, and the deposition pressure was about 5.0x10-3 Pa.
The substrates were placed in a rotating holder and kept at a distance of 30 cm from the
evaporation source. The rotating substrate- holder helped in obtaining uniformly thick film
.They kept electric current for evaporation at 130 A. The nominal film thickness was
controlled by an optical thickness monitor. The reference wavelength of optical monitor was

620 nm.

In, [61] the author used ultrasonically cleaned 2—4Qcm n-type (1 0 0) Si wafers. After that
they deposited gold film on the cleaned substrates for about 15 s under 10-1 Torr at 100V and
20mA by using an E 1001 film deposition system. Their synthesis was based on thermal
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evaporation of ZnS powders under controlled conditions with the presence of Au films used
as catalyst. They performed experiments in a traditional tube furnace system. The ZnS
powder was placed at the center of reaction tube and the treated Si substrates were placed
next to the ZnS powders and along the downstream side of the flowing argon. Typically, the
ZnS source temperature was controlled at about 1293 K. During the growth process of ZnS
nanostructures, the 200 sccm Ar and 5 sccm H2 were introduced into the reaction tube and

the total pressure was kept at about 150 Torr.
2.3.2 RF MAGNETRON SPUTTERING

Rf magnetron sputtering is one of the cost-effective methods capable of preparing the thin

films. This method provides precise structural control at atomic or nonoscale level.

[62] Prepared ZnS film by RF reactive sputtering using Soda Lime glass and Si wafer of 1 in
x 1 in as the substrates. Zinc plate was used as the target and mixture of H2S and Ar were
used as the reactive gases. All depositions were done at a constant gas pressure of 60 mTorr
for 30 min. The chamber was first pumped down to about 1.2x10-6 Torr, and a sputter-etch

of 5 min. were done to remove the target surface contamination in each run.

[63] had prepared zinc sulfide (ZnS) target was by taking a suitable aluminum holder (2 in.
diameter) and compacting the ZnS polycrystalline powder (99.99%) by applying a suitable
hydrostatic pressure (~100 kg/cm2). The fabricated ZnS target was placed in the radio
frequency magnetron sputtering (13.56 MHz) chamber for the deposition of nanocrystalline
thin films. They used glass and Si as substrates. The glass substrate was cleaned by soap
solution, boiling water, ultra sonication, and finally by alcohol vapor for degreasing. The Si
wafer was etched by HF (20%) solution for 5 mins. and then sonicated. The chamber was
evacuated by to a base pressure of 10-6 mbar. During sputtering, they maintained working
pressure ~0.1 mbar by introducing argon as a sputtering gas. For polycrystalline film
synthesis by sputtering, in general the sputtering pressure is kept low ~10-3 mbar. But they
used comparatively higher pressure (~10-1 mbar) sputtering to increase the scattering
probability of the ejected target materials with the plasma neutrals in between the electrodes.

Before starting the actual deposition, the target was pre-sputtered and the substrates were
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covered by a movable shutter. The sputtering was performed in a RF magnetron sputtering
(13.56 MHz) chamber with an effective RF power 170 watt. The target to substrate distance

was 3 cm and the substrate temperature was varied from 233 to 273 K,

2.3.3 PULSED LASER DEPOSITION

PLD technique was first used in 1965. This method is currently being used to deposit multi-
component ceramic thin films for next generation ceramic devices. PLD deposited metals and
alloys at evacuated condition at room temperature shows significant difference in
microstructure when compared to conventionally deposited films. This variation is mainly
due to the ablated atoms and ions. This method of fabrication is advantageous because it does
not require high substrate temperature, as the kinetic energy of the source atoms are sufficient
enough to gain mobility. The morphology and stoichiometry of the films can be precisely
controlled. It suffers from the drawbacks like nonuniformity of the film and presence of

particles on the film surface.

[64] Prepared ZnS thin film by this method on a Si (100) substrate. Prior to deposition, they
cleaned the substrate by ultrasonication, methanol, isoporpanol sequentially. They grinded
the ZnS powder and then annealed it at 300°C for 3hrs at base pressure of 10-5 Torr. Then it
was cold pressed at 15.5x 108 Pa on 1.27 cm dye. The growth process was carried out in a
vacuum chamber with a base pressure of 10-5 Torr. They used a Lambda-Physik EMG
103MSE XeCl LASER with a wavelength of 308 nm for ablation. The LASER pulse energy
was kept at 123 mJ with a repetition rate of 10 Hz. Target to substrate distance was kept 3.5

cm.

[65] Used a KrF excimer laser operating at 248 nm. The laser beam of energy density 8.8
J/icm2 with a repetition rate of 5 Hz was used to ablate from the sintered ZnS target. Before
deposition, the chamber was pumped down to a base pressure of 1.0 x10-5 Torr. The distance
between the target and substrate was maintained at 4 cm. During deposition, argon gas with a
flow rate of 20 cm was fed through the mass flow controller into the chamber, and a working

pressure of 0.1 Torr was maintained. The deposition time of ZnS thin films is 60 min.

25


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

2.3.4 CLOSED SPACE EVAPORATION (CSE)

This is a low cost and non-wet technique that has good control over the rate of deposition.
The loss of material could be reduced during the film growth in this technique. As a result of
the high kinetic energy of the vapors, highly adherent and uniform layers can be achieved.
Y.P. Venkata Subbaiah et al. used ultrasonically cleaned Corning 7059 glass slides as
substrates for depositing ZnS films. 5N pure ZnS powder, procured from Koch Chemicals
Ltd., England was used to produce the layers. The films were deposited at different substrate

temperatures that vary in the range, 200— 350 °C.
2.4 ZnS FABRICATED BY CHEMICAL METHOD OF FABRICATION
2.4.1 SPRAY PYROLYSIS

Spray pyrolysis is basically a chemical deposition technique in which fine droplets of the
desired material solution are sprayed onto a heated substrate. The atomizer, which is the main
part, consists of a nozzle mounted in a 100 ml glass round-bottom flask. The deposition of Il-
VI semiconductors by the spray pyrolysis technique was first investigated by [66]. Spray
Pyrolysis technique of preparation of thin films is very attractive because it is inexpensive,
simple and capable of depositing optically smooth, uniform and homogeneous layers. It is
also is one of the most cost effective and scalable chemical techniques for fabrication of ZnS
thin film.[67] had reported ZnS thin films were deposition by using two different precursors
for zinc- zinc acetate and zinc chloride, and thiourea was chosen as the precursor for sulphur.
The respective precursor solutions were mixed together and stirred well for homogeneity. 50
ml of precursor solution was sprayed at a spray rate of 5 ml/min onto soda lime glass

substrates maintained 450°C.

