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Abstract 

 
The field of this research was thin films fabrication using pulse laser deposition 

technique. The aim of this work is to study the effect of the laser parameters (number of 

pulses and laser pulse energy) on the optical properties of the ZnS thin films fabricated 

by pulsed laser deposition technique.   Eight Samples of ZnS thin films were fabricated 

by using Q-Switched Nd: YAG laser with the fundamental wavelength of 1064 nm, four 

of the samples were fabricated using different number of pulses (10, 15, 20, and 25) 

with 100 mj pulse energy and 2 Hz pulse repetition rate, the other four samples were 

fabricated using laser pulse energies of (125, 150, 175, and 200) mj with fixed number 

of pulses of 20, and pulse repetition rate of 5 Hz. The target to the substrate distance 

and angle were kept fixed, 2 cm, and 45o respectively. The film thicknesses were 

measured using FESEM measurement tool. The results showed that for the case of 

changing the number of laser pulses, the transmission spectra in the region (532 to 915) 

nm were found to be in the range from 0.40 to 0.62% depending on the ZnS thin film 

thickness and for each ZnS thin film the transmission spectrum is unique., and the 

absorption coefficients were found to be varied from (28.287 to 7.300) *103 cm-1 

depending on the film thickness and wavelength.  And for the case of fabricating the 

thin films using varied pulse energy, the thickness of the deposited ZnS thin films was 

found to be increased when pulse energy is increased. The transmission spectra in the 

tested region (532 to 915) nm were found to be in the range from 0.41 to 0.59 % 

depending on the ZnS thin film thickness, and for each ZnS thin film the transmission 

spectrum is unique. The refractive indices of all samples were found to be (2.51 lower 

and 3.38 higher) and change with the thin film thickness and with the wavelengths. 

Transmission spectra, absorption coefficients and the refractive indices of all samples 

they were in good agreement with the literature.  
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 إلمس تخلص

يهدف هذإ إلبحث لدرإسة أ ثر  لللزرر إلنبي.  لرقيقة إلمصنعة بتقانة إلترسيب بايعد هذإ إلبحث ضمن مجال تصنيع الاغش ية إ

معاملات إلللزرر) عدد نبضات وطاقة إلنبضة( على إلخصائص إلبصرية ل غش ية كبريتيد إلزنك إلرقيقة إلمحضرة بتقانة إلترسيب بالللزرر 

 إلنبي. 

  1064كبريتيد إلزنك إلرقيقة باس تخدإم لزرر نيوديوم ياك ذو إلتشغيل إلمفتاحي ذو إلطول إلموجي انية عينات من إغش ية صنعت  ثم

جول  -ميلي 011( بطاقة نبضة 01، و 01، 01، 01باس تخدإم عدد نبضات مختلف )نانومتر، حيث صنعت  أ ربعة من إلعينات  

، و 071، 011، 001نات إل خرى صنعت باس تخدإم طاقات مختلفة لنبضة إلللزرر )هيرتز معدل تكرإر إلنبضات، والاربعة عي  0و

حيث كانت إلمسافة وإلزإوية بين إلهدف  هيرتز   1تكرإر لللنبضات  دنبضة وعد 01جول بعدد نبضات ثابت من  –( ميلي 011

قة إلمصنعة باس تخدإم إلمجهر إلا لكتروني تم قياس سماكات الاغش ية إلرقيحيث إلتوإلي  على  درجة  51سم و 0ثابتة عند وإلركزرة 

إلي  130فى إلمدى )   يةأ ن إطياف إلنفاذ أ وضحت إلنتائج في حالة تغيير عدد نبضات إلللزررو (  FESEMإلماسح إلباعث لللمجال )

عتمادإ على سمك غشاء %0.62و %5 1تترإوح بين )  ( نانومتر لكل غشاء رقيق501 شاء رقيق إلزنك إلرقيق وإن لكل غ  كبريتيد( إ 

إعتمادإ علي سمك إلغشاء وإلطول  0-سم 013( *7.300و  28.287تترإوح بين )وأ ن معاملات الامتصاص    ية متفردطيف نفاذ

يزدإد  وجد إن سمك غشاء كبريتيد إلزنك إلمصنع  طاقة نبضة إلللزررنغيير  تصنيع الاغش ية إلرقيقة عن طريق إلموجي  أ ما في حالة

و  %50 1تترإوح بين )  ( نانومتر لكل غشاء رقيق501إلي  130فى إلمدى )   يةأ ن إطياف إلنفاذس تخدمة  طاقة إلنبضة إلم  بزيادة

 33 3و  10 0) إدنى    وكذلك وجد إن معاملات الانكساريةمتفردإعتمادإ علي سمك إلغشاء ولكل غشاء طيف نفاذ  (15% 1

   ووجد أ ن  أ طياف إلنفاذ، معاملات إلا متصاص ومعاملات وجيوإلطول إلم تتغير بتغير سمك إلغشاء و لكل إلعينات  أ على( 

َالانكسار لكل إلعينات تتفق مع إلدرإسات إلسابقة  

 

َ

َ
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CHAPTER ONE 

BASIC CONCEPTS 

1-1 Introduction: 

 The beginning of “Thin Film Science” can possibly be traced to the observations of 

Grove who noted that metal films were formed by sputtering of cathodes with high 

energy positive ions (Ghosh, D. S., 2013). The phenomenal rise in thin film researches 

is no doubt due to their extensive applications in the diverse fields of electronics, 

optics, space science, aircrafts, defense and other industries (MC RAO, 2013). 

Advances in thin film deposition techniques during the 20th century have enabled a 

wide range of applications in different areas such as magnetic recording media, 

electronic semiconductor devices, LEDs, optical coatings, hard coatings on cutting 

tools, and for both energy generation (e.g. thin-film solar cells) and storage (thin film 

batteries).Some of the factors which determine the physical, electrical, optical and 

other properties of thin film – such as rate of deposition, substrate temperature, 

environmental conditions, gas pressure in the system, purity of the material, 

inhomogeneity of the film, structural and compositional variations of the film etc. are 

very important. In addition to their applied interest, thin films play an important role in 

the development and study of materials with new and unique properties. Two 

dimensional materials (i.e. thin film) such as MoS2 have been the main focus of intense 

research efforts over the past few years. The most common method of exfoliating these 

materials, although efficient for lab-scale experiments, is not acceptable for large area 

and practical applications (Serna, Martha I.  et al., 2016).  

Sulphur compounds such as CdS, ZnS are an important II–VI compound 

semiconductor material with applications in several heterojunction photovoltaic 

systems and they have also applications in various electro-optic and infrared devices. 

https://en.wikipedia.org/wiki/Magnetic_media
https://en.wikipedia.org/wiki/Semiconductor_device
https://en.wikipedia.org/wiki/Semiconductor_device
https://en.wikipedia.org/wiki/Light-emitting_diode
https://en.wikipedia.org/wiki/Optical_coating
https://en.wikipedia.org/wiki/Thin-film_solar_cell
https://en.wikipedia.org/wiki/Thin-film_battery
https://en.wikipedia.org/wiki/Thin-film_battery
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Serna%2C+Martha+I
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Most sulphur compounds with wide band gap which is suitable for applications in solar 

cells, solar selective decorative coatings, UV light emitting diode, photocatalysis and 

phosphors in flat panel displays (Anuar Kassim, et al., 2010). These materials when 

fabricated in thin film structure their properties can be tailored example are CdS (F. 

Lisco, et al., 2015).  Thin films of sulphur compounds are non-toxic to human body, 

very cheap and abundant (Anuar Kassim, et al., 2010). Many methods were used to 

deposit thin film materials they are either pure physical or pure chemical. Physical 

methods contain evaporation and sputtering methods each of them can have a large 

numbers of deposition techniques, for example, thermal evaporation method, electron 

beam evaporation method, pulsed laser deposition can all be classified as physical 

evaporation techniques. The beauty of Pulsed Laser Deposition as a thin film growth 

technique is its conceptual simplicity. Ever since the discovery of the first lasers in the 

1960s, this technique has undergone tremendous development, and is now applicable 

for the deposition of a wide range of materials, from thin polymer films to 

superconductors, complex oxides, metals, biomaterials and many more . Complete 

deposition systems can be bought, both for research purposes and large scale thin film 

manufacturing. PLD is a cheap and practically simple thin film deposition method, 

growing in popularity (Carl Philip, 2014). ZnS thin films are believed to be one of the 

most promising materials for blue light emitting diodes, and in electroluminescent 

displays, and many other applications (M. H. Suhail and R. A. Ahmed 2014). Zinc Sulphide 

(ZnS) is a wide gap and direct transition semiconductor that belong to group II-VI 

semiconductors (K.  R. Murali, 2014). As a result, ZnS is an important material used as an 

antireflection coating in heterojunction solar cells and in infrared windows (J. Mohamed, 

2002). Many methods can be used to produce thin films from this material such as sol-

gel, radiofrequency sputtering [6], pulse laser deposition (Kumar V et al., 2015); (N. A. 

Almuslet, Kh. Haroun and Y. Alsheikh, 2018 ) and so on. Pulse laser deposition (PLD) has 

been successfully used to deposit an extraordinary wide range (Mohammed A. Hameed, 
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2015). In thin films fabricated using PLD method  a number of deposition conditions 

corresponds to the properties  of the laser beam  such as laser wavelength, laser pulse 

energy, pulse repetition rate, etc., together with the other pulsed laser deposition 

conditions such as substrate temperature, ambient gas and pressure, target to substrate 

distance and angle are all considered as fundamental thin film depositions conditions 

that controlled the properties of the deposited thin films .The PLD is widely used 

technique for the fabrication of thin films because of its numerous advantages such as 

its simplicity, etc (Yousif H. Alsheikh, 2018). The PLD technique enables the 

deposition of many complex materials over a wide range of background gas 

composition and pressures. Throughout this chapter the research objectives, problem 

statement, and research methodology will be given.  

1-2 Problem statement: 

   There is a need to investigate the properties of the ZnS thin films deposited using 

pulse laser deposition technique, and to study the effect of the properties of the 

laser properties (laser pulse energy and the number of the laser pulses) on the 

thickness and optical properties of the ZnS deposited films. 

1-3 Research Methodology: 

    The experimental deposition of the ZnS thin films using different laser pulse energy 

and using different number of the laser pulses on glass substrates by using Q-

Switched Nd: YAG laser source, and then each fabricated ZnS thin film will be 

imaged and its thickness will be measured using the Field Emission Scanning 

Electron Microscope (FESEM). Then each the transmission of each ZnS thin film 

will be detected and measured at certain monochromatic wavelengths and after 

recording the transmission spectra of the ZnS thin films together with their 

thicknesses measured will be used to calculate their optical properties (refractive 

index, absorption coefficients) will be the methodology of this research. 
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1-4 Research Objectives: 

The objectives of this work are: 

 Using the pulse laser deposition method to produce thin films of some sulphur 

compounds typically ZnS on different glass substrates. 

 Studying the optical properties of the produced thin films. 

 Studying the effect of laser parameters (pulse energy, and the number of the 

laser pulses) on the thickness and optical properties of the produced films. 

 

1-5 Research Outlines: 

This chapter presents an introduction, research objectives, and basics of thin films, 

deposition methods, thin film properties and thin film applications. Chapter two 

describes in details the basic principles underlined the pulsed laser deposition and 

discuss the pulsed laser deposition advantages and disadvantages and at the end of the 

chapter literature review is presented. Experimental part of this work including 

materials and tools, in addition to the methodology followed to produce the thin films 

and the method for determination of the optical properties of the produced films are 

presented in chapter three. Finally chapter four includes the results and discussion, 

conclusion and recommendation for future works.  
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CHAPTER TWO 

THIN FILMS AND PULSED LASER DEPOSITION 

2-1 Introduction: 

 This chapter describes in details the field of thin film, types, methods of preparation, 

and applications and only describe the optical properties of thin film material since it’s 

vital for the thesis, also the chapter discusses in details the Pulsed-laser deposition 

(PLD) is one of the most promising techniques for the formation of complex-oxide 

heterostructures, superlattices, and well-controlled interfaces. In this chapter the basic 

mechanisms of the PLD and at the end of this chapter literature works in the field are 

reviewed  

2-2 Basics of thin films: 

A thin film is a layer of material ranging from fractions of a nanometer (monolayer) to 

several micrometers (5 micrometers) in thickness. A material with thickness greater 

than the upper limit thickness of thin film up to 500 microns is said to be thick film. 

Above than 500 microns the material is entering the Bulk structure classification. Thin 

films are classified in many ways, mainly , according to the materials used for the 

coatings, number of layers, the damage threshold, the strength , and the characteristics, 

etc. there are metallic coating , and dielectric coatings .The metallic coating always 

have lot of absorption and have only limited applications. According to the number of 

deposited layers there are: 

2.2.1 Single layer: 

 This is a type of thin film in which only single layer is deposited into a substrate, such 

as illustrated in figure (2.1) below: 

https://en.wikipedia.org/wiki/Nanometer
https://en.wikipedia.org/wiki/Monolayer
https://en.wikipedia.org/wiki/Micrometre
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Figure 2.1: Single layer thin film 

2.2.2 Multilayer thin films: 

This is a type in which n layers (stack) are deposited into a substrate; multilayer thin 

films find a wide range of applications in solar energy, semiconductor devices and so 

on. Figure 2.2 shows a diagram of multilayer thin film structure. 

