STUDY ON THE EFFECT OF SOLUTION BATH CONDITIONS ON THE OPTICAL PROPERTIES OF CALCIUM SULFIDE (CaS) 
THIN FILMS
by

MUTHULAKSHMI, K.
(08PHS06)

A DISSERTATION SUBMITTED TO THE
avinashilingam deemed UNIVERSITY for women,

coimbatore – 641 043.
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE
DEGREE OF
MASTER OF SCIENCE IN PHYSICS
APRIL 2010
                         [image: image1.png]



CERTIFICATE
[image: image2.jpg]STUDY ON THE EFFECT OF SOLUTION BATH CONDITIONS
ON THE OPTICAL PROPERTIES OF CALCIUM SULFIDE (CaS)
THIN FILMS

BY
MUTHULAKSHMI, K.
(08PHS06)

A DISSERTATION SUBMITTED TO THE
AVINASHILINGAM DEEMED UNIVERSITY FOR WOMEN,

COIMBATORE — 641 043.

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE IN PHYSICS
APRIL 2010

CERTIFIED AS A BONAFIDE RESEARCH WORK

\/\)\}}} S
0 0

Signature of the Signature of the
Head of the Department Guide




[image: image3.jpg]





[image: image4.png]



ACKNOWLEDGEMENT
acknowledgement
I owe my sincere thanks to Lord Almighty and my parents without whom I would have been nothing and showering their generous blessings upon me in all endeavors.
 I wish to express my deep sense of reverential gratitude to                  Thiru. T.K.Shanmughanandam, B.A., B.L., Chancellor, Avinashilingam Deemed University for women, Coimbatore, for providing the facilities to conduct this study.
I extend my thanks to Dr. Hon.Col.(Mrs.) Saroja Prabhakaran, M.A., dip.ed.,(Madras), Ph.D.(Mother Teresa), Vice Chancellor, Avinashilingam Deemed University for women, Coimbatore, for providing flamboyant help towards the completion of the study.
 I record my deep sense of gratitude and indebtedness to 
Dr.(Mrs.) Gowri Ramakrishnan, M.Sc.,(Madras), M.Phil., Ph.D. (Avinashilingam), Registrar, Avinashilingam Deemed University for women, Coimbatore, for providing adequate help for the study.

I also wish to express my gratitude to Dr.(Mrs.) R.Parvatham, M.Sc., Dip.Ed., M.Phil.,(Madras), Ph.D. (Avinashilingam), Dean, Faculty of Science, Avinashilingam Deemed University for women, Coimbatore, for the timely help rendered by her throughout the course.


I wholeheartily thank Dr.(Mrs.) Rachel Oommen, M.Sc., (Kerala), Dip.Ed., (Madras), B.Ed,. (Annamalai), M.Phil., Ph.D. (Bharathiar), Professor and Head of the Department of Physics, Avinashilingam Deemed University for women, Coimbatore, for her encouragement and generous help, which was of great value.
I am very much indebted to my Guide Dr.(Mrs.) Rachel Oommen, M.Sc., (Kerala), Dip.Ed., (Madras), B.Ed,. (Annamalai), M.Phil., Ph.D. (Bharathiar), Professor and Head of the Department of Physics, Avinashilingam Deemed  University for women, Coimbatore, for her excellent, outstanding guidance, constructive criticism, motivation, valuable advice, untiring support, timely suggestions, constant encouragement, and inspiration throughout the study, holding me strong in all the places I faltered.

I sincerely thank all the staff members of the Department of Physics, Avinashilingam Deemed University for women, Coimbatore, for being supportive and understanding.


I thank all my friends for their support, understanding and co-operation for the successful completion of the study.







MUTHULAKSHMI, K.
                     [image: image5.jpg]



CONTENTS   
CONTENTS
	CHAPTER
	TITLE
	PAGE NO.

	
	LIST OF FIGURES
	i

	
	LIST OF TABLES
	ii

	
	LIST OF PLATES
	iii

	I
	INTRODUCTION
	1-8

	1.1
	Thin films
	

	1.2
	Applications of thin films
	

	1.3
	Deposition Techniques 
	

	1.4
	Types of deposition
	

	1.4.1
	Physical Deposition
	

	1.4.2
	Chemical Deposition
	

	1.4.3
	Other Deposition Process
	

	1.5
	Chemical Deposition Techniques
	

	1.6
	Chemical bath deposition
	

	1.7
	Calcium Sulfide
	

	1.8
	Properties of Calcium sulfide 
	

	1.9
	Natural Occurrence of Calcium Sulfide
	

	1.10
	Objectives 
	

	II
	REVIEW OF LITERATURE
	9-15

	III
	 MATERIALS AND METHODS
	16-25

	3.1
	Materials Required 
	

	3.2
	Substrate cleaning  
	

	3.3
	Chemical bath deposition 
	

	3.4
	Experimental technique 
	

	3.5
	Theoretical formulae 
	

	IV
	RESULTS AND DISCUSSION
	26-42

	4.1
	Thickness
	

	4.2
	Uniformity
	

	4.3
	Optical properties
	

	4.3.1
	Absorbance
	

	4.3.2
	Transmittance
	

	4.3.3
	Reflectance
	

	4.3.4
	Extinction co-efficient (Kf)
	

	4.3.5
	Band gap energy (Eg)
	

	V
	SUMMARY AND CONCLUSION
	43

	
	REFERENCES
	44-49


                        [image: image6.jpg]