[68] Used zinc chloride solution at 0.07M concentration and 0.07M thiourea (SC(NHy)2)
solution in deionized water. The prepared solution is sprayed at different spray rates (1.5-6
ml min~") onto the clean glass substrates, heated from 300 to 500°C.Compressed air was used

as carrier gas.
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Figure 2.4 Schematic diagram of Spray Pyrolysis apparatus

2.4.2 CHEMICAL VAPOUR DEPOSITION (CVD)

Chemical vapor deposition (CVD) has grown very rapidly in the last four decades and
applications of this fabrication process are now key elements in many industrial products,
such as semiconductors, optoelectronics, optics, cutting tools, refractory fibers, filters and
many others. CVD can also be used to produce fibers, monoliths, foams and powders. CVD
is economically competitive also. The deposition rate is high and thick coatings can be

readily obtained.

In [69], the author prepared monolithic ZnS by the CVD reaction between zinc and hydrogen
sulfide at elevated temperatures of 650750 C and low pressures of around 50 mbar. The
zinc to H2S molar ratio was adjusted close to 1.0 and the deposition rate of 80—100um/h was
achieved by controlling the reactant fluxes. The samples were grown on graphite substrates in

the form of flat plates.

In [70], the author made zinc sulfide (ZnS) thin films (thickness ~150-170 nm) on silicon
(100) substrates by single source chemical vapor deposition (SS-CVD) using zinc di-ethyl-di-
thio-carbamate (Zn[S,CN(C,H5),]2) as the precursor. A maximum crystallite size of ~50 nm
was obtained at 400°C. Rather than using two different materials as zinc and sulphur (eg.
H2S and dimethyl/diethylzinc) source, he employed a material which contains both of them.
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The deposition of the film was effected by vaporizing the single source substrate in vacuum

and decomposition of the vapor on the heated substrate.

400-500°C

Zn[S,CN(C,H;),l, " ZnS + C,H;NCS

+(C,H;),NH+CS, + C,H,

In, [71] the author reported high vacuum chamber with a background pressure of~ 2 x10-7
Torr. The precursor partial pressure was at ~2 x10-5 Torr and growth temperatures ranged
from 300°C to 500°C The TEM micrographs indicated that the film was densely packed with
columnar structures perpendicular to the substrate surface (diameter of the columns was
~0.2-0.4 mm). Electron diffraction indicated that the films were cubic (Sphalerite). The
intense diffraction peak (2u _28.78) in the film grown at 450 °C was due to the reflection of
ZnS cubic (1 1 1) plane. The presence of the single peak indicated that the crystallites within
columns had preferred orientation along [1 1 1] direction. The film grown at 300°C showed
no diffraction peaks and was considered amorphous. The carbon concentration at the film
surface (~26 at%) was predominantly adventitious hydrocarbons, virtually removed after the
Ar+ etching procedure with subsequent carbonaceous impurity remaining below ~1 atomic
percent throughout the film. [72] deposited ZnS in a low ambient atmosphere of hydrogen
sulfide (H,S ~10* Torr). The H,S atmosphere was obtained by a controlled thermal
decomposition of thiourea [CS(NHS>),] inside the vacuum chamber. It had been observed that
at elevated substrates temperature of about 200 °C helps eject any sulfur atoms deposited due
to thermal decomposition of ZnS during evaporation. The zinc ions promptly recombine with
H,S to give better stoichiometry of the deposited films. The thermal decomposition of
thiourea [CS(NH.)] is a convenient source of H,S, which was controlled by regulating the
temperature of the electrically heated test tube inside the evaporation chamber. The higher
reactivity of H2S has ensured a better conversion of the dissociated zinc ions into ZnS and
also has not produce any excess of sulfur at the substrate. Furthermore, keeping the substrate
at an elevated temperature has ejected the dissociated sulfur ions deposited during growth.
ZnS powder was evaporated using a molybdenum boat filament in a high vacuum chamber
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(pressure ~5 x 10” Torr). During the deposition of ZnS films, the filament and substrate were
kept about 10 cm apart for formation of quite uniform films. The films were deposited on the
glass substrates held at 200°C in a vacuum (~5 x 10 Torr). In all samples, the deposition
time of 20 min was the maximum time duration for obtaining a film thickness in 400-500 nm

in normal and H,S ambient.

2.4.3 SUCCESSIVE IONIC LAYER ADSORPTION AND REACTION (SILAR)
METHOD

The SILAR technique, introduced by [73] is a unique method in which thin films of
compound semiconductors can be deposited by alternate dipping of a substrate into the
aqueous solutions containing ions of each component. The SILAR method resembles CBD
but deposition control of the growth is easier since the precursors for the cation and anion
constituents of the thin film are in different vessels. The growth of thin films in the SILAR
method occurs only heterogeneously on the solid—solution interface due to the intermediate
rinsing step between the cation and anion immersions. Therefore, the thickness of the film
can be controlled simply by the number of growth cycles. The equipment for the SILAR

technique can be very simple and inexpensive due to the ambient growth conditions used.

[74] deposited ZnS on well cleansed glass substrate. They immersed a well-cleaned glass
substrate is in the first reaction vessel containing aqueous cation precursor 0.1M ZnCI2
solution at pH 5.5. After the cation immersion, they moved the substrate to the rinsing vessel
where it was washed with purified water. The sulfide ions were adsorbed from an aqueous
0.05 M Naz2s solution with pH 12. After anion immersion, the substrate was washed; thus the
first SILAR growth cycle was finished. Repeating these cycles a thin film with desired
thickness was grown. They obtained a ZnS film of 90nm thickness by repeating such SILAR
cycles 40 times. The cation and anion immersion times were 20 s and the rinsing time was

100 s. The temperature of the solutions was maintained at 27°C (x 1°C).
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2.4.4 SOL-GEL

Sol—gel process is one of the most commonly used techniques in thin film deposition. Sol—gel
process is particularly attractive because it is a solution-based process, offers high material

utilization and much higher deposition rate.

It provides film thickness control at the Angstrom level, and therefore allows one to tune the

band gap and related properties through control of particle size.