 

Figure 2.2: Multilayer thin film structure 

2.2.3 Spectroscopy: 

There is a connection between the fabrication of thin films and their optically 

characterization through the science of spectroscopy. So to study the optical properties 

such as the thin film refractive index, the absorption coefficients, the transmission, and 

so on for the thin films a variety of techniques can be used. Spectroscopy is the study 

of the absorption and emission of light and other radiation by matter, as related to the 
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dependence of these processes on the wavelength of the radiation. Optical 

spectroscopy is used routinely to identify the chemical composition of matter and to 

determine its physical structure. Spectroscopic techniques are extremely sensitive. 

Single atoms and even different isotopes of the same atom can be detected among 1020 

or more atoms of a different species. Trace amounts of pollutants or contaminants are 

often detected most effectively by spectroscopic techniques. Certain types of 

microwave, optical, and gamma-ray spectroscopy are capable of measuring 

infinitesimal frequency shifts in narrow spectroscopic lines. Frequency shifts as small 

as one part in 1015
 of the frequency being measured can be observed with ultrahigh 

resolution laser techniques. Because of this sensitivity, the most accurate physical 

measurements have been frequency measurements (Zarrin Es’haghi, 2011). 

2-3 Film growth modes: 

Depending on many factors, the thin film growth modes are important to study for one 

working on thin film technology. The different processes involved in the nucleation of 

clusters on a surface by vapour deposition of atoms are shown in figure (2-3). Film 

atoms arrive at a rate dependent on the deposition parameters either on bare substrates 

areas or on preexisting clusters of film atoms. These film atoms can subsequently 

diffuse over the substrate or cluster surface, encounter other mobile film atom to form 

mobile or stationary clusters, attach to preexisting film-atom clusters, be re-evaporated 

from the substrate or from a cluster, or be detached from a cluster and remain on the 

substrate surface. 
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Figure 2.3: Schematic diagram of atomic processes in the nucleation of three dimensional 

clusters of deposited film atoms on a substrate surface. 

The film growth modes are typically of three types, 

a- Layer type: 

 Full monolayer growth involves the nucleation and growth of islands that are only one 

monolayer thick and grow to essentially complete coalescence before significant 

clusters are developed on the next film layer. In this case there is no free energy barrier 

to nucleation, i.e. no ΔG*. If the substrate material is different from the film material, 

full monolayer nucleation will be promoted by strong film-substrate bonding, low film 

surface energy and high substrate surface energy.   

b- Mixed type: 

 Full monolayer growth may change to three-dimensional island growth after 1-5 

monolayer’s due to a change in the energy situation with successive monolayer’s. This 

might be an increase in stress with increasing layer thickness due to mismatched lattice 

spacing’s. These three growth types are illustrated in figure (2-4). 
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Figure 2.4: Schematic representation of different growth modes. Θ is the coverage of film 

material in units of monolayer’s 

The selection of one of these growth modes by a substrate-film system depends on: (a) 

the thermodynamics that relates the surface energies of the film and substrate, and (b) 

the film substrate interface energy. 

2.4 Thin film properties: 

The properties of thin films are sensitive to the method of preparation. 

Therefore to  make  sure  that  the thin film  which  was  produced  by  a  given  

process  satisfy  the specified  technological  demands,  a  wide  field  of  

characterization,  measurement  and testing methods are  available (Davis, Peter L. 

et al., 2015). The physical properties of a thin film are highly dependent on their 

thickness. The determination of the film thickness and of the deposition rate, 

therefore, is an important issue in the thin film technology. In many  applications  

it  is  necessary  to  have  a  good  knowledge  about  the  current  film thickness  

even  during  the  deposition  process,  as  for example in  the  case  of  optical  

coatings.  Therefore, one distinguishes  between  thickness  measurement  methods  

which  are  applied  during  deposition  ("in  situ")  and  methods  by  which  the  

thickness can be determined after finishing a coating run ("ex situ"). Nonetheless,  

the  desired  mechanical, optical, chemical or electronic properties are often 
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opposed to the bulk properties  which  may  be  high  mechanical  stability,  easy  

manufacturing  or  low  material  cost (Yousif H. Alsheikh, 2018). 

The most important properties are:  

2.4.1 The Physical properties: 

 Numerous studies have been carried out investigating processes to create thin films, 

characterize them, and test their physical properties (Zhao, Y.P. and Wang, T.M Lu, 

2001). The beautifully  hierarchical complexity associated with thin film micro-

nanostructure  and surface morphological  evolution,  which  arises  from  a  diverse  

set  of  competitive  kinetic  instabilities,  operating  on  very  different  time  and  

length  scales,  assures  that  thin film  nanoscience  and  technology  will  remain  a  

vital  and  exciting  field  long  into the future. One  may  obtain  a  wide  variety  of  

different  surface/interface  morphologies  and film microstructure which are inherently 

related to dynamic growth mechanisms. These, in turn, have a significant and generally 

different influence on physical properties. Although epitaxial growth of a film in the 

layer-by-layer mode can commence in some cases within a certain temperature regime, 

such a growth mode may not always occur and instead growth front can be rough in 

the form of mounds (multilayer step structure; unstable growth) or due to noise 

induced roughening during the growth can lead to the formation of self affine fractal 

morphologies. Besides kinetic effects during growth, stress relaxation in between film 

interfaces strongly alters growth characteristics and has to be taken certainly into 

consideration (Yousif H. Alsheikh, 2018). 

2.4.1.1 Thickness of the film: 

One important factor that has a principal  effect  on  the  characteristics  of  a  work  

piece  is  the  thickness of the fabricated film. Optical techniques for film-thickness 

determinations are widely used because  they  are  applicable  to  both  opaque  and  

transparent  films  and  generally  yield  thickness  values  of  high  accuracy (Almuslet 
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and Alsheikh, 2015); (Hernández  M.  et al.,1999).  The thicknesses of deposited 

material defines its type, for thickness of the range 1 microns and down to a couple of 

nanometers the structure is known as thin film whereas the range of thicknesses from 

above 1 micron up to 500 microns the structure is said to be thick film. Since the 

thickness affects the optical properties of materials these two types of structure may 

have different optical properties due to thickness differences.  Optical properties of thin 

and thick films such as transmittance, absorptance and reflectance in addition to the 

optical constants are different for the two film structures. Optical constants are 

parameters which characterize how a material will respond to excitation by an 

electromagnetic field at a given frequency, optical constants n and k represent the 

optical properties of a material in terms of how the electromagnetic waves propagate in 

that material. It should note that there can be very significant differences between 

optical constants measured from a bulk specimen of a material and the optical 

constants of a thin film of the same material. This is primarily related to the micro-

structural differences in the film, but can also due to size effects to very thin films. The 

optical constants of all materials have some sort of expected dispersion as a function of 

wavelength. Optical constants of real materials, however, are not random functions of 

wavelength. There are generally smooth functions of wavelength and there is causality 

relationship between real and imaginary parts. Because of this, the optical constants for 

many materials can be very accurately modeled using functional forms. Thickness of 

the thin film is an important parameter that has to be taken into account when 

fabricating a thin film for specific applications.  The thinness of the film is an 

important factor that controls the physical properties of the thin film. Controlling the 

thickness of the thin film will lead to control of the structural, optical and electrical 

properties of the films, and so on. For example optical transmission, reflection, and 

absorption of a thin film of a given material are highly dependent on its thickness. This 

a direct relation between the thin film thickness and its optical properties are clear 
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when considering the mathematical equation of Beer-Lambert law and spectroscopic 

relations of the optical transmission and absorption coefficient for the case of thin 

films. Whereas the dependence of the electrical and structural properties of the thin 

film on its thickness can be seen in the same way as with the dependence of the optical 

properties of the thin film on its thickness. It is interesting to notice that current trends 

in the industry are to produce components, e.g. as microchips having non-uniform 

exterior surfaces but require to be covered by uniform coatings (Daniele Dipresa, 

2013). 

2.4.2 Optical Properties: 

Optical properties of a material change or affect the characteristics of light passing 

through it by modifying its propagation vector or intensity. The study of optical 

properties of thin films has special significance in the world of science, technology and 

industry for the development of new optical devices. Optical absorption study of 

materials provides useful information to analyze some features concerning the band 

structure of materials (Yousif H. Alsheikh, 2018). The optical band gap energy of the 

semiconductor is an important parameter that plays a major role in the construction of 

photovoltaic cells ( A. U. Ubale et al., 2012).  Two of the most important optical 

properties are the refractive index n and the extinction coefficient K, which are 

generically called optical constants; though some authors include other optical 

coefficients within this terminology. The latter is related to the attenuation or 

absorption coefficient α (J. Singh, 2006). The optical constants of the film are 

functions of wavelength and an iterative process involving interpolation is necessary to 

extract their values (Heavens, 2001).The complex refractive index, the frequency or 

wavelength are dependent on n and K via the so-called dispersion relations, the 

question is how n and K are interrelated and how n and K can be determined? 

Obviously this can be done by studying the transmission as a function of wavelength 

through a thin film of the material. There are available a number of experimental 
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techniques for measuring n and K. For example, ellipsometery measures changes in 

the polarization of light incident on a sample to sensitively characterize surfaces and 

thin films. The interaction of incident polarized light with the sample causes a 

polarization change in the light, which may then be measured by analyzing the light 

reflected from the sample. 

2.5 Applications of thin films: 

The study of thin film phenomena dates back well over a century, it is really only over 

the last four decades that they have been used to a significant extent in practical 

situations. The requirement of micro miniaturization made the use of thin and thick 

films virtually imperative. The development of computer technology led to a 

requirement for very  high  density  storage  techniques  and  it  is  this which  has  

stimulated  most  of  the research  on  the  magnetic  properties  of  thin  films.  Many  

thin  film  devices  have  been developed  which  have  found  themselves  looking  for  

an  application.  In general these devices have resulted from research into the physical 

properties of thin films. Thin  film  materials  have  already  been  used  in  

semiconductor  devices,  wireless communications,  telecommunications,  integrated  

circuits,  rectifiers,  transistors,  solar cells,  light-emitting  diodes,  photoconductors,  

light  crystal  displays,  magneto-optic memories,  audio  and  video  systems,  compact  

discs,  electro-optic  coatings,  memories, multilayer capacitors, flat-panel displays, 

smart windows, computer chips, magneto optic discs,  lithography,  micro-  

electromechanical  systems  and  multifunctional  emerging  coatings, as well as other 

emerging cutting technologies ( Rao and Shekhawat,2013). 

2.6 Deposition techniques: 

There are a considerable number of processes that can be and are used for the 

deposition of optical coatings. The commonest take place under vacuum and can be 

classified as physical vapour deposition (sometimes abbreviated to PVD).In these 
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processes, the thin film condense directly in the solid phase from the vapour. The word 

‘physical’ as distinct from ‘chemical’ is intended to indicate the absence of any 

chemical reactions in the formation of the film. This is an oversimplification. Chemical 

reactions are, in fact, involved but the term chemical vapour deposition (sometimes 

abbreviated to CVD) is reserved for a family of techniques where the growing film 

differs substantially in composition and properties from the components of the vapour 

phase  (Macleod, 2001), (Yousif H. Alsheikh, 2018). 

2.6.1 Chemical methods: 

Although physical vapour deposition is the predominant class of deposition processes 

in optical coatings, the application of chemical vapour deposition is gradually 

increasing. The chemical reactions between the starting materials, the precursors, to 

form the material of the coating may be triggered in various ways but the most 

common is probably by means of electrically induced plasma in the active vapour. 

Such processes are known collectively as plasma enhanced. Chemical vapour 

deposition is complementary to rather than a direct competitor of physical vapour 

deposition. It is especially useful in the deposition of organic polymer films that are 

largely beyond the capabilities of physical vapour deposition. The boundary between 

the two classes of process is rather blurred (Macleod, 2001).  Because of the large 

category of chemical methods only a few of chemical methods are described here. 

2.6.2 Physical methods: 

The physical vapour deposition processes can be classified in various ways but the 

most useful classify cations for our purposes are based on the methods used for 

producing the vapour and on the energy that is involved in the deposition and growth 

of the films. Vacuum, or thermal, evaporation has for years been the principal physical 

vapour deposition process and because of its simplicity, its flexibility and its relatively 

low cost, and because of the enormous number of existing deposition systems, it is 
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likely to continue so for some considerable time. In thermal evaporation, the material 

to be deposited, the evaporant is simply heated to a temperature at which it vaporises. 

The vapour then condenses as a solid Film on the substrates, which are maintained at 

temperatures below the melting point of the evaporant. Molecules travel virtually in 

straight lines between source and substrate and the laws governing the thickness of 

deposit are similar to the laws that govern illumination. In sputtering, the vapour is 

produced by bombarding a target with energetic particles, mostly ions, so that the 

atoms and molecules of the target are ejected from it. Such vapour particles have much 

more energy than the products of thermal evaporation and this energy has considerable 

in fluence on the condensation and film-growth processes. In particular the films are 

usually much more compact and solid. In other variants of physical vapour deposition, 

the condensation of thermally evaporated material is supplied with additional energy by 

direct bombardment by energetic particles. Such processes, together with sputtering, are 

known collectively as the energetic processes (Macleod, 2001). 

a- evaporation method: 

In thermal evaporation the vapour is produced simply by heating the material, known 

as the evaporant. Because of the reduced pressure in the chamber the vapour is given 

off in an even stream, the molecules appearing to travel in straight lines so that any 

variation in the thickness of the film that is formed is smooth, and depends principally 

on the position and orientation of the substrate with respect to the vapour source. The 

properties of the film are broadly similar to those of the bulk material, although, as we 

shall see, there are important differences in the detailed microstructure. Precautions 

that have to be taken to ensure good film quality include scrupulous cleanliness of the 

substrate surface, near normal incidence of the vapour stream and, sometimes, heating 

the substrate to temperatures of 200–300 oC (or even higher, depending on the 

material) before commencing deposition. The evaporation is carried out in a sealed 
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chamber that is evacuated to a pressure usually of the order of 10-5 mb. The materials 

to be deposited are melted within the chamber, using one of a number of possible 

techniques that will be described. The complete plant consists of the chamber together 

with the necessary pumps, pressure gauges, power supplies for supplying the energy 

necessary to melt the evaporant, monitoring equipment for the measurement of the thin 

film thickness during the process, substrate holding jigs, substrate heaters and the 

controls (Macleod, 2001). The most common evaporation setup is shown in figure 

(2.5). Deposition techniques fall into two broad categories, depending on whether the 

process is primarily chemical or physical. Physical methods rely on evaporation or 

sputtering while chemical methods depend on specific chemical reaction. 