  

INTRODUCTION
         [image: image7.jpg]


  

INTRODUCTION
CHAPTER I

INTRODUCTION

1.1 Thin films

 
Scientific disciplines are identified and differentiated by the experimental equipment and measurement techniques they employ. The same is true of thin film science and technology. A thin film may be arbitrarily defined as a solid layer having thickness varying from a few angstroms to about 10 micrometer and so (Goswami A., 2005). Thin film properties are strongly dependent on the method of deposition, the substrate material, the substrate temperature, the rate of deposition and the background pressure.
 For the first half of this century interest in thin film centered of optical applications. The role played by film was largely a utilitarian one necessitating measurement of film thickness and optical properties (Milton Ohring, 1987). 
The present level of advancement of modern civilization requires huge amount of energy, while at the same time there is rapid deletion of conventional sources of energy such as petroleum coal, natural gas, etc. It is therefore imperative that, alternative energy sources must be identified (Nnabuchi M.N. and Okeke C.E., 2004). Because of its compactness, better performance, low package weight and reliability coupled with low cost of production, thin film devices and components are preferred over their bulk counter parts (Goswami A., 2005).
1.2 Applications of thin films 
Active components of thin films are used in transistor, field diode, and magnetic core. Passive components of thin film are resistors, capacitor & inductors. Thin films are used to produce Thin film batteries and Thin Film Solar Cells (Photovoltaic cells). 

Thin Film Transistor (TFT) is used in liquid crystal displays. A familiar application of thin film is in Field Effect Transistor (FET), Metal Oxide Semiconductor FET (MOSFET), switching devices, cryogenic and high density memory systems for computer memory.

Some of the important applications of thin films are microelectronics, communication, optical electronics, catalysis, coating of all kinds, energy generation and conservation strategies.

            Thin film printing technology lithium polymers is being used to apply solid-state  to a variety of substrates to create unique batteries for specified applications. It is also being applied to pharmaceuticals, via thin film drug delivery (http://www.mpoweruk.com/applications.htm).

1.3 Deposition Techniques
Film formation involves deposition of uniform layer which should be under control (Jayaraj M.K., 2006). The act of applying a thin film to a surface is thin-film deposition and it is a technique for depositing a thin film of material onto a substrate or onto previously deposited layers. "Thin" is a relative term, but most deposition techniques control layer thickness within a few tens of nanometers. Molecular beam epitaxy allows a single layer of atoms to be deposited at a time. 

1.4 Types of deposition


Thin films can be prepared from a variety of materials such as metals, semiconductors, insulators, or dielectrics. Deposition techniques fall into two broad categories, depending on whether the process is primarily chemical or physical. 
1.4.1 Physical Deposition 
Physical Deposition uses mechanical or thermo dynamic means to produce a thin film of solid. Physical deposition systems tend to require a low-pressure vapor environment to function properly, most can be classified as
· Evaporation

· Sputtering

· Epitaxy

· Oxidation

· Chemical Vapour Deposition

· Ion implantation 
1.4.2 Chemical Deposition

The choice of a preparative technique is, however, guided by several factors particularly the melting point of the charge, its stability, desired purity and characteristics of deposits and these can be achieved by several methods (Goswami A., 1996). The chemical methods available for film formation are
· Chemical Solution Deposition (CSD)
· Chemical Vapor Deposition (CVD)
· Plasma enhanced CVD
· Plating                     
1.4.3 Other Deposition Process
Some methods fall outside these two categories, relying on a mixture of chemical and physical means.  

· Molecular Beam Epitaxy (MBE), 
· Reactive sputtering
· Topotaxy
1.5 Chemical Deposition Techniques
Chemical deposition is further categorized by the phase of the precursor:

· Plating relies on liquid precursors, often a solution of water with a salt of the metal to be deposited. Some plating processes are driven entirely by reagents in the solution (usually for noble metals), but by far the most commercially important process is electroplating. It was not commonly used in semiconductor processing for many years, but has seen resurgence with more widespread use of chemical-mechanical polishing techniques. 

· Chemical Solution Deposition (CSD) uses a liquid precursor, usually a solution of organometallic powders dissolved in an organic solvent. This is a relatively inexpensive, simple thin film process that is able to produce stoichiometrically accurate crystalline phases. 

· Chemical Vapor Deposition (CVD) generally uses a gas-phase precursor, often a halide or hydride of the element to be deposited. In the case of MOCVD, an organometallic gas is used. Commercial techniques often use very low pressures of precursor gas. 