In [75], the author films on Corning Eagle 2000 glass substrates by sol— gel deposition
technique. He used Zinc acetate 99.999%, aqua ammonia (30%), isopropanol (IPA) and
thiourea (99.0%). He mixed equimolar of 0.7 M zinc acetate and thiourea in IPA and aqua
ammonia. Weight of zinc acetate and thiourea were varied to get different stoichiometry. The
chemical compounds were magnetically mixed for over 2 hrs at 80°C and left to age for at
least a day to form the sol. Corning glass substrates were sequentially cleaned in acetone, IPA
and water respectively, and blow dry with N2. The derived sols were spin onto a pre-cleaned
Corning glass substrate at spinning speed of 3000rpm. The deposition cycle was repeated
until a thickness of 250nm was obtained. Each coating was dried using a hotplate through two
stage heat treatments at250°C to move the solvents and at400°C, 450°C, 500°C and 550°C

forlhr to sinter the films.

In [76], the authors deposited ZnS film on polished (100) Si wafers. Zinc acetate dihydrate,
Zn(OAc),-2H,0, manganese acetate tetrahydrate, Mn(OAc),-4H,0, sodium sulfide
nonahydrate, Na,S-9H,0 were used by them. Si wafers were sonicated in CCl, for 15 min
and then rinsed with isopropanol and water. OH-terminated Si surfaces (Si-OH) were
prepared by 30 min sonication in ‘piranha’ solution (4:1 conc. H,SO4:30%H,0,) and rinsed
with abundant amount of water. Si-OH substrate was then immersed (for 5 min) in an
aqueous solution of Zn(OAc), (91 mM). Then the substrate was rinsed with water and dried
in a stream of Ar. The substrate then was immersed in aqueous Na2S solution (4 mM) for 2
min, rinsed with water and dried in Air. By repeating these two-step adsorption cycles,

multilayer film was synthesised.
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2.45 CHEMICAL BATH DEPOSITION (CBD)

CBD method is most commonly used because it is a very simple, cost effective and
economically reproducible technique that can be applied in large area deposition at low
temperature. This is a low cost and non-wet technique that has good control over the rate of
deposition. This technique is based on the controlled release of metal ion (M?*) and sulfide
(S*) in an aqueous bath in which the substrates are immersed. In this process, release of
metal ion (M?*) is controlled by using a suitable complexing agent (A chelating agent, used to
limit the hydrolysis of the metal ion and bring some stability to the bath, which would
otherwise undergo rapid hydrolysis and precipitation). The deposition begins with nucleation
phase followed by growth phase in which the thickness of film increases with duration up to

the terminal phase where film depletion into constituent ions occurs after a certain time.
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Figure 2.5 CBD System

[77] used aqueous solutions of 0.045 M zinc acetate dehydrate (Zn(CH3COO),-2H,0),
0.065Mthiourea (H,NCSNH,), 0.133M tartaric acid (COOH(CHOH),COOH) as a
complexing agent and 80% hydrazine hydrate for ZnS thin film deposition. They mixed 10
ml zinc acetate solution and 10 ml tartaric acid solution and stirred for several minutes to get
a clear and homogeneous solution. Thereafter, 5ml of 80% hydrazine hydrate was added

followed by the addition of 10 ml thiourea solution under stirring condition. Finally 0.4 ml
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ammonia (13.4 N) was added to make the solution alkaline and the pH was maintained at
~10. A glass substrate was then placed vertically inside this beaker without disturbing it. The
beaker was sealed with a Teflon tape. The whole solution was kept in an oil bath maintaining
the temperature at 85 °C for 3 h. After completion of film deposition, the glass slide was
removed from the beaker and was cleaned with de-ionized water ultrasonically to remove the
white, loosely adherent powders precipitates in the solution during deposition. A very thin,

uniform colorless film with the thickness of 110 nm was obtained having good adherent

property.

[78] prepared ZnS thin films from solution containing 2.5%x10—2 M of zinc sulphate (ZnSOy),
3.5x10-2 M of thiourea (SC(NH,),, 1M ammonia (NH,OH) and 3M of hydrazine hydrate
(N2H4, H20). ZnS films were also prepared by them using a solution containing 7.7x10—-2M
of zinc chloride (ZnCl,), 7.1x10—2 M of thiourea, 1.39M of ammonia and 2.29M of

hydrazine hydrate.

2.4.6. PHOTOCHEMICAL DEPOSITION (PCD)

To reduce the manufacturing cost for solar cells, researchers have been attempting to prepare
compound semiconductors by photochemical deposition (PCD), which is a technique of film
preparation by UV light illumination to a substrate immersed in a deposition solution. lons in
the solution are excited by the UV light, and chemical reactions are thus induced. PCD is an
economical and simple technique and enables large-scale deposition. Moreover, the
deposition reactions are easily controlled by turning on/off the light. The reaction in PCD is

mainly controlled by bath temperature.

[79] used an indium-tin-oxide (ITO)-coated glass sheet was as a substrate. Aqueous
solutions containing 1 m mol/l ZnSO,4, 600 m mol/l Na,S,03, and a small amount of H,SO,
(for adjusting pH to 3.5) was used by them. They immersed the degreased substrate at about 3
mm below the solution surface and illuminated it by an ultrahigh-pressure mercury arc lamp
of 500 W through a spherical simple lens. The diameter of the illuminated region was about
10 mm. The growth solution was stirred during the deposition. The Na,S,03 concentration
was increased to prevent deposition of metallic Zn.
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Figure 2.6 Schematic Diagram of PCD set up

[80] had reported the formation of ZnS thin film by using PCD technique and they also
presented a study related to the effect of different factors like pH of the solution and stirring

speed of the solution on the growth of the film.

2.4.7 ATOMIC LAYER EPITAXY (ALE)

Atomic Layer Epitaxy (ALE) or Atomic Layer Deposition(ALD) growth is based on
deposition technique in which the reactants are supplied alternately to the substrate and where
the saturated surface reactions result in the growth of a full or a partial monolayer of the
material to be formed. It is a self-limiting reaction and it allows the precise control of film
thickness with high spatial uniformity and low pin-hole density. This deposition technique
was first demonstrated by [81] for the growth of polycrystalline ZnS and for dielectric oxides
such as Al,0;. ALD was developed originally for the fabrication of Thin-film
Electroluminescent (TFEL) displays.