 

Figure 2.5: Evaporation setup 

Figure (2.6) shows many useful processes for film deposition. 

https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Physics
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Figure 2.6: Most useful thin film deposition methods 

b- Sputtering method: 

The electrode and gas-phase phenomena in various kinds of glow discharges 

(especially rf discharges) represent 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 for film deposition (as well as etching), as listed in figure 1.1. 

The most basic and well-known of these processes is sputtering, the ejection of surface 

atoms from an electrode surface by momentum transfer from bombarding ions to 

surface atoms. From this definition, sputtering is clearly an etching process, and is, in 

fact, used as such for surface cleaning and for pattern delineation. Since sputtering 

produces a vapor of electrode material, it is also (and more frequently) used as a 

method of film deposition similar to evaporative deposition. Sputter deposition has 

become a generic name for a variety of processes (Krishna Seshan, 2002).  

2.6.2 .1 Diode Sputtering 

Diode sputtering uses a plate of the material to be deposited as the cathode (or rf-

powered) electrode (target) in a glow discharge. Material can thus be transported from 
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the target to a substrate to form a film. Films of pure metals or alloys can be deposited 

when using noble gas discharges (typically Ar) with metal targets (Krishna Seshan, 

2002). 

2.6.2.2 Reactive Sputtering 

 
Compounds can be synthesized by reactive sputtering, that is, sputtering elemental or 

alloy targets in reactive gases; alternatively, they can be deposited directly from 

compound targets. 

2.6.2. 3. Bias Sputtering 

 
Bias sputtering, or ion-plating, is a variant of diode sputtering in which the substrates 

are ion bombarded during deposition and prior to film deposition to clean them. Ion 

bombardment during film deposition can produce one or more desirable effects, such 

as re-sputtering of loosely-bonded film material, low-energy ion implantation, 

desorption of gases, conformal coverage of contoured surface, or modification of a 

large number of film properties. The source material need not originate from a 

sputtering target, but can be an evaporation source, a reactive gas with condensable 

constituents, or a mixture of reactive gases with condensable constituents and other 

gases that react with the condensed constituents to form compounds. It should be noted 

that all glow discharge processes involve sputtering in one form or another, since it is 

impossible to sustain a glow discharge without an electrode at which these processes 

occur. In “electrodeless” discharges, rf power is capacitively coupled through the 

insulating wall of a tubular reactor. In this case, the inside wall of the tube is the main 

electrode of the discharge. However, sputtering can also lead to undesirable artifacts 

in this and other glow-discharge processes (Krishna Seshan, 2002). 

2.6.2. 4. Magnetron Sputtering 

 



19 
 

Another variant in sputtering sources uses magnetic fields transverse to the electric 

fields at sputtering-target surfaces. This class of processes is known as magnetron 

sputtering. Sputtering with a transverse magnetic field produces several important 

modifications of the basic processes. Target-generated secondary electrons do not 

bombard substrates because they are trapped in cycloidal trajectories near the target, 

and thus do not contribute to increased substrate temperature and radiation damage. 

This allows the use of substrates that are temperature-sensitive (for example, plastic 

materials) and surface- sensitive (for example, metal-oxides-semiconductor devices) 

with minimal adverse effects. In addition, this class of sputtering sources produces 

higher deposition rates than conventional sources and lends itself to economic, large-

area industrial application. There are cylindrical, conical, and planar magnetron 

sources, all with particular advantages and disadvantages for specific applications. As 

with other forms of sputtering, magnetron sources can be used in a reactive sputtering 

mode. Alternatively, one can forego the low-temperature and low radiation-damage 

features and utilize magnetron sources as high-rate sources by operating them in a bias-

sputtering mode ((Yousif H. Alsheikh, 2018). 

2.6.2 .5. Ion-Beam Sputtering 
Ion beams, produced in and extracted from glow discharges in a differentially pumped 

system, are important to scientific investigations of sputtering, and are proving to be 

useful as practical film-deposition systems for special materials on relatively small 

substrate areas. There are several advantages of ion-beam sputtering deposition. The 

target and substrate are situated in a high-vacuum environment rather than in a high-

pressure glow discharge. Glow discharge artifacts are thereby avoided, and higher-

purity films usually result. Reactive sputtering and bias sputtering with a separate ion 

gun can be used (Krishna Seshan, 2002). 
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2.6.3 Pulsed laser deposition: 

 In general, the method of PLD is simple. Only few parameters need to be controlled 

during the process. Targets used in PLD are small compared with other targets used in 

other sputtering techniques. It is quite easy to produce multi-layer film composed of two 

or more materials. Besides, by controlling the number of pulses, a fine control of film 

thickness can be achieved. Thus a fast response in exploiting new material system is a 

unique feature of PLD among other deposition methods. The most important feature of 

PLD is that the stoichiometry of the target can be retained in the deposited films. This is 

the result of an extremely high heating rate of the target surface (108K/s) due to pulsed 

laser irradiation. It leads to the congruent evaporation of the target irrespective to the 

evaporating point of the constituent elements or compounds of the target. And because of 

the high heating rate of the ablated materials, laser deposition of crystalline film demands 

a much lower temperature than other mentioned film growth techniques. For this reason 

the semiconductor and the underlying integrated circuit can refrain from thermal 

degradation (Rao, 2013). 

The technique of PLD has been used to deposit high quality films of materials for more 

than a decade. The technique uses high power laser pulses to melt, evaporate and ionize 

material from the surface of a target. This "ablation" event produces a transient, highly 

luminous plasma plume that expands rapidly away from the target surface. The ablated 

material is collected on an appropriately placed substrate upon which it condenses and the 

thin film grows. Applications of the PLD technique range from the production of 

superconducting and insulating circuit components to improved wear and biocompatibility 

for medical applications. In spite of this widespread usage, the fundamental processes 

occurring during the transfer of material from target to substrate are not fully understood 

and are consequently the focus of much research. In principle PLD is an extremely simple 

technique, uses pulses of laser energy to remove material from the surface of a target 

(Lackner, 2005). 
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2.6.3.1 Basics of PLD: 

The applicability and acceptance of pulsed laser deposition in thin-film research rests 

largely in its simplicity in implementation. Pulsed laser deposition is a physical vapor 

deposition process, carried out in a vacuum system, which shares some process 

characteristics common with molecular beam epitaxy and some with sputter 

deposition. In PLD, shown schematically in Figure 2.7, a pulsed laser is focused onto a 

target of the material to be deposited. For sufficiently high laser energy density, each 

laser pulse vaporizes or ablates a small amount of the material creating a plasma 

plume. The ablated material is ejected from the target in a highly forward-directed 

plume. The ablation plume provides the material flux for film growth. Historically 

Albert Einstein postulated the stimulated emission process in as early as 1916. The first 

optical master using a rod of ruby as the lasing medium was, however, constructed in 

1960 by Theodore H. Maiman at Hughes Research Laboratories, a lapse of 44 years. 

Using laser to ablate material has to be traced back to 1962 when Breech and Cross 

used ruby laser to vaporize and excite atoms from a solid surface. Three years later, 

Smith and Turner used ruby laser to deposit thin films. This marked the very beginning 

of the development of the pulsed laser deposition technique. However, the 

development and investigations of pulsed laser deposition did not gather the expected 

momentum. In fact, the laser technology was immature at that time. The availability of 

the types of laser was limited; the stability output was poor and the laser repetition rate 

was too low for any realistic film growth processes. Thus the development of PLD in 

thin film fabrication was slow comparing with other techniques such as MBE, which 

can produce much better thin film quality. The rapid progress of the laser technology, 

however, enhanced the competitiveness of PLD in the following decade. The lasers 

having a higher repetition rate than the early ruby lasers made the thin film growth 

possible. Subsequently, reliable electronic Q-switches lasers became available for 
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generation of very short optical pulses. For this reason PLD can be used to achieve 

congruent evaporation of the target and to deposit stoichiometric thin films. The 

absorption depth is shallower for UV radiation. Subsequent development led to lasers 

with high efficient harmonic generator and excimer lasers delivering powerful UV 

radiation. From then on, non-thermal laser ablation of the target material became 

highly efficient. Pulsed laser deposition as a film growth technique has attained its 

reputed fame and has attracted wide spread interest after it has been used successfully 

to grow high-temperature cT  superconducting films in 1987. During the last decade, 

pulsed laser deposition has been employed to fabricate crystalline thin films with 

epitaxy quality. Ceramic oxide, nitride films, metallic multilayers, and various 

superlattices grown by PLD have been demonstrated. Recently, using PLD to synthesis 

nanotubes, nanopowders and quantum dots have also been reported. Production-related 

issues concerning reproducibility, large-area scale-up and multiple-level have begun to 

be addressed. It may start up another era of thin film fabrication in industry. 

 

Figure 2.7: PLD setup 
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2.6.3.2 Mechanisms of PLD 
 

The principle of pulsed laser deposition, in contrast to the simplicity of the system set-

up, is a very complex physical phenomenon. It involves all the physical processes of 

laser-material interaction during the impact of the high-power pulsed radiation on a 

solid target. It also includes the formation of the plasma plume with high energetic 

species, the subsequent transfer of the ablated material through the plasma plume onto 

the heated substrate surface and the final film growth process. Thus PLD generally can 

be divided into the following four stages. 

 Laser radiation interaction with the target 

 Dynamic of the ablation materials 

 Decomposition of the ablation materials onto the substrate 

 Nucleation and growth of a thin film on the substrate surface 

 In the first stage, the laser beam is focused onto the surface of the target. At 

sufficiently high energy density and short pulse duration, all elements in the target 

surface are rapidly heated up to their evaporation temperature. Materials are 

dissociated from the target and ablated out with stoichiometry as in the target. The 

instantaneous ablation rate is highly dependent on the fluences of the laser irradiating 

on the target. The ablation mechanisms involve many complex physical phenomena 

such as collisional, thermal and electronic excitation, exfoliation and hydrodynamics. 

During the second stage the emitted materials tend to move towards the substrate 

according to the laws of gas-dynamic and show the forward peaking phenomenon R.K. 

Singh reported that the spatial thickness varied as a function of ncos , where n>>1. 

The laser spot size and the plasma temperature have significant effects on the deposited 

film uniformity. The target-to-substrate distance is another parameter that governs the 

angular spread of the ablated materials. The third stage is important to determine the 
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quality of thin film. The ejected high-energy species impinge onto the substrate surface 

and may induce various type of damage to the substrate. The mechanism of the 

interaction is illustrated in the following figure. These energetic species sputter some 

of the surface atoms and a collision region is established between the incident flow and 

the sputtered atoms. Film grows immediately after this thermalized region (collision 

region) is formed. The region serves as a source for condensation of particles. When 

the condensation rate is higher than the rate of particles supplied by the sputtering, 

thermal equilibrium condition can be reached quickly and film grows on the substrate 

surface at the expense of the direct flow of the ablation particles. Figure (2.8) shows 

schematically the plasma-substrate interaction process. 

 

 

Figure 2.8: plasma- substrate interaction 

Nucleation-and-growth of crystalline films depends on many factors such as the 

density, energy, degree of ionization, and the type of the condensing material, as well 

as the temperature and the physical-chemical properties of the substrate. The two main 

thermodynamic parameters for the growth mechanism are the substrate temperature T 

and the supersaturation m. They can be related by the following equation: 
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)/ln( eRRkTm                                           (2-1) 

where k is the Boltzmann constant, R is the actual deposition rate, and Re is the 

equilibrium value at temperature T. 

The nucleation process depends on the interfacial energies between the three phases 

present – substrate, the condensing material and the vapour. The minimum-energy 

shape of a nucleus is like a cap. The critical size of the nucleus depends on the driving 

force, i.e. the deposition rate and the substrate temperature. For the large nuclei, a 

characteristic of small supersaturation, they create isolate patches (islands) of the film 

on the substrates, which subsequently grow and coalesce together. As the 

supersaturation increases, the critical nucleus shrinks until its height reaches an atomic 

diameter and its shape is that of a two-dimensional layer. For large supersaturation, the 

layer-by-layer nucleation will happen for incompletely wetted foreign substrates. The 

crystalline film growth depends on the surface mobility of the adatom (vapour atoms). 

Normally, the adatom will diffuse through several atomic distances before sticking to a 

stable position within the newly formed film. The surface temperature of the substrate 

determines the adatom’s surface diffusion ability. High temperature favours rapid and 

defect free crystal growth, whereas low temperature or large supersaturation crystal 

growth may be overwhelmed by energetic particle impingement, resulting in 

disordered or even amorphous structures. 