· Plasma enhanced CVD (PECVD) uses an ionized vapor, or plasma, as a precursor. Unlike the soot example above, commercial PECVD relies on electromagnetic means (electric current, microwave excitation), rather than a chemical reaction, to produce a plasma.
    1.6 Chemical bath deposition

In this method, glass substrates are immersed in solution containing metal ions and then into solution containing chalcogen ions. Repetition of such immersion in metal ions and chalcogen ions results into film formation on the substrates. Preparative conditions such as concentration, immersion time, rinsing time and temperature are optimized to get good quality and well film on to glass substrates (Jayaraj M.K., 2006).
1.7 Calcium Sulfide
Calcium sulfide is a chemical compound with the formula CaS. This white material crystallizes in cubes like rock salt. CaS has been studied as a component in a process that would recycle gypsum, a product of flue gas desulfurization. 
Like many salts containing sulfide ions, CaS typically has an odour of H2S, which results from small amount of this gas formed by hydrolysis of the salt.

1.8 Natural Occurrence of Calcium Sulfide
Oldhamite is the name for mineralogical form of CaS. It is a rare component of some meteorites and has scientific importance in solar nebula research. Burning of the coal dumps can also produce such compound.

1.9 Properties of Calcium Sulfide
In terms of its atomic structure, CaS crystallizes in the same motif as sodium chloride indicating that the bonding in this material is highly ionic. The high melting point is also consistent with its description as an ionic solid. In the crystal, each S2− ion is surrounded by an octahedron of six Ca2+ ions, and complementarily, each Ca2+ ion surrounded by six S2− ions. Calcium sulfide is a moderately water and acid soluble 

CaS is produced by "carbothermic reduction" of calcium sulfate, which entails the conversion of carbon, usually as charcoal, to carbon dioxide:

CaSO4 + 2 C → CaS + 2 CO2
and can react further:

3 CaSO4 + CaS → 4 CaO + 4 SO2
1.10 Applications of Calcium sulfide
Calcium sulfide is used in homeopathy where it is called hepar sulphuris calcareum or hepar sulph. Milk of lime, Ca(OH)2, reacts with elemental sulfur to give a "lime-sulfur", which has been used as an insecticide. 

The CaS product must be mixed with water and sprayed on. The mixture should be shaken well before and during treatment. Thoroughly spray all parts of plants to be treated, without run-off.  The product may be applied during dormancy (in the spring, before buds open) or in lower concentrations during the growing season. During dormancy, lime sulphur and mineral oil (horticultural oil) treatments may be combined, in accordance with the manufacturer's recommendations. 
During the growing season, allow at least 30 days between the application of lime sulphur and treatment with mineral oil. The product should be applied when temperatures are below 27°C, in the early morning or late afternoon or evening, to avoid burning plants (medicaldictionary.thefreedictionary.com/calcium+sulfide,+calcium+ polysulfide). 
1.11 Objectives
The main objectives of the present work are

· To deposit CaS thin film using chemical bath deposition method.

· To study the optical properties of the deposited thin film by UV Spectroscopy.

· To calculate the optical constants such as Extinction coefficient (kf), refractive index (n), Absorption coefficient (α) and Energy band gap (Eg).

· To study the effect of deposition time on the optical properties of Calcium sulfide (CaS) thin films.
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REVIEW OF LITERATURE

CHAPTER II

REVIEW OF LITERATURE
Smet P.F. and Poelman.D (2009) observed the direct growth of luminescent sulfide thin films onto templated substrates with the solvothermal synthesis method. The XRD and Electron microscopy studies revealed the growth, morphology and texture of thin films.
Shaukat A., et al (2008) had investigated the structural, electronic and optical properties of all the four possible B1, B2, B3 and B4 phases of CaS by first principle calculation. They calculated reflectivity R((), the real and imaginary part of the dielectric function for all the phases and results have been discussed and compared.
Christoulakis S., et al (2007) had developed Europium and samarium doped calcium sulfide thin films (CaS:Eu,Sm) with different thickness by the pulsed laser deposition technique using sintered targets. Structural investigations carried out by X-ray diffraction and atomic force microscopy showed a strong influence of the deposition parameters on the film properties.
Stepanova E.V., et al (2007) studied the electron structure and optical properties of the compound CaS and calculated the zone structure of the compound by self-consistent linear combined plane-wave method. Experimental optical spectra of CaS were interpreted and the calculations predict a significant degree of covalence in the chemical bond in CaS.
Vinay kumar, et al (2007) prepared CaS:Bi nanocrystalline powder of  average grain size 35 nm and studied the irradiation induced damage and modifications using XRD, TEM.  A blue shift of the photoluminescence peak with increasing ion fluence was noticed and also ascribed to a decrease in a CaS grain size.
Georgobiani A.N., et al (2006) observed the diffuse reflectance, photo excitation and luminescence spectra. Luminescene decay time of CaS:Er3+ have been measured at 77K and 300K and different activator content. The absorption, luminescence band due to Er3+ centers and native defects have been revealed. The characteristics decay times of the Er3+, 2H​11/2 and 4F9/2 states in CaS have been determined.
Kyung Nam Kim, et al (2006) synthesized Europium doped Calcium sulfide phosphor by a co-precipitation method using Calcium carbonate and ammonium sulfate as the sources for calcium and sulfide respectively. The formation of crystalline CaS phase was evident by the X-ray diffraction analysis of the fired products. The phosphor yielded red emission of wavelength 634nm and the emission intensity was found to be increased with increasing firing temperature from 550ºC to 950ºC, but firing at 1150ºC showed a dramatic decline in emission due to thermal quenching.