In, [82] the author reported the deposition of polycrystalline ZnS thin film using the
precursors of diethyl zinc (DEZ) and H2S in the substrate temperature range of 250-400°C.
They used a travelling-wave-type ALD reactor (F-450, Microchemistry Ltd.) having the large
plates of dimension 16 inx12 in. for holding sample. Firstly, amorphous Al,O3 films of
thickness 100 nm were deposited by ALD using the precursors of trimethyl aluminum and

water. One cycle of the ALD process consisted of 0.6 s DEZ pulsing, 2.2 s purging, 1.0 s H,S

33


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

pulsing, and 3.3 s purging. Nitrogen was used as a carrier and purging gas. The reactor

pressure during a process was under 10 mbar.

Gert Stuyven et al. examined the ZnS ALD growth based on DEZn and H,S in the
temperature range of 200-350°C [36]. The growth rate was shown to be strongly influenced
both by the purge times and by the DEZn dosing, which gave a strong indication that the
surface stability after the DEZn precursor pulse is the limiting factor for ALD growth.

2.5 OPTICAL PROPERTIES AND BAND GAP

Optical properties of semiconductors typically consist of their refractive index n and
extinction coefficient k or absorption coefficient « (or equivalently the real and imaginary
parts of the relative permittivity) and their dispersion relations, that is their dependence on the
wavelength, A, of the electromagnetic radiation or photon energy hv, and the changes in the
dispersion relations with temperature, pressure, alloying, impurities, etc. A typical
relationship between the absorption coefficient and photon energy observed in a crystalline
semiconductor is shown in Figure 2.4, where various possible absorption processes are
illustrated 14]. The important features in the a vs. hv behavior as the photon energy increases
can be classified in the following types of absorptions: (a) Reststrahlen or lattice absorption
in which the radiation is absorbed by vibrations of the crystal ions, (b) free-carrier absorption
due to the presence of free electrons and holes, an effect that decreases with increasing
photon energy, (c) an impurity absorption band (usually narrow) due the various dopants, (d)
exciton absorption peaks that are usually observed at low temperatures and are close to the
fundamental absorption edge and (e) band-to-band or fundamental absorption of photons,
which excites an electron from the valence to the conduction band [14].

The absorption coefficient due to the inter-band transition is usually very large. However, the
absorption coefficient becomes very small (<1 cm™) when the photon energies fall below the
band gap energy. In this case, another type of optical absorption process takes place which
results in electronic transitions only within the allowed energy band and is called the free-
carrier absorption process. This type of absorption result in the excitation of lattice phonons,

accelerate free electrons in the conduction band or creation of an excitation [7].
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Figure 2.7 Absorption coefficient is plotted as a function of the photon energy in typical
semiconductor to illustrate possible absorption processes

In order to understand the optical behavior of films, one must become familiar with the
optical constants of materials, their origins; magnitudes and how they depend on the way
films are processed. The unifying concept that embraces all optical properties is the
interaction of electromagnetic radiation with the electrons of the material. On this basis,
optical properties are interpretable from what we know of the electronic structure and how it

is affected by atomic structure, bonding, impurities, and defects [17].
The optical transmission is over 80% in the visible region. The values of absorption

coefficient are calculated by using this equation:
I1= o exp (-at)

Where a is the optical absorption coefficient, t is the thickness of the film, I; and I are the

intensity of transmitted light and initial light respectively.
The absorption coefficient (o) is related to the incident photon energy as:

a= k(hv- Eg)"?/ v
Where K is constant, Eg is the energy gap and n is constant equal to 1 for direct gap

compound. The variation of (ahv)2 versus (hv) is plotted. The direct band gap values are
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measured by extrapolating the straight-line portion over the hv-axis. The band gap value (EQ)
calculated from this linear-fit plot is about 3.69 eV, which is well matched with the band gap

value (3.68 eV) for the bulk ZnS [30].

2.6 ZINC SULFIDE BASED SOLAR CELLS

Several works on solar cell using ZnS- buffer layer has been reported. Most of those studies
concentrated on CIGS-ZnS cells.[83] reported on recent enhancements to device performance
leading to a certified total-area energy conversion efficiency of 18.6% for Cu(In,Ga)Se2 solar

cells that incorporate a ZnS(O,0OH) buffer layer as an alternative to CdS.

In [84], it has been reported that the MBE-grown polycrystalline CIGS on a molybdenum
coated SLG substrate over which ZnS was grown in a a separate MBE process. The result of

their study is given below,

Table 2.1 CIGS Solar Cell Performance with MBE-ZnS buffter layer

Sample Sub-temp. (°C) Eff. (%) Joe (mAJcm?) Voe (V) FF

1 RT 012 323 0.18 032
2 150 247 243 0.25 0.41
3 195 412 305 0.26 052
4 200 534 286 0.37 0.50
Ref. (CdS buffer) 153 309 0.69 0.72

2.7 APPLICATION OF ZNS FOR THE FABRICATION OF OTHER
OPTOELECTRONIC DEVICES

UV light emitting diodes

Blue light emitting diodes

Emissive flat screen

vV ¥V VY VYV

Antireflection coating in solar cell technology
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Alpha particle detectors

Thin film electroluminescent devices(TFEL)
LED
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Field emitters

Field effect transistors (FETS)

p-type conductors

Gas sensors

Chemical sensors

Biosensors

Nano-generators
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3. CHAPTER THREE

3.0 EXPERIMENTAL DETAILS

3.1 SURFACE PREPARATION OF SUBSTRATES

A clean surface is one that contains no significant amount of undesirable material [85].
Cleaning is defined as the removal, by physical and or chemical means, of soil that could
interfere with the preparation of the desired material. Soil is matter on the surface whose
chemical characteristics are different from those being formed. The types of soils most
commonly encountered are fingerprint oils, metal oxides, dirt, etc. [4] the nature and surface
finish of the substrates are extremely important because they greatly influence the properties
of films deposited on them [6]. It is therefore important that prior to the deposition of the
semiconducting thin film the substrate, in this case, microscope glass slide is cleaned
thoroughly to remove any undesirable substance from it.

Soda-lime glass slides were used as substrates for deposition of ZnS thin films. Before
deposition, the substrates were ultrasonically cleaned sequentially in acetone, ethanol, and
deionized water for 15 min each and rinsed with deionized water between each step. Clean

substrates were finally dried in air.

3.2 REAGENTS

The chemicals used for the film preparation are listed as follows:

» zinc sulfate (ZnSO,4 7H,0)

> thiourea [SC(NH,),]

» ammonia (NHs;)

» and hydrazine hydrate (N2H,)
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3.2.1PREPARATION OF 0.1M ZINC SULFATE (ZnSO4 7H,0)

2.87 g of zinc sulfate (ZnSO,4 7H,0) was weighed into a beaker. The salt was dissolved into

90 ml distilled water under continuous stirring to produce 0.1M zinc sulfate (ZnSO4 7H,0).

3.2.2 PREPARATION OF 0.67 M AND 0.83 M THIOUREA [SC(NH>),]

4.57 g and 5.7 g thiourea [SC(NH>),] were mixed with reaction solution containing 90 ml
distilled water into 150 ml beaker under continuous stirring to produce 0.67 M and 0.83 M
thiourea [SC(NH,).] respectively.

3.2.3 PREPARATION OF 0.74 M, 1.48 M AND 2.97 M AMMONIA (NH3)

5 ml, 10 ml and 20 ml ammonia (NH3) were mixed with reaction solution containing 90 ml
distilled water into 150 ml beaker under continuous stirring to produce 0.74 M, 1.48 M
an2.97 M thiourea [SC(NH,),] respectively.

3.3 PREPARATION OF THE THIN FILM

ZnS thin films were deposited onto the substrates by CBD using zinc sulfate, hydrazine

hydrate, ammonia, thiourea powder and deionized water as precursor materials.

In a typical synthesis process, 100 ml of reaction solution was obtained by mixing 20 ml of
0.5 M zinc sulfate, 5 ml of 80% hydrazine hydrate, 5 ml of 25% ammonia, 5.70 g of thiourea
powder and 70 ml of deionized water. First, zinc sulfate solution was mixed with hydrazine
hydrate and ammonia in a 100-ml beaker under continuous stirring. Initially, the solution was
milky and turbid due to formation of Zn(OH), in suspension. The solution became clearer
with stirring. Then deionized water and thiourea powder were added to the solution and the
mixture was stirred under ambient conditions for 5 min. The pre-cleaned substrates were
vertically immersed into the reaction solution. The beaker was sealed to prevent evaporation.
CBD was performed at a temperature of 70 °C for 2 h in the bath. After deposition, the
substrates were removed from the solution and rinsed in deionized water to remove loosely

adherent ZnS particles from the surfaces before they were dried in air.
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To study the effect of thiourea and ammonia concentrations on the properties of ZnS thin
films, two sample series were prepared by varying the thiourea concentration or the ammonia
concentration separately while keeping the other reagent concentrations constant. The
deposition parameters for different samples are listed in Table 1.

The samples obtained were characterized by means of X-ray diffraction (XRD), scanning
electron microscopy (SEM), energy-dispersive spectroscopy (EDS) and UV-visible
spectroscopy (UV/Vis spectrometer). XRD patterns were obtained using a Cu K, radiation
source (A = 0.1542 nm) over diffraction angles ranging from 20° to 80° at a scanning speed of
6° min~! with a grazing angle of 0.5°. Optical transmission measurements were performed
using a UV-Vis spectrometer at room temperature in the wavelength range from 300 to 1100

nm.

3.3.1 REACTION MECHANISM

The deposition process is based on the slow release of Zn®** and S ions in solution which
then condense on the substrate. The deposition of ZnS occurs when the ionic product of Zn?*
and S? " exceeds the solubility product of ZnS. ZnSOy, is used as the Zn?* source and thiourea
supplies S* ions through hydrolysis according to the following equations:

ZnSO, = Zn** + SO~ (1)
SC(NH 2)2 + OH = SH + CHsN, + H»0 (2)
SH +OH = S$* +H,0 (3)

The first complexing agent is NH3, which hydrolyses in water to give OH™ according to:
NH; +H,O = NH,” + OH 4

The second complexing agent is N,H,4, which also hydrolyses in water to give OH" according
to:

Nz H4 +H20 = Nz H5+ + OH’ (5)
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Zn** ions form the metal complexes with ammonia and hydrazine hydrate by the following

reactions:
Zn**  +4NH; = [Zn(NH3)4** (6)
Zn**  + 3NoHs = [Zn(NoHu)s]* (7)

From equations (3), (6) and (7) complexes and sulfide ions migrate to the substrate surface,

where they react to form ZnS:
Zn(NH3)s2* + S* =  ZnS + 4NH; (8)
Zn(NoHq)s?" + S = ZnS + 3N,H, (9)

Assuming the metallic complex of the form ZnLn?*, where L is the complexing agent, the

general reaction for the ZnS deposition can be represented as:
ZnLn?* + CS(NH,); + 20H — ZnS(substrate) + nL +2NH;z + CH,N, + 2H,0 (10)

During the deposition of ZnS thin films, according to the reactions (4) and (5), the formation
of Zn(OH), occurs as a competitive process in the bath. So we can expect that the Zn* ions
have to be in form of Zn(OH), precipitate, however it is not true due to the presence of NH3
which forms with Zn?*, the complex Zn(NHs),** which is soluble in this medium[1 1].

O'Brien and McAleese proposed two possible reaction mechanisms for the growth of ZnS
films [40]. The first is a cluster-by-cluster process, in which colloidal ZnS particles
preformed in solution via homogeneous reaction agglomerate and then adsorb on the surface
to form a film. Hence, the film consists of larger spherical particles and exhibits poor
compactness and adherence. The second is an ion-by-ion process, in which ions condense on
the reacting surface to form a film via a heterogeneous reaction. Hence, the film consists of
very small particles with excellent compactness and adherence. lon-by-ion growth involves

heterogeneous nucleation on the substrate surface and subsequent growth of nuclei.
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Figure 3.1 Growth mechanism for ZnS thin films in aqueous alkaline solution

In general, OH" first adsorbs onto the substrate and then water-soluble [Zn(L),]** complex

ions react with OH™ to release Zn** and form Zn(OH),, which serves as nuclei on which

thiourea is adsorbed and hydrolyzed to form a ZnS film. In fact, a mixed mechanism is

typically involved in the growth of ZnS films in Figure 3.1, it is critical to restrain the

cluster-by-cluster mechanism and encourage the ion-by-ion process for the formation of high-

quality ZnS films. The process depends on suitable deposition parameters, such as the bath

temperature, pH of the reaction solution and the concentration of the reacting species.

Table 3.1 Deposition parameters for various samples

Sample Concentration (M) Temperature Deposition
ZnS0O4 N2H4H2O NH3H20 SC(NH2)2 (OC) Time (m|n)
a; 0.1 0.82 0.74 0.83 70 120
a, 0.1 0.82 1.48 0.83 70 120
as 0.1 0.82 2.97 0.83 70 120
b; 0.1 0.82 0.74 0.67 70 120
b, 0.1 0.82 0.74 0.67 70 120
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4. CHAPTER FOUR

4.0 CHARACTERIZATION OF ZnS THIN FILMS

4.1 STRUCTURAL AND MORPHOLOGICAL PROPERTY STUDIES

In this category of study, the X-ray diffraction pattern, surface morphology and
compositional ratio of the constituent elements in the deposited film have been mainly
analyzed. The particle grains structure, uniformity of the surface morphology, crystallinity,
and grain boundary are some of the important attributes and parameters on which the studies
are mainly focused to determine the structural behavior for the fabricated thin films.

4.1.1 X-RAY DIFFRACTION (XRD)

X-ray Diffraction is a tool used for determining the atomic and molecular structure of a
crystal, in which the crystalline atoms cause a beam of incident X-rays to diffract into many
specific directions. By measuring the angles and intensities of these diffracted beams, a
crystallographer can produce a three-dimensional picture of the density of electrons within
the crystal. In an X-ray diffraction measurement, a crystal is mounted on a goniometer and
gradually rotated while being bombarded with X-rays, producing a diffraction pattern of
regularly spaced spots known as reflections. The incoming beam (coming from upper left)
causes each scatterer to re-radiate a small portion of its intensity as a spherical wave. If
scatterers are arranged symmetrically with a separation d, these spherical waves will be in
sync (add constructively) only in directions where their path-length difference 2d sin 6 equals

an integer multiple of the wavelength A. i.e. nk = 2dsin6.
In that case, part of the incoming beam is deflected by an angle 26, producing a reflection
spot in the pattern. Here d is the spacing between diffracting planes, 0 is the incident angle, n

is any integer, and A is the wavelength of the beam.

XRD is a non-destructive technique which is mainly used for measuring the average spacing

between layers or rows of atoms, determining the orientation of a single crystal or grain,
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finding the crystal structure of an unknown material and measuring the size, shape and

internal stress of small crystalline regions.

Figure 4.1 XRD Machine

4.1.2. SCANNING ELECTRON MICROSCOPY (SEM)

A scanning electron microscope (SEM) is a type of electron microscope. It uses a focused
beam of high-energy electrons to generate a variety of signals at the surface of solid
specimens. The signals that derive from electron-sample interactions reveal information
about the sample including external morphology (texture), chemical composition, and
crystalline structure and orientation of materials making up the sample. . SEM analysis is
considered to be "non-destructive"; that is, x-rays generated by electron interactions do not
lead to volume loss of the sample, so it is possible to analyze the same materials repeatedly.

Figure 4.2 SEM Machine

Energy Dispersive X-ray (EDX) Energy-dispersive X-ray spectroscopy (EDS, EDX, or
XEDS), sometimes called energy dispersive X-ray analysis (EDXA) or energy dispersive X-
ray microanalysis (EDXMA), is an analytical technique used for the elemental analysis or
chemical characterization of a sample. EDS makes use of the X-ray spectrum emitted by a
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solid sample bombarded with a focused beam of electrons to obtain a localized chemical
analysis [40]. The number and energy of the X-rays emitted from a specimen can be
measured by an energy-dispersive spectrometer. As the energy of the X-rays is characteristic
of the difference in energy between the two shells, and of the atomic structure of the element
from which they were emitted, this allows the elemental composition of the specimen to be
measured.

Three broad categories are used when referring to the concentrations of elements present in a

sample:
1. Major Components - More than 10 wt %;
2. Minor Components - 1-10 wt %;

3. Trace Elements - Less than 1 wt %.

4.2 OPTICAL PROPERTY STUDIES

The optical property study forms a considerable part while evaluating a cell performance or
that of a thin film. The photo absorption transmission characteristics, direct and indirect
band-gap evaluation are some of the important parameters that are determined to characterize
a thin film. However, in this work, the focus has been mostly concentrated on ascertaining the

band-gap for the electrodeposited ZnS thin films using the UV transmission spectroscopy.

4.2.1 UV- VISIBLE SPECTROSCOPY

Spectroscopy is the terms used to refer to the measurement of radiation intensity as a function
of wavelength and are often used to describe experimental spectroscopic methods. Spectral
measurement devices are referred to as spectrometers. In my present work Spectrometer was

used to measure the transmissivity (%) and reflectance (%) of the prepared samples.

Figure 4.3 Spectrophotometer
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5. CHAPTER FIVE

5.0 RESULTS AND DISCUSSION

5.1 X-RAY DIFFRACTION STUDIES

ZnS can exist in a cubic (zinc-blende type) or hexagonal (wurtzite) structure. Oladeji and
Chow reported that chemically deposited ZnS thin films are highly disordered materials but
can be transformed into a wurtzite-2H phase by annealing [38]. Gdde et al. obtained an
amorphous film at 60-70 °C and a wurtzite-2H phase at 80 °C [86]. Fig. 5.1 shows XRD
patterns for ZnS films after multiple depositions for 2h. Multiple depositions were carried out
by placing the substrate into fresh solution and allowing growth to proceed for 2 h, and this
process was repeated three times. . In several studies, very thin ZnS films showed no
discernible XRD peaks [33, 87 and 88]. XRD analysis was only possible after multiple
depositions to increase the thickness. A wide (111) peak corresponding to a cubic structure
was observed for the multiple deposition film. However, the peak position is shifted from the
typical position of 28.5671 (PDF card 65-9585) to 29.1851; similar results were reported by
Oliva et al. [89] and Chen et al. [90]. The XRD pattern for the as-deposited film only shows a
wide diffraction peak. There is also no obvious diffraction peak for the ZnS film at different
concentration of reagents. This indicates that this ZnS thin were basically amorphous or

microcrystalline structure.

0.74 M NH3
1000
S 800
8
> 600
S 400
[«B]
= 200
0 T T T T T T 1
20 30 40 50 60 70 80
20 (deg.)

Figure 5.1 X-ray diffraction studies of the ZnS thin Film
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5.2 MORPHOLOGY

The patterns of microstructure for the ZnS films were observed by SEM. As shown in Fig. 5,
the particles were spherical and homogeneous. However, there were some white spots in the

SEM patterns that might be colloidal particles sedimentation mixed with ZnS.