2.6.3.3 Advantages of PLD: 

The advantages are counts for PLD over well-established physical methods of thin film 

deposition: 
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 PLD can work with almost any kind of material including non-volatile 

materials whereas molecular Beam epitaxy limits its choices with easily 

volatile materials only. 

 Energy source (LASER) is placed outside the vacuum chamber which offers 

flexibility in geometrical arrangement of deposition system components as well 

as measurement systems if any. 

  Due to local heating, material can be selectively deposited from a layered 

target also. 

 Pulsed nature offer unique controllability of deposition thickness. 

 High kinetic energy of plasma plume promotes surface mobility and hence 

high-quality crystalline films can be achieved in a relatively simpler way. At 

the same time, they can be tuned to avoid bulk displacements. 

 Source material choice is virtually unlimited as choice of LASER parameters 

(like wavelength, intensity etc.) will determine the ablation process. 

  Under suitable conditions, ratio of elemental components can be maintained 

exactly the same as the target material. This offers a great advantage as 

compared to other methods where many parameters need to be finely optimized 

and even finely maintained during the whole course of deposition. 

 Ability to work in non-equilibrium conditions enables us to produce species 

with electronic states far from chemical equilibrium and hence novel and meta 

material’s fabrication is much easier using PLD. 

  The LASER-target interaction responsible for ablation process is completely 

decoupled from other process parameters like background gas, type of substrate 
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and substrate temperature. This results in better control of ablation dynamics 

for a variety of materials (Sandeep Nagar, 2012). 

 

2.6.3.4 Disadvantages of pulsed laser deposition: 

There are also disadvantages to perform PLD. Some of them are of a technical nature; 

some are intrinsic to the ablation process and the electromagnetic interaction between 

photons and matter: 

 Light elements like oxygen or lithium have different expansion velocities and 

angular distributions in a plume as compared to heavier elements. Therefore, an 

addition source to supplement these elements to obtain the desired film 

composition is required, e.g., adequate background gas or an adapted target 

composition. 

  Due to the high laser energies involved, macroscopic and microscopic particles 

from the target can be ejected which can be detrimental to the desired properties 

of films and multilayers. This can partially be overcome by working with very 

dense polycrystalline or even single crystalline targets, but it also depends on the 

absorption and mechanical properties of the target material and laser fluence 

used (Schneider, C. W., and Thomas Lippert, 2010).  

The most addresses disadvantages for Pulsed laser deposition are: 

 Formation of droplets poses a big disadvantage.  Impurity of target materials 

will be reflected in thin films too. Hence great deal of care is necessary to avoid 

any impurity from the starting of experiments. 
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   Impurity in atmosphere of vacuum chamber will also be forced into thin film 

and hence high  purity  gases  should  be  used  and  deposition  chamber  

should  be  regularly  cleaned after some set of depositions (particularly when 

targets are exchanged for depositions). 

  Crystallographic  defects  are  generated  in  the  thin  film  due  to  impinging 

high  kinetic energy  species.  This  can  be  avoided  by  fine  tuning  the  

LASER  energy  and  deposition pressure. 

 Any  inhomogeneity  in  flux  and  angular  distribution  of  ablation  plume  is  

reflected as inhomogeneous thin film property. This can be avoided by 

polishing the target surface before mounting it on the target holder using 

suitable electronics to avoid instabilities fed to LASER. 

  PLD depositions are limited to smaller areas usually few mm2. This can be 

improved by rotating the substrate holder and/or using multiple LASER beams. 

 PLD is a batch process and cannot be used for continuous deposition of films. 

This is a major disadvantage from an industrial use point of view (Sandeep 

Nagar, 2012). 

The presence of various types of particulates on the surface of the thin films deposited 

by pulsed laser deposition (PLD) is a strong limitation in key technological 

applications of this method. The presence of various types of particulates both on the 

surface of the films as well as in their bulk is a disadvantage. These micrometer and 

sub-micrometer sized particulates can be droplets, expelled in liquid phase from the 

target surface, or irregular shaped solid target material fragments. They represent the 

most important shortcoming for the application of the synthesized thin films in 
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technological fields, since in high performance electronic, optical and optoelectronic 

devices particulates-free films are required (E. Gyorgy, 2002). 

In the description of the laser–plasma interaction, the laser pulse duration plays a 

crucial role: whereas in the case of nanosecond (ns) laser pulse, the 

forming plasma interacts with the laser beam” tail”, in the case of femtosecond (fs) 

laser pulse the previous mechanism doesn’t take place. 

The laser absorption of the forming plasma reduces the efficiency of the energy 

deposition into the sample (plasma shielding effect) and increases the plume ionization 

degree, complicating the plume expansion mechanism (Alessia Sambri, 2008). Due to 

the plasma-laser interaction, the temperatures of the evaporated material increase 

therefore rapidly to extremely high values and the electrons are further accelerated. 

The excited particles will emit photons, leading to a bright plasma plume, which is 

characteristic for the laser ablation process (Blank, D.H.A., et al., 1992). The main 

absorption processes are the inverse Bremsstrahlung (IB) and the photoionization (PI), 

since the cross section of the other processes are much smaller ( Yousif H. Alsheikh, 

2018); (Alessia Sambri, 2008). 

2.7 Laser ablation and plasma formation: 

Laser ablation is a well-established method of removing material from a solid surface 

by irradiating it with a laser beam (T. MOŚCICKI et al., 2011). 

Laser ablation is very complex, involving many simultaneous processes during and 

following the laser pulse such as heat transfer, electron-lattice energy exchange, 

material melting and evaporation, plasma plume formation and expansion, laser energy 

absorption etc. Pulsed laser ablation (PLA) has numerous applications making it an 

attractive area of fundamental research (Hussein A. E.  et al., 2013). Applications 

includes laser machining (drilling, engraving), cleaning contaminated surfaces 

(removal of paint or coating), deposition of thin coatings on different materials, 
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production of new nanomaterials such as carbon nanotubes, laser-induced breakdown 

spectroscopy (LIBS), laser-ablation inductively coupled plasma mass spectrometry 

(LA-ICP-MS), elemental sensors (Hussein A. E.  et al., 2013).   In laser ablation, also 

called pulsed laser deposition (PLD), an intense, pulsed laser beam irradiates the target. 

When the laser pulse is absorbed by the target, its energy is used first for electronic 

excitation and converted into thermal, chemical, and mechanical forms of energy, 

resulting in evaporation, ablation, plasma formation, and even exfoliation. The ejected 

material expands into the surrounding vacuum in the form of a plume containing many 

energetic species, including atoms, molecules, electrons, ions, clusters, particles, and 

molten globules. These diverse species finally condense onto a substrate as a thin film 

(Martin, R. J., and Palma A.L., 2013).  

During laser ablation, the material evaporated from the target forms a thin layer of very 

dense plume, this plasma plume absorbs energy from the laser beam (by means of 

photoionization and inverse Bremsstrahlung) and its temperature and pressure grow. 

The resulting pressure gradient accelerates the plume to high velocity perpendicular to 

the target (T. MOŚCICKI et al., 2011). 

 

2.7.1 Expansion of the plasma plume in vacuum:  

In case of vacuum the plume, angular distribution is determined by the collisions of the 

plume particles among themselves in the initial stage. When plume is small however in 

the presence of the ambient gas the plume angular distribution is modified due to 

collision between the plume species and background gas atoms (Yahya, K.Z., 2010). 

2.7.2 Expansion of the plasma plume into background gas: 

     In the case of expansion into an ambient atmosphere, the plume acts as a piston 

compressing the background gas during its expansion. As a consequence of this 
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interaction, plume expansion along the direction normal to the target surface is broken 

to some extent, and the plume shape tends to be more and more hemispherical. For the 

sake of simplification, the theoretical analysis of plume propagation into an ambient 

gas is usually modeled for the case of a hemispherical plume. 

2.8 Lasers for infrared laser ablation and deposition: 

The recent studies by Luther-Davies and collaborators on laser processing of materials 

using Ultrashort pulses at high pulse repetition frequency (PRF) represent a watershed 

in thinking about laser materials processing. Their approach is based on the idea that 

laser ablation thin-film deposition is best accomplished by a vaporization mechanism 

that employs relatively modest pulse energies to ablate a small amount of material, 

relatively high intensity to enhance cross section, and high PRF to optimize 

throughput. The first of these criteria ensures that collateral damage, particulate 

emission, and undue thermal loading are minimized. The second of these follows from 

the fact that reaction rates are fundamentally proportional to intensities and cross 

sections, rather than to fluence; in addition, at high intensities, nonlinear effects may 

produce additional yield of desirable products. High PRF serves both to maximize 

throughput and to produce a nearly continuous vapor stream during deposition. Up to 

now there have been few systematic tests of this novel materials-processing paradigm. 

Mode-locked Nd : YAG lasers have100-ps pulses during which the material reaches 

thermal equilibrium and cannot deliver really high intensities, although good-quality 

films of amorphous carbon have been made in this way. Moreover, given their fixed 

frequencies, it is not possible to optimize the spatio-temporal density of electronic 

excitation in the ablation target (Robert Eason, 2007). 

 

 



32 
 

2.9 Deposition parameters: 

Target-substrate distance, partial pressure of oxygen, substrate temperature, laser pulse 

energy density and pulse repetition rate are the main five parameters that need to be 

optimized to get the desired films. It is important to recognize that highly 

stoichiometric, nearly single crystal-like epitaxial film is aimed for in the PLD method. 

Streams of ions or neutral atoms arrive at the surface of the substrate. The substrate 

surface consisting of positive and negative ions attracts ions of opposite charge thus 

initiating the layer growth. Layer by layer growth of crystal starts with the mobility of 

ions on the surface aided by their own kinetic energy and the substrate temperature. 

The process can be compared with the growth of ionic crystals from its solution on a 

seed crystal. Preferred growth rate is of the order of 1 Å per pulse (M S HEGDE, 

2001); (Yousif H. Alsheik, 2018). 

2.10 Literature Review: 

C. R. IORDĂNESCU et al in 2017 present work we study the optical, structural and 

morphological properties of CdS-doped glass films, deposited by Pulsed Laser 

Deposition (PLD) method. The glass target used for ablation was prepared by 

conventional melt-quenching technique and the semiconductor dopant, CdS powder, 

was embedded in the borosilicate melt glass host by continuous stirring. In order to 

improve the properties of the films, the laser wavelength was modified. 

Photoluminescence emission (PL) of CdS-doped glass films revealed a broad band 

located in the visible range. The structural analysis was carried out by micro-Raman 

spectroscopy, pointing out specific vibration modes for Si-O-Si bonds as well as for 

CdS dopant. The morphology and the chemical characterization of the films were 

investigated by Scanning Electron Microscopy (SEM), Energy Dispersive X-ray 

spectroscopy (EDX) and Atomic Force Microscopy (AFM). 
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 Eman M. Nasir 2014 A thin films of ZnS and ZnS: Al with various Al concentration 

(0, 1, 2)%wt has been prepared successfully. Also n-ZnS/p-Si and n-ZnS: Al/p-Si 

heterojunction detector (HJs) has been fabricated by thermal evaporation at different 

Al concentration. Structure of these films was characterized by X-ray diffraction. The 

structures of these films are cubic zinc along (111) plane. The reverse bias capacitance 

was measured as a function of bias voltage, and it is indicated that these HJs are 

abrupt. The capacitance decreases with increasing the reverse bias, and fixed at high 

value of reverse bias voltage. The capacitance increases with increasing Al 

concentration. The width of depletion layers decreases with increases Al concentration. 

The value of highest built in potential varies between (2-1.37V). The current-voltage 

characteristic of n-ZnS/p-Si and n-ZnS: Al/p-Si heterojunction show that the forward 

current at dark condition varies approximately exponentially with applied voltage and 

the junction was coincide with recombination-tunneling model, and reverse current 

exhibited a soft breakdown. The difference between forward and reverse current with 

applied voltage indicates that the detector has a high rectification characteristic. The 

value of ideality factor was varies between 2.58-3.22, and the value of tunneling 

constant (At) varies between 4.92-8.05V-1. From the I-V measurements under 

illumination, the photocurrent increased with increasing Al concentration. The energy 

band diagram for HJ has been constructed. 

Balakrishnan G et al., in (2017)  produced  nanostructured  single  layer  aluminium  

oxide  (Al2O3),  single  layer  zirconium  oxide  (ZrO2)  and  the  (Al2O3/ZrO2)  nano 

multilayer  films on Si (100) substrates at an  optimized oxygen pressure of 3×10-2 

mbar at room temperature by pulsed laser deposition. The Al2O3 layer was kept 

constant at 5 nm, while ZrO2 layer thickness was varied from 5 nm to 20 nm.  The X-

ray diffraction (XRD) studies of single layer of Al2O3 film indicated the cubic γ-Al2O3, 

while the single layer of ZrO2 indicated both the monoclinic and tetragonal phases. 
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 E. M. NASIR and M. M. ABASS (2016) have been prepared nanocrystalline thin 

films of PbS with different thickness (400,600) nm successfully by chemical bath 

deposition technique on glass and Si substrates. The structure and morphology of these 

films were studied by X-ray diffraction and atomic force microscope. It shows that the 

structure is polycrystalline and the average crystallite size has been measured. The 

electrical properties of these films have been studied, it was observed that D.C 

conductivity at room temperature increases with the increase of thickness, From Hall 

measurements the conductivity for all samples of PbS films is p-type. Carrier's 

concentration, mobility and drift velocity increases with increasing of thickness. Also 

p-PbS/n-Si heterojunction has been fabricated at different thickness. The reverse bias 

capacitance was measured as a function of bias voltage, and it is indicated that these 

HJs are abrupt. The capacitance decreases with increasing the reverse bias, and fixed at 

high value of reverse bias voltage. The capacitance increases with increasing thickness. 