Vinay kumar, et al (2006) studied thermoluminescence (TL) of CaS:Bi nano crystlalline  phosphors prepared  by the wet chemical co-precipitation method and exposed to (-rays. The samples were estimated as 35 nm using Scherrer’s equation and exhibit a complex TL glow curve with multiple peaks. The effect of different dopant concentrations and different heating rates has also been discussed.

Shintaro Hakamata, et al (2005) prepared CaS:Cu, F thin films on Si substrate aiming at development of purple-blue emitting thin film electroluminescent (TFEL) device with high luminance. Th edependence of structural and photoluminescent properties of CaS:Cu, F thin films on annealing temperature and time was investigated. The purple-blue EL with peak at 425nm was obtained from the device with 0.3 at % of Cu and annealing temperature of above 800ºC.

Choi Sung-Ho, et al (2004) performed luminescent properties of CaS thin films doped with Pb and Cu under UV and low-voltage electron-beam excitation, the CaS:Pb, Cu thin films exhibited highly saturated blue photoluminescence centered at 430nm. The results from efficient cathodoluminescence showed efficient energy transfer from Pb to Cu confirming successful sensitization.

Nnabuchi M.N. and Okeke C.E. (2004) deposited thin films of calcium sulphide using chemical bath deposition. The optical and solid state characteristics revealed that films of calcium sulphate (CaS) have a low absorbance, high transmittance and low reflectance. CaS was observed to be suitable for use as a photosynthetic material and window coating.

Versaluys J, et al (2001) investigated the structural and optical properties of electron beam deposited CaS:Pb thin films as a function of annealing temperature and lead concentration. X-ray diffraction measurements showed weak crystallinity for search layers. At high annealing temperatures (1000ºC for 2 mins) and sufficiently high lead concentrations (0.74 at %), a bright blue photoluminescence was observed.

Kawasumi A., et al (2000) had prepared CaS:Cu, F thin films using electron beam evaporation technique and studied the structural and luminescent properties. Both as-deposited and annealed films showed [1 1 0] orientation and the crystallinity of the film was improved with increasing annealing temperature. The results from the time-resolved emission spectra suggested that the origin of blue luminescence not only from the powder phosphor but also from thin films intraionic transition in the Cu+ ion and not due to D–A pair recombination.
Srijata Dey and Sun Jin Yun (1999) prepared polycrystalline CaS thin films on Al2O3 films of Si wafer using the Atomic Layer Deposition (ALD) technique. The surface structure of these films was studied by AFM and compared with respective SEM images. Variation in the morphological feature was studied and the first report of a possible growth mechanism is presented.
 Morimo R., et al (1997) measured thermal characteristics of CaS:Ce and SrS:Ce thin films using a differential thermal analysis (DTA) from room temperature to 700ºC at a heating rate of 8ºC min-1. The crystal structure of the thin film was examined with an X-Ray diffractometer operating at 35 KV with a filament current of 40mA using Ni: filterd Cu Kα radiation. Microscopic observation of thin films was performed by scanning electron microscopy. The thin film thickness was measured by scanning probe microscopy. Emission and excitation spectra were obtained using luminescence spectrometer. The maximum resolution of the instrument was 1.25nm.
A detailed study of the structural, compositional and optical properties of electron beam deposited Cas:Eu electroluminescent devices was presented by Poelman  D., et al (1997). The results of vacuum deposition showed that the electroluminescent characteristics are correlated with the results of structural analysis.

Karpinska,K., et al (1995) studied the optical properties of CaS:Tb grown by atomic layer epitaxy. The results of optical experiments are presented for Tb doped thin layers of CaS. The observation of a relatively bright green emission of Tb3+ is reported which depends only weakly on the ambient temperature and shows a purely exponential decay over a wide temperature range.
Swiatek K., et al (1994) studied the recombination process in CaS:Eu2+ (0.1–1.5wt%) thin films. Photoluminescence spectra and emission decay kinetics were measured at different temperatures (4–300 K). The results showed that the Eu2+ intra-ion transitions as well as energy and electron transfer between different Eu centers are responsible for luminescence properties of the CaS:Eu2+ films.
Rare earth doped calcium sulphide thin films were prepared by Charreire Y., et al (1994). Local structure of luminescent centres in Tb3+-, Ce3+- and Eu2+- doped calcium sulphide thin films was determined. In the concentration range studied, the rare earths are located at substitutional sites both in thin films and in powder samples. 
Masahiko Ando and Yoshimasa A. Ono, (1992) had studied the temperature effects in the emission characteristics of CaS:Eu2+ thin film electroluminescent devices. From the measurements of temperature dependence of photo luminescent intensity and photo induced charge density, thermal emission quenching was considered to be controlled dominantly by crystallinity of a CaS host rather than by Eu concentration.

Zhang J-G., et al (1992) studied the optical absorption and photoluminescence of Eu2+:Sm3+ doped Cas thin films. The energy dependence of the refractive index and absorption co efficient of the film were obtained by analyzing transmission and reflection spectra of the thin film. Photoluminescence studies on annealed CaS: Eu2+  :Sm3+ thin films showed a broad band at ~ 1.92 eV identified with emission from Eu2+  ions, and a set of sharp lines corresponding to emission from Sm3+ ions.

Sweet M.A.S. and Rennie J. (1990) described the thermoluminescence of calcium sulphide phosphors covering a wide range of dopants. Doped phosphors approaching ideal behaviour in all respects are reported including a linear single-dose relationship over the range 5 mGy to 10 Gy without sign of saturation. 
A theoretical approach to the growth mechanism of evaporated thin films of ZnS, CaS and SrS electroluminescent materials had been developed by Yoshiyama H., et al (1990). The results concluded that the growth rate of CaS (SrS) thin films seems to be relate to the numbers of dangling bonds per atom rather than the number of bonds, which are in binding states.

Mikhailin,V.V. and Brzhezinskii (1966) obtained the activated CaS thin films by cathode sputtering. Experiments on the transfer of a CaS:Bi, Mn crystal phosphor on a calcium sulfide base showed that after firing at 400º-600ºC in a vacuum and irradiation in the neighborhood of 270 nm, luminescence similar to that of original substance was exhibited.
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MATERIALS AND METHODS
CHAPTER III

MATERIALS AND METHODS


The technology of fabricating optical thin films has been very dynamic over the years and the prospects for the future are of more exciting advances to be expected. Therefore, basic research activities will be necessary in the future, to increase knowledge, understanding, and to develop predictive capabilities for relating fundamental properties to the microstructure and performance of thin films in various applications. In researches, special model systems are needed for quantitative investigations of the relevant and fundamental processes in thin film materials science (James D. Rancourt, 1987).

Deposition of thin films involves consideration of both the source of evaporant atoms and the substrates upon which they impinge. Aspects of deposition geometry include the characteristics of evaporation sources, the orientation and placement of substrates (Milton ohring, 1987). A wide variety of thin film deposition method has been used to deposit thin films. 
Many authors have been prepared the heterojunction thin films by different sophisticated methods such as sulphurization, selenization process, spray paralysis and electro deposition. But there is rare information in the literature of the solution growth technique for the deposition of quaternary thin films and also for the fabrication of the heterojunction of thin films. Among all the deposition techniques, the solution growth technique is the simplest and capable of large area fabrication technique at low cost. In this technique, wastage of material is minimum and there is no need to handle the poisonous gases like H2Se and H2S (Jayaraj M.K., 2006). 
3.1 Materials Required

The following are the materials required for CaS thin film deposition:
· Calcium sulphide 

· EDTA

· Sodium thiosulphide

· Glass substrates

· Spatula

· Holder

· Beakers

· Measuring jar

· Desiccator

· Tissue paper

· Deionized water

· Distilled water

· concentrated hydrochloric acid
· concentrated nitric acid
· Extran
· Glass rod

· Butter paper

3.2 Substrate cleaning

Almost all depositions are made on some solid substrate such as glass, quartz, ceramics, semiconductors, insulators, organic materials, etc. The nature of which may differ widely from amorphous to polycrystalline. The most important consideration in all these cases is that the deposit layers must be adherent to substrates and these should not peel off under stress and strain, mechanical or thermal to which the deposits are exposed during their uses. Due to several reasons especially due to the removal of internal as well as interfacial stresses associated with film growth process (Goswami M., 2005).

Substrates should be strong enough to survive the handling that they will undergo during the coating process. The primary diving factor in the selection of a specific material as a substrate for a thin film coating is wavelength region over which it must function. Transparency may be major concern, as coating can modify only the surface related characteristics of the material, such as the reflectance; they cannot alter the internal transmittance and absorbance of the substrates. Freshly painted or recently cleaned surfaces will collect dust and dirt quickly, and should be cleaned prior to film application. Be sure all edges, corners, crevices, and hard to reach areas are cleaned as well; these are difficult and often overlooked areas. All surfaces should be dry as well as clean. The trapping of any moisture under a graphics can cause premature failure by bubbling, incomplete adhesion, or creation of an ice layer in extreme cold situations. Moisture on a substrate can be created by the following; inadequate drying, failure to pre-cure some substrates like polycarbonates, condensation at low temperatures, or high humidity. Graphics, films, or sheeting should be applied immediately after surface cleaning and preparation (www.na.averygraphics.com/.../Substrate_ Cleaning_&_Preparation_IB_1.10_Rev5.pdf).
3.3 Chemical bath deposition
Chemical bath deposition of thin film materials can be viewed as a chemical vapour deposition in the liquid phase instead of gas phase. Chemical bath deposition is typically done in the laboratory with a very simple apparatus consisting of a hot plate with magnetic stirring, a beaker holding the solutions into which the substrate is immersed and a thermocouple to measure bath temperature (Antonio Luque and Steven Hegedus, 2005).

In this project, Solution growth technique was used to deposit the CaS on the glass substrate at different deposition time and the optical properties were found.

3.4 Experimental technique

Experimental Setup for the Deposition of CaS Thin Films are shown in Plate 3.1.
Substrate Cleaning: 

Substrates are cleaned to remove oil, dirt and grease. To remove the external impurities, shake the substrates for half an hour with concentrated nitric acid using Teflon holder followed by concentrated hydrochloric acid. Then they are immersed in diluted extran solution for half an hour. Finally, they are cleaned using distilled water followed by deionised water. 

Desiccators are used to dry the substrates. The washed substrates are kept in desiccators for few hours. After the substrates are dried, they are weighed. 
Preparation of CaS Thin Flim:
According to molarities of the calcium sulphide (CaSO4), sodium thiosulphate (Na2S2O3.5H2O), ethylene diamine tetra acidic acid (EDTA), each are weighed separately. (Weight of sample 1 before deposition measured using mass balance is 5.293grms). Make up a solution of each compound for 25ml using water. 
 
For example, to make 0.5M solution of CaSO4, 1.70177grms dissolved in 25ml of water. Similarly, EDTA and sodium thiosulphate were made according to their molarities.  


Adding 12ml of CaSO4 with 12ml of EDTA in a beaker, then 12ml of sodium thiosulphate is mixed with the beaker solution. A beaker is stirred using glass rod. 

Calcium sulphide films were coated on micro slides by the reaction of a solution of calcium sulphide (CaSO4), sodium thiosulphate (Na2S2O3.5H2O), distilled water, and ethylene diamine tetra acetic acid (EDTA), which served as the complexing agent. The reaction details are presented below:
CaSO4 + EDTA   [image: image10.png]


 [Ca(EDTA)]2+] + SO42-
      Ca (EDTA)2+  [image: image11.png]


 Ca2+ + EDTA
    Na2S2O3.5H2O [image: image12.png]


 Na2O3 + 5H2O + S2-

     
   Ca2+ + S2-[image: image13.png]


 CaS 

The weighed substrates are kept in the beaker at room temperature. CaS films were coated on the substrates. Similarly, the three calcium sulphide thin films were deposited at different deposition time (48, 45 and 42 hrs) as presented in Table 3.1.

After deposition of films, the substrates are taken out and washed with distilled water followed by deionised water. One side of the coated substrate is cleaned using tissue paper dipped in concentrated Nitric acid or concentrated Hydrochloric acid. Finally, the substrates are weighed and the coated area was measured. From the weight difference method, mass of the deposited films were noted. 

UV spectrometer was used to study the optical properties of the sample such as absorbance and the transmittance. 
      Table 3.1: Deposition conditions of Calcium Sulphide Thin Films.
	Samples
	Dip. Time,
hr
	Temp.

(0C)
	CaSO4
	Na2S2O3.5H2O


	EDTA

	
	
	
	Mol.

(M)
	Vol.

(ml)
	Mol.

(M)
	Vol.

(ml)
	Mol.

(M)
	Vol.

(ml)

	Sample 1
	48
	Room
	0.5
	12
	1.0
	12
	0.10
	12

	Sample 2
	45
	Room
	0.5
	12
	1.0
	12
	0.10
	12

	Sample 3
	42


	   Room
	0.5


	12
	1.0


	12
	0.10
	12


Plate 3.1 Experimental Setup for Deposition of CaS Thin Films
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3.5 Theoretical formulae

1. Absorbance (A)
Absorbance is the measure of the quantity of light that a sample neither transmits nor reflects and is proportional to the concentration of a substance in a solution. The absorbance A (also called optical density) is defined as

 




Aλ = log(I/Io)

Where, λ is the wavelength of the light, I is the intensity of light, I0 is the intensity of the light before it enters the sample (http://en. wikipedia.org/wiki/Absorbance).

2. Transmittance (T)
The transmittance of a sample is the ratio of the intensity of the light that has passed through the sample to the intensity of the light when it entered the sample (T = Iout / Iin ). Transmittance can be written as,   

                                                  [image: image15.png]


        

Where, I0 is the intensity of the light and I is the intensity of the light coming out of the sample (www.answers.com/topic/transmittance). 

To convert between the absorbance and transmittance scales, use the equation:
           Absorbance = -log (percent transmittance/100)

3. Reflectance (R)
Reflectivity measures the fractional amplitude of the reflected electromagnetic field, while reflectance refers to the fraction of incident electromagnetic power that is reflected at an interface. The reflectance is thus the square of the magnitude of the reflectivity. The reflectivity can be expressed as a complex number as determined by the Fresnel equations for a single layer, whereas the reflectance is always a positive real number. Reflectance can be expressed as

R=1-A-T

Where, A is the Absorbance and T is the Transmittance. The reflectance spectrum or spectral reflectance curve is the plot of the reflectivity as a function of wavelength (www.answers.com/topic/ reflectivity).
4. Band gap energy (Eg)
The band gap energy is the span of energies that lie between the valence and conduction bands for insulators and semiconductors. 

Band gap can be expressed as 

Eg=hν-α2
Where, h is the Planck’s constant and α is the absorption coefficient 

(chemistry.about.com/od/.../band-gap-energy definition.html).

5. Absorption coefficient (α)
 
Absorption coefficient is a measure of the rate of decrease in the intensity of electromagnetic radiation (as light) as it passes through a given substance; the fraction of incident radiant energy absorbed per unit mass or thickness of an absorber.

6. Film Thickness (t)
 
The thickness of film is determined by weight difference method. Wet film thickness is the thickness of a coating as applied; dry film thickness is the thickness after curing. Film thickness is usually expressed in mils (thousandths of an inch). 

The thickness (t) of the films was calculated using the following formula



  t =W/ρA

Where, ρ is density of Calcium Sulphide is 2590 kg\m3, A is the area of coated film and W is the weight difference between before and after thin film formation. 

7. Extinction co-efficienct (Kf)

Extinction co-efficient (Kf) can be written as, 

Where, λ is the wavelength and T is Transmittance. 
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RESULTS AND DISCUSSION

CHAPTER IV

RESULTS AND DISCUSSION
CaS thin films are deposited by chemical bath deposition technique. Thin films are deposited at different deposition times. All the depositions are carried out at room temperature.

4.1 Thickness


Thickness of a film is among the first quoted attributes of its nature. The reason is that thin film properties usually depend on thickness. Thickness of CaS film is calculated using weight difference method. It is observed that the thickness of the film decreases as the deposition time decreases. Minimum and maximum value of the thickness is 0.97-1.24 µm. Fig.4.16 shows the variation of thickness with deposition time.
4.2 Uniformity


Maintaining thin film uniformity is essential for microelectronic and other applications. CaS films deposited with a deposition time of 48hr are non-uniform and it is observed that the uniformity decreases as the deposition time increases.

4.3 Optical properties


Optical transmittance and absorbance of CaS films are recorded using UV–VIS spectrometer. Optical properties of CaS thin films such as reflectance, bang gap energy and extinction coefficient are discussed below. Thickness dependence of optical properties of CaS thin films Grown under different deposition time are shown in Table 4.1.

4.3.1 Absorbance


Maximum and minimum value of absorbance obtained for CaS thin films is 0.12 and 0.07 respectively. There is a rapid increase in the absorbance of the films in the wavelength range of 300-350 nm. It is observed that the absorbance increases as the deposition time decreases. Absorbance spectra of CaS films are shown in Fig. 4.1-4.3.

4.3.2 Transmittance 


Maximum and minimum transmittance obtained for CaS thin film is 98% and 78% respectively. As the wavelength decreases transmittance decreases slowly in the UV-Vis region. Transmittance decreases drastically in the wavelength range of 350-300 nm. With decrease in deposition time, transmittance also decreases. Transmittance spectra of CaS films are shown in Fig. 4.4 – 4.6. 

4.3.3 Reflectance

Reflectance shows a maximum value of 0.21 at 400nm. It is observed that reflectance decreases as the deposition time increases. Reflectance spectra of CaS are shown in Fig. 4.7 – 4.9.
4.3.4 Extinction co-efficient (Kf)


As the photon energy increases extinction co-efficient increases and then decreases. It is observed that the extinction co-efficient increases as deposition time decreases. Plots of extinction co-efficient Vs photon energy for CaS thin films are shown in Fig. 4.10-4.13.
4.3.5 Band gap energy (Eg)


The calculated direct band gap energy of chemical bath deposited CaS thin films is in the range of 4.05 - 4.15 eV. It is found that the band gap energy increases as the deposition time decreases. Plots of (hν) Vs (αhν)2 for CaS films are shown in Fig. 4.13-4.15. Nnabuchi.M.N. et al (2004) obtained band gap energy of 3.9-4.1 eV for CaS thin films deposited by chemical bath technique. Fig. 4.17 shows variation of band gap with deposition time.


Table 4.2-4.5 shows a variation of optical properties with deposition at different wavelength (300-450nm). Table 4.2 shows a variation of absorption with deposition time for different CaS samples at different wavelength. Within UV and Vis region, maximum absorbance is obtained at 45 hr deposition time and minimum absorbance is obtained at 48 hr deposition time.


Table 4.3 shows a variation of Transmittance with deposition time for different CaS samples at different wavelength. Within UV and Vis region, maximum Transmittance is obtained at 48 hr deposition time and minimum Transmittance is obtained at 45 hr deposition time.

Table 4.1 Thickness dependence of Optical properties of CaS thin films Grown under different deposition time
	Samples
	Deposition Time

(hr)
	Thickness (t)

(µm)
	Band Gap (Eg) (eV)
	Extinction co-efficient (Kf​) 

X 10-3 m

	Sample 1
	48
	1.24
	4.05
	2.5

	Sample 2
	45
	1.14
	4.1
	3.9

	Sample 3
	42
	0.97
	4.15
	3.0


Table 4.2: Absorbance of CaS films with different wavelength

	Deposition time (hr)
	Wavelength, λ (nm)

	
	300
	350
	400
	450

	48
	1.929
	0.084
	0.057
	0.053

	45
	2.064
	0.135
	0.108
	0.106

	42
	2.007
	0.12
	0.095
	0.093


Table 4.3: Transmittance of CaS films with different wavelength

	Deposition time (hr)
	Wavelength, λ (nm)

	
	300
	350
	400
	450

	48
	0.01245
	0.89198
	0.943934
	0.9584

	45
	0.00907
	0.73162
	0.77654
	0.78155

	42
	0.00974
	0.7582
	0.80416
	0.80676


Table 4.4: Reflectance of CaS films with different wavelength
	Deposition time (hr)
	Wavelength, λ (nm)

	
	300
	350
	400
	450

	48
	-0.94145
	0.0240
	-0.00634
	-0.0114

	45
	-1.07307
	0.13338
	0.11546
	0.11245

	42
	-1.01647
	0.1218
	0.10084
	0.10024


Table 4.5: Extinction co-efficient of CaS films with different wavelength

	Deposition time (hr)
	Wavelength, λ (nm)

	
	300
	350
	400
	450

	48
	0.848
	0.00257
	0.001340
	0.001232

	45
	0.098206
	0.007613
	0.007042
	0.007721

	42
	0.114629
	0.007993
	0.007192
	0.007972
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    Figure 4.1 Absorbance spectra of sample 1  
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                                   Figure 4.2 Absorbance spectra of sample 2
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      Figure 4.3 Absorbance spectra of sample 3
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                                  Figure 4.4 Transmittance spectra of sample 1
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                                     Figure 4.5 Transmittance spectra of sample 2
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Figure 4.6 Transmittance spectra of sample 3
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                                         Figure 4.7 Reflectance spectra of sample 1
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                                       Figure 4.8 Reflectance spectra of sample 2
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                                     Figure 4.9 Reflectance spectra of sample 3
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Figure 4.10 Photon energy Vs Extinction co-efficient of sample 1
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Figure 4.11 Photon energy Vs Extinction co-efficient of sample 2
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                       Figure 4.12 Photon energy Vs Extinction co-efficient of sample 3
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Figure 4.13 (hν) Vs (αhν)2 plot of sample 1
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Figure 4.14 (hν) Vs (αhν)2 plot of sample 2
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Figure 4.15 (hν) Vs (αhν)2 plot of sample 3

                                        [image: image32.png]Thickness, t (jun)

1.4

13

1.2

11

0.9

0.8

41

42

43

44 45 46

Deposition time (hr)

47

48

49




          Figure 4.16  Deposition time Vs Thickness of CaS films
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       Figure 4.17 Deposition time Vs Band Gap of CaS films
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SUMMARY AND CONCLUSION

CHAPTER V

SUMMARY AND CONCLUSION


Calcium sulfide (CaS) is an white color inorganic compound. The Chemical Bath Deposition (CBD) is a method in an aqueous solution and enables film formation for electronic devices with arbitrary shapes. Hence in the present work, an attempt has been made to deposit Calcium sulfide thin films by Chemical Bath Deposition. The films are deposited at room temperature and at constant concentration of the reaction bath. Various films are obtained by varying the deposition time. Weight difference method is used to measure the thickness of the CaS films. The films are found to be thicker thin films. 

UV spectrophotometer is used to record the optical transmittance (T) and absorbance (A). Using transmittance and absorbance, various optical constants such as Reflectance (R), Extinction co-efficient (kf) and Band gap energy (Eg) are calculated. From the results, it is found that Calcium sulfide films have very high percentage transmittance in the UV region. Transmittance decreases as the deposition time decreases. The Chemical Bath Deposited CaS thin film is having a wide direct band gap of the order of 3.9 eV and hence CaS films are suitable materials for optoelectronic applications.

Increasing deposition time beyond a specific duration reduces absorptivity. Thus deposition time is among the deposition conditions, which strongly influence the optical properties of CaS films.  
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