SEM images of as-deposited ZnS thin films prepared using different thiourea concentrations
are shown in Fig. 5. It is evident that the films became more uniform and dense with
increasing thiourea concentration. The film grown using 0.67 M thiourea consists of small
villiform structural grains and has a rough surface. The films grown using 0.83M thiourea are
very dense and smooth and have no defined grain boundaries. Thus, the thiourea
concentration has no obvious effect on the surface morphology of ZnS thin films.

SEM images of as-deposited ZnS thin films prepared using different ammonia concentrations
are shown in Fig. 5. It is clear that the ammonia concentration has an obvious effect on the
surface morphology of the films. The films grown became denser with increasing ammonia
concentration. However, there were some cracks in the thin film deposited using 1.48 M and
2.97 M ammonia. The films deposited using 0.74 M ammonia is more uniform and smoother
than the sample prepared using 1.48 M and 2.97 M ammonia. The results can be explained
according to kinetics and reaction mechanism for ZnS deposition. The change in the molar
NH3/N,Hj, ratio resulting from adjustment of the ammonia concentration strongly affects the
concentrations of [Zn(NH3)s]**, [Zn(N2H,4)s]** and [Zn(NH3)s]** ions. The concentrations of
these ions control the rate of Zn?* generation and thus the deposition mechanism for ZnS
films. The stability constant for [Zn(NHs)4]*, [Zn(NHs)s]** and [Zn(NoH.)s]* is 1082, 10%°
and 10°°, respectively [9]. A higher stability constant means that Zn®* release will be slower
from these complexes and the rate of ZnS deposition will be very slow. A lower stability
constant means that Zn”* release will be faster and thus ZnS and Zn(OH); colloidal particles
can easily form and precipitate out in the solution. For ammonia concentrations of 0.74 and
1.48M (NHa/N,H, ratio 0.89 or 1.78), [Zn(NHs)s]** ions play an important role in the
deposition process. The larger particles are formed by aggregation of ZnS colloid particles in
solution (cluster-by-cluster deposition). By contrast, a few nanometer-sized particles are
formed via ion-by-ion reactions on the surface and strongly adhere to it. We can conclude

that an optimal NH3/N2H, ratio is necessary for the formation of high-quality ZnS thin films.
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Figure 5.2 SEM image of as-deposited ZnS thin films for 0.74M NH3

Figure 5.3 SEM image of as-deposited ZnS thin films for 1.48M NH3
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Figure 5.5 SEM image of as-deposited ZnS thin film for 0.67M thiourea [SC(NH>),]

49


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

EHT=20.00 kV Signal A= SE1 Date :9 Sep 2016
WD= 8.5mm Mag= 2500K X Time :11:36.:00

Figure 5.5B SEM images of as-deposited ZnS thin films for 0.83M thiourea [SC(NH>)]

5.3 ELEMENTAL ANALYSIS

The sulfur and zinc content in as-deposited ZnS films was determined by EDS analysis. The
results are shown in Table 2. The results indicate that the thiourea and ammonia
concentrations markedly affect the S/Zn ratio in the films. ZnS thin films prepared by CBD
were zinc-rich. The coexistence of Zn(OH), and ZnO is a possible reason for this.

Hydrolysis of thiourea provides S** ions, and thus the thiourea concentration affects the
concentration of S** ions during deposition. The composition of S increases in as-deposited
ZnS with increasing thiourea concentration. The pH of the reaction solution strongly depends
on the ammonia concentration. Before deposition, the pH values for reaction solutions
containing 0.74, 1.47 and 2.97 M were 9.3, 9.7, and 10.1 and decreased to 8.3, 8.8, 9.2 and
9.4, respectively, after deposition. The figures show that the amount of Zn and S in as-
deposited ZnS thin films is slightly changed for different concentration of ammonia and
thiourea. But the amount of Zn is always rich than S in overall ZnS composition. It is
possible that several soluble and insoluble Zn?* species exist in aqueous alkaline solution.
When the pH of the reaction solution is less than 7.5 or greater than 11.4, soluble species of
Zn?* or Zn0?% ", respectively, are present [91]. At pH 7.5-11.4, insoluble Zn(OH), may also
be present. This is the reason for the high amount of Zn(OH), colloids suspended in the
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reaction solutions. Sahraei et al. prepared ZnS thin films in a weak acidic medium as a new
CBD route, and obtained films with a composition much closer to stoichiometric ZnS
because of significantly lower concentrations of Zn(OH), and ZnO species or organic
impurities in the films [88].

There is competition between homogeneous and heterogeneous reactions in the formation of
ZnS films. Depending on the growth mechanism, Zn(OH), colloids may form directly in the
reaction bath at lower ammonia concentrations because Zn* ions are easily released, and thus
more Zn(OH), may exist in the film. Otherwise, since Zn(OH), serves as nuclei in ion-by-ion
deposition, it will also probably be present in films if it is not completely consumed during

film growth.
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Figure 5.6 EDX elemental analysis of as-deposited ZnS thin films for 0.74M NH3
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Figure 5.7 EDX elemental analysis ZnS thin films for 1.48M NH3
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Figure 5.8 EDX elemental analysis of as-deposited ZnS thin films for 2.97M NH;
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Figure 5.9 EDX elemental analysis of as-deposited ZnS thin films for 0.67M thiourea
[SC(NH2)]
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Figure 5.10 EDX elemental analysis of as-deposited ZnS thin films for 0.83M thiourea
[SC(NH2)2)

Table 5.1 Content of S and Zn in as-deposited ZnS films prepared with different thiourea and
ammonia concentrations

Ammonia concentration Thiourea concentration
0.74M 1.48M 2.97TM 0.67M 0.83M
S (wt %) 38.9 36 37.7 37 38.9
Zn (wt %) 61.1 64 62.3 63 61.1
S/Zn (ratio) | 0.64 0.56 0.61 0.58 0.64
Bandgap(ev) | 3.89 3.87 3.85 3.87 3.88

