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ABSTRACT

Cadmium zinc sulphide thin films with the required composition were successfully deposited
from chemical baths containing zinc chloride, cadmium chloride, urea and thioacetamide at
modestly acid pH values. The Cd;«Zn,S films obtained by this method were smooth,
uniform, adherent, pinhole free, bright yellow orange in colour and changed to pale yellow
with increasing zinc content. ZnS films were white in colour and transparent. The films were
annealed in air at 400°C for two hours, Both the as-deposited and annealed samples were
characterized using a variety of t¢chniques, Pewder X+*ray diffraction analysis of the thin
films and precipitates of Cd;.xZn.S, over the'entire composition range, that is, 0 < x < 1,
showed that, all the compositions up o 75% Zn had the wurtzite structure, with preferred
orientation along the (002) plane. .Pure ZnS had the sphalerite structure with preferred
orientation along the (1'"1).plane JSSEM mierographs of the as-deposited thin films showed the
presence of uniform™-and crack=free. surface morphologies’ characterized by well-
interconnected globular crystallites. EDX analysis confirmed the film to be consistent with
the formation of the ternary ¢ompound on silica glass slides The crystal size measured from
the XRD peak width'varied from 12 nm (€CdS)*to 9 nm (ZnS). The variation of lattice
parameters with increasing zinc fon content, showed-a“very good agreement with Vergard’s
law. The fundamental absorption edge of the as-deposited Cd;«Zn,S thin films, showed a
blue shift with an inm'eas//;;l’;nc ion content. The band gap, determined from optical
—absorption spectroscopy, varied almost linearly with composition between that of CdS (2.38
eV) and ZnS (3.70 eV) for the as-deposited samples while the annealed samples varied from
CdS (2.40 eV) to ZnS (3:73 eV). This almost linear change in the band gap of CdS by

addition of Zn shows formation of a continuous series of solid solutions. The as-deposited

thin films possessed poor crystallinity compared to the annealed films.
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Figure 6.43: A graph of (Ahv)’ plotted as a function of the photon energy, hv,
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CHAPTER ONE

1. INTRODUCTION

Semiconductors have complex properties; many of these properties have been harnessed,
and have been exploited in ingenious microelectronic devices. Over the years the devices
have been rendered manufacturable by engineers and technologists (Korvink and Greiner,
2002). Discovery begun in 1821, when the Getman physicist Tomas Seebeck first noticed
unusual properties of semiconductor materials, such as lead sulphide (PbS). The
temperature dependence of the conduetivity' \for a new class of materials —
semiconductors - was reported by the English physicist Michael Faraday, in 1833. This
dependence was very unusual. The resistance of these materials decreases as temperature
increases whereas in metals, resistance -always increases with temperature. The British
engineer W. Smith discovered-m 1873 that the resistivity of selenium, a semiconductor
material, is very sensitive ‘to light (Shur, 1996). The first practical application of
semiconductors dates back to" 1875, when Werner von Siemens invented a selenium
photometer, and to 1878, when Alexander Graham Bell used this device for a wireless
telephone communication System; and culminating maost impressively with the invention
of the transistor at Bell Laboratory in 1947 by Bardeen, Brattain, and Shockley.
Semicond_t_l_@'t_afs have since ded and shaped the world of electronics and
optoelectronics, and with this paradigm shift has come huge progress that has made life
__———g;s:ier and technology more accessible to more and more people. From semiconductors to

microelectronic and optoelectronic devices for information applications, these advances

and applications were catalyzed by an improved understanding of the interrelationship



between different aspects (i.e., structure, properties, synthesis and processing,
performance, and characterization of materials) of this multidisciplinary field (Yacobi,

2004).

In the field of renewable energy, semiconductor materials have made significant
contribution to the development of alternative energy sources. A study conducted by the
Washington DC-based American Gg@uncil fof an Energy-Efficient Economy (ACEEE)
commissioned by the Semiconductor Industry Association (SIA), under the heading:
“Semiconductor Technologies: The Potential to\Revolutionize the United States of
America (USA) Energy Productivity,” in May 2009, found that, compared to the
technologies available in 1976, the entire family of semiconductor-enabled technologies
generated a net savings of about 775 billion kilewatt-hours (kWh) of electricity in the
year 2006 alone, and but for these technologies, the USA might have had to build another
184 large electric power plants to satisfy the demand for goods and services. The study
concluded that if new policies accelerated adoption of these technologies by just one
percentage point per. vear, by 2030, the USA could decrease the amount of electricity

used annually.

The most spectacular and most important application of semiconductors is the
s F_,_,--"'-'_—.
development of information technology. These developments have only been possible
—--——.-— L L] L] L] Ll - -
because of the miniaturization of the logic elements allowing the construction of compact

systems with great computing power or memory. Miniaturization has become possible

through the perfection of “planar” fabrication techniques. These allow “integration™ of



circuits and thereby the production of devices containing thousands of elements on a few
mm?. These integrated circuits operate from a power supply where nonelectrical forces,
such as, chemical or mechanical forces, separate positive and negative electric charges.
These separated charges create electric fields, and those electric fields make charge
carriers, such as free electrons, to carry electric current. Such a supply can operate a
computer, in which semiconductor devices perform many millions or even billions of
operations per second (Shur, 1996){ All ‘this lindustfial development has come into
existence only because physics allows us to understand the specific properties of
semiconductors, and then use this understanding to create “electron machines” in the
form of semiconductor devices (Sapoval and Herman, 1993). Semiconductor devices
have penetrated into large parts of our lives. The modern desktop or laptop computer
would be unthinkable without micreelectronic semiconductor devices, and so would a
myriad of other devices (Petterson and-Bailey, 2005). More_and more, these devices
determine the competitiveness of our economy and the strength of our defense. Just recall
the role of smart munitions and night vision devices in the Gulf war. Both sides used the
same explosives and their shells were made from the same metal. However, the Allied
forces had superior semiconduetorelectronics (Shur, 1996). New ideas in economics in
1990s (often linked to Paul Romer of Berkeley) €mphasize the role of innovation (such as
invention of a computer chip) in creating wealth (Shur, 1996). Semiconductors 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).



In addition to being very important for materials science, the study of semiconductors is
of great interest for fundamental research as well, as a great number of new phenomena
can be observed in them. For example, the discovery of the quantum Hall effect arose
from the possibility of creating semiconductor heterojunctions in which the electron gas
is practically confined to a two-dimensional region next to the interface. This opened the
way to the study of the properties rooted in the two-dimensional character of the system.
Besides, very high purity materials ¢an be fabri¢ated frgm a'semiconductor, which is a

prerequisite to studying certain physical phenomena (S6lyom, 2008).