The width of depletion layers decreases with increases thickness. The value of highest 

built in potential has been measured. The current-voltage characteristic show that the 

forward current at dark condition varies exponentially with applied voltage and the 

junction was coinciding with recombination-tunneling model. The difference between 

forward and reverse current with applied voltage indicates that the junction has a high 

rectification characteristic. The value of ideality factor was varies between (1.821-

1.715), From the I-V measurements under illumination, the photocurrent increased 

with increasing thickness. 

Hamed M. A. in (2015)  was used pulsed laser deposition technique to produce silicon 

dioxide (SiO2) thin films on glass substrates at room temperature. The optical gap and 

linear refractive index of the prepared films were determined and their structures were 

found to be amorphous. Optical parameters were determined from UV-Visible 

absorption spectra in the spectral range of 200-850nm. The thickness of SiO2 thin films 
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was measured by using an optical interferometer method employing He -Ne laser of 

632nm wavelength at incident angle of 45°. The XRD pattern for films deposited at 

room temperature showed that the grown films are of amorphous structure. The effect 

of laser pulse energy on the optical properties has been studied. It was found that the 

optical properties reasonably depend on the laser pulse energy. The optical constants 

were determined from transmission and absorption spectra within the range of 200-800 

nm for the deposited SiO2 thin films. The refractive index as a function of the 

wavelength at different laser pulse energies was plotted and it was shown that the 

refractive index is almost constant in the range 400-600nm, and increases with 

increasing laser pulse energy. Also it was shown that from the variation relation of 

(αhυ)2as  a function of  photon energy  (hυ) for SiO2 deposited thin films energy  gap  

is  ranging  from 1.7 to 3 eV depending on the laser pulse energy, as the energy band 

gap increases with increasing laser pulse energy. 

 E. Marquez in (2014) deposited various thicknesses of cadmium sulfide ZnS thin 

films were evaporated onto glass substrates using the thermal evaporation technique. 

X-ray diffraction analysis indicates that both the film and powder have cubic 

zincblende structure. The microstructure parameters, crystallite size and micro strain 

were calculated. It was observed that the crystallite size increases but the micro strain 

decreases with increase the film thickness. The band gaps of the ZnS thin films were 

found to be direct allowed transitions and increase from 3.33 to 3.46eVwith increasing 

the film thickness. The refractive indices have been evaluated in transparent region 

using the envelope method in the transparent region. The refractive index can be 

interpolated and extrapolated in terms of Cauchy dispersion relationship over the 

whole spectra range, which extended from 300 to 2500nm. It was observed that the 

refractive index, n increase on increasing the film thickness. 
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 Bushra A. Hasan and Eman M. Nasir in (2015) used thermal evaporation technique 

tin Sulphide (SnS) thin films have been deposited on glass slides have been deposited 

at room temperature using SnS powder. The deposited films have been investigated 

through X-ray diffraction measurements to determine structural properties. The 

deposited SnS films found polycrystalline with an orthorhombic structure. The grain 

size found to increase with thickness. The surface morphology of the films has been 

examined using atomic force microscopy AFM. The chemical compositions of the 

films have been determined using energy dispersive analysis of x-rays (EDAX). The 

dielectric properties of SnS thin films deposited with different thickness (100,200,and 

300nm) are presented in this work. The dielectric permittivity ε and ac conductivity 

σacwere measured at temperatures in the range of 293–493 K and frequencies in the 

range of 10 kHz–100MHz. It is found that there are two conductivity mechanisms and 

hence two activation energies converts to one mechanism with the increase of 

thickness. The ac activation energy EAC decreases with increase of thickness and 

frequency. The exponent s shows a progressive decrease with thickness. The results are 

explained in terms of structural difference by the effect of thickness and thermal 

treatment. Few anomalies in dielectric studies were observed near 340 and440K, 

respectively. These points were related to crystalline phase transitions. Dark-

conductivity and photo-conductivity increases with increase of thickness. 

De Mesa Joseph A. et al., in (2016) has successfully deposited undoped Zinc oxide on 

S(100) substrate by femtosecond pulsed laser. A mode-locked femtosecond laser 

operating at 790 nm wavelength, 100 fs pulse duration and 80 MHz repetition rate was 

used as an excitation source. The depositions were carried out at vacuum pressures of 

10-2-10-6 mbar and oxygen background gas pressures of 10-2-10-4mbar. Energy 

dispersive spectroscopy of samples grown without oxygen background gas shows 

higher zinc composition on deposited material as compared to oxygen that leads to off 



37 
 

stoichiometric ZnO films. Scanning electron microscopy (SEM) images shows that 

increasing oxygen gas pressure increased the particle size of the deposited ZnO. The 

material deposited at 2x10-4mbar oxygen pressure revealed clustering of nanorods 

forming a flower-like structure that has an average length of 2700 nm and an average 

diameter of 450 nm. The X-ray diffraction spectra show c-axis orientation of the 

deposited ZnO with (002) and (110) reflection. 

F. A. La Porta et al., in (2014) were prepared ZnS nanoparticles by a microwave-

assisted solvothermal method, and the phase structure and optical properties along with 

the growth process of ZnS nanoparticles were studied. They report XRD, FE-SEM, 

EDXS, UV-vis and PL measurements, and first-principles calculations based on 

TDDFT methods in order to investigate the structural and electronic properties and the 

growth mechanism of ZnS nanostructures. The effects as well as the merits of 

microwave heating on the process and characteristics of the obtained ZnS 

nanostructures and their performance are reported. 

A.Z. Mohammed et al., in (2018) were prepared and investigated the effects of the 

number of shots of laser and annealing temperature on the structural, morphological, 

and optical properties of zinc sulfide nanoparticles (ZnS NPs) thin films by pulsed 

laser deposition technique (PLD), tigated. XRD results show that ZnS NPs exhibit a 

hexagonal phase at 623k. Transformation in the shape of nanoparticles to nanoflowers 

and nanorods appeared with increasing number of shots of laser at the same annealing 

temperature (623K) was observed from scanning electron microscopy (SEM) images. 

The optical properties were studied from all transmittance data. The experimental 

results show that the as-deposited ZnS NPs film exhibit a cubic structure and the 

crystallinity increased in the annealed films. It is also found that the grain size of the as 

grown samples at 300 K, rises linearly from 9 to 11 nm with increasing the number of 

shots from 1000 to 3000 and rapidly from 10 to 18 nm after annealing at 623K. 
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Additionally, the increase of the number of shots from 1000 to 3000 leads to a decrease 

in the energy gap values and increases their values after heat treatment keeping their 

behavior decreasing as the number of shots of laser increases. Also, photoluminescence 

(PL) measurements explained quenching its value after annealing temperature. 

Eman M.N.Al-Fawadi et al., in (2008) Fabricated a polycrystalline CdSe thin films 

doped with (5 wt %) of Cu using vacuum evaporation technique in the substrate 

temperature range (Ts=RT-250) oC on glass substrates of the thickness (0.8μm). The 

structure of these films are determined by X-ray diffraction (XRD).The X-ray 

diffraction studies shows that the structure is polycrystalline with hexagonal structure, 

and there are strong peaks at the direction (200)at (Ts=RT-150)oC, while at higher 

substrate temperature(Ts=150-250)oC the structure is single crystal. The optical 

properties as a function of Ts were studied. The absorption, transmission, and reflection 

has been studied, the optical energy gap (Eg) increases with increase of substrate 

temperature from (1.65-1.84) eV due to improvement in the structure. The 

amorphousity of the films decreases with increasing Ts. The films have direct energy 

gap and the absorption edge was shift slightly towards smaller wavelength for 

CdSe:Cu thin film with increase of substrate temperature. it was found that the 

absorption coefficient was decreased with increasing of substrate temperature due to 

increases the value of(Eg). The CdSe:Cu films showed absorption coefficient in the 

range (0.94x104-0.42x104) cm-1at Ts=RT-250oC.Also the density of state decreases with 

increasing of substrate temperatures from (0.20-0.07)eV, it is possibly due to the 

recrystallization by the heating substrate temperatures. Also the extinction coefficient, 

refractive index and dielectric constant have been studied. 

 M. A. Sangamesha et al., in (2013) developed a dye-sensitized nanocrystalline 

copper sulphide (CuS in thin film structure) solar cell using crystal violet (CV) as a 

photosensitizer us. Nanocrystalline CuS thin film is deposited on indium tin oxide-
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(ITO-) coated glass substrate by chemical bath deposition (CBD) technique. These thin 

films are characterized for their structural, optical and electrical properties using X-ray 

diffractometer (XRD), atomic force microscopy (AFM), and scanning electron 

microscopy (SEM). Optical absorbance measurements from UV-visible spectrometer 

at normal incidence of light in the wavelength range of 320–1100 nm and current-

voltage (I-V) measurements were also made. The deposited CuS thin film on ITO-

coated glass substrate may be used as a photo electrode in the fabrication of dye-

sensitized solar cell (DSSC). The carbon soot collected on the substrate is used as a 

counter electrode. The counter electrode coupled with a dye-sensitized CuS thin film 

along with a redox electrolyte mixture is used to develop a complete photovoltaic cell. 

The fill factor and efficiency were evaluated for the developed DSSC. 

Zinc sulfide (ZnS) thin films were deposited by Dr. Kadhim Abid Hubeatir in (2015) 

on a glass and n-type Silicon wafer substrates at temperature range from 50 – 200 oC 

using pulsed laser deposition (PLD) technique. The structural, morphological, optical 

and electrical properties of the films have been investigated. The XRD analyses 

indicate that ZnS films have zinc blende structures with plane (111) preferential 

orientation, whereas the diffraction patterns sharpen with the increase in substrate 

temperatures. The Atomic Force Microscopy (AFM) Images shows the particle size 

and surface roughness of the deposited ZnS thin film at substrate temperature 50 and 

150 oC were about 62.90 nm, 74.68nm respectively. Also we noticed that the surface 

roughness is increased at substrate temperature 150 oC compared with temperature 50 

oC. At 200 oC the formed films exhibit a good optical property with 80% transmittance 

in the visible region. The electrical properties confirmed that they depend strongly on 

the bias voltage and the amount of current produced by a photovoltaic device which is 

directly related to the number of photons absorbed. C-V results demonstrated that the 

fabricated heterojunction is of abrupt type. 
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J.J. Hassan in (2006) prepared zinc sulfide by thermal evaporation technique on glass 

substrate, at different substrate temperatures. Film structure and grain size were 

determined by X- ray diffraction (XRD) device. Films have cubic polycrystalline 

structure with lattice constant a=5.41 Angstrom, the optical constants (refractive index 

and absorption coefficients) of the films were derived from transmission spectra in the 

wavelengths range 300-700 nm. Data are analyzed by Swanepoel method increasing of 

substrate temperature, the refractive index of films was increased and all films have 

nearly same refractive index at wavelength about 630 nm. Optical band of prepared 

films are in the range 3.4-3.62 eV and was increased with increasing substrate 

temperature. The aim of his study was to obtain matched properties from ZnS thin 

films to be used in solar cell applications. 
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CHAPTER THREE 

EXPERIMENTAL PART  

3-1 Introduction: 

This chapter describes the details of  the experimental part of this thesis, defining the 

materials used, their properties, the equipment to prepare them for deposition process 

(pressing the powder into disc form), the Q-switched Nd:YAG laser source used for the 

fabrication of the thin zinc sulphide films, also discuss the technique used to determine 

the thickness of the deposited films,  the methodology followed to fabricate  the  zinc 

sulphide films; and the method of optical properties determination with the equipment 

and tools used  were also presented in this chapter.    

3-2 Materials used: 

The materials used in this work were zinc sulphide ZnS, of high purity and Potassium 

bromide- KBr (IR spectroscopy grade), they were in powder form mixed together and 

pressed to form solid disk target. The full information about the potassium bromide and 

Silicon oxides used in this work with their properties are described below:  

3-2-1 Potassium bromide (KBr): 

Potassium Bromide (KBr) is one of the most useful materials for general purpose 

spectroscopic windows and applications where sensitivity to moisture is unimportant. 

Potassium Bromide is the most commonly used beam splitter material for IR 

spectrophotometers. It can be supplied with a conformal polymer coating to give some 

protection against atmospheric humidity (Crystran ltd, 2018). Figure (3.1) shows the 

transmission spectrum of the KBr from 0.2 to 40 microns. 
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Figure 3.1: transmission spectrum of the KBr 

3-2-2 Zinc Sulphide ZnS: 

ZnS is one of the first semiconductors discovered that has shown the remarkable 

properties that can be exploited for versatile applications including field emitters, 

electroluminescence, electro catalyst, biosensors. Compared to bulk ZnS, nano ZnS 

possess anomalous physical and chemical properties such as: enhanced surface to 

volume ratio, the quantum size effect, surface and volume effect and macroscopic 

quantum tunneling effect, more optical absorption, chemical activity and thermal 

resistance, catalysis, and the low melting point. Zinc Sulphide (ZnS) is a wide gap and 

direct transition semiconductor that belong to group II-VI semiconductors. ZnS thin 

films are believed to be one of the most promising materials for blue light emitting 

diodes, and in electroluminescent displays. As a result, ZnS is an important material 

used as an antireflection coating in heterojunction solar cells. And in Infrared 

windows, there are many challenges to produce this material in thin film structure. 

There exist several methods to produce thin films from this material such as sol-gel, rf- 

sputtering, pulse laser deposition, and so on. Zinc sulphide (ZnS), being an important 

II-VI group semiconductor with its excellent physical properties has recently been 
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investigated extensively due to its wide band gap and high refractive index. 

Furthermore, ZnS crystallizes into two allotropic forms: a cubic form (c-ZnS) with 

sphalerite structure having band gap of 3.5–3.7eV and a hexagonal form (h-ZnS) with 

wurtzite structure having band gap of 3.7–3.8 eV. 

3-2-2-1 ZnS properties: 

The most important properties of the Zinc sulphide is shown in table (3.1). 

Table 3.1: the most important properties of the ZnS: 

Chemical formula ZnS 

Molecular weight 97.46 g/mol 

Group 

Sulphur-16 

Zinc-12 

Sulphur-16 

Crystal structure Cubic 

Lattice Constant 5.4093 5.4093 

Dielectric Constant 8.9 

 

Electronic configuration 

Zinc [Ar] 3d104S2 

Sulphur [Ne] 3s23p4 

 

Band Gap 3.54 eV 

Electron Mobility 180 cm2/Vs 

Hole Mobility 5 cm2/Vs 

Refractive Index 1.46 

Heat of Fusion 390 J/g 

Heat of Formation 477 KJ/mol 
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Thermal coefficient of Expansion 6.36 μm/m  C 

Thermal Conductivity 25.1 W/mK 

Specific heat capacity 0.472 J/g  C 

 

3-2-2-2 Applications of ZnS:  

 

It has wide range applications including light-emitting diodes (LEDs), flat  

panel devices, solid state solar window layers, phosphors,  photoconductors, catalysts, 

production of hydrogen, blue light  diodes, electro-luminescent displays, antireflection 

coating for  infrared devices and other non-linear optical devices. The most common 

structure of the ZnS found in nature is shown in figure (3-2). 

 

Figure 3.2: The ZnS structure 

ZnS powders with high purity (95.5%) pressing it under 20 KN to form a target with 

2.5 cm diameter and 0.4 cm thickness. The target should be as dense and homogenous 

as possible to ensure a good quality of the deposit.  
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3-3 Target preparation, machine and method: 

ZnS powder with high purity (95.5%) were mixed with the potassium bromide (IR 

spectroscopy grade) with 50: 50 ratios, pressing it under a pressure of 20 KN using a 

pressing machine hand press model SSP-10 A in Khartoum university the pressing 

machine imported from Shimadzu Kyoto- Japan .The Shimadzu pressing machine was 

used in order to produce solid rigid disks by pressing them in disk shape. The load 

provided by this machine extended from 0.0 to 15.0 tons. The part accompanied with 

this Machine is of an internal radius of about 15 mm and a height of about 100 mm. the 

base, the sides, the cover of this part are all very smooth. The target should be as dense 

and homogenous as possible to ensure a good quality of the deposit.  

3-4 Substrates 

The substrates used to deposit the oxides thin films were glass with 1 mm thickness, 

and dimensions, 2X2 cm, and it's a refractive index of 1.5 

3-5 The Q-Switched Nd: YAG laser source: 

  Nd: YAG lasers are possibly the more widely used lasers either for basic research or 

for industrial and technological applications. These lasers are also excellent pump 

sources for laser development, for instance Ti: Sapphire ultrashort pulse lasers are based 

on CW Nd: YAG pumping. In particular, Nd-YAG lasers have been applied to study 

laser-induced oxidation in metals as titanium and chromium; semiconductors as silicon 

dioxides (Yousif Alsheikh, 2018). (Perez del Pino, A. et al., 2004) demonstrated that the 

rutile phase of TiO2 is obtained by laser oxidation in air of titanium films. Nd:YAG 

laser pulses have been used to laser-induce a phase transformation from W3O thin films 

to WO3  (Evans R., et al., 2007); laser ablation for micromachining of bulk metals as 

copper, bronze and aluminum has also been done using Nd:YAG nanosecond pulses 
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(Yousif Alsheikh 2018), The Q- switched Nd: YAG laser is a solid state type laser 

emits 1064 nm as the fundamental wavelength, and it emits 532 nm wavelength using 

frequency doubling technique via nonlinear crystals such as KDP crystals, and its 

possible to get 1320 nm wavelength from the Q- switched Nd: YAG source using 

frequency. The Q-switched Nd: YAG laser source model OW-D1 used to fabricate the 

oxide thin films was imported from china it’s used mainly for beauty and treatment 

purposes such as vascular therapy and hair removal, etc. (Oriental Wison Michanical & 

Electronics Co. Ltd., 2017).Figure (3.3) shows the user interface of Q-Nd: YAG laser 

source OW-D1 source. 

 

Figure 3.3: User interface of Q-Switched Nd: YAG laser source model OW-D1 

3-4-1 Q-switched Nd: YAG (OW-D1 model) specifications:  

The important features of the Q-switched Nd: YAG (OW-D1 model) are illustrated in 

table (3-2). 
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Table 3.2: Specifications of the Q-switched Nd: YAG laser source: 

Product Name ND YAG LASER Age spot removal machine (OW-D1) 

Model No. OW-D1 

Type Spot removal machine 

Theory Laser 

Application Clinic 

Machine type Laser Age Spot removal machine 

Treatment head 1064nm/ 532 nm/ 1320 nm (Moppet Head) 

Spot size 1-8 mm 

Frequency 1-6 Hz 

Energy Up to 2000 mJ 

Operating screen 5.7 Inches Key press screen 

Indicator Infrared ray indicator light 

Input power AC 220 V (110 V) / 15 A   --- 50 Hz (60 Hz) 

Pulse width 10 ns 

 

3-4-2 Advantages: 

The machine has two important advantages, in addition to the multiple languages of the 

machine they are: a- Safe and efficient this is due to the automatic device of water –
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level and water temperature make the use of the machine safe and efficient., b- portable 

and easy operation the OW-D1 device is a user friendly LCD touch-screen makes 

operation easy, its collimator make operation safe, accurate and efficient (Oriental 

Wison Michanical & Electronics Co. Ltd., 2017). 

3-5 Field Emission Scanning Electron microscopes:  

As all other kinds of scanning electron microscopy the field emission scanning electron 

microscope imaged the samples using the accelerated electrons. Accelerated electrons 

in an SEM carry significant amounts of kinetic energy. And those electrons go and 

interact with the sample. There are four possibilities of emission of x-rays, 

backscattered electrons, secondary electrons and auger electrons when the electron hit 

the sample. Detectors are used to collect them and convert into signal. The most 

common imaging mode collects low-energy (<50 eV) secondary electrons that are 

ejected from the k-orbitals of the specimen atoms by inelastic scattering interactions 

with beam electrons (Yousif Alsheikh, 2018). Field Emission Scanning Electron 

Microscope (FE-SEM) is one of the most powerful techniques for studying surface fine 

structures with resolution better than of SEM. New instrumental developments, such as 

an improved objective lens with lower aberrations coupled with an aberration corrector 

have been reported to improve the resolution of SEM images in a general sense (S. 

Asahina et al., 2012). FESEM is a powerful and popular technique for imaging the 

surfaces of almost any materials with a resolution down to about few nm. The image 

resolution offered by SEM depends not only on the property of the electron probe, but 

also on the interaction of the electron probe with the specimen. The interaction of an 

incident electron beam with the specimen produces secondary electrons, with energy 

typically smaller than 50 eV, the emission efficiency of which sensitively depends on 

surface geometry, surface chemical characteristics and bulk chemical composition. 

SEM can thus provide information about the surface topology, morphology and 
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chemical composition. FESEM gives clearer and less distorted pictures with spatial 

resolution to 1 ½ nm which is 3-6 times better than the conventional SEM. In addition 

to that it produces high quality and low voltages images with negligible electrical 

charging of samples (Panda, R.Kumar, 2015). 

Schematic diagram of the scanning electron microscope is shown in figure (3.4). 

 

Figure 3.4: Schematic diagram of the scanning electron microscope 

 

Field Emission-Scanning Electron Microscope type MIRA3 was used in this work was 

manufactured by Oxfords instruments. 

 

MIRA3 is a high performance SEM system which features a high brightness Schottky 

emitter for achieving high resolution and low-noise imaging. MIRA3 offers all the 

advantages that come with the latest technologies and developments in SEM; delivering 

faster image acquisition, an ultra-fast scanning system, dynamic and static 

compensation and built-in scripting for user-defined applications. Its excellent 
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resolution at high beam currents has proven to be especially advantageous for EDX 

used for probing and analyzing the chemical constituents of the sample that imaged by 

the FESEM, WDX and EBSD compositional analyses. The capabilities for imaging at 

low landing electron energies are further enhanced by means of the optional beam 

deceleration technology (BDT). 

A photograph of the MIRA3 FESEM used in this work was shown in figure 3.5 below: 

 

Figure 3.5: A photograph of the FESEM, shown  

 

3-5-1MIRA3 KEY FEATURE: 

The most important advantages of the FESEM type MIRA3 are: 

1. High brightness Schottky emitter for high-resolution/high current/low-noise 

imaging. 

2. Excellent imaging at short working distances with the powerful In-Beam 

detector (optional). 

3. Investigation of non-conductive samples in variable pressure modes. 
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4. All MIRA3 chambers provide superior specimen handling using a 5-axis fully 

motorized computer centric stage and have ideal geometry for EDX and EBSD. 

5. Optional extra-large chambers (XM, GM) with robust stages able to 

accommodate large samples including large wafers (6", 8", 12") are also 

available. 

6. Several options for chamber suspension type ensure effective reduction of 

ambient vibrations in the laboratory. 

7. Non-distorted EBSD pattern. 

The most important part of the MIRA3 FESEM is the sample stage that contains the 

electron probe; the FESEM type MIRA3 comes with the stages that are capable of 

investigating seven different samples at the same time. But the sample stage require 

high attention when opened to put the sample/or samples under investigation a gloves 

should be wears to avoid accumulation of the carbon inside the stage which may results 

in bad image (Yousif Alsheikh,2018) 

3-5-2 The FESEM MIRA3 stage and the sample holder: 

 
The sample holder and stage of the FESEM MIRA3 type is shown in figure (3.6) the 

figure illustrates samples under inspections. 

https://www.tescan.com/en-us/technology/accessories/compucentric-stage
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Figure 3.6: FESEM stage and sample holder 

 
  3-6 Methodology of ZnS thin films deposition and characterization: 

 

The procedure to fabricate ZnS thin films and study the influence of the number of 

the laser pulses and to study the effect of pulse energy on their properties was done as 

follows: First of all, different disks of ZnS (as targets) were prepared by the press 

machine. And the experimental setup used to produce ZnS thin films was arranged as 

shown in figure (3.7) 
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Figure 3.7:  The experimental setup for fabrication of ZnS thin films 

 

The distance and the angle between the target and the glass substrate were fixed to 2 

cm, and 45o, respectively, the glass substrates were cut into the dimensions suitable for 

FESEM imaging 2X2 cm, and then washed with distilled water and cleaned with 

alcohol.  After the arrangement as shown in figure (1), the Q-Switched Nd: YAG laser 

machine was switched on and 10 pulses with laser pulse energy of 100 mj and 2 Hz 

R.R was used to deposit ZnS thin film on the glass substrate. Then the produced thin 

film sample was carefully taken off and a new substrate is used and the previous step 

was repeated three times with varied number of (15, 20, and 25) of laser pulses with 

fixed repetition rate and pulse energy were used. Then the fabricated ZnS thin films 

were examined using FESEM to measure their thicknesses. The optical properties were 

measured by using the setup shown in figure (3.8). 
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Figure 3.8:  Diagram of the experimental setup for optical measurement of ZnS thin films 

 

Each sample of the fabricated thin films was placed in aligned position with the 

monochromatic light sources whose wavelengths ranges from 532 nm to 915 shown 

in (table 3.3)  

Table 3.3: the laser sources used for transmission spectra measurement:   

Laser Source Wavelength (nm) 

Diode Laser 532 

He-Ne Laser 632.8 

Diode laser  660 

Omega XP Laser (red probe) 675 

Omega XP Laser (IR probe) 820 

Omega XP Laser (IR probe) 915 

 

The intensity of the monochromatic light sources were detected before (incident 

intensity Io) and after (transmitted intensity It) the sample, the values of the 

transmitted and incident intensities of each sample  were recorded for all 

monochromatic and were used to calculate the transmission percentage from T% 

=It/Io, and measured thicknesses of  the fabricated thin films samples together with the 
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transmission data recorded were used to deduce the  fabricated ZnS thin films optical 

properties as follows;     First the refractive index of each thin film was calculated 

using the measured reflectivity R and the glass refractive index μ according to 

(Hussein, M.T., et  al.,  2012); (Yousif  H. Alsheikh, 2018) as:  
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Where,  Ts represents the transmission of glass substrate. 

Then the absorption coefficients of the ZnS fabricated thin films were deduced from 

the measured value of   reflectivity R, transmittance T, refractive index μs, and 

thickness t according to ( Almuslet and Alsheikh, 2015); (Hussein, M.T., et  al.,  2012) 

as: 

                            
T

R

t
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                                                           (3.2) 

Then after the relation between the number of laser pulses and the ZnS thin film 

thickness was plotted and the transmission spectra of the fabricated ZnS films were 

recorded using different laser sources. Then the measured thicknesses of the ZnS films 

and the transmission data recorded were used to calculate the optical properties for 

each film. The same procedure was used in case of depositing the ZnS using different 

laser pulse energy of (125,150,175 and 200) mj with the same deposition conditions 

pulse repetition rate of 5 Hz, and the same laser wavelength of 1064 nm, the same 

target to substrate distance and angle of 2 cm, and 45o the characterization and 

measurement using the same devices and method. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4-1 Introduction: 

This chapter presents in details the results, discussion, conclusion and 

recommendations of these thesis.  

4-2 Number of Pulses Influences thickness and optical properties of 

ZnS thin films: 

 The results of the influence of the number of laser pulses on the thickness and optical 

properties of ZnS thin films fabricated using pulse laser deposition method is presented 

hereunder: In this case four samples of ZnS thin film were fabricated using Q-switched 

Nd: YAG pulsed laser deposition with the wavelength of 1064 nm, 100 mj pulse 

energy with pulse repetition rate of 2 Hz, the target to substrate distance and angle 

were fixed to 2 cm and 45o, respectively. Varied number of (10, 15, 20 and 25) of the 

laser pulses was used. The film thickness was measured by Field Emission scanning 

Electron Microscope (FESEM) measurement tool, and the transmission spectrum at 

certain wavelengths for each film was recorded. ZnS thin films transmission data and 

the measured film thicknesses were used to calculate their optical properties. 

Figures (4.1,a) and (4.1,b) shows the FESEM image and the measurement of the 

thickness of the ZnS thin film deposited when the pulse energy was 100 mj, the pulse 

repetition rate is 2 Hz, and , the target to substrate distance and angle were fixed to 2 

cm and 45o, respectively . 
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Figure (4.1, a):  FESEM image of ZnS thin film deposited on glass substrate with 10 laser 

pulses, laser pulse energy of 100 mj and repetition rate of 2 Hz 

 

Figure (4.1, b): FESEM image of thickness size measurement of ZnS thin film deposited on glass 

substrate with 10 laser pulses, laser pulse energy of 100 mj and repetition rate of 2 Hz 

 

The FESEM image together with the thickness measurement shown in figures (4.1 a, 

and b), respectively, illustrate that the ZnS thin film deposited has a thickness of 0.32 

µm and it's clear that the fabricated film is dense and has smooth film morphology.  

Figure (4.2, a) shows the FESEM image of the ZnS thin film sample fabricated when 

the pulse energy, the pulse repetition rate and the target to substrate distance and angle 

were fixed the only varied parameter was the number of laser pulses it was changed 

from 10 to 15. 
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Figure (4.2, a): FESEM image of ZnS thin film deposited on glass substrate with 15 laser pulses, 

laser pulse energy of 100 mj and repetition rate of 2 Hz 

Figure (4.2, b) shows the FESEM image of the thickness measurement of the ZnS 

deposited on glass substrate when the number of laser pulses was 15. 

 

Figure (4.2, b): FESEM image of thickness size measurement of ZnS thin film deposited on glass 

substrate with 15 laser pulses, laser pulse energy of 100 mj and repetition rate of 2 Hz 

 

Compare to the figure (4.1, b) which shows the FESEM image of the thickness 

measurement of the ZnS thin film figure (4.2, b) showed that when the number of laser 

pulses increase the thickness of the ZnS deposited thin film is increased. 
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When the number of laser pulses is changed to 20 while the other deposition parameters 

were kept fixed as in previous situation, the deposited ZnS thin film imaged using field 

emission scanning microscope machine as shown in figure (4.3, a). 

 

Figure (4.3, a): FESEM image of ZnS thin film deposited on glass substrate with 20 laser pulses, 

laser pulse energy of 100 mj and repetition rate of 2 Hz 

The deposited ZnS thin film thickness shown in figure (4.3, a) is high dense and has a 

non smooth surface when compared to the previous thin film samples that obtained 

with 10 and 15 number of laser pulses. 

Figure (4.3, b) below shows the FESEM image of the deposited ZnS thin film when the 

number of laser pulses was 20.  
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Figure (4.3, b): FESEM image of thickness size measurement of ZnS thin film deposited on glass 

substrate with 20 laser pulses, laser pulse energy of 100 mj and repetition rate of 2 Hz 

 

Again figure (4.3, b) support the idea that increasing the number of laser pulses result in 

an increase in the thickness of the deposited ZnS thin film. Finally we use 25 number of 

laser pulses to deposit ZnS thin film sample, using the same other deposition parameter 

(laser pulse energy of 100 mj, pulse repetition rate of 2 Hz, and the target to substrate 

distance and angle of 2 cm and 45o, respectively) and the deposited ZnS thin film 

examined using the FESEM and its image was shown in figure (4.4, a). 

 

Figure (4.4, a): FESEM image of ZnS thin film deposited on glass substrate with 25 laser pulses, 

laser pulse energy of 100 mj and repetition rate of 2 Hz 

 

The FESEM image of the thickness measurement of the ZnS thin film deposited using 

25 number of laser pulses is shown in figure (4.4, b). 
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Figure (4.4, b): FESEM image of thickness size measurement of ZnS thin film deposited on glass 

substrate with 25 laser pulses, laser pulse energy of 100 mj and repetition rate of 2 Hz 

 

It’s now clearly that increasing the number of laser pulses while other pulse laser 

deposition parameters remains fixed result in increase of the thickness of the ZnS 

deposited thin films. Now to investigate how the numbers of laser pulses influence the 

thickness of the ZnS deposited thin films. The measured thickness and the 

corresponding number of laser pulses used for deposition are tabulated in table (4.1). 

Table 4.1: Thicknesses of the four fabricated  ZnS thin films versus number laser 

pulses: 

Number of laser pulses  ZnS thin film thickness in (µm) 

10 0.32 

15 0.42 

20 0.60 

25 0.82 
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The above result of the thickness of the ZnS thin films and the number of laser pulses 

used for the deposition is plotted in figure (4.5). 

10 12 14 16 18 20 22 24 26

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Zn
S

 th
in

 fi
lm

 T
hi

ck
ne

ss
/µ

m

Number of laser pulses

  Measured thickness of ZnS thin films prepared using PLD

Y-axis represents ZnS thin film thickness, 1 cm = 0.1 µ m

X- axis represents the number of laser pulses, 1 cm =2 pulses

 represent fitting of the data

Thickness = 0.282-0.0084 N
P
+0.0012 N

P

2

 

Figure (4.5): The ZnS thin film thicknesses versus the number of laser pulses used for 

deposition  

Clearly as figure (4.5) shows, the relation between the number of laser pulses and the 

thickness of the deposited ZnS thin film is a nonlinear one.  

The measured film thickness and the transmission data recorded for each ZnS thin film 

were used calculate the refractive indices using equation (3.1) and absorption 

coefficients using equation (3.2) and for each ZnS thin film at the laser wavelengths. 

For each laser wavelength the transmission intensities before and after the deposition 

of the ZnS thin films were recorded and the transmission percentage was calculated as 

(T%= It/Io)  for The ZnS thin films tabulated in table (4.2) and then plotted for each 

ZnS thin film as shown in figure (4.6). 
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Table 4.2: Transmission percentages at certain wavelengths for four ZnS thin 

films 

λ (nm) T % for S1 T%  for S2 T%  for S3 T%  for S4 

532 0.62 0.6 0.55 0.50 

632.8 0.6 0.55 0.57 0.49 

660 0.58 0.58 0.52 0.46 

675 0.59 0.54 0.50 0.44 

820 0.57 0.52 0.49 0.43 

915 0.54 0.53 0.46 0.41 

Note that R can be found as R=1-T,  
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Figure (4.6): Transmission spectra of the four ZnS thin film samples deposited using different 

number of laser pulses 
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Figure (4.6) shows the transmission percentage (T% = It/Io) at a certain laser 

wavelengths for the four ZnS thin film samples S1, S2, S3, S4 deposited using (10, 

15,20,and 25) number of laser pulses respectively. It’s clearly that from figure (4.6) for 

each ZnS thin film and at each laser wavelength the transmission percentage is unique, 

moreover, the transmission of the sample S1 deposited using a 10 number of the laser 

pulses of thickness 0.32 µm is high than the transmission of the other ZnS thin films of 

the highest thicknesses. Also figure (4.6) shows that the transmission of each ZnS thin 

film becomes lower as the wavelength increased. 

The refractive indices are calculated for each ZnS thin film using equation (3.1) at 

certain wavelengths and tabulated in table (4.3), and then plotted in figure (4.7). 

 

Table 4.3: Refractive indices of the four ZnS thin film samples deposited with 

different number of laser pulses: 

λ (nm) n for S1 n  for S2 n  for S3 n  for S4 

532 2.51 2.58 2.58 2.95 

632.8 2.58 2.76 2.75 2.99 

660 2.65 2.65 2.65 3.13 

675 2.61 2.79 2.95 3.22 

820 2.69 2.87 2.99 3.27 

915 2.8 2.83 3.13 3.38 

 

Figure (4.7) shows the refractive indices of the four ZnS thin film samples (S1, S2, 

S3,and S4). 
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Figure (4.7): The refractive indices of the four samples of ZnS thin films versus wavelengths as 

a function of the number of laser pulses 

Figure (4.7) showed that the refractive indices of the ZnS thin film is depending on its 

thickness and it vary with wavelength. 

As shown in figure (4.7) the highest values of the refractive indices are of that of ZnS 

thin film sample S4 which of high thickness and which deposited with 25 number of 

laser pulses. 

The absorption coefficients of the ZnS thin film four samples deposited using (10, 15, 

20 and 25) number of the laser pulses were calculated from the transmission data and 

the measured film thicknesses and tabulated in table (4.4) and is plotted in figure (4.8). 
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Table 4.4: Absorption coefficients of the four ZnS thin film samples deposited 

with different number of laser pulses: 

λ (nm) 
α ( cm-1) *10^3 for 

S1
  

α ( cm-1) *10^3  for 

S2 

α ( cm-1) *10^3  for 

S3 

α ( cm-1) *10^3  

for S4 

532 28.287  20.857 13.383 8.902 

632.8 27.375 19.119 13.870 8.724 

660 26.646 20.161 12.653 8.190 

675 26.918 18.771 12.166 7.834 

820 26.006 18.076 11.923 7.656 

915 24.637 18.423 11.193 7.300 
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Figure (4.8): Absorption coefficients versus wavelengths for four samples of ZnS thin films as a 

function of the number of laser pulses 
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 The absorption coefficients of the pulsed laser deposited ZnS thin films varies with 

thickness and for each thickness the absorption coefficients is unique as shown in 

figure (4.8). Also the absorption coefficients of the ZnS sample S1 which is deposited 

using 10 number of laser pulses and of the smallest thickness (0.32 micrometer) has the 

highest values for all laser wavelengths and this is due to the fact that the absorption 

coefficients has the reciprocal of the dimension of the thickness.  

4-3 Effect of Pulse Energy on the thickness and Optical properties of 

ZnS thin films: 

For the case of the effect of pulse energy on the optical properties of ZnS thin films, 

four ZnS thin films using 20 laser pulses with pulse repetition rate  of 5 Hz and varying 

pulse energies of (125, 150, 175, and 200)  mj were deposited on glass substrates.  

Figure (4.9, a) shows the FESEM image of the ZnS thin film deposited when the pulse 

energy was 125 mj, while the pulse repetition rate, the number of the laser pulses was 

20, and the target to substrate distance and angle were 2 cm, and 45o, respectively. 

 

Figure (4.9, a): FESEM image of ZnS thin film deposited on glass substrate with laser pulse 

energy of 125 mj and repetition rate of 5 Hz 

The FESEM image of the thickness measurement of these ZnS thin film is shown in 

figure (4.9, b). 
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Figure (4.9, b): FESEM image of thickness size measurement of ZnS thin film deposited on 

glass substrate with laser pulse energy of 125 mj and repetition rate of 5 Hz 

The ZnS thin film thickness as shown in the above image was 0.49 microns.  

All laser parameters such as the laser wavelength, pulse repetition rate, and the number 

of the laser pulses were kept fixed as the previous and the only varied pulse parameter 

was the laser pulse energy, a 150 mj is used instead of 125 mj. The FESEM image of 

deposited ZnS thin film in this case is shown in figure (4.10, a). 

 

Figure (4.10, a): FESEM image of thickness measurement of ZnS thin film deposited on glass 

substrate with laser pulse energy of 150 mj and repetition rate of 5 Hz 
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Figure (4.10, b): FESEM image of thickness size measurement of ZnS thin film deposited on 

glass substrate with laser pulse energy of 150 mj and repetition rate of 5 Hz 

Again as shown in figure (4.10, b) the thickness of the deposited ZnS thin film when 

the laser pulse energy was measured using the FESEM measurement tool, and it was 

shown to be 0.52 microns which is large than that obtained when the laser pulse energy 

was 125 mj. 

Figures (4.11, a) and (4.11, b) shows the FESEM image of the deposited ZnS thin film 

and the FESEM image of its thickness measurement, respectively, when the laser pulse 

energy is 175 mj while 5 Hz of pulse repetition rate and 20 number of laser pulses is 

used. In addition to target to substrate distance and angle of 2 cm and 45o respectively, 

are used as the deposition condition of these ZnS thin film on glass substrate. 
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Figure (4.11, a): FESEM image of thickness measurement of ZnS thin film deposited on glass 

substrate with laser pulse energy of 175 mj and repetition rate of 5 Hz 

 

Figure (4.11, b): FESEM image of thickness size measurement of ZnS thin film deposited on 

glass substrate with laser pulse energy of 175 mj and repetition rate of 5 Hz 

As compared to the two previous ZnS thin films obtained with 125 mj and 150 mj, the 

ZnS thin film deposited when the pulse energy is 175 mj is of largest thickness among 

the two and has a non uniform thickness distribution. 

Figure (4.12, a) shows the ZnS thin film when the laser pulse energy was increased to 

200 mj, while the same deposition conditions is used. 
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Figure (4.12, a): FESEM image of thickness measurement of ZnS thin film deposited on glass 

substrate with laser pulse energy of 200mj and repetition rate of 5 Hz 

The measurement of the thickness of the ZnS thin deposited when the pulse energy is 

200 mj was shown in figure (4.12, b). 

 

Figure (4.12, b): FESEM image of thickness size measurement of ZnS thin film deposited on 

glass substrate with laser pulse energy of 200 mj and repetition rate of 5 Hz 

As shown in figure (4.12, b) the film thickness was 0.91 micron when the pulse energy 

was 200 mj. The laser pulse energy ZnS thin film thickness relation is tabulated in 

table (4. 5) which is plotted in figure (4.13). 
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Table (4.5):  Laser pulse energy against ZnS thin film thickness  

Pulse Energy in (mj) with R.R =2 Hz  ZnS thin film thickness in (µm) 

125 0.49 

150 0.52 

175 0.58 

200 0.91 

120 130 140 150 160 170 180 190 200 210

0.5

0.6

0.7

0.8

0.9

Z
nS

 th
in

 f
ilm

 T
hi

ck
ne

ss
/ m

ic
ro

ns

Laser pulse energies/ mj

 Laser pulse energy vs ZnS thin film

Y-axis represent the ZnS thin film thicknesses, 1 cm =0.1 micron

X-axis represent the laser pulse energies used for deposition, 1 cm = 10 mj 

 Fitting of the obtained results:

 

Figure (4.13): The relation between laser pulse energy ZnS thin film thickness  

From figure (4.13) it is clear that increasing the pulse energy results in an increment of 

the ZnS thin film thickness. Again as done with the previous samples of the ZnS thin 
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films deposited using different number of laser pulses, the transmission data were 

recorded and used together with the measured ZnS thin film thickens to calculate their 

optical properties (refractive index and absorption coefficients) at certain wavelengths. 

Table (4.6) shows the transmission of the four ZnS thin film using the transmission 

intensities of the wavelengths before and after the deposition (according to T%=It/Io). 

Table (4.6): Transmission of the four ZnS thin films deposited using different 

laser pulse energy:  

λ (nm) T % for S1 T%  for S2 T%  for S3 T%  for S4 

532 0.59 0.58 0. 50 0.47 

632.8 0.57 0.55 0.49 0.46 

660 0.58 0.57 0.46 0.45 

675 0.54 0.53 0. 44 0. 45 

820 0.52 0.51 0.43 0. 44 

915 0.53 0.52 0.41 0.43 

 

The transmission of the four ZnS thin films deposited using different laser pulse energy 

table (4.7) is plotted in figure (4.14).  
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Figure (4.14): Transmission spectra of the four ZnS thin film samples deposited using different 

laser pulse energy 

Figure (4.14) showed that the thickness of the thin film affected its transmission, 

comparing between the transmission of the four samples of ZnS thin films, samples S1, 

S2, S3, and S4 together with the results shown in figure (4.13) illustrates that the large 

thickness of the thin film and thus the higher the pulse energy used for deposition gives 

the lower transmission of the film. 

The relation between the calculated refractive indices for the four samples  of ZnS thin 

films deposited on glass substrates using pulsed laser technique with fixed pulse 

repetition rates and varied pulse energy and  were done according to equation (3.1x) 

tabulated in table (4.7), and are plotted as a function of wavelengths as shown in figure 

(4.15). 
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Table (4.7): Refractive index of the four ZnS thin films deposited using different 

laser pulse energy: 

λ (nm) n for S1, 0.49 n  for S2, 0.52 n  for S3, 0.58 n  for S4 0.91 

532 2.58 2.54 2.72 2.91 

632.8 2.64 2.72 2.65 2.91 

660 2.61 2.61 2.83 3.09 

675 2.87 2.75 2.91 3.18 

820 2.83 2.83 2.95 3.23 

915 2.80 2.79 3.09 3.33 
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Figure (4.15): Refractive indices of the four ZnS thin film samples deposited using different laser 

pulse energy 
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The absorption coefficients of the ZnS thin films deposited using different pulse 

energy were calculated according to equation (3.2) was tabulated in table (4.8) and is 

plotted in figure (4.16).  

Table 4.8: Absorption coefficients of the four ZnS thin film samples deposited 

using different laser pulse energy: 

λ (nm) 
α ( cm-1) *10^3 for 

S1
  

α ( cm-1) *10^3  for 

S2 

α ( cm-1) *10^3  for 

S3 

α ( cm-1) *10^3  

for S4 

532 18.061  17.307 14.224 7.989 

632.8 17.448 15.865 14.741 7.244 

660 17.755 16.730 13.627 7.582 

675 16.530 15.576 12.931 7.834 

820 15.918 15.000 12.672 7.252 

915 16.224 15.288 11.896 6.758 
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Figure (4.16): Absorption coefficients versus wavelengths for four samples of ZnS thin films 

deposited using different pulse energy 

 

The absorption coefficients of the ZnS thin films for all samples showed in figure 

(4.16) exhibits similar shape with the wavelengths for samples 1 and 2 deposited using 

125 and 150 mj pulse energy and that is due to the approximately equal thickness (0.49 

and 0.52) microns, but for the other two ZnS samples the behaviour of the absorption 

coefficients with the wavelengths is totally different due to high difference in their 

thickness from the first two. Therefore, as evident from the results shown in figure 

(4.16) the absorption coefficients of the pulsed laser deposited ZnS thin films varies 

with thickness. 
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4-4 Discussion: 

Figures (4.1, a and b) to (figures 4.4, a and b) showed that four ZnS thin films samples 

deposited on glass substrate by pulse laser deposition method successfully. Using Q-

switched Nd: YAG laser source with wavelength 1064 nm, pulse repetition rate of 2 

Hz, laser pulse energy of 100 mj, the target to substrate distance and angle of 2 cm, and 

45o, respectively, and the only varied deposition parameter between the four ZnS thin 

films is the number of laser pulses. And it is clear that when comparing the measured 

thickness of the obtained thin films as correspondence to the number of laser pulses, 

the higher the number of pulses give the higher the ZnS thin film thickness, also as 

comparison between the figures the 25 number of pulses give the higher and the non-

uniform in the thickness distribution as compared with that obtained with low number 

of pulse 10 for example as shown figure (4.1, a).  One clearly concluded that the 

number of laser pulses influence the growth (thickness increased as the number of laser 

pulses increase) and the optical properties of the ZnS thin films  this agree with work 

of  ( Eman Nasir in 2013). 

The effect of laser pulse energy on the growth of ZnS thin films showed in figures (4-

6, a) through (4-10, a) illustrate that the morphology of the Zinc sulfide thin films is 

highly dependent on the pulse energy used, and figures (4-6, b) through (4-10, b) 

proved that increasing the pulse energy results in an increment of the thickness of the 

deposit. The transmission of the all samples of fabricated ZnS thin film in the region 

from 532 to 915 nm showed in figure (4-12) and figure (4-15) prepared using different 

number of laser pulses and different laser pulse energies were in the range from (0.41-

0.60) % and these results is in good agreement with the work of Bushra A. Hasan and 

Eman M. Nasir (2015).The transmission spectra of all ZnS samples are in good 

agreement with the work of K. R. Murali in the region from 532 nm to 915 nm. Also it 

was shown that the transmission of all ZnS thin films is large for visible wavelengths 
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than that of wavelengths in the IR region and this also agrees with the work of (Dr. 

Kadhim Abid Hubeatir, 2015). It was observed that the refractive index, n increase on 

increasing the film thickness and this is in good agreement of the work carried by (E. 

Marquez in 2014). 

The overall assessment of this work is that the thickness of the deposited ZnS thin 

films was found to be linearly dependent on the pulse energy and nonlinearly 

dependent on the number of laser pulses used. The transmission spectra in the tested 

region (532 to 915) nm were found to be in the range from (0.41 to 0.62) % depending 

on the ZnS thin film thickness, and for each ZnS thin film the transmission spectrum is 

unique. The refractive indices of all samples were determined; and for each sample and 

it were found to be change with wavelength, the highest refractive index was obtained 

for the sample of the smallest thickness 0.49 microns. The absorption coefficients were 

found to be varied from (28.287 to 7.300) *103 cm-1 and the results obtained were in 

very good agreement with the literature. 
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4-5 Conclusions: 

The following points concluded this work:  

 In this study, the effect of the of laser parameters (laser pulse energy and number 

of pulses (while pulse repetition rate, and target to substrate distance and angle 

were kept fixed) on the thickness and optical properties of ZnS thin films 

deposited on glass substrate by pulse laser deposition method has been studied.  

 

 The thickness of the ZnS thin films was measured using the FESEM 

measurement tool, and the transmission spectra of the deposited ZnS thin films 

at certain laser wavelengths were recorded.  

 

 The relation between the pulse energy and the ZnS fabricated films was found to 

be linear and that of the number of laser pulses and the thickness of the 

fabricated ZnS thin films was nonlinear one. 

 

 Optical properties (refractive indices, and absorption coefficients) of the 

fabricated ZnS thin films were calculated. 

 

In conclusion ZnS thin films deposited by pulse laser deposition technique can be used 

to produce optical components in the range from visible to IR regions by controlling its 

thickness via controlling the number of laser pulses. 
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4-6 Recommendation: 

The following are recommended for future work: 

 

 Further researches on the pulse laser deposition of thin films of sulphur 

compounds are recommended 

 Using pulsed laser technique to fabricate multi-layer of ZnS thin films. 

 Study the effect pulse repetition rate on the thickness and optical properties of 

thin films. 

 Study the effect of using different substrate types and annealing on thickness and 

optical properties of ZnS thin films. 

 Study the effect of target to substrate distance and angle on the properties of laser 

deposited ZnS thin films. 

 Using the PLD technique to fabricate thin films and apply them in dye-sensitized 

solar cell (DSSC). 

 Study other properties of the fabricated ZnS thin films such as thermal, electrical 

and so on. 
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Effect of Pulse Energy on the Optical Properties of ZnS Thin Films 

Prepared Using Pulse Laser Technique 

Khalid Mohammed Haroun1, Mohammed Nouman Mohammed Abdalla2, Sohad Saad Elwakeel2, 

Yousif Hassan Alsheikh Abd Alraheim3 

Abstract: In these work four samples of ZnS thin films deposited on glass substrate using pulse 

lassr deposition method with different pulse energies, the effect of the laser pulse energy on the 

optical properties of the four ZnS thin films fabricated was studied. Q-Switched Nd: YAG laser with 

the fundamental wavelength 1064 nm, laser Pulse energies of (125, 150, 175, and 200) mj with fixed 

number of pulses of 20, and pulse repetition rate of 5 Hz were used. The target to the substrate 

distance and angle were kept fixed. The film thicknesses were measured using FESEM measurement 

tool. The thickness of the deposited ZnS thin films was found to be linearly dependent on the pulse 

energy used. The transmission spectra in the tested region (532 to 915) nm were found to be in the 

range from 0.41 to 0.59% depending on the ZnS thin film thickness, and for each ZnS thin film the 

transmission spectrum is unique. The refractive indices of all samples were determined; and for each 

sample and it were found to change with wavelength, the highest refractive index of 5.6 at 915 nm 

was obtained for the sample of the smallest thickness 0.49 microns. Transmission spectra, absorption 

coefficients and the refractive indices they were in good agreement with the literature.  

Keywords: Laser Pulse Energy, Optical Properties, ZnS Thin Films, Pulse Laser Deposition (PLD) 
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Number of Laser Pulses Influence on Optical Properties of Pulse Laser 

Deposited ZnS Thin Films  

Mohamed N.M. Abdalla1, Yousif H. Alsheikh2, Kh. M. Haroun3, and Sohad S. Elwakeel1, 

ABSTRACT: 

In present work four samples of ZnS thin films deposited on glass substrate using pulse laser 

deposition method with different number of laser pulses, the effect of the number of laser pulses on 

the optical properties of ZnS thin films was studied. Q-Switched Nd: YAG laser with the fundamental 

wavelength 1064 nm, laser pulse energy of 100 mj with fixed pulse repetition rate of 2 Hz were used, 

and varied number of (10, 15, 20 and 25) pulses . The target to the substrate distance and angle were 

kept fixed. The film thicknesses were measured using FESEM measurement tool. Thickness of the 

deposited ZnS thin films was found to be dependent on the number of laser pulses used. The 

transmission spectra in the region (532 to 915) nm were recorded and was showed that for each ZnS 

thin film the transmission spectrum is unique. The refractive indices of all samples were determined. 

Transmission percentage were found to be varied from (0.4 to 0.62) %, absorption coefficients were 

found to be varied from (28.287 to 7.300) *103 cm-1 and the refractive indices, depending on the 

film thickness and the wavelength were in very good agreement with the literature.  

Keywords:  pulse laser deposition, number of pulses, optical properties, ZnS thin films  