5.4 OPTICAL PROPERTIES AND BAND GAP

5.4.1 TRANSMITTANCE

When light is incident on a material, fraction of the light beam that is not reflected or
absorbed is transmitted through the material. The optical properties of ZnS thin films are
determined from transmission measurements in the range of 300-1100 nm. Fig. 4 shows the
transmission spectra of hexagonal ZnS thin films for different concentrations of ammonia and

thiuorea deposited at 70 °C varying from 72 to 319 nm thicknesses. The ZnS films showed
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optical transmission 40-65% in the visible range. It is evident from the figure that the

transmittance decreases with increasing molar concentration of ammonia and thiourea.
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Figure 5.11 Transmittance as function UV-vis wave length for different ammonia
concentration
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Figure 5.12 Transmittance as function UV-vis wave length for different thiourea
concentration

From above graph, it is shown that Transmittance of as-deposited ZnS thin films decreases
with the increasing molar concentration of ammonia and thiourea.
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5.4.2 ABSORBANCE

The values of absorption coefficient are calculated by the following equation, which is based
on the Beer-Lambert law for optical absorption, where film thickness (t), Absorbance (A),
and the Absorption coefficient (o) .

a = 2.303*A/t
As deposited thin films were whitish in colour and adherent. The Figures (5.1A-5.1D) below
show the absorption spectra of thin films of ZnS for different ammonia and thiourea
concentration.

3.000E+05 -
(NH3-0.74 M)
(NH3- 2.97M)
(NH3- 1.48MI)
2.000E+05 -
a(l/cm)
1.000E+05 -
0.000E+00 1
1 2 3 4 5
E(ev)

Figure 5.13 A plot of absorption coefficient versus wavelength with different ammonia
concentration
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3.000E+05 -
2.000E+05 -
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Figure 5.14 A plot of absorption coefficient versus wavelength with different thiourea
concentration
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From above graph, it is shown that absorbance of as-deposited ZnS thin films increases with
the increasing molar concentration of ammonia and thiourea.

5.4.3 OPTICAL BAND GAP

The absorption coefficient, a, of the thin films is calculated from the absorbance spectrum by
using the expression;
a=2.303*(A/t) 5.1

Where ‘A’ is the absorbance and ‘t’ is the thickness of the film.

Almost all the 11-VI compounds are direct band gap semiconductors. The optical band gap of
the thin films were estimated from absorption coefficient data as a function of wavelength by

using the Tauc Relation for direct band gap materials, which is given by
ahv = A(hv - E4 )2 5.2
Where hv, is the photon energy, Eg, the optical band gap and A is a constant.

By plotting a graph of (()Lhu)2 as ordinate and hv as abscissa, the optical band gap E4 can be
determined by the extrapolation of best fit line between (ahl))2 and hv to intercept the hv axis

at (ahv)? = 0. This intercept gives the value of the optical band gap of the material.

7.000E+11 -
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— —— (NH3-0.74M)
—— (NH3-2.97MI)
(a* £ )2 “O00FHL —— NH3- 1.48M
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2.000E+11 -
1.000E+11 -
0.000E+00 T T ' T T T 1
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Figure 5.15 (ahv)? versus hv curves for as-deposited ZnS films prepared with different
ammonia concentration
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Figure 5.16 (ahv)? versus hv curves for as-deposited ZnS films prepared with different
thiourea concentration

Table 5.2 shows (ohv)? versus (hv) plots for as-deposited ZnS films prepared at different
thiourea and ammonia concentrations. The optical bandgap of ZnS thin films varied in the
range 3.85-3.89 eV. The optical bandgap first increased and then decreased with increasing

ammonia or thiourea concentration.

Table 5.2 Bandgap for different ammonia and thiourea concentration

Ammonia concentration Thiourea concentration
0.74M 1.48M 2.97M 0.67M 0.83M
Bandgap(ev) | 3.89 3.87 3.85 3.87 3.89

57


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

6. CHAPTER SIX

6.0 CONCLUSIONS

ZnS thin films were prepared by CBD on glass substrates using different thiourea and
ammonia concentrations. A well adherent thin film of ZnS has been deposited on silica glass
substrates containing zinc sulfate (ZnSO,4 7H,0), thiourea [SC(NH2),], ammonia (NH3) and
hydrazine hydrate (N2H;). SEM micrograph of the as-deposited ZnS thin film, show the film
to be uniform, dense, homogenous, and composed of largely irregular shaped grains. EDAX
results are consistent with the formation of thin films of ZnS deposited on silica glass
substrates. The optical absorbance of these films was measured by Schimadzu UV-VIS
spectrophotometer within wavelength range of 300-800 nm. It was observed that the
absorbance transmittance varies with different ammonia and thiourea concentrations. The
molar NH3/N,H, ratio affected the surface morphology, optical properties and deposition
mechanism for ZnS thin films. For a lower NH3/N,H, ratio, film growth was via a cluster-by-
cluster mechanism. For a larger NH3/N,H, ratio, the predominant growth mechanism was an
ion-by-ion process. For a moderate NH3/N,H, ratio (e.g., 0.49), the two distinct growth
mechanisms coexisted. The atomic S/Zn ratio for films deposited under optimal conditions
was 0.64. The coexistence of Zn(OH), and ZnO is a possible reason for this zinc-rich
composition. The optical transmittance of ZnS thin films was 64% in the wavelength range
300-1100 nm. The optical bandgap calculated from transmission spectra was 3.85-3.89 eV.
ZnS thin films obtained by CBD showed poor crystallinity. The optimal conditions for
deposition of high-quality ZnS thin films were a thiourea concentration of 0.75 M and a

molar NH3/N,H, ratio of 0.8-1.2.
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6.1 FUTURE WORK

It has been recognised from various earlier works that ZnS adopts cubic crystal structure
whenever its fabrication is done in chemical methods. It has also been shown that this phase
of ZnS exhibits lattice mismatch with respect to the various popular absorber layer materials
e.g. CZT etc. This again generates copious trap centers which are the major contributor to
efficiency-loss involving recombination of the photo-generated charge carriers before
reaching the junction. In this respect other absorber layer materials has to be explored for the
further understanding of the interfacial environment of ZnS with respect to the absorber
layer. In future hetero junction and homo junction characteristics will be investigated with
reference to various absorbers. There is a huge future prospect for the detailed study of this

method as far as fabrication of ZnS thin film is concerned such as:

1. ZnS thin film analysis (structural, morphological, optical) with different annealing
temperature, different deposition time (from 10 min to 5 hours).

2. Electrical analysis (conductivity, resistivity) of as-deposited ZnS thin film.
3. Electron Diffraction measurements to ascertain whether the samples are amorphous or
polycrystalline.

4. Hall Effect measurements should be carried out to determine the conductivity type.
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