1.1 SEMICONDUCTOR MATERIALS
Essential physical properties of semiconductors are:

e their resistivities -decreasé as the temperature rises, at least for a certain
temperature range, unlike-metals;

e semiconductors are sensitive to visible light but transparent in the infrared. When
irradiated, their resistivity decreases. If they are inhomogeneous, an induced
electric field may.appear;

e they often give rise to'réctifying or non-ohmic eontacts;

e they exhibit a strong thermoelectric effect, i.e., an electric field induced by a
tempjafﬁre gradient;

//,)

e their resistivity lies between 10 and 10° ohm-cm.
.—-——-"'"-.- - .
The materials possessing such properties are the elements of column IV of the periodic
table, silicon and germanium, III — V compounds of the type GaAs, GaSb, InSb, InP and

so forth, IT — VI compounds such as CdSe, CdTe, and ZnS. In addition to these elemental



and binary semiconductors, materials such as ternary (e.g., Al,Ga,<As, GaAs,.Py, and
Hgi.xCdsTe) and quaternary (e.g., GasIn,..As,P,.,) alloys with “tunable” properties are
also used in specific device applications. The subscript x and y are composition
parameters. Organic compounds which are semiconductors include anthracene, C4Hjq.
and polyacetylene (CH)x (Yacobi, 2004; Balkanski and Wallis, 2000). It should be noted,
however, that for semiconductors the boundaries for both the resistivity (between about
10° and 10° Q-cm) and the upper lifnit \0f the! energy, gapl (of about 4 eV) are only
approximate. For example, diamond, having the energy gap of about 5.5 eV also exhibits
semiconducting properties if properly processed (e.g., doped) for applications iIn

semiconductor devices (Yacobi, 2004).

During the early 1950s germanium was the major semiconductor-material. However, it
proved unsuitable for many applieations,-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.fordevice fabrication. The main reasons for this are twofold: (1)
silicon devices exhibit much-lowerdeakage currents, and«(2)silicon dioxide (SiO;), 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

L= ///_—_

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

e e ———

Compound semiconductors have been a subject of semiconductor research for nearly as

long as elemental semiconductors such as silicon and germanium. Compound



semiconductors, whose merit of superior transport was recognized as early as 1952 by
Welker, have continued to be of interest although their success has been narrower in
scope. The areas of significant applications include light sources (light emitting diodes
and light amplification by stimulated emission of radiation), microwave sources (Gunn
diodes, Impatt diodes, etc.), microwave detectors (metal-semiconductor diodes, etc.), and
infrared detectors. All of these applications have been areas of the semiconductor
endeavour to which compound semicpnducters fare, uniguely suited. Compound
semiconductors have also made significant contributions to the generation of electricity
from solar radiation. Today's most efficient/technology for the generation of electricity
from solar radiation is the use of multijunetion solar cells made of III-V compound
semiconductors. Efficiencies up to 39 % have already been reported under concentrated
sunlight. These solar.eells have initially been developed-for powering satellites in space
and are now starting to eXplore the terrestrial” energy. market through the use of
photovoltaic concentrator systems. This opens a huge potential market for the application
of compound semiconductor materials due to the large areas that are necessary to harvest
sufficient amounts of'energy. from the sun..Concentrator systems using [II-V solar cells
have shown to be ecological-and could play an important role for the sustainable energy

generation of the future (Dimroth, 2005).

o

-
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1.2 CADMIUM ZINC SULPHIDE

“Tnterest in the preparation and study of the physical properties of ternary chalcogenide
compounds for their possible application in solar cells, light emitting diodes and non-

linear optical devices has been increasing in recent years (Ortega-Lopez ef al., 2003).

KWAME NKRUMATL o nes
ayERSITY OF SCIENGE & 7

¥
}"- II



Ternary compounds are found to be promising materials for optoelectronic device
applications such as green emitting devices and are suggested to be possible material for
window layer of solar cells. These compounds are increasingly being studied for efficient
solar energy conversion through photo-electrochemical solar cells and have become
potential candidate for such applications (Woon-Jo and Gye-Choon, 2003; Padam and
Rao, 1986; Pawar et al., 1986). Cadmium zinc sulphide (Cd, Zn)S ternary alloy is one of

the promising materials in this respectd Kumar er al., 1998).

Cadmium zinc sulphide (Cd, Zn)S has the hexagonal wurtzite structure and a wider band
gap than cadmium sulphide (Boyle et al., 2000). Interest in (Cd, Zn)S has been driven by
the expected improvement in performance of thin film photovoltaic cells CdTe- and
CIS(CulnSe,-based ‘cells)-using- (Cd;  Zn)S rather- than the presently used CdS. This
expectation arises mainly from-thesincreased band.gap “of the Zn-containing solid
solution, resulting in increased transparency to shorter wavelength of light. Cd;xZnS
ternary compounds can form a cnntinuous_ series of solid solution allowing systematic
variation of the band\gap. from 2.43"eV-for*CdS -to 3.7 eV for-ZnS by adjusting the
composition (Yokogawa ef al.,-1994). The use of the Cdy..Zn,S window layer instead of
CdS is suitable to circumvent window absorption losses as well as lattice mismatch
problems asitffdted with w_solar absorber layer (Yamaguchi ef al., 1996).

Keeping these aspects in .view, more attention is being given in producing good quality

“(CH:IZH)S thin films for comprehensive optical studies and their various applications

(Sanap and Pawar, 2011).



1.3  SYNTHESIS OF CADMIUM ZINC SULPHIDE THIN FILMS

There exist a huge variety of deposition processes and technologies for the preparation of
(Cd, Zn)S thin films, which originate from purely physical or purely chemical processes.
These include; electrodeposition (Al Bassan, 1999), chemical bath deposition
(Yamaguchi et al, 1996), successive ionic layer adsorption and reaction (SILAR)
(Laukaitish, 2000) and metal organic chemical vapor deposition (Chu et al, 1991). One
driver for such research is to deveIop.-(‘:heap-re?prdduc]bh.._and relatively simple routes for
applications where low capital cost is important for successful commercialization e.g.
thin film photovoltaic technologies (Boyle ef al., 2000). A method which may meet the
above criteria is Chemical Bath Deposition (Lincot et a/., 1999; Froment and Lincot,

1995).

Chemical bath deposition (CBD) is becoming an important deposition technique for thin
films of compound materials like chalcogenides (Hodes, 2002). A major success can be
found in the recent period with'the deposition of semiconducting cadmium sulphide, or
zinc sulphide buffer or window layers, in-efficient copper indium diselenide or cadmium
telluride thin film solar cells.-CBD- takes advantage ef the wse of a reaction from a

solution where different precursors can be=dissolved easily either in the ionic or

"

molecular form and react ‘T_",“"’ici“ﬂm the substrates leading to film formation. The key
advantages are low cost, large area and low temperature atmospheric processing (Lincot

eral, 1999).



1.3.1 Acidic Chemical baths

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 sulphide ions into an alkaline solution in which the free metal ion
is buffered at a low concentration (Bogle er'al.} 1999). There are few reports of the CBD
of the ternary Cd,;..Zn,S; the most convincing studies demonstrate that the production of
good quality thin films is very difficult by conventional chemical bath system (Dotia and
Herrero, 1995). The deposition of ternary materials such as Cd,..Zn,S by CBD methods
1s a problem due to differing hydrolytic stabilities of the two metals. O’Brien and
McAleese (1998), have reviewed some of the chemistry underlying such processes with
some emphasis on the incompatibility between the conditions for the deposition of zinc
and cadmium sulphide. In fact, the most important difference between CBD of CdS and
ZnS is related to the solubility products of the hydroxide and sulphide of the two metals.
The solubility product 6fzinc sulphide (Ksp=3 x 10*) is much-eloser to that of zinc
hydroxide (Ksp = 10'°) compared*to cadmium sulphide (Ksp = 10, and cadmium
hydroxide (Ksp = 10"'%) compounds. This“difference indicates that metal hydroxide
insertion in CBD-ZnS layers is much more likely than for CdS. Many of the films
x3 e
reported as ZnS which have not been rigorously characterized are probably at best
my contaminated with zinc oxide or hydroxide (O,Brien and McAleese, 1998). The

obvious solution to this problem is to deposit (Cd, Zn)S at a lower pH where the



hydroxide concentration will be lower. This has led to development of a more favorable

medium for the formation of Cd,..Zn,S thin films.

Boyle et al. (2000), developed a novel approach for the deposition of such films, based
on the use of low solution pH, and have reported the first definitive evidence for the
successful preparation of polycrystalline thin films of cadmium zinc sulphide by
chemical bath deposition from acidicsélutions. This acidic CBD route provides films of a

well defined ternary composition, in contrast to those reported from basic solution (Boyle

et al., 2000).

This thesis reports on the synthesis and characterization of cadmium zinc sulphide thin
films deposited fromychemical baths containing zinc chloride, cadmium chloride, urea

and thioacetamide at modestlyacid values-of pH.

14 CHARACTERIZATION

Properties exhibited by thin films are diverse.and the ability to tailor numerous properties
of thin-films required for “an-efficient device such as @ selar cell, demands good
understanding of the material produced, with~theé help of a range of monitoring and
analytic facilities. Only then can the material be suitably tailored to suit the application.

e /

Characterization, when used in materials science, refers to the use of external techniques
Wobe into the internal structure and properties of a material. This involves

investigating the relationship between the structure of materials at atomic or molecular

scales and their macroscopic properties.

10



In this study, the composition of the deposit, crystal structure and morphology were

studied using Powder X-Ray diffraction (XRD) and Scanning electron microscopy

(SEM). Elemental analysis was carried out using Energy Dispersive X-ray analysis

(EDAX). Optical Absorption spectroscopy was used to investigate the optical properties.

1.5

OBJECTIVES OF THE RESEARCH

The research presented in this thesis has the followinglobjectives:

.

I1.

To deposit Cd;4Zn,S thin films from acidic chemical baths; Physical
properties of thin films are highly sensitive to the deposition parameters and if
these parameters are not carefully chosen, they can produce a multitude of
undesired results. The synthesis method, would require a good knowledge of the
deposition mechanism and carefully select-deposition parameters such as pH,
temperature, and precursor concentrations, and ‘finally»deposit a true ternary

compound of cadmium zinc sulphide.

To investigate the composition, structure, morphology, and optical properties
of Cd;<Zn,S thin films‘prepared under the deposition conditions used in I;
The method used to prepare or deposit-a-material can profoundly affect the phase,

composition, thermal stability, and morphology, which in turn can influence the

functional behaviour of the material (Ramasamy et al., 2011). Investigating the

_composition of the deposit, crystal phase, orientation and morphology helps to

describe those features of composition and structure (including defects) of a

material that are significant for a particular preparation, study of properties, or

11



use, and suffice for reproduction of the material. The effect of increasing zinc

content (x value) on structural, morphological and some optical properties would

also be studied.

[[I. To investigate the effect of thermal annealing on the optical properties,
structure and morphology of the films; Annealing is heat treatment of materials
at elevated temperatures aimed at investigating orimproving their properties. The
results of annealing depend significantly on its kinetics: the rate of heating and
cooling and the time of exposure at.a givenitemperature. Being able to tune the
properties of Cd;.Zn,S thin film by thermally annealing it or varying the relative
ratio of cadmium and zinc rhay make-it*fit buffer layer material with enhanced
performance.

All these investigations are necessary.for determining the right eonditions for deposition
of a material, which provide for optimum device performance and also help tailor the

physical properties of the material to suit the application for which it is intended.

Although a lot of work has-beendone on the deposition of CdZnS for photovoltaic
applications, there are very few reports on the preparation of CdZnS thin films from
acidic chen_liitifbaﬂls. Thifflv’r’e_ggrls available on the deposition of CdZnS from acidic
chemical baths, investigzﬁe the physical properties of single compositions, most of the
“fime with low zinc content. For the first time, this investigation looks at the crystal

structure, morphology and optical properties of CdZnS deposited from acidic chemical

baths, over the entire compositional range (that is, CdxZn,S, 0 <x < 1).

12



1.6 JUSTIFICATION OF THE RESEARCH

There is a growing need for energy in the world and since the traditional energy sources
based on fossil fuels are limited and will be exhausted in future, PV solar energy is
considered a promising energy source candidate. Large-scale application of PV solar
energy will also contribute to the diversification of energy sources resulting in more
equal distribution of energy sources in the world (NREL Report, 2001 - 2002). The most
widely used commercial solar cell§ arg \made fromssingle crystalline silicon and
efficiencies up to 26.5 % are reported for commercial products. However, such single
crystalline solar cells are relatively expensiye withithe silicon itself making up 20 to 40 %
of the final cost (Afzaal and O’Brien, 2006). Amorphous silicon solar cells can be
produced at lower temperatures and deposited on low-cost flexible substrates such as
plastics or metal foils: Ultimately, the-amorphous cells. tend to degrade when exposed to
sunlight and their efficiency”decréases-by. 10 to 20:%. (Afzaal and O’Brien, 2000).
Therefore, a large-scale application of renewable energy sources as electricity power
sources is not yet economically attractive in the industrialized countries. One of the most
promising strategies fordowering PV/costs.isithe use of thin film technologies in which
the PV materials are deposited”onto inexpensive lafgearea substrates such as window

glass and flexible substrates. Benefiting fromrthe inherent advantages to thin film PV will

require breakthroughs in Lcdu/citlg_m,anufacturing costs, primarily by improving yields

-

and increasing throughput (NREL Report, 2001 - 2002). CIGS-based thin-film solar cell

e —— . | : !
modules currently represent the highest-efficiency alternative for large-scale, commercial

thin-film solar cells. Several companies have confirmed module efficiencies exceeding

13 %. CIGS thin film solar cells were typically fabricated using a high-resistivity
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cadmium sulfide (CdS) buffer layer deposited by (CBD) in order to avoid the formation

of undesirable shunt paths (Liu and Mao, 2009).

The reported efficiencies of CulnGaSe, and CdTe based solar cells (using CdS buffer
layer) have reached 19.9 and 16.5 %, respectively (Repins ef al., 2008; Wu ef al., 2001).
However, CdS window layer absorbs the blue portion of the solar spectrum for its
relatively low band gap and it has latfice mismatch problems associated with a quaternary
solar absorber layer, which inhibit the higher performance of the solar cell devices (Meng
et al., 2010). These issues have prompted,much research in developing a better buffer
layer. Cadmium Zinc Sulphide ternary material with wurtzite structure fits this
application (AbuShama e al., 2005)./Cd-xZn,S has a larger band gap than CdS and it is
suitable to circumvent the problems mentioned above (Botse er al;2007). Thus, tailoring
the opto-electronic properties of:CdZnS buffer layers to-improyerthe performance of thin

film photovoltaics is currently an active area of research. (McPeak, 2010)

1.7 STRUCTURE OF THE THESIS

The thesis is organized into“sevensehapters. The first'chapter gives an introduction to the

impact of semiconductor research over the“years; and how new semiconductor materials

including ternary and quaternary alloys are being developed and used. Interests in
. s ————

cadmium zinc sulphide as well as the reasons for using acidic chemical baths instead of

“the conventional alkali baths for the deposition of this material are explained. The reasons

for characterization are also given. The chapter also states the justification of the research

| and finally describes how the thesis is structured.

14



The second Chapter introduces thin film materials, chemical bath deposition, which is
followed by a description of the structure of some important II-VI semiconductor

materials, and finally a review of cadmium zinc sulphide thin films prepared by chemical

.

bath deposition.

The third chapter treats the relevant theory; The physics of semiconductors, classification

of semiconductors and the basic pringiplesiof chemical bath deposition.

The theories behind the main techniques mused for characterizing the thin films are

presented in chapter four.

Characterization of the thin films and the precipitates forms the basis for chapter six.
Data obtained from analytical techniques such as X-ray diffraction, Optical absorption,
scanning electron microscopy and energy dispersive X-ray analysis are presented in

graphical format and discussed.

The seventh chapter presents.conelusions that can bé made from the results presented in

the preceding chapters. Recommendationsretatifig to possible future work are also made.

-
o

Lastly, references cited in this thesis and appendices are presented.

__.-—.__,..—-_—-
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CHAPTER TWO

2. LITERATURE REVIEW

This chapter begins with an introduction to thin films, explains their importance to the study
of semiconductor materials and mentions the various techniques used in the deposition of thin
films. This is followed by a brief history of chemical bath deposition as well as an
explanation of the CBD process. A description of the structure of some important II- VI
semiconductor materials, and a review of gadmium zine=swiphide thin films prepared by

chemical bath deposition are presented!

2.1 THIN FILMS

In recent times, the study-of semiconductors«n the bulk hasibeen replaced with that of thin
films. Thin film technique¥is oene,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 (Chopra, 1969). Accordingito Chopra ef al. (2004), a thin
film is a material created ab initio by-the randem nucleation’and growth processes of
individually condensing (or reacting).atemic (or ionic¥or.melecular) species on a substrate.
The structural, chemical, metallurgical arid physiealproperties of such a material are strongly
dependent on a large number of deposition parameters and may also be thickness dependent.
Thin-films maychompass a considerable thickness range, varying from a few nanometers to
tens of micrometers and thus are best defined in terms of the birth processes rather than by
thickness. The atomistic, random nucleation and growth processes bestow new and exotic

properties to thin-film materials (Chopra, 1969). These properties can be controlled and

reproduced, provided a range of deposition parameters are monitored and controlled

16



precisely. In add_ition to major contributions to a variety of new and future scientifically
based technology, thin film studies have directly and indirectly advanced many new areas of
research in solid state physics and chemistry which are based on phenomena uniquely
characteristic of thickness, geometry and structure of films (Nadeem ef al., 2005).
Semiconductor thin film technology has attracted much attention, because of its matchless
size dependent properties and applications in optoelectronics devices such as, solar cells,
sensors and laser materials. As thin film deposition processes have developed very rapidly
over the past 25 years, particularly in the congext of semiconductor devices, processes have
become highly specialized (Ohring, 1992; Venables, 2003). Presently, rapidly changing needs
for thin film materials and devices are creatingfiew epportunities for the development of new

processes, materials and technologies.

2.2: THIN FILM DEPOSITION, TECHNIQUES

There exists a huge variety of thin film deposition processes and technologies which originate
from purely physical or purély chemical .processes. These inelude, vacuum evaporating,
screen printing, sintering, chemical deposition, physical vapeur deposition, spray pyrolysis,
dip technique, electrodeposition etc. Despite the existence of theselarge variety of deposition
techniques, searching for the~most reliable and economic deposition technique has always
been the main goal. Chemical bath deposition(€EBD)-offers a simple and inexpensive route to
deposit semiconductor nanostructures and thin films, but lack of fundamental understanding
ik o
and control of the underlying chemistry has limited its versatility (McPeak 2010). CBD is
traditionally performed in a batch reactor, requiring only a substrate to be immersed in a
supersaturated solution of aqueous precursors such as metal salts, complexing agents, and pH
buffers. Highlights of CBD include low cost, operation at low temperature and atmospheric
pressure, and scalability to large area substrates (McPeak, 2010). Chemical bath deposition is
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becoming an important deposition technique for thin films of compound materials like

chalcogenides (Hodes, 2002).

2.2.1: Chemical Bath Deposition

Chemical bath deposition of films is not a new technique. Liebig (1835) reported the first
deposition of silver—the silver mirror deposition—using a chemical solution technique. The
first reported chemical bath depositioh{of & “¢ampound *semiconductor film appears to be
formation of “liisterfarben” (lustrous colours) on various metals from thiosulphate solutions
of lead acetate, copper sulphate, and antimony tartrate, giving films of PbS, Cu-S or Sb-S,
which possessed “splendid” colours (interference colours resulting from various thicknesses
of the deposited films) (Pusher, 1869). Emerson-Reynolds (1884) reported deposition of PbS
films by reaction between thiourea (thiocarbamide) and alkaline lead tartrate, where the
metallic sulphide became firmly attached as a speeular layerto thesides of the vessel. A wide
range of substrates (apart from a glass beaker), was successfully used for this deposition;
porcelain, ebonite, iron;-steel, and brass were-specifically mentioned--Even more important,
the deposits were very adherent, as:quantified by their-ability to- withstand considerable
friction with a ‘wash’ leather, and under this-treatment take a fine polish (Hodes, 2002).
Rosenheim et al. (1906) reported infrared photoconductivity in CBD PbS, and this
application has—g;n a centraldriving force for subsequent investigations in CBD lead
chalcogef_lide films. The early literature invariably mentions the pioneering work of Kutscher
in Germany, during World War II, in developing CBD PbS and PbSe films for infrared
detectors. However, the apparent lack, in all these references to Kutscher’s studies, of any

published papers might suggest (to the overly suspicious reader) a possible military

iuvﬁlvement in these studies (Hodes, 2002). These (and subsequent) studies succeeded to the
18



extent that CBD W_Nas, and apparently still is, the main technique used in making commercial
PbS and PbSe infrared detectors. Vacuum evaporation was the only competing technology
(Bube, 1960; Bode, 1966). For a long time, CBD was then essentially limited to PbS and
PbSe. It was not until 1961 that deposition of CdS, now the most widely studied material in
CBD, was explicitly reported by Mokrushin and Tkachev (1961). Over the past decade CBD
has experienced an increased level of interest. A simple literature search in the Web of
Science for chemical bath deposition shows a steady increase in publications over the past
decade from 53 publications in the year 2000 t0%21f1 publications in 2009. This renaissance in
CBD has been primarily fuelled by a need to deposit large area semiconductor films and

nanowire arrays for inexpensive photovoltaic devices (McPeak, 2010).

The range of materials deposited-by.CBD was. gradually. extended, particularly in the 1980s,
to include sulphides and selenides of many metals, some ,oxides, and also many ternary
compounds. Chemical deposition received @ major impetus after CdS films, chemically
deposited onto CdTe (and, later, onto. CulnSe;) films, wete shown to give superior
photovoltaic (PV) cells compared with the previously evaporated GdS. " The CBD method is
presently attracting considerable.rattention, as these .dox'net require sophisticated
instrumentation like vacuum system and other-expensive equipments. Simple equipments like
hot plate with magnetic stirrer are needed. The starting chemicals are commonly available
P mag ST ReRee
and cheap. Thiourea, thioacetamide, thiosulphate and sodium sulphide are generally used as
e ol . M . .
sulphide precursors. Metallic precursors are metal complexed ions with ammonia ligands, for
instance (Chopra, 1982). The reaction takes place between the dissolved precursors generally

in aqueous solution at low temperature (300 to 353 K). With CBD methods, a large number

of substrates can be coated in a single run with a proper jig design (Pawar ef al., 2011).
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Chemical bath deposition (CBD) which is also known as solution growth, controlled
precipitation, or simply chemical deposition, recently has emerged as the method for the
deposition of metal chalcogenide thin films (Hodes, 2002). Another cause of interest in this
technique is due to the fact that the crystals in most as-deposited CBD films are very small.
Considering the current interest in nanoparticles, CBD is an excellent technique to deposit
nanocrystalline films. More specifically, if the nanocrystals are small enough, they exhibit
size quantization, the most obvious manifestation of which is an increase in the optical band
gap with decrease in crystal size, as wasishowmfor CBD, CdSe (Hodes ef al., 1987) and later
for CBD PbSe (Hodes and Albu-Yaron, 1988; Gorer et al,, 1995). In fact, the changes in
optical spectra that occurred in these films as a funetion of nanocrystal size were exploited to
provide information on the different mechanisms of the deposition process (Gorer and Hodes,
1994). Chemical bath deposition has also been emphasized as a technique to form solar
control coatings. Solar control coatings are enyisaged for use on windows in hot climates and
possess the (ideal) characteristi‘c of moderate to high visible transmission to provide adequate
lighting, together with high infrared (0.7 to 2.5 pm) reflectance to minimize heating by solar
energy. CBD is a potentially suitable method to prepare these coatings on the large areas of
glass that would be needed. Most of the work in this field has been.cartried out by Nair and

Nair (1990) in Mexico using various.semieonductor films, mainly PbS and Cu,S.
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2.2.1.1, A Brief Explanation of the CBD Process

Chemical bath deposition refers to the deposition of films on a solid substraté from a reaction
occurring in a solution (almost always aqueous) (Hodes, 2002). Using the prototypical CdS
as an example, a Cd salt in solution can be converted to CdS by adding sulphide ions (e.g., as
HyS or NayS); CdS immediately precipitates (unless the solution is very dilute—a few
millimolar or less, in which case CdS often forms as a colloidal sol). In CBD, this process is
modified such that precipitation is controlled to eliminate or reduce spontaneous
precipitation. This allows the metal ion to'diffuse and form gtadually on the substrate (at the
early stages of deposition), rather than aggregate into larger particles in solution and
precipitate out. The first method of controlling the reaction is by complexing the metal ions
such that only a controlled number of free ions.ate available. The second method of
controlling the reaction-is.by the slow and uniform generation of the chalcogen ions in
solution. The rate of generation of ‘sulphide, and therefore reaction rate, can be controlled
through a number of parameters, in* particular” the ‘concentration of sulphide-forming
precursor, solution temperature, and pH. Although CBD can be carried out in both acidic and
alkaline solutions, most. CBD. reactions have been-carried out in alkaline solutions. The
chalcogenide precursor must.netsbetoo stable under all conditions, otherwise they will not

work.

In principle, CBD ean be used to deposit any compound that satisfies four basic requirements.

e

i. The compound can be made by simple precipitation. This generally, although not
i

exclusively, refers to the formation of a stoichiometric compound formed by ionic

reaction.

ii. The compound should be relatively (and preferably highly) insoluble in the solution

used (except in a very few cases, this has been water).
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iii. The compound should be chemically stable in the solution. If the reaction proceeds
via the free anion, then this anion should be relatively slowly generated (to prevent

sudden precipitation).

iv.  If the reaction is of the complex-decomposition type, then decomposition of the metal

complex should similarly occur relatively slowly

Of course there are other specific factors that need to be taken into account, particularly
whether the compound will form an adherent film on the Substrate or not. However, the
preceding four factors are general requirements. Despite the advances that have been made
using CBD, the full development of the technology has been hampered by poor
understanding of the relationships between process cheémistry and film stﬁctme, factors that
are dependent on the propetties of the bath'and depesition precursors. The process is sensitive
to precursor concentrations-and to the substrate used (Shandalov ef al; 2004; Shandalov et
al, 2003). The optimal deposition parameters are generally different for each compound
deposited. Although there have been numerous papers published, reporting the preparation of
chalcogenide thin films using CBD, Kaur el al (1980), point out .that the process has
remained recipe oriented with little understanding of the kinetics of the process. With a few
exceptions, this is also true regarding-thé mechanistic understanding of the process. There 1s,

therefore, a need for careful investigation of the CBD process and identification of the

-

conditions that favour high qumnt deposits.

The basic principles of CBD will be explained in chapter three.
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2.3. CRYSTAL STRUCTURE OF SOME IMPORTANT II — VI CHALCOGENIDE

SEMICONDUCTOR MATERIALS

II-VI chalcogenide semiconductor materials show structural duality, and can be formed as
either sphalerite (cubic, zinc blend type) or wurtzite (hexagonal type) (Bouroushian et
al.,1997). This section examines the crystal structure of some important II — VI chalcogenide

semiconductor materials namely; cadmium sulphide, zinc sulphide, and cadmium zinc

sulphide

2.3.1. Cadmium Sulphide

CdS is an important semiconductor with.a direct band gap of 2.42 eV, which falls in the
visible spectrum at room temperature. The melting-point of CdS is 1475 °C. It exists in two
crystallographic phases namely, the o- and"f-phases, The e-phase of ‘CdS is a wurtzite
structure. This structure is hexagonal with-a = 4.1348 A and'b =6.77490 A. The B-phase is
zinc blende with an f.c.c. structure with a.=5.818 A (Boakye and Nusenu, 1996). This
structure may be regarded-as, two interpenetrating face centred lattices.of the elements, with
the corner of one located at the position Vs ¥4 ¥ of the other.as in the diamond structure. The
zinc blende structure is related to the wurtzite-structure-which-has one kind of atom on c.p.h.
positions and the other at intermediate positions, corresponding to tetrahedral voids, where
each atom is su;f;unded symmetrically by four atoms of the other kind (Barrett and
Mw, 1966). The hexagonal layers are stacked in one sequence in the wurtzite and in
another in zinc blende and stacking faults are frequent (Jagodzinski, 1949). The wurtzite

phase is thermodynamically slightly more stable (Hodes, 2002).The wurtzite-zinc blende

transformation occurs at a temperature of 1000 °C (Wyckoff, 1963).
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. Metal atoms @ Metal atoms
O Tetrahedral interstices

O Tetrahedral interstices

(a) (b)

Figure 2.1: Tetrahedral voids in the f.c.c'structure, (B) Tetfahedral voids in the c.p.h. structure

(Barrett and Massalski, 1980)

Figure 2.1(a) and (b) shows the lattice sites occupied by metal ions and the tetrahedral
interstices in the f.c.c and c.p.h structures. The tetrahedral holes of the c.p.h. structure are
partially occupied in the_strueture-of wurtzite, as arethe-tetrahedral holes in the f.c.c.

structure partially occupied in theease of zinc blende (Bartettand Masssalski, 1980).

2.3.2. Zinc Sulphide

ZnS is an important group II-VI-semiconductor with a-large-direct band gap which lies

between 3.5 to 3.7 eV in the UV range (Vipin ef al., 2008). Zinc sulphide is a white to

o

yellow-coloured powder or crystal with-molecular mass of 97.474 gmol” and density of

4,090 gem™. It is typically encountered in the more stable cubic form, known also as zinc

-‘#'-F

blende or sphalerite.
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(a) | (b)

Figure 2.2: Zinc blende Lattice: (a)The Cubic Unit Cell (b) Tetrahedral Bonding Configuration

Figure 2.2 (a) and (b) shows the cubic tmit c€ll 6f zific  blehde lattice (ZnS), and the
tetrahedral coordination. ZnS can also exist in thethexagonal form which is known, both as a
synthetic material and as the mineral wurtzite. Both sphalerite and wurtzite are intrinsic,
wide-band gap semiconductors. The cubiec form has a band gap of 3.54 eV at 300 K whereas
the hexagonal form has a band gap-of 3.91eV (Wells, 1984). The cubic form-is stable at room
temperature, while the less dense-hexagonal form. (wurtzite) is-stable above 1020 °C at

atmospheric pressure (Gilbert et al, 2002).

2.3.3. Cadmium Zinc Sulphide

Thin films of Cd;,Zn,S have properties betweeti those of ZnS and CdS (Ramasamy et al,
2011). As mentioﬁ_é& earlier, fgd/njumsulphide and zinc sulphide can crystallize in two

polymorphic modifications, either in a cubic sphalerite structure or as a hexagonal wurtzite

.-_—l—.-.-#'-—d-_

structure. Throughout most of the composition range of Cd;xZnxS, the wurtzite structure is
the stable one. Only when the concentration of zinc sulphide nears 100 % does the sphalerite
form predominate (Cherin et al.,_1970). The wurtzite phase can be considered as two

interpenetrating hexagonal structures, one composed of cations and the other of anions. All
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Figure 2.3: hexagonal close packed “IQN" U ST

Figure 2.3 shows the hexagonal structure of CdS.jlt is considered that during formation of

£ i W
Cd\.xZn,S, the Zn** ions is incorporated in the Cdb lattice or entered in its interstitial sites

% , - o~ F e
because the radii of Zn** ion (0.74 A) is smaller than-that of Cd** (0.97 A) (Prem Kumar er

daled ” -l

al., 2010). ..
el L e — e
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24. REVIEW OF CADMIUM ZINC SULPHIDE THIN FILMS PREPARED BY
f o, i -‘ 1___,‘;{! - 1 . - kL
CHEMICAL BATH DEPOSITION P
Y 8 é; ~— ¥ J I 2ioe =l
By far the greatest interest and ¢ffort in the CBDefimry‘Sémlcondu@j has been focused
'-‘;F"' N ‘ S— J - *"".'rd., ,_'.-__*
on cadmium zinc sulphide ?GJMMS literature review MWS some of the various

techniques used in the preparation of eﬂmltm dep&m-c? Cadmium zinc¢ sulphide thin

films and the results of their characterization.
- e

The first well-characterized deposition of a true (Cd, Zn)S alloy film prepared by chemical
bath deposition was described by Padam ef al. (1988). In their work, Cd and Zn acetates were
used in various ratios complexed with ammonia, TEA and thiourca. The deposition

temperature was between 90 and 95 °C. Cd,..Zn,S , (for 0 < x < 1) were deposited onto a
26




glass substrate. Interestingly, the Zn was more heavily complexed than the Cd in this

solution, which shows that the mechanism of deposition is not one based solely on solubility
product of the sulphides. In fact, from the crystal size measurement of a similar deposition
described by Al Kuhaimi and Tulbah (2000), it is possible that the deposition mechanism is
different for the two cations. The small crystals of pure ZnS and the larger ones of pure CdS
suggest a cluster mechanism and an ion-by-ion mechanism, respectively. The films were
characterized by a variety of techniques. Elemental analysis using electron diffraction (ED)
showed that the Zn:Cd ratio in the film Wyés almost equal. X-ray diffraction (XRD) and ED
were used for phase and compositional analysis. All the compositions up to 80 % Zn were
wurtzite structure, while pure ZnS was sphalerite: Interestingly, while most of the films gave
ring ED patterns showing nonoriented growth, some showed a degree of orientation, in spite
of the glass substrate. The band gap, calculated from optical absorption spectroscopy, varied
almost linearly with compesition between that of CdS (2.4 eV) and ZnS (3.6 eV). The films
were all n-type (hot probe) withﬂ resistivity, p that varied linearly on-alog p scale from 10° Q-
em (CdS) to 10" Q-cm (ZnS). Doping by Indium (as InCls in the deposition solution)
reduced p; e.g., for a CdggZng ;S film, p dropped linearly on a log p scale with indium content
from about 10'° Q-cm (undoped)-to around 10° Q:cm (1.5 % Indium -'the indium ratio in
the film was similar to that in the solution).-At high indium ratios; p increased, explained by a
decrease in mobility due to scattering by In. Annealing in H; at 200 °C also decreased p. For
example, a Cdg_gZ_g;,jS: 1.5 % indium-film; showed a minimum value for p of approximately

10 Q-cm, presumably due to loss of S.
T

This same method was more recently repeated with very similar results by Al Kuhaimi and

Tulbah, ( 2000). It was additionally found that the films were strongly textured, with only one
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XRD peak—-eithcl" (001) wurtzite or (111) sphalerite, although this texture was lost if a
subsequent layer was deposited to produce thicker films. The crystal size measured from
XRD peak width varied from 20 nm (CdS) to 9 nm (ZnS). The band gap varied between the
same limits as found in the previous study, but changed more rapidly for high Zn content.
The resistivity of the films varied linearly on a log p scale from 10° Q-cm (CdS) to 10 Q-cm

(ZnS), the latter, higher than the value measured by Padam et al. (1988), as evidenced in

Figure 2.4.
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Figure 2.4: Resistivity data for some (Cd, Zn)S films. The data from the two yamaguchi papers were

modified to show resistivity values as a function of approximate film composition, rather than solution

composition as given in the original papers.
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Using ammonia-co_mplexed metal iodide and thiourea at a pH of 10, Yamaguchi e al. (1996),
formed films whose properties depended on the temperature. The resistivity of the films
decreased with increase in Zn content from 10'° Q-cm for CdS (a very high value for CdS) to
about 10° Q-cm for 90 % (solution concentration) Zn and then increased to approximately
10° Q-cm for pure ZnS. No explanation for this effect was given. The films were
photoconductive, with the resistivity decreasing in a somewhat sporadic manner as a function

of composition, up to a maximum dark: light ratio of 5 x 10> for the 90 % Zn films.

Similar conditions, but at a lower pH of 8.4, wag'also used by the group Yamaguchi et al.
(1999), for film deposition. X-ray diffraction showed well-defined peaks that shifted in
position with change in composition, while the optical absorption spectra gave values of the
band gap, Eg, which varied gradually with eomposition. The well-defined shift in XRD peaks
and, to a somewhat lesser extent; the gradual change in estimated band gap with composition
provide good evidence for tmes*solid solution formation. Unlike other studies as well as the
higher pH studies by the same groups: the electrical resistivity did not vary much with
composition, being around 5% 10’ Q-cm. An ov-erview of the variation:of resistivity of some
of these (Cd, Zn)S films with composition is given in“Figure 2.4. There is quite a large

variation, both in resistivity values and in theircompeositional dependence.

—
-

— ,/—”_—’

Boyle et af- (2000), developed a novel method for the synthesis of cadmium zinc sulphide
thin films from acidic chemical baths. In a typical experiment, thin films (about 30 to 50 nm
diameter) of the ternary CdgoZng S-were grown on tin oxide glass substrates from acidic

baths (pH between 5.5 and 4.9) containing cadmium chloride (0.005 mol dm’s), zinc chloride

'LIBHARYAH
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(0.015 mol dm™), l.?rea (0.5 mol dm™) and thioacetamide (0.2 mol dm™). The reaction mixture
was maintained at 353 K and stirred for deposition. Substrates were removed from the bath
after 1 to 2 hours, washed with de-ionised water and any adherent particulate matter removed
by ultrasonic agitation. The substrates were allowed to dry under ambient conditions. The as-
deposited films were yellow-orange in colour and adherent. Annealing in air at 500 °C for 30
minutes produced adherent and pale yellow films. Glancing angle X-ray diffraction (XRD)
measurements were recorded and the diffractograms compared with data in the JCPDS data
files. Air annealed films were opticallyl #ransparent and highly! crystalline, the pattern of
prominent peak positions was consistent with a hexagonal " wurzite-type" structure. The band
gaps of the films were determined from electroniefabsorption spectra before and after
annealing by the direct band gap method (from plots of &* vs. photon energy). Annealing
produced a shift in the band gap from 2.55 eV to 2.50 e€V. The surface morphology of films
was assessed by scanning electron mieroseopy. Films . were dense, homogeneous and
composed of large grains (~500. hm diameter)- with preferential.growth on the tin oxide
coated side of the TO glass substrate. Energy .dispersive analytical X-ray analysis (EDAX)
profiles were consistent with formation of the ternary compound. The approximate elemental
ratios were estimated (from peak area analysis)as 8 :2 :10:Cd :Zn* S. Transmission electron
microscopy (TEM) and selected areaselectron diffraction (SAED) measurements presented
further evidence of increasing crystallinity with thermal treatment. X-Ray photoelectron
spectroscopy (XBSj_:vas utilized to—gain information on the elemental composition and
electronic state of the surface of the films. The binding energies of the major peaks were
consist_;‘: :vith the formation of ternary material. Minor features were assigned to carbon (C
Is 284.8 eV) and oxygen (O 1s 531.8 V) which were tentatively attributed to incorporation

into films during CBD. This report concluded that this was the first definitive evidence for

the successful preparation of polycrystalline thin films of cadmium zinc sulfide by Chemical
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Bath Deposition (CBD) from acidic solutions. According to Boyle et al. (2000), the success
of this approach i1s rationalized in terms of overcoming the fundamental differences between

CdS and ZnS CBD systems and driving the process towards a surface controlled ion-by-ion

deposition.

Khefachaa et al. (2003), studied the Electrical and optical properties of Cdx Zn,S (0 <x<
0.18) grown by chemical bath depositiongeghnique on glassssubstrates. The thin films of Cd;.
x Z0,S were grown on glass substrates from*alkaline=bath=¢pH "11.7) containing cadmium
sulphate (2.8 x 10™ - 1.19 x 10™ mol/l), zinc sulphate (2.1 x 10™ — 1.4 x 10 mol/l), thiourea
(0.028 mol/l) and ammonia (1.74 mol/l). Deposition took place on commercial glass slides,
which were cleaned by means of a mixture of chloride and.nitric acids (1:2), degreased by
methanol and finally etched in'a5.% HF selution just before use for the deposition. The glass
slides were placed vertically inva 100-ml"¢losed beaker and together were introduced in a
water bath kept at a constant ‘temperature. Microstructural features, obtained from X-ray
diffraction and scanning electron micrescopy (SEM) measurements, revealed a predominance
of Wurtzite structure and 'a homogenous microstructure formed by densely microcrystallines
for all the samples studied. CdyxZniS sémiconductor wasfound to be resistive and of n-type.
Also, the electron density decreased with inereasing-x-and the mobility reached a maximum
around x = 0.12, which means that the Cd;«Zn,S films at this composition were of high

— /—
crystallinity, i.e. having reduced intrinsic defect concentrations.

B

Zhou et al. (2004), studied the composition, optical properties, structure properties, and

surface morphology of thin films of CdjxZnsS (x < 10 %) prepared by chemical bath
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deposition (CBD). Cd,«Zn,S film with zinc concentration x < 10 % was prepared from a
solution of 4.6 ml NH4Ac (1 M), 15.2 ml NH,OH (15 M), (0-16) ml Zn(Ac), (0.033 M), 4 ml
Cd(Ac), (0.033 M) and 8 ml thiourea (0.067 M) solution in 550 ml of DI water. The growth
was carried out at 90 °C in a stirred solution. This group of films was used for material
characterization and CdTe cell preparation. The absorption started at a wavelength of 520
nm. The optical band gap of the CdS thin film was 2.42 eV, suggesting a pure phase of CdS.
XRD data also confirmed this. The peak at 20 = 26.9° of the (111) planes of cubic CdS or the
(002) plane of hexagonal CdS was detected’in the XRD. The.surface roughness and grain size
of the films were compared between Cdy¢,ZngosS and CdS samples. AFM analysis was
performed on two films deposited on SnO, substrates with thickness around 1000 A, which
showed that the films had similar surface roughness. The mean square roughness was 7.50
and 7.97 nm for Cdgg:Zng ¢3S and CdS films, respeetively. The average grain size of CdS
(~25 nm) was smaller than that of Cdye,Zng 0gS (~50 nm). The grains of CdpgyZngesS
appeared to be more randoml}f_distributed on-the surface, whereas the surface of CdS was

composed of coalescence of a number of small grains.

Song et al. (2005), studied (Cd;-Zn)S thin-films grown on‘the«soda-lime glass substrates by
(CBD) process, for buffer layer applications-in-CuGaSe; (CIGS) solar cells. The structural,
surface morphology, optical and electrical properties of the as deposited films were
e = il
investigated by XRD, SEM, spectrophotometer and four probes resistivity measurements as a
function of Zn- composition in the solution. The films had hexagonal structures and the grain
size increased with increasing Zn- content in the solution. The resistivity of the CdZnS films
were reported to increase as the Zn content increased. Optical absorbance and transmittance

spectra of the films were measured using an HP 8453 UV-Visible spectrophotometer over the
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wavelength range of 300 to 1100 nm. The film with 30 % of Zn in the solution showed a
better than 80 % transmittance for wavelengths longer than 600 nm and film thickness less

than 50nm. The values of energy band gaps obtained were 2.40, 2.55 and 2.70 eV for Zn-

content of 0, 30 and 50 %, respectively.

Gaewdang and Wongcharoen (2007), investigated the optical and electrical properties of
chemical bath co-deposited CdS-ZnS ghin films. [The deposition was carried out at a
temperature of 80 °C for 60 min, on glass*stide“substfatés=¢leaned with trichloroethylene,
acetone, ethanol and distilled water in an ultrasonic cleaner. The aqueous solution used for
CdS-ZnS co-deposition contained 0.01 My[CdSO4+ZnS04); 0.05 M SC(NH,),, 1.5 M NH;
and 3.0 M N,H; .H;O in deionized water with a total volume of 150 ml. The films obtained
by this method, after ultrasonie-cleaning; weré smooth, uniform, adherent. bright yellow
orange in colour and the yellowness inereased with increasing zinc content. Crystal structure

of the films was checked by XRD measurements.

The SEM and AFM micrographs.showed that the grain size“degreased as the Zn content
increased. The optical transmission spectra-were obtained by means of a spectrophotometer.
Ohmic contacts were made with silver paste on the surface of a Cd;4Zn,S film with the
- __..-r""""'—--—__ .
contact separation about 3 mm. The current passed through the contacts by applying dc
voltage seurce was measured by using a Keithley 614 electrometer. Cd;xZn,S films
deposited on glass slide substrates showed only one diffraction peak located around 26 = 28°.
The peak could be probably associated with (111) reflection of the zincblende structure.

Increasing Zn content gave rise to rapid decrease in the peak intensity and it disappeared
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when the Zn atom?c ratio, x > 0.7 corresponding to amorphous characteristics. From SEM
micrograph, grain size decreases rapidly as Zn atomic ratio, x increased. AFM surface images
and roughness of the as-deposited Cd;..Zn,S films as a function of x was determined. The as-
deposited films had a globular surface morphology, which agrees with the growth
mechanism; homogeneous and heterogeneous reactions. The mean size of individual
agglomerated grains was around 50 to 150 nm for the as-deposited films, which was in good
agreement with SEM and AFM images. The optical transmission spectra of the as-deposited
Cd;.xZn,S films were recorded. The shifiof labsarption edge towards shorter wavelengths
indicates that, increasing Zn atomic ratio gives rise to an increase in energy gap (Eg). The

energy band gap varied from 3.1 to 3.9 eV when the Zn atomic ratio increased from 0.2 to

0.9.

Chavhan et al. (2008), carried out a study:on the effect of annealing on the structural and
optical properties of Cd]-xanS- thin films for photoveltaic applications. The Cd,«Zn.S thin
films were grown on an ITO substrate using a chemical bath deposition technique. CdCl,,
Zn(NO3), and NH,—-CS-NH> were used as_source materials for @d*% Zn®" and S ions,
respectively. All the chemicals uséd in thennvestigation wete of analytical reagent grade. For
the preparation of good quality films, the-eencentration of (0.1 M) CdCl,, (0.175 M)
Zn(NO3); and (1 M) NH,—CS-NH, were optimized and used as stock solutions. The as-
. s
deposited films were annealed in air at 400 °C for 30 min. The composition, surface
morphology and structural properties of the as-deposited and annealed Cd;xZnS thin films
were studied using EDX, SEM and X-ray diffraction techniques. The annealed films were
observed to possess a crystalline nature with a hexagonal structure. The optical absorption

spectra were recorded within the wavelength range of 350 to 800 nm. The band gap of the as-
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deposited thin ﬁlms_ varied from 2.46 to 2.62 eV, whereas in the annealed films these varied

from 2.42 to 2.59 eV. The decreased band gap of the films after annealing was due to the

improved crystalline nature of the material.

Kumar ef al. (2009), studied the Growth and Optical Properties of Chemical Bath Deposited
Cdy7Znp3S Nanoparticles. Nanocrystalline thin films of Cdg7Zng3S were deposited on
optically plane glass substrates by CBDgteghnigue. Analytical=grade cadmium sulphate
(3CdS04.7H,0) having molecular mass 769.51%gmmoles=zin¢ sulphate (ZnSO4) having
molecular mass of 287.54 gm/mole and thiourea (CN,H4S) having molecular mass of 76.12
gm/mole are used as the source of Cadmium, Zinc and Sulphur respectively. The XRD traces
were taken using X-Ray powder diffractogram (Seifert XRD 3003 T/T) operated at 40 kV
and 30 mA with Cu Ko radiation. (1.5405.A). The peak positions suggest that the as-
deposited films have the hexagonal wurtzite structure corresponding to orientations along
(100), (002), (101), (102), (1 10), (103), (200), (112) and (201) planes. Photoluminescence
(PL) spectrum of the films exhibit four.emission bands at 470.nm, 485 nm, 490 nm and 503
nm in blue-green region: The 'PL intensity. at 490 nm was expected-due to the band edge
luminescence of as deposited €dg7ZngsS+ It showed themarrow spectral width that indicates
the homogeneous composition of nanocrystals-FEM-studies were done using Transmission
Electron Microscope JEOL (Japan), JEM 100 CX-II operating in the accelerating voltage of
& e
100 kV at room temperature. SEM images revealed that the nanoparticles deposited were

unifﬁrt—r’l:;dherent and pinhole free with hexagonal shape in structure. The average particle

size was found to be about 65 nm.
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Meng et al. (2010),. reported on the Acidic chemical bath deposition of Cd;.Zn,S thin films.
CdS thin films were grown on commercial SnO,:F (FTO) conducting transparent glass,
before the CBD process. FTO substrates were cleaned in acetone, alcohol and de-ionized
water, respectively. The substrates were dried at 90 °C in an oven. CdS thin films were
prepared using a reactant solution at 80 °C controlled by a water bath. CdCl, .2H,0,
Zn(NO3); .6H,0 and C,HsNS were used as source materials for Cd**, Zn*" and S* ions,
respectively. Urea was added into the reaction solution to adjust the balance of the
hydrolyzation and deposition. A 200 mlizéaction solution was prepared at room temperature,
in which the concentration of cadmium ions, zinc ions, urea and thioacetamide were 0.019,
0.001, 0.5, 0.02 M, respectively. The pH value of theisolution was adjusted to 4.0~4.1 by a
diluted HCI solution. The mixture was stirred for homogeneous solution. After deposition,
the substrates were taken out of the bath, rinsed with-deionized water, dried under a stream of

nitrogen. Finally, Cd,..Zn,S thin films were annealed i air at 400 °C.for 30 minutes.

Strong peaks at 2.31 and 3.14 ¢V for Siand Cd respectively, were found in the EDX spectrum
of the as-deposited CdggsZngosS thin films. Thepeaks at 0.5, 4.75; 8.45 and 3.69 keV

showed the presence of oxygen, silicon; stannum and calcium,'respectively, which appeared

due to the FTO substrate. The percentage concentrations of Cd and Zn were 7.72 % and 0.42

% in the film. The elemental ciIEB_,asitign of the film and the initial values in the reaction bath

were similar. The deposited CdpgsZnosS thin films were smooth, homogenous and densely
pacg;ith particles of about 200 to 250 nm in diameter. The SEM images showed the
nanocrystalline nature of the Cdg95Zn.0sS thin films. After thermal annealing, the particles
tried to coalesce and/or diffuse tog_ether to form relatively bigger grains which enhanced the

crystallinity of the material. X-ray diffraction patterns were studied to determine the crystal
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structure of the qu,gang_mS thin films, before and after annealing. The as-deposited thin
films possessed poor crystallinity compared to the annealed films. The reflection 