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Abstract:-Nano thin films have found a vast application in 

today’s world. Thin film studies have directly or indirectly 

advanced many new areas. Thin films due to its different 

properties in nano range provide a large scope to be used in 

miniature size devices. In comparison to monolayer thin films, 

multilayer thin films are supposed to exhibit far more enhanced 

properties. The purpose of this paper is to review the fabrication 

techniques, advantages and applications of multilayer thin film. 

In addition to this the paper also emphasis on the properties of 

cadmium sulphide and cadmium zinc sulphide. Multilayer thin 

film of cadmium sulphide and cadmium zinc sulphide can be 

used for the better performance of the solar cells and other 

photoconductive devices. Multilayer thin films are the subject of 

continued technological advances made in the fields of 

optoelectronic and photonic devices. The multilayer thin films 

can be characterized by different techniques. The study of these 

techniques and materials gives a chance to bring out some more 

unique properties by using them in a new way. 
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I.  INTRODUCTION 

n the new era of technology, nanocrystalline thin films have 

attracted much attention; the reason behind being its wide 

applications and future requirements. Day by day the demand 

of energy is increasing and the resources are going down. An 

evergreen and long lasting source of energy i.e. solar energy 

can be adopted as the easily available productive means to 

fulfil the requirements. Thin films here play a significant role 

for capturing the solar energy and converting it into electrical 

energy. The absorption property, anti-reflective properties, 

less light absorption losses, better conductivity, cost efficient 

are the various criteria which needs to be satisfied for a thin 

film.  

II. FUNDAMENTALS OF THIN FILM 

Thin films are considered to be a two dimensional 

nanostructure and a subject of intensive study. Thin film 

growth is a process of nucleation, which is heterogeneous in 

nature. The modes of nucleation are: island, layer and island-

layer. They are also known as Volmer-Weber growth, Frank-

Vander Merwe growth and Stranski-Krastonov growth 

respectively. The deposited thin film is single crystalline, 

polycrystalline or amorphous, depending on the growth 

conditions and the substrate such as deposition temperature 

and the impinging rate of growth species [1], [2]. 

    1) Monolayer Thin Film 

A monolayer thin film is a single layer of film. The material 

deposited can be a compound of different substances or just a 

single material. Monolayer thin films are generally a single 

layer deposition in nano range. The characteristics of 

monolayer thin films can be easily analysed and studied. 

   2) Multilayer Thin Film 

A multilayer thin film is a deposition of several layers of thin 

film one after the other. Multi layer can be a double layer, 

triple layer and even more than that. The study of multilayer 

thin film as compared to monolayer thin film is not that easy. 

The fabrication can be done just as the monolayer thin film 

but the adhesion of the other film on the earlier film matters. 

The absorbance spectrum studies for the multilayer bulk thin 

film is better than mono layer and double layer thin film. The 

double layer nano thin film shows better absorbance spectrum 

than the mono layer nano thin film and multilayer nano thin 

film. There are many studies that show better results of 

multilayer thin film than the monolayer thin films [3].  

III. CADMIUM SULPHIDE (CDS) AND CADMIUM ZINC 

SULPHIDE (CdZn)S 

Both groups II-VI compounds have semiconducting 

properties. In nano range the properties of the material 

changes and these properties can be used in improving many 

photovoltaic and opto-electronic devices. A group II - IV 

compound such as CdS, ZnS and (CdZn)S have the optical, 

electronic and thermodynamic properties of particles in the 

nano meter range often differ from those of bulk material. 

These unique properties can give rise to properties, which 

have great potentials in technological application. The study 

shows that crystallinity of the film increases by decreasing the 

cadmium content in cadmium sulphide films. A good 

crystalline film is obtained at the increase in the ratio of S/Cd 

the intensity of the peak is decreased. It has been observed 

that the density of the spherical shaped granules decreases 

with the increase in thiourea concentration. It has also been 

reported that when [S]/[Cd] ratio is less, surface of the thin 

film is a homogeneous layer [4],[5]. 

The transmission and photocurrent of a material 

enhances due to a wide band gap. CdS have a band gap of 

∼2.4eV, at 517nm wavelength. It can transmit photons with 

energy lower than 2.4eV to pass through it and reach absorber 
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layer to generate photocurrent. CdS can uniformly deposit on 

glass substrate to form a thin layer. A thin layer of very less 

thickness upto 100nm can minimize the recombination of 

generated electron-hole pairs [6]. 

Cadmium (Cd) species from a Cd salt source such as 

Cd-chloride, Cd-sulfate, Cd-acetate, etc. and sulfur (S) species 

from source such as thiourea and a complexing agent such as 

ammonia, triethanolamine (TEA), diethanolamine (DEA), 

ethylenediamine tetra-acetic acid (EDTA), etc controls the 

reaction rate between the Cd and S species to form cadmium 

sulphide [7]. 

Depending on the Zn content of the cdmium zinc 

sulphide, it has been shown that by increasing the Zn content 

in the CdZnS from 0% to 20% the band edge of the material is 

shifted to higher energies, extrinsic near-band-edge absorption 

is reduced and the open circuit voltage and resulting enhanced 

efficiency [8]. 

IV. CAPPING AGENTS 

Capping agents are the materials used to prohibit the 

agglomeration of the particles. The capping agents in other 

words break the bulk material to nano particles and further it 

isolates them. It prevents the formation of groups of the same 

materials after the formation of nanoparticle. Methanol, 

triethanolamine (TEA), thioglycerol etc are used in the 

synthesis of nanoparticles. In the formation of multilayer thin 

film one such capping agent which can act as an adhesive 

medium as well is PVP polyvinylpyrollidine. PVP is an 

amorphous polymeric material. It has complex formation 

ability. It is non toxic and helps in adhesion. It also acts as a 

capping agent in forming nanoparticles [9]. 

V. FABRICATION TECHNIQUES OF THIN FILM 

Thin film fabrication methods can be divided into two groups: 

vapour-phase deposition and liquid-based growth. Vapour 

phase deposition includes physical vapour deposition (PVD), 

chemical vapour deposition (CVD) and atomic layer 

deposition (ALD). Liquid based deposition includes 

electrochemical deposition, chemical solution deposition 

(CSD), Langmuir-Blodgett films, Sol-gel and self-assembled 

monolayer (SAMs). In vapour deposition techniques the 

intended material to be deposited is vaporized either 

physically or chemically. This gives the division of method as 

PVD or CVD. CVD techniques are metal organic CVD or 

MOCVD, plasma enhanced CVