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PREFACE 

This book of Applied Physics covers a wide range of topics relating to the fabrication, 

characterization, and application of thin film coatings. This volume reflects the 

expertise of the editors and contributors, who have combined their efforts in a field 

that they love. The featured contributors to this book have a long record of 

publication in the field and are well-known by their peers. The names of authors 

listed here represent a prominent researcher from a prestigious group of research 

institutions, well-known senior professors and research scholars in thin film from 

around the various state of India has been compiled to form a distinctly roster of 

people who have been instrumental in developing and promoting thin film coatings. 

The senior professorship or equivalent rank of many of the names is noteworthy to 

consider when reviewing the information provided in the book. They represent more 

than twenty years of senior workers in their research field and are well known to 

established professionals.  

The book is organized into several sections covering vacuum-based thin-film 

techniques, as well as material preparation methods, surface modification 

techniques, various processes used to manufacture thin films and device fabrication. 

This book covers such traditional vacuum-based thin-film techniques as physical 

vapor deposition like evaporation, sputter deposition, and chemical vapor deposition. 

It also provides detailed coverage of emerging nonconventional deposition processes 

to create nanoscale films and structures.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

ABOUT THE BOOK 

Thin film coated materials are the basis for many important technologies, from housing 

and household appliances to handheld phones, industrial machinery and parts, drug 

delivery systems, surgical tools, airplanes, and satellites. The development of new, 

increasingly tailored materials is key to furthering these applications and improving them 

over time. Built of thinfilms, technologies and materials rule our everyday lives; developing 

new and increasingly specialized substances is a key to the future. Thin films, which are 

created by coating a substrate with a thin layer of one substance and curing that layer, 

form the foundation for many technologies developed today. Finer materials and 

manufacturing processes are being introduced to meet today's design criteria, creating 

lightweight yet durable materials used in our everyday life.  

Metallurgical books are based on recent developments in the field, and include new 

discoveries and new understandings. The book is based on cutting-edge research and 

development. It provides a state-of-the-art presentation of the latest discoveries, new 

understanding, and new insights about materials development including processing and 

characterization and applications in metallurgy, bulk or surface engineering, interfaces, 

thin films, coatings, and composites. All volumes are written by contributors who are 

among the most knowledgeable and widely published experts in the field.  

The goal of this new book is to serve as authoritative, comprehensive academic 

information developed for people working in academia and research institutes. Our 

editorial team is committed in making the book the most accurate literary source 

available for technical audiences.  

The information contained in this book has been carefully researched from a variety of 

sources and is presented here in good faith. In this book both the Editors and the publisher 

have sought to maintain the accuracy of the information presented. The material in this 

book comes from the most reliable sources, and every effort has been made to make it as 

accurate as possible. While we have tried to include only accurate and timely information, 

readers are advised to confirm any data that are important to them. However, the Editors 

and publisher cannot accept any legal responsibility or liability for any errors or omissions 

that may have been made.  

Every effort has been made to trace the copyright holders of material used in this 

publication and to contact them. The Editors and Publishers will be pleased to incorporate 

missing acknowledgments in any future edition of this book at the appropriate point, 

should any be sent to the Publisher.  

Editors 
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CHAPTER 

 

GROWTH AND CHARACTERIZATIONS OF ZINC 

SULPHIDE (ZnS) THIN FILM BY CBD TECHNIQUE 

Sadekar Harishchandra Kadubal 

 Mula Education Society’s, Arts, Commerce and Science College, Sonai (MS) 

Corresponding author E-mail: sadekarhk@gmail. com 

 

Abstract:  

Thin films of ZnS have been successfully deposited by chemical bath deposition (CBD) technique 

on glass substrates. SEM and AFM study shows uniform deposition of thin film. XRD study shows 

polycrystalline cubic structure of ZnS thin film. Optical study reveals the direct band gap 3. 72 eV. 

Resistivity study shows semiconducting nature with high resistivity.  

 

1. Introduction 

Zinc sulphide (ZnS) is II-VI semiconductor having a high direct band gap (3. 7 eV), high 

refractive index (2. 35), and higher dielectric constant [1]. These properties of ZnS thin films are 

important for optoelectronic device applications, such as photovoltaic cells [2], semiconductor lasers [3, 

4]. The nanostructures made up of ZnS materials have attractive applications in optoelectronic and 

electronic devices [4]. It has also gained importance as window layer for Cu (In, Ga)Se2 based [5] 

solar cells.  

 There are several techniques to deposit ZnS thin films, such as spray pyrolysis [6, 7], Pulse 

plating technique [8], r. f. sputtering [9, 10], electrochemical [11], and chemical bath deposition 

technique [12-24]. Among them chemical bath deposition (CBD) is the economic, low temperature and 

no special instrumentation is required. In CBD, controlled chemical reaction is important for the 

deposition of the thin films. The deposition rate is controlled by optimizing the bath parameters like 

bath temperature, pH of precursor solution, stirring rate and the relative concentration of precursor 

solutions in the bath [25]. In this technique substrates are immersed in an alkaline solution containing 

the chalcogenide source, the metal ion, added base and complexing agent [26]. In the present 

investigation I reported, deposition and characterization of ZnS thin film by ammonia free CBD 

technique on glass substrate. In this technique we avoided use of ammonia, which is highly toxic, 

volatile and harmful to the environment. ZnS thin films are deposited by using aqueous solutions of zinc 

sulphate, thiourea, and triethanolamine.  

2. Chemical Bath Deposition Technique (CBD) 

2. 1 Experimental Setup 

Fig. 1 shows, the schematic diagram of experimental set-up for the deposition of thin films by 

chemical bath deposition. It shows of water bath, chemical reaction bath, and constant speed motor 

cum regulator, substrate and substrate holder.  

 Water bath consists of thermally insulating walls with temperature controlled system is 

provided. During deposition, temperature of water bath is kept constant. By using water, up to 100C 

temperatures can be varied. If large temperature is required, oil is used, called oil bath. Our working 

temperature is maximum 80C, so we used water bath.  

mailto:sadekarhk@gmail.com
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Chemical bath is made up of, 250 ml glass beaker (Borosil make) containing the mixture of 

chemical reactants. It is kept in the constant temperature water bath as shown in Fig. 1. The chemical 

reactants containing solution is stirred by magnetic stirrer. A pH meter probes and thermometer are 

inserted in reaction bath to measure pH and temperature of reaction bath.  

 

 

Fig. 1: Schematic diagram of solution growth technique (SGT) 

Magnetic Stirrer With Heater consist of single-phase a. c. motor of 1/ 12 H. P. (0.16 A), with 

dimmer-stat cum regulator to provide proper speed of magnetic stirrer, there is an electric heater 

plate with thermostat to maintain constant temperature of water bath and hence the chemical 

reaction bath. By varying the heater current the temperature can be changed and kept constant at 

particular value.  

Substrate Holder- Aglass slides of special glass (blue star make) of dimensions 75 x 25 x 1. 35 mm3 

were used as substrates to deposit thin films. The mounting of these substrates inside the chemical 

bath is important. The substrates are fixed in sample holder with tighten screws and the sample 

holder placed over the chemical bath so that glass slides remain vertically and stationary. The 

position of substrate holder was lower down in such way that 2/3 portion of the glass substrate will 

be inside the solution in chemical bath.  

3. Steps of Deposition of Thin Films 

3. 1 Substrate Cleaning 

In chemical bath deposition technique, cleaning of the substrate is key part, since the 

contaminated surface gives non-uniform, porous and non-adherent film. The commercial microscope 

glass slides of the dimension 75 x 25 x 1. 35 mm2 are used as the substrates. The following procedure is 

used for cleaning of the substrates.  

a) The slides were washed with water.  

b) Then boiled in concentrated chromic acid (0.15M) for 1 hours, cleaned by deionized water 

and then kept in HNO3 solution for 24 hours.  
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c) The substrates then washed with distilled (double) water and 

d) Finally, the substrates were dried in hot air and kept in dust free airtight container.  

3. 2 Preparation of solutions  

 A. R. grade chemicals are used for growth of ZnS thin films. Following chemicals were used,  

a) Zinc Sulphate [ZnSO4] (Loba chem.) 

b) Thiourea [NH2-CS-NH2] (Loba chem.) 

c) Triethanolamine [C6H15No3] (Loba chem.) 

d) Sodium Hydroxide [NaOH] (Loba chem.) 

e) HydrazyneHydrare 80% 

f) Trisodium Citrate  

The ZnSO4 and NH2-CS-NH2 were used as source materials for Zn2+ and S2- ions, respectively. 

Solution of ZnSO4 and NH2-CS-NH2 were prepared separately of concentration 0.125 M and NaOH, 

trisodium citrate concentration of 4 M, 0.12 M respectively using distilled (double) water as a 

solvent.  

3. 3 Deposition of ZnS Thin Films 

10 ml prepared ZnSo4 solution was taken in a 50 ml glass beaker. Under continuous stirring 

hydrazine hydrate, TEA, and then NaOH solution were added slowly. Due to formation of a Zn(OH)2 

suspension, Initially solution was milky and turbid. Addition of more NaOH solution led to the 

dissolution of turbidity the solution becomes clear and transparent. 10 ml prepared thiourea solution 

and 5ml trisodium citrate were added slowly by constant stirring. The pH value of final mixture was 

about 13. Then the solution was transferred to 25 ml glass beaker. Pre-cleaned glass substrates were 

inserted vertically by using substrate holder. This beaker is then kept in constant temperature water 

bath. The bath is kept for 1 hour at 80º C constant temperature. Chemical reactions are involved in the 

beaker during the deposition process are as follows.  

 SC (NH2)2 + OH-     HS- + CH2N2 + H2O    (1) 

 HS- + OH-       H2O + S-    (2) 

 ZnSO4 + 2NaOH + TEA                     Zn (OH) 2(TEA) + Na2SO4   (3) 

NaOH and TEA are added to the Zn2+ salt solution, Zn(OH)2 starts precipitating, when the solubility 

product (SP) of Zn(OH)2 is exceeded i. e..  

 Zn2+ + 2OH- + TEA                      Zn (OH) 2 + TEA    (4) 

The Zn(OH)2 precipitate dissolves in excess NaOH solution then complex Zinc sodium 

hydroxide Na4Zn(OH)6 formed.  

 Zn2+ + 4NaOH                                  Na 4Zn (OH) 6    (5) 

 Na4Zn (OH) 6    4Na + HZnO2- + 3OH- + H2O   (6) 

Finally, ZnS thin film formation Takes place via 

 HZnO2-+ HS-     ZnS + 2OH-    (7) 

After that substrate coated with ZnS was taken out, rinsed with distilled water, and dried in hot 

air. Film obtained was uniform, well adherent and bluish purple in color [24]. The thickness of the 

optimized thin films was ~270 nm. This thickness of film does not show any XRD peaks after 

characterization. Film thickness was increased by multiple depositions. In this experiment double 

deposition was taken to obtain film thickness ~ 470 nm which gave well defined peaks. Then SEM, AFM, 

XRD, EDS, optical, PL, and electrical measurement of as-deposited film were done.  
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4. Characterization Techniques Used 

The as-deposited films of ZnS were characterized for optical, structural, and electrical 

properties.  

4. 1 Film Thickness Measurement  

The film thickness measurement of ZnS material was done by weight difference method. 

Suppose that ‘m’ is a mass of the film deposited on the substrate which covers area ‘A’ cm2, the 

thickness ‘t’ is measured by using known mass ‘m’ and density ‘ρ’ of the material, the thickness is 

calculated using the equation (8).  

 

 (8) 

 

 

The mass ‘m’ of the film was measured by taking mass difference of mass of substrate after 

deposition and mass of substrate before deposition using a single pan sensitive electronic 

microbalance.  

4. 2 Surface Morphology and Topography  

4. 2. 1 Scanning Electron Microscopy (SEM)  

Surface morphology of ZnS and ZnS/Cu2S thin films was examined for both at lower and 

higher magnification powers with help of scanning electron microscope (Analysis station, JEOL, 

JSM-5600) Instrument. The films were first coated with gold-palladium (Au-Pd) layer of thickness 

20 nm, using polaron sputter unit, E-5200 assembly before taking SEM for good ohmic contacts.  

4. 2. 2 Atomic Force Microscopy (AFM) 

Surface topography of the deposited films was examined for both at lower and higher 

magnification powers with help of Nanoscope III a Vecco digital instruments.  

4. 3 Structural and Compositional Morphology 

4. 3. 1 X –Ray Diffraction (XRD) 

The X-ray diffraction technique (XRD) is used for structural investigation as well as for the 

calculation of inter planner distance (d) and lattice parameters.  

The XRD study was done by using Bruker AXS D8 Advanced model, glancing incidence X-ray 

diffractometer (CuKα radiation; λ = 0.115405 nm, glancing angle α=0.15°). The X-ray diffractometer 

was operated at 20 keV, 100mA. The XRD patterns of ZnS thin films were recorded within the span 

of angle 200 to 700.1Scherrer’s formula was used for calculation of average crystallite size of the 

material.  

4. 3. 2 Energy Dispersive X-Ray Analysis (EDAX) 

The elemental compositions zinc, sulpher, and Cu in ZnS and ZnS/Cu2S thin films and were 

investigated with the help of energy depressive X-ray analysis (EDAX) technique. An instrument 

(Analysis Station, JEOL, JSM-5600) was used for EDAX analysis.  

4. 4 Optical Measurement 

The change in percentage transmittance (T %) and absorbence, as a function of wavelength 

(λ), was recorded by using Shimadzu UV-3101PC spectrophotometer, by keeping glass substrate as 

reference. The scanning wavelength range is varied from 200 to 1100 nm. This data was further 

analyzed for the estimation of the band gap energy of ZnS.  











A

m
t
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4. 5 Electrical Measurement 

4. 5. 1 Electrical Resistivity 

Two probe method was used to measure electrical resistivity of ZnS thin films. The 

temperature range was taken as 300 to 459 degree K which was measured by Cromel – Alumel 

thermocouple monitored by microvoltmeter. Generally, the solution grown ZnS thin films have high 

resistivity so four point probe method is not suitable for measurement of resistivity of these thin 

films. A precise digital power supply unit (Testronic-92C) was used as constant voltage source.  

4. 5. 2 I-V Characteristics 

Current – voltage (I-V) characteristics of ZnS thin films was studied using lab equipment 

unit (model no. 2004).  

5. Results and Discussions 

5. 1 Optimization of the Growth Parameters 

In alkaline bath, growth parameters such as molar concentration of zinc and sulphide ions 

source solutions, deposition time, deposition temperature, volume of complexing agent (TEA) have 

been optimized one by one for maximum obtained thickness of ZnS thin films.  

5. 1. 1 Effect of Deposition Time 

 Fig. 4. 3 shows variation film thickness with deposition time for bath temperature 80C, 

molar concentration of zinc and sulphide ion source solution is 0.125 M and pH is 13. It is seen from 

the graph that the film thickness increases linearly in the initial stage and becomes maximum and 

then decreases slight for increase in deposition time. Initially thickness increases and a stage is 

reached when ionic product is less than or equal to solubility product (I P / S P ≤1), the process 

stops. At that time maximum thickness is attained.  

 
Fig. 2: Variation of ZnS film thickness with deposition time 

 

Fig. 2 shows the variation of film thickness with deposition time. It is observed that the film 

deposition rate is higher in early stage and after that deposition rate decreases with increase in 

deposition time. At the deposition time of 1 hour the film attain terminal thickness (270 nm) and 

after that thickness remain almost constant. This is due the fact that, the ionic product becomes less 

than solubility product (I P / S P ≤1) and ultimately deposition rate becomes zero.  
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5. 1. 2 Optimization of Deposition Temperature 

 Fig. 3 shows variation of film thickness with temperature of chemical reaction bath. The 

deposition time is 1 hour and molar concentration of zinc and sulphide ion source solution is 0.125 

M at pH =13.  

 
Fig. 3: Variation of ZnS film thickness with bath temperature 

 

Fig. 4. 3 shows the variation of ZnS film thickness with bath temperature. It was observed 

that the film deposition rate is higher in early stage and after that rate of deposition decreases with 

increase in bath temperature. It was observed that as the deposition temperature increases, the 

film thickness increases linearly. The maximum attainable thickness is 270 nm at 800C temperature. 

Further increase in bath temperature, the thickness decreases because at higher temperatures the 

rate of nuclei formation from Zn2+ and S2- ions increases and solution bath becomes deficient in Zn2+ 

and S2- ions, resulting in lowering of thickness. Another reason is the solubility constants are 

temperature dependent [29] hence; film thickness decreases as increase in deposition temperature.  

5. 2 Surface Morphology and Topography  

5. 2. 1 Scanning Electron Microscopy (SEM) 

 
Fig. 4: SEM micrograph of as-deposited ZnS thin film on glass substrate 
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Fig. 4 Shows scanning electron microscopy micrograph (SEM) of as-deposited ZnS thin 

films. It was observed that the ZnS material cover the substrate well. The fine grains are well 

defined, spherical, with different sizes distributed over a smooth homogeneous background on 

glass substrates. From this image, it can be seen that the average grain size (grain size varies from 

few nm to 120 nm) of the thin film was estimated to be about 120 ± 20 nm. Agglomerated grains 

are combined together by weak bonds and can be separated by mild treatment such as ultrasound 

[30].  

5. 2. 2 Atomic Force Microscopy (AFM) 

Surface topography is studied by Atomic force microscopy (AFM). Fig. 5 shows 3D AFM 

image of as-deposited ZnS thin film. Figure shows substrate is covered well with spherical and 

elliptical grains. Surface roughness of film was found to be 2.7 nm which was calculated by using 

software provided by AFM microscope. Surface roughness shows particles are spherical in nature.  

 
Fig. 5: 3D AFM image of as-deposited ZnS thin film 

 

5. 3 Structural and Compositional Characterization 

5. 3. 1 X-Ray Diffraction (XRD)  

 

Fig. 6: XRD pattern of as-deposited ZnS thin film 

Fig. 6 shows the XRD pattern of ZnS thin film obtained by scanning 2θ in the range 20˚ to 

700, with a glancing angle equal to 0.5˚. The three broad peaks observed in the XRD pattern at 
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around 28.5◦, 47.4◦and 56.2◦ corresponding to planes (1 1 1), (2 2 0), and (3 1 1), respectively. 

This gives a cubic lattice structure of ZnS [32-34]. In addition, I observed the Zn(OH)2 peaks in the 

XRD pattern [35]. These peaks may vanish after annealing in vacuum.  

The various structural parameters for ZnS thin films deposited are calculated using standard 

formulae (9), (10), and the lattice constant (11) for cubic crystal [36],  

        (9)   

 

        (10) 

 

           (11) 

 

All these calculated parameters are listed bellow in table 1  

Table 1: various structural parameters calculated for ZnS thin films 

Composition 2θ (deg.) d(Å) hkl a(Å) D(nm) 
Avg. D 

(nm) 

ZnS 

28. 49 3. 08 111 5. 33 8. 9 

9. 6 47. 41 1. 925 220 5. 44 10.14 

56. 3 1. 63 311 5. 15 9. 7 

 

 SEM, AFM and XRD results reveals that the ZnS material formed in the film is 

nanocrystalline in nature.  

5. 3. 2 Energy Dispersive X-Ray Analysis (EDAX) 

Fig. 7 shows EDAX for ZnS thin films (as deposited) by CBD technique. The elemental analysis was 

carried out only for Zn and S. The average atomic percentage of Zn:S was 52. 05:47. 95 (inset). This 

shows that, the deposited ZnS thin film is stoichiometric.  

 
Fig. 7: EDAX spectrum of as-deposited ZnS film 

5. 4 Optical Characterization  

5. 4. 1 Absorbance, Transmittance and Bandgap 

The optical properties of ZnS thin films were determined from transmittance and 

absorbance measurements in the range 200-1100 nm (UV-VIS-IR) using spectrophotometer. Fig. 7 

(a) shows transmittance and absorbance spectrum for ZnS thin film. It shows an optical 
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transmittance over 60% in the visible region. The relation between the absorption coefficient  and 

the incident photon energy (h) is given by equation (12).  

 

 (12) 

 

 In equation (9) the values of ‘n’ for direct allowed, indirect allowed and direct forbidden 

transitions are n=1/2, 2 and 3/2, respectively. To determine the possible transitions, (h)1/n 

versus h is plotted, and the corresponding band gaps were obtained from extrapolating the 

straight portion of the graph on the h axis at  = 0.1The direct band gap was obtained from the 

(h)2 versus h plot (fig. 7 b) and indirect band gap was obtained from the (h) 1/2 versus h plot 

( fig. 7c). The direct band gap value is found 3. 72 eV while the indirect band gap of the ZnS film was 

found 3. 45 eV. These two values are higher than that of bulk ZnS material. The higher values found 

might be due to the formation of spherical fine grains [37] and presence of  

 

Fig. 7: (a) Transmittance and Absorbance (a. transmittance, b. absorbance) 

(b) Direct band gap of as deposited ZnS thin films 

(c) Indirect band gap of as deposited ZnS thin films 
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Zn(OH)2 in the film. C. D. Lokhande et al [38, 39] have reported the presence of Zn(OH)2 in 

the deposition is unavoidable due to the aqueous alkaline nature of the bath. And hence, the 

presence of Zn(OH)2 affects the physical properties (i. e., higher value of band gap etc.).  

5. 4. 2 Photoluminescence Study (PL) 

 
Fig. 8: Photoluminescence (PL) spectrum of as deposited ZnS thin film 

Photoluminescence (PL) technique measures the spectrum emitted by the radioactive 

recombination of photo generated minority carriers. The room temperature PL spectrum of the as-

deposited ZnS thin film is shown in fig. 8. The spectrum shows a strong emission at 613 nm. Such 

peak is rarely observed by others [38, 39]. The strong emission peak at 613 nm in my case might be 

attributed to deep level emission due to native defects such as interstitial ‘Zn’ atoms in ZnS thin 

films [29, 40].  

5. 5 Electrical Characterization 

5. 5. 1 Electrical Resistivity 

The electrical resistivity of the ZnS thin film was measured using a DC two-probe method in 

the temperature range 300-500 degree K. A plot of inverse absolute temperature versus log ρ for 

cooling cycle is shown in fig. 9. The dependence is almost linear shows the presence of only one 

type of conduction mechanism in the film.  

 

Fig. 9: Variation of log() Vs. 1000/T(K-1) of as deposited ZnS thin film 
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 The high-temperature conductivity is due to thermally activated excitation of charge carriers from 

grain boundaries to the region of the grains. The decrease in resistivity with increase in temperature 

gives the semi-conducting nature of the film. The resistivity at room temperature was found 0.186 x 

109-cm [18].  

5. 5. 2 Current Voltage (I-V) Characteristics of ZnS thin film 

 
Fig. 10: I-V characteristics curve of as deposited ZnS thin films for different illuminations 

Fig. 10 shows I-V characteristics curve obtained from the ZnS film for different illumination 

intensities. 1 cm2 area of ZnS thin film on glass substrate was defined and silver paste was applied 

(two Ag contacts separated by a distance of 1 cm) to ensure the good ohmic contacts to the films. 

The room temperature dark resistivity was found to be 1. 6 x 109cm from I-V curve, and it 

decreases to 3. 89 x 108 Ωcm for incident light of intensity 15000 Lux (calculated from fig. 10).  

6. Conclusion:  

 Thin films of ZnS have been successfully deposited by chemical bath deposition 

technique. Uniform deposition of thin film is obtained. XRD study shows polycrystalline cubic 

structure of ZnS thin film. Optical study reveals the direct band gap 3. 72 eV. Resistivity study 

shows semiconducting nature with high resistivity. After studying all these parameters, ZnS thin 

films can be suitably employed in photo sensor and opto-electronic device applications application.  
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Abstract: 

In modern technology Thin Films have an important role. There are large varieties of areas 

where thin films are used such as solar cells, energy storage appliances, wireless and 

telecommunication system, light emitting diodes, photoconductors, ICs, transistors and rectifiers, 

environmental applications, optical devices and so on. Thin-films are in generally developed to 

endow with special properties like electrical, optical, mechanical and chemical for specific 

applications. These properties are staunch by the ensuing film structure, which stalwartly based on 

the particular deposition method. Most of the thin films are deposited by physical methods. This 

chapter gives details discussion ofsome physical deposition methods.  

Keywords: Physical deposition, Vacuum thermal evaporation, molecular beam epitaxy, ion-plating, 

magnetron sputtering etc.  

Introduction: 

A thin film is a very slimor fine layer of material having thickness range varies from part of 

nanometre to few micrometers. In modern material sciences production of thin film shows 

astounding development for the particular designed application. Its unique characteristic like 

structure, geometry and thickness plays or put forth superior research in modern material science. 

The preparation of thin films from materials allows straight forward assimilation into different 

types of applicable devices and they are generally developed to optimise special optical, electrical, 

chemical and mechanical properties. These properties are staunch by the ensuing film structure, 

which stalwartly based on particular deposition method. There are large areas where thin films are 

applicable such as aircrafts, defence, powersupply, space science, solar cells, energy storage 

appliances, wireless and telecommunication system, lightemitting diodes, photoconductors, 

integrated circuits, sensor elements, memory devices, rectification, lithography, environmental 

applications, optical devices, reflection and antireflection coating and other industries[1-2]. In 

order to obtain better quality thin film two common deposition techniques are 

used chemical and physical. This chapter gives details discussion of some physical deposition 

methods. These techniques are classified as follows: 

mailto:pathakyogiraj@gmail.com
https://en.wikipedia.org/wiki/Nanometer
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Physics
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Physical Deposition: 

Physical deposition is best methods used for making metal films uses either 

thermodynamic, mechanical or electromechanical techniques for the production ofbetter quality 

thin films. For example Aluminium, Silver, gold and other metals are heated up to the point of 

vaporization, and then evaporate for coatingthe surface of the substrate to form thin layer of 

material.  

1. Vacuum Thermal Evaporation: 

Vacuum evaporation is simplest technique used to synthesis amorphous thin films 

particularly chalcogenide. These films are used for solar cell, mirror coatings, decorative coatings, 

corrosion protective coatings and memory-switching applications [3]. Vacuum evaporation or 

vacuum deposition is the process in which first material undergo thermally vaporized which is 

being used by giving potential to substrate for a minute. Normal vacuum levels are in the medium 

to higher range of vacuum is of 10-5 to 10-9 mbar. Following fig. 1 shows schematic of thermal 

evaporation[4].  

 
Fig. 1: Thermal Evaporation System 

 

In the thermal evaporation techniques, material is subjected to heat using resistance heating 

technique or electron beam evaporation technique in which material is continuously attacked with 

a high energy (several KeV) electron beam, by using electron beam.  

In the resistance heating technique, the material is placed for heating until the fusion is occur 

by passing an electrical through a filament and evaporated material is deposited on the substrate. 

Physical Deposition Techniques

Evaporation

1. Vacuum Thermal Evaporation

2. Electron Beam Evaporation

3. Laser Beam Evaporation

4. Vacuum Arc Evaporation

5. Molecular Beam Epitaxy

6. Ion Plating Evaporation

Sputtering

1. Direct current sputtering (DC sputtering)

2. Radio frequency sputtering (RF sputtering)
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The assembly of the technique is simple and results appropriate for depositing metals and some 

compounds with low melting temperature.  

 
(Ref. https://www. researchgate. net/figure/Evaporation-Techniques-a-Resistance-Heating-

Evaporation-b-Electron-Beam-Evaporation_fig2_335203066 [accessed 15 Apr, 2022]) 

 

In electron beam heating technique heat is produced by bombarding high energy electron 

beam generated by electron gun on a target material. The emitted electrons from target are then 

accelerated by using high potential (kilovolts). This accelerated beamof electrons is bent by using 

magnetic field to obtain localized heating on the target material to evaporate, byhigh density of 

evaporation power.  

Advantages of vacuum evaporation:  

1. Rate of Depositionis easily monitor and control.  

2. Pure thin films are possible to deposit from pure source material.  

3. Any solid in any form can be used for vaporization.  

4. Low cost process.  

Disadvantages of vacuum evaporation:  

1. Huge vacuum chambers are required.  

2. Limited processing variables are offered for controlling properties of film.  

3. Uses low source material.  

2. Pulse Laser Deposition: 

 
Fig. 2: Pulse Laser Deposition 

(Ref. Rainer W. Electronic Materials Research Laboratory [Internet]. Available fromml: 

http://www. emrl. de/r_m_1. html) 

 

The technique Pulsed-laser deposition is also known as laser beam evaporation where 

beam of laser is used in ablation process of material for depositing the thin films in the vacuum 

chamber as shown in Figure 2[5]. For ablation of target material different types of lasers are. The 

http://www.emrl.de/r_m_1.html
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plume is produced by striking the laser beam on target material is deposited on substrate. The 

deposition time is fast and it is compatible for oxygen and otherinert gases [6].  

Advantages: 

1. Suitable for complex material 

2. Fast and flexible 

3. Low temperature epitaxy  

4. Resonant interaction is possible 

5. Growth rate is variable 

Disadvantages: 

1. Mechanisms and dependence on parameters difficult to understand 

2. Not suitable for large scale film growth 

3. Thickness of deposition is not uniform 

3. Arc Evaporation: 

 
Fig. 3: Cathodic arc deposition 

 The schematic outline of cathodic arc deposition is shown above. In Arc evaporation 

technique for deposition or coating electricity discharge between electrodes has been used. In this 

method striking of an arc takes place between electrode and graphite target which is biased 

negatively. In Arc evaporation technique in presence of nitrogen ions highly ionised carbon flux is 

deposited on substrate. Due to presence of number of cathodic droplets inclusions in films 

produces this becomes problematic. This problem is overcome by filtering the droplets by substrate 

shielding or using magnetic field [7].  

Advantages: 

1. Simple and inexpensive 

2. Rate of ionisation of gas is higher 

3. Metal evaporating and deposing with superior uniformity 

Disadvantages: 

1. Purification of crude product is required 

2. This method cannot be scale up 

3. Must have high temperature 

4. Requires conductive materials  

4. Molecular Beam Epitaxy: 

This technique is similar to vacuum evaporation, schematic of apparatus which is shown 

below.  
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Fig. 4: Molecular Beam Epitaxy 

(Ref. Morresi, Lorenzo. (2013). Basics of Molecular Beam Epitaxy technique) 

 

In molecular beam epitaxygate vales are connected to stainless-steel growth chamber to 

maintain low pressure chamber and contamination of materials. Modern systems are available with 

a proper treatment chamber. The pumping system consist ion pump which efficiently reduce 

residual impurities, titanium sublimation pump. The source flange and main chamber wall is 

surrounded by liquid N2cryopanels. These cryopanels useful in preventing re-evaporation from hot 

cells therefore molecular beam epitaxy is known as a cold wall technique. A load lock module 

represents the only way to transfer the sample to and from the air [8]. In molecular beam epitaxy 

growth rate for III-V type semiconductors are of the order of 1μm/h (˜1ML/sec), partial pressure 

for group III of ~10-6Torr. Atomic densities in the crystal of about 1022cm-3, this means that to 

reduce the impurity concentrations below 1015cm-3, the impurity partial pressures must be reduced 

below ~10-13Torr [9-10].  

Advantages: 

1. Low growth rate 

2. Separate evaporation of each component 

3. Low substrate temperature 

4. Clean surfaces, free of an oxide layers 

5. Compatible with extensive range of in situ diagnostics 

6. Precise layering control at atomic level 

Disadvantages:  

1. High cost 

2. Long setup time 

3. Very complicated system 

4. Epitaxial growth under ultra-high vacuum conditions 

5. Ion Plating: 

Ion plating is a physical vapour deposition process which is also called ion vapour 

deposition and is similar to vacuum deposition. To control the properties of film substrate is 

periodically bombarded by atomic-sized energetic particles in ion plating. The periodic 

bombardment is necessary for maintaining clean.  

In ion plating techniquethe material is vaporized by evaporation, sputtering (bias 

sputtering), arc vaporization or by chemical vapour deposition. The bombardments of reactive 

gases or ions which are formed by or ion gun (plasma environment) are used in ion plating. The 
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films can be deposited by using this plasma vapour. Usually this technique is used for hard, 

conformal and adherent coating.  

 
Fig. 5: Ion Plating 

(Ref. https://en. wikipedia. org/wiki/Ion_plating#/media/File:ION_PLATING_RIG_-_NARA_-

_17418910.1jpg) 

Advantages: 

1. Thin and adherent coating 

2. No risk of hydrogen embitterment  

3. Improved coverage of surface than other methods like Physical vapour deposition, Sputter 

deposition.  

4. Surface energy of the bombarding species is larger.  

5. Ionbombardment level is flexible.  

Disadvantages: 

1. Equipment cost is high.  

2. Plating is not uniform every time.  

3. Maximum substrate heating.  

4. Compressive stress 

6. Sputter Deposition: 

Sputtering process is used for thin film formation in Sputter. In sputtering process materials 

are ejected from a target having ample energy allotment on silicon wafer substrate. In this process 

argon is acts as asputtering gas and neon is mostly preferredfor light element and for heavy 

elements krypton or xenon is used to maintain same atomic weight of the sputtering gas and target 

and for. In glass, watches, jewellery coatings and decorative finishing also for optical components 

sputtering deposition process is used.  

 
Fig. 6: Sputter Deposition 

(https://en. wikipedia. org/wiki/Sputter_deposition#/media/File:Sputtering2. gif) 
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DC Magnetron Sputtering: 

The direct current magnetron sputtering is basic, inexpensive and commonly used method 

for conductive target coating. It uses both strong magnetic as well as electric fields to catch 

electrons near the target surface. Here due to magnetic field electrons will pursue helical path 

about magnetic field lines undergo ionising collisions with gaseous. Due to collision extra ions are 

created which increases the deposition rate leads to sustain plasma at low pressure. The target 

material and substrate are placed in a vacuum chamber parallel to each other. Typical sputter 

pressures range from 0.15mTorr to 100mTorr and Argon gas is filled in vacuum chamber. Initially 

electrically neutral argon gas atoms are ionized. Then these ionized argon gas atoms driven to the 

substrate and condensed in order to coat thin film [11].  

 

Fig. 7: DC Magnetron Sputtering.  

(http://www. semicore. com/news/94-what-is-dc-sputtering) 

Advantages: 

1. Low voltage is needed to strike plasma.  

2. Rate of deposition is high.  

3. Low radiant heat during the deposition.  

4. The volume of sputter deposition chamber is small.  

5. Operates at low pressure.  

6. Vacuum range for operating is wider.  

Disadvantages: 

1. Low plasma density.  

2. Ionisation level is Low.  

3. Sputtering targets are expensive.  

4. Only effective for conducting samples.  

5. Controlled gas composition.  
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Abstract: 

 Thin film corresponds to the atomic or molecular scale. Other factors that define their 

chemical and physical properties of nanoparticles. Thin film particle is usually shown using 

spectroscopic and microscopic techniques. This technique is use to characterized the size, shape 

and location of nanoparticles by creating individual thin film particle images. Many techniques, 

such as X-Ray Diffraction (XRD), EDAX, scanning electron microscopy (SEM), atomic force 

microscopy (AFM), and scanning tunneling microscopy (STM), has been developed for monitoring 

and featured the structural and surface properties of the thin film. Spectroscopic techniques are 

used to study nanoparticle interactions with the help of electromagnetic radiationlikeUV-visible 

spectroscopy, Raman spectroscopy, Fourier-Transform Infrared Spectroscopy (FTIR), X-ray 

photoelectron spectroscopy (XPS) and X-ray fluorescence (XRF).  

Keywords: Thin film, Microscopy, Spectroscopy, XRD, SEM, etc 

Introduction: 

Thin films are related to the engineering of matter atoms or molecular quantities. Size range 

of material in unbound position as combined or combined with externaldimensions and / or 

internal composition of particle size of 50% or morethe distribution is measured in nanometer and 

finite size range the microscale and nanoscaleis 100 nm or smallerin size [1, 2]. The examples of 

everyday in thin films include oil slicks on water, anti-reflection coatings on glasses and soap 

bubbles. Thin films are a layers of material that are heavily deposited on the substrate to provide 

properties that would not be easily achieved by the base material. Thin film materials are 

substrates and chemicals used to make or improve thin film deposits and high purity materials. 

Examples are evaporation filaments, sputtering targets and precursor gases. The chemical as well 

as physical properties and also thin film particles are characterized using different analytical 

techniques. To understand the structure of a thin film particles and its interaction with the 

environment, it is necessary to make its characterization technique. The material having physical 

properties, like its size, shape, crystallinity, dispersion conditions, and surface properties, affect the 

health of exposure on thin film. A thin film particle is usually characterized by such useful 

techniques which arespectroscopic and microscopic techniques.  

Microscopic techniques are used to indicate the size, shape, and location of a thin film, and 

the dimensional distribution of the thin film material is also expressed in mass and number by 

creating individual images of thin film particles. The microscopic methods characterize to used thin 

film particles like scanning electron microscopy (SEM), transmission electron microscopy (TEM), 

mailto:nitinchoudhari30@gmail.com
https://www.mdpi.com/search?q=microscopy
https://www.mdpi.com/search?q=spectroscopy
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high-resolution transmission electron microscopy (HRTEM), atomic power microscopy (AFM) and 

scanning tunnelling microscopy.  

Spectroscopy is used to study the function of electromagnetic radiation wavelengths and 

interactions with each other as well as to show the concentration and size of thin film material [10]. 

The spectroscopic techniques are used in Raman spectroscopy, UV-vis spectroscopy, Zeta potential 

spectroscopy and X-ray photon correlation spectroscopy, X-ray photoelectron spectroscopy (XPS), 

attenuated total reflexes Fourier-transform infrared spectroscopy (ATR-FTIR), dynamic light 

scattering spectroscopy[3].  

X-Ray Diffraction (XRD)  

The primary use of XRD analysis is to identify materials based on their diffraction 

patternsand to identify how the actual design deviates from the norm due to the stress and defects 

under phase identification XRD [4]. The X-ray diffraction technique is a powerful, non-destructive 

characterization tool that produces minimal sampling. Phases of XRD material, crystalline 

composition, average crystal size, macro and micro strains, orientation parameters, degree of 

crystal, texture coefficient, crystal defect etc. The XRD analysis provides information about large, 

polycrystalline thin film and multilayer design, which is very important in various scientific and 

physical engineering fields. This is the technique Thin film, bulk and suitable for nanomaterials. In 

this case of nanostructures, mesh changes Parameter in the context of the bulk gives an idea of the 

nature of the stress present in the film and in XRD, a collimated. The monochromatic beam of X-ray 

radiation causes the diffraction to occur[4]. While crystals are a regularly array of atoms, X-rays can 

be thought of as waves of electromagnetic radiation[5]. Crystal atoms emit X-rays, primarily through 

interaction with the electrons of the atoms. This is called elastic scattering and electrons are known 

as scatter. A regularly array of scatters creates circular waves. In most directions, these waves 

intersect destructive interference, however, as determined by the Bragg's law., they constructively 

connect in certain specific directions: 

2𝑑𝑠𝑖𝑛𝜃 = 𝑛𝝀 ……………….. (1) 

Where, ‘λ’ is theX-rays wavelength of, ‘d’ is the inter-planar distance, 'θ' is the scattering 

angle and ‘n’ is known as the integer of diffraction. In nanostructures, X-rays are separated by 

oriented crystal lights at a certain angle to meet Bragg's position. After recognizing the values of θ 

and, one can calculate the inter-planar distance. In thin film, X-rays separated by oriented 

crystallites at a certain angle to meet Bragg's position. After recognizing the values of θ and, one can 

determine by the inter-planar distance. XRD can be taken in different modes such as θ - 2θ scan 

mode, θ - 2θ rocking curve and scan. In θ - 2θ scan mode, X-ray monochromatic beams are formed 

an angle θ to the sample of the surface. The detector motion is connected to the x-ray source in such 

a way that it always forms a 2θ angle with the direction of incidence of the x-ray beam shown in 

Figure 1 below[4]. The result is a plot of spectrum 2θ versus the detector recorded by the intensity.  

𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 (𝜃𝑖)  =  𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 (𝜃𝑟) ……….. (2)  

This is done by the detector is moving (θ) twice as fast as the source. So that, the intensity of 

the reflected X-rays will be measured only where θi = θr.. Nanomaterials contain small-sized 

crystals and are subject to significant stresses due to surface effects, leading to significant increases 

and shifts in peak conditions with standard data [4].  



Thin Film Technology and it’s Novelties in Material Science 

(ISBN: 978-93-91768-93-5) 

23 
 
  

Specific types of directions appear as spots on the diffraction pattern known as reflection. 

As a result, X-ray diffraction patterns are formed by electromagnetic waves that hit the regular 

scattered range. X-rays used to create a diffraction pattern because of their wavelength, λ is often 

the same as the distance between crystal plane (1-100 angstroms).  

 
Fig. 1: Schematic diagram of X- Ray Diffraction 

 

Benefits of XRD  

It is non-destructive technique used to [25]: 

1. Identify crystalline phases and orientations 

2. Determine material of the structural properties like 

 Lattice parameters 

 Strain 

 Grain size 

 Epitaxy 

 Phase composition 

 Preferred orientation 

3. To determine the thickness of thin films and multi-layers 

4. To measured Determine atomic arrangement 

Scanning electron microscope (SEM) 

SEM is a type of electron microscope that creates sample images by scanning the surface 

with a focused beam of electrons. It uses electron beam concentrated in a space of about 1nm 

diameter sampleon the surface and scans the entire surface (beam energy of 200kV). The 

topography of the sample surface is revealed either by the backscattering electrons produced or by 

the electrons drawn out of pattern as the incident electrons decrease the secondary electron. Visual 

images associated with the signal created in the meantime by interacting beam spot and pattern at 

each point on each scan line, is simultaneously created The face of the cathode ray tube above by 

which television picture is created. Now, the spatial resolution received is 1nm of the order.  

Working Principle of SEM 

The scanning electron microscope (SEM) is a very useful instrument to get information 

about topography, morphology and composition information of materials[6, 7]. In SEM, the source of 
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the electron is concentrated in a microscopic probe in a vacuum that is raster the sampleon the 

surface. The electron beam also goes through the scan coil and the objective lens which deviates 

vertically and horizontally, so that the beam can scan the sample of the surface. Therefore, the 

electrons enter the surface, many interactions take place which can result emission of electrons or 

photons from or through the surface. A reasonable fraction of the emitted electrons can be collected 

by proper detector and output used to change the brightness of a cathode ray tube (CRT) with x- 

and y-inputs then the electron is driven in synchronism with the x-y voltage running on the beam[8]. 

This is how an image is created on CRT; Each beam point on the pattern is mapped directly to 

corresponding point above the screen. As the result, magnification system is simple and is 

calculated by linear magnification equation [9].  

𝑀 = 𝐿/𝑙 ……………….. (3) 

where ‘L’ is the CRT monitor of the raster’s length and ‘l’is length of raster sample on the 

surface.  

The SEM has the ability to image a large area and a large amount of content relative to 

sample. The topology of the powder samples although the current study was done using FEI, model 

Quanta 200 3D scanning electron microscope [4]. In below scanning electron microscope (SEM) 

schematic diagram in figure 2 shown[3].  

 
Fig. 2: Diagram for scanning electron microscope 

Benefits of SEM 

 It is used for various applications such as: 

1. It is used in the material science such asresearch, failure analysis and quality control.  

2. SEM is used in the semiconductor inspection and gas sensing for nano wires 

3. The most important used for SEM is forensic investigation such as analysis of gunshot residue, 

bullet marking comparison, filament bulb analysis in traffic incidents etc.  

4. It is mostly used in assembly of microchip.  

5. SEM also used the medical science such as viruses and identifying diseases, medicines, testing 

new vaccinations and also used in testing samples over the lifespan of a patient.  
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Energy-Dispersive X-Ray Spectroscopy (EDX) 

This is a surface analytical technique where the electron collides with the beam pattern, 

stimulating the electrons in the inner shell, causing them to emit and form electrons holes in the 

electronic structure of the component. EDX, also considered characteristic techniques for developed 

absorbers. The equipment required for the EDS analysis is an X-ray associated with the SEM 

equipment only [10]. It is an analytical technique used for basic analysis or chemical characterization 

of a sample. It depends on interaction and pattern of X-ray stimuli interacting with specific sources. 

By scanning the electron beam sample of SEM on the surface, it produces X-ray fluorescence from 

molecules in its path. Energy of each X-ray photon is characteristic the element that makes it.  

Working principle of EDX 

The systems are typically attached to the electron microscopy equipment such as TEMor 

SEM. The EDX pattern is based on the emission of characteristic X-rays. The beam of high energy 

charged particles are concentrated into the investigated sample and an electron from the higher 

binding energy electron level falls into the hole of the core and an X-ray with the energy of the 

difference of the electron level binding energies is emitted [11]. EDX analysis provides a spectrum 

that shows peaks related to the basics composition of the sample examined. In addition, basic 

mapping of the pattern can be done with this characterization method. The scheme describing the 

EDX spectroscopy method is shown the Figure 3[26].  

 
Fig. 3: Schematic diagram of EDX 

Benefits of EDX 

EDX used in various applications for [11] 

1. It is used to modify the quality control and also optimization process.  

2. It is used to quickly identify contaminants and sources.  

3. It is used for complete control of environmental factors and emissions.  

4. It is also used to identify the source of process chain problems and more confidence on site, 

higher product yield 

5. It is also used agriculture and food automobiles and machinery 

Atomic Force Microscope (AFM) 

This is a scanning probe microscope designed to measure spatial properties such as friction, 

magnetism and altitude. It is very high resolution type SPM with 1000 times higher display 

resolution optical diffraction limit in nanometer fractional order[12]. It is a tool used by resistive 

electronic force between the surface and the end of a surface rotating microscope probe to map 

https://www.sciencedirect.com/topics/engineering/electron-level
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surface atomic scale topography. The atomic force microscope is an improved TEM in which the 

limitations of TEM are overcome. When the tip is purchased very near the sample, the power in 

between note and the pattern causes the cantilever to deflect according to Hooke's rules. Instead of 

using electrical signals, AFM relies finally on the atomsand the forces in the sample.  

Working Principle of AFM 

There are three strengths for AFM Such as: force measurement, manipulation and imaging. 

In force measurement, the force between sample and inspection are calculated by AFM as their 

interdependent function. This can be applied to force spectroscopy to calculate the mechanical 

properties of a specimen, such as Young's modulus of the specimen, measurement of stiffness. 

During scanning the tip will have vertical movements depending on the topography of the sample. 

The force in the tip is kept constant and scanning is done. The tip will have vertical movements 

depending on the topography of the sample while scanning is in progress.  

A laser beam used to record the vertical movement of the needle and this information is 

converted into visible using a photo diode. This situation depending on AFM measures different 

types of forces such as vendor wall force, capillary force, mechanical contact force shown in the 

below figure [26].  

 
Fig. 4: Presentation of Atomic Force Microscope (AFM) 

In manipulation the properties of the pattern can be changed or controlled by applying 

force between the tip and the pattern [13]. Some examples of manipulation are atomic scanning 

probe lithography and local stimulation of cells [3].  

Applications of AFM 

 There are several benefits of AFM are as follows: 

1. It is the most effective imaging techniques used on nanoscale and sub nanoscale levels like 

Semiconductor science and technology, Thin film and coatings and also batteries and 

photovoltaic materials 

2. AFM an imaging method that uses a piezoelectricly charged probe with a flexible cantilever and 

atomically sharp tip to scan the sample surface.  

3. This is the most common used to visualize topography of a surface by recording the The 

condition of the sample relative to the tip and then recording the height of the probe in relation 

to the continuous probe-pattern interaction as well as mechanical, functional, and electrical 

variations.  

4. To handle surfaces using tip force, for example, scanning probe lithography 

https://www.mdpi.com/2306-5354/6/1/26/htm#B37-bioengineering-06-00026
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5. To examine the physical and also mechanical properties, to measure the force between the 

sample and the probe in the form of force spectroscopy.  

Fourier-Transform Infrared Spectroscopy (FTIR) 

The meaning of the FTIR "Fourier transform infrared" and it is the type of infrared 

spectroscopy. All infrared spectroscopies work on the principle that some radiation is absorbed 

when the infrared (IR) radiation goes through the pattern. This is because different molecules form 

different spectra. Different methods of spectrum can be used to identify and separate molecules. 

With the FTIR test, light is calculated by using an infrared spectrometer that produces the output of 

the infrared spectrum. IR spectrum is a graph of matter on a vertical axis and absorption of infrared 

light by horizontal frequency axis 

Working principle of FTIR 

As the combination of molecules, bonds are selectively absorbed, hence the distribution of 

specific wavelengths that cause the company energy in the bond to change. Depending on type of 

vibration (bending or stretching) induced by infrared radiation atoms in bonds. Different functional 

groups and bonds absorb differently Frequency, transmittance pattern is different for different 

molecules. The spectrum is recorded on the wave number on the X-axis and the transmission on the 

Y-axis of the graph[14].  

An Interferometer for identifying samples in which all IR frequencies generate encoded 

optical signals and this signal can be analysefast. After that using mathematical technique Fourier 

transformation, this signal is decoded. This computer-generated process then generates the 

mapping of spectral information. The resulting graph is the spectrum that is then searched against 

reference libraries for identification [15]. Below the diagram for FTIR [27].   

 

Figure 5: Schematic representation of FTIR.  

With microscopic coupling, samples as small as 20 microns can be analyzed. This allows for 

quick and efficient identification of unknown particles, residues, films or fibers.  

Application of FTIR 

The Fourier-Transform Infrared Spectroscopy having common applications are [28]: 

1. FTIR used for Identification of unknown content and confirmation of product content 

2. Analysis by infrared or gas chromatography by deformation of polymer rubber and other 

materials by thermogravity.  

3. Microscopic analysis helps to identify contaminants by making small pieces of material.  

4. The FTIR advantage analysis is that thin films and coatings as well as automotive or smoke 

stacks are also used for emissions monitoring and failure analysis.  

5. To obtain dynamic information by increasing or decreasing infrared absorption.  
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X-ray photoelectron spectroscopy (XPS) 

 This is a quantitative measuring techniquesthe basic structure of a material's surface and 

also determines binding status of the components [16]. This is the most important and surface 

analysis techniques were widely used. This technique provides chemical information about 

surfaces. The principle of XPS is based on the production of X-rays at metal targets by electron 

bombardment and Al or Mg is mainly used as the target source [17].  

Working principle of XPS 

X-rays (photons) are drawn on the material and when electrons in the material absorb 

enough energy, they are expelled from the Materials with specific kinetic energy. The energy that 

extracted electron is analyzed by a detector and a plot of this energy and the relative numbers of 

electron are created. Different energy electrons take a different route through detector which 

allows the computer to separate the electrons and create the spectra shown in figure below[29].  

 
Fig. 6: Schematic representation of XPS 

Atoms present in compound being tested XPS are determined according to the equation [27]: 

𝐸𝑏𝑖𝑛𝑑𝑖𝑛𝑔 = 𝐸𝑝ℎ𝑜𝑡𝑜𝑛 − (𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐 + ℎ) 

The binding energy is the electron of the energy attracted to the nucleus; Photon energy is 

the energy and kinetic energy of the X-ray photons used by the energy spectrometer of the electron 

extracted from the material. Work function is a correction factor for an instrument and is at least 

relevant the energy required to remove electrons from an atom. Photon energy and also working 

energy are known as kinetic energy is measured by a detector [18]. So that binding energy released 

only as unknown. Since electrons are in orbitals away from nucleus, they require less energy to get 

out, so there is less binding energy for higher orbitals. Electrons in different subshells (s, p, d,) and 

also different energies [19]. By showing the energy of the electron of the energy isemitted from the 

material, this helps to determine the composition of XPS content.  

Application of XPS 

XPS are used to measure for[30]: 

1. Surface chemistry of the material after fracturing, cutting or applied treatmentXPS can be used 

for scraping analysis 

2. It can be used to discover the empirical formulas of pure materials and the basic textures of 

surfaces as well as to detect surface contaminants.  

3. The uniformity of the basic structure on the upper surface and the uniformity of the basic 

structure as a function of ion beam etching are also calculated by the chemical or electronic 

state of each component on the XPS surface.  
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X-ray fluorescence (XRF) 

In X-ray fluorescence (XRF), an electron can be ejected out of its atomic orbit by absorbing 

sufficient energy light waves (photons). The energy (hν) of photon must be greater than the energy 

bound to the nucleus of an electron atom. When the inner orbital electron is expelled from the 

atom, electron in the orbit of the high energy level will be transferred to the orbit of the low energy 

level. Photons can be emitted from the atom during this transition. This is known as fluorescent 

light this energy will be the same as the characteristic X-ray of the element and the emitted photon 

due to the difference in energy between the two orbital occupied by the electron infections [20]. This 

is because, in a given element, the energy difference between two specific orbital shells is always 

the same and the two layers always have the same energy. When electrons move between them, 

photons are emitted 

Working principle of XRF 

Since many atoms are present in the sample, it will emit different X-rays with different energies. 

In an energy-dispersive XRF instrument, Fluorescence is collected by radiation through the 

semiconductor detector [21]. Generates signals in X-ray detectors, which depend on the energy of 

incoming radiation and this signals are collected in a multi-channel-detector. The following steps 

are working in XRF [31] and shown in the figure given below [22].  

1. Samples are directed to the surface by X-ray detector.  

2. The inner-shell electrons are expelled by energy and the outer-shell electrons fill the voids 

left by the extruded electrons and emit fluorescent X-rays.  

3. The inner-shell electrons are emitted by energy and the outer-shell electrons fill the voids 

left by the ejected electrons and emit fluorescent X-rays.  

4. The X-ray detector enters the fluorescent and also electronic pulsessends to the preamp.  

5. The preamp signal is increased and sent to a digital signal processor (DSP) 

6. The DSP compiles X-ray events and digitization and sends the spectral data to the main CPU 

for the processing.  

7. CPU analyzes spectral data to create detailed structure analysis.  

8. The composition of data and also other gradings or value identities are displayed as well as 

then memories are stored for recall or download to an external PC.  

 
Fig. 7: Schematic representation of diagram for XRF 
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Application of XRF 

 The XRF are used such as [23]: 

1. Dental analysis with XRF: identification of trace and erosion diagnosis 

2. XRF application for soft tissue and pathological specimens 

3. Rapid analysis of metallic restoration 

4. Use of the synchrotron radiation over XRF 

5. They are use in Qualitative, Quantitative and Semi-Quantitative XRF Data 
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Introduction: 

 Researchers are currently working on various surface tailoring techniques that could be 

applied to metals and alloys. These techniques are become an important field in recent years due to 

the advances in technological areas. [1]. Hard coatings as a thin film using a vacuum deposition 

method have become a popular research area in the last few years. Because of their potential, thin 

film coatings are widely studied and researched. An important factor in the development of thin 

film coating is the ability to synthesize thin films that enable the formation of desired properties 

[2]. Various techniques have been invented to improve and tailor the surface properties of the 

materials to outperform in a given working environment [3]. Thin film deposition is a clean, 

environmentally friendly way to crystallize nanoparticles for new material chemistries. It is also 

well suited for depositing layers of material that are much larger than the primary particle size 

(1000 nm). The thin film deposition technique is divided in to two main types based on their 

deposition Processes: Physical Vapor Deposition (PVD) and Chemical Vapor Deposition (CVD) .  

Chemical Vapor Deposition (CVD) 

 The process of depositing a thin coating over a substrate, is called thin film deposition. The 

production of this thin layer by means of a chemical reaction that takes place in a vacuum chamber 

constitutes the process as chemical vapor deposition (CVD). During CVD, a thin layer of few microns 

forms at the surface of the substrate. In CVD, the process takes place in a vacuum chamber and a 

chemical reaction occurs near the heated substrate surface. The chemical becomes solid and 

deposits in the form of powder, crystals or thick coatings onto surfaces. For example, one type of 

CVD is diamond film growth that is being used as coating on artificial hearts and drill bits. During 

CVD, many chemical by-products are generated which are then expelled out of the chamber where 

they are held. These by-products include unreacted gases. Since this is a high temperature 

technique, some changes may occur to the coating or deposited material, requiring considerations 

to be taken into account while using this process. By changing the many experimental conditions 

such as target material, temperature, gas flows rate, reactive gas, and pressure, materials, bearing 

different properties, can be grown [4].  

 CVD has several drawbacks, the most important of which are that the film is difficult to 

control in thickness and uniformity. It also leaves pinhole defects. The process was slow, as well 

due to a low deposition rate. Since it takes place at atmospheric pressure, so it’s very difficult to 

maintaining stoichiometry. Also, the CVD coating has quick contamination time. However, a 

disadvantage of this process was the use of highly toxic chemicals, manual preparation, apparatus 
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setup, high equipment costs, and frequent maintenance; Although, with the development of various 

precursors such as metal-organic type of precursors (which can be volatile at room 

temperaturesand insoluble in the coating liquid), this problem was decreased significantly. CVD 

precursors can also be highly toxic and corrosive; but the use of metal-organic precursors eases this 

situation. CVD precursors can also be expensive but are based on readily available materials. Some 

precursors, such as the previously mentioned metal-organic type of precursors, are quite costly. A 

major drawback of the CVD processis that it takes place at high temperatures; this puts restrictions 

on the type of substrates that can be coated. Amid these disadvantages, it also has proved to lead to 

stresses in deposited films on materials possessing varying thermal expansion coefficients;this 

causes instabilities in the deposited films’ mechanical properties [5].  

Physical Vapor Deposition (PVD) 

 Physical Vapor Deposition (PVD) is a collection of technologies used to create thin, hard, 

durable coatings. While CVD coatings are limited in the number of elements and compounds they 

can produce, PVD can create nearly any coating imaginable. The high degree of control and 

flexibility available with PVD make it a popular choice for many materials and applications. PVD 

methods are essential and rapidly advancing techniques for the deposition of thin films. PVD 

technology bears flexibility in depositing various elements and compounds with precise control and 

at a high deposition rate, as well as at low temperatures. This technology is replacing the traditional 

chemical vapor deposition method for various scenarios like chemical and material cost, product 

durability, and coating compatibility. Most industrial tooling and components in use today rely on 

PVD hard coatings because PVD coatings offer a high degree of performance with an enhanced 

surface finish.  

 PVD is a generic term that encompasses a variety of vapor-deposition processes. In these 

processes, a film of the desired material is formed on the surface of the substrate by sputtering or 

evaporation from source materials [6].  

Cathodic Arc Deposition 

 PVD techniques are widely used in the realm of industrial manufacturing. Cathodic arc 

plasma deposition (CAPD) is a coating technique that is constantly being developed and improved. 

This is a process that depends on evaporation. Some features of the CAPD process are so surprising 

that even engineers and scientist’s expert in plasma physics and arc discharges find them difficult to 

believe. Recent trends in the CAPD technology include its use as a protective coating for cutting 

tools, functional coating in biomedical application, electronic, power plants and energy, 

pharmaceutics, aerospace etc. and as decorative coatings on watches and jewellery[7]. The CAPD 

coating technology displays great potential as the cathodic arc generated on the surface of the 

target tends to totally ionize the plasmas with very high energetic ions, which leads to improved 

adhesion with the formation of extremely dense films. Hence, the deposited thin film coating has 

good potential with unique properties.  

 CAPD is a vacuum-based thin film coating deposition process. CAPD system operates by 

means of generating cathodic arcs on the surface of a target material and ionizing the vaporized 

material that is fed towards a substrate. The target material is placed inside a chamber. The 

intensity of the arcing discharge determines the amount of material that is evaporated. Stable 

currents and voltage levels must be maintained during deposition to ensure accurate film thickness 
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regulation. Substrate bias levels are therefore raised by the DC power supply to increase the ion 

flux density near the substrate and ensure a smooth surface growth.  

 Similar to CAPD, in Arc ion plating (AIP) process also uses an electric arc to plate a coating 

of material (often a metal) onto the surface of another object. in the semiconductor industry, where 

it is used to deposit metallic contact layers either on single crystal silicon wafers or directly onto 

electronic devices on a printed circuit board[8]. The industrial implementation of this technology is 

sometimes called electric discharge machining or electrochemical deposition.  

 

Fig. 1: Cathodic arc (CAPD) process 

 

 In the CAPD process, it is necessary to strike the arc on the surface of the target using a 

tungsten filament, the power for which is obtained from a constant current power supply. The 

positive terminal of this supply is then attached to the anode, and the negative terminal is attached 

to the cathode. In some designs, the vacuum chamber acts as the anode with one or more cathodes 

situated inside the coating chamber. The application of a low voltage and a high current on this 

terminal results in an electrical discharge, which results in the formation of highly ionized plasma, 

consisting of electrons and ions of reactive gas and atoms of cathode target. During the process, 

electrons or particles are ejected from the cathode target when photons having energy equal or 

greater than work function is incident on the target cathode. The amount of energy needed to 

remove electrons will depend on the position of an electron in the conduction band and onthe 

energy level. The work function energy also depends on the nature of the material , which 

needs to be evaporated [9].  

 A constant flow of inert gas (most commonly Nobel gas such as argon, which doesn't react 

with the material being vaporized or deposited) is passed through a inlet and flows into the coating 

chamber. The walls of this chamber are coated with a conductive target material that becomes 

coated with a layer of dielectric material by exposure to the plasma. This dielectric layer acts as an 

electrical insulator between the electrodes and protects them from deterioration during the 

deposition process.  
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 During CAPD processing, the arc discharge is self-sustained in a vacuum regardless of the 

vacuum conditions. The gas flow rate and pressure of inert gas or reactive gas are adjusted to 

maintain the discharge. In addition, trace contaminants are removed from the vacuum chamber by 

purging with an inert gas. nowadays, one of the hot topics of interest is the “cathode spots”. The 

“cathode spots” or arc spots in the CAPD process are tiny, fast-moving glow that travels randomly 

on the surface of source-target at a very high temperature (approximately 2500 °C to 3000 °C). 

According to existing information, what are referred to as cathode spots are material that has been 

vaporized from a cathode target. A cathode spot remains active momentarily and disappears again 

after a fraction of second, after which it will reappear at some other places on the target 

material[10]. This cathode spot is confined by an external magnetic field, as it is charged particles 

and we know that motion of charge in a magnetic field form concentric circle, i. e., particles move in 

a helical path or spiral paths.  

 During processing, an electric arc forms between a cathode and an argon-enriched portion 

of the vacuum chamber called a target; within this electric arc, material from the cathode target is 

vaporized and deposited as films on a substrate preheated to approximately 850°C (1562°F). The 

electric arc becomes nonconductive before the temperature of either the cathode or the target 

becomes so high that materials separate from each other and no longer adhere to each other. The 

movement of this material within the electric arc leads to some useful advantages in terms of 

process window and film uniformity: These days, researchers are interested because of the exciting 

possibility of utilizing this phenomenon in order to create a powerful coated material that could 

result in a faster, cheaper way to produce various products, such as coating on medical implants 

and solar panels.  

 
a)       b) 

Fig. 2: interior view of the chamber (3-degree planetary rotations); 

(a) actual chamber (b) Schema 
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Fig. 3: Target cathode sourcewitha molybdenum trigger 

 When an electric field is applied to the tip of a molybdenum trigger, electrons are 

excited to a higher orbit and then accelerate toward the tip as they return to their ground 

state. This causes the tip to become positive with respect to the surface of a material being 

ablated. When the tip is held at a constant potential, it will form an arc on the target surface. 

As this spot moves, it also gets accelerated due to the applied electric filed, which gives 

sufficient energy for its motion. Hence, this spot moves rapidly over the entire target, resulting 

in erosion of the surface of the target material. By this process, the target material gets 

evaporated and converted into plasma; therefore, a phase transfer takes place from the solid 

to gaseous phase. As the process evolves, the spot sizes increase because of the generated 

heat. Increase in the size implies an increase in the spot area, resulting in decreasing current 

density, which in turn reduces power density. Thus, the quantity of target material that is 

evaporated in time will also reduce.  

 Thus, one can control the material evaporation rate by controlling plasma expansion 

and controlling current density (expressed as power per area). However, further research is 

needed to better understand physical processes involved in CAPD due to the lack of high-

resolution experimental diagnostics and can only be preliminarily described on the basis of 

Ecton model with additional modifications [11].  

 In CAPD system, the reactive gases such as nitrogen, oxygen and acetylene that have 

been supplied into the vacuum chamber at Low-pressure react with metal target atoms at the 

surface of the target to form respective coatings, like TiN and TiC on glass slides, HSS, and 

mirror-polished stainless-steel (SS 304) coupons or silicon wafer substrate. If too much 

reactive gas comes infiltrated into the vacuum chamber, it results in the formation of high-

melting-point nitrides. In most commercial systems, the gas inlet is positioned near the 

cathode target so that the arc generated at the surface of the target supplies enough energy for 

gas molecules to react with atoms at the surface of the target[12, 13]. However, sometimes if 

reaction occurs at the surface of the target and if the cathode spot stays there too long, then 

“target poisoning”or “target oxidizing” can take place[14]. A reactive gas, like oxygen, reacts 

with the surface of the target and forms oxides, leading to a lower deposition rate along with a 

non-uniform coating. This usually happens with sputtering because in CAPD, the energy 

associated with the cathode spot is more therefore, target poisoning does not occur as readily.  

 The major disadvantage of the CAD process is the generation of “preliminary particles, ” 

which are large large, unbalanced particles, microspheres called droplet, which are formed as a 
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result of the cathode spots in the plasma and can be large conglomerations of atoms deposited on 

or generated within a film. These droplets are deposited on the surface of the film. they are made up 

of various shapes, sizes, and densities depending on process parameters. These micrometer-sized 

particles form a large cluster of solid atoms that is generated due to arc erosion; the size of 

microparticles extends from a few nanometers to a few micrometers. Smaller microparticles are 

much more common than larger ones. The average size around 0.01 millimeters. Materials with low 

melting points generate much more microparticles and are larger in size, hence they tend to move 

in a straight path[15, 16]. Microparticles are usually projected from the surface of the target at a 

high angle, above 70 degrees with respect to the substrate, which results in them being prodded out 

of reach; elimination of these microparticles is done using a method known as filtered arc 

evaporation, which uses curved magnetic filters—plasma guiding in such filters is accomplished 

with both magnetic fields as well as an electric field mechanism[17].  

 Cathodic arc evaporation has several benefits over other physical vapor deposition 

processes. They are as follows: 

 Coating adhesion is improved due to substrate bias and high ionization of the target 

material 

 Cleaning of the substrate material is carried out by ions bombardment , which 

enhances the adhesion characteristics of the film 

 Achieving uniform and dense coating microstructure due to diffusion and nucleation 

processes 

 Dense structures are obtained from the high amount of ionization of target atoms 

 Increased reactivity with reactive gas atoms due to high energy target atoms 

 Greater deposition rates are almost ten times higher than sputtering deposition rates 

in some cases 
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1. Introduction: 

In this chapter we present the details information regarding spray pyrolysis technique set-

up, growth of kinetic used to formation of nano size metal oxides, composites and perovskite thin 

films. Characterize the thin film for gas sensor performances.  

Spray pyrolysis technique is very simple to obtain various morphology in the form of zero, 

one, two and three dimension structure and involves low cost equipment’s and minimum waste 

raw materials. The technique involves a simple technology in which an ionic solution (containing 

the constituent elements of a compound in the form of soluble salts) is sprayed over heated 

substrates [1]. By this method, dopants can be easily introduced into the matrix of the film by using 

appropriate precursors. Addition of dopants improved the properties of the sensors, such as gas 

response, low the operating temperature, stability, selectivity, response and recovery time etc. [2-

5].  

In present work we have given the information regarding spray pyrolysis technique with 

their optimized condition and importance parameter regarding spray pyrolysis technique.  

1. 1 Spray pyrolysis technique 

The chemical spray pyrolysis technique is one of the most commonly used techniques for 

preparation of transparent and conducting oxides owning to its simplicity, non-vacuum system of 

deposition and hence inexpensive method.  

 

Fig. 1: Photograph of spray pyrolysis technique 
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In general, the spray pyrolysis apparatus consists of a spraying unit, substrate holder with 

heater, rotor for spray nozzle, spray nozzle, thermocouple, temperature indicator, gas regulator 

value, exhaust fan and glass substrate. The glass substrate is kept on a stainless steel (ss) plate. The 

heater is responsible of heating the substrate temperature in the range of 100-800 °C. Fig. 1 shows 

schematic photograph of spray pyrolysis system.  

i) Spraying unit: The spraying unit is made up of iron metal in which the spraying assembly is 

mounted.  

ii) Substrate holder with heater: The iron disc (with diameter 16 cm and thickness 0.17 cm to 

which 2000 W heating coil is fixed) served as a hot plate. Maximum temperature of 800 ± 

10oC can be achieved with this arrangement. The chromel-alumel thermocouple is used to 

measure the temperature of the substrates and is fixed at the center of the front side of the 

iron plate. The temperature of the hot plate is monitored with the help of temperature 

controller. The substrate holder with heater is used to hold the glass substrate and the 

electrical heater is used to heat the glass substrate paced on the bronze block up to desired 

temperature.  

iii) Rotor for spray nozzle: Stepper motor-based microprocessor controller is used to control 

the linear simple harmonic motion of the spray nozzle over the required length of the hot 

plate. Hence, the to and fro motion and the speed of the spray nozzle is monitored in a 

controlled manner.  

iv) Spray nozzle: It is made up of glass and consists of the solution tube surrounded by the glass 

bulb. With the application of pressure to the carrier gas, the vacuum is created at the tip of the 

nozzle, and the solution is automatically sucked in the solution tube and the spray starts. 

Diameter of spray nozzle is 0.11 mm.  

v) Thermocouple: It is used to sense the change in temperature.  

vi) Temperature indicator: It shows the temperature of the substrate. The chromelalumel (Cr-

Al) thermocouple was used in contact with the sensor to sense the operating temperature of 

the sensor.  

vii) Gas regulator value: The gas regulator value is used to control the pressure of the carrier gas 

flowing through the gas tube of the spray nozzle. A glass tube of length 25 cm and of diameter 

1. 5 cm is converted into gas flow meter. Since air pressure depends upon the size of the air 

flow meter, the air flow meter should be calibrated from nozzle to nozzle.  

viii) Exhaust fan: It is used to remove the harmful gases.  

 ix) Glass substrate: the glass substrate is the materials on which film is to be deposited.  

1. 2 Scheme of pyrolysis and formation of thin films 

In spray pyrolysis, the process parameters like precursor solution, atomization of precursor 

solution, aerosol transport, thermal decompositionof precursor and some other aspects are very 

important while studying the structural, surface morphology, microstructured, optical, electrical & 

gas sensing properties of the thin films. These four process parameters are discussed in the 

following section.  

1. 2. 1 Precursor solution 

Precursor solution plays a vital role in the formation of thin films of various compounds. 

The true solutions, colloidal dispersions, emulsions and sols can be used as aerosol precursors. 
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Aqueous solutions are usually used due to ease of handling safety, low-cost and availability of a 

wide range of water-soluble metal salts. The solute must have high solubility, which increases the 

yield of the process.  

Increasingly, alcoholic and organic solutions have been studied due to the interest in the 

synthesis of organic materials from metal organic and undergo polymerization and for the 

synthesis of non-oxide ceramic solutions. In general, metal chlorides and oxy-chlorides have the 

highest water solubility relative to other metal salts and are used for industrial production [6].  

1. 2. 2 Atomization of precursor solution 

The critical operation of the spray pyrolysis technique is to produce uniform and fine 

droplets by thermal decomposition. A variety of atomization techniques have been used for 

solution aerosol formation, including pneumatic, ultrasonic, and electrostatics. Some of spray 

atomization techniques include  

i) improved spray pyrohydrolysis,  

ii) microprocessor based spray pyrolysis,  

iii)electrostatic spray pyrolysis,  

iv) corona spray pyrolysis,  

v) ultrasonic nebulized atomization technique etc.  

These atomizers differ in droplet size, rate of atomization and droplet velocity. The velocity 

of the droplet when it leaves the atomizer is very important as it determines the heating rate and 

the residence time of the droplet during spray pyrolysis. The size of the droplets give rise to with 

pneumatic or pressure nozzles decreases when the pressure difference across the nuclei is 

increased. For a specific atomizer the droplet characteristics depend on the solution density, 

viscosity and surface tension.  

The quality of film also depends on the compressed air used to guide the solution from the 

nozzle. When the air pressure is more, smaller droplets are likely to form. However, this causes the 

substrate temperature to drop due to rapid splashing of smaller droplets. On the other hand, if the 

air pressure is too small, the larger droplets fall onto the substrates. Hence, it is essential to 

optimize the air pressure [7].  

1. 2. 3 Aerosol transport  

 
Fig. 2: Aerosol transport mechansim 

Fig. 2 indicates the transport mechanism of aerosol. The aerosol are transported and 

eventully evaporated. During transportation it is important that as many aerosol as possible are 

transported to the substrate without forming powder or particle. The influence of forces, which 
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deterimne both the trajectory of the aerosol and evaporation, were examined and a film growth 

model was proposed. Gravitational, electrical, thermophoretic and stokes forces were taken into 

account. The thermophoretic force pushes the aerosol away form hot surface, because the gas 

molecule from the hotter side of the mist rebound with higher kinetic energy than those from 

cooler side. It was concluded that the film grows from the vapor deposition and the aerosol that 

strike the substrate form a powdery deposits.  

1. 1. 4 Thermal decomposition of precursor  

 

Fig. 3: Description of the deposition processes initiated with increasing substrate 

temperature 

 

Many processes occur simultanoiusly when a mist contaning droplet hits the surface of the 

substrate: eveporation of residual solvent, spreading of the mist and presursor salt decomposition. 

The proposed mechanism contains the following process that occur with increasing the substrate 

temperature.  

In lowest temperature regime (process I) the mist contaning droplets splashes onto the 

substrate and decomposes as indicated in Fig. 3. At higher temperature (process II) the solvent 

evaporates completely during the flight of the mist and dry precipatate hits the substrate, where 

decomposition occurs. At even higher temperature (process III) the solvents evaporates before the 

mist reaches the substrate. Then the solid precipapate melts and vaporizes without decompositions 

and the vapor diffuses to the substrate to undergo a CVD process. At the highest temperature 

(process IV) the precursor vaporizes before it reaches the substrate, and consequently the solid 

particles are formed after the chemical reaction in the vapor phase. It is belived that the processes I 

and IV lead to rough or non- adherent films. Adhrent film can be obtained by CVD at moderate 

temperatures (process III). However, type I or II allows the formation of high quality adherent films 

too. Morever, the process III can rarely occur in most ultrasonic spray pyrolysis deposition, because 

either the deposition temperature is too low for the vaporization of a precursor or the precursor 

decomposition without melting and vaporization[8].  

1. 1. 5 Physical aspects 

Spray pyrolysis technique involves spraying a solution (fine mist or aerosol), usually 

aqueous, contaning soluble salts of the constituents atoms of deired compound onto a substrate 

maintained at elevated temperature. The sprayed mist reaching a hot substrate surface undergoes 

pyrolytic decomposition and form a single crystallite or clusters of crystallites of product. The other 
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volatile by-products and the excess solvent escape in the vapor phase. The substrate provides 

thermal energy for thermal decomposition and subsequent recombanition of the constituent 

species followed by sintering and recrystallization of clusters of the crystallite giving rise to 

coherent film.  

1. 1. 6 Growth kinetics 

When both the size and the momentum of the spray of the mist (aerosol) are uniform, 

optically good quality and smooth films are obtained. The coalescences kinetics of the mist on the 

substrate surface is expected to have a considerable influenec on the microstructure of the film. The 

mist tend to flatten out in to a disk on impact with the substrate surface. The flow of deposition 

process is as follows: 

i) Spreading of mist into a disk,  

ii) Pyrolytic reaction between the decomposde reactant,  

iii) Evaporation of solvent,  

iv) Repetation of the preceding processes with succeeding mist.  

1. 1. 7 Chemical aspects  

 The chemicals used for spray pyrolysis technique have to satisfy the following conditions: 

i) On thermal decomposition, the chemicals in solution form must provide the 

species/complexes that will undergo a thermally activated chemical reaction to 

yield the disered thin film materials.  

ii) The reminder of the constituents of the chemicals, including the carrier liquid 

should be volatile at the spray (mist) temperature.  

 
Fig. 4:Spray pyrolysis technique for the preparation of nanostructured thin films 

 

1. 3 Film deposition  

 There are too many processes that occur either sequentilly or simultaneously during film 

formation by spray pyrolysis technique (Shown in Fig. 4). These include precursor solution 

atomization, mist transport and evapoation, spreading on the substrate, drying and decomposition 

of precuresor. Understanding these processes will be divided into three main steps: atomization of 
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the precursor solution, transport of the resultant mist, decomposition of the precursor on the 

substrate.  

1. 3. 1 Step wise deposition process  

The spray deposition process may be written stepwise as: 

 Atomization of spray (mist formation) 

The precursor solution is transferred into fine mist using ultrasoinc nozzle. The size of the 

mist contaning droplets is depending on the power of the ultrasonic broad band generator.  

 Spraeding of mist onto substrate 

Once the mist are formed it is easily sprayed on to glass substrate.  

 Evaporation of solvents 

The volatile solvents are escasped from the spraying chamber through exaust fan, which are 

not healpful in the reaction.  

 Decomposition of the precursor on the substrate 

On the surface of the substrate, thermal energy corresponds to the reaction and to the 

deposition of film by means of nucleation or small cluster formation. This is the basic process for all 

deposition modes. In general, atoms or molecules deposit preferentially on a certain sites in the 

initial stage leading to assemblages of atoms (or molecules) known as nuclei or clusters. There are 

several stages, in the growth process from, initial nucleation of the deposites to the final continous 

three dimensional (3-D) film formation state. The growth process consisting of a statistical process 

of nucleation, surface-diffusion controlled growth of 3-D nuclei and formation of a network 

structure and its subsequent filling to a continous film. Depending on the thermodynamics 

parameters of the deposit and substrate surface, the initial nucleation and growth stages may be 

described as: 

A) Growth of large ones leading to island structure,  

B) Coalescnce of island with gap in between which are interspraed with secondary nuclei,  

C) Joing of large islands with the formation of channles in between, and 

D) Finally bridiging up the channels with the secondary nuclei to form the continous film.  

1. 4 Factors governing the spray pyrolysis technique (SPT) 

Formation of thin film using spray pyrolysis technique subordinate upon a various 

parameters. The number of factors governing the film formation mechanism depends on,  

 The automation of the spray solution into a spray of fine droplets, which depends on the 

geometry of the spraying nozzle and pressure of a carrier gas.  

 The properties of thin films depend upon the anion to cation ratio, spray rate, substrate 

temperature, ambient atmosphere, carrier gas, droplet size and also on the cooling rate after 

deposition.  

 The film thickness depends on the distance between the nozzle and substrate, solution 

concentration and quantity and substrate temperature.  

 The film formation depends upon the process of droplet landing, reaction and solvent 

evaporation, which are related to droplet size and its momentum.  

An ideal deposition condition is that when a droplet approaches the substrate just as the 

solvent is completely removed.  
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1. 5 Important characteristics  

The following important characteristics are observed in this formation of growth.  

i) The deposited sprayed films was observed to be nanostructured in nature.  

ii) The sprayed films are coherent and pinhole free even at low thickness and substrate 

temperature is high enough to cause complete pyrolytic reaction.  

iii) The microstrusture of the thin film depends on several deposition conditions inludes 

notably spray nozzle, power of generator, solution flow rate, Nozzle to substate distance, 

substarte temperature, the kinetics and thermodynamics of the pyrolytic reactions, and the 

temperature profile during the deposition preocess.  
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Abstract:  

 Thin films are mostly formed by deposition of chemical or physical methods and are 

important for technologies like microelectronic devices, recording devices, gas sensors, coating, 

photoconductors, interference filter and also in solar cell etc. This chapter deals with the 

description of processes, methods and equipment for deposing technologically important thin films 

for the applications in higher technology. The overview of this rapidly evolving thin film technology 

for engineer, scientist and introduction to the students of several branches of science and 

engineering.  

1. 1 Introduction: 

 Thin films are versatile materials and formed through many different approaches and used 

in various applications. These materials are key element 0f continued technological advances made 

in the field of optoelectronics, photo ionic, electronics, semiconductor devices. The processing of 

material into thin film allows easy integration of various types of devices. The property of material 

differs when analyzed in the form 0f thin films. Rapid growth of deposing technology has improved 

understanding of chemistry and physics of the films, surfaces, interface and microstructure made 

possible by considerable advances in analytical instrumentation in past few decades. A better 

understanding 0f the material leads to expanded applications and new designs of devices that 

incorporate these materials. There are various number of deposing technologies for material [1, 

2]Concern with thin film deposition methods for forming layers in the thickness range of few 

nanometers to about ten micrometers, the task of classifying the technologies is made simpler by 

limiting numbers. Mostly thin films are formed by deposition either by purely physical such as 

evaporative methos or purely chemical such as gas - and liquid- phase chemical processes. There 

are also physio-chemical methods such as glow discharge and reactive sputtering methods. The 

main aim of this chapter is to deliver the description of processes, methods and equipment for 

deposing technologically important thin films for the applications in advanced technology.  

1. 2  Deposition Techniques: 

1. 2. 1  Evaporative Techniques: 

Evaporative technique is one of the oldest techniques used for deposing thin films[3, 4] and 

still in wide usein laboratory and industry. Following are the sequential basic steps.  

1.  Generation of vaporby subliming or boiling a source material 

2.  Transportation of vapor from the source to substrate.  

3.  Condensation of vapor into a solid film on the substrate surface.  

 It is very simple techniques. Evaporanthas extraordinary range of varying chemical 

reactivity and vapor pressure and leads to large diversity of source components including electron 

beam, resistance heated filaments, exploding wires and Lasers. Some complications of this 

mailto:narwadebs123@gmail.com


Thin Film Technology and it’s Novelties in Material Science 

(ISBN: 978-93-91768-93-5) 

47 
 
  

techniques are it requires high vacuum, source -container interactions and needs monitoring and 

control.  

Molecular Beam Epitaxy Techniques: 

It is sophisticated but finely controlled method for growing single crystal epitaxial film in 

high vacuum. Films are formed on single crystal substrate by slowly evaporating the elemental or 

molecular constituents of the film from separate Kundsen effusion source cell on the substrate 

usually Si or gallium arsenide. Most widely used materials are layers of III-IV semiconductor 

compounds but silicon, metalscan be also deposited as a single crystal film by this versatile and 

uniquely precise method. Complex layer structure and superlattices for fabricating the solid-state 

lasers, optoelectronic and microwave devices can be created. The advantages of this 

techniquesarethat it requires low temperature for epitaxy. The limited product and expensive 

equipment are major limitations.  

1. 2. 2  Glow Discharge Techniques: 

The electrode and gas-phase phenomena in various kinds of glow discharge specially rf 

discharge represents a rich source of processes used to deposit and etch thin films. Creative 

exploitation of these phenomena has resulted in the development of many useful processes such as.  

Sputtering: 

It is basic and well-known process[7] in this process, the ejection of surface atoms from an 

electrode surface by momentum transfer from bombarding ions to surface atoms. Sputtering is an 

etching process and used for surface cleaning and for pattern delineation. Since sputtering 

produces a vapor of electrode material it also used as method of film deposition similar to 

evaporative.  

Diode Sputtering: 

Diode sputtering uses a plate of material to be deposited as a cathode electrode (target) in a 

glow discharge. Material can be transported from the target to a substrate to form a film. Films of 

pure metals or alloy can be deposited when using a noble gas discharge with metal target.  

Reactive Sputtering: 

In this sputtering elemental or alloy targets in reactive gases, alternatively can be deposited 

directly from compound target.  

Bias Sputtering: 

 Bias sputtering also can be called as ion-plating [5, 3]. It is variant of diode sputtering in 

which the substrate is ion bombarded during deposition and prior to film deposition to clean them. 

During film deposition, ion bombardment can produce one or more desirable effect such as re 

sputtering of loosely bonded film material, low energy ion implementation and modification of 

large no. of film properties.  

Magnetron Sputtering: 

 Another variant in the sputtering sources uses magnetic fields transverse to electric fields 
[11] at sputtering target surface. This class of processes is known as Magnetron sputtering. It 

produces several important modifications of basic processes. This type of sources produces higher 

deposition rates than conventional sources and lends itself to economic large are industrial 

applications.  

Plasma Anodization: 

 This technique is for producing thin oxide films (less than 10 nm) on metal such as 

aluminum, tantalum, titanium and zirconium collectively referred as valve metals. In this case dc 



Bhumi Publishing, India 

48 
 
 

discharge is set up in an oxygen atmosphere and substrates are biased positively with respect to 

anode. This bias extract negative oxygen ions from discharge to the surface. This process produces 

very dense, defect free amorphous oxide film used in microwave field effect transistors.  

Deposition of Inorganic/ Organic films: 

 Plasma deposition of inorganic films [8]and plasma polymerization of organic reactants to 

produce film of organic polymers [5] involves the introduction of volatile reactant into a glow 

discharge and reactant gases or vapors can be decomposed by glow discharge mainly at surfaces 

leaving desired reaction product as a thin solid film. Plasma deposition is a combination of glow 

discharge process and low-pressure chemical vapor deposition processes. This process is used 

widely to produce films at lower substrate temperature and in more efficient fashion than other 

techniques.  

Microwave Electron Cyclotron Resonance Deposition: 

 ECR [9] plasma deposition is source to create a high-density plasma. The plasma is generated 

by resonance of microwaves and electrons through a microwave discharge across a magnetic field. 

This process has high rate of deposition obtained at low temperature.  

Cluster Beam Deposition: 

 It is one of the most emerging technologies for deposition of thin films with growth control 

capabilities not attainable by other processes. Cluster beam deposition is ion assisted thin film 

formation. the material to be deposited emerges and expands into the vacuum environment from a 

small nozzle of heated confinement crucible usually constructed of high purity graphite.  

1. 2. 3 Gas Phase Chemical Techniques: 

 The Methods of film formation by purely chemical processes in the gas or vapor phases 

includes chemical vapor deposition and thermal oxidation.  

Chemical Vapor Deposition (CVD): 

CVD is one of the most important for creating thin films and coating of very large variety of 

materials essential to advanced technology particularly for solid state electronics[10]. CVD is 

material synthesis process whereby constituents of vapor phase react chemically near or on 

substrate surface to form solid product. It is versatility for synthesizing both simple and complex 

compounds with relative ease at low temperature. Thin film materials that can be prepared by CVD 

cover a tremendous range of elements and compounds and important in several industrial field.  

Vapor -Phase Epitaxy(VPE): 

 VPE and metal organic chemical vapor deposition (MOCVD) are used for growing epitaxial 

films of compound semiconductor in the fabrication of optoelectronic devices[5]. Composite layers 

of accurately controlled thickness and dopant profile are required to produce structure of optimal 

design for device fabrication.  

Photo-Enhanced Chemical Vapor Deposition (PECVD): 

 It is based on activation of reactant in gas or vapor phase by short wave UV radiation[5] The 

process is initiated by selective absorption of photonic energy by atoms or molecules with 

formation of reactive free radical species that interact to form desired film product.  

Thermal oxidation:  

 In the gas phase the thermal oxidation [5, 8] is a chemically thin film forming process in which 

the substrate itself provides the source for the metal or semiconductor constituents of the oxide. 

This technique is more limited than CVD but important application in silicon device applications 

where very high purity oxide films with a high-qualitySi/SiO2 interface are required. Thermal 
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oxidation of Si surfaces produces glassy films of SiO2 for protecting highly sensitive pn-junction and 

creating dielectric layers for MOS devices. The temperature range is 7000C-12000C and oxidation 

rate is the function of oxidant partial pressure and is controlled by the rate of oxidant diffusion 

through growing SiO2 layer to the SiO2 /Si interface resulting in a decrease of growth rate with 

increased oxide thickness.  

1. 2. 4 Liquid- Phase Chemical Formation Techniques: 

 The growth of inorganic thin films from liquid phases by chemical reaction is accomplished 

primarily by electrochemical processes and by chemical deposition processes[11] 

Electroplating: In electroplating a metallic coating is electrodeposited on the cathode of an 

electrolyte cell consisting of a positive electrode (Anode) a negative electrode (cathode) and 

electrolyte solution through which electric current flows. The quantitative aspects of the process is 

governed by Faraday’s law. Important electroplating variables include current efficiency, current 

density, current distribution pH, temperature agitation and solution composition. Chromium, 

copper, nickel, silver, gold, rhodium, zinc and chromium/nickel compositions aretechnically most 

useful electroplated metals. Electroplating is widely used in industry and can produce deposits that 

range from very thin film to very thick coating.  

Mechanical Method: Mechanical techniques[5, 11] for deposing coating from the liquid media that 

are subsequently reacted chemically to form in organic thin film products are spraying, spinning, 

dipping, offset printing. Liquid spray coating is probably the most versatile mechanical coating 

techniques of deposition techniques and well-suited high speed automated mass production.  

1. 3 Summary: 

 The importance of thin film deposition technology in modern fabrication process has 

discussed with examples from the production of semiconductor devices. With this overview, thin 

film deposition technologies have been outlined and classified into four major categories. i) 

Evaporative techniques ii) Glow- discharge techniques iii) Gas-phase chemical techniques and iv) 

liquid- phase chemical film formation techniques. Some of important technologies from each of 

these categories have been discussed with respect to underlying principle and silent features.  
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Background of thin films: 

 The technologies and understanding of film with thickness less than one micrometer have 

made tremendous advances in the last decades, primarily because of the industrial demand for 

reliable thin film microelectronic device to fulfill the urgentneeds of the era. This progress brought 

maturity and much scientific confidence to use thin films for basic and applied research.  

 The thin film technology plays a vital role in the development of diversified and demanding 

era of photo sensing applications such as optical coating and integrated optics, microelectronics, 

superconductivity and quantum engineering, surface science, micro-organism, metallurgical coating 

and amorphous materials is now a part of text book literature. But, newer and even more exciting 

frontiers are already emerging. The driving forces for the exploration of the new frontier are: 

a) The exiting phenomena of micro science associated with low dimensional micro and nano 

materials.  

b)The industrial application of micro technology and micro sciencefor the systematic development 

of synthetic material of tailored properties for VLSI, communications, informatics & solar energy 

conversion.  

 With decreasing size of active electronic devices, a higher packing density, higher speed 

performance and lower cost are obtained.  

 At the same time, as the size of active materials decreases below a certain length 

characteristic of the physical phenomenon being investigated in the material (e. g. mean free path of 

conduction, penetration depth in superconductors, wave length of radiation etc), geometrical & 

quantum size effect manifest. These effects lead to dominate the physical phenomena as the size of 

material is reduced in one, two & three dimensions. These low dimensional materials exhibit 

quantization, non equilibrium electron, phonon & photon transport processes, metastable& stable 

structures, surface dominated diffusion & chemical processes.  

 Because of two dimensional solid’s potential, technical values & scientific curiosity in the 

properties, the field of thin film technology has become evergreen in recent years. The usefulness of 

developed thin films & scientific curiosity about 2D solids has been responsible for the immersed 

curiosity in the study of the science & technology of thin films.  

 The first thin films were probably developed in 1838. The conventional bulb material is 

characterized by three dimensional order in which the constitute items & / or molecules find 

themselves. This order or periodicity is responsible for the structure / nature of the material. This 

also causes distinction in physico-chemical properties of the materials. In case of thin films, the 

system processes at most two dimensional orders or periodicity. These account for wide difference 

in physico-chemical properties between bulk material & its thin film counterpart. Properties of thin 

film often differ significantly from that of bulk due to surface phenomenon & interface effects, 

which may dominate the overall behavior of these films.  
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What is thin film? 

 The term “thin film” has often been loosely used in literature to imply not only a layer of a 

solid material but also of a liquid or gaseous phase. There are number of definition of thin films like,  

1. Thin films are material layer having range between fraction of nanometer to several 

micrometers in thickness.  

2. A specific class of either conducting or insulating film deposited on to a wafer surface.  

3. A microscopically thin layer of material which can be deposited onto a metal, ceramic or 

semiconductor base. Typicallythin film of less then one micron thick can be conductive or 

dielectric (non-conductive). For e. g. a chip with top metallic layer on it and the magnetic discs 

with coating is thin film.  

 Further, there is neither any well defined limit of its thickness to imply the end of the thin 

film stage nor one to indicate its transition to the thicker film region all the basic research related to 

thin film are generally confined a limited range of thickness depending on the properties to be 

investigated, where as for technological applications where reliability of performance is most 

important criterion, the thickness limit at the lower range is generally higher than 1000 Aº and can 

be as high as 5 – 10 μm or even more. Further subdivision of thickness of thin film is made under 

the following categories,  

1. Ultra thin films (ranging from few Aº to 50-100 Aº)  

2. Thin film (from 100 Aº to 1000 Aº) 

3. Comparatively thick films (> 1000 Aº to μm) 

 Whatever be the limit of film thickness, an ideal film can mathematically be defined as a 

homogeneous solid material enclosed into two parallel plane & extended infinitely in two direction 

(say x, y) but restricted along the third direction (z), perpendicular to x-y plane. The film thickness 

(d or t) is the dimension along z direction. Its magnitude may vary from a limit d-0 to any arbitrary 

value say to μm or more but always remaining much less then those along the x & y directions.  

 A real film, however deviate considerably from the ideal case since its two surfaces are 

never exactly parallel even when formed in best experimental deposition conditions & also the 

material composed between the two surfaces are rarely homogeneous, neither uniformly 

distributed nor of the similar species.  

 Thin films and coatings often have unique measurement problem & imperfection such as 

the composition (at the surface, interior & interface of the film), thickness, uniformity, 

impurities(contaminations), defects & dislocations, grain boundaries, roughness, bonding & 

functionality all can be critically important depending on the film or coating applications.  

Thin film deposition techniques: 

 The emerging technology needs various type of thin film for variety of application. The thin 

film can be single or multi component, alloy, compound or multilayered coatings etc. The properties 

of thin film depend on the method of deposition. The required properties & versatility can be 

achieved by choosing proper method of thin film deposition.  

The basic step involved in a thin film deposition techniques are:  

a) Creation of material (s) to be deposited in an atomic, molecular or particulate form prior to 

deposition.  

b) Transport of material (s) thus created to the substrate in form of vapor stream or spray etc.  

c) Deposition of material on substrate and film growth by a nucleation and growth processes.  
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 All the deposition technique can be distinguished by the way of three basic steps (a, b & c) 

are effected. One can in principle get films of desired properties by properly modifying these three 

steps.  

 The techniques for thin film deposition have been broadly classified in four main categories:  

1. Physical vapour deposition (PVD) 

2. Chemical vapour deposition (CVD) 

3. Electro less or solution growth deposition 

4. Electrochemical deposition (ECD) 

 Further classification is tabulated in table 1. 1 & brief description of each technique is given 

in thenext paragraph.  

 
Physical vapour deposition: 

1. Thermal evaporation: 

 In the process of thermal evaporation material is created in a vapour form by resistive or RF 

heating. The vapour atoms thus created are transported through vacuum to get deposited on 

substrate.  

2. Electron beam evaporation: 

 In electron beam evaporation, an electron beam is accelerated through a potential of 5 -10 

KV & focused on a material. The electrons loose their kinetic energy mostly as the heat and 

temperature at the focused spot can become as high as 3000ºC. At such a high temperature most pf 

the refractory metals and compounds can be evaporated.  

3. Molecular beam epitaxy (MBE): 

 The deposition of single crystal (epitaxial) film by condensation of one or more beam of 

atoms &/or molecules from the Kundsen (effusion) source under UHV condition is called MBE.  

THIN FILM DEPOSITION TECHNIQUES 

Physical vapour deposition 

 

Chemical vapour deposition 

 

 Thermal evaporation 
 Electron beam evaporation 
 Molecular beam epitaxy 
 Ion plating 
 Sputtering 

 

 
 Chemical vapour deposition 
 Spray pyrolysis 
 Electrodeposition 
 Anodizing 
 

 

Electroless deposition 

 

Electrochemical deposition 
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4. Ion platting: 

 This technique refers to process in which the substrate and films are exposed to a flux of 

high energy ions during the deposition.  

5. Sputtering: 

 When a solid surface is bombarded with energetic particles, the surface is eroded & surface 

atoms are removed due to collision between surface atom and energetic particles. This 

phenomenon is known as sputtering.  

Chemical deposition techniques (CVD): 

1. Chemical vapour deposition: 

 A simple definition of CVD is condensation from the gas phase on to a substrate where 

reaction occurs to produce a solid deposit.  

2. Spray pyrolysis: 

 The spray techniques involve spraying a solution (usually aqueous) carrying soluble salts of 

the constituent atoms of the required compound on a substrate maintained at elevated 

temperatures. The sprayed droplets on reaching the hot substrate undergo pyrolytic decomposition 

and form a single crystal or cluster of crystallite of the product.  

3. Anodizing: 

 Anodizing is an electrolytic process in which the metal is made the anode at suitable 

electrolyte. The cathode is metal or graphite. When an electric current is passed, the surface of 

metal is converted to a form of its oxide having different properties.  

4. Electrodeposition: 

 Elctrodeposition is 150 years or more than that old thin film technique. This has been 

largely used to deposit metal films. In addition, during the last 25 years electrodeposition has been 

more rigorously studied in obtaining compound semiconductors. Comparativelyelectrodeposition 

is relatively easily scalable & cost effective thanother techniques, as it is a non-vacuum room 

temperature method. In addition substrates with various sizes & shapes may be used & toxic gases 

precursors are not needed unlike in many gas phase techniques. The choice of the particular 

method depends on several factors like material to be deposited, nature of substrate, required film 

thickness, structure of the film, application of the film etc. Among the methods mentioned above, 

electrodeposition method is most popular today because it is easier, attractive & less expensive.  

 In recent years, materials (metal, semiconductors, ceramic, superconductors, conducting 

polymers etc.) in thin films form have been obtained by electodepostion technique. This technique 

has following features: 

1. It is an isothermal process in which, the morphology &thickness of the films can be easily 

controlled by (electrochemical parameters) electrode potential and current (charge).  

2. Comparatively uniform films can be obtained on substrates of complex shapes.  

3. The rate of deposition is higher than other physical and chemical methods.  

4. The equipment needed is not expensive and does not require complex instrumentations and 

vacuum.  

5. Electrodeposition usually has low operating temperature.  

Basics of electrodeposition: 

1. Electrolyte: The electrolyte or bath is the conducting medium through which the flow of electric 

current takes place in the form of migration of ions. It can be aqueous, non-aqueous or molten and 

it must contain suitable metal salts.  
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2. Electrode: The conductor through which an electric current enters or leaves an electrolyte is 

called as electrode. An electrode which is connected to the terminal is effected as an anode where as 

another is referred as cathode. At anode, negative ions are discharge or the ions are formed or 

oxidizing reaction occurs.  

3. Electrode potential: The difference in potential between electrode and the immediately 

adjacent electrolyte is called as electrode potential.  

4. Standard electrode potential: A standard electrode potential is equilibrium potential, for an 

electrode in contact with an electrolyte, in which all the compounds of a specified electrochemical 

reaction are in their standard state.  

What is electrodepositon? 

 Elctrodepositon is a process of deposition of a substance upon an electrode by electrolysis 

(i. e. the production of chemical charges by the passage of current through an electrolyte). The 

phenomenon of electrolysis is governed by Faraday’s laws of electrolysis, a relationship between 

the quality of electricity passing through an electrolyte and the amount of any material liberated or 

deposited at the cathode was discovered by Michel Faraday known as Faraday laws of electrolysis.  

 First law of electrolysis: The amount of any substance i. e. liberated or deposited on an 

electrode during electrolysis is directly proportional to the quantity of electricity passed through 

electrolyte.  

Mathematical expression: 

 If “W” = weight of a substance deposited or liberated at the electrode during electrolysis and 

“Q” = quantity of electricity passed through the elctroluyte, then Wα Q.  

 But the quantity of electricity Q is majored in coulombs & is equal to the product of current 

strength in amp. (I) & the second (t) for which it is passed i. e. Q=I*t 

Second Law of electrolysis: 

 When the same quantity of electricity is passed through different electrolytes, the amount of 

different substances liberated or deposited at the different electrodes are directly proportional to 

the chemical equivalent (i. e. equivalent weights) of substances.  

The quantity of electricity that deposits one equivalent weight of the metal is called Faraday F, 

which is equal to 96500C.  

Therefore W =It x A = It x A 

     F Z 96500 

 
Fig: 1: Electrodeposition 

 When a metal electrode is dipped in a solution containing ions of that metal a dynamic 

equilibrium (M↔M +X+ Xe ……………. M – Metal atom) is set up.  

 The electrode gains a certain charge on itself which attracts oppositely charged ions, & 

water molecules holding them at the electrode / electrolyte interface by electrostatic forces. A 
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double layer consisting of an inner layer of oriented water molecules interposed by perfectionlly 

adsorbed ions immediately on the electrode followed by a second layer of charge opposite to that of 

the electrode is formed. During deposition ions reach the electrode surface move to stable position 

on it, release their legands (water molecules or complexing agents) if solvated, release their charges 

and in the process undergo the stipulated electrochemical reaction. The rapid depletion of the 

depositing ions from the double layer region is compensated by a continuous supply of fresh ions 

from the depleted region occurs because of the following: 

1. Diffusion owning to concentration gradient.  

2. Migration owning to applied electric field & 

2. Convection current in electrolyte.  

The factors influencing electrodeposition process are: 

1. pH of the electrolyte 

2. Current density 

3. Temperature of bath 

4. Bath composition 

5. Electrode shape 

6. Agitation 

 Various metals like Cu, Ag, Au, Fe, Co, Ni, Pd which occupy the central part of the periodic 

table & alloys such as Cu-Sn, Co-Ni, Fe-Ni, Sn-Zn, Sn-Pb have been successfully electroplated from 

aqueous solutions. None of the so called refractory metals can be deposited in the pure state from 

aqueous solutions. Semiconductors such as CdSe or CdTe have been deposited by co-deposition of 

the Cd & Se/Te from aqueous solution. Semiconductor metals chalcogenides like CdS, HgS, CdSe, etc. 

have been deposited from organic solutions of metal salt & elemental chalcogen.  
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Abstract: 

Thick film technology potentially epitomizes an economical production method for large 

scale devices making. The meritorious properties of thick film technology are its packaging, 

flexibility and mass production with desired dimensions. Thick film approach can produce 

multifunctional devices which can possibly utilize in diverse application fields. In thick film 

technology, screen printing is inexpensive compared to rest of techniques. To make it more feasible 

to develop thick films, scientists developed ample prototypes in last some decades. Due to 

tremendous need of denser packaging and an effort towards greater pin count, screen printing 

technique has been polished to producehigh definition prints.  

The present book chapter deals with the in-depth information about thick film preparation 

using screen printing method. In addition, it discusses about overview of the further developments 

in screen printing methods.  

1. Introduction:  

‘Thick film’ (more correctly ‘printed-and-fired’) technology, uses conductive, resistive and 

insulating pastes containing glass frit, deposited in patterns defined by screen printing and fused at 

high temperature onto a ceramic substrate. The thickness of films is typically varying in the in the 

range 5 µm to 20 µm, with theresistivity range is in-between 10Ω/square to 10MΩ/square [1].  

The thick-film process is a relatively simple concept. A substrate is silk-screened with a 

pattern using the required ink, and the ink is dried and fired to produce a hardened version of the 

desired pattern. Multilayer thick-film ceramic substrates are of paramount importance in the thick-

film processes. The rough surface helps to raise the adhesion of paste or ink on base substrate 

(alumina). The screen with desired pattern must be tightly held in equal extents and in tightness. 

The inks or material pastes are made of the solvents, binder material and functional powders mixed 

together into slurry. The prepared paste must look to possess the properties of paint. In order to 

produce conductors, resistors, or dielectrics films, we have to utilize the powdersof metals, metal 

oxides, and low-melting-point glasses [2]. The prime step in processing paste or ink is deposition by 

forcing ink through openings in the patterned display with the help of a wiping arm or squeegee. To 
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keep the desired printed pattern, the ink or paste must be thixotropic; meaning is should flow 

under an applied shear stress rather than to flow towards screen though pattern by own weight as 

the nature butter. The wet inks coated substrates are further gone through process of drying at 

150°C to discard remnants of solvents and to raise strengthen the deposit. Followed by drying 

process, temporary binders clamp the powder to substrates in place afore to the final annealing. 

The cellulose-based binder materials in films gets burn away cleanly in the ambient air of the firing 

furnace, place to in the hottest part of oven. Formation of a dense cohesive body, such as a circuit 

track, that must also adhere to the underlying dielectric or ceramic layer formed due to sintering 

process. For this action, transition metal oxides which can act as adhesion agents, generally, put 

into the powder system. The materials react chemically with the powders and the underlying layer 

during firing. Because the cohesion is a result of inter diffusion within a layer and because adhesion 

results from chemical reactions between layers, the temperature sequence or profile seen by the 

parts is highly important [3]. Eventually, the screen printing process is custom-made to deposit the 

various types of inks in series and renovate them to their functional form, viz; to conductors, 

resistors, or insulating dielectrics. For the functioning of films various functions needs to be 

achieved. Like composition of conductor can be mottled from layer by layer in multilevel structures 

that would prerequisite high conductivity in the power, ground, and signal tracks but must have 

solderable surface-layer metallization [4]. In addition, the need of insulating dielectric depends on 

whether an in-situ capacitor/ a low-capacitance insulating layer areanticipated. The preferred 

value, stability with changes in temperature, applied voltage, or mechanical stress considered for 

resistor materials. The selection of resistors required stable resistance, but with time should be 

used as temperature or strain sensors [5].  

1. 1 Thick Film Technology: 

 Tape casting, roll compacting extrusion, calendaring, screen-printing, spraying techniques 

such as electrostatic spraying, powder flame spraying, electric harmonic spraying, plasma flame 

spraying, wire flame spraying etc. are the techniques generally employed for thick film deposition 

[6]. Out of reported techniques, screen-printing method is the morestimulating, facile, inexpensive 

and flexible process in which anextensivevariety of film shapes and thicknesses are possible [7]. In 

the present book chapter, work related to thick films reported fabricated by screen printing 

technique.  

The nature of paste used in screen printing is having crucialtask in preparation of thick film. 

The basic constituents of paste are functional material comprising organic/inorganic binders. The 

main purpose to use the binders is to raise the bonding of the film to the substrate. The physical 

nature of paste should be thixotropic and psuedoplastic, becausethrough the printing process, the 

paste flows but subsequently the printing the patterns dispersion on the substrates should be 

insignificantlyminor portion. The ratio between the various amounts of materials involved leads to 

the metal loading and viscosity of the paste. Thick film fabrication consists of screen printing and 

firing process [8].  

The screen is supported by the emulsion in the openings. The squeegee pushes down on the 

screen, leading to the screen to come into contact to substrate. When the squeegee is moved along 

the screen surface, it impulses the paste over the openings, which shields the preferred areas of the 

substrate. Screening depends on a snap-off length and the tension of the screen to reason the screen 
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to peel out of the ink later the squeegee has gone by. There are ample variables that distress the 

printing procedure. The prime constituents of the screen printing techniques comprise of the 

printer, the substrate, the screen, the squeegee, the paste, and the procedure parameters. The 

thorough summary of parameters which can impact the printing procedure are reported in Fig. 1. 

Screen printing quality indexes include mean print thickness, thickness uniformity, fine line 

resolution, and the number of cavities.  

The print thickness is relying on the factor of mesh count. Mesh count is defined as - the 

number of wires or openings (the linear distance between one wire to the next adjacent wire) per 

linear inch. Additionally, Open area percentage is alternative imperative factor of screens that 

affects print quality [9].  

Open area % = (1 –Mesh count x Wire diameter)2 x 100%  

In above equation, the units of mesh count and wire diameter are given in inches. For 

example, a 325 mesh screen with 0.028 mm (0.0011 inch) wire diameter has an open area of 41%. 

The larger the open area, the superior the resolution competence of the screen. Types of Mesh 

weave, including plain weave, twilled weave, square weave, warp and weft wires, and impacts 

thickness of print. The screen mesh tension and the wire bias are two additional significant aspects 

for better screen printing. Mesh tension is the tightness of the stretched mesh, measured in 

Newton’s per centimeter. Appropriate mesh tension assistances the paste discharge through pores. 

If the tension is too much, it will be problematic to preserve appropriate snap-off distance. Besides, 

everlasting destruction can consequence if the yield point of the screen is outdone. While due to too 

low tension, poor screen peel will result. The alignment angle between the mesh and the image is 

generally referred to be wire bias or mesh angle. For greater fine line printing its commend to have 

biased screen 30 degrees. The most common materials used as mesh materials are stainless steel 

(type 304), monofilament nylon (polyamide), monofilament dacron (polyester), and metalized 

polyester.  

 

Fig. 1: Factors that influence the screen printing quality 
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Numerous experimentations in industry have been completed and countless prototypes of 

the printing procedure have been established since the mid-1960s. Miller [10] premeditated the 

associations amongst the amount of paste placed and the screening method such as the mesh size, 

paste rheology, line width, etc. Austin [11] designated the effects on printing thickness of squeegee 

attack angle, squeegee blade characteristic, and substrate variations. Bacher [12] examined the 

consequence of screens on high resolution prints. Riemer [13, 14] offered a scheme of the paste 

deposition process by screen printing. In his concept, the ink roll in front of the squeegee is 

considered as a pump generating high hydrostatic pressure adjacent to the squeegee edge to inject 

ink into the screen meshes. Owczarek and Howland [15, 16] pronounced a physical prototype of the 

screen printing procedure. They initiate that the angles of squeegees through printing lessening 

from the unformed angle of 45 degrees by about 20 degrees for hard squeegees (90 shore A) and by 

30 – 40 degrees for soft squeegees (60 shore A). Parikh, Quilty, and Gardiner [17] 

conferredaboutcrucialprocedure variables that distress the repeatability of the screen printing 

procedure for thick-film circuits.  

1. 1. 1 Screen printing Board: 

 Fundamentally screen printing is the deposition procedure. The sensor material is printed 

(deposited) on the glass/alumina substrate by using screen; the nylon screen is covered with 

photosensitive emulsion upon which the prerequisitedesigns can be made by photo 

lithographically. This screen has open areas (pores) over which the necessary paste is enforcedover 

to form a pattern on the substrate. Screen printing system comprises of screen, squeegee, substrate, 

printing base, clamp etc. Fig. 2 illustrated screen printing board in which the nylon, polyester or 

stainless steel screen of fine mesh is strained and formfitting on wooden or metal frame. The size 

and density (line/inch), tensions, orientations and mesh materials are the foremostfeatures of the 

screen mesh. The mesh is coated with photosensitive emulsion into which the film patterns can be 

designed photographically.  

 
Fig. 2: Schematic of screen printing setup board 

 

1. 1. 2. Mask and Layout: 

 Masks are the resistor or conductor patterns required to coat the photosensitive material 

from white side. The layout is a draught of the essential pattern on a paper with appropriate 

dimensions. A representation is the sketch of the picture with black ink, in distended form on clear 
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paper. A reduction camera reduces the picture to get the final dimensions of required patterns. The 

positive of the picture taken is the required mask.  

1. 1. 3. Screen: 

 Screens are prepared of tensioned stainless steel or polyester mesh, with a comparatively 

open weave to permit the printing paste to permitover it, characteristically with 100 to 300 inch 

diameter wires per linear inch. Such screens have a ‘transparency’ (also known as ‘open area’) of 

about 40%. Thick film paste constructer sgenerally stipulate stainless steel mesh because it has the 

best dimensional firmness and a larger percentage open area than polyester, permitting an at ease 

passage way of the paste through the screen. Polyester, nevertheless, is additional robust, not as 

much of prone to impairment and more effortlessly ricocheted to imitate to the surface onto which 

it is to be printed. High mesh counts empower finer feature to be determined, but provide reedier 

prints. Commonly, the paste maker will recommend a mesh category to ensemble his paste, and this 

will constantly form a very decent preliminary idea: 200 mesh and 325 mesh stainless steel are 

perhaps the greatest frequently utilized. Four convenient ‘rules of thumb’ for screen printing are: 

• The aperture size of the mesh should be at minimum three times the size of the particles in 

the printing paste. Though, meanwhile the particles in thickest film pastes are <5µm 

diameter, the finest meshes can be utilized.  

• The filament diameter should be not being bigger compared to one-third the width of the 

narrowest line being printed.  

• The frame size should be at least 1½–2 times the dimension of the image to be printed to 

permit the mesh to flex during printing deprived of changing the image meaningfully.  

• The wet print thickness given by a piece of mesh is aboutequivalent to the thickness of the 

mesh multiplied by the percentage open area of the mesh.  

 In dissimilarity to stencil-making, screens for hybrids are frequently prepared domestic. 

The mesh spaces between the wires are initially filled with a photosensitive emulsion, which is 

patterned by exposure to ultraviolet light through a photographic mask. The areas exposed during 

this process become soluble in developer, which opens up apertures through which the ink is 

squeezed during the printing process.  

 The emulsion layer is flush with the top of the mesh, but continues below the bottom of the 

mesh. This is to ensure that the stencil can seal onto the substrate whilst holding the mesh 

filaments clear of the substrate at the edge of the stencil apertures. This ensures that pastes can 

flow underneath the wires to the edge of the apertures thus producing clean print edges. This extra 

emulsion or stand-off is typically 10–30µm thick.  

 The general operation of a printer is much as for stencil printing: the screen is held above 

the substrate, paste is applied to the screen and the squeegee travels over the screen, pressing it 

down into contact with the substrate, pushing the paste through the screen, thus depositing paste 

onto the substrate surface. Tension is important, to ensure that correct ‘snap-off’ occurs.  

1. 1. 4. Stencil: 

 Stencil is a screen with required patterns developed on it and is used to deposit thick film 

on a substrate. For developing the stencil, the screen is coated with white light sensitive emulsion 

(chromoline film) upon which the required pattern is developed photo lithographically. The 

detailed procedure adopted in making stencil is as follows: 
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• A four times larger piece of chromoline film (than the required pattern to be developed) is 

taken.  

• This piece is pasted with solution comprising of thick film coating lotion (polycoat solution) 

and sensitizer mixed in the ration 20:1.  

• The chromoline film is dried and removed the protective layer on the top of chromoline 

film.  

• The mask is placed with required pattern in contact with chromoline film and exposed it to 

solar radiations for appropriate time interval (~2 min).  

• The screen is washed in water bath, the portion which is not exposed to light dissolved in 

water, now the screen is ready for printing.  

1. 1. 5. Squeegee: 

 A flexible blade used to apply force for the thixotropic paste manually, through the screen 

on the substrate, is called as a squeegee. During printing, the squeegee forces the paste through the 

open areas of the screen mesh. The common material used to prepare squeegee are polyurethane 

and neoprene, which are resistant to the constituents of pastes of thick films.  

The squeegee has four functions:  

• To bring the screen into line contact with the substrate, and seal the aperture to the 

substrate, to avoid bleeding  

• To push the paste into the aperture formed by the substrate and the screen  

• To shear the paste across the top of the aperture, so as to control print thickness  

• To control the separation rate (the speed at which the screen peels away from the 

substrate)-a tendency to stick to the substrate, and then pull away, leads to the resulting 

print being poorly formed.  

 Two squeegee designs are commonly used; the diamond squeegee and the trailing edge 

squeegee. Both present an edge at 45° to the screen, which has been found to be the optimum angle: 

too vertical a squeegee will fill the aperture very inefficiently; too shallow an angle will not perform 

the shearing action completely. A squeegee with a much worn edge will behave like one having too 

shallow an angle and will give erratic prints, as it fails to shear the top of the paste columns 

uniformly.  

• Both squeegee designs perform well on flat surfaces. However, substrates are never 

completely flat, and the surface will become less and less flat as the layers of print are built 

up. As substrates become larger, so the effects of bow also become more noticeable.  

• The trailing edge squeegee is inherently more flexible than the diamond squeegee, thus 

conforming better and more uniformly to uneven substrate surfaces. The diamond 

squeegee does, however, have the advantage that it is symmetrical, so it is possible to print 

in both directions.  

• It is essential that the screen be brought uniformly into line contact with the substrate all 

the way across its width, in order to seal the edges of the stencil. If this does not happen, 

then paste will bleed past the edges of the aperture and form an ill-defined print. Even if the 

substrate is only slightly wavy, a relatively rigid squeegee being pressed into it will exert 

higher pressure on the crests than the troughs. Increased squeegee pressure will give 

decreased print thickness so thinner prints will be formed on the crests than in the valleys. 
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Since thin prints have higher sheet resistivity than thick ones, the prints on the crests will 

be higher resistance than those in the valleys.  

 The squeegee pressure will probably be of the order of 0.12–0.14kg/cm of squeegee width. 

For repeatability, pressure must remain constant, once set, so its travel must be parallel to the 

substrate, and it must apply pressure uniformly onto the substrate across its width. This is achieved 

either by mechanical adjustment or by allowing the squeegee to pivot on its mounting (‘self-

leveling’). With the appropriate paste quantity in place on the screen should lift away from the 

substrate immediately behind the squeegee. Ideally, the screen-substrate gap should be adjusted to 

the minimum that gives this peeling action. Too small a gap will result in smudged prints caused by 

the screen suddenly snapping away instead of peeling away from the substrate.  

Too large a gap will cause distortion of the print and damage to the screen. A typical value is 

about 0.004in/in width of screen for stainless steel mesh and 0.006in/in for polyester. The speed 

should be set in conjunction with the screen gap, as too high a speed will prevent the peeling action 

of the screen from taking place: a typical value is 5-20cm/s. There are three characteristics of a 

print that must be reproduced consistently in order to achieve a good yield of successful parts:  

• Its shape: tracks and gaps must remain the same width from print to print; resistors must 

maintain their correct lengths and widths and so on. For this, the squeegee action must be 

correct, to seal the stencil against the substrate, to fill the aperture and to control the 

peeling of the screen away the substrate.  

• Its relative position to other prints. This needs substrates and screens to be positioned 

accurately with respect to each other from print to print and from substrate to substrate.  

• The print thickness must be controlled to ensure that the resistances of resistors remain 

constant and dielectric layers maintain sufficient thickness to provide the correct insulation 

characteristics. While screen mesh and emulsion thickness provide the main control of print 

thickness, some variation (perhaps up to ±20%) can be made by altering squeegee pressure 

and speed.  

1. 1. 6. Substrates: 

 The majority of the substrates used in thick film technology consist of ceramic material such 

as alumina, baryllia, magnesia and zirconia. For specific applications, glass and enameled steel 

substrate have also been used. Low impact/fracture resistance and low processing restrict the 

application of glass substrate. The substrate materials usually alumina, with particle sizes in the 

range 3–5µm, and 94–98 percent alumina content (the balance is of glassy binders known as 

‘fluxes’). ‘As-fired’ ceramics are suitable for thick film processing (thin film technology required a 

much smoother surface finish). For this we may use polished ceramics or glass. The insulation 

resistance of the glass (including its behavior at high temperatures) is important and glasses with 

low percentages of low free-alkali are required. New substrate materials continue to appear, 

including ‘porcelainised steel’ (vitreous-enameled steel), organic materials such as epoxies, flexible 

substrates, and even synthetic diamond.  

The following procedure is adopted to clean the alumina and ceramic substrates.  

• The substrates are kept in chromic acid for 15 min.  

• The substrates are washed thoroughly in water to remove the acid.  

• The washed substrates are immersed in a soap solution for 5 min.  
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• The substrates are finally cleaned in ultrasonic and dried under IR lamp.  

• Now the substrates are ready for printing.  

Screen opening Paste 

3. Snap Back 

1. Start 

Screen deflection

Paste 

Substrate 

Squeegee

2. Screen deflection during stroke
Remaining Paste 

Substrate 

Sensor material printed 

Squeegee motion

 
Fig. 3:Schematic of screen printing process 

1. 1. 7. Thick film paste: 

 Thick film technology is traditionally an additive process, that is the various components 

are produced on the substrate by applying ‘inks’ (or ‘pastes’) and are added sequentially to produce 

the required conductor patterns and resistor values. Different formulations of paste are used to 

produce such as conductors, resistors, dielectrics (for crossovers or, occasionally, capacitors) and 

each ink contains a binder, a glassy frit, the carrier, organic solvent systems and plasticizers, the 

materials to be deposited, typically pure metals, alloys, and metal oxides.  

Thixotropic paste of the screen printing contains finely divided particles of basic functional 

material, additives along with organic and inorganic binders. Paste contains various organic 

solvents, which are needed in order to have enough viscosity and would easily pass through the 

screen mesh. The thixotropic paste would be pseudoplastic in nature, so that it would flow through 

the pores of the screen during stroke of the printing but would not disperse on the substrate after 

printing. The screen fitted with the clamp (Fig. 2) is held at about few mm above the substrates on a 

printing set up. The required thixotropic paste is kept on the top surface of stencil and squeegee 

pushes the paste and poured through the pores while it moves from one end to other (Fig. 3).  

The paste of thick film contains an organic vehicle and a functional material. For the paste 

formulation the inorganic to organic ratio is maintained at 70:30.1The inorganic part consists of 

functional material and permanent binder glass frit. Organic part consists of ethyl cellulose (EC) 

and butyl carbitol acetate (BCA) [16-18]. These organic materials are a blend of some volatile 

solvent and polymers or resins which are needed to provide a homogenous suspension and desired 

viscosity to the paste for screen printing. In the screen printing technology, binders play a vital role 

in holding the film tightly to the substrate. Two types of binder are used: permanent binder and 
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temporary binder. Temporary binders are easily removed, when samples are dried under IR lamp 

in the temperature range 100-120 oC. The role of glass frit (Lead borosilicate glasses) is a 

permanent binder, which holds active particles (of fundamental material) together and bound the 

film firmly to the substrate. During the firing process the glass melts and wets the grains so that 

they are held together (after cooling). The sensor pattern is then printed on alumina substrate in 

cubic form with dimensions of 10 x 10 mm. The flow chart for paste preparation is as shown in Fig 

4.  

 
Fig. 4: Flow chart of paste prepration for screen printing technique 

 

Conductor pastes  

Gold is having goodconducting nature and it permits thermo-compression gold wire 

bonding and eutectic die connection. But it has issue of, expensive nature and has poor solder 

ability. While, Silver is lesser in price, and solderable, but is not leach-resistant with tin/lead 

solders. Additionally, silver atoms migrate under the influence of DC electric fields, both instigating 

short-circuits and responding with many of the resistor paste formulations. Palladium and platinum 

alloyed to the gold and silver yield good conductor pastes, with good adhesion to the substrate, 

good solder ability, and abstemiously good wire bonding features. Silver-palladium conductor inks 

are the further most usually castoff materials, with together price and performance (primarily 

resistance to solder) growing with palladium contented. Copper and nickel are examples of 

materials that have been projected for paste schemes as alternatives for noble metals. Though, they 

stance unusual problems in dispensation, and necessitate the usage of completely dissimilar 

material systems, so actual cost hoardhas been problematic to attain.  

Dielectric pastes  

The subsequent requirements apply:  

• High dielectric strength (107 V/m)  

• Good insulation resistance (1022 ohm. m−2)  

• Low power factor (0.001 for crossovers, and even better for capacitors) 

 For limits the lowermostconceivable dielectric constant is to be favored in command to 

minimize the capacitance allied with the crossover. For the assembly of capacitors, a high dielectric 

constant is obviouslybeneficial: for applications necessitating slightly degree of stability, a dielectric 
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constant of 10 is about the maximum which can be attained; materials with higher K values have 

thermal coefficient problems. The electrical recital of thick film capacitors is generally mediocre 

and the capacitance per unit area of substrate is low (typically 2, 500pF/cm2).  

Resistor pastes 

The necessities are:  

• Wide range of sheet resistivity  

• Stability of resistance values, especially at high temperatures  

• Low temperature coefficient of resistance (TCR), and good reproducibility of the TCR to give 

good tracking of resistance values between resistors on the same substrate  

• Low voltage coefficient of resistance (VCR)  

• Low noise  

• Compatibility with conductor paste systems.  

 Modern resistor pastes are based on oxides of ruthenium, iridium and rhenium. These are 

less sensitive to variations in the firing profile than were the earlier pastes, and provide better TCR 

and stability performance. Generally TCR is a function of the sheet resistivity, with best 

performance from products in the 1kΩ/sq. to 10kΩ/sq. range.  

1. 1. 8 Firing: 

To form a cohesive and adhesive film, carrying the conductor, resistor or dielectric 

materials, printed substrate undergo firing procedures, additionally to soften or melt the glassy frit. 

IR lamp are used for about 30 min for drying of films initially and later on sintered at higher 

temperatures reaching from 500oC to 1000 oC to confirm enhanced hold and elimination of organic 

material. Usually the substrate will be fired after each print in instruction to impasse the print 

forever to the substrate. The one common exclusion to this is that resistors are customarily printed, 

dried and the subsequent paste printed and dried, and so on, till all resistor pastes have been 

produced. A substitute method of firing thick film is by means of an infra-red furnace. Substrates 

are capable to engross energy quickly from such sources and so it is conceivable to fire three or four 

times swiftly in an IR furnace. The scratch test is supported out to authorize the adhesion of film to 

the substrate.  

2. Conclusions: 

 In this book chapter, we have in-depth reported the review of screen printing technique for 

thick film technology. In addition, the detailed discussion about its technological applications also 

reported. In the beginning of chapter, conversation starts with introduction, basic review of thick 

film technology. Thereafter the various parameters for the deposition of thick films using screen 

printing such as screen, stencils, substrate, squeegee, pastes etc., are conversed for 

virtuousfeatureof film deposition.  
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CHAPTER 
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Abstarct:  

 Thin films glass samples having nano pour size are prepared by two different methods 

using sol-gel technology. Qualitative comparative study of these samples carried out by measuring 

optical transmission, bulk density, mechanical strength, and thermal properties. The instrumental 

techniques used for analysis are UV-Visible Transmission Spectroscopy, FTIR, XRD, UTM and TGA-

DTA. The unheated thin film glass samples take more time as compared to heated samples to dry up 

and show moderate transmission in near UV and UV region which is much enhanced by heat 

treatment. Heated thin glass samples have good mechanical strength compared to unheated thin 

glass samples. From optical, mechanical and physical properties these nano pore size thin films 

glass samples can be useful as host matrices for solid state dye lasers, sensors and solar 

concentrator.  

Keywords: Sol–gel glass thin film, Nanoporous, Optical transmission,  

1. Introduction: 

 From last thirty years, the research work with sol- gel glasses used as solid host for solid-

state dye laser materials and optical sensors has attracted a great deal of attention because of its 

high potential utility than polymers and plastics [1-5]. The sol-gel reaction, mainly involvestwo 

reactions hydrolysis and polycondensation of Tetraethylorthosilicate (TEOS) in the presence of acid 

(HCl) or base (NaOH) as catalyst occurs at low/room temperature and therefore organic dye 

molecules or any other biological molecules can be embedded in the gel network, without risk of 

thermal degradation, whereas normal glass require high temperature for preparation and therefore 

organic laser dyes cannot beembedded in that glass. Also the thin film glass samples prepared by 

sol-gel techniques have nano pore size, good optical transparency in the UV-near UV region and can 

be prepared in the form of rectangular blocks, films discs rings or cylinders. Therefore the sol-gel 

method is a novel technology for incorporation of organic dye molecules/biological molecules into 

an inorganic silica host. Sometimes the matrix is given various treatment such as dip treatment or 

heat treatment during drying of matrices [6]. To achieve the appropriate desired quality of sol-gel 

matrices for a particular application such treatments are utilized. It is necessary to know and 

understand the effect of various treatments of host matrix on the various properties, in particular 

photophysical properties when the material is to be used as host for laser active material and 

optical sensors.  

The objectives of present research work are  

1. Preparation of highly optical quality film using sol-gel technology by two method.  
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2. Study of Optical, Thermal, Textural and, Mechanical properties of these prepared sol –gel glass 

films  

2 . Methods of preparation of the sol-gel materials: 

 As mentioned in the introduction, the sol-gel thin films are prepared in the present research 

work by carrying out hydrolysis and polycondensation of tetraethylorthosilicate (TEOS) using HCl 

as catalyst. The thin film of sol-gel glass materials were prepared by employing two different 

methods.  

1) Method I: Using HCl as catalyst and glycerin as DCCA (Drying Control Chemical Additive) 

  A sol was prepared by mixing TEOS (11 ml), MeOH (6 ml), H2O (10 ml), 0.11 N HCl (1. 0 ml) 

as catalyst and glycerin (10 ml) at room temperature under magnetic stirring. Glycerin is used as 

DCCA (Drying Control Chemical Additive)to reduce the cracking in the gel network during drying. 

After 10 hours of stirring, 3. 5 ml sol was poured in the rectangular polystyrene microcuvettes of 

size (4. 5 × 1. 0 × 0.12) cm3. The cuvettes were sealed with teflon tape to ensure slow drying of sol, 

which decreases the probability of cracking in solid thin film. Drying and aging of gel were carried 

out at 30oC temperature in clean and controlled environment.  

 After about 50 days from the date of preparation, solid glass was obtained in the form of 

films. These glass samples were immersed in MeOH / H2O (50:50 by volume) for 16 hours. After 

removing the samples from the solution they were dried at room temperature. Further after 02 

days of drying the surface of the samples gets dried so that it is handable and can be subjected to 

various measurements.  

2) Method II: using HCl as catalyst at 60OC and heated at 600OC temperature for 2 hours 

 A sol was prepared by mixing TEOS (78 ml), H2O 102 ml, and HCl (2. 4 ml) as catalyst under 

magnetic stirring at 60OC temperature for 1 hour. After stirring, 3. 5 ml sol was poured in the 

rectangular polystyrene microcuvettes and then sealed with teflon tape. Drying and aging of gel 

were carried out at 60OC temperature in heating blocks. After about 4 days from the date of 

preparation, solid glass were obtained in the form of film. These glass samples were given heat 

treatment by heating in programmable microwave furnace at 600OC for 3 hours and then they were 

cooled and kept in desiccator at room temperature for one day. After drying the surface of the 

samples gets dried so that it is handable and can be subjected to various measurements.  

The dried solid glass thin film samples obtained by the two different methods were visually 

of good surface finish with plane parallel side faces. They were used directly for spectroscopic, 

mechanical, textural and thermal properties studies without any polishing of the faces.  

 
Fig. 1: Sol-gel Glass Thin Film Samples prepared by Method I and Method II 
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3. Result and Discussion: 

3. 1 Optical transmissions:  

 Optical transmission spectra of all these driedthin sol–gel film glass samples were recorded 

by a conventional spectrophotometer (PerkinElmer, Lambda 35) with respect to air from 190 to 

700 nm wavelength region and are shown in Fig. 2 

 These dried sol-gel thin glass film obtained by two methods show the same transmission 

through all faces when held vertical and it did not change even when the position of the sample 

with respect to the incident beam was changed across the width of the film. This confirms that the 

faces of the films are plane parallel to a good accuracy. The dried solid glass film samples are 

obtained by both the methods show good transparency in the UV-Visible region. The transmission 

of all sol-gel glass samples prepared by two different methods is about 92% from 700 to 400 nm as 

seen in Fig. 2. It decreases to 80% and 50% for Method I, Method II samples respectively at 250 nm.  

 
Fig. 2: Transmission spectra of dried sol-gel glass thin film samples 

 

 From the Fig. 2 it is very clear that the sol-gel thin glass film samples prepared by Method II 

show more optical transmission in near UV region because all the residual chemicals are present in 

Method I thin film glass samples where as it were vaporized in the heated thin glass film samples i. 

e. Method II samples.  

3. 2 FTIR: 

 Various bonds formed in a sol-gel glass thin film structure were studied by Fourier 

transform infrared spectroscopy (FTIR) using a PerkinElmer Model No. 1760X in 400–4, 000 cm–1 

range as seen in Fig. 3.  

 In each of the spectra high intense peak is observed around 1100-1110 cm–1 due to the 

asymmetric stretching vibration of the Si–O bond that makes up the skeletal Si-O2 network [7]. The 

bands at 800-805 cm–1 and 466-470 cm–1 are due to bending and rocking vibrations respectively of 

the Si–O bonds in the three-dimensional SiO2 network. The absorption bands at 1370-1380 and 

1450-1460 cm-1 are due to C-H bending in gel network of glass thin sample [8-9]. The absorption 

band at 2875-2890 cm-1 represent ethyl groups formed during drying process in Method I sol-gel 

glass thin samples. The absorption band near 950-960 and 3400-3500 cm–1 are very well seen in 
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Method I samples, representing the stretching modes of residual Si–OH and some adsorbed water 

in glass thin film sample [7-9]. The intensity of this band reflects the amount of residual Si–OH, 

which is inversely related to the degree of condensation [9]. The another peak at around 3400-. 

3500 cm–1 and 1630 cm–1 in the structure of Method I samples are clearly seen in Fig. 3. and tend to 

disappear after heat treatment at high temperature (6000C) in Method II sol-gel glass thin film 

samples.  

 
Fig. 3: FTIR of dried sol-gel glass thin film samples 

 

3. 3 XRD: 

 XRD spectra of all dried sol-gel glass thin film sample prepared by both the methods 

(Method I and Method II) were studied with a conventional powder diffract meter (Philips 1050) 

using graphite monochromatisedCuKα radiation.  

 
Fig. 4: XRD of dried sol-gel glass thin film samples (Method I) 
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 Fig. 4 shows the XRD pattern of sol-gel glass thin film samples prepared by Method I. A 

broad peak at 24 0 is seen for the sample confirming the amorphous nature of silica matrix [10-12]. 

The XRD patterns for Method II sol gel glass thin film samples are similar.   

3. 4 DTA/TGA: 

 The thermal stability of the sol-gel glass thin film samples is tested using differential 

thermal analysis (DTA) and thermo gravimetric analysis (TGA) between 273 K and 1473 K, on 

PerkinElmer TG–DTA equipment with 32. 5 mg of solid and a heating rate of 10 K min -1 and an air 

flow of 20 cm3min-1.  

 
Fig. 4: TGA-DTA of sol-gel glass thin film samples 

 

 Fig. 4 shows the percentage of weight loss in the Method I and Method II sol-gel glass thin 

film samples. First weight loss is observed around 1000C due to the loss of physically adsorbed 

water, in gel network which is accompanied by endothermic peak observed in DTA.  

 Second weight loss observed at 270- 3000C corresponds to the trapped water and ethanol 

(from decomposition of TEOS) and glycerin in the pores, which is accompanied by exothermic peak 

in DTA. Third weight loss at 400-5500C is due to loss of water from Si-OH groups in sol gel glass thin 

film and hence after 6000C it can be assumed that the material is containing only Si-O2 groups [8].  
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The exothermic peak observed at 2700C to 2800C in sol-gel glass thin film sample is due to the 

decomposition of surface ethoxy groups. After heating the thin film sample upto 12000C, the 

residual sample still remains as white powder.  

3. 5 Bulk Density, Porosity and Mechanical Strength: 

 Bulk density of these sol-gel glass thin film samples was determined from their weights 

(measured by Mettler Toledo balance 10-4 g accuracy) and volumes using traveling microscope. The 

Porosity of the thin film glass samples is determined by using the formula [Porosity (%) = [(1- 

(sample bulk density/ skeletal density of amorphous silica))*100]. The theoretical skeletal 

density of amorphous silica is taken to be 2. 2 g/cm3 [13].  

 Mechanical strength of these sol-gel glass thin film samples was recorded by Universal 

Tensile Machine (UTM, Lloyd InstrumentsTM LR 10K PLUS).  

 

Table 1: Bulk Density, Porosity and Mechanical Strength values of Method Iand Method II 

sol-gel glass thin film samples 

Sol-gel glass sample Method I 
 

Method II 

Bulk Density (g/cm3) 1. 75 1. 65 

Porosity (%) 20 30 

Mechanical Strength (MPa) 5. 75 24. 5 

 Uncertainty 0.05 (g/cm3) in bulk density, 0.15% in porosity and 0.02 MPa in mechanical strength 

 

 Table 1 lists the values of bulk density, porosity and mechanical strength of sol-gel glass 

thin film samples prepared by two different methods. It can be observed that the maximum bulk 

density i. e. 1. 75 g/cm3 is observed in Method I glass thin film sample which is associated with 

minimum porosity 20%, while the bulk densities 1. 65 g/cm3 are observed in Method II sol-gel glass 

thin film samples with value of porosity 30 %. Whereas the mechanical strength of the Method II 

sol-gel glass thin film sample is very good compare with the sol-gel glass thin film samples prepared 

by method I sample. This is because during heating, the maximum amount of residual solvent is 

coming out from these thin film samples and thus matrix becomes very strong leaving only SiO2 

structure.  

Conclusion: 

 We are successfully prepared the optically transparent nanostructured porous sol-gel glass 

thin films sample by two different methods. The heat treatment sol-gel glass thin film samples 

(Method II) shows good mechanical strength and optical transparent as compared to samples 

prepared at room temperature (Method I). These materials can be useful for dye laser, sensors 

many such applications.  
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Abstract: 

 There are many factors that can influence the thermal conductivity of liquids such as lattice 

structure of the dispersant material, base fluid, its density, temperature, electrical conductivity, 

concentration of nanoparticles, nanoparticle size and shape, type and use of surfactant, dispersion 

method etc. In order to understand the contribution of all these variables to the thermal 

conductivity of colloida reliable and accurate measurement system is required. The 

instrumentation and sensor development for the measurement of thermal conductivity of 

colloids/liquids has been discussedin this paper. The tunable Plasmon resonance of silver 

nanoparticles array containing Polyvinylpyrrolidone self assembles into aligned lattices at room 

temperature when solution deposited from colloids on the substrate is described.  

Keywords: Effective thermal conductivity (ETC), Transient hot wire (THW), colloids, 

Nanosuspensions, Nanofluids, Nanoparticle thin film 

Introduction: 

 The transient hot wire method (THW) is used in many applications where the accurate and 

reliable estimation of ETC is required. This method is used to estimate ETC of food products, gases, 

powder materials, and snow under different temperature and pressure atmospheres. Apart from 

thermal conductivity evaluation, this method also used to find out thermal diffusivity. The ETC of 

nanoparticle-based colloids has been estimated using the transient hot wire method.   

 This method was first described by Nagasaka and Nagashima [1] for the accurate estimation 

of ETC and other thermophysical properties of Non-dielectric liquids. The instrumentation for the 

same includes platinum wire, which has insulation, dipped in the container with cylindrical shape. 

The used platinum wire act as a source of which when current is passed there is a change in its 

resistance. Thus the wire plays a dual role as a source and sensor. Although the wide usage of 

transient means time dependent temperature variation hot-wire system in the measurement of 

effective thermal conductivity of colloids, there are still some questions raised, for instance, Vadasz, 

et al. [2] stated that the extra high effective thermal conductivity of colloids or colloids containing 

nanoparticles measured by this transient method. The author has related this outcome to the 

thermal wave effect of hyperbolic heat conduction used in the temperature change calculation, and 

platinum rectangular ribbon, instead of a platinum wire, was suggested.  

 A THW method in which the resistance of element (platinum wire) can be changed with an 

applied voltage has been widely used to measure thermal conductivity of liquids [3]. The other class 

of thermal conductivity measurement includes light flash technique [4], steady state [5], thermal 

lens [6], photopyrroelcric [7], and miniature device based methods. Paul et al. [8] reviewed 

mailto:vijay.raykar@gmail.com
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different techniques available for measurement of thermal conductivity of liquids containing 

nanoparticles. The different methods are used add to verify reliability of measured data as well as 

repeatability of measurements. A recent study by P. Vadasz [2] shows that a separate heat 

conduction analysis is required for measurement of thermal conductivity of multiphase/colloid 

systems. The author calculated leading order approximations for two-phase systems. The 

independent estimations of the interface heat transfer coefficient validate the condition in to 

practical method to assess and design the experimental procedure. D. Oh [9] measured thermal 

conductivity Al2O3/water based nanofluids with the help of 3-Omega method. The measurement 

method helps to evaluate sedimentation properties of nanofluids due to gravity, which shows 

thermal conductivity enhancement with time. Estimation of thermal diffusivity by Rayleigh 

scattering [10] and thermal lens [6] has been reported. Temperature oscillation technique is widely 

reported to measure thermal conductivity of colloids containing nanoparticles [11]. Our study 

reports the development of instrumentation for the measurement of ETC or one of the thermal 

transport coefficient of common liquids as well as liquids containing nanoparticles.  

Methodology: 

 The schematic diagram of hot wire element transient sensor used is shown in Figure 1. The 

change of hotwire temperature is measured by a change in a resistance of platinum wire by four-

wire resistance measurement scheme. To measure thermal conductivity, a fluid was first placed 

into the hotwire cell. The hotwire cell contains an epoxy coated platinum wire suspended vertically 

in a fluid. The wire is approximately 15 cm long and was soldered to copper electrodes at both 

ends. The wire core diameter is 30 μm. To eliminate leakage of electrical current from the 

electrodes to the surrounding fluid, layers of electrically insulating epoxy were applied to the 

surface of electrodes.  

 

Fig. 1: Schematic of developed sensor for the measurement of effective thermal conductivity 

 The resistance of the hotwire was measured with a high accuracy Fluke make multi-meter. 

Resistance measurement is taken by passing a known excitation current through the resistance and 

measuring the voltage across itas shown in Figure 2. From ohms law, Resistance = voltage/current. 

Constant current of 100 mA was applied to the wire, and the resistance imbalance across the wire 

in the range of few ohms was recorded as a function of time. Finally, signal analysis was performed 

to convert the resistance output signal to the thermal conductivity of a fluid.  



Bhumi Publishing, India 

76 
 
 

 
Fig. 2: Wiring diagram for four wire resistance measurement 

 

 The Silver nanoparticles attached on glass surface were prepared by solution based surface 

assembly using a solution of silver nanoparticles capped with PVP and bipy modified glass 

substrate.  

Results and Discussion: 

 The change of the hotwire temperature can be obtained from an equation described below 

and the temperature coefficient of resistance of hotwire α, is given by  

∆𝑇 =
∆𝑅𝑊
𝑅𝑊𝛼

 

 Temperature coefficient of resistance (TCR) of hotwire α is defined as the variation in the 

resistance of wire material per degree change of temperature. The calibration was done by 

estimation of the resistance of the platinum hotwire when immersed in water at different 

temperatures (Figure 3).  

 
Fig. 3: Measurement of temperature coefficient of resistance (gradient) of platinum wire 

 
Fig. 4: Curve fit for water and ethanol 
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 To establish the reliability of thermal conductivity measurement, calibration experiments 

were performed for DI water and ethanol at room temperature 298 K. Figure 4 plots the change of 

temperature of the coated platinum wire as a function of time for both DI water and ethanol. As 

seen in Figure 4, the change of wire temperature in both liquids increases with time shown in 

logarithmic scale. The change of wire temperature in the case of ethanol is higher than that of DI 

water, and this is attributed to the fact that ethanol has a lower thermal conductivity.  

 Table 1 shows that at room temperature, the measured thermal conductivity of both the 

liquids as well as the reported literature values, showing an error of ±5 percent. For each 

measurement minimum three experiments has been conducted and average value is taken as the 

effective thermal conductivity of sample  

Table 1: Thermal conductivity calibration 

Fluid 

 

Measured  

TC W/mk 

 

Liturature Value  

W/mk[12] 

 

Error (percentage) 

 

Deionized Water (at 25 0C) 

 
0.15811 0.1608 4. 44 

Ethanol (at 250C) 

 
0.11519 0.116 5. 06 

 

 Nanofluid containing silver nanoparticles was prepared as discussed in the [12]. The 

analysis of the thermal conductivity for the prepared silver nanofluid shows the enhancement in 

effective thermal conductivity as discussed in the [12].  

 
Fig. 5: Max. absorbance (plasmon) variation of prepared nanoparticle thin film with 

temperature 

 Figure 5 shows the surface Plasmon shift with temperature for the silver nanoparticle thin 

film. As the temperature is increased the blue shift is observed. This blue shift is due to cooperative 

resonance of nanoparticle interaction within the film.  

Conclusion: 

 The calibration was conducted on pure water, EG, Ethanol and the results are consistent 

with the literature values. The absorbance (plasmon) variation with temperature is achieved for the 

prepared nanoparticle thin film.  
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 Copper oxide is a material ofp-type. It has high absorption, high minority carrier diffusion 

length and it also possesses excellent mobility of ambient conditions. In the visible region of 

electromagnetic spectrum, it has been observed to have high absorption coefficient. Due to this, 

copper oxide thin films are of utmost importance in the field of photovoltaic applications. Tenorite 

and Cuprite are the two stable oxide forms of copper oxide. Tenorite is blackishin color whereas 

cuprite is brownish red in color. Cuprite has direct band gap of 2. 1-2. 6 eV while tenorite has an 

indirect band gap of the order of 2. 1 eV. P-type copper oxide semiconductor has the third phase 

also that is paramelaconite(Cu4O3). The crystal symmetries of Cu2O, Cu4O3 and CuO change from 

cubic to tetragonal and monoclinic. Because of the change in structural symmetry optical and 

electronic properties of copper oxide phase are alsodifferent. Cuprite phase is found to possess 

good transparencyin the visible range. But the main disadvantage is its low carrier concentration or 

one can say the large resistivitywhich leads to its poor performance.  

 Paramelaconite phase was discovered during 1870s. It is a metastable compound between 

cuprite and tenorite. To date the research studies about the paramelaconite is very limited. The 

estimated band gap is found between1. 3 to 2. 5 eV. This value depends on the analysis whether 

director indirect band gap was assumed. For tenorite, if the band gap is direct or indirect is a topic 

of debate. In some studies it is mentioned to be direct while in other studies it is mentioned to be 

indirect. As the accurate band gap is still not known it creates problem in the calculations related to 

electronic structure.  

Need for the copper oxide thin films 

 Increase in the population demands energy. Industrialization in the world is also 

responsible for increased energy consumption. As the energy consumption is increasing rapidly, the 

energy crisis is increasing globally. Fossil fuels are also found to be exhausting very rapidly. There 

is greater demand for the renewable sources of energy nowadays. Solar energy is one of the 

renewable sources of energy. To meet the global energy demands solar energy can be utilized. That 

is why it is necessary to fabricate right material to manufacture efficient solar cells.  

Synthesis methods of copper oxide thin films 

 Different methods of synthesizing copper oxide thin films are reactive evaporation, 

chemical deposition, thermal oxidation, chemical vapor deposition, plasma deposition, molecular 

beam epitaxy, ion beam scattering, RF sputtering, reactive magnetron sputtering, pulsed magnetron 

sputtering and sol gel. Synthesizing copper oxide of preferred phases still puts a very big challenge.  

Jafari et al. [1] synthesized copper oxide thin films using DC magnetron sputtering. The end 

application of these films was their use in photovoltaic and optoelectronic devices. Toenhance the 

properties of copper oxide films it was doped by nitrogen. In order to tune the various properties of 

these films for instance electrical, structural and optical properties nitrogen ion implantation is 

used. This method is advantageous because of easy processing, environmentally friendly and 
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control over film stoichiometry. Shukor et al. [2] investigated the influence of DC sputtering power 

on the structural, electrical and optical properties of the deposited copper oxide thin films. Single 

phase of sputtering power can be obtained at a sputtering power of 10 W, while single phase film of 

Cu2O was obtained at 30 W. The XRD and XPS result provides the evidence that sputtering factor 

was the main factor determining the phase of the copper oxide films. Zheng et al. [3] also used 

magnetron sputtering for the growth of thin fims. In this method one can deposit the three types of 

binary copper oxides or their mixed phases by adjusting the value of oxygen partial pressure during 

deposition. When oxygen partial pressure is low the Cu2O phase is formed while at higher oxygen 

partial pressureCuO phase is formed. This is because higher pressures will oxidize Cu+ into Cu+2 

resulting in the formation of CuO phase. Cu4O3 phase is a metastable phase. This also means that 

adjusting pressure of O2 flow is very narrow for this phase. The physical properties of thin films like 

optical band gap, carrier concentrations, mobilities and preferred orientation also depends on 

oxygen partial pressure.  

 Akgul et al. [4] preferred sol gel method as it is low cost, simple and has good controllability. 

In this method one can deposit the films over large area under atmospheric conditions. In this work 

the effect of postdeposition annealing temperature on the microstructural, morphological, optical 

and surface properties of thin films is discussed. The average thickness of the film obtained was 

520nm. From the XRD data of thin films one can conclude that as the annealing temperature 

increases optical band gap decreases and crystallite size increases. Hashim et al. [5] used sol gel 

technique and deposited the films using spin coating method. In this paper the effect of different 

spin coating thin films with different spin coating speeds was checked. The thin films were 

annealed at 1000, 1500, 2000, 2500 and 3000 rpm wer at 6000C for 30 minutes. The electrical 

conductivity of the thin films reduces with the increase in spin coating speed. Khojier et al. [6] also 

compared the effect of various reaction conditions related to annealing on the electrical properties 

of copper oxide thin films. In this paper postannealation at different environment of air and oxygen 

flow, different temperatures of 200-4000C and different time of 35 min and 75 minute was taken 

into consideration. For low temperature cuprite phase was observed for all annealed samples. 

Tenorite phase was obtained for all samples which were annealed at high temperature. Itwas also 

observed that surface morphology was strongly dependent on annealing conditions. Thegrain size 

is found to be increased with annealing temperature and time. Oxygen flow showed larger grain 

size as compared to air flow. The electrical measurements done for the resistivity and conductivity 

using four probe method also show a remarkable effect on electrical properties like thin film 

resistivity, carrier concentration and type and Hall mobility. Prabhu et al. [7] used nebulizer spray 

pyrolysis technique. For low precursor volume cuprite phase is obtained while for high precursor 

volume tenorite phase is obtained. The thickness of the film depends on the concentration. In this 

method of synthesis thin films of required thickness can be obtained by adjusting air pressure, 

spray rate and molar concentration of the solution. The Hall Effect measurement which is done in 

this study showed an increase in mobility, carrier concentration and conductivity for higher 

precursor volume. Saravanan et al. [8] also synthesized copper oxide thin films using spray 

pyrolysis technique. This method involves low cost and suitability of mass production. The choice 

of substrate is also important for controlling parameters to obtain single phase crystalline copper 

oxide thin films. In this study the effect of the substrate temperature on the surface, electrical and 
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optical properties of the thin film has been reported. Also the choice of the substrate and annealing 

temperature would decide composition of cuprite and tenorite phases. Zeggar et al. [9] also used 

the spray pyrolysis technique to synthesize copper oxide thin films having good optoelectronic 

propertiesby optimizing substrate temperature. As the substrate temperature changes refractive 

index of copper oxide thin films also changes as wellasthe deposition rate. The deposition rate 

decreases with the increase of substrate temperature. The rise in substrate temperature yields to 

an increase in the formation energy of the material by the pyrolytic reaction on the surface. It 

affects the growth kinetics and leads to denser films. Marzuki et al. [10] studied effect of annealing 

temperature. Growth and size of the grain increased with the increase in temperature. According to 

the theory largergrain size is beneficial. It provides less amount of barrier for mobility of electrons 

and it increases the efficiency of the solar devices.  

Future scope  

 CuO is of utmost importance because it has wide applications in gas sensing, solar cells, 

photovoltaic cells, magnetic devices, catalysis, magnetic storage media, variastors optoelectronics 

and fabrication of high performance devices. Because of the special coordination between Cu and O 

atoms it shows high temperature superconductivity.  

 The effect of partial oxygen flow on the physical properties of thin films in the synthesis 

process of magnetron sputtering is still clearly not understood. Researchers can do detailed study 

of this. In case of sol gel technique the properties of thin films formed largely depend on 

postdeposition treatments like annealing temperature. For the synthesis of thin films for specific 

application the complete understanding of annealing temperature on thin films is required. In spin 

coating method the electrical conductivity of the thin films reduce with the increase in spin coating 

speeds. Hall Effect measurement is very important. It is for the measurement of the mobility and 

concentration of charge carriers. It helps us to understand the mechanism of conductivity in 

semiconductors. These electrical properties for thin films are also dependent on annealing 

conditions like temperature, time, and environment like oxygen or air flow. Understanding these 

postannealing conditions will help us for fabrication of devices. Crystalline property and formation 

of nanostructures depend mainly on the molar concentration of the precursor. So in case of spray 

pyrolysis technique by adjusting molar concentration required films of desirable thickness can be 

obtained.  

 Optical and microstructural properties of copper oxide thin films needs to be optimized for 

high performance device to perform properly. The controlled synthesis method is very important in 

order to obtain thin film of desirable properties for specific applications.  
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Abstract: 

 Nanostructured Nickel Sulfide (NiS) thin films have been deposited on commercial soda 

lime glass substrate by a simple and inexpensive chemical bath deposition technique. Nickel sulfate, 

thiourea and ammonia solution is used for deposition of NiS thin films. The as-deposited films have 

been prepared by varying the deposition parameters such as deposition time, deposition 

temperature, concentration of solution, etc. The as-deposited films have been characterized by X-

ray diffractometer (XRD), scanning electron microscopy (SEM) and UV-Visible spectroscopy and 

results were studied in detail. The obtained film shows cubic structure with good crystallinity. The 

optical study reveals the good quality nanocrystalline films with energy band gap ranging from 

1.48eV to 1.51eV useful for optoelectronic applications.  

Keywords: Nanostructure, Nickel sulfide, chemical bath deposition, thin films technology.  

1. Introduction: 

 Main purpose in developing the thin-film technology is to reduce the cost of photovoltaic 

(PV) material. It can be achieved by selecting the proper material as well as the amount of material 

used. The cost of material and the process of preparation also plays important role. Nickel sulfide 

belongs to VIII–VI compound semiconductor materials. It has number of applications in the devices 

like solar cells, photo detectors, photoconductors, selective coatings, infrared detectors, sensors etc. 

[1-4] 

 Nickel sulphide thin films can be prepared by variety of methods such as SILAR, metal-

organic chemical vapour deposition, pulsed laser ablation, chemical deposition method, electro-

deposition, thermal and photochemical vapour deposition. Out of this chemical bath deposition 

technique has become more popular in recent decades, especially for thin film deposition, due to its 

numerous advantages. It is easy, inexpensive, convenient method for large area preparation/ 

deposition of thin films on different kinds, shapes and sizes of substrates [5-12].  

 In this work, good quality thin films of nickel sulfide were prepared and the influences of 

deposition parameters, such as deposition time, temperature, concentration and pH of solution on 

the properties of thin films were studied. This reported data is very useful for many scientific, 

technological and industrial applications in the field of optoelectronic devices, especially solar cells.  

2. Experimental details: 

 All chemicals used in the experiments were of the highest purity grade available. Solutions 

of varying concentration of nickel sulfate and thiourea prepared in double distilled water is used for 

deposition of nickel sulfide films. pH was adjusted by adding ammonia solution slowly in the 

prepared solution. The solution was stirred and transferred to another container containing 
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substrate. The resulting solution was kept at 70±2ºC for different deposition time. Commercial soda 

lime glass slides were used as substrate for the deposition. Cleaning of substrate is important in 

deposition of thin films, cleaning steps and growth procedure is reported elsewhere [13-17].  

 The crystallographic structure of films was analyzed with a diffractometer (EXPERT-PRO) 

by using Cu-Kα lines (λ= 1.542Å). The average grain size in the deposited films was obtained from a 

Debye-Scherrer’s formula. Surface morphology was examined by JEOL model JSM-6400 scanning 

electron microscope (SEM). Optical properties were measured at room temperature by using 

Perklin-Elmer UV-VIS lambda-35 spectrometer, at normal incidence of light in the wavelength 

range 200-1100nm.  

3. Results and Discussion: 

3. 1 Structural and Morphological Properties:  

 Fig. 1 shows the variation of film thickness with deposition time for 0.03M, 0.06M and 0.1M 

solution. Thin film prepared by deposition solution of 0.06M shows linear increase in film thickness 

with deposition time. The obtained films shows well crystalline films with uniform deposition over 

the substrate. It is observed that for 0.03M and 0.1M concentration solution the deposition process 

is saturated after 70 min.  

 
Fig. 1: Variation of film thickness with deposition time for different concentration 

 

The XRD pattern of NiS thin films for 0.03M, 0.06M and 0.1M concentration of solution is shown 

in fig. 2.. Two dominant crystalline peaks (111) and (311) have been observed for nickel sulfide 

film. According to the JCPDS XRD spectra data for nickel sulfide thin films the obtained films have 

cubic structure. The X-ray diffraction peaks at positions (2θ equals to) 30.3° and 59.3° were 

corresponding to (111) and (311) peaks. XRD graph shows sharp peaks for lower concentration 

(0.06M) solution. This may be due to smooth surface with small grain size and high degree of 

homogeneity as compared with higher concentration (0.11M) solution.  

 The average grain size (g) has been obtained from the XRD patterns using Debye-Scherrer’s 

formula [18-20] and the variation of film thickness and grain size with deposition time can be 

illustrated by Fig. 3.,    

     g = Kλ / β cosθ      

Where,  K = constant taken to be 0.94; 

 λ = wavelength of x-ray used (1. 542Å)  
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 β = FWHM of the peak and 

 θ = Bragg’s angle 

 
Fig. 2: XRD pattern of nickel sulfide films for different concentrations 

(a) 0.03M (b) 0.06M (c) 0.11M  

  

 
Fig. 3: Variation of grain size with deposition time for different concentration 
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Fig. 4: SEM images of as-deposited NiS thin films for 0.06M 

The SEM images shows smoother and more uniform films for 0.06M concentration as shown in 

Fig. 4. The grain size obtained from SEM matches with the grain size obtained by XRD. The lattice 

parameters of the cubic structured nickel sulfide film are 5.14 A°, well matched with standard data.  

3. 2 Optical Properties: 

 
Fig. 5: Optical absorbance of nickel sulfide thin films for different concentration 

 

 Fig. 5 shows the optical absorbance spectra of nickel sulfide thin film deposited for varying 

concentration of deposition solution. Both the film shows gradual decrease in absorbance with the 

increase in wavelength of radiation. The film prepared for 0.06M concentration shows better 

absorbance compared to that of the films prepared for higher concentration (0.11M). This higher 

absorbance may be due to the random deposition of nickel sulfide, all over the substarte surface.  

From the absorbance data, the absorption co-efficient α was calculated using Lamberts law 

[21],  

      ln (I0/It) = 2.303 A = α d 

 Where, I0 and It are the intensity of incident and transmitted light respectively. A is 

absorbance and d is the film thickness.  

 The absorption co-efficient α was found to follow the relation, [22]  

     αh  = A (h -Eg)½ 
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Fig. 6: Plot of (hν)2 versus hν for nickel sulfide thin films 

  

 By plotting (αh )2 versus h  and then extrapolating the straight line portion to the energy 

axis at α =0 the energy band gap was obtained and is 1.48eV and 1.51eV for 0.06M and 0.11M 

respectively (Fig. 6).  

4. Conclusions: 

 Nanostructured nickel sulfide thin films have been grown successfully by simple and 

inexpensive CBD technique. The films have been characterized using optical measurements as 

absorbance spectra, optical band gap energy as well as thickness, structure, surface morphology. It 

was observed that there is a strong influence of deposition parameters such as deposition time, 

deposition temperature, concentration of solution etc. on crystallinity and morphology of the films. 

As-deposited film shows cubic structure with sharp peaks at lower concentration solution. Results 

obtained from characterization shows obtained films are of good quality and suitable for 

photovoltaic as well as optoelectronic applications.  
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In the twenty-first century, energy is a key concern and it is crucial to humanity’s progress. 

The surge in energy demand is one of the global important challenges. As a result, the energy crisis 

is generating problems in both rural and urban areas.  

In today’s world, fossil fuels are utilized to generate energy, which has a negative influence 

on the environment, such as the greenhouse effect, which contributes to global warming. As a 

result, an emphasis is on developing a new source of energy to address the energy dilemma. Solar 

energy provides a substantial contribution and it is abundant in nature [1]. Solar radiation is 

converted into electricity by using a photovoltaic cell. The third generation of solar cells is based on 

improved thin film efficiency, which is classified as dye sensitized solar cells (DSSc) and allows for 

large design flexibility. In the world, the DSSC is also famous by the name Gratzel cell. In 1988, 

O’Regan and Michel Gratzel from UC Berkely fabricated this cell [2]. DSSCs are gaining a lot of 

interest due to their inexpensive cost, environmental friendliness, quick production time and ability 

to produce power even in low light. One of the key advantages of DSSCs is that their chemical 

structure allows for large light-gathering volume when compared to other solar cell technologies.  

To evaluate the performance of the DSSCs in this study, the following components were 

used.  

1] Working electrode: A FTO glass was used to construct this electrode. On this FTO glass, a thick 

layer of TiO2 nanomaterial with a large bandgap is deposited.  

2] Sensitizer: Here, dye molecules are deposited on the working electrode to serve as a sensitizer.  

3] Electrolyte: An electrolyte is a liquid composed of redox species such as the iodide/triiodide 

pair that is poured between the two electrodes namely the working and counter electrode.  

4] Counter electrode: For this electrode, a few nanometers of platinum were coated on FTO glass.  

Nowadays, titanium dioxide (TiO2) thin film was widely employed as a photoanode for DSSC 

due to its great availability, cost-effectiveness, chemical inheritance and nontoxicity [3]. Figure 1 

shows a schematic of DSSC employing a thin TiO2 nanomaterial coating.  

A TiO2 nanomaterial occurs in three distinct phases such as anatase, rutile and brookite. At 

high temperatures, the rutile phase is exceptionally stable whereas the anatase phase has a greater 

fermi level, high mobility of charge carrier, and a broader optical bandgap of 3.2 eV. In TiO2 

nanomaterial, tetragonal structures are seen in anatase and rutile, while orthorhombic structures 

are found in brookite [4]. For the synthesis of TiO2 thin film, the different methods were utilized 

including the hydrothermal method, chemical vapor deposition, solvothermal method, chemical 

bath deposition (CBD) method and so on [5-7].  
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Fig. 1: Schematic representation of DSSC using TiO2 nanomaterial thin film 

 

1] Chemical bath deposition technique: 

Nagayama was the first person to discover the CBD techniquein 1988 [8]. This approach is 

typically used to synthesize metal oxide thin film for a range of applications. In CBD approach 

involves immersing the substrate in a TiO2 precursor solution. Then, on the substrate surface, TiO2 

nanomaterials were grown to form adherent and binder-free thin film. However, a thin film has the 

advantages of being binderless, low temperature, cost-effective and having a wide range of 

adjustment parameters for the synthesis of different nanostructured materials and employed for 

large scale deposition of homogenous TiO2 thin film. In this approach, the reaction is carried out 

using a potent chemical oxidant or reducing agent. The CBD approach experimental setup is shown 

in Fig. 2.  

 
Fig. 2: Experimental setup of TiO2 thin film using chemical bath deposition method 

 

2] Hydrothermal method: 

A hydrothermal method is the most prevalent method for producing a wide range of TiO2 

thin film. These are solution based techniques. By using this method, TiO2 thin film was obtained in 

a uniform manner with good crystallinity and great nanoporous morphological shape selectivity 

[9]. However, a TiO2 thin film wasformed in the combination of reaction precursors being heated in 

a Teflon-lined stainless steel autoclave. Moreover, A TiO2 thin film was prepared using various 

solvents at different temperatures and pressures, ranging from ambient temperature to high. By 
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adjusting the various synthesis parameters, it can develop diverse dimensional morphologies with 

a large surface. Figure 3 depicts a schematic representation of TiO2 thin film synthesized using the 

hydrothermal method.  

Zhang et al. [10] and coworkers fabricated a flexible DSSC using a hydrothermal technique. 

In this study, at low temperature, a mechanically stable porous thick coating of TiO2 nanomaterial 

was deposited. The researchers utilized a mixed paste comprising nanocrystalline TiO2 particles as 

well as Ti-monomers such as TiOSO4, TiCl4 and TTIP. The efficiency of TiO2 film made from TiCl4 

precursor was found to be 4.2 %. In addition, a TiO2 film prepared using a TTIP paste and P25 

exhibits 10.11 % of photoconversion efficiency.  

Mali et al. [11] used different precursors and reaction conditions to prepare TiO2 

nanostructured thin film. Titanium precursors such as isopropoxide and chlorides salts were 

employed to generate high quality TiO2 thin film. For the synthesis of diverse morphologies of TiO2, 

a unique room temperature ionic liquid approach was adopted, which has the maximum efficiency.  

 

Fig. 3: Synthesis of TiO2 thin film using hydrothermal methods 
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Abstract: 

 Semiconductor Metal oxide Gas sensor is a device which detects the concentration in gases 

for the air. The sensor reacts to the concentration of gas at ppm levels where its equivalent 

potential barrier reduces by varying the oxygen in the grain boundary which is the resistance of the 

sensor. Various gas sensors are available such as metal oxide, optical, electrochemical, capacitance-

based, calorimetric, acoustic based gas sensor etc. All above sensors are available commercially in 

market. In paper we studied their detail principle, some pros and cons and its application. 

Characteristics of gas sensor like sensitivity, selectivity, stability, detection limit, dynamic range, 

linearity, resolution, response and recovery time, temperature, hysteresis, life cycle all these 

characteristics are considered to identify the specific material or device which have been 

investigated. With the help of semiconductor material composition, nanotechnology and device 

fabrication setup has been improving their sensor performance. A gas sensor characteristic totally 

depends on which material is used for manufacturing. Gas sensor are classified with these 

parameters i. e. it’s applications, input signal, conversion mechanism, material andfabrication 

technologies. Many investigators have been enhancing the sensor properties by adding doping 

material which changes its sensitivity or selectivity.  

Keywords: Gas sensor, sensitivity, selectivity, stability, detection limit, resolution, response time, 

recovery time 

Introduction: 

 Sensors is a device which converts the physical data like temperature, pressure, humidity, 

speed, sound, light etc. into easily measurable electronic form like voltage, current and frequency. 

In our day today life in environment many odors are present but due to certain limitation, human 

being can't detect some odors. Numerous gases are present in earth's atmosphere wherein some 

are toxic and harmful. It is not possible to measure its concentration without gas sensor. Variety of 

gas sensor is available like metal oxide, optical, electrochemical, capacitance-based, calorimetric, 

acoustic based gas sensor. This sensor able to detect flammable and hazardous gases. Different 

varieties of gas sensor technologies are existing in market which measures detection of variation in 

the concentration of toxic and harmful gases. There are numerous gas sensors to sense gases like 

oxygen, alcohol, carbon dioxide, nitrogen, methane, hydrogen, ethanol, liquid petroleum gas, 

butane, CNG gas, carbon monoxide, propane, LPG, natural gas, ozone, H2S etc. Gas sensors are used 

to detect concentration of the toxic and harmful gases in the atmosphere, while monitoring the air 

quality in industries and offices for safety purpose. Different sensors are available in market but 
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their selection criterion has to be constructed on its capability and limitations, suitability and 

application in which it is to be used. This selection is built on its small size, rugged, cost effective, 

easy installation in usable area (i. e. Industry) reasonable energy consumptions, portable facility, 

process-maintenance easily done, higher reliability and operated continuously. These sensor 

selection conditions may vary industry to industry dependent on application and temperature 

range, accuracy, response time, stability, linearity and sensitivity. Fabrication and implementations, 

totally depends on which sensing material is used in sensor. Sensing material plays very significant 

character in fabrication of sensor. Gas sensor used in industries is like chemical, petroleum, food, 

agriculture, aircraft, and many more different type of consumer industry.  

 Now, advanced technology of sensor design sensing materials is carbon nanotubes, 

fullerene, graphene, semiconductor quantum dots and walls, metal nanoparticles, 1D, 2D and 3D 

metal oxide nanostructures etc. Many researchers have implemented and fabricated different gas 

sensors for future trend which discusses some of the new approaches being used to improve the 

selectivity and sensitivity of sensors. George F. Fine, Leon M. Cavanagh, Ayo Afonja and Russell 

Binions paper includes p-type, n-type, factors manipulating sensor design, techniques for sensor 

fabrication, carbon monoxide sensors, nitrogen oxide sensors, ammonia sensors [1]. Metal oxide 

semiconductor sensors show very good sensitivity to a concentration of targeted gases, with 

varying concentration and working temperature. Bochenkov V. E. & Sergeev G. B. presented in that 

paper includes different gas sensor performance characteristics and their definitions [2]. Many 

researchers developed gas sensor like detection of O2, CO2, H2, NOx, SOx, propane, methane, ethanol, 

LPG, H2S, ammonia etc. Gas sensors are determineharmful/hazardous gases, to measure the 

concentration of gas in the atmosphere to play safety measures of production [3]. Many researcher 

tried to build gas sensor which have high sensitivity, high selectivity, high stability, quick response 

and recovery time at a minimal operating temperature.  

Types of gas sensor and its basic principle: 

 Gas sensors are based on different values such as variation in electrical properties with 

different materials and other kind of variations properties. Gas molecules are adsorbed into the 

surface of substrate nanomaterial. When there is charge transfer in gas molecule and the substrate, 

properties of substrate material changes resistivity of substrate nanomaterial. This resistivity of the 

substrate characteristics of gas sensor and concentration of gas are often identified [3]. In this 

paper we will discuss review of the metal oxide semiconductor gas sensors and their theory of 

operation.  

 
Fig. 1 Gas sensing Methods 

Different type of gas sensor: 

 The various types of gas sensor are commercially available in market. Its classification is 

done on the base of working principles and specifications. Accordingly it's very significant to know 

the parameters of ppm (parts per million), % LEL (Lower Explosive Limit) and surface volume ratio 

Classification of Gas sensors based 
on their sensing methods

Methods Based on Electrical 
Variation with different Material

Different Methods Based on Other 
Kinds of Variation
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%. If dimensions of sensoris large i. e. (surface area)it gives higher response for low concentration 

of target gas, and it interacts with surface of gas sensor with change in concentrations. Traditional 

gas detection methods such as sound buzzer come for indication purpose. The trademark of each 

sensor depends on certain properties like sensitivity, selectivity, detection limit, response time and 

recovery time [5]. The gas sensor response time has been based of grain size (grain size plays key 

role in material) and size of particle boundary. While fabricating sensor crystalline size should be 

small, dispersion of sensitizers, thickness layer and porosity must be optimized. According to the 

application proper selection for gas sensor is necessary. Solid state gas sensor exist of small sizes, 

highly sensitive to low ppm, real simplicity in function, low cost, lower weight (greater portability). 

Metal oxides sensors are non-linear devices i. e. the change in sensor response is due to change in 

gas concentration. Sensor is to use to determine the concentration level of gas (PPM). Gas sensors 

are most dependent on development of technologies as comparative to its applications.  

Fig. 2: Different type of gas sensor 

 Semiconductor metal oxide gas sensors have been widely used for investigation of explosive, 

reducing and oxidizing gases for their detection purpose by their conductive measurements. 

Different type of semiconductor materials likeNiO, CuO, Cr2O3, Mn2O3, Co3O4, Ta2O5, SrO, In2O3, WO3, 

TiO2, V2O3, Fe2O3, GeO2, Nb2O5, MoO3,, La2O3, CeO2 and Nd2O3 shows a gas response in their 

conductivity/Resistivity [4]upto several 100nm. Chemical components, surface-modification and 

microstructures of pores, temperature and humidity have been mainfactors of gas sensors [6].  

Principle of operation: 

 The earliest sensor in late 1960s was developed on basis of its electrical properties. Many 

researcher studied different types of sensors, sensing principles, and fabrication techniques. 

Semiconductor gas sensors are simply known as electrical conductivity sensors. Gas sensor device 

structures consist of three parts, i. e., sensing film, electrodes and heater. Sensing film resistance 

obviously change with exposure to target gas. In the semiconductor gas sensor devices 

semiconductor materials molecules of a substrate are heated in atmosphere at high temperature, 

oxygen is adsorbed in the molecules by capturing free electrons. With the help of MOS gas sensor 

concentration of various gas changes its electrical resistance due to adsorption of gases or gas 

molecules react on the metal oxide surface [7]. Changing resistance properties on the change of 

capacitance, work function, mass, dielectric constant optical characteristics and its chemical 

reaction. Depletion region depends on the semiconductor material particle radius. Semiconductor 

gas sensor depends on basic principle of reversible gas. These sensors have been used for gas 

detection purpose. We have been improving their performance as per our requirements such as 

medical diagnosis based on human breath, industrial production, automotive industry, indoor air 

quality supervision, toxic gas detection/monitoring in the environment. Sensitivity, selectivity, less 
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power consumption, quick response, recovery rate, low humidity dependence, low concentration 

and fabrication cost are the main parameters for selection of sensors [8].  

 Sensor sensing properties depends on the morphological structure, defect structure and hetero 

interface structure. These gas sensors made up of gas sensitive resistive film, a platinum heater 

element, and an insulation medium [9]. A heater element increases the temperature of the film, 

maintains its sensitivity and response time to the gas to be detected. Higher selectivity is achieved 

through a suitable chemicalcoating. Operating temperature, raw material, target gas etc. are 

required parameters to be used for detection of conductivity of sensor. Semiconductor gas sensor 

can be called as transducer or receptor. Semiconductor material has been classified into two ways i. 

e. oxide and non-oxide. Oxide semiconductor material can work as transducer or receptor and non-

oxide materials can be called as only receptor due to coating of insulation [10].  

 
Fig. 1: Metal Oxide Gas Sensor 

Table 1: Effect of gases on semiconductor sensors 

Classification 

of materials  

Type of gas Resistance Conductivity Gases 

 

 

 

N type 

Reducing 

gases 

(Electrons 

released) 

Decreases 

(Resistance decrease 

with increasing gas 

concentration) 

Increase 

 

Carbon monoxide (CO), 

Hydrogen (H2), Hydrogen 

sulphide (H2S), Sulphur 

dioxide SO2, 

NH3(Ammonia), 

CH4(Methane) 

Oxidizing 

gases 

(Electrons 

trapped) 

Increases 

(Resistance increases 

with increasing gas 

concentration) 

Decrease 

 

Nitrogen dioxide (NO2), 

Ozone (O3), H2O2(Hydrogen 

peroxide), F2(Fluorine), 

O3(Ozone), O2(Oxygen) 

 

 

 

P type 

 

 

Reducing 

gases 

(Electrons 

released) 

Increases 

(Resistance increases 

with increasing gas 

concentration) 

Decrease 

 

Carbon monoxide (CO), 

Hydrogen (H2), Hydrogen 

sulphide (H2S), Sulphur 

dioxide SO2, 

NH3(Ammonia), 

CH4(Methane) 

Oxidizing 

gases 

(Electrons 

trapped) 

Decreases 

(Resistance decreases 

with increasing gas 

concentration) 

Increase 

 

Nitrogen dioxide (NO2), 

Ozone (O3), H2O2(Hydrogen 

peroxide), F2(Fluorine), 

O3(Ozone), O2(Oxygen) 
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Advantages and limitations on semiconductor gas sensors: 

 Semiconductor gas sensor has been advantageous of low cost, long life, fast response time, 

easy production, compact size, Robustness, wide temperature, detection ranges and relatively high 

sensitivity. Many applications are involved in metal oxide gas sensor due to their higher sensitivity, 

material convenience and high safety properties. Some errors may be found in these structures 

such as background gas effect, poor selectivity and power consumption in high temperature 

conditions which could not be proper for detection of gases. With the help of doping an effective 

method to reduce particle size and enhancing the gas sensing properties, we can develop gas sensor 

improving their sensitivity, selectivity and response time [11]. Sensitivity(S) is the important 

parameters of gas sensors; it can be definedas,  

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝑹𝒆𝒅𝒖𝒄𝒊𝒏𝒈 𝑮𝒂𝒔 =
𝑹𝒂

𝑹𝒈
.... (Normalized conductance)   (1) 

𝑺𝒆𝒏𝒊𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝑶𝒙𝒊𝒅𝒊𝒛𝒊𝒏𝒈 𝑮𝒂𝒔 =
𝑹𝒈

𝑹𝒂
...... (Normalized resistance)   (2) 

 Where, Ra stands for the resistance of gas sensors in air and Rg stands for the resistance in 

the reference gas containing target gases. 90% response and recovery will be needed in gas sensor. 

Sensitivity can be estimated with the help of physiochemical constant, target gas and oxygen etc. 

Response time depends on the operating temperature. SMO gas sensor gives wrong detection range 

while alarming due to higher power consumptions and high response time, the sensor becomes 

insensitive to target gas for a period of time complexity in understanding of positive results.  

 Some Review of Semiconductor metal oxide gas sensors 

Concentration Material Studied Application 

/Properties 

Gases 

Detected 

Ref.  

10 to 1000 ppm SnO2 Nanowires, Nano rods Ethanol, H2 [12] 

5 to 100 ppm SnO2 Nanowires CO [13] 

500 ppb/0.15 ppm TiO2  Nanofibers NO2 [14] 

<1 ppm TiO2 1D Nanostructure CO [15] 

30 ppb/0.03 ppm WO3 Nanowires NO [16] 

10 ppb/0.01 ppm SnO2 Nanofibers CH3OH [17] 

50 ppm SnO2 Nanofibers CO [18] 

~1 ppm In2O3 Nanofibers CO [19] 

50 ppm WO3 Nanowires  NH3 [20] 

30 ppb V2O5 Nanotubes NH3 [21] 

 

Conclusions: 

Semiconductormetal oxide gas sensor we will be fabricated for low-cost sensors with better 

sensitivity, reliability and quick response.  
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Abstract: 

 Present chapter includes fundamental concept of gas sensor. Gas sensor is well studied 

mechanism and still creates interest. Pollution of Air, various gas mixture or combination is the key 

future of gas sensor technology. Industrialization generates various gas mixture day by day in 

nearby areas creates adverse effect on human and animal respiration or bronchial system. Various 

gases from industries can be detected in ample amount is the prime function of gas sensor. A 

decade back gas sensor study is at the peak of research in materials science. Various metal oxides 

were studies for LPG sensor. But few metal oxides are showing response at temperature more than 

gas ignition temperature.  

 In present article primary results of LPG sensing response or behavior of polypyrrole films 

at room temperature are presented. For this, chemical bath deposition (CBD) has been used to 

deposit polypyrrole films on glass substrate. Chemical bath contains pyrrole (0.05M) monomer and 

ammonium peroxydisulphate (APS) (0.11M) in H2SO4 (0.11M) solution. A well cleaned glass 

substrate is kept vertically in solution for optimized deposition time of 40 min. Film thickness has 

been calculated using gravimetric weight difference method and it is about ~0.12 micron. 

Deposited film has been characterized by different characterization techniques. Gas sensing 

response study has been carried out using homemade gas sensor unit as a function of LPG 

concentration.  

Introduction: 

 Gas sensor is well studied from long back. It is still create interest because of inherent 

limitations of different gas sensing technologies. Gas sensor works on the LPG sensing have been 

studied using inorganic metal oxide semiconductors such as ZnO, SnO2, TiO2, CdOetc, which 

operates at temperature ~ 2000C. Conducting polymers are promising materials for sensing toxic 

gases various ranges of temperature. Polypyrrole is one of the environmentally stable polymer and 

sensitive to different gases. Polypyrrole studied so far to sense and detect H2 [1], NH3 [2] and 

flammable compounds [3, 4]. Heterojunction of polypyrrole with inorganic semiconductor like TiO2 

showed LPG sensing response about 55% [5]. Electrodeposited polyaniline and polypyrrole 

heterojunction showed 33% for LPG sensing response at room temperature [6]. So far films of 

polypyrrole will synthesize for LPG sensor using cost effective method. In the present study, 
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polypyrrole film has been synthesized by chemical bath deposition at surrounding temperature 

(about 28-300C) and a preliminary result for LPG sensing application is reported.  

Experimental: 

 Chemical bath deposition method is used to deposit polypyrrole films. Chemical bath 

consist of pyrrole monomer and ammonium peroxydisulphate (APS) as an oxidizing agent. 

Monomer solution and oxidizing agent mixed together to form polymerization. Cleaned Glass 

substrate dipped in the bath to form film over it. Film thickness was calculated by using equation,  











A

M
T  (1) 

 Where, M is deposited mass on the substrate. ρ is the density of polypyrrole. A - measures 

area of deposited films. Thickness (T) is observed to be ~0.12 micron. A film was characterized for 

structural, electrical, optical, and surface morphological properties. Further film was exposed to 

sensing gas for various concentrations.  

Result and Analysis: 

Reaction Mechanism 

 Polymerization of polypyrrole is proceeds by following three steps,  

Step I- Formation of radical cation by oxidizing agent 

 
Step II-Formation of dimer by coupling of radical cation  

 
Step III – Coupling of oxidized dimer and radical cation 

 APS oxidize pyrrole monomer and convert it into pyrrole radical cation (Step I). In Step II pyrrole 

cation undergoes coupling process and form dimer on de-protonation. In step III, polymerization 

completes after oxidized dimer undergo coupling with radical cation available in the surrounding 

with de-protonation [7].  

X-Ray Diffraction 

 X-ray Diffractometer (Brucker D8) is use to characterize polypyrrole film. Fig. 1 shows XRD 

pattern of polypyrrole film. Selecting range of 2θ is from 20 to 80 degree. XRD Pattern depicts 

broad hump which indicates amorphous structure of deposited polypyrrole film.  
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Fig. 1: XRD pattern of polypyrrole film 

FTIR Spectroscopy 

 FTIR spectrum recorded for confirmation of present bonding in polypyrrole. Scratched and 

collected powder of polypyrrole was used for FTIR analysis. A spectrum range was selected in 

between 4000-500 cm-1. Fig. 2 shows recorded spectra in transmission mode. It reveals that, the 

characteristics bands for pyrrole unit are present at 3437 cm-1 for N-H stretching vibration band in 

pyrrole ring [8]. Band position at 2910 cm-1 is attributing N-H+ characteristic bond in pyrrole ring. 

The bands at 1545 is a combination of C=C and C-C stretching vibration, 1462 cm-1 is stretching 

vibration of C-N [9, 10], the peaks at 1035 are due to C-H deformation vibration[11, 12], in plane 

bending of pyrrole ring is at 911 cm-1 [13, 14] and for wagging vibration in N-H is observed at 784 

cm-1.  

 

Fig. 2: FTIR spectrum of Polypyrrole Powder 

UV-Visible Spectroscopy 

 Optical properties like variation of absorbance vs. wavelength (inset) and (αhv)2 vs energy 

(eV) showed in Fig 3. Polypyrrole film shows absorption in between 350 nm to 800 nm. Absorption 

edge is at the region of 500 nm to 550 nm. Energy Band gap value for the polypyrrole is calculates 
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by extrapolating graph of (αhν) 2 vs energy. It is found to be 2. 28 eV is less than the earlier reports 

(2. 43eV) [15].  

 
Fig. 3: Graph of (ανh)2 Vs Energy, and (Inset)Graph Absorbance Vs Wavelength 

 

Field Emission Scanning Electron Microscopy 

 Surface morphology of the deposited film plays important role in LPG application. Reaction 

rate makes effective change in the morphology. Different factors like pH of solution, temperature, 

dopant ions etc affect reaction rate. CTAB with and without HCl using oxidizing agent of (NH4)2S2O8 

is shows effective change in the surface morphology. Robust free standing to nanofibers was 

obtained by using HCl with various concentrations [16]. Scanning electron micrographs for the 

polypyrrole film carried out at two different magnifications 10000X and 30000X are shown in Fig. 

4. SEM images of polypyrrole films become cauliflower like surface morphology. Higher 

magnification shows uneven surface and voids which are responsible for large surface area.  

 
Fig. 4: FE-SEM Images of Polypyrrole film surface at (a) 1000X and (b) 5000X 

 

Electrical Resistivity 

Two-probe method is used to study electrical resistivity for the temperature range 310 K to 

340 K. The graph of temperature vs resistivity is showingn in Fig. 5. Variation of resistivity with 

temperature for polypyrrole film follows Arrhenius equation, 

 










KT

Ea
exp0 (2) 

Where, ρ is the resistivity, temperature T (K), specific resistivity ρ0, K is Boltzmann constant 

respectively. It is observed that, resistivity decreases as temperature increases. It indicates 
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semiconducting behavior of polypyrrole film. Electrical resistivity for polypyrrole film is 39Ω-cm at 

temperature 310 0K. Deviation from straight line depicts scattering effect due to grain boundary, 

imperfection in crystals etc.  

 
Fig. 5: Electrical Resistivity of polypyrrole film 

LPG sensing Performance 

 Polypyrrole film exposed to LPG which contains isobutane and propane. These are reducing 

type of gases. As polypyrrole film exposed to gas, it shows chemi-resistive property of polypyrrole. 

The resistivity changes on exposing film to different concentration of gas in gas chamber. Sensitivity 

or response for polypyrrole film was calculates by change in resistance using equation,  

100(%) X
Ra

RaRg
S 







 
  (3) 

 Fig. 6 is the graphical representation of resistivity of the polypyrrole film at various 

concentrations of LPG at the fixed voltage +2. 0V. Chitte et al reported that the polypyrrole exposed 

to LPG shows decrease in conductivity, while on doping with p-TS and NSA the conductivity 

increases very small extent and concludes that Polypyrrole is not promising for LPG detection. [17] 

The response studied with varying 0.05–0.11 volume percent of LPG concentration. The maximum 

response 24% was obtained at 0.11 volume percent of LPG. At concentration of 0.05 and 0.168 

volume percent there is no response for polypyrrole film. After 0.068 volume percent of LPG, 

polypyrrole film shows sudden change in resistivity. Therefore lower detection limit for 

polypyrrole is 0.068 volume percent to LPG. Less surface area is exposed to LPG when low 

concentration of gas injected in gas chamber. It results that less number of gas molecules are 

interact with polymer surface. As LPG gas concentration increases, interaction between gas 

molecule and surface of film increases.  

 
Fig. 6: LPG Sensing response of polypyrrole film 
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Conclusions: 

 The polypyrrole film has been successfully deposited on glass substrate at temperature 

300-303K. The XRD reveals amorphous structure of polypyrrole film. Formation of polypyrrole is 

confirming by FTIR spectroscopy. Semiconducting behavior of the polypyrrole film is confirmed by 

electrical resistivity. Optical studies give ~2.28 eV band gap energy. For polypyrrole film, LPG 

sensing response is concentration dependent. The sensitivity of film shows 17% to 24% for 0.08 to 

0.11 volume percent of LPG. The lower detection limit is 0.068 volume %. Time for response as well 

as recovery is more than 200 sec respectively 
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Introduction: 

 The HAp, or calcium hydroxyapatite, is a naturally occurring mineral type of calcium apatite. 

The apatite groups have general formula [M10 (XO4)6 Z2], where M is metal divalent cations, X is 

trivalent species usually phosphate, Z is anion such as OH-, F- or halogens.  

 The chemical composition of pure HAp is Ca5(PO4)3(OH) i. e. penta calcium hydroxyl tri-

phosphate but usually written as Ca10(PO4)3(OH)2 to denote that the crystal unit cell comprises of 

two entities.  

The chemical structure of pure HAp is  

Calcium- 39. 85% 

Phosphorous- 18. 51% 

Oxygen- 41. 41% 

Hydrogen- 0.120% 

Structure: 

 The naturally occurring HAp is hexagonal in structure. On the basis of crystallographic and 

chemical observations, synthetic HAp is also recognised to be identical to naturally occurring HAp.  

 Two triangular prismatic sub-shells produce a rhombic prism with vertical sides in the unit 

cell. There are two horizontal mirror planes, one of the way down and one ¾th of the way down 

from the top. There is also a centre of inversion, which is located in the precise middle of each 

vertical face of the sub-shell. The structure can be shown as; 

 

 
Fig. 1: Crystal structure of Hydroxyapatite 

 

 The lattice constants for the hexagonal structure of HAp are a=b= 0.19422 nm; c= 0.16880 

nm.  

 The Ca:P atomic ratio is 10:6 i. e. 1. 67.  

    
Calcium Phosphate Oxygen Hydrogen 
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Properties:  

 HAp is well known biomaterial which is utilized in biomedical field due to its superior 

properties viz. biocompatibility, bioactivity, osteo-conductivity and non-toxicity.  

 The poor mechanical behaviour is even more evident for highly porous bioceramic. The 

porosity is greater than ~100 micron.  

 Bending, compressive and tensile strength of dense HApbioceramics are in the range of 38-

250MPa, 120-900MPa and 38-300MPa respectively.  

 Strength is found to be increased with increasing Ca/P ratio, reaching a maximum value 

around 1. 67 and decreases almost exponentially with increasing porosity. However, by changing 

the pore geometry it is possible to influence the strength of porous bioceramics.  

 HAp is thermally unstable compound decomposing at about 800-1200°C.  

 The wide variations in the properties are due to both structural variations (e. g. on influence 

of remaining micro porosity, grain size, presence of impurities) and manufacturing processes.  

Applications: 

 Hydroxyapatite is a class of calcium phosphate based materials that have been of enormous 

importance for biomedical applications, such as surface coating on femoral stems, hip and knee 

joint prostheses and bone substitutes for orthopaedic dental implants. Bio-ceramic HAp is widely 

used for bone and tissue engineering because of its chemical similarity to natural bone and 

excellent biocompatibility. HAp is also used as bone fillers, due to its ability to integrate with bone 

structure.  

 Moreover it finds applications in various fields such as catalyst, ion exchange, electrolyte for 

high temperature fuel cell, protein separation and biosensors.  

 HAp is used in water purification (reduction of fluorides). The media is carbon-based and 

supports a porous HAp matrix. Fluoride ions quickly replace the surface ions of calcium phosphate 

hydroxide in crystalline form.  

 HAp finds application in catalysis process as a catalyst for dehydration or dehydrogenation 

of some alcohols.  

 HAp is used as a filter for DNA, RNA, proteins etc. due to its porous nature.  

 NanosizeHAp can be used in drug delivery systems like intestinal delivery of insulin.  

 Due to its unique qualities, such as the existence of large surface P-OH groups that interact 

with the gas molecules to be felt, a very porous structure, and the capacity to exchange ions, it has 

recently gained a lot of attention as a chemical gas sensor.  

Gas sensor: 

 “A sensor is a device that receives a signal or triggers an electrical signal and responds to it.’’ 

Sensors can also be employed for various applications such as environmental monitoring, sensing 

in chemical plants, etc.  

 The sensor which gives response to chemical vapours, humidity and gases is called as 

chemical sensor.  

 There are numerous type of gas sensing device, basically, depends upon operating 

temperature, high sensitivity, selectivity and response.  
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Types of gas sensor: 

1) Solid electrolyte gas sensors 

2) Catalytic combustion gas sensors 

3) Semiconductor gas sensors 

4) Ceramic gas sensors 

 Solid electrolyte gas sensors works on the principle of electrochemistry or ionic 

conductivity of solid materials in presence of gas, in catalytic combustion gas sensors a chemical 

(catalyst) itself act as heater as well as sensor. Semiconductor gas sensors are based on 

semiconducting oxides like SnO2, ZnO, TiO2, etc.  

  In ceramic gas sensors, ceramic substrates are used for sensing the various gases. Our 

sensing substrate (HAp) is ceramic in nature. HAp is composed of metal and non-metal atoms in 

which Ca and P are metal atoms whereas O and H are non-metal atoms. Generally ceramic consist of 

both ionic and covalent bonds, where ionic bonds are more dominant. Due to such composition HAp 

has got porous nature which is useful for adsorption of various gases. Hence it can act as an efficient 

gas sensor.  

Need of gas sensors: 

 Many hazardous gases e. g. CO, CO2, NH3, etc. are released into atmosphere due to many day 

to day human activities as well as natural phenomenon. Therefore there is a need to monitor such 

gases and to be controlled for sustainable survival of living beings. In industrial works ammonia 

(NH3) is often thought of as an irritant but it can also be poisonous at higher levels. It is also used in 

explosive materials, so there is need to detect such toxic gases.  

Hence in this work, we are using HAp as ammonia gas sensor.  

Preparation of HAp: 

 Synthetic apatite's composition, physiochemical characteristics, crystal size, and shape are 

all very susceptible to preparation circumstances. The preparation of HApbioceramic materials 

have been carried out extensively with different approaches, several methods of HAp synthesis 

include: 

1. sol-gel approach 

2. hydrothermal technique 

3. multiple emulsion technique 

4. wet chemical precipitation technique 

5. electro deposition technique 

6. biometric deposition technique 

 In the present work HAp is synthesised by wet chemical process which is based on the 

precipitation route.  

Wet chemical precipitation technique: 

 Nano ceramic Hydroxyapatite is prepared by using wet chemical process. In this process, 

calcium nitrate tetra hydrate [Ca (NO3). 4H2O] and di-ammonium hydrogen ortho phosphate are 

added together to form a milky white precipitate. Ammonia is used to adjust the PH of the reaction 

in the mixture.  
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 The procedure is carried out at 80°C for 5 hours with constant stirring, then aged for 

roughly 24 hours. The white precipitate obtained is then washed 3-4 times with double distilled 

water and dried at 100°C and finally sintered at 1000°C for 2 hours.  

 The wet chemical precipitation technique's step-by-step approach is depicted in the 

flowchart below.  

 

 

Thick film preparation: 

Screen Printing Technique 

 Basically screen printing is the deposition process wherein the sensor material is printed 

(deposited) on the glass/alumina substrate by using a screen. The screen is constructed of nylon, 

polyester, or stainless steel and features open pores through which the paste is pressed to make a 

pattern on the substrate using a squeegee.  

 Following fig. 2 shows screen printing board in which the screen of fine mesh is stretched 

and fitted on wooden or metal frame. The size and density (line/inch), tensions, orientations and 

mesh materials are the major characteristics of the screen mesh.  
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Fig. 2: Schematic of screen printing setup board 

 We use the screen printing process to create thick films in our work. The screen printing 

method is the simplest, most cost-effective, and most flexible method available, allowing for a wide 

range of film forms and thicknesses.  

 The paste used for screen printing is prepared by using functional material i. e. HAp and 

organic binders for the proper adhesion of the film on the glass plate.  

 After preparation of the thick films they are sintered at 600°C for 1hour in order to remove 

the binders. Finally we get the pure HAp thick films.  

Description of two probe experimental setup: 

 
Fig. 3: Experimental setup of 2-probe method 

 Fig. 3 shows the experimental setup used in the present work. It consists of heater which 

can heat up to 600°C. The temperature of sensing substrate is measured with the help of Al-Cr 

thermocouple. There are two valves for inlet and outlet for gas to be sensed. The two probes are 

connected to DC power supply. The entire apparatus is housed in a 4. 2 lit volume container.  

 For gas sensing measurement the film is placed on the heater inside a chamber. The 

constant DC supply of 180 Volt is given to the sample. The sample is then heated up to 400°C for the 

desorption of observed gases as well as water vapours. And change in voltage value in presence of 

atmospheric air is noted down at regular intervals of decreasing temperature. After that again the 

sample is heated to 400°C and known amount of test gas 2ppm (NH3) is inserted into the chamber. 

The same procedure is followed for recording the voltage value in presence of test gas. The change 

in the resistance of the sensor substrate in presence of air and gas is determined by using the 

formula: 

Rsensor = [(Vsupply –Vreference)/Vreference]x Rreference 

The gas response, (sensitivity) is calculated at elevated temperature by using the formula: 

Gas response sensitivity (S %) = [(Rg-Ra)/Ra]x100 

where,  
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Ra = resistance of sensor in air  

Rg = resistance of sensor in gas 

 The response or recovery time is important parameter of commercial application of sensor 

material. It is defined as the time it takes for the sensor to respond to 90% of the greatest change in 

resistance when gas is removed.  

 The response of the sensing device is seen by the profile of time vs. sensitivity.  

 To find the response and recovery time of sensing device, the procedure is as follows: 

- The device is kept at operating temperature.  

- A known amount of gas is injected, and the resistance value is recorded as it changes.  

- After that sensor is exposed to atmospheric air and again variation in resistance value is 

recorded till we get the initial value of the resistance.  

Characterization Techniques: 

XRD: 

X-ray crystallographyis a technique for determining a crystal's atomic and molecular 

structure, in which crystalline atoms cause an X-ray beam to diffract in a variety of directions. A 

crystallographer can create a three-dimensional picture of the density of electrons inside the crystal 

by measuring the angles and intensities of these diffracted beams. The mean locations of the atoms 

in the crystal, as well as their chemical bonds, disorder, and other information, may be deduced 

using this electron density. The size of atoms, the lengths and types of chemical bonds, and the 

atomic-scale differences among diverse materials, particularly minerals and alloys, were all 

determined using this technology. Many biological compounds, including vitamins, medicines, 

proteins, and nucleic acids like DNA, had their structure and function exposed by this technology. X-

ray crystallography is still the most common approach for determining the atomic structure of 

novel materials and distinguishing materials that appear to be similar based on other tests. When 

X-rays interact with atoms in two lattice planes, and the path length difference between rays equals 

a whole multiple of the wavelength of the radiation, constructive interference occurs. The 

requirements for constructive interference are described by Bragg's law in certain directions as a 

consequence of diffracted X-rays form atomic arrangement, as: 

nλ = 2d sinθ    

Where  

n = an integer,  

λ = the wavelength of the X-rays,  

d = the spacing between atomic layers,  

 θ = the angle between the X-ray and the atom layer.  

 This is the basic relationship among the spacing between the lattice planes (d spacing), the 

wavelength and the angle (θ) of observation in a diffraction experiment. The incident and diffracted 

beams are at a 2θ degree angle.  

 The powdered method, in which the specimen is made up of many small and randomly 

oriented particles that are subjected to monochromatic x-rays, is one of the most used X-RD 

techniques. The random orientation of the particles ensures diffraction from every possible set of 

crystallographic planes.  
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Fig. 5: Braggs X-ray diffraction pattern 

 The X-Ray is incident on rotating sample with a constant velocity. The diffracted beam 

intensity is plotted as a function of 2θ (diffraction angle), which is measured empirically, by a 

recorder.  

Results and Discussion: 

1) x-ray analysis: 

 
Fig. 6: x-ray analysis for pure Hap 

 From the above x-ray diffraction pattern, the grain size is calculated using five major peaks 

with 2-theta values 31. 26, 31. 38, 31. 4, 31. 44, 32. 1. The average grain size obtained from the 

above peaks is 30.1544nm.  

 As the grain size obtained is in the nano range, Hap used in our work is a nano -Hap.  

2) Operating temperature: 
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Fig. 8: Gas response profile (S%) for detection of 2pp NH3 

 Several trials are taken for the further confirmation of operating temperature.  
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Fig. 9: Response and Recovery time 

 The operating temperature is determined by plotting the profile of gas response (S %) as a 

function of temperature, as shown in fig. 6. The unique temperature at which the sensor substrate 

has maximum gas response (S%) is generally expressed as operating temperature of the sensor 

material. Pure HAp shows maximum gas response to 2ppm NH3 at a temperature of 1300C which is 

called its operating temperature. 

 The fig. 8 shows the typical response time for the sensor at 2 ppm level. Nano Hap shows 

fast response to 2 ppm NH3 within 12 seconds and recovers after 20 sec. That means response time 

for pure Hap is 12 secand recovery times is 20 sec.  
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Introduction: 

 Material science research is crucial because of its numerous applications. Metals and alloys 

are well-known for their importance in human life. All walks of life use a variety of natural and 

manmade materials. The structure, properties, and applications of materials are studied in material 

sciences. Any material's atomic and molecular organization, as well as its crystal structure, is 

critical for understanding and predicting the material's physical and chemical properties. Crystals 

are used in semiconductor physics, engineering, and electro-optic devices, among other 

applications, hence there is a growing demand for them [1-6]. Natural specimens were the only 

source of large, well-formed crystals for many years. The majority of today's crystals are effectively 

manufactured in the laboratory [7-10]. It can only be done via crystal growth procedures. The state 

of super-saturation must first be achieved before the nucleation process may be used to grow a 

crystal. The concept of crystal growth is formed by understanding super-saturation and nucleation 

[11-16]. Crystals can only expand from liquid and gaseous solutions, pure liquids, and pure gases if 

the system reaches a super-saturation point or is super-cooled first. The supersaturated state, as 

well as the degree of super-saturation or deviation from the equilibrium saturated condition, is 

critical for any crystallization operation, and the divisor governs the deposition process.  

The following series of processes can lead to the formation of crystals.  

1. Diffusion of the crystallizing substance's molecules through the surrounding environment.  

2. Diffusion of those molecules across the crystal's surface to specific locations.  

Crystal growing conditions:  

 Crystal growth from liquid and gaseous solutions, pure liquids, and pure gases can occur 

after some degree of super-saturation or super-cooling has been established in the system [17-22].  

Any crystallization operation requires the acquisition of the supersaturated state, and the degree of 

super-saturation, or divergence from the equilibrium saturated condition, is the primary factor 

determining the deposition process. For crystal growth, the steps listed below can be 

considered[23-30].  

1. Super-saturation or super-cooling is achieved.  

2. The formation of a tiny crystal nucleus.  

3. Crystal development in stages to produce distinct faces.  

Techniques for crystal growth:  

 The crystal formation technique is determined by material properties such as melting point, 

volatile nature, and solubility in water or other organic solvents [31-38].  

The following are some of the most common crystal growth methods: 

1. Melt-induced growth.  

2. Growth based on vapour.  

3. Solution-based growth.  
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4. Growth from a solid.  

1. Melt-induced growth:  

 Melt growth is the most common method of crystal development in the commercial world. 

This is the process of fusion crystallization and re-solidification of pure material, or crystallization 

from a melt when the liquid is cooled below its freezing point. Apart from possible contamination 

from crucible materials and the surrounding environment [39-45], no contaminants are introduced 

into the development process in this method. The rate of growth is usually significantly faster than 

other approaches allow. Melt-based growth can be further subdivided into a variety of ways: 

i. Bridgmann method.  

ii. Czochralski method.  

iii. Vernuil method.  

iv. Zone melting method.  

v. Kyropoulos technique.  

vi. Skull melting.  

i. Bridgmann method:  

 Bridgemann was the creator of this approach in 1925, and Stockbarger in 1938. The 

Bridgmann method is used to make single-crystal ingots or boules. The procedure entails heating 

polycrystalline material above its melting point in a container and then cooling it gently from one 

end, where a seed crystal is found. The procedure can be carried out in a horizontal or vertical 

geometry, with a single crystal substance gradually developed throughout the length of the 

container.  

Advantage:  

 This process is technically easy and inexpensive, and it can manufacture a crystal with a 

predetermined diameter by selecting the proper container.  

 Disadvantage: 

 The solid's compression by the contracting container during cooling can result in the 

formation of stresses strong enough to nucleate dislocations in the material.  

ii. Czochralski method (or) Pulling Technique:  

 For generating semiconducting material crystals, this approach is commonly employed. 

Because of the form of the crucible, the crystal's shape is unrestricted. The charge is melted and 

kept at a temperature just above the melting point in this procedure. The pulling rod is lowered just 

far enough into the melt to establish contact. The pointed tip of the pulling rod melts because the 

rod is at a lower temperature. The crystal is progressively dragged. The pace of pulling is 

dependent on a number of parameters, including thermal conductivity, latent heat of fusion of 

charge, and the rate at which the pulling rod cools. The seed is rotated to keep the growth of the 

crystal uniform and cylindrical.  

Advantage: 

• In the semiconductor sector, this process is often employed to create massive single crystals. As a 

result, it is widely employed in the semiconductor sector.  

• There is no direct contact between the crucible walls and the crystal, resulting in a single crystal 

that is not strained.  
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Disadvantage: 

• There is a need for a seed crystal of the same composition limits to be employed as a tool for 

exploratory synthetic research, as this method is not ideal for melting compounds in general.  

iii. Vernuil method:  

 An Oxygen-hydrogen flame produces a chemically pure fine powder, which falls onto the 

fused end of a single crystal seed attached to a lowering mechanism in this procedure.. In bankeei, a 

specific tapping mechanism is employed to feed the powder charge. Crystallization is ensured at a 

predetermined level of the apparatus by coordinating the consumption of charge, hydrogen, and 

oxygen with the rate of descent of the seed.  

 Advantage: 

● It is technically straightforward, and crystal formation may be witnessed.  

● There is no container that avoids the problem of physical-chemical interaction between the melt 

and the container material.  

● This process can be used to generate single crystals of ruby, sapphire, and other gemstones.  

● This process can be used to develop single crystals in a variety of shapes, including plates, discs, 

hemispheres, and cones.  

iv. Zone Melting Method: 

 By melting a small number of materials during a relatively large or long solid charge, a 

liquid zone is generated. The main idea behind zone melting procedures is to control the 

distribution of soluble impurities or phases through a solid.  

Advantage:  

• Impurities tend to accumulate within the melted area of the sample, thus the zone melting 

procedure sweeps them out of the sample and concentrates them at the crystal bowl's tip, which 

is then halted and discarded.  

• As a result, this approach is often used to purify semiconductor crystals.  

v. Kyropoulos Technique: 

 A cooled seed stimulates single-crystal development within the melt-containing crucible in 

this procedure. Controlling the furnace temperature to build the crystal continues to remove heat.  

Advantage:  

• Increase in crystal diameter.  

• Prisms, lenses, and other optical components will be made with an enormous diameter crystal.  

vi. Skull Melting Process: 

 The skull melting technique is used to expand materials with a high freezing point. A radio-

frequency "Skull crucible" system, a specialized melt technique, is used to make cubic zirconium. 

This is a type of super-hot melt method used to make the most well-known diamond imitation: 

cubic zirconia (CZ). The most common component of cubic zirconias, oxide, has a very high freezing 

point (4980'F). It is not possible to utilize standard (low) melt crucibles. As a result, a crucible-free 

method is unavoidable. Zirconia up to 10 cm long is made using the Skull melting method.  

2. Growth based on vapour:  

 To generate bulk crystals, epitaxial films, and thin coatings, crystallization from vapour is 

commonly used. There are two sorts of techniques for generating crystals from vapour. They are: 
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A. Method of Chemical Transport: 

 This method uses a chemical transport method in which material is transferred as a 

compound (halide) that decomposes within the growing zone. Examining the nature of the reaction 

involved in this case. It's also possible that the expansion zone is hotter or cooler than the source.  

B. Method of Physical Transport: 

 This method entails the direct movement of materials from a hot source zone to a cool 

region by evaporation or sublimation. This approach is commonly used to develop II-VI compounds 

(Zns, Cds) in a vacuum or with a flowing gas stream. In both circumstances, seed crystals, which 

could be of the material being produced or another material with similar lattice spacing, are often 

suited for expansion. The substance evaporates and diffuses from a hot end to a cooler growth end 

in this scenario. Then there are deposits within single crystals.  

Advantages:  

• The close-spaced transport method and compound decomposition can be used to make films.  

• This process can be used to build crystals of silicon, diamond, gas, and semiconductor 

compounds.  

3. Solution-based growth: 

 Crystals are generated from a solution in this approach. This approach is also commonly 

used in the production of bulk crystals. The four major types are as follows: 

A. Solution Growth at Low Temperature 

 This is a widely used technique; the techniques employed here include,  

● Method of Slow Cooling: 

 During a crystallizer, a saturated solution above the region temperature is poured and 

thermally sealed. A seed crystal is hung in the solution, and the crystallizer is kept inside a water 

thermostat, whose temperature is decreased according to a pre-determined schedule, resulting in 

the creation of massive single crystals. The obligation to employ a temperature range is the source 

of the disadvantages. Because the possible range is occasionally limited, a large portion of the solute 

remains in solution at the end of the run. Large volumes of solutions are required to complete this 

effect.  

● Method of Solvent Evaporation: 

 The difference in the rates of evaporation of the solvent and the solute is used in this 

method to determine the presence of more than one solute. In contrast to the cooling approach, 

which maintains the system's overall mass, the solvent evaporation method causes the answer to 

losing particles that are weakly absolute to other components, lowering the degree of the answer. 

The pressure of the solvent above the solution is usually greater than the pressure of the solute, 

therefore the solvent evaporates faster and the solution becomes supersaturated (Petrov1969). 

Allowing the vapor generated above the solution to freely enter the atmosphere is usually adequate. 

This is the most common and technically straightforward method of crystal formation. 

Temperature stability at around 0.0005oC and evaporation rates of 3 mm/hr is typical growth 

conditions.  

● Method of Temperature Gradient: 

 The material is transported from a heated zone containing the material source to a colder 

region where the solution is a supersaturated end in the crystal development. The rate is affected 
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more by a smaller temperature difference between the source and the crystal.  

B. Solution Growth at High Temperature: 

 At temperatures above room temperature, the solvents are considered to be generally 

effective. The principles of low-temperature solution growth are also applicable. The constituents 

of the fabric to be crystallized are dissolved in a suitable solvent during the formation of crystals 

from high-temperature solutions, and crystallization happens when the solution becomes critically 

supersaturated. Flux growth is the most extensively utilized warm temperature solution growth 

technique.  

C. Hydro-Thermal Growth: 

 This is seen as a middle ground between vapour and solution-based growths. When a 

solution is heated and pressed, it grows. Alkaline aqueous solutions are frequently the starting 

liquids for the procedure. Temperatures are frequently in the 400-600oC range, and the pressure 

involved is significant (100-1000 atmospheres). Steel autoclaves with gold or silver linings are 

commonly used for growth. The temperature difference (typically 10-100oC) between the nutrient 

and growth regions provides the concentration gradient essential for growth. This technique is 

frequently used to develop materials such as calcite, alumina, antimony, and others.  

Advantages:  

• Single crystals of diamond and barium titanates are to be produced using this process, which 

happens in the air at a temperature below that of the crystallizing substance.  

Disadvantages:  

 There are some drawbacks to crystal formation at high temperatures.  

D. Gel Growth: 

 The basis behind this crystal growth technology is an extraordinarily simple solution of two 

acceptable compounds that are converted to the needed crystalline substance by chemical 

reactions, with crystallization following the chemical change equation.  

Gels of several kinds: 

i. Physical Gel: 

A physical gel is a gel that is obtained through a physical process such as cooling.  

E. g. : Gelatin, Clay.  

ii. Chemical Gel: 

Chemical gels are created by chemical processes such as hydrolysis or polymerization.  

E. g. : Silica, Polycryalamide.  

Advantages: 

• Convection is absent in growth trials, preventing turbulence and the development of tiny crystals 

by providing a framework for nucleation.  

• In Gel development, there is a high degree of perfection and a lower number of flaws.  

• The Gel technique has also been used to investigate the development of crystals in human systems 

such as cholesterol storage and sperm hormones.  
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1. Introduction 

This chapter demonstrates the use of One-dimensional techniques of simulation using 

SCAPS (Solar-Cell Capacitance Simulator) for studying the characteristics of a p-i-n photovoltaic 

cell structure using a-Si:H silicon. Solar cell parameters viz. J-V characteristics, Fill Factor, 

efficiency and spectral response and their dependence on the i- layer thickness have been studied 

using simulations in SCAPS. The technique provides a way to optimize the structure so that 

maximum efficiency is achieved, and provides an alternative tool for solar cell researchers for 

obtaining insight into the functioning of photovoltaic cells.  

1. 1 Origin and Need 

Development of Photovoltaic (PV) cell modules which are cost effective and efficient has 

attracted attention as a renewable and clean source of energywhich is the need of a sustainable 

society. Solar cells provide with an alternative source of energy which is without hazardous 

emission, clean, low maintenance, eco-friendly source of energy production. Further, the 

geographical location of India is such that abundant solar light is available for almost eight months 

a year. Thus, using solar cells has an added advantage over the other available options of 

alternate/renewable sources of energy production. In spite of this, solar cells don’t find popular 

usage in community due to their higher costs and lower efficiency. Hence, efforts are continuously 

made to increase the PV cell efficiency, simultaneously making them low cost as well. Solar cells are 

expensive to produce, and the optimization itself requires a lot of pre-production expenditure. So, 

there must be an alternative cost-effective, time-saving way for the same, which is provided by the 

simulation techniques. Thus, the entire process of PV cell optimization would be boosted up by 

widespread use of simulations, thereby making available more efficient solar cells at a reduced 

price for the common public in India.  

  The optimization of the structure of the cell by actually manufacturing them is complex, 

expensive and time consuming. Hence, using the simulation techniques is the best approach to 

come up with an optimized structure with fitted parameters. Once the structures are optimized 

through simulations, these can be recommended for manufacturing process. Thus, the simulations 

serve as an alternative tool to PV cell researchers for obtaining insight into operation and designing 

of solar cells. In this chapter, the simulation techniques available in SCAPS (a simulation package for 

1-D solar PV cell structures) are demonstrated to determine an optimized structure such that they 

provide maximum efficiency. SCAPS is designed by the Department of ELIS, University of Gent, 

Belgium. It is extensively used for solar cell research by cross-disciplinary researchers throughout 
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the world since last decade or so, and is highly successful as evident from large amount of quality 

publications using SCAPS.  

1. 2About SCAPS 

SCAPS (Solar-cell Capacitance Simulator) is a simulation package developed at Department 

of ELIS (Electronics and Information Systems), University of Gent in Belgium by Prof. Marc 

Burgelman and his colleagues. It is an MS Windows based package, and is under constant 

development. It was originally designed for poly-crystalline structures of CuInSe2 and CdTe family 

and now accommodates different thin films with many interfaces and materials with high band gap 

as well. One can design a one-dimensional device model as shown in the figure (1. 1).  

 
Fig. 1. 1: Typical 1-D solar cell Structure 

Other complex structures (up to 7 semiconductor layers) can also be designed. Standard I-V 

characteristic curves, Quantum Efficiency, Fill Factor, spectral response and the efficiency of a solar 

cell can be studied in details for a different PV cell parameters such as layer thickness, band-gap, 

carrier density, crystal defects, solar illumination (AM0, AM1. 5, monochromatic), temperature etc.  

 
Fig. 1. 2: SCAPS interface Window 

 Simulations can be done either in single shot or in batches. Single shot calculations give the 

simulated output for a given values of parameters, whereas batch calculations give the simulated 

output for a given set of values of parameters, e. g. one can vary the thickness of any i-layer in a p-i-

n PV cell over a range of values, and the simulation could be run to generate the results for the 
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entire batch. The graphs could be saved as jpeg files and the output is available in MS Excel/Origin 

compatible formats. Thus, study of variation in solar cell properties over a wide range of structural 

and internal parameters could be done in order to optimize the structure for best results.  

For a given type of solar cell structure, simulation batches could be run over a period of a week, 

and, the data generated could be analysed in the next 10 to 12 days. Thus, in a period of a month, a 

given solar cell structure is, in principle, optimized to give highest possible efficiency. This pattern 

of study could be repeated for other designs (available pre-defined in the package, and could be 

designed newly on our own).  

2. Simulations 

2. 1 Introduction 

Solar cells fabricated using hydrogenated Silicon in amorphousphase (denoted by the 

acronym a-Si:H) in a p type- intrinsic- n type (or p-i-n) structure are second generation heteroface 

solar cells (Okamoto et. al., 1980) which offer low manufacturing costs. Further, they provide a 

larger coefficient of absorption as compared to the PV cells made using crystalline materials, for 

most of the visible spectrum (Carlson and Wronski, 1976), thus reducing the volume of material 

required to capture light which further decreases the cost of manufacturing (Kirkpatrick et. al., 

2015). One of the aspects of designing to increase the efficiency of such cells is to optimize the 

thickness of the intrinsic layer within the structure. Simulation studies help doing so by providing a 

way to understand the characteristics of the PV cell over a wide range of structural and external 

parameters. Usage of Numerical modelling is ever-increasing since the era of new generation 

computers, to have an insight into the details of the physical working of thin-film PV cells 

(Mohamed et. al., 2012). SCAPS package with one of the compatible versions available (v3. 3. 05) is 

used here to study the effect of intrinsic layer thickness on J-V characteristics along with the 

efficiency (η) and the fill factor (FF) of the cell. The dependence of quantum efficiency (QE) on 

wavelength of the incident radiation is also reported over the range of i-layer thickness under 

study.  

2. 2 Simulations 

The 1-D model of cell selected in SCAPS, as described by figure (2. 1), is based on the work 

of (Schropp and Zeeman., 1998) and the ratio of p type: i type: n type layer thicknesses is initialized 

to the values 9 nm:100 nm:20 nm. Here, the i-layer thickness (ILT) acts as the batching parameter, 

whereas, thicknesses of the p-layer and n-layer are kept fixed. This is valid because the 

performance of the cell is negligibly affected by quasi-neutral region transport, when the i-layer is 

much thicker than the other layers (Kirkpatrick et al., 2015). The p-layer should be as thin as 

possible to assure penetration of maximum radiation to the following layers. The input parameters 

of the structure used are mentioned in table (2. 1). The ambient temperature is set to be 300 K 

during entire set of simulations. The solar spectrum used for illumination purpose is standard AM 

1. 5G with incident radiation power of 1000 W/m2, which refers to Air Mass Index of 1. 5 

corresponding to a zenith angle of 48. 2°. The radiation is incident from left, as seen in figure (2. 1). 

The range of wavelengths selected for the study of the spectral response is from 300~900 nm. The 

ILT is varied from lower bound of 100 nm to an upper bound of 5000 nm on a logarithmic scale. 

The fill factor (FF), efficiency (η), short circuit current density (JSC), open circuit voltage (VOC), and 
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the peak of the incident radiation (λmax) corresponding to maximum value of %QE are determined 

for every batch using standard routines available in SCAPS.  

 
Fig. 2. 1: 1-D p-i-n structure used for simulation 

Table 2. 1: The input parameters used in the simulation 

Parameter Value 

Bandgap (in eV) 1.8 

Electron affinity (in eV) 3.9 

Relative dielectric permittivity 11.9 

NC(in cm-3) 1. 0 X 1020 

NV (in cm-3) 1. 0 X 1020 

Thermal velocity of e-(in cm/s) 1. 0 X 106 

Thermal velocity of holes (in cm/s) 1. 0 X 106 

Electron mobility (in cm2/Vs) 20.0 

Hole mobility (in cm2/Vs) 5.0 

 

 
Fig. 2. 2: J-V characteristics for ILT = 1000 nm 
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Figure (2. 2) is a plot of the J-V characteristics for an ILT value of 1.00 micron. The short 

circuit current density is 17.44 mA/cm2in magnitude, and the open circuit voltage is Approximately 

1.09 V. The % FF value of 49.0 is recorded and the efficiency of 9. 3 % is seen. The values of 

parameters can be extrapolated using a suitable graphing tool wherever necessary.  

3. Results 

3. 1 Analysis 

The maximum value of JSCis seen for the p:i:n ratio of 9 nm:1000 nm:20 nm (i. e. for an ILT of 

1. 00 micron) whereas the open circuit voltage decreases sharply with increase in the ILT and 

eventually saturates to a value of 0.195 volt. This decay in VOC is exponential, and follows the 

logistic equation: 

    𝑉𝑂𝐶 = 0.191 +  
36.9

1+(
𝐼𝐿𝑇

0.035
)1.55

.. ………………………………. (1) 

The fall in VOC with respect to an increase in ILT can possibly be attributed to associated 

increase in defect densities, which impact the electric field and charge carrier collection (Mohamed 

et al., 2012). The Fill Factor (FF) - which is a characteristic property of the superiority of a cell - 

varies with ILT as shown in figure (2. 3). The maximum value of FF equal to 49% corresponds to 

p:i:n ratio of 9:1000:20 nm, which is same as that for the maximum short circuit current value.  

 
Fig. 2. 3: variation in |JSC|, VOC, %FF and efficiency for the entire batch 

 

The efficiency (η) is the resultant outcome of JSC, VOC and FF given by the equation: 

𝜂 =  
𝐽𝑆𝐶  𝑉𝑂𝐶

𝑃𝑖𝑛
 𝐹𝐹 …………………………………….. ….. (2) 

 Here, Pin is the input power applied to the solar cell 



Bhumi Publishing, India 

126 
 
 

The values of efficiency over the specified range of ILT are also described in figure (2. 3). It 

is observed that ηmax of 11. 9% is achieved for an intrinsic layer of 300 nm in thichness. Here, the 

optimized ILT is significantly reduced compared with the other findings- 500 nm (Mohamed et. al., 

2012), 600 nm (Myong et. al., 2004) and 700 nm (Hamakawa et. al., 1980), respectively. Though the 

JSC and FF values show maxima at ILT = 1000nm, since, efficiency is a collective effect of parameters 

mentioned in equation (2), ηmax occurs at ILT = 300 nm.  

Spectral responses of the PV cell have also been studied. As illustrated in figure (2. 4), for 

ILT = 100 nm and 150 nm the QE peaks at 408 nm and 443 nm respectively. The same for all other 

batches are as seen in the plots viz. figure (2. 5) and figure (2. 6). It is observed that, the maximum 

%QE peak shift towards higher wavelengths as the i-layer thickness increases, as evident from 

figure (2. 7). This wavelength-shift is higher for smaller ILT values (0.11~ 1 μm) as compared to 

higher values (1~4 μm).  

 
Fig. 2. 4: Spectral response for ILT = 100 nm and 150 nm 

 

 
Fig. 2. 5: Spectral response for ILT = 0.12~0.145 micron 
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Fig. 2. 6: Spectral response for ILT = 0.15~4. 00 micron 

 

 
Fig. 2. 7: Spectral response peak λ v/s ILT 

 

The QE curves show that the cell has a good spectral response over λ = 400~650 nm, which 

corresponds to i-layer thicknesses of 100~1000 nm. Further, for the ILT value corresponding to 

maximum efficiency (i. e. 300 nm), the response peaks at a wavelength of 500 nm. It is to be noted 

that, the solar irradiance also peaks at 500 nm, assuming the blackbody approximation of the Sun 

with surface temperature of 5800 K (Dash E Julius, 1996). Thus, the ILT is optimized such that 

thecell offers maximum efficiency and maximum QE simultaneously. Beyond ILT of 1. 5 micron, QE 

drops below 50% and the ‘spectral response peak’ shifts above the wavelength 650 nm. This 

observation sets a limit on the ILT.  

Conclusions: 

 The best efficiency of the simulated solar cell is found to be 11. 9% for an intrinsic layer 300 

nm thick, with VOC = 2. 15 volts, |JSC| = 16. 49 mA/cm2 and FF = 33. 7% using the simulations 

available in SCAPS. Further, this thickness of 300 nm offers spectral response peak at 500 nm, 

which also overlaps with the peak of solar irradiance at the earth’s surface. The QE curves show 
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that the cell offers good spectral response over the range of 400~650 nm of incident radiation, 

making it a suitable candidate for PV cell manufacturing. The concept of numerical modelling or 

simulation of aPV solar cell is thus an amazing approach to find out an optimized structure for 

maximizing their efficiency, thereby plummeting the complexity, cost and time required for 

manufacturing PV cells.  
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1. Introduction 

 Ever since the advent of silicon, miniaturization, high performance and multifunctionality are 

the main driving factors in electronic industry. Beyond Moore’s law, these demands are especially 

met when dealing with Low Temperature Cofired Ceramic (LTCC) technology. LTCC is aproven 

electronic packaging technology capable of producing high-density electronic substrates with 

highly desirable properties required for communication and military applications. LTCC also offers 

System-in-Package (SiP) solutions comprising integrated circuits (ICs), embedded passives and 

sensors. This gives rise to numerous specialized applications, especially in the field of medical, 

automotive and aerospace. The key of realizing these applications lies in the better design-

simulation strategies and advanced manufacturing processes. The availability of LTCC specific 

design libraries allow user to select LTCC materials, as well as custom and optimized design 

parameters to facilitate various RF/microwave applications. In addition, the advanced processing 

techniques, such as fine-pitch printing, direct writing, use of laser micromachining etc. allow 

engineers to develop various microsystems and photonic modules in addition to the already 

existing RF/microwave applications in LTCC.  

 LTCC is also, one of the most suitable technologies to maintain miniaturization and high 

performance drive through integration of various functional materials within the stack of host 

carrier material. The functional materials viz. materials for conductor, resistor, thermistor, 

capacitor, inductor and non-reciprocal device application can be integrated in LTCC for intended 

application. The functional materials can also be thermoelectric materials and the materials for fuel 

cell, which paves the way for unprecedented application of on-board electrical energy source for 

mailto:vivek1481@gmail.com


Bhumi Publishing, India 

130 
 
 

electronic circuits. The availability of these materials enables passive integration technologies and 

thus, provides a realistic miniaturized and high performance electronic device.  

 Thereview provides a state-of-the-art LTCC processes and thin film processes implemented 

in LTCC. A section of the article gives an overview of the applications developed in LTCC and 

integration of passive components in LTCC.  

2. Low Temperature Cofired Ceramic (LTCC) Technology  

 LTCC is a multilayer fabrication process that uses glass-ceramic tapes and conducting 

pastes for preparing the circuits. The use of punched via holes allows line and via resolution 

improvement over conventional thick film hybrid circuits. The use of glass-ceramic material causes 

reduction in co-firing temperature below 900oC, presenting major advantage of using Ag, Au and 

their alloys for interconnections; in fact also allows use of all other functional materials used in 

thick film hybrid technology. This on one hand reduced the cost of the process, and on the other 

expanded the technical capability by allowing use of many other pastes for buried passive 

components. The process also allows post fired passive components. This integration of passive 

components bestows significant advantage in terms of package size, reliability, cost and 

manufacturability on LTCC and is one of its key features. The low dielectric constant and low loss 

material characteristics of LTCC bring forth HF capability even up to 100 GHz. Surely, LTCC 

confirms with almost all the requirements of the packaging needs discussed above. Figure 1 

presents a schematic representation of typical LTCC package.  

 
Fig. 1: Schematic representation of LTCC package allowing integrated passive components 

 

The advantages of LTCC, in general, are listed below: 

 Reliable packaging due to ceramic processing 

 Low dielectric loss and better control over dielectric properties 

 HF capabilities in microwave and millimeter wave frequency range 

 High density integration function due to integration of buried passive elements 

 Capability of packaging of Si chip along with other technology devices 

 Multilayer or 3D circuit design capability  

 Simultaneous integration of fluidic, optical, and mechanical signal with electrical signals in a 

single package 

 Microsystems devices can be fabricated in LTCC  

 Close thermal expansion coefficient to Si, GaAs etc.  

 Compatibility with flip chip, wire bonding, SMT processes 

 Package preparation flexibility including hermetic sealing  
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There are, however, some perceived disadvantages of LTCC: 

 Processing difficulties due to high shrinkage after co-firing and its tolerance  

 Limited range for passive components due to materials limitations  

 High cost packages than polymeric packages 

 Low thermal conductivity of tapes as compared to ceramic materials  

 Non-flexible packages 

 There are, however, ways to overcome some of the disadvantages. For example, the thermal 

vias can be used to disseminate heat to the outer world, and there are special processing techniques 

to get zero shrinkage in X-Y direction. More discussion about the process and applications related 

issues are discussed below.  

3. LTCC Fabrication Process and Materials 

 The LTCC green tapes are prepared by uniformly casting the inorganic powder into 

polymeric materials using tape-casting technique. The slurry of the casting material is composed of 

glass-ceramic mixture or composites in binders and organic solvent. This as-prepared slurry is cast 

to obtain glass/ceramic ‘green’ (unfired) tape and is put together with Mylar(DuPont Teijin Films) 

support. The package preparation process starts with cutting of green tape to required size and 

pre-baking at a specified temperature. The package fabrication is initiated by preparing via holes, 

cavities and alignment holes on each single layer individually. These holes are usually prepared by 

either mechanical punching, or laser burning process and the diameter varies between ~50m and 

500m. The intended electrical vias are then filled with silver or gold paste, either by stencil 

printing method or by pressurizing the paste into the via holes. The stencil printing is done using 

metal/polymer squeeze while a vacuum is applied below the sample. Usual thick film screen 

printing is then employed to print metallization layer and buried passives. The minimum line width 

of the printed conductors is about 100µm. Each single layer then passes through an optical 

inspection. Next, all such individually processed layers are aligned with help of registration pins, 

and stacked after removing supporting Mylar. This method gives registration accuracy within 

~10m. An optional use of automatic video alignment also gives similar alignment accuracy. The 

registration area whose utility is now over, is weeded out and the stacks are laminated using 

uniaxial heated press or isostatic laminator. The latter is preferred due to its ability to retain cavity 

and via shapes. The individual circuit is then singulated and co-fired at 850 to 900°C peak 

temperature following recommended firing cycle. Sometimes, singulation of the packages are done 

after co-firing using diamond wheel cutting machine. The main characteristic of sintered LTCC 

package is its shrinkage in all directions. Free or un-constrained sintering offers approximately 12 - 

16 ± 0.13% and 15 - 25 ± 0.15 % shrinkage in X/Y and Z-direction respectively depending on the 

composites used for preparation of LTCC green tape. The integrated LTCC substrate is then 

available for post-fire processing, which may include print-fire sequences for brazing, attachment of 

external components, BGA preparation etc. After the completion of all such processing, the 

substrate is ready for chip attachment and sealing. Figure 2 presents the common process sequence 

for the preparation of LTCC structures.  

 Commercially, many tape systems are available from many manufacturers, such as, Dupont, 

Ferro, Hearaus, Nikko, and Northrop Grumman, mainly varying in their dielectric constant, loss 
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tangent, thickness and shrinkage. The technical data sheets describing LTCC tape and allied 

material system are easily available on manufacturer’s webpage.  

 
Fig. 2: LTCC favrication process 

 

4. Special Processing Techniques in LTCC 

 To widen the feasibility of the LTCC technology, various types of special processing 

technique have been developed. The reliability of LTCC is indeed affecting due to its shrinkage and 

tolerance issues. The “Constrained sintering" process is developed to overcome the issues of 

shrinkage and its tolerance. Two different constrained sintering techniques viz. Pressure-Less 

Constrained Sintering (PLAS) and Pressure Assisted Constrained Sintering (PAS) helps in 

minimizing the X/Y- direction shrinkage to about 0 ± 0.11 % and 0 ± 0.05%, respectively [1]. 

However, this increases the ‘Z’ direction shrinkage to up to 41%. The PLAS process essentially 

uses‘releasetape’at top and bottom of the LTCC stack, which have to be co-laminated followed by 

sintering. The residues of the release tape are removed by sand blasting or brushing after sintering. 
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On the other hand, the PAS process utilizes reduced lamination pressure and uses a specialized 

sintering press at an optimized pressure to produces zero shrinkage. LTCC-M (Metal) is another 

zero shrinkage process developed by the researchers in the field [2, 3]. In this process, the desired 

number of layers are co-laminated with metal substrate and cofired at the elevated temperature. 

The metal core is usually Cu/Stainless steel/Mo which provides an improved thermal and electrical 

path. The most notable feature of this technology is zero shrinkage process because of bonding to 

the metal substrate. Such bonding requires that the metal TCE be equal to or slightly higher than 

the glass-ceramic. The process is ideally suited for mounting of MMIC devices directly to metal core 

in the ceramic layer.  

 Many alternative methods have been developed over the years to replace individual 

processing steps, each have their own advantages and disadvantages. One such development is 

vapour jet etching to form reduced vias of approximately 25µm, thus improving interconnect 

density [4]. In this process, dry photoresist is applied on partially sintered layers followed by 

photolithographic patterning and lamination at low pressure after applying interfacial glass layer 

and final firing of the package. The process is also suitable for preparing buried channels in LTCC 

structures of dimensions as low as 10µm or better [5]. Another method to form channels are either 

using photopatternable tapes or using sacrificial layer. The use of photopatternable tapes, which 

are photosensitive dielectric ceramic tape, uses photo-patterning process after lamination on rigid 

glass substrate [6]. This process offer feature size 30µm or better. A family of photopatternable 

pastes are available which allows improved line width and can be integrated with LTCC process to 

achieve high interconnect density. In another process, the sacrificial layer (polymer or carbon 

paste) are cofired with LTCC to form buried channels and open cavities. This method is widely used 

in LTCC to realize meso-scale electromechanical systems that require channels and cavities.  

5. Thin film processing in LTCC 

 In order to satisfy the soaring needs in electronic industry, the LTCC technology must fulfil 

the requirement of high density and integral package. These electronic packages can only be 

realized by the driving factors like size reduction of via size and line width, increasing the density of 

via pitch and line pitch, and increasing the density of line size and spacing. In order to survive the 

challenges posed by other competing technologies like polymeric packaging technology, the 

development of new compatible materials is required which expand the capability of integration 

while simultaneously improving the process window. While the discussion on the development of 

new compatible materials is not part of the present review, we will consider the improvement in 

the process window.  

 Traditionally, screen print based thick film technology is employed to print metallization 

layer and buried passives. Line width of 50 micron can be reached by using screen printing 

technology. The inherent limitation of printing process is the major impediments in realizing the 

high dense packages. This will be circumvented by thin film structuringon sintered LTCC packages, 

thus, deemed as a post-fire process. The process employs deposition byeither physical vapour 

deposition (PVD), reactive magnetron sputtering, orby electrophoretic deposition technique, while 

patterning is done by photolithography and etching or by lift-off process. The researchers have 

reported the use of thin film technology in LTCC for different applications like realization of 

electrochemical sensor [7], metallization layer [8, 9], transmission lines and capacitors [10], 
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conductor lines and resistor network [11, 12], under bump metallization [13], brazing application 

[14, 15], microstrip transmission line [16], fine line patterning [9, 17] and multilayer deposition 

[18] for laboratory demonstration. For this purpose Ti-Pt metallization/ Ti-Cu-Pt-Au multilayer/Ni-

Cr resistor /AlN layer for thermal dissipation [19]/ or Au conductors were deposited by the 

physical vapour deposition process. These processes achieves as low as 10 micron line width and 

25 micron line spacing. Thus, the thin film processing on LTCC yields reliability, robustness and 

fulfils high dense package requirement.  

6. Applications of LTCC 

 By far, the most explored application of LTCC has been for HF circuits. The main reason 

behind this is the low loss, compact 3D circuits at reasonable cost offered by this technology. Many 

reports are available that discuss LTCC HF components and circuits from 1GHz to 40GHz, and some 

even up to 100GHz frequency. LTCC modules are most used as front-end modules for mobile 

phones, Wireless Local Area Networks (WLAN), Local Multi Point Distribution Systems (LMDS), 

Various RF modules, Radars, Antennas etc [20-23]. The major advantage that LTCC offers over 

conventional implementation of high frequency circuits is its capability to integrate passives in 3D, 

satisfactory isolation methods, small size antenna and their integration capability, compatibility 

with MMIC packaging etc. Another important area of LTCC applications is that of sensor packaging; 

especially the MEMS devices. Although Si chips can integrate most of the circuits required for MEMS 

devices, in practice obtaining such integrated smart devices for all applications is prohibitively 

costly due low volumes. This difficulty can be overcome with the help of modularity. LTCC 

technology is most compatible with such modular sensor electronics. Further, LTCC is capable of 

handling optical, fluidic and electrical signals. LTCC technology has also been used in Microsystems 

applications. Indeed, micro valve actuators, flow sensors, pressure sensors and eddy current 

proximity sensors have been fabricated using LTCC structures [24].  

 Other important applications of LTCC technology is integration of Chip scale packages. The 

LTCC technology finds application in optoelectronic packaging as well. Optoelectronic packages 

with surface attachment of devices and required electrical re-distribution can be implemented in 

LTCC, as the technology facilitates metal brazing [25]. Another important area of LTCC applications 

is MEMS device packaging. LTCC is capable of handling optical, fluidic and electrical signals [26]. 

LTCC technology has also been used in fabrication of meso-scale electromechanical systems, such 

as, micro valve actuators [5], flow sensors [27], pressure sensors [28] and eddy current proximity 

sensors [29]. With a very wide range of applications, LTCC shows feasibility of integration of 

microelectronic circuits including passives, HF circuits as well as various microsystems packages.  

7. Embedded passive components in LTCC 

 The buried components that can presently be embedded in LTCC are resistors, capacitors 

and inductors. Materials solutions that allow buried resistors in LTCC are relatively well developed 

and available commercially [30, 31]. On the other hand, embedded capacitors and inductors in 

LTCC are possible only with some severe limitations. These limitations stems from the properties of 

the host LTCC material system and process limitations. For example, the limited range of values for 

buried capacitors and inductors are imposed by low permittivity and low permeability of the host 

LTCC material, respectively. This limitation can be overcome by using stand-alone material solution 

that allows integration with host LTCC material system. A brief overview of integrated passive 
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components in LTCC with surface mount and integral options are available [32]. Few research 

masterpieces have shown that stand-alone capacitor and inductor materials with improved 

properties can overcome the limitation discussed earlier and also allows integration with host LTCC 

dielectric materials [33, 34]. Few manufacturers, such as, DuPont, Ferro, Heraeus etc. have 

developed stand-alone capacitor and inductor tapes that can be integrated with their LTCC system. 

Thus, these developments have enabled system miniaturization and high levels of functionality, 

which are the main driving factors in electronic industry.  

Conclusions: 

 Multilayer LTCC package is considered to be a key technology for wireless communication 

and automotive application. LTCC allows high interconnect density, can integrate passive 

components, and handle large numbers of input-output (I/O) connections, thus satisfy the 

miniaturization, high performance and multifunctionality demands of electronics industry. The low 

firing temperatures enable use of conductors like low loss conductors like Ag, Au, and Ag/Pd, Au/Pt 

alloys. The flexible manufacturing process allows fabrication of chip scale packages and meso-scale 

packages and can integrate MEMS devices. The LTCC technology does, however, have some 

limitations, such as, high shrinkage, low thermal conductivity, relatively high cost etc. The special 

processing techniques, development of new compatible materials as well as integration of passive 

components will expand the use of LTCC in developing more complex and integrated applications in 

consumer medical, communication, space and military electronic systems.  
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CHAPTER 
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Abstract:  

 The Claisen-Schmidt reaction was used to make pyrazolyl thiazine derivatives from various 

chalcones [1(a-b)] produced from substituted acetophenones and various aromatic aldehydes in 

basic medium. When these chalcones [1(a-b)] are irradiated with microwaves (20 percent, 140 

watts) in a scientific microwave oven, they give different 2-phenyl-2, 5-dihydro-pyrazole-1-

carbothioic acid phenyl amide derivatives [4(a-g)], which are further MW assisted condensation 

with substituted acetophenones and different aromatic aldehydes to give pyrazolyl A library of such 

pyrazolyl thiazine derivatives was created, and the structures were tested using PASS to see if they 

were physiologically active. The library was subjected to a QSAR analysis in order to identify the 

most active molecules.  

Keywords: Pyrazolyl thiazine, Substituted acetophenone, Substituted aromatic aldehydes, 

Hydrazides, Substituted isothicynates, MW assisted condensation  

Introduction:  

 Thiazine is a six-membered heterocyclic ring with two hetero atoms (N and S) at positions 

1, 3 and 4, respectively. 1, 3 Thiazines are extremely valuable units in medical and pharmaceutical 

chemistry, with a wide range of biological activity documented1. Methylene blue is one of many 

dyes with a phenothiazine structure. Dyes, tranquillizers, and pesticides all contain thiazines. 

Thiazine is a diuretic supplement that lowers water retention and promotes vascularity, making it 

an anabolic agent in medicine2. The active core of cephalosporin, one of the most extensively used -

lactum antibiotics, is the 1, 3-thiazine nucleus. Thiazine has been shown to have antitubercular, 

antimicrobial, anti-HIV, and cannabinoid receptor agonist properties3. Sawant et al produced 1, 3-

thiazines and tested them for antibacterial activity, finding that molecules having a methoxy 

substituent were more effective4. The potential use of chlorpromazine derivatives of this 

phenothiazine as antimicrobials, as well as the ability to increase the activity of antibiotics to which 

bacteria are susceptible and reverse resistance in Staphylococcus aureus and 

Corynebacteriatopenicillin, strongly suggests that phenothiazine can be used to treat bacterial 

infections5.  

 Chalcones, on the other hand, undergo a variety of chemical reactions and are found to be 

useful in the synthesis of hetero cyclic compounds such as pyrimidine and thiazole derivatives, 

which are made by reacting chalcones with urea and thiourea in the presence of alkaline media in 

refluxing ethanol6. F. K. Mohammed et al. created a novel chromene base heterocyclic thiazine from 

2-amino-5-hydroxy-4-phenyl-7-methyl-4H[1-chromeno-3-carbonitrile] that had good biological 

activity7. Antitubercular, antibacterial, antimicrobial, anticancer, insecticidal, fungicidal, herbicidal, 

mailto:valmikkapase@gmail.com
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tranquillizers, and different dyes have all used N-C-S linkage derivatives of 1, 3 thiazines8-16. 

Furthermore, the core moieties of 1, 3-thiazine shows a lot of potential as anti-radiation agents. 1, 

3-thiazines are employed as reaction intermediates in a variety of organic syntheses and 

transformations8-16. Synthesizing 1, 3 thiazine derivatives seemed interesting in light of their 

biological actions.  

 However, only a few pyrazolyl thiazine derivatives, such as 2- [2- [3 -(2-amino – 4 - chloro- 

phenyl)- 4 - formyl – pyrazol – 1 - yl] – 6 - (4-chloro-phenyl)-6H-[1, 3] thiazin – 4 - yl] -N- phenyl-

acetamide, 2 -{6-(4-chloro-phenyl) – 2 - [4- formyl-3- (4-nitro-phenyl)-pyrazol-1-yl] - 6H -[1, 

3]thiazin-4-yl}- N- phenyl- acetamide, 2-[2-[3-(4- amino-phenyl) - 4 - formyl-pyrazol -1 -yl]-6-(4- 

chloro-phenyl)-6 H-[1, 3]thiazin-4-yl] - N - phenyl- acetamide, 2 - {6-(4-chloro-phenyl)-2-[4-formyl-

3- (2-hydroxy-phenyl)-pyrazol-1-yl]- 6H-[1, 3]thiazin- 4-yl}-N-phenyl-acetamide have been 

reported. 17 

PASS: 

 PASS is a software programme that predicts 565 probable biological activities of a 

substance (or collection of compounds) chosen by the user (s). 5-hydroxytryptamine antagonists, 

neuromuscular blocking medications, antibiotics, antidepressants, antiviral agents (AIDS), 

contraceptives, tumour necrosis factor antagonists, and a variety of other drugs are among these 

functions. Novel pharmacological compounds with anxiolytic, anti-inflammatory, antihypertensive, 

anticancer, and other properties have been found using PASS predictions. PASS can be used on 

chemical libraries with millions of chemicals.  

 Some functions, as indicated in equation, connect the biological activity of chemical 

substances to their physical qualities (1).  

Biological activity = f (physicochemical properties) (1) 

 As a result, "the biological activity spectrum" is defined as a compound's "intrinsic" 

property that is determined only by its structure and physicochemical properties. The PASS 

algorithm predicts this spectrum based on SAR analysis of a training set containing thousands of 

chemicals with a variety of biological functions. Biological activities are classified as "active" or 

"inactive" in PASS18-21 

Importance of PASS: 

 Because determining a drug's biological activity experimentally is a time-consuming and 

expensive approach, using PASS is often recommended. PASS can be used to locate chemicals that 

have the desired qualities while avoiding undesired side effects. It was used to pick the most 

promising compounds for specific screening from a pool of samples. For the purpose of determining 

more suitable screens for a specific substance. Because of its importance, PASS is being utilised in 

this study as a tool to create the medicine with the best possible activity.  

Materials and Method: 

 Melting points were determined using an open capillary tube melting point device and are 

uncorrected. On a Nicolet 400D spectrometer, IR spectra were recorded in KBr pellets, and 1H NMR 

spectra were recorded in CDCl3 with TMS as an internal standard on a Bruker spectrometer at 400 MHz. 

A Shimadzu GCMS-QP 1000 EX mass spectrometer was used to record mass spectra at 70 eV. TLC was 

used to assess the purity of the compounds on 2 mm thick silica-G plates using n-hexane and ethyl acetate 
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as the solvent system. In an iodine chamber, spot visualisation was performed. The computer programme 

PASS is used to forecast biological activity.  

 

Synthesis of (E)-3-(4-ethoxy-phenyl)-1-(4- methoxy-phenyl)-propenone [1-a]: 

 In a 100 mL RBF, 4-methoxyacetophenone 1. 50 g (0.01 M) and 4-ethoxybenzeldehyde 2. 82 

g (0.01 M) were combined in ethanol (25 mL). Microwaves were used to irradiate the reaction 

mixture at 20% microwave power (140 W) for 3 minutes after adding a 40% NaOH solution (3mL). 

To produce the product, the reaction mixture was cooled and neutralised with 2N HCl (2-3 mL). The 

separated product was filtered, washed with ethanol (5 mL), and recrystallized from ethanol to 

yield Yield 2. 56 g (86%) (see Figure 1) 

M. Formula: C18H18O3, M. Wt: 282, M. P. 1160C, Elemental analysis: C, 76. 61(76. 67%); H, 6. 

47(6. 49%); O, 17. 01(17. 05%). IR (KBr) ν max, 1040(C-O), 1209(O-CH3), 1410(CH=CH), 1515(C- C), 

1670(C=O), 3019(Ar-CH). H1NMR(CDCl3): 𝛿, 1. 42-1. 45 (3H, t, CH3), 3. 82 (3H, s, OCH3), 4. 09- 4. 

12(2H, q, OCH2), 8. 02-8. 04 (2H, d, =CH), 7. 45- 7. 47(1H, d, =CH), 6. 97-6. 99 (2H, d, =CH), 7. 79-7. 

81(1H, d, =CH), 7. 557. 57 (2H, d, =CH), 6. 81-6. 83 (2H, d, =CH) ppm.  13C NMR(chemical 

shifts): 14. 74(O-CH2-CH3), 55. 28(O-CH3), 64. 46(O-CH2- CH3), 163. 30(CH),  113. 71(2×=CH), 

130.167 (3×=CH),  188. 14(C=O), 121. 57(=CH), 144. 55 (=CH),  127. 51(>C=), 129. 

73(2×=CH),  144. 72 (2×=CH), 158. 30(>C=).  

Synthesis of (E)-3-(2, 4-dichloro-phenyl)-1-(4- hydroxy -phenyl)-propenone[1-b]: 

 Condensation of 4-methoxyacetophenone with 2, 4-dichlorobenzaldehyde yielded (E)-3 (2, 

4-dichlorophenyl)-1 – (4-hydroxyphenyl)- propenone [1-b]. 3 minutes of M. W irradiation yielded 
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2. 19 g (75%) of [1-b] (Table 1) Mol. Formula: C16H12Cl2O2Mol. Wt. 307. 18, M. P. 1550C, Elemental 

analysis: C, 62. 57(62. 59%); H, 3. 92(3. 94%); O, 10.143(10.146%). IR (KBr): ν max, 3019(Ar-CH), 

 1670(C=O), 1515(C-C),  1410 (CH=CH), 1040(-OCH3). H1NMR (CDCl3): 𝛿, 3. 82(3H, s, 

OCH3), 6. A97-6. 99(2H, d, =CH),  8. 02- 8. 04(2H, d, =CH), 7. 45-7. 47(1H, d, =CH), 7. 79-7. 81 

(1H, d, =CH), 7. 48-7. 50(1H, d, =CH), 7. 20-7. 22 (1H, d, =CH), 7. 37(1H, s, =CH) ppm. 13C NMR 

(chemical shifts): 55. 28 (OCH3), 163. 30 (CH),  113. 71 (2x=CH), 130.167 (3x=CH), 

189. 74 (C=O), 124. 63 (=CH), 145. 05(=CH), 133. 65(>C=), 129. 90(=CH), 127. 34(=CH),  132. 

85 (=CH),  128. 23 (=CH), 134. 30(>C=).  

Synthesis of 5-(4-ethoxy-phenyl)-3-(4-methoxy- phenyl)-2- phenyl-2, 5-dihydropyrazole-

1- carbothioic acid phenyl amide [4 -a]: 

 (E) – 3 – (4-ethoxyphenyl) – 1 – (4-methoxyphenyl)-propenone [1-a] (E) – 3 – (4-

ethoxyphenyl) – 1 – (4-methoxyphenyl)-propenone 2. 82 g (0.01 M), phenyl hydrazine 1. 08 g 

(0.01 M), and phenyl isothiocynate 1. 35 g (0.01 M) were placed in 100 mL RBF with 30 mL 

ethanol and microwaved for 5 minutes at 20% microwave power (140 W). The reaction mixture 

was cooled and put into ice to form a solid, which was filtered, washed with a little amount of 

methanol, and recrystallized from 50% ethanol to provide 4. 26 g (84%) of [4-a] (Table 1) 

M. Formula: C31H29N3O2S, M. Wt: 507. 66, M. P. 2150C, Element analysis: C, 73. 35(73. 39%); H, 5. 

76(5. 78%); N, 8. 28(8. 34%). IR (KBr): ν max 1020(C-N), 1040(C-O), 1160(OCH3), 1200(C=S), 

1230(N-N), 1609(C-C), 3018(Ar-CH), 3500(NH). H1NMR(CDCl3):𝛿1. 30-1. 32 (3H, t, CH3), 3. 86 

(3H, s, OCH3), 3. 99-4. 03 (2H, q, CH2), 5. 94-5. 95 1H, d, =CH), 5. 97-5. 99 (1H, d, CH), 6. 87-6. 97 

(8H, m, Ar-H), 7. 44-7. 72 (10H, m, Ar-H), 8. 65 (1H, d, NH) ppm. 13C NMR (chemical shifts): 13. 

81(O-CH2- CH3), 55. 12(O-CH3), 61. 10 (O-CH2-CH3), 62. 20 (CH), 112. 05, 128. 05, 136. 46, 

160.00(6 Aromatic C), 132. 51(=CH), 149. 20(=CH), 133. 56, 127. 04, 113. 91, 160.143(6 

Aromatic C), 138. 94, 125. 15, 128. 62, 126. 04 (6 Aromatic C), 125. 90, 128. 60, 121. 28, 137. 83 

(6 Aromatic C), 179. 95 (C=S) ppm. Other analogues of this series [4(b-g)] were prepared using 

the same experimental technique. Table 1 shows their physical constant data.  

Table 1: Physical constants of the compound [4(b-g) 

Comp.  R1 R2 R3 R4 R5 
Yield  

% 

M. P.  
0C 

M. Formula 

Elemental Analysis  

Found(Calcd)% 

C H N 

4-b OCH3 H OC2H5 H C6H5 75 201 C25H25N3O2S 
69. 58 

(69. 63) 

5. 84 

(5. 85) 

9. 74 

(9. 78) 

4-c OCH3 H OC2H5 C6H5 C3H5 78 210 C28H29N3O2S 
71. 31 

(71. 34) 

6. 20 

(6. 22) 

8. 91 

(8. 97) 

4-d OCH3 H OC2H5 H C3H5 84 205 C22H25N3O2S 
66. 81 

(66. 86) 

6. 37 

(6. 39) 

10.162 

(10.165) 

4-e OH Cl Cl C6H5 C6H5 79 235 C28H21Cl2N3OS 
64. 87 

(64. 90) 

4. 08 

(4. 10) 

8. 10 

(8. 14) 

4-f OH Cl Cl C6H5 C3H5 74 225 C25H21Cl2N3OS 
62. 24 

(62. 28) 

4. 39 

(4. 41) 

8. 71 

(8. 75) 

4-g OH Cl Cl H C6H5 85 213 C22H17Cl2N3OS 
59. 73 

(59. 77) 

3. 87 

(3. 89) 

9. 50 

(9. 56) 
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Table 2: physical data of the compound [7 (b-j)]: 

 
 

Synthesis of 4-(4-ethoxy-phenyl)-2-[5-(4-ethoxy- phenyl) – 3 - (4-methoxy-phenyl)-2-

phenyl- 2, 5- dihydro-pyrazol-1-yl] - 6-(4-methoxy-phenyl) – 3 – phenyl - 3, 4-dihydro-2H-[1, 

3] thiazine [7-a]: 

 A combination of 5 (4-ethoxy-phenyl) -3+ (4-methoxy- phenyl) 5-dihydro-2-phenyl-2-

pyrazole-2-phenyl-2-pyrazole-2-pyrazole-2-pyrazole-2-pyrazole-2 phenyl amide of -1-carbothioic 

acid[4-a] 4-methoxy acetophenone [5-a] 0.1507 g (0.001M) 4. ethoxy benzeldehyde [6-a] 0.1150g 

(0.001 M) 0.1150 g (0.001 M) was placed in RBF with 30 ml ethanol, and the reaction mixture was 

microwaved for 5 minutes at 20% microwave power (140 W). The reaction mixture was allowed to 

cool before being poured into ice. The solid was filtered, suitably dried, and recrystallized from 

ethanol to get 6. 65 g of [7-a] with an 86 percent yield. (Figure 1.) 

M. Formula: C49H47N3O4S, M. Wt. 774. 00, M. P. 245oC, Element analysis: C, 76. 01(76. 04%); H, 6. 

10(6. 12%); N, 5. 45(5. 48%). IR (KBr): νmax, 1025(C-N), 1060(C-O), 1165(O-CH3), 1235(N-N), 1595

 (C=C),  3018(Ar-CH).  H1 NMR(CDCl3- 200.113Mz) 𝛿ppm: 1. 37-1. 40(6H, t, CH3), 

3. 86(6H, s, OCH3), 3. 99-4. 03(4H, q, CH2),  4. 80- 4. 81(1H, d, CH),  4. 85-4. 86 (1H, d, CH), 5. 50 

(1H, s, CH),  5. 94-5. 95(1H, d, CH),  5. 97-5. 99(1H, d, CH), 6. 87-6. 97(8H, m, C6H4), 7. 15-7. 

30(8H, m, C6H4), 7. 44-7. 72(10H, m, C6H5). 13CNMR(chemical shifts) : 4. 68 

(2×CH3), 55. 42(2×OCH3), 58. 52(CH), 63. 58(2×CH2), 69. 87(CH), 70.190(CH), 113. 73(4×=CH), 

114. 81(4×=CH), 119. 36(2×=CH3), 126. 64(=CH), 127. 00(4×=CH), 127. 58(4×CH3), 

130.07(4×=CH), 130.164(4×=CH, 131. 34(2×=CH), 133. 89(=C<), 138. 64 (=CH), 139. 14(2×=CH), 

143. 85 (=CH), 149. 36(2×=CH), 160.189(2×=CH), 163. 21 (2×=CH). MS m/z (%): 774 [M+, 1%], 

282 (100), 225 (30), 165 (22), 135(51), 92(25), 77(28); 

Similarly, the other derivatives [7(b-j)] were synthesized. Their physical data is given in Table 2.  
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Result and discussion: 

 On condensation of 4-methoxyacetophenone with 4-ethoxybenzeldehyde, 3 - (4 - ethoxy-

phenyl) – 1 - (4-methoxy-phenyl)-propenone was discovered (1a-b). Elemental analysis and IR 

spectra of (1a-b) revealed an absorption band at 1595 (C=C) and signals at 7. 79-7. 81(1H, d, =CH), 

7. 55- 7. 57(2H, d, =CH) in 1HNMR, indicating that the reaction was completed and the intended 

product was formed. Absorption bands at 1107(C=S), 3230(NH), 1340(C-N) in IR spectra and 

signal at 8. 65(1H, s, NH) in 1H NMR of (4a-g) confirmed the structures given to 5-(4-ethoxy-

phenyl)-3-(4-methoxy-phenyl)-2-phenyl-2, 5-dihydro-pyrazole-1-carbothioic acid phenyl (4a-g). 

The structures of 4-(4-ethoxy-phenyl)-2- [5-(4-ethoxy-phenyl)-3 - (4-methoxy-phenyl) - 2- phenyl-

2, 5-dihydro-pyrazol-1-yl] have been ascribed. – 6-(4-methoxyphenyl)-3-phenyl-6-(4-

methoxyphenyl)-3-phenyl-6-(4-methoxyphenyl)-3-pheny [7(a-j)] -3, 4-dihydro - 2H- [1, 3]thiazine 

The elemental analyses and IR spectra, which showed absorption bands at 1025(C-N), 1595 (C=C), 

corroborated the findings. All derivatives' molecular weights were confirmed by looking at the 

molecular peaks in their mass spectra.  

QSAR Analysis of Activities With PASS: 

 PASS, a computer software, was used to investigate the association between structure and 

several biological functions. For the collection of biological activities, the structures of derivatives 

[7(a-j)] were subjected to software to find predictions of their probabilities of being active [Pa] and 

passive [Pi].  

For the series of compounds [7(a-j), ] the following three activities were predicted with high 

probability.  

1. Aspulvinone dimethyl allyl transferase inhibitor 

2. Gluconate2-dehydrogenase (acceptor) inhibitor 

3. CYP2D15substrate 

Aspulvinonedimethylallyltransferase inhibitor: 

 Dimethylallyl- diphosphate or aspulvinone-E Dimethyl allyl transferase is an enzyme that 

catalyses a process in the Aspergillus terreus organism.  

2dimethylallyl diphosphate + aspulvinone E <=> 2 diphosphate + aspulvinone H.  

 Because of its total resistance to amphotericin B, a critical treatment for fungal infections, 

Aspergillus terreus poses a hazard to both animal and human species.  

 The substance under investigation is most likely inhibiting the catalytic activity of the 

enzyme in question in the organism.  

Gluconate 2-dehydrogenase (acceptor) inhibitor: 

 A gluconate 2-dehydrogenase (acceptor) (EC 1. 1. 99. 3) is an enzyme found in organisms 

such as Gluconobacterfrateurii and Campylobacter jejuni that catalyses a chemical reaction.  

D-gluconate + acceptor  2-dehydro-D-gluconate + reduced acceptor 

C. jejuni is commonly associated with poultry, and it is found in the digestive tracts of a wide range 

of bird species.  

 The substance under investigation is most likely inhibiting the catalytic activity of the 

enzyme in question in the organism.  
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CYP2D15 substrate: 

 In dog liver drug metabolism, CYP2D15 catalyses only the O- demethylation of 

dextromethorphan. In dogs, the substances may act as a substrate for this protein. However, 

based on the projections, the derivatives in the series appear to be somewhat active for all three 

activities. The maximum Pa for aspulvinone dimethyl allyl transferase inhibitor and CYP2D15 

substrate activity is found in 7-a. As demonstrated in Table 3, 7-h has the highest Pa for 

Gluconate 2-dehydrogenase (acceptor) inhibitor action.  

 The comparisons of the three activities are shown in Figures 2, 3, and 4, respectively.  

Table 3: predictions of biological activities by pass 

 

Activity 

Comp.  

Aspulvinone dimethyl allyl 

transferase inhibitor 

Gluconate 

2-dehydrogenase 

(acceptor) inhibitor 

CYP2D15 

substrate 

 Pa Pa Pa 

7-a 0.1573 0.1533 0.1528 

7-b 0.1442 0.1480 0.1406 

7-c 0.1425 0.1615 0.1372 

7-d 0.1437 0.1617 0.1403 

7-e 0.1361 0.1536 0.1280 

7-f 0.1323 0.1454 0.1317 

7-g 0.1314 0.1562 0.1310 

7-h 0.0 0.1623 0.0 

7-i 0.0 0.1522 0.0 

7- j 0.0 0.1401 0.0 

 

 
Fig. 2: Comparison of apulvinone dimethylallyl transferase inhibitor activity of 

compounds 7-a TO 7-g 
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Fig. 3: Comparison of gluconate 2-dehydrogenase (acceptor) inhibitor activity of 

compounds 7-a to 7-g 

 
Fig. 4: Comparison of cyp2d15 substrate activity of compounds 7-a TO 7-g 
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Abstract:  

 Sphere-shaped particles of mesoporous silica SBA-16 with cubic Im3m formation were 

synthesized at lower pH using Pluronic F127 as template and Rice Husk Ash as silica source. The 

diameter of the sphere shaped particles can be controlled in the range of 0.15–8 μm by varying 

circular. It is suggested that this morphology transition is due to a change in hydrolysis and 

condensation rate of the silica source and as a result the assembly of F127 micelles will differ. The 

SBA-16 samples were characterized using powder X-ray diffraction (XRD), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM) and Nitrogen adsorption techniques.  

Keywords: SBA-16; circular particles; Synthesis temperature; RHA; Pluronic F127 

Introduction:  

 Sphere-shaped particles of mesoporous silica SBA-16 with cubic Im3m structure were 

synthesize at low pH using Pluronic F127 as template and RHA as silica source. The diameter of the 

spherical particles can be controlled in the range of 0.15–8 μm by varying. The synthesis of 

mesoporous resources by a liquid-crystal template method was reported (Beck et al., 1992, Kresge 

et al., 1992). The properties of these materials make them gorgeous for adsorption, catalysis, 

separation, chemical sensing, optical coating, drug delivery and electronic applications. For 

practical purposes, the overall morphology of a mesoporous material is a necessary requirement in 

combination with their internal structure. SBA-16 is a mesoporous material with 3D cubic pore 

arrangement corresponding to Im3m space group (Boissiere et al., 2001). In this body-centred-

cubic structure each mesoporous is connected with its eight nearest neighbours to form a 

multidirectional system of mesoporous network (Sakamoto et al., 2000), Due to its large cage, high 

surface area and high thermal stability. (Hudson et al., 2008), this material appears to be one of the 

best candidates for catalytic support and packing materials for separation. Using F127 as a 

surfactant is the common way of synthesizing SBA-16(Zhao et al., 1998, Van der Voort et al., 2002). 

However, there are also reports on alternative surfactants such as F108 (Kipkemboi et al., 2001), a 

blend of P123 and F127.  

 Micro porous sieves are widely used as solid acid catalysts, (Shaodian Shen et al., 2007)but 

their applications are intrinsically limited by drawback of zeolite is that the small size of the 

channels (less than 0.18 nm) and cavities (<1. 5 nm) imposes diffusion limitations on reactions that 

can cause high back pressure on flow systems. The size of the zeolite micro pores (< 2 nm), 

mesoporous (2-50nm) and macro pores (> 50 nm) permit faster migration of guest molecules in the 

host frameworks. Since fast mass transfer of the reactants and products to and from the active sites 

is required for catalysts (Kresge et al., 1992), the concept of infusing mesoporous into zeolite 
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particles has attracted much attention. Recent progress involving this issued to ordered 

mesoporous materials such as MCM-41, SBA-16 and SBA-15. These mesoporous materials have 

pore diameters of 3. 0 nm– 8. 0nm and exhibit catalytic properties for the catalytic conversion of 

bulky reactants, but unfortunately, when compared with micro porous zeolite (Kechtet al., 2008), 

the catalytic activity and hydrothermal stability are relatively low, which can be attributed to the 

amorphous nature of the mesoporous walls. To overcome this problem, some recent research 

efforts have been concentrated on introducing mesoporous or macro pores linked to the zeolite 

micro pores. These materials called Hierarchical zeolite materials with combinations of 

micro/meso/macro pores would further extend the application of zeolite as solid acid (Van der 

Voort et al., 2002).  

Material and Methods:  

 SBA composite with different concentration have been prepared under acidic conditions in 

the presence of triblockpluronicF127 by using RHA as silica resource 1. 6gm of F127was dissolved 

in 120gm of H2O, 5gm of conc. HCL and 7. 5gm of butanol under magnetic stirring 1h to obtain 

standardized solution at 450C to this solution 4. 5gm of RHA was added. The mixture was stirred for 

another 24 hours. Ultrasonic treatment is given at power 70 for 30 min Then the solution is taken 

Teflon coated autoclave and hydrothermal treatment is given to 800C for 24 hrs The synthesized 

material composite was filtered and dried in air. The sample is calcined at 1. 5oC/ min. at 5500C for 

6h (Carniato Fabio et al., 2012).  

Result and Discussion: 

XRD studies: 

As-synthesized forms of RHA-SBA-16 (60, 70, 80 and 90) demonstrate a typical pattern with 

a very strong (110) reflection at low angle 1. 140and other weaker reflection as shown in Fig. 1 A-

(70, 80). According to Beck et. al these reflection lines can be indexed based on a hexagonal unit cell 

parameter (a0= √2d110). In the XRD pattern of the calcined RHA-SBA-16(600C), only the (110) 

reflection is observed prominently. The presence of only (110) reflection in the calcined sample 

suggests that this material does not possess the well defined hexagonal arrays after calcinations.  

 In both the as-synthesized and calcined samples, the mainly good peak with (110) reflection 

is swung to higher d110 spacing values withrise in temperature of hydrothermal synthesis from 600C 

to 900C and after that it lowers (Fig. 1A) and (Fig. 1 B).  

The sample RHA-SBA-16(80) in its as-synthesized form it is a different XRD pattern as in 

Fig. 1-A. The upper angle peaks due to (110) and other reflections are possible to fuse jointly 

forming one large peak. This is due to the insecurity of the sample at thelarger temperature, 

required for the removal of surfactant molecules present between the silicate sheets.  

 % Crystallinity and activation energy:  

The percent crystallinity of the sample carried out at various synthesis temperatures in the 

crystallization kinetic can be found by the following relation.  

% crystallinity = sum of the peak heights of unknown material 

        ------------------------------------------------------------  X 100 

                  Sum of peaks of heights of standard material 

The quality peaks of RHA-SBA-16start appearing later than 750C and the totally crystalline 

phase is obtainapproximately 800C (with 2 1. 140, 2. 530, 3. 240 and 5. 200values). This atypical 
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shorter crystallization temperature may be due to more reactivity of the source of extracted silica 

can be taken from Rice Husk Ash. The generally crystalline sample in the synthesis system was 

treated as 100 % crystalline. It is also found that from the powder XRD profiles that obtained 

characteristic peaks intimately match with the reported data.  

Table 1 shows the values of inter planar spacing (d values) derived from X-ray diffraction 

pattern for RHA-SBA-16 (100 % crystalline) and was used as a parent sample for more study. The 

kinetic curve shows the increase in the crystallinity of the crystals with the synthesis temperature 

(before and after calcinations) is nearly "S" shape that depends on rate of conversion. This type of 

sigmoid nature of crystallization curve shows two distinct stages, namely an induction period and a 

crystal increase period. It is seen from the Fig. 1 (C) that up to 600C the rate of conversion of 

amorphous to crystallization of RHA-SBA-16 phase was primarily slow and then it improved 

sharply among 700C to 800C after thatsubsequent slow down. By the relevance of Arrhenius 

equation to the kinetics of crystallization of RHA-SBA-16, perceptible activation energy of 

conversion of aluminosilicate gel to 100% crystalline stage was found to be 106. 12kJ mole-1 in the 

present crystallization system.  

BET surface area of RHA-SBA-16 

 The sample synthesize at various temperatures has also been characterized by N2-

adsorption-desorption study. The isotherms obtained from N2-adsorption-desorption and 

equivalent BJH pore size distribution is shown in Fig. 2 (A, B). According to IUPAC classification, 

these isotherms of RHA-SBA-16 are of type IV, which is the characteristic of mesoporous material. 

The isotherms exhibit threestages. The first stage is a linear part approximately passes through the 

origin, which is due to monolayer adsorption of nitrogen on the walls of the mesoporous (p/p0 < 

0.12). The second stage is characterized by aabrupt increase in adsorption (within the relative 

pressure p/p0 range of 0.12-0.14) due to capillary condensation of N2 in the pore channels. This 

part indicates hysteresis.  

The p/p0value at which the variation starts is associated to the diameter of the mesoporous. 

The sharpness in this step indicates the consistency of the pore size distribution. The third stage in 

the adsorption isotherm is annearlyparallel part after the relative pressure p/p0of~0.135 and it is 

due to multilayer adsorption on the external surface of the particles. In addition, a hysteresis loop 

at relative pressure p/p0>0.18 corresponds to a capillary condensation in the inter particle pores.  

For Samples RHA-SBA-16 (60) and RHA-SBA-16 (80), a linear increase in adsorption at low 

pressures is observed followed by a sharp increase in nitrogen uptake [at a relative pressure of 

p/p0= 0.131-0.141 and 0.125-0.135 for RHA-SBA-16(60) and RHA-SBA-16(80), respectively due to 

capillary condensation inside the mesoporous Fig. 2 (A) for RHA-SBA-16(60, 70, 80). The broad 

hysteresis loop in the isotherm for RHA-SBA-16(60) reflects disorder in the shape and size of the 

mesoporous. This step of the isotherm is sharper for RHA-SBA-16(80) is shows a narrow pore size 

distribution. Thus, as the crystallization temperature rises from 600C to 800C, the step of the 

isotherm becomes sharper indicating narrower pore size distribution Fig. 2 (B) for RHA-SBA-16 

(60, 70, and 80) 

  The N2-adsorption-desorption isotherms and the pore size distribution of the Sample RHA-

SBA-16 (90) are found that the hysteresis loop is aextensive range of relative pressures, p/p0 

(0.128-1. 00). The shape of the hysteresis loop confirms the formation of a lamellar phase. The pore 
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size distribution becomes wider. Thus, the XRD resultscan be confirmed by N2-adsorption-

desorption data, which are related to those, reported for SBA-16. In pore size distribution curve, 

slim and sharp peak is found in the diameter range 20-25 Å showing uniform pore size. The 

isotherms of the RHA-SBA-16 samples show small hysteresis loop in the lesser pressure region. We 

noted that the surface areas of calcined RHA-SBA-16samples are relatively more than as 

synthesized RHA-SBA-16 and it is rising with the raise in crystallization temperature. The more 

surface area (788.6m2/g) is an indication of well narrow dispersion of pores.  

Table 1 shows a summary of all the parameters obtained by nitrogen sorption and powder 

XRD pattern. The unit cell parameter (a0) canbe calculated by the formula a0 = √2 d110.1The wall 

thickness can be calculated by subtracting the pore diameter obtained from N2-sorption from the 

unit cell parameter (a0). It is found from the tabulated data that spacing value of most intense peak 

at d110 is slightly raise and the pore diameter is decrease with raise in temperature of hydrothermal 

synthesis from 600C to 800C. It is due to increase in the wall thickness of the pores of RHA-SBA-16. 

The surface area is increased with the increase in synthesis temperature from 600C to 900C due to 

the progressive formation of ordered mesophase silica. Whereas, the surface area decreases with 

again increase in synthesis temperature due to silica pore shrinkage. This suggests that increasing 

the synthesis temperature can accelerate the silicate condensation on the silica wall, which 

subsequently thickens the silica framework.  

Thus, the above results indicate that in hydrothermal synthesis of RHA-SBA-16 molecular 

sieves, temperature plays aimportant role. An increase of the crystallization temperature from 600C 

to 800C increases the long-range order in the structure as well as the wall thickness of the RHA-

SBA-16 molecular sieves. However, with again increase in the temperature to 900C, the hexagonal 

phase changes to a lamellar one under the synthesis conditions.  

 FTIR studies: 

The FTIR spectrum of RHA-SBA-16 (60, 70, and 80) after calcinations is illustrated in Fig. 3. 

The broad band around 3450 cm-1 is due to surface silanols and adsorbed water molecules which 

indicate the silica structure is hydrophilic. For calcined RHA-SBA-16, the vanishing of peak at 

2879.2 cm-1 and 2842.3 cm-1 can be concluded that the calcinations at 5500C is complete. This 

shows that the organic template has been removed completely due to calcination. RHA-SBA-16 

tends to absorb water vapors in air since the surface of silica framework is water liking, the 

stretching mode of H2O is observed at 1585.6cm-1. Bands found at 1154.7 cm-1 and 1084.0 cm-1are 

characteristics peaks of asymmetric Si-O-Si stretching. Another characteristics peak is the 

symmetric Si-O-Si stretching observed at 795.6 cm-1. However, the peak at 2325.2 cm-1 is 

prominently found to be changed due to the result of synthesis temperature. The effect observed 

for RHA-SBA-16(80) is clear, which is also supported by the XRD analysis and sorption studies of 

the samples.  

SEM and TEM analysis: 

SEM images of RHA-SBA-16(60, 80) are depicted in Fig. 4 shows that the particles are 

spherical in shape with no agglomerations. Small spherical particles are of RHA-SBA-16(80) with 

diameters of 7.6 A0to 18.4A0.1. It is observed that the average diameter of the particles is slightly 

increased as the synthesis temperature is elevated from 600C to 900C after calcinations. However 
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when the synthesis temperature was around 800C, the prepared sample has signified a high-quality 

structural morphology.  

TEM analysis: 

Fig. 5 represents the TEM images of RHA-SBA-16 synthesized at 800C. TEM image of the 

parent RHA-SBA-16 samples provided strong confirmation of the mesoporous structure of the 

supports. The characteristic hexagonal silicate structures shown on TEM, supports the observation 

made by low angle XRD.  

Table 1: Effect of crystallization temperature on Structural and textural properties of RHA-

SBA-16 

As synthesized 

 Samples 

 

d110 

Unit cell 

parameter 

S. A.  

(m2/g) 

Average 

pore 

diameter(

Å) 

Pore 

volume 

(ml/g) 

Average 

wall 

thickness 

(Å) 

% 

Crystal-

lanity 

RHA-SBA-16(60) 20.11

4 

28. 98 217. 

21 

-- - -- 10 

RHA-SBA-16(70) 21. 

52 

30.196 326. 

43 

-- - -- 22 

RHA-SBA-16(80) 23. 

43 

33. 76 701. 

36 

25. 33 0.1417 8. 44 71 

RHA-SBA-16(90) 23. 

13 

33. 28 606. 

72 

24. 92 0.1487 8. 39 67 

For Calcined Samples 

RHA-SBA-16(60) 23. 44 33. 73 664. 

33 

25. 64 0.1493 8. 12 41 

RHA-SBA-16(70) 25. 56 36. 78 711. 

66 

27. 34 0.1524 9. 47 60 

RHA-SBA-16(80) 26. 94 38. 79 779. 

71 

29. 17 0.1568 9. 63 100 

RHA-SBA-16(90) 23. 68 34. 10 689. 

21 

25. 21 0.1501 8. 89 87 

 

(A)      (B) 

Fig. 1: XRD patterns of (A) as-synthesized and (B) calcined samples of RHA-SBA-16(600C to 

900C) for synthesis temperatures 600-900C 
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Fig. 1: (C) Effect of synthesis temperature on crystallization 

(A) (B) 

Fig. 2: (A) N2 adsorption-desorption isotherms and (B) pore size distribution of RHA-SBA-16 

(60, 70, 80) synthesized at 600-800C 

Maximum surface area was found for the sample with pH of 6. 9. It is also exposed from the 

data that as the pH value increases, surface area also increases but when it declines to more acidity 

or basicity it gets considerably reduced from with additional change in the average pore diameter 

and wall thickness. This is because at high pH, solubility of silica increases rapidly due to which a 

larger amount of silica is left in the solution at the end of the synthesis. As the pH increases up to 6. 

9 the nucleation rate becomes higher forming smaller particles and higher surface area as 

statistically expressed in table 1.  

 
Fig. 3: FTIR spectrum of RHA-SBA-16 (60, 70, 80) Synthesized at 60, 70 and 800C 
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FTIR are showed in Fig. 3. The broad band approximately at 3500.12 cm-1 shows 

hydrophilicity of silica framework. The appearance of peaks at 2932.1cm-1 and 2843.8 cm-1 for 

samples can be founded due to the effect of Sulphate ions of H2SO4 during precipitation. Whereas 

the peak at 2932.1 cm-1 is prominently found to be changed due to the effect of pH during synthesis.  

The effect was founded for RHA-SBA-16 (6.9) is significant, which is well supported by the 

XRD analysis and sorption studies of the samples. Rest of the peaks represents the usual stretching 

for functional groups involved in SBA-16.  

The morphology of the RHA-SBA-16 as a function of pH of gel was directly monitored by 

SEM as showninFig. 4.  

The SEM results indicate that the material surface starts to become rough and form nano-

scale particles above pH 6.9 the nano-scale particles increases with further increasing pH. SEM 

images of RHA-SBA-16 (6.9, 7.8) are shown in Fig. 4 represents that the resulting particles are 

almost spherical in shape having diameters ranging from 2.0 A0-14.0A0 without agglomerations.  

 

Fig. 4: SEM images of RHA-SBA-16(60, 80) synthesized at 60 and 800C 

 

It is observed that the average diameter of the particles is significantly altered as the pH is 

raised from 2.3 to 8.6. However when the pH of gel was around 6.9, the sample prepared shows a 

good structural morphology.  

 
Fig. 5: TEM images of RHA-SBA-16(80) synthesized at 800C 
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Fig. 5 shows the TEM images of RHA-SBA-16 synthesized at 800C and calcined at 5500C. 

TEM image of the parent RHA-SBA-16 samples provided sturdyconfirmation of the retainment of 

mesoporous structure. The characteristichexagonal silicate structures shown on TEM, supports the 

observation made by low angleXRD.  

Dielectric properties: 

 The sample used for dielectric properties as RHA-SBA-16 (5500C.). For preparing the pallets 

Polly vinyl alcohol (PVA) is used as binder Pallets 10mm diameter were made and mass of pallet 

were measured also the thickness of pallet were measured. To remove the binder from the sample 

the pallets were kept in furnace at 2000C for 2 hrs. The readings were taken on the reading 

impedance analyzer HIOKI model No. IM 3570  

 Fig. 6 shows the frequency variation of dielectric constant for the samples of RHA-SBA-16. It 

can be observed from the figure that the dielectric constant for the samples decreases with increase 

in frequency.  

 

Fig. 6: Dielectric constant and the frequency variation 

 

 
Fig. 7: Dielectric loss with the frequency variation 

 Fig. 7 shows the frequency variation of dielectric loss for the samples of RHA-SBA-16. It can 

be observed from the figure that the loss shows that the dissipation for the samples decreases with 

Increase in frequency.  
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Fig. 8: loss tangent with the frequency variation 

 

 Fig. 8 shows the frequency variation of loss tangent for the samples of RHA-SBA-16. It can 

be observed from the figure that the loss tangent for the samples decreases exponentially 

withIncrease in frequency.  

 

Fig. 9: ac conductivity with the frequency variation  

 

 Fig. 9 depicts the frequency variation with ac conductivity for the samples of RHA-SBA-16. It 

can be observed from the figure that ac conductivity ofthe samples decreases exponentially 

withIncrease in frequency.  

Conclusion: 

All the characterization techniques performed in this study reveals that fine ordered 

mesoporous material of uniform hexagonal array can be synthesized very conveniently and in a 

very short width of time from an agro waste rice husk ash instead of commercial expensive silica 

sources. The parametric variation such as change of synthesis temperature helps to optimize the 

synthesis conditions. The well ordered mesoporous material RHA-SBA-16 can be synthesized at 

800C for 4.5h keeping pH of gel 6.9 and calcined at 5500C. The apparent activation energy of 

conversion of synthesis gel to 100 % crystalline RHA-SBA-16 phase was 184.62kJ/molecalculated 

by Arrhenius equation. The different dielectric characteristics are analyzed for the sample RHA-

SBA-16.  
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Introduction: 

Thin film technology has revolutionized in the field of optics, electronics and magnetism, 

considering new and improved optics, electronics, magnetic devices, photovoltaic solar cell etc. The 

advantage of thin film devices are low material consumption and possible use of flexible substrates 

Recently considerable attention has been given to the preparation of thin metal chalcogenide films 

for solar cell applications by various techniques. Many binary and ternary semiconductors on a 

variety of substrates have been prepared by the spray pyrolysis technique. The thin film deposition 

can be broadly classified as physical and chemical methods. Physical methods consists vacuum 

evaporation and sputtering; the material to be deposited has been transferred to a gaseous state 

either by evaporation or an impact process and then deposited on the substrate. Under chemical 

methods, we have gas phase, chemical processes such as conventional chemical vapor deposition 

(CVD), Laser CVD, Photo CVD, Metal organic chemical vapor deposition (MOCVD) and plasma 

enhanced CVD. The Liquid phase chemical techniques include spray pyrolysis, electrodeposition, 

chemical bath deposition, successive ionic layer adsorption, anodization and liquid phase epitaxy 

etc. The broad classification of thin film deposition techniques is outlined in the Fig. 1. 1. The 

physical methods are plugged with certain drawbacks and difficulties. A careful and precise control 

of the bath temperature is an essential requirement for obtaining good stoichiometric films and to 

obtain the particular composition in alloy films. Chemical methods are relatively economical and 

easier ones as compared to physical methods. The chemical methods have some drawbacks and 

advantages over the other methods. However, there is no ideal method to prepare the compounds 

and alloys in thin film form which will satisfy all requirements.  

Spray pyrolysis is a simple and low-cost technique for the preparation of semiconductor 

thin films. The present chapter, therefore, focuses a theoretical aspect of the spray pyrolysis 

technique, followed by various characterization techniques used for studying the properties of thin 

film materials.  

Basics of spray pyrolysis technique 

Among chemical methods mentioned in the Fig. 1.1, solution spraying technique is most 

popular today because of its applicability to produce variety of conducting and semiconducting 

materials. The basic principle involved in spray pyrolysis technique is that, when droplets of spray 

solution reach to the hot substrate, owing to the pyrolytic decomposition of solution, well adherent 

pin–hole free, uniform film is deposited on to the substrates. The other volatile byproducts and 

excess solvent escape in the form of vapors. The thermal energy for decomposition and subsequent 
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recombination of the species and sintering, recrystallization of the crystallites is provided by the 

hot substrate. It is different for the different materials and solvents used in the spray process.  

 
Fig. 1: Broad classification of thin film deposition techniques 

 

Apart from its simplicity, spray pyrolysis technique has a number of advantages.  

1. Spray pyrolysis is a simple and low-cost technique for the preparation of semiconductor thin 

films.  

2.  It has capability to produce large area, high quality adherent films of uniform thickness.  
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3. Spray pyrolysis does not require high quality targets and /or substrates nor does it require 

vacuum at any stage, which is a great advantage if the technique is to be scaled up for industrial 

applications.  

4. The deposition rate and the thickness of the films can be easily controlled over a wide range by 

changing the spray parameters.  

5. A major advantage of this method is operating at moderate temperature (100–500 0C) and can 

produce films on less robust materials.  

6. It offers an extremely easy way to dope films with virtually any elements in any proportion, by 

merely, adding it in some form to the spray solution.  

7. By changing composition of the spray solution during the spray process, it can be used to make 

layered films and films having composition gradients throughout the thickness.  

Spray pyrolysis technique has been used to prepare the thin film on a variety of substrates 

like glass, ceramic or metallic. Many studies have been conducted over about three decades on SPT 

and the mechanism of thin film formation and influence of variables on the film formation process 

has been comprehensively reviewed in the literature. Due to the simplicity of the apparatus and 

good productivity of this technique on a large scale, it offered a most attractive way for the 

formation of thin films of metal oxide, metallic spinal by oxides, group I-VI, II-VI, III-VI, IV-VI, V-VI, 

VIIIVI, binary chalcogenides, group I-III-VI, II-II-VI, II-III-VI, II-VI-VI and V-II-VI ternary 

chalcogenides. Recently chemical SPT has also been successfully employed for the formation of 

superconducting oxide films.  

 Steps involved in spray pyrolysis process and growth of thin film 

Important parameters involved in spray pyrolysis techniques are precursor solution, 

evaporation, thermolysis, and atomization for studying the structural, morphological and 

crystallinity of thin films. These four process parameters are discussed in the following section.  

1. Precursors 

A precursor solution plays a vital role in the formation of thin film of various compounds. 

The true solutions, colloidal dispersions, emulsions and sols can be used as aerosol precursors. 

Aqueous solutions are usually used due to case of handling safety, low cost and availability of a 

wide range of water soluble metal salts. The solute must have a high solubility which increases in 

particle yield of the process. Increasingly, alcoholic and organic solutions have been studied due to 

the interest in the synthesis of organic materials from metal organic and undergo polymerization 

and for the synthesis of non-oxide ceramic solutions.  

2. Atomization 

A variety of atomization techniques have been used for solution aerosol formation, 

including pneumatic, ultrasonic and electrostatics. These atomizers differ in droplet size, rate of 

atomization and droplet velocity. The velocity of the droplet when it leaves the atomizer is 

important because, it can determine heating rate and residence time of the droplet during spray 

pyrolysis. The size of the droplets products with pneumatic or pressure nozzles decreases when the 

pressure difference across the nuclei is increased. For a specific atomizer the droplet characteristics 

depend on the solution density, viscosity and surface tension.  
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3. Evaporation  

In first stage of spray pyrolysis, evaporation of the solvent from the surface of the droplet, 

diffusion of the solvent vapor away from the droplet in the gas phase, change in droplet 

temperature and diffusion of solute towards the centre of the droplet have important role concerns 

with the stoichiometry of films. The factors controlling the particle growth and ultimately film 

formations of well adherent surface is due to  

1. Evaporation of liquid droplets  

2. Evaporation from solution droplets 

3. Temperature of liquid droplets 

4. Temperature of solution droplets 

5. Solute diffusion in a droplet 

6. Solute condensation.  

Various steps during pyrolysis of aerosols are shown in Fig. 1. 2 and summarized below: 

A. Aerosol of aqueous solution 

B. Solvent evaporation 

C. Precipitate formation 

D. Pyrolysis of the precipitate 

E. Nucleation and growth of thin film 

F. Formation of continuous thin layer on to the Substrate 

 
Fig. 2: Mechanism of thin film formation by spray pyrolysis decomposition 

 

Factors governing spray pyrolysis technique (SPT) 

Thin film formation by using SPT depends upon a various parameter. SPT consists of a 

thermally stimulated chemical reaction between clusters of liquid or vapor atoms of different 

chemical species. Every sprayed droplet reaching the surface of the hot substrate undergoes 

pyrolytic decomposition and forms a single crystallite or cluster of crystallites as a product on the 

substrate. The substrates provide thermal energy for the thermal decomposition and subsequent 

recombination of the constituent species, followed by sintering and crystallization of the clusters of 
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crystallites and thereby resulting in coherent film. The number of factors governing the film 

formation mechanism depends on,  

1. The automation of the spray solution into a spray of fine droplets which depends on the 

geometry of the spraying nozzle and pressure of a carrier gas.  

2. The properties of thin films depend upon the anion to cation ratio, spray rate, substrate 

temperature, ambient atmosphere, carrier gas, droplet size and also on the cooling rate after 

deposition.  

3. The film thickness depends on the distance between the nozzle and substrate, solution 

concentration, quantity and substrate temperature.  

4. The film formation depends upon the process of droplet landing, reaction and solvent 

evaporation which are related to droplet size and its moment.  

An ideal deposition condition is that when a droplet approaches the substrate just as the 

solvent is completely removed. Lampkin showed that depending on droplet velocity and flow 

direction, a droplet would be either flattens, skip along the surface.  

 
Fig. 3: Schematic diagram of spray pyrolysis showing its various parts 

The schematic diagram of the spray pyrolysis technique is shown in Fig. 1. 3. It mainly 

consists of spray nozzle, rotor for spray nozzle, liquid level monitor, hot plate, gas regulator valve 

and air tight fiber chamber.  

a)  Spray nozzle 

It is made up of glass and consists of the solution tube surrounded by the glass bulb. With 

the application of pressure to the carrier gas, the vacuum is created at the tip of nozzle and solution 

is automatically sucked in the solution tube and the spray starts.  

b)  Rotor for spray nozzle  

Stepper motor-based microprocessor controller is used to control the linear simple 

harmonic motion of the spray nozzle over the required length of the hot plate.  

c)  Liquid level monitor 

The spray rate at a fixed air pressure depends upon the height of the solution measured 

with respect to the tip of the nozzle. The arrangement for the change in height of the solution forms 

the liquid level monitor.  
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d)  Hot plate 

The iron disc, with diameter 16 cm and thickness 0.17 cm to which 2000 Watt heating coil is 

fixed is used as a hot plate. Maximum temperature of 500 ±50C can be obtained with this 

arrangement. The chromel-alumel thermocouple is used to measure the temperature of the 

substrates and is fixed at the center of the front side of the iron plate. The temperature of the hot 

plate is monitored with the help of temperature controller (Aplab made Model No. 9601).  

e)  Gas regulator valve  

The gas regulator valve is used to control the pressure of the carrier gas flowing through the 

gas tube of the spray nozzle. A glass tube of length 25 cm and of diameter 1. 5 cm is converted into 

gas flow meter. Since air pressure depends upon the size of the air flow meter, the air flow meter 

should be calibrated from nozzle to nozzle.  

f)  Air tight fiber chamber 

Since the number of toxic gases is evolved during the thermal decomposition of sprayed 

solution, it is necessary to fix the spraying system inside with air tight fiber chamber. An air tight 

fiber chamber of the size (8 feet 3) was fabricated. The fiber avoids the corrosion of the chamber. 

The outlet of chamber is fitted to exhaust fan to remove the gases evolved during thermal 

decomposition.  
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In the recent years spray method has emerged as the most popular technique as compared 

with the other chemical methods. In the present work there is try to deposit various materials and 

their composite thin films using spray pyrolysistechnique [1-5]. Chamberlin and Skarman first 

invented this method for obtaining large area thin films. This technique consists of spraying a 

precursor solution onhot substrate.  

Set up of spray pyrolysis unit, which consists of 1] spray gun, 2] rotor for spray gun,  

3] compressor, 4] heater with temperature controller, 5] airtight chamber.  

1] Spray Gun: Varieties of spray guns are available in market. For technical investigation glass 

spray gun waschosen, because, generally any type of chemical reaction doesn’t happen with glass. 

It consists of solution tube, spray nozzle & carrier gas tube. Solution tube contains solution with a 

small narrow tube inside it, having one end dipped in a solution and other end is opened at nozzle 

spray. At the tip of nozzle vacuum is created when pressure is applied through carrier gastube. 

Therefore, solution automatically sucked by the inner narrow glass tubeand spray is formed at 

spray nozzle tip.  

2] Rotor for Spray Gun: An electric car wiper (12 V, 2A) was used to control the linear simple 

harmonic motion spray gun over the required length of substrates. An external regulated power 

supply was connected to the inputs of electric motor of car wiper, the speed of motor was made 

such that spray gun completes two rotations per minute.  

3]Compressor: A compressor collects air in an air chamber, which acts as carriergas. This 

compressed air goes through the tube called as carrier gas tube. At the end of chamber pressure 

meter is attached to determine the pressure of collectedair in the chamber. Air flow meter is also 

attached in between the chamber and tip ofspray gun where carrier gas tube connects the spray 

gun. It contains glass tube has a rider inside it. The rider indicates any change in pressure by 

changing its position. A mechanical valve controls the air pressure at the compressor and variation 

inpressure is indicated by gas flow meter.  

4] Substrate Heater with TemperatureController: The porcelain base of electrical stove with 

2000-Watt coil was fixed in afireclay. Square shaped stainless steel plate having area (11×11 cm) 

with a 0.175cm thickness has been usedhot plateto support the substrate. The Cromel-Alumel 

thermocouple surrounded by a quartz glass tube open at one endand closed at the other end is 

fixed at the upper surface of stainless-steel plate near the substrate to determine substrate 

temperature (Ts). The Aplab temperature controller (model-9601) wass used to control the 

temperature of substrate. Microslide glass has been utilized as a substrate. This substrate was 

kept at the center of theplate.  

5] Air Tight Chamber: As the numbers of volatile toxic gases are produced during the heated 

decomposition of spray solution, it is necessary to fabricate the spraying system inside an airtight 
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chamber with an outlet pipe attached to this chamber. An exhaust fanwas also attached to this 

chamber, so that all toxic gases produced during thermal evaporation can be exhausted 

throughout let pipe from the chamber.  

Mechanism of film formation: The diagram of spray technique and deposition of films by this 

technique was described in details. In pyrolysis method deposition of films based on thermally 

stimulated chemical reaction between vapour or liquid atoms of various chemical species. The 

nozzle divides solution in small droplets at the tip of spray nozzle, known as 'aerosols'. Due to 

presence of high-pressure of carrier gas at the tip of nozzle, these droplets appear in the form of 

spray. This spray is permitted to fall on preheated glass substrate. After pyrolytic decomposition 

of droplets and there is formation of thin films takes place. The optimization of process parameters 

decides desired properties of these thin films.  

Different stages during spraying of aerosols andsummarized as follows.  

Step A: Conversion of precursor solution into aerosols by spraynozzle.  

Step B: Evaporation of precursor solution.  

Step C: conversion of sprayed solution into vapor leads in participation formation as droplets 

reaches the substrate.  

Step D: Pyrolysis of precipitate occurs before sprayed solution approaches the substrates.  

Step E: Nucleation and growth of films on surface of substrate takes place after the solution 

approaches the substrate.  

Step F: Finally, growth of nuclei leads to the production of uniform continuous thin films.  

Spray Pyrolysis: Following process parameters affects the thin films this method.  

i) Substrate Temperature and Nature of Substrate: Most important process parameter that 

controls structural, morphological, electrical & optical characterization of the films is the 

substrate temperature. It decides the state of oxidation of thin films.  

 Films deposited at lower substrate temperature shows amorphous nature, while these 

grown at higher substrate temperature results in polycrystalline nature. If the substrate 

temperature increases, grain size also increases. There are variety of substrates used for coating 

such as polymers, metal foil and glasses. In view of smoothness, most common substrate for 

transparent oxide coatings is various types of glasses. However, most of the glasses provide a 

virtually inexhaustible supply of ions, which can diffusing into transparent conducting oxides and 

dope them unintentionally is primarily related with substrate temperature in the formation of the 

film deposition. Hence decomposition temperature should not be very high.  

ii) Spray solution Composition: Spray pyrolysis method requires a soluble compound which after 

spraying with propercomposition of ions and volume, onto heated substrate can decompose to 

form thin films having proper stoichiometriy. Numerous compounds are available, out of them 

suitable compounds that satisfies the following necessary conditions.  

1) Decomposition reaction provides in the formation of required coating would be 

thermodynamically favorable, hence residue of reactant may not left behind deposited material.  

2) The products of the decomposition reaction other than desired one should bevolatile, so they 

may easily sweep out and 

3)Decomposition temperature should not be very high. Considering above necessary conditions 

acetate route is preferable over all the other routs such as nitrate, halides etc. Addition of methanol 

controls thin film uniformility. Also, methanol was used to produce very small droplets, because it is 

necessary that surface tension should be low and high vapor pressure. The pinhole free, uniform, 
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and nonstiochometry of thin films is governed due to dilution of aqueous solution bymethanol, 

which acts as reducing agent.  

iii) Air Flow Rate (AFR): The velocity distribution and size of are ocells was affected by the air flow 

rate. More significantly, it’s effect on spray rate, lateral wind, force of impinging droplets & 

turbulence onto the substrate. Films deposited at lower air flow rate show no uniform and foggy 

nature, while that at higher air flow rate, films show unexpected transmission and high resistivity. 

Hence air flow rate would have optimized to get better films.  

iv) Spray nozzle to substrate distance: As the velocity sprayed aerocells which heats the glass 

substrate (hot) depends on covered distance and journey time. Very large journey timegives 

evaporation of droplets before reaching at the substrate gives poor growth of thin films where as 

small mean free path time results in high resistive and non complete oxidation of thin films. 

Therefore it is necessary to optimize nozzle distance for good thin film quality.  

v) Spray Nozzle Diameter: Size of aero dropletets has an important part for the deposition of 

substrate adherent and uniform thin films, which is covered by noozle of spray gun diameter. Hence 

to get adherent and uniform thin films it is necessary to optimize spray nozzle diameter.  

vi) Spray deposition unit geometry: this decides the informalityof thin films grown over large area. 

Spray stream decided by the geometry of the unit of spray system. When an angle of inclination of 

sprayed path is perpendicular to the substrate, which gives a good qualitative conducting thin films 

when compared with inclined spray path to surface of substrate.  

vii) Volume of Spray solution: The electrical conductivity, thickness and optical transmittance are 

interrelated with these properties.  

As the dependence of thickness of sprayed precursor solution, large quantity of precursor 

solution (sprayed) when sprayed onto heated substrate results in the production of thickfilms. 

Therefore, to enhance nanometer size thin films, optimization of sprayed solution. From the 

different chemical techniques, pyrolysis method is awell-knownmethodfor depositingthefilms. An 

improvement in spray pyrolysis method is known as nebulized pyrolysis of generated spray using 

ultrasonic atomizer. The technique is mainly utilized to grow different oxide films. This technique 

have great deal of attention because of its overriding advantages over the other conventional 

methods [6-9]. Understanding of the chemistry and physics of the different process contained in a 

deposition process has made now possible to obtain undoped/doped, multicomponent 

semiconductor films of usual/unusual and metastable structures. It has become nowvery easy to 

distinguish the method from other conventional techniques as follows.  

 1)This method doesn’t sophisticated necessities of instrumentation.  

2) It has suitable to deposit large area depositions and substrate surfaces of both accessible and 

non-accessible nature.  

3) The ultimate contact between the substrate material and reacting species allowes for dense 

without pinhole and uniform growth of thin films on substrate having mixed sizes and shapes.  

4) Stoichiometry of the deposits may be easily maintained since the basic building blocks are ions 

instead of atoms.  

5) Mixed and doped film structures could be obtained by merely adding the mixture of dopant 

solution directly into the precursor solution.  

6) The phenomenon of production of the film improves greater orientation of material crystallites 

having improved grain structure. It is evident from discussion of various techniques, that no 
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single method is suitable for the preparation of the sprayed thin films in addition to all the 

desired properties [10-17].  

Hence choice of a deposition process has in great part and while selecting a particular 

deposition process it should be tested satisfactorily for the following aspects.  

1. It should be able to deposit a desired material [metal, alloy, oxide, etc].  

2. Stoichiometry should be maintained as that of the starting materials.  

3. Control on film microstructure and deposition rate.  

4. Control on film substrate interface and defects created in the film.  

5. Masking of the substrates.  

6. Operation at particular temperature.  

7. Adhesion at particular temperature.  

8. Abundance of deposition materials.  

9. Cost effectiveness and 

10. Scaling up of the process.  
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1. 1 Introduction to ferrites: 

The research interest in the ferrites is continuously growing since applications of their nano 

counterparts touching the new horizons including magnetic drug delivery, contrast agents for 

magnetic resonance imaging, magnetic refrigeration, magnetic material for hypothermia treatment 

of cancer cells, etc [1-4]. Besides these there are many applications in which the ferrites were used 

as there is no better choice of a material that can replace it. These applications include magnetic 

tape recording, Thin Films, secondary storage media of computers, switch mode power supplies 

(SMPS), cores of high frequency electromagnets, etc [5-8]. The nanocrystalline ferrites are emerged 

as the biosensors and gas sensing materials [9, 10]. The wide range of applications of the ferrites is 

due to their interesting properties that most prominently include high permeability and modest 

dielectric constant at low eddy current losses [11]. The magnetic ceramic materials having Fe3+ as 

the major constituent are known as ferrites which are categorized in to three categories as spinel 

ferrites, hexa-ferrites and garnets. The spinel ferrites are so called due to their structure that is 

similar to the natural mineral spinel, MgAl2O4 from which Mg2+ is replaced by a divalent metal ion 

M2+ and the two Al3+ ions are replaced by the Fe3+ ions. Thus the spinel ferrite represented by the 

chemical formula MFe2O4, where M is any divalent metal atom such as Fe, Mg, Mn, Co, Ni, etc. The 

structure of spinel ferrite is close packed FCC in which the metal cations are distributed along two 

crystallographic sites named as tetrahedral and octahedral sites and represented as (A) and [B] 

sites respectively. The wide variety of spinel ferrites are synthesized and analysed according to 

their application potential. The most intensively studied spinel ferrites include NiFe2O4, CoFe2O4, 

MnFe2O4, MgFe2O4, CuFe2O4, LiFe2O4, ZnFe2O4, etc. Nickel ferrite, NiFe2O4, is a soft ferrite material 

with low coercivity and moderate saturation magnetization with numerous applications including 

inductors, high frequency low loss materials, electromagnetic wave absorbers, gas sensors and drug 

delivery [12-14]. Manganese ferrite, MnFe2O4, is a high permeability material having applications in 

microwave devices and as a core of an electromagnets and transformers working at high frequency 

[15, 16]. Copper ferrite, CuFe2O4 has applications as gas sensor, energy storage and catalyst [17]. 

Lithium ferrite, LiFe2O4 possesses high Curie temperature and electrical resistivity, making it 

suitable for sensing and microwave applications [18]. The barium ferrite, BaFe12O19 possesses 

hexagonal close packed structure and therefore, commonly known as the hexa-ferrite that has 

applications in microwave and shielding devices [19, 20]. Garnets, Ln3Fe5O12 (where, Ln = Y, Dy, Er, 

Tb, etc) possess body centred cubic structure having applications in optical communications and 

microwave absorber devices [21].  
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1. 2 Nanocrystalline Ferrites 

The properties of the spinel ferrites are sensitive to the method of synthesis, distribution of 

cations at (A) and [B] sites, the type and molar concentration of the substituent, temperature and 

time of sintering [22]. The traditional method of synthesis used for the synthesis is the standard 

ceramic method [23] which requires mixing and grinding of the oxides and /or carbonates of the 

constituent elements followed by the sintering. The grinding of few hours and the sintering of 10 to 

12 Hrs gives rise to the ferrite samples with coarse particle size and sometimes there is a possibility 

of obtaining the ferrite with unwanted stoichiometry that cannot be reproduced [24]. The chemical 

methods developed to overcome the drawbacks of the standard ceramic method involve wet 

chemical co-precipitation [25], citrate precursor [26], micelle and reverse micelle methods [27], 

Pechiney method [28], hydrothermal method [29], sol-gel method [30], etc. The advantage of the 

chemical methods is the production of the ferrites having nano dimensions. The ferrite nano 

particles (NPs) are proved as the better and the most promising candidate as compared to their 

bulk counterparts. The remarkable improvement in the properties and applications of the ferrite is 

obtained when it is prepared as the NPs. The divalent metal ions change their occupancy from (A) 

site to [B] site when the ferrites were prepared as NPs [31]. Accordingly the modification in the 

structural and magnetic properties of the ferrites is observed. The ferrite NPs has big application 

potential as the materials suitable for high frequency devices with low eddy current losses [32], 

catalysts and biomedicines [33], high-frequency switching applications and microelectronic devices 

[34], stress and torque sensors [35], humidity and gas sensors [36]. A recent study on 

photocatalytic activity of cobalt ferrite NPs and their composites has revealed the application of the 

ferrite in the water purification systems [37]. The Bi substituted NPs of Co ferrites were found to be 

suitable for high frequency and magnetic recording devices due to the enhancement in magnetic 

and electrical properties by gamma irradiations [38]. The agglomerated NPs of Co-Zn ferrites were 

successfully used as the MRI temperature sensors by J. H. Hankiewicz et al [39]. A study of electrical 

properties of polycrystalline Ru doped Li-Cu ferrite NPs under varying humidity conditions has 

pointed towards their possible use as the humidity sensors [40]. The NPs of Co, Ni, Cu and Zn 

ferrites were proved to be the best catalysts for Biginelli reaction, a multi component chemical 

reaction used for synthesis of the organic compounds [41]. The single domain NPs of Ni substituted 

Co ferrites exhibit superparamagnetic behaviour and possesses low loss at high frequencies; thus 

proved as a promising candidate for the power transformers [42]. The nanocrystalline Cr 

substituted Ni ferrites has shown good microwave absorbing property and can be utilized in the 

microwave absorbing applications [43]. The Mg-Ni ferrites NPs with high surface area were 

successfully utilized for the photocatalytic degradation of methylene blue dye; wherein the highest 

degradation efficiency was achieved for the smallest NP, showing the impact of fine particle size on 

the property and application of the ferrites [44]. The study of gas sensing properties of Zn ferrites 

shows that the NPs of the ferrites give high response value and good recovery time as compared to 

their bulk counterparts [45]. Due to nanocrystillinity of the Gd substituted Mg-Mn ferrites, the high 

value of DC resistivity (108 Ohm. cm) with low dielectric tangent loss was reported; showing the 

applicability of the material in high frequency devices [46]. The specific capacitance of 366 Fg-1was 

reported for the thin films of CoFe2O4 NPs showing the possible use of the ferrite in supercapacitor 

related applications [47]. A glucose biosensor was constructed by using NiFe2O4 nanoparticles and 
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chitosan; a good performance was reported with fast response time [48]. A giant dielectric constant 

(~106) was reported for Ni-Zn ferrite NPs due to diffuse phase transition at temperature 305 K 

[49]. The magnetocaloric effect (MCE) and inverse MCE is reported in the literature for 

nanocrystalline ferrites. The Ni ferrite NPs exhibit MCE comparable to perovskite, where reported 

entropy (│∆Sm│max) is 0.198 J/Kg. K [50]. The negative value of entropy was reported for Co ferrite 

NPs; thus inverse MCE is possessed by the ferrite [51].  

Sol gel method is the most effective and generally used for the production of ferrite NPs 

because the sol-gel auto combustion method is the most economical and low time consuming 

method that requires less sintering (temperature and time) as compared to the other chemical 

methods [52]. The sol-gel auto combustion method can be successfully used for synthesis of 

nanocrystalline ferrites [53-55]. The particle size, crystillinity, agglomeration, concentration of 

defects in the ferrites were controlled by the using the proper chelating agent, type and 

composition of the dopant and stoichiometric oxygen balance during the sol gel synthesis [54]. 

When citric acid is used as a chelating agent, the controlled porous structures in the ferrites with 

single spinel phase were produced [52].  

1. 3 Cobalt Ferrite 

The cobalt ferrite (CoFe2O4) is the most important ferrimagnetic material with large cubic 

magnetocrystalline anisotropy, high coercivity, moderate saturation magnetization and high 

electrical resistivity [56]. The technological importance of this ferrite is due to its applications in 

the secondary storage media of computers, microwave devices, gas and humidity sensors, 

magnetostrictive sensors and catalysis [57, 58]. The medical applications include magnetic 

hypothermia, MRI contrast agent, magnetic drug delivery and biosensors [59, 60]. Cobalt ferrite 

possesses the characteristic cubic anisotropy which is magnetocrystalline by nature owing to the 

finite non-zero magnetic (orbital) moment of Co2+ ions. Due to the characteristic high anisotropy 

and saturation magnetization, cobalt ferrite is used for biomedical applications [61]. The 

superparamagnetic nature along with less toxicity makes it a suitable candidate for the biosensor 

applications [62]. The characteristic high coercivity and large magnetic loss makes it a suitable 

material for electrodes used in electrochemical reactions [60]. The cobalt ferrite nano particle of 

size around 5 to 8 nm has shown the magneto caloric effect in the vicinity of the blocking 

temperature [63]. The MCE at relatively high temperature with requirement of low magnetic field 

was shown by the CoFe2O4 nanoparticles of size 4.5 nm [64].  

Cobalt ferrite is a typical spinel ferrite with a characteristic face centred cubic (FCC) 

structure wherein the cations (Co2+ and Fe3+) are distributed at the two crystallographic sites viz. 

tetrahedral A-site and octahedral B-site. With all Co2+ and a fraction of Fe3+ at B-site and remaining 

Fe3+ at A-site, the cobalt ferrite is said to possess the inverse spinel structure. In terms of the 

cationic distribution, the cobalt ferrite, CoFe2O4 is generally represented as, (CoδFe1-δ) [Co1-δFe1+δ] 

O4, where δ is known as degree of inversion which depends upon the synthesis parameters and the 

dopants or substitutions [65]. The properties of cobalt ferrite can be modified by the substitution of 

di, tri and tetravalent metal cations. The substitution of divalent Ni2+ ions has enhanced the 

magnetic parameters like saturation magnetization (Ms), retentivity (Mr) and coercivity (Hc) of the 

cobalt ferrite [66]. The reports shows that substituted Cu2+ ions occupies both tetrahedral and 

octahedral sites of the cobalt ferrites and influences the structural as well as magnetic properties of 
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the ferrite making it a suitable material for different applications in microwave devices and 

biomedicines [67]. The substitution of tetravalent Zr4+ in Co ferrites modified the structural and 

optical properties of the ferrites [68]. The substitution of Zn2+-Zr4+ ions has modified the structural 

and electrical parameters like particle size, dc resistivity, Curie temperature, dielectric constant and 

dielectric loss [69]. The increase in electrical resistivity, activation energy and A-B interaction was 

reported for combined Mg-Zr substitution in the cobalt ferrite [70]. The substitution of Mn3+ by 

replacing Fe3+ ions from CoFe2O4 has lowered the Curie temperature but maintained the 

magnetostriction property so that the ferrite can be used in stress sensing applications [71]. The 

substitution of diamagnetic Al3+ cations in place of Fe3+ has reduced the magnetic interactions 

thereby lowering the saturation magnetization of the ferrite [72]. The tetravalent Ti4+ ions occupy 

the octahedral B-site and enhance the electrical resistivity but reduce the Curie temperature and 

magnetic anisotropy [73]. The cubic anisotropy of cobalt ferrite is reduced due to Ga3+ substitution 

wherein Ga3+ ions occupy the tetrahedral A-site and increases the saturation magnetization at low 

temperatures [74]. Recent studies [75] show that the Cu2+ substituted cobalt ferrite exhibits the 

antimicrobial activity that is increasing with the increasing Cu2+ composition in the ferrite. The 

catalytic activity for degradation of hazardous dye was reported recently for Bi3+ substituted cobalt 

ferrite wherein Bi3+ prefers octahedral B-site [76]. The recent study on magnetic properties of Al3+ 

substituted Co-ferrites indicates that the ferrite exhibits paramagnetic property for 30% and more 

molar substitution of Al3+ ions replacing Fe3+ ions [77].  

1. 4 Co-Zn Ferrites 

The literature study on the substituted cobalt ferrites shows the enhancement in the 

structural, magnetic, and electrical parameters of the ferrite. Amongst the substituted cobalt 

ferrites, the Zn substituted ferrites are of specific interest due to, the controlled variation of the 

magnetic parameters, specially the saturation magnetization (Ms). It has been reported that the 

saturation magnetization of the cobalt ferrite enhances by more than 60% due to 20% substitution 

of Zn2+ions replacing Co2+ ions [78]. The substituted Zn2+ ions prefer to remain at tetrahedral A-site 

and thus remove the antiferromagnetic coupling between Fe ions at A-site and B-site. However for 

Zn substitution more than 20% [78] and in some cases more than 50% [79] of the total divalent 

cations, the interaction among Fe ions at A-site and B-site weakens and consequently saturation 

magnetization lowers. Thus substitution of Zn2+ in the cobalt ferrite is the way to obtain the tailor 

made ferrites with required saturation magnetization. The literature survey reports the work 

related to the structural, magnetic and electrical properties of the Co-Zn ferrites. A study on 

magnetic and magnetoelastic properties of Co-Zn ferrites reports that the saturation magnetization 

initially increases up to 20% of Zn substitution and then decreases for further increase in Zn 

substitution [80]. The high value of DC resistivity of 108Ω. m was reported for Co-Zn ferrite with 

sufficient low dielectric loss; pointing the application of the ferrite in microwave devices [81]. The 

structural analysis of Co-Zn ferrite shows that it is a mixed spinel structure, wherein Co2+ preferably 

occupies B-site, Zn2+ prefers A-site whereas Fe3+ occupies both the sites [78]. Reports shows that 

the occupancy of Zn2+ depends upon its molar composition in cobalt ferrite i. e Zn2+ occupies A-site 

if its content is up to 50% of the total divalent ions and for >50% it occupies B-site also [29]. The 

dielectric behaviour study of Co-Zn ferrites shows some interesting results wherein high value of 

dielectric constant with more relaxation time reveals the application potential in Co-Zn ferrite as 



Thin Film Technology and it’s Novelties in Material Science 

(ISBN: 978-93-91768-93-5) 

171 
 
  

the efficient dielectric material [82]. The mixed spinel structure of Co-Zn ferrites with Co2+ 

occupying both A and B-sites are reported by S. Nasrin et. al. [83], where the fraction of Co2+, Zn2+ 

and Fe3+ cations at A and B-sites depends upon the sintering temperature during synthesis. Similar 

type of cation distribution for Co-Zn ferrite was reported by different workers [84] in which the 

sample annealed at 200°C exhibits superparamagnetic behaviour. The ferromagnetic to 

superparamagetic transformation in the Co-Zn ferrites with increasing Zn content is reported in the 

literature [85].  

1. 5. Rare Earth substituted Ferrites 

The rare earths (RE) are the elements in the periodic table belonging to a family recognised 

as lanthanides, the elements with atomic number 57 (La) to 71 (Lu). The special characteristic of 

these elements is the electrons in their 4f shell, the number of which increase gradually with the 

increasing atomic number (Table 1). The electric and magnetic properties of these elements depend 

upon the number of electrons in the 4f shells. The RE mostly has 3 electrons the valence shell that is 

the another characteristic of the group of elements. The paramagnetic behaviour is exhibited by 

most of the RE at room temperature. However the magnetism in RE is found to be temperature 

dependent. For example Gadolinium (Gd) behaves as a ferromagnetic below 289 K and Samarium 

(Sm) behaves as antiferromagnetic at 10 K. Dysprosium (Dy) and Holmium (Ho) shows the 

transition from para to atiferro to ferromagnetic state with the lowering temperature.  

The magnetism of the rare earth elements has originated from the angular momentum of 

the electrons in 4f shell of the atom, the so called 4f electrons. These 4f electrons are well shielded 

by the 5s and 5p states of the atoms; thereafter are the 5d and 6s shells, the electros from which 

contribute to the conduction band of the metal. The 4f electrons interact with each other and with 

the surrounding electrons in the ferrite crystal through exchange phenomenon mediated by the 

electrons in conduction bands. The spins of the 4f electrons are coupled with the each other by the 

exchange phenomenon to give the net spin, ‘S’. Similarly the Coulomb’s electrostatic interaction 

combines the orbital angular momenta to give net orbital momentum, ‘L’. The spin and orbital 

momenta combine to give the total angular momentum, ‘J’. The magnetism in RE elements is thus 

due to coupling between spin and orbital momenta, the so called L-S coupling.  

The spin-orbit (L-S) coupling of large strength is responsible for the characteristic high 

magnetocrystalline anisotropy of the cobalt ferrite. Similar L-S type of coupling exists in the so 

called rare earth elements, which can easily occupy the octahedral B-site on substitution in the 

ferrite.  

Table1. 1: The number of 4f electrons, ionic radii and magnetic moments of the RE elements.  

RE element 4f electrons Ionic radius (Å) Magnetic moment (µB) 

Lanthanum (La) 0 1. 045 0 

Cerium (Ce) 1 1. 01 2. 3 – 2. 5 

Praseodymium(Pr) 2 0.1997 3. 4 – 3. 6 

Neodymium (Nd) 3 0.1983 3. 5 – 3. 6 

Promethium (Pm) 4 0.197 - 

Samarium (Sm) 5 0.1958 1. 4 – 1. 7 

Europium (Eu) 6 0.1947 3. 3 – 3. 5 

Gadolinium (Gd) 7 0.1938 7. 9 – 8. 0 



Bhumi Publishing, India 

172 
 
 

Terbium (Tb) 8 0.1923 9. 5 – 9. 8 

Dysprosium (Dy) 9 0.1912 10.14 – 10.16 

Holmium (Ho) 10 0.1901 10.14 – 10.17 

Erbium (Er) 11 0.1890 9. 4 – 9. 6 

Thulium (Tm) 12 0.1880 7. 1 – 7. 6 

Ytterbium (Yb) 13 0.1868 4. 3 – 4. 9 

Lutetium (Lu) 14 0.1861 0 

Thus there is a possibility of modifications in the parameters like saturation magnetization 

and magnetocrystalline anisotropy due to rare earth substitution in the cobalt ferrite. The 

ferrimagnetism in the ferrite is governed by the A-B superexchange interactions like (Fe3+)A↔ 

[Fe3+]B and (Fe3+)A↔ [Co2+]B. The modified superexchange interaction like (Fe3+)A↔ [RE3+]B may 

took place due to 3d-4f coupling between Fe3+ and RE3+ cations [86]. The Ho3+ substituted Co-

ferrites structure changed to multi-domain from the single domain after annealing and magnetic 

properties like saturation magnetization and coercivity were found to be influenced by inter-grain 

and site-exchange interactions [87]. The influence of RE3+ substitution on the (Fe3+)A↔ [RE3+]B has 

reported to increase the coercivity of the Ho doped cobalt ferrite to 766 Oe from 172 Oe with 

increasing content of Ho3+ [88]. The yttrium ion (Y3+) substitution in CoFe2O4 ferrite has modified 

the magnetic properties of the ferrite wherein the saturation magnetization, remanence and 

coercivity was reportedly dependent on the Y3+ ion composition in the ferrite [89]. The doping of 

RE ions have decreased the magnetic properties like retentivity and magnetization due to the 

increased microstrain which is created due to the large ionic radii of the RE ions [90]. 

Superparamgneticbehaviour is reported for RE (Ce, Dy and Y) doped Co-Zn ferrite where the 

modification in magnetic properties was ascribed to replacement of smaller Fe3+ ions by bigger RE3+ 

ions [91]. The remarkable enhancement in coercivity (667 to 2102 Oe) was reported for NiCr-

ferrite with a small amount of RE Dy3+ doping, which was caused by the constrained domain wall 

motion due to Dy3+ ions [92]. The substitution of non-magnetic Eu3+ in cobalt ferrite weakens the 

superexchange interactions which results in the reduction in saturation magnetization of the ferrite 

[93]. Tahar et. al. [94] report the detailed study of RE (La, Ce, Nd, Sm, Gd, Tb and Ho) substituted 

CoFe2O4 nanoparticles. According to them, the distribution of cations among tetrahedral (A) and 

octahedral [B] sites and the particle size are the two factors responsible for the modifications of 

magnetic properties of the RE doped ferrites. Since The L-S coupling in RE ions is stronger than the 

Fe3+ ions, the RE substitution in place of Fe3+ enhance the coercivity and blocking temperature of 

the ferrite. The coercivity and saturation magnetization were modified on large scale for Eu and Gd 

doped ferrites. The IR emission properties were depend upon the cation distribution rather than 

the RE contraction (4f electron number) in case of RE (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb and Dy) and Mn 

doped Co-Zn ferrites [95] wherein the high IR emissivity is reported for RE doped ferrites. The 

substitution of Pr3+ ions in magnesium ferrite has improved the humidity sensing property of the 

ferrite by increasing its porosity and spin density [96]. The doping of small amount of Pr3+ ions was 

reported to decrease the grain size, permeability, magnetization and dielectric loss, but the 

coercivity was increased; all the properties were sensitive to cation distribution and A-B 

interactions [97]. A remarkable improvement in the coercivity (644 to 1013 Oe) of the 

nanocrystalline cobalt ferrite due to Pr3+ doping is reported, in which the Pr3+ has strong preference 
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towards [B] site [98]. However the saturation magnetization was decreased with Pr doping due to 

the spin down states, 4e, 4f1 and 4f2 of the Pr3+ ions. The Pr3+ and Yb3+ doping in Co-Ni ferrite was 

reported to lower the electron-hole recombination and the band-gap in the ferrite, due to which the 

doped ferrites were worked as the photo-catalyst for degradation of methyl orange under UV 

irradiations [99]. The relation between the ionic radius of the RE3+ ion and the saturation 

magnetization on the RE doped ferrite was reported by Harzali et. al. [100]; where the saturation 

magnetization was increased with the increasing ionic radius of the RE3+ ion 

(Eu3+>Gd3+>Sm3+>Pr3+). The elastic properties (bulk density, Poisson’s ratio and Debye 

temperature) of the Ho3+ substituted Co-Zn ferrites were reported to vary linearly with the Ho3+ 

substitution [101]. The properties were decreased linearly, which can be attributed to the 

weakening of the inter-atomic bonding due to Ho3+ substitutions. The lattice cubic symmetry was 

reported to be destroyed for higher substitution (≥0.075) of Ho3+ ions. This study can be 

summarized as,  

1. The significant modifications in the structural, magnetic and electrical properties of the spinel 

ferrites is possible by the substitution of a very little amount of RE,  

2. The RE substitution may lead to the enhancement in the electrical and magnetic parameters of 

the ferrites,  

3. The controlled doping / substitution of the RE in the ferrite replacing Fe3+ may lead to the 

ferrite entities suitable for different applications.  
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Abstract: 

Present is about the synthesis of ZnS thin films [ i. e. deposition of Zn+2 ions (source - ZnSO4) 

and S-2 ions ( source-CH4N2S) on glass substrate] by using chemical bath deposition varied with 

concentration of ZnSO4 as 0.11M, 0.13M, 0.15M, 0.17M and keeping concentration of thiourea 

constant (i. e. 0.13M). To synthesize sulphur nanoparticles in ZnS using chemical bath deposition. 

To study the morphology by scanning electron microscopy. To study the optical properties 

absorption transmittance by UV-VIS spectroscopy.  

Keyword: Thin film, Chemical bath deposition, scanning electron microscopy, UV-VIS spectroscopy, 

etc.  

Introduction:  

Semiconductor thin film has attracted much attention due to their applications in 

microelectronics, optoelectronics, nonlinear optics, photocatalysis and energy conversion 

industries [1-3]. The ZnS is a group II-VI (inorganic) n-type compound semiconductor having a 

direct optical band gap. Bonding in this compound is a mixture of covalent and ionic types. Group VI 

atoms are considerably more electronegative than group-II atoms and this introduces iconicity [2]. 

This character has the effect of binding the valence electrons rather tightly to the lattice atoms. 

Thus, each of these compounds has a higher melting point and larger band gaps than those of the 

covalent semiconductors of comparable atomic weights [3]. There are several deposition 

techniques such as RF sputtering, spray pyrolysis, CBD, MOCVD, etc. Among all these processes, 

CBD is one of the most promising and has proved advantageous for photovoltaic applications 

because it is efficient, cost effective and suitable for making large area high quality thin films [4].  

 Due to wide band gap, ZnS films are used as a layer on solar cells to transmit lighter 

especially short wavelength light into absorber layer. Fabrication of large area arrays. Sensors. 

Photo thermal solar coatings. Information storing devices. The ZnS used as a luminescent pigment 

such as hand on clocks, X-ray and television screens [5]. Zinc sulphide thin film are used as a 

window layer in photovoltaic cell, multilayer light emitting diode, cathode ray tube, photo detector 

and other optoelectronic devices. Buffer layer in solar cell, permitting more light especially the 

short wavelength light into absorber layer [6]. Owing to their wide spectrum of properties, this 

materials relate to a large variety of existing and potential applications in optics, solar energy 

mailto:bhiseramesh@gmail.com
mailto:mahen3569@rediffmail.com


Thin Film Technology and it’s Novelties in Material Science 

(ISBN: 978-93-91768-93-5) 

181 
 
  

conversion, electronics, magnetic, passivation, catalysis, batteries, fuel cells and ion sensing. Zinc 

sulphide is an important metal chalcogenide which is white in colour, and commonly used as a 

pigment [7-9].  

Materials and Method: 

All chemicals Zinc sulphate (ZnSO4), Thiourea (CH4N2S) and Ammonia solution were AR 

grade and used as received. Double distilled water is used as solvent. The microscopic glass slides 

used as substrates prior to deposition were soaked in concentrated hydrochloric acid for 24h, 

removed and washed with foam sponge in ethanol and finally rinsed with distilled water. They 

were drip dried in air. For the preparation of ZnS thin film using the chemical bath deposition 

method in basic medium 0.11M zinc sulphate and 0.13M sodium hydroxide were added in 80 ml 

DDW. The solution was stirred continuously. On complete dissolution, Ammonia solution was 

added in to the above solution until pH of the solution become 12. Ultrasonically cleaned glass 

substrate was then inserted in the solution. Solution was then heated upto 6500C. Finally 0.13 M 

thiourea was added into the above solution which acts as a sulphur source. The film was deposited 

for 2 hours. After that the film was ultrasonically cleaned in DDW to remove the unreacted part.  

ZnSO4 + NH3 = [Zn(NH3)4 ]2+ 

[Zn(NH3)4 ]2+ + CH4N2S = ZnS + 4NH3+ 2H2O [Zn(NH3)4 ]2+ 

 = 4NH3 + Zn2+ 

H2O = H+ + OH 

CH4N2S + OH = CH2N2 + H2O + SH SH- + OH- 

 = S2- + H2O 

Characterization Techniques: 

The structural characterization of the films was carried out using Philips (PW-3710) X-ray 

diffractometer with CuKα radiation (α= 1. 5404oA) in 2θ range from 200-800.1The surface 

morphological study of ZnS films was carried out by Scanning Electron Microscopy using a Model 

JOEL, JSM 6360 A. The optical absorption spectra of the figure were recorded on Systronic 

spectrophotometer in the wavelength range of 350-850 nm.  

Result and Discussion: 

Structural Studies 

Fig. 1 shows XRD pattern onto glass substrate showing nanocrystalline structure with some 

sharp diffraction lines with wurtzite hexagonal ZnS phase.  

 

Fig. 1: The X-ray diffraction pattern of as-deposited ZnS on glass substrate 

The average grain size of ZnS film particles is determined Using the scherrer’s formula. The 

crystalline size (d) was calculated as  
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 d = 0.19λ / βCos θ ……….. ……………………. (1) 

Where  β is the broadening of diffraction line measured at full width of half maximum 

intensity (rad.) and λ= 1. 5406oA is the wavelength of CuKα radiation. The average grain size of ZnS 

thin films was found to be about 150 nm.  

Morphological Properties 

The surface morphology of ZnS thin films were studied using the scanning electron 

microscopy (SEM- JOEL JSM 6360A with an operating voltage 20 kV). Fig. -2 shows the SEM images 

of ZnS thin films grown at various concentration of complexing agent: 1) 0.11M, 2) 0.13M, 3) 0.15M, 

4) 0.17M. All ZnS layers show the uniform, compact and dense morphology. Moreover it is observed 

that at low concentration of complexing agent, overgrowth is observed.  

  
For 0.11 M For 0.13 M 

  

For 0.15 M For 0.17 M 

Fig2: SEM images for ZnS thin films grown at various complexing agent concentration 

Optical Properties 

 
Fig. 3: Absorption spectra for ZnS thin film grown at various complexing agent concentration 

as 1) 0.11M, 2) 0.13M 3) 0.15M and 4) 0.17M 



Thin Film Technology and it’s Novelties in Material Science 

(ISBN: 978-93-91768-93-5) 

183 
 
  

Conclusions: 

Zinc sulphide (ZnS) thin films successfully deposited from the single bath by using chemical 

bath deposition method with different concentration of zinc sulphate. The XRD study showed the 

Wurtzite (Hexagonal) structure of ZnS thin films with The average grain size of ZnS thin films was 

found to be about 150 nm. SEM shows the compact deposition over the substrate with planar 

morphology. The sample deposited with 0.17 M zinc sulphate concentration shows uniform 

deposition of ZnS particles with no overgrowth present on the surface. Optical band gap was found 

for ZnS thin film deposited at 2hour deposition time at various concentration as: 1) 3.45eV for 

0.11M, 2) 3.40eV for 0.13M, 3) 3.20eV for 0.15M, 4) 3.05eV for 0.17M. The band gap decreases with 

increases in concentration.  
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 This chapter describes various experimental deposition techniques. Transparent 

conducting oxide semiconducting materials in the form of thin films are of great technological 

importance for production of large area photodiode arrays, sensors, solar selective and decorative 

coatings, solar cells, thermoelectric coolers, electrical switching, infrared transmitting window 

material devices, optoelectronic devices etc. Thin films have numerous applications, which extend 

from micrometer dots to coatings of several meters on glass substrates. Particularly thin films of 

oxides; metals were the first thin films, which have industrial applications, mainly in the area of 

optoelectronic devices [1, 2]. Further in addition to this, the area of noncrystalline semiconductors 

has also attracted great interest in recent years with development of various technological fields 

such as electronic switching and memory devices, optical storage systems, photovoltaic; solar cells 

applications.  

Deposition Techniques: An emerging technology requires various types’ deposition methods of 

thin films for different applications. One can get desired properties in thin film by properly 

optimizing preparative parameters. Enormous flexibility provided by thin films growth processes 

allowed fabrication of desired forms like geometrical, topographical, physical or metallurgical 

microstructures into 2 or lesser dimensions; to study their structure sensitive properties. Among 

the properties being studied so far for significant applications are: 1) optical gap, 2) optical 

constants, 3) spatial change of an optical thickness, 4) structural anisotropy, 5) stoichiometric 

deviations, 6) polymorphic and metastable structures, 7) relaxed solubility, 8) spatial variation of 

an electrical gap; electron transport properties, 9) surface activation and passivation behavior and 

10) surface mechanical and tribiological properties.  

 Various methods of deposition like thermal evaporation [3], R. F. sputtering [4], laser 

ablation [5], sol-gel [6], chemical vapor deposition [7].  

 The present technology requires good quality in the form of thin film device grade 

fabrication. Thin films may be single or multilayer coatings on glass substrates have various types, 

shapes; sizes. The film properties needed for a particular application can be brought about different 

techniques of deposition. Therefore, numerous techniques have been adopted for the deposition of 

thin films [8, 9, 10]. Each technique has its importance; shortcomings and no single technique can 

be employed for the deposition of thin films having all the desired aspects such as cost of the 

equipments, deposition conditions, substrate material nature etc.  

 The basic steps involved in formation of thin films [9].  

i) Preparation of materials to e deposited in atomic, molecular or particulate forms.  

ii) Transport of materials thus created on substrate in the form of vapor stream or solid or spray 

etc. and  
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iii) Deposition of material glass substrate; the film growth.  

 One can obtain the derived properties applicable to production of fine devices, by proper 

modification of these three steps. Classification deposition methods have been mainly classified 

under two groups such as Physical method and Chemical methods.  

 The former requires a vacuum for obtaing sufficient flux of ions or atoms to deposit on the 

glass substrate, whereas the later often does not require vacuum. Therefore, one can identify these 

two types as vacuum and non vacuum techniques, respectively [9].  

a) Physical methods: Physical methods involve two types of depositions namely vacuum 

evaporation and sputtering technique. Further, vacuum evaporation technique involves;  

1) Resistive heating, 2) Radio frequency (R. F.) heating, 3) Arc, 4) Flash, 5) Electron beam and  

6) Laser beam.  

 While sputtering contains 1) Glow discharge D. C., 2) A. C., 3) Radio frequency (R. F.), 4) Ion 

beam, 5) Magnetron, 6) Getter, 7) Triode, and 8) Face target.  

 In vacuum evaporation, if a solid heat up to particular high temperature in vacuum, it will 

evaporate and the evaporating atoms will travel in a straight line until they touch upto suitable 

substrate in their path.  

 It consists of evacuated metal or glass beljar usually with two vacuum pumps in series and 

inside a crucible containing the evaporant is heated with an electrical heater. Pressures of 10-5 mm 

Hg (1.3 × 10-3 N m-2) are easily attainable, at which pressure about 99% of evaporation leaving the 

source in the right direction would reach a substrate 10 cm away without collision. The substrate 

may be cooled or heated for obtaining particular properties of thin films.  

 In most of the methods, this technique widely used to prepare thin films in which purity is 

important, or where electrolysis cannot be used. It can be as fast as electrolysis, but it is impractible 

to maintain high rates for long periods. Since large quantities of evaporate are not easy to heat. It is 

also more undesirable to evaporation rates than electrolysis rates. The process of ejection of atoms 

from the surface in all directions due to bombardment of surface by fast heavy particles is known as 

sputtering which is an important technique and is considered as a ‘dirty’ when operated in its DC 

mode [9]. It involves ejection of the ions or atoms from surface of largest material by the 

bombardment of highly energetic particles. DC sputtering, r. f. Magnetron sputtering; sputtering 

have various types of sputtering techniques used. High pressure oxygen sputtering and facing 

target sputtering have recent techniques involved for applications such as in magnetic; 

superconducting films.  

 The major problems in plasma assisted process are the lack of independent control on the 

ion energy over a large range. To minimize this shortcoming to make the technique more 

controllable, ion guns are employed in the sputtering process. The ion beam sputtering and dual ion 

beam sputtering methods are used for preparing the oriented films [9].  

 Physical methods also include physical vapor deposition (PVD), which contains 1) Thermal 

Evaporation (TE), 2) Electron beam evaporation (EBE), 3) Molecular Beam Evaporation (MBE), 4) 

Actived Reactive Evaporation (ARE); 5) Ion plating.  

1. Thermal Evaporation: Thermal Evaporation have Very often used in PVD techniques and large 

variety of materials may be used to evaporate on the different types of substrates. In present 
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technique material is created on the form of vapour by RF sputtering. On heating a material in 

vacuum, it evaporates at a rate supported well-known Langmuir-Dushman equation.  

 The vapor atoms thus created are transported through vacuum to get deposited on the 

substrates. The ambient is vacuum because otherwise the vapour species will get scattered with gas 

atoms by collision. For pressure 10-5 Torr, the distance between collision becomes enough large, 

hence vapour stream reaches glass substrate unscattered [11]. The additional effect of low vaccum 

that the gas molecules strike the substrate and this gives result in the form of the films being 

deposited. The evaporation of materials has been developed in vaccum system in which most cases 

comprises a diffusion pumpbacked by a rotary pump. For cleaner and better results Ultra High 

Vacuum (UHV) system in which a sputtering ion pump backed by sorption pump or cryo-pump is 

used. The materials evaporated support a source, and then it is heated up to sufficient hi 

temperature to produce desired vapor pressure (10-2 Torr). In case most of materials, this 

temperature having range of 1273 K - 2273 K [12]. The requirements for source material are that it 

should have a negligible vapor pressure at the deposition temperature and should not react with 

the evaporant.  

 The shape of source should be possible to hold the evaporant materials in any available 

form (powder, wires etc.). Various sources are having been used to deposite materials, depending 

on whether they are available in wire, foil, and ingot or (compacted) powder form. The material 

used in this method as a source is a refractory metal (W, Mo etc.). Sources (basket and helix) are 

used for materials that melt and wet the source material. One of the sources is a multiple beam 

source that gives a uniform deposit, because each small hole constitutes a source. The other sources 

are may be used for the evaporation of materials in large quantities. For materials, which are 

sputtered by the adsorbed gas on heating, the baffled sources are commonly used. Again another 

source is a duel boat, flash evaporation source. The solution poured in a liquid form from the 

covered portion of the source onto the other boat, which is maintained at high temperature. To 

evaporate materials that react with the support material, the boats are coated by a thick layer of 

alumina. Special source with a large capacities and high evaporation rates have been designed for 

substances like CdS and SiO2 [12, 13]. The film deposition is not uniform because an amount of 

material reaching the substrate depends on the angle (?) of the source; the substrate area [14]. The 

deposition rate follows a Cos?/r2 variation for a point source (Knudsen effusion cell) and Cos2 /r2 

variation for evaporation from a small area, source to substrate distance. If a similar thickness is 

desired, the substrate has to be rotated in a manner that each point on the glass receives almost 

same amount of material during the deposition.  

 One may evaporate from two or more sources in order to deposit a multilayer film or an 

alloy/compound film. In such case, in addition to a thickness variation, there may be a composition 

variation. If a stoichiometric alloy/compound film to be deposited by the rates of evaporation from 

the two sources have to be carefully controlled. Inter metallic compounds (e. g. GaAs) contain 

constituents (As in GaAs) having a high vapor pressure and low melting point. The evaporation in 

such a case is non-congruent which means that one of the components evaporates faster than the 

others. In such a case, a non-stoichiometric film gets deposited which is rich in the component that 

evaporates faster. To avoid this situation one can use Flash evaporation.  
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2. Electron Beam Evaporation: In electron beam evaporation instead of resistive heating the 

temperature of evaporant material is raised by the bombardment of electron. In present technique 

electron beam has been accelerated through a potential of 5-10 kV; focoused on the material. Due to 

heating Most of the electrons lose their K. E. and temperature at focused point can become as high 

as 273 K. At such a high temperature, many of the refractory metals and compounds can be 

evaporated. Since the temperature is high only at the focused spot, rest material remains cool (it 

can be kept on a water cool conducting hearth). This result in lesser interaction between the 

material; support and thereby reduces contamination. Since the input power can be very high 

(several KW), extremely high rates of evaporation (a few microns/sec) can be achieved, even for 

high melting point materials. Multi-hearth evaporation by scanning the beam also possible.  

3. Molecular Beam Epitaxy (MBE): The deposition of single crystal (epitaxial) films by the 

condensation of one or more beam of atoms and/or molecules from Knudsen (effusion) sources 

under UHV conditions is called Molecular Beam Epitaxy [15, 16]. The Knudsen (effusion) source 

contains a metallic chamber, which consists of evaporant, with a small orifice. In the chamber, the 

orifice dimensions are smaller than mean free path of vapor and by effusion the flow of molecules 

from the source. As compared to source to substrate distance The effusing molecular beam has a 

large mean free path. Within the chamber flux of beam is precisely determined by partial pressures 

of vapor species. For obtaining their molecular weight and source temperature and orifice 

dimension.  

 The beam has directed on substrate by the orifice, slits and shutters. MBE makes it possible 

to deposit epitaxial films of compound semiconductors (GaAs, CdTe etc.) having precisely 

controlled properties. The deposition temperature in MBE is low (typically 873K), which minimizes 

the unwanted thermal effects like diffusion. The deposition rate is small (1 to 10/sec), which makes 

it possible to deposit films with precise thickness control (~a few). By adding more Knudsen 

sources (ovens) with proper shutter, one can easily modify the film composition and control the 

dopant concentration. MBE methd have been used to deposit multilayer structures of complex 

semiconductors to form quantum well super-structures (consisting of layers of thickness of few 

tenths of), heterostructures, heterojunctions and graded composition structures.  

4. Activated Reactive Evaporation (ARE): If the evaporated material (by e-beam or resistive 

heating) is transported through reactive gas (oxygen, acetylene etc.) plasma, the deposition method 

is called Activated Reactive Evaporation [17]. This method has been used for highly adherent films 

of oxides and carbides (SnO2, In2O3, TiC, etc.). For example, if Ti metal vapour is passed through 

acetylene plasma, TiC is formed and is deposited onto substrate. ARE technique is divided in 

following types; 1) Biased ARE and 2) Enhanced ARE hard carbide coatings also formed on glass 

substrates [18].  

5. Ion Plating: Ion plating refers to phenomenon in which the substrate and the film are exposed to 

flux of high energy ions in the process of the growth [19]. The energy of an ion is high enough to 

cause the changes in the interfacial region and properties of thin film like adhesion, its morphology 

and density, stress in the film and substrate surface coverage by the film (primarily due to gas 

scattering and redeposit ion of the sputtered film). However, sputter etching of the film during 

growth by these energetic ions and one has to keep the deposition rate faster than the sputter rate. 

The substrate temperature may be raised which in same case will obviate the need of subsequent 
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heat treatments. E-beam evaporation or reverse heating does the evaporation of the material. 

Plasma formation takes place in the working gas (e. g. Ar) either by keeping the glass substrate at a 

high-negative potential or by electrons from a hot filament accelerated by an anode (triode Ion 

Plating). The -ve potential at substrate accelerate ions to a desired energy. Ion plating have been 

utilized to obtain better film adhesion especially for an incompatible substrate-film combination. 

This technique also gives a better electrical contact for film of Pt, Au on Si. The technique used to 

deposit films for lubrication, wear resistance; corrosion resistance [20]. The first three techniques 

are different in the way vapor beam is created [8].  

 In ARE modification is in such a way that the vapor beam is transported through a reactive 

plasma. In ion plating, conditions glass substrates are modified by the ion beam. All the above steps 

can be independently controlled [9], this is an advantage of physical method. Which lies in 

cleanliness, high purity; dry processing having compatibility with semiconductor integrated circuits 

processing; epitaxial growth of thin films. However, advantages like high temperature, post 

deposition annealing, slow deposition rates, difficult stoichiometry control often required for 

crystallization and high capital expenditure [9]. For the growth of thin films, Chemical methods are 

important tool owing to their versatility. Both i. e. in crystalline; amorphous layers, with high 

degree of perfection and purity.  

 Thin films may be grown with required stoichiometry. Large or small and even or uneven 

surfaces of all types; conducting or insulating, can be coated with relative ease. These processes are 

economical and have been industrially exploited to a large scale.  

 Chemical methods are divided in two groups 1] gas phase and 2] liquid phase.  

Gas phase involves 

1) Chemical Vapor Deposition (CVD),  

2) Photo Chemical Vapor Deposition (PCVD),  

3) Metal-Organo Chemical Vapor Deposition (MOCVD),  

4) Plasma Enhanced Chemical Vapor Deposition (PECVD), and 

5) Laser Chemical Vapor Deposition (LCVD).  

While liquid phase contains 

1) Chemical Bath Deposition (CBD),  

2) Successive Ionic Layer Adsorption; Reaction (e. g. SILAR/M-CBD),  

3) Electrodeposition,  

4) Anodization,  

5) Screen printing 

6) Electroless deposition,  

7) Sol-gel,  

8) Liquid phase epitaxy,  

9) Langmuir-Blodgett (LB) technique and 

10) Spray-pyrolysis.  

 These are few of chemical methods for the growth of films from liquid phase [21, 22]. The 

condensation of a compound or compounds from gaseous state on a substrate at which reaction 

occurs to generate a solid deposit is called as Chemical Vapor Deposition (CVD). It involves a 

chemical reaction in gaseous phase to produce active chemical species, which are transported up to 
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substrate and cause film deposition. CVD has been extensively used for corrosion; wear resistant 

coatings, however the large substrate temperature involved made it unsuitable for certain 

substrate materials.  

1. Chemical Bath Deposition (CBD): Chemical Bath Deposition (also known as solution growth, 

controlled precipitation, electro less plating) is comparatively nonexpensive; easy method. In the 

technique thin films can be deposited on either metallic or non-metallic substrates by dipping them 

in appropriate solutions consisting of metal salts without application of any electric field. Growth 

can occur by homogenous chemical reactions, generally reduction of metal ion in precursor 

solution by the reducing agent. If this occurs on a catalytic surface, it is called an autocatalytic or 

electro less deposition. Silvering is perhaps commonly utilized of this technique. The other metals 

which may be grown includes Cu, Au, Ni, Co; Pd. Compound films such as sulphides and selenides of 

Pb, Hg, Zn, Cd; their alloyes have been deposited by this technique.  

 For example, nickel films may be grown from nickel chloride solution by its reduction with 

sodium hypophosphite. Deposition starts spontaneously on nickel, cobalt, lead etc. Other metal 

surfaces require activation that is usually done by dipping in 0.01 % of palladium chloride; then 

rinse under running water. Enough PdCl2 is left to activate the surface. For non-metallic surfaces a 

sensitizer has to be used as well. Which is made by dipping in 0.11 % stannous chloride solution 

prior to activation? The rates of growth and dependence of crystallinity upon substrate 

temperature of precursor solution that is kept between 113 K to 373 K. Typical rates of deposition 

of 500 ?/min are obtained. One important advantage of such a method is possible to deposit films 

on non-accessible surfaces, i. e. inside of glass tube, where they will cover from physical damage 

[23].  

2. Electrodeposition: Electrodeposition is the phenomenon of growing a substance upon an 

electrode by electrolysis (i. e. the production of chemical changes by allowing current through an 

electrolyte). The phenomenon of electrolysis is covered by Faraday’s Laws:  

1) The quantity of chemical change produced by an electric current is directly proporational to 

amount of electricity passed 

2) Chemical equivalent weights are directly proportional to amount of various materials liberated 

by a given amount of electricity.  

 When a metal electrode is dipped in solution having ions of that metal, equilibrium is set up. 

Certain charge gains by the electrode on itself, which attracts charged oppositely ions and water 

molecules, holding them at the electrode/electrolyte interface by electrostatic forces. An inner layer 

of oriented water molecules interposed by preferentially absorbed ions immediately on the 

electrode followed by a second layer having charge opposite to that of electrode is formed. Ions 

reach the electrode surface during deposition moves a suitable positions on it to release their 

legends (water molecules or complexing agents) if solvated, gives their charges undergo the 

stipulated electrochemical reaction. The rapid depletion of the growing ions from double layer 

region has been compensated by the continuous supply of fresh ions from the bulk of electrolyte. 

Ions transported to the depleted region occur due to 1) diffusion owing to concentration gradient, 

2) migration owing to electric field applied, and 3) convection current in electrolyte.  

 The factors affecting electrodeposition process are: 1) PH of electrolyte, ii) current density, 

iii) temperature of bath, iv) bath composition, v) electrode shape, and vi) agitation [18].  
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 It is mainly controlled by the electrical parameters such as electrode potential and current 

density. This has made it suitable for fabrication of heterojunction solar cells. The oxygen required 

originates from electrolyte used, which can be aqueous, non-aqueous or fused salt. The pH of 

electrolyte acts an important part in obtaining the coherent films. If the bath is too acidic or too 

alkaline, a porous film results. With an optimum pH, coherent oxide films on Al, Ta, Nb, Si, Ti, and Zn 

can be obtained. The oxide coatings having thickness depends on metal, applied voltage, 

temperature of bath and time during metal is poured in the electrolyte [23].  

4. Screen Printing: Screen-printing is essentially a process of deposition of thick film, in which 

pastes containing the desired materials are screen printed by a conventional method onto a 

suitable substrate to define conductor, resistor or a device pattern. The choice of a particular paste 

composition is dictated by the desired characteristics of the final product. To yield rugged 

components which are bounded to substrate which is fixed under appropriate conditions of time 

and temperature [23].  

5. Spray Pyrolysis: In the recent years this method has emerged as the most popular technique as 

compared with the other chemical methods. In the present investigation, a try to deposit zinc oxide, 

cadmium oxide and their composite films by spray pyrolysis. Chamberlin and Skarman first 

invented this method for obtaining large area thin films. This technique consists of spraying a 

precursor solution onto a hot substrate.  
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Introduction: 

Thin films are basically deposited by the various modes like sputtering, thermal and 

electron beam evaporation, molecular beam epitaxy, chemical vapor deposition, pulsed laser 

deposition and atomic layer deposition. Among all these processes a good vacuum environment is 

necessary. The thickness of deposited films may vary from one atom up to millimeters where the 

material gets deposited atom by atom or molecule by molecule on a solid surface. The efficiency of 

solar cells can be enhanced by creating multiple layers of different materials used to form optical 

coatings.  

Vacuum means reduction of atmospheric pressure in the container which corresponds to 

removing gas molecules from the container. Due to less number of gas particles present in the 

container probability of collision among them decreases. It helps to increase the mean free path of 

the gas particles which results in a decrease in collision among gas molecules. Thus high vacuum 

leads to minimize contamination of the insulating gas. On the other hand, a long mean free path 

reduces the probability of collision, the heat loss get correspondingly reduced. Thus requirements 

in the sputtering process get fulfilled.  

Units:  

The level of vacuum of the system is described by the pressure within the system. Formerly, 

a system of units was used equating the pressure to the height of the column of mercury which 

exerts the same pressure at its base. In SI system pressure is measured in Pascal or N/m^2. Thus 

units of pressure are tabulated as below 

1 atmosphere 760 mm of Hg 

1 Torr 1. 31 X 10^-3mm 

1 Torr 133. 28 N/m^2  

1 Torr 1. 33. 28 N/m*2 

 

 Vacuum Techniques: 

 There is net heat leak into a system due to various process of heat transfer like conduction, 

convection and radiation. Heat leak can be reduced by transferring gas molecules from the system 

to the atmosphere. The most common method of generating a vacuum is to remove the gas 

molecules out of a system so that its pressure goes on decreasing which is earlier at atmospheric 

pressure. Practically it is not possible to generate a 100% vacuum because all the pumps have 

limitations. Below the particular pressure vacuum pumps becomes ineffective.  

 The quantity of vacuum is described by mean free path. There is inverse relation between 

pressure of the container and mean free path of gas molecules. As pressure goes on decreasing 
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more and meaner free path goes on increasing. Free molecular flow appears when the mean free 

path of molecules becomes larger than the dimensions of the system. In fluid mechanics Reynolds 

Number (Re) is used to categorize the flow regimes as laminar, transition or turbulent. Depending 

on the pressure within the container the range of vacuum is categorized as bad, rough, good, high or 

ultra-high 

Vacuum Pressure 

Rough 25 torr<P<760 torr 

Medium 0.001 torr<P<25 torr 

High.  10-6 torr <P< 10 -3 torr 

Ultra high.  P< 10-9 torr 

 

 The lowest possible pressure achieved by the pump is called the ultimate pressure of the 

pump. Different pumps have their own working range of pressure. Some pumps have a certain 

pressure range above which they are ineffective. Single pump unable to create desire range of 

vacuum. In such cases another pump is introduced before it is called a roughing pump which makes 

the pressure in the container within working range. Another kind of pump i. e. backing pump is 

used to remove unwanted gas molecules from the main pump to keep it at desired low operating 

pressure.  

 To achieve ultimate pressure in the system depends on type of pump, volume of the system 

and pump down speed which is given by S = Q/P Where, Q is the throughput i. e. volume of the gas 

leaving the system in unit time P is pressure of the system.  

Different Types of the Pumps:  

Vacuum pumps can be differentiated based on their functioning. For practical applications 

variety of pumps are used to achieve the desired vacuum. There is a need to study the different 

kinds of vacuum pumps and the components of a vacuum system. Classification of the pump is the 

most important thing to understand.  

Vacuum pumps are basically classified into two parts. It depends on how they transfer gas 

for creating vacuum. They are basically classified into two parts i. e. one depending on how they 

transfer gas to create vacuum and other case is gas entrapment. In first case gas molecules 

physically taken out from the system and dump to the atmosphere while in other case gas 

molecules physically not taken out but just trapped the gas molecules there only. In the entrapment 

process gas molecules may be absorbed or adsorbed there so that gas molecules will not appear in 

working space.  

First kind of, Gas Transfer pumps again divided into two groups. In the first kind of gas 

transfer pumps similar to water distribution from tank to house gas molecules are taken out from 

the system by means of positive displacement, for example simple compressors where inlet and 

outlet are used. With the help of some kind of rotor, moving elements gas molecules displaced from 

the system. It provides direction to it and discharges it to the atmosphere. It creates a pressure 

difference because of which displacement of gas molecules takes place.  

In other groups it is impossible to give directions for displacement because of molecular 

level. In such cases each and every molecule is bombarded with other molecules or fluid which 

provides kinetic energy (or momentum) to the molecules. Such a way momentum is transferred 
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and molecules get directions and create vacuum. Under 1(a) positive displacement there are four 

characteristics pumps such as:  

1. Sliding vane pump, 2. Rotary vacuum pumps, 3. Roots pump  4. Dry pump 

Under 1(b) kinetic kind of vacuum pumps, velocity is imparted and therefore momentum is 

changed from molecules to molecular level. Usually kinetic kind of vacuum pumps are used for 

molecular level. In this group following pumps are there such as 1. Diffusion pump 2. Turbo 

molecular pump 3. Fluidentrapment pumps In the second category i. e. 2. Gas Entrapment, gas 

molecules are physically not taken out from the system but they get trapped inside the system only. 

Under this category there are several pumps again.  

a. Absorption pump: We know the absorption phenomenon where the gas molecules get absorbed 

like a sponge. So the gas molecules are retained over there only.  

b. Cryo pump: Here the gas molecules are frozen or solidify by lowering temperature. So they get 

sort of dumped over there, unable to move and creating a vacuum.  

c. Getter pump: In such a kind of pump adsorption phenomenon is used. Due to some kind of 

chemical action gas molecules cease to move and get trapped inside the system.  
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Abstract:  

 The goal of this study was to compute the Water Quality Index (WQI) of industrial regions 

using well water samples from Aurangabad, Maharashtra, India. Bore water quality was 

determined by comparing it to established standards for key characteristics. The Water Quality 

Index, which was derived using thirteen physicochemical parameters, ranged from 76.38 to 

266.88ppm, showing the amount of nutrient load and contamination in the bore waters. The 

findings of this study show that every bore well water in the studied locations is below legal limits, 

with the exception of S3, S4, and S6 (Deolali, Pandharpur and Naralibag). The water was not 

confirming to drinking standards and hence it is suggested that to take all the precautions before 

the water are sent into public distribution system. The conclusion is that the WQI may be used to 

compare the water quality of various sources.  

Keywards: Maharashtra, chemical properties, industrial areas, India, Aurangabad, WQI.  

Introduction: 

 For every living entity on this planet, water is one of the most crucial components. The 3 

percent of fresh water on the planet is sufficient to sustain man's needs for millions of years. Water 

pollution is a situation in which the quality of water degrades as a result of numerous human 

activities1. In this location, water is mostly used for drinking, fishing, and other domestic needs. 

Because fresh water available to humans accounts for only 0.13 to 0.15 percent of total water 

available on the planet, its wise use is essential. Waluj is an industrial zone and a municipal 

corporation in Maharashtra, India2, 3. Is a special economic zone, and India's industrial zone 

problem has become quite critical. Because of the country's very quick rate of industrial 

development, which is providing one of the most important sources of employment for the 

country's rising population. This encourages the release of pollutants into the environment, 

contaminating groundwater4. As of 2011 census, Aurangabad Municipal Corporation had a 

population of 3,701,282.  

 The 1/3rd of the inhabitant people is reliant on mainly ground water in residential and 

industrial area. Several large businesses, including fertilisers, power, oil, chemical, and gas, 

discharge their treated effluents into unlined canals, rivers through sewers, and some store in ash 

ponds or slurry ponds in the industrial belt. Based on many water quality measures, the Water 

Quality Index (WQI) delivers a single figure that indicates overall water quality at a certain location 

and time6, 7. Horton created the WQI in the early 1970s as a mathematical method for deriving a 

single value from many test results8, 9. The findings of the index represent the water quality in a 
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certain water basin, such as ponds, lakes, rivers, or streams. Srinivas et al. (2013) determined the 

water quality index (WQI) in Ferozabad village, Gulbarga Taluka& District, Karnataka, INDIA. This 

encourages the release of pollutants into the environment, contaminating groundwater10.1The goal 

of the Water Quality Index is to transform complex water quality data into information that the 

general public can comprehend and use. Water quality factors not included in the index cannot be 

represented by a single number. A water quality index based on a few key factors, on the other 

hand, can provide a single signal of water quality11, 12. Water quality indices, in general, combine 

data from various water quality criteria into a mathematical equation that ranks the health of a lake 

or river on a scale of one to ten13.  

Study area:  

 The Aurangabad city is the capital of Maharashtra's Marathwada state. Located mainly in 

the Godavari River basin, as well as a portion of the Tapi River basin. Maharashtra lies between 19 

and 20 degrees north longitude and 74 and 76 degrees east latitude, and the district is located 

there. Aurangabad is declared Tourism capitals of Maharashtra and nicknamed city of gates. The 

current study examines the quality of ground water in Waluj MIDC's industrial sectors in 

Aurangabad, Maharashtra, India. Aurangabad located halfway between the latitude190.153’ North 

and longitude 750.123’East.  

 The study was carried out at ten different places throughout Aurangabad's industrial zones. 

It is rich in small waste bodies and most of all agricultural lands are dependent on those water 

sources.  

 

Map showing study area  

The water sample were collected in satirized polythene air tight containers and wasanalyzed 

for parameters of water quality like PH, total dissolved solids, totalsolids, biological oxygen 

demand, dissolved oxygen total alkalinity, total hardness, electrical conductivity, sulphate, 

phosphate, nitrates and chlorides, according to the American Public Health Association's standard 

procedure (APHA)14. All the chemicals and reagents were of analytical grade. Double distilledwater 

was used for the preparation of solutions.  

The study was carried out at the 10 locations of industrial areas of Waluj MIDC area, 

Aurangabad. The sampling stations selected for the analysis of groundwater are, S1-Waluj MIDC 
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area, S2- Dharmpur, S3- Deolali, S4- Pandharpur, S5- Garkheda, S6– Naralibag, S7- Mahmoodpura, 

S8- Naigaon, S9- Kanchanwadi and S10- Padegaon..  

Bore water samples were collected in the all sampling stations. Thirteen significant indicators 

were considered for the formulation of the Water Quality Index in this study. The World Health 

Organization's (WHO) recommended drinking water quality standards were used to determine the 

WQI15. Indian Council Of Medical Research (ICMR)16, and Bureau of Indian Standards (BIS)17have 

been utilised in the calculations of WQIof the waterbody.  

Further, The following phrase was used to determine the quality rating or sub index (qn)18.  

qn= 100 (Vn – Vio)/ Sn–Vio 

Let n be the number of water quality parameters, and the quality ratings or sub index (qn) 

corresponding to the nth parameter is a number representing the parameter's relative value in 

polluted water compared to the standard permitted value.  

qn= Qualityrating for the nth water quality parameter.  

Vn= Estimated value of nth parameter at a given sampling station.  

Sn = Standard permissible value of the nth parameter.  

Vio = Ideal value of nth parameter in pure water.  

Unit weight was calculated by a value inversely proportional to the recommended standard 

value Sn of the corresponding parameters19.  

Wn = K / SnWn  

Wn = Unitweight for the Nthparameters.  

Sn = Standard value for Nth parameters 

K = Constant for proportionality.  

 The overall water quality index is determined by multiplying the unit weight by the quality 

grade20.1 

WQI = ∑qnWn/∑ Wn 

 

Table 1: Status and Index level (WQI)of water quality 

Water Quality Status Water Quality of Index level 

Excellent water quality 0 -25 

Good water quality 26 -50 

Poor water quality 51 -75 

Very poor water quality 76 -100 

Unsuitable for drinking >100 

 

Result and Discussion: 

 Table 3 shows the results of physicochemical properties of bore water at various places. In all 

of the stations, the PH of the bore well waters is acceptable, ranging from 6. 00 to 8:00.1PH has 

no direct influence on human health, although it is sensitive to PH fluctuations in all metabolic 

reactions. The ICMR (1975) specifies the PH value of drinking water permitted limits as 6. 5 to 

8. 5. If the PH is too low, algae die, fish cannot reproduce, and acidity, corrosion, mucous 
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membrane irritation, tuberculosis, and other health problems in humans result21, 22.  

 Electrical conductivity is a crucial criterion in determining the quality of water for drinking and 

agricultural purposes23. The value ranges from 170 to 400 millimhos in the research area. 

Electrical conductivity has an optimum value of 2. 4 millimhos.  

 In the research area, total dissolved solids (TDS) ranged from 200 to 550 mg/L. The elevated 

TDS levels (more than 500 mg/L) seen in S4, S7, and S10 could be attributable to their 

proximity to an industrial sector. Water that has a high TDS level cannot be used for drinking 

or construction. TDS reduces the palatability of cooked foods and induces gastro intestinal 

irritations24.  

 All of the sampling stations have high total alkalinity, ranging from 60 to 90 mg/L. Water has a 

harsh flavour due to the high alkalinity content25.  

 The amount of calcium and magnesium salts in water determines its total hardness. In the 

research area, total hardness ranged from 160 to 290 mg/L. All of the sampling points had the 

within-standards value.  

 The total magnesium concentration in the study area ranged between 45 and 100 mg/L. The 

presence of magnesium salts in all samples is shown by the fact that the magnesium 

concentration is higher than the calcium content26.  

 Dissolved oxygen (DO), and biochemical oxygen demand (BOD) are very important pollution 

parameters. The worth of DO and BOD in the study area are 3. 0 to 4. 0 and 2. 0 to 16. 0mg/L. 

Hence, the water treatment is required before it sent into the public distribution system27.  

 The sulphate ion concentration in entire study area varied from 90.15 to 145 mg/L. Sulphate 

concentrations at S5, S7 may be high due to heavy industrial activity and sewage water 

seepage28.  

 The chlorides are also corrosive and impart permanent hardness to water. The chloride gives 

the water a saline flavour and sometimes high concentrations cause laxative effect in human 

beings29. The chlorides contents in the study area ranged from 20 to 200 (S2 and S4)mg/L. 

Chloride content observed within the standard value in all samples. Nitrates are utilised to 

determine the self-purification properties of water bodies, as well as the nutrient balance in 

surface water, soil, and the state of determination of organic matter in waste waters.  

 Nitrate ion concentrations in public water supplies are critical because they cause 

methemoglobinemia in children30.1The nitrates concentrations in the study area varied 

between 25 to 30 (S2 and S8) mg/L with all the values well below the permissible levels (ICMR, 

1975) except S4. The drinking water standards recommended by several agencies and their 

unit weight are reported in Table– 2.  

 Figure 1 depicts the changes in the water quality index (WQI) at several sampling locations. 

Figure 2 depicts the variability in water quality rating at several sampling locations.  
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Table 2: Drinking water standards recommending agencies and unit weight 

Sr. No.  Parameters Standards Units Recommended Unit weights 

1 PH 6.5 – 8.8 - ICMR/BIS 0.12190 

2 Dissolved oxygen (DO) 5. 0 millimols ICMR/BIS 0.0037 

3 Electrical conductivity (EC) 500 Mg/lit ICMR/BIS 0.0037 

4 Total dissolved solid (TDS) 120 Mg/lit ICMR/BIS 0.0155 

5 Total alkalinity 300 Mg/lit ICMR/BIS 0.0062 

6 Total Hardness 500 Mg/lit WHO 0.0037 

7 Total suspended solids (TSS) 75 Mg/lit ICMR/BIS 0.025 

8 Calcium 30 Mg/lit ICMR/BIS 0.061 

9 Magnesium 250 Mg/lit ICMR 0.0074 

10 Chlorides 45 Mg/lit ICMR/BIS 0.0412 

11 Nitrates 150 Mg/lit ICMR/BIS 0.01236 

12 Sulphate 150 Mg/lit ICMR/BIS 0.13723 

13 
Biological Oxygen Demand 

(BOD) 
5. 00 Mg/lit ICMR 0.13723 

 

Table 3: Physicochemical parameters of water bodies in Waluj 

Sr. No.  Parameters S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

1 PH 6.0 6.5 7.0 6.9 7.3 6.8 7.0 7.6 6.7 6.5 

2 DO (mg / lit) 3.5 4.5 4.0 3.5 4.0 2.5 3.0 2.9 3.1 3.0 

3 EC (millimols) 170 380 388 300 250 370 330 200 280 220 

4 TDS (mg/ lit) 220 500 490 450 350 500 400 520 450 400 

5 
Total alkalinity 

(mg / lit) 
60 85 88 72 86 75 70 60 85 70 

6 
Total hardness 

(mg / lit) 
280 200 170 165 160 162 275 180 185 187 

7 TSS 335 230 330 400 380 370 300 365 400 340 

8 Calcium(mg / lit) 180 130 125 110 115 120 180 90 95 110 

9 Magnesium (mg / lit) 100 75 40 55 50 45 85 85 85 70 

10 Chlorides(mg/ lit) 20 120 130 200 150 180 85 130 170 95 

11 Nitrates (mg / lit) 35 30 45 50 40 45 25 30 35 30 

12 Sulphate (mg / lit) 130 130 120 140 120 140 90 135 135 100 

13 BOD (mg/lit) 5 5 10 12 10 15 25 6 2 2. 5 
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Table 4: water quality index of S1: Waluj KD 

Sr.  

No.  
Parameter 

Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 PH 7.3 6.5 – 8.5 0.12190 60 13.14 

2 DO (mg/lit) 3.5 5. 0 0.0037 116 0.14292 

3 EC (millimols) 170 500 0.0037 34. 00 0.11258 

4 TDS (mg/lit) 220 120 0.0155 183. 33 2. 85 

5 Total alkalinity (mg/lit) 60 300 0.0062 20.00 0.1124 

6 Total hardness (mg/lit) 280 500 0.0037 56. 00 0.121 

7 TSS 335 75 0.025 447. 0 11. 18 

8 Calcium (mg/lit) 43 30 0.061 143. 0 8. 72 

9 Magnesium (mg/lit) 100 250 0.0074 40.00 0.130 

10 Chlorides (mg/lit) 20 45 0.0412 44. 44 1. 83 

11 Nitrates (mg/lit) 35 150 0.01236 23. 33 0.129 

12 Sulphate (mg/lit) 130 150 0.13723 86.67 32.27 

13 BOD (mg/lit) 5 5. 00 0.13723 100.0 37.23 

    
∑Wn = 

1.15 

∑=qn 

1353.8 

∑ = 

Wnqn 

109.20 

Water Quality Index = ∑Wnqn/∑Wn = 94.96 

 

Table 5: water quality index of S2: Dharmapur 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating 

(qn) 

Wnqn 

1 Parameter 7.5 6.5 – 8.5 0.12190 100 21.9 

2 PH 4.5 5.0 0.0037 110 0.1407 

3 DO (mg/lit) 380 500 0.0037 76. 00 0.0028 

4 EC (millimols) 500 120 0.0155 416. 67 6. 46 

5 TDS (mg/lit) 85 300 0.0062 28. 33 0.118 

6 Total alkalinity (mg/lit) 200 500 0.0037 40.00 0.115 

7 Total hardness (mg/lit) 230 75 0.025 306. 67 7.67 

8 TSS 130 30 0.061 433. 33 26. 43 

9 Calcium (mg/lit) 75 250 0.0074 30.00 0.1222 

10 Magnesium (mg/lit) 120 45 0.0412 266. 67 10.199 

11 Chlorides (mg/lit) 30 150 0.01236 20.00 0.125 

12 Nitrates (mg/lit) 130 150 0.13723 86. 67 32. 27 

13 Sulphate (mg/lit) 5 5. 00 0.13723 100 37. 23 

    
∑Wn = 

1.15 

∑=qn 

1353.8 

∑ = Wnqn 

109.20 

Water Quality Index = ∑Wnqn/∑Wn = 94.96 
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Table 6: water quality index of S3: Deolali 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7.9 6.5 – 8.8 0.12190 180 39.42 

2 PH 4.0 5.0 0.0037 110.0 0.1407 

3 DO (mg/lit) 388 500 0.0037 77. 60 0.129 

4 EC (millimols) 490 120 0.0155 408. 33 6.33 

5 TDS (mg/lit) 88 300 0.0062 29. 33 0.119 

6 Total alkalinity (mg/lit) 170 500 0.0037 34. 00 0.113 

7 Total hardness (mg/lit) 330 75 0.025 440.0 11. 00 

8 TSS 125 30 0.061 416. 67 25. 42 

9 Calcium (mg/lit) 40 250 0.0074 16. 00 0.112 

10 Magnesium (mg/lit) 130 45 0.0412 288. 88 119. 0 

11 Chlorides (mg/lit) 45 150 0.01236 30.00 0.137 

12 Nitrates (mg/lit) 120 150 0.13723 80.00 29. 78 

13 Sulphate (mg/lit) 10 5. 00 0.13723 200.0 74. 46 

    
∑Wn = 

1.15 

∑=qn 

2310.181 

∑=Wnqn 

306.91 

Water Quality Index = ∑Wnqn/∑Wn = 266.88 

 

Table 7: water quality index of S4: Pandharpur 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 1 6. 5 – 8. 8 0.12190 20.00 4. 38 

2 PH 3. 5 5. 0 0.0037 115. 62 0.143 

3 DO (mg/lit) 300 500 0.0037 60.00 0.122 

4 EC (millimols) 450 120 0.0155 375. 0 5. 81 

5 TDS (mg/lit) 72 300 0.0062 24. 00 0.115 

6 Total alkalinity (mg/lit) 165 500 0.0037 33. 00 0.112 

7 Total hardness (mg/lit) 400 75 0.025 533. 33 13. 33 

8 TSS 110 30 0.061 366. 67 22. 37 

9 Calcium (mg/lit) 55 250 0.0074 22. 00 0.116 

10 Magnesium (mg/lit) 200 45 0.0412 444. 44 1. 83 

11 Chlorides (mg/lit) 50 150 0.01236 33. 33 0.141 

12 Nitrates (mg/lit) 140 150 0.13723 93. 33 34. 75 

13 Sulphate (mg/lit) 12 5. 00 0.13723 240 89. 35 

    
∑Wn = 

1. 15 

∑=qn 

2360.172 

∑=Wnqn 

126. 34 

Water Quality Index = ∑Wnqn/∑Wn = 109. 86 
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Table 8: water quality index of S5: Garkheda 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 3 6. 5 – 8. 8 0.12190 60.00 13. 14 

2 PH 4. 0 5. 0 0.0037 110.141 0.141 

3 DO (mg/lit) 250 500 0.0037 50.00 0.119 

4 EC (millimols) 350 120 0.0155 291. 67 4. 52 

5 TDS (mg/lit) 86 300 0.0062 28. 67 0.118 

6 Total alkalinity (mg/lit) 160 500 0.0037 32. 00 0.112 

7 Total hardness (mg/lit) 380 75 0.025 506. 67 12. 67 

8 TSS 115 30 0.061 383. 33 23. 38 

9 Calcium (mg/lit) 50 250 0.0074 20.00 0.115 

10 Magnesium (mg/lit) 150 45 0.0412 333. 33 13. 73 

11 Chlorides (mg/lit) 40 150 0.01236 26. 67 0.133 

12 Nitrates (mg/lit) 120 150 0.13723 80.00 29. 78 

13 Sulphate (mg/lit) 10 5. 00 0.13723 200.0 74. 46 

    
∑Wn = 

1. 15 

∑=qn 

2122. 75 

∑=Wnqn 

173. 06 

Water Quality Index = ∑Wnqn/∑Wn = 150.149 

 

Table 9: water quality index of S6: Naralibag 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 8 6. 5 – 8. 8 0.12190 160.0 35. 04 

2 PH 2. 5 5. 0 0.0037 126. 0 0.147 

3 DO (mg/lit) 370 500 0.0037 74. 00 0.127 

4 EC (millimols) 500 120 0.0155 416. 67 6. 5 

5 TDS (mg/lit) 75 300 0.0062 25. 00 0.1155 

6 Total alkalinity (mg/lit) 162 500 0.0037 32. 40 0.112 

7 Total hardness (mg/lit) 370 75 0.025 493. 33 12. 33 

8 TSS 120 30 0.061 400.0 24. 4 

9 Calcium (mg/lit) 45 250 0.0074 18. 00 0.113 

10 Magnesium (mg/lit) 180 45 0.0412 400.0 16. 48 

11 Chlorides (mg/lit) 45 150 0.01236 30.00 0.137 

12 Nitrates (mg/lit) 140 150 0.13723 93. 33 34. 75 

13 Sulphate (mg/lit) 15 5. 00 0.13723 300 111. 69 

    
∑Wn = 

1. 15 

∑=qn 

2568. 73 

∑=Wnqn 

242. 7 

Water Quality Index = ∑Wnqn/∑Wn = 211 
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Table 10: water quality index of S7: Mahmoodpura 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 2 6. 5 – 8. 8 0.12190 40.0 8. 76 

2 PH 3. 0 5. 0 0.0037 120 0.144 

3 DO (mg/lit) 330 500 0.0037 66. 0 0.124 

4 EC (millimols) 400 120 0.0155 333. 33 5. 20 

5 TDS (mg/lit) 70 300 0.0062 23. 33 0.114 

6 Total alkalinity (mg/lit) 275 500 0.0037 55. 0 0.120 

7 Total hardness (mg/lit) 300 75 0.025 400.0 10.0 

8 TSS 180 30 0.061 600.0 36. 6 

9 Calcium (mg/lit) 85 250 0.0074 34. 0 0.125 

10 Magnesium (mg/lit) 85 45 0.0412 188. 9 7. 78 

11 Chlorides (mg/lit) 25 150 0.01236 16. 67 0.120 

12 Nitrates (mg/lit) 90 150 0.13723 60.0 22. 33 

13 Sulphate (mg/lit) 25 5. 00 0.13723 500.0 186. 15 

    
∑Wn = 

1. 15 

∑=qn 

2437. 23 

∑=Wnqn 

278. 29 

Water Quality Index = ∑Wnqn/∑Wn = 241. 99 

 

Table 11: water quality index of S8: Naigaon 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 6 6. 5 – 8. 8 0.12190 120 26. 28 

2 PH 2. 9 5. 0 0.0037 210 0.178 

3 DO (mg/lit) 200 500 0.0037 40.0 0.1148 

4 EC (millimols) 520 120 0.0155 433. 33 6. 72 

5 TDS (mg/lit) 60 300 0.0062 20.0 0.1124 

6 Total alkalinity (mg/lit) 180 500 0.0037 36. 0 0.11332 

7 Total hardness (mg/lit) 365 75 0.025 486. 67 12. 17 

8 TSS 90 30 0.061 300.0 18. 3 

9 Calcium (mg/lit) 85 250 0.0074 34. 0 0.125 

10 Magnesium (mg/lit) 130 45 0.0412 288. 88 11. 90 

11 Chlorides (mg/lit) 30 150 0.01236 20.0 0.012 

12 Nitrates (mg/lit) 135 150 0.13723 90.0 35. 50 

13 Sulphate (mg/lit) 6 5. 00 0.13723 120.0 44. 68 

    
∑Wn = 

1. 15 

∑=qn 

2198. 88 

∑=Wnqn 

156. 99 

Water Quality Index = ∑Wnqn/∑Wn = 136. 51 
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Table 12: water quality index of S9: Kanchanwadi 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 7 6. 5 – 8. 8 0.12190 140 30.166 

2 PH 3. 1 5. 0 0.0037 119. 80 0.144 

3 DO (mg/lit) 280 500 0.0037 56. 0 0.121 

4 EC (millimols) 450 120 0.0155 375. 0 5. 81 

5 TDS (mg/lit) 85 300 0.0062 28. 33 0.118 

6 Total alkalinity (mg/lit) 185 500 0.0037 37. 0 0.114 

7 Total hardness (mg/lit) 400 75 0.025 533. 33 13. 33 

8 TSS 95 30 0.061 316. 67 19. 31 

9 Calcium (mg/lit) 85 250 0.0074 34. 0 0.125 

10 Magnesium (mg/lit) 170 45 0.0412 377. 78 15. 56 

11 Chlorides (mg/lit) 35 150 0.01236 23. 33 0.129 

12 Nitrates (mg/lit) 135 150 0.13723 90.0 33. 50 

13 Sulphate (mg/lit) 2 5. 00 0.13723 40.0 14. 90 

    
∑Wn = 

1. 15 

∑=qn 

2171. 24 

∑=Wnqn 

136. 58 

Water Quality Index = ∑Wnqn/∑Wn = 188. 77 

 

Table 13: water quality index of S10: Padegaon 

Sr. No.  Parameter 
Observed 

values 

Standard 

values (Sn) 

Unit  

Weight (Wn) 

Quality 

rating (qn) 
Wnqn 

1 Parameter 7. 4 6. 5 – 8. 8 0.12190 80.0 17. 52 

2 PH 3. 0 5. 0 0.0037 120.183 0.144 

3 DO (mg/lit) 220 500 0.0037 44. 0 0.116 

4 EC (millimols) 400 120 0.0155 333. 33 5. 16 

5 TDS (mg/lit) 70 300 0.0062 23. 33 0.114 

6 Total alkalinity (mg/lit) 187 500 0.0037 37. 4 0.114 

7 Total hardness (mg/lit) 340 75 0.025 453. 33 11. 33 

8 TSS 110 30 0.061 366. 66 22. 36 

9 Calcium (mg/lit) 70 250 0.0074 28. 0 0.121 

10 Magnesium (mg/lit) 95 45 0.0412 211. 11 8. 70 

11 Chlorides (mg/lit) 30 150 0.01236 20.0 0.125 

12 Nitrates (mg/lit) 100 150 0.13723 66. 66 24. 82 

13 Sulphate (mg/lit) 2. 5 5. 00 0.13723 50.0 18. 61 

    
∑Wn = 

1. 15 

∑=qn 

1834. 65 

∑=Wnqn 

87. 84 

Water Quality Index = ∑Wnqn/∑Wn = 76. 38 
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Figure 1: Water Quality Index 

 

 
Figure 2: Water Quality Index Rating 

Conclusion:  

 The Water Quality Index (WQI) of waters in industrial areas of Waluj MIDC, is givenin Table 

4 to 10.1The report prepared by the WHO the importance of safe waters supply and sanitation in 

the control of water borne diseases. The value of WQI in water sampling areas was reported to be 

less than 100 and greater than 100, indicating that the water is suitable for human use except at 

Deolali, Pandhapur and Naralibag.  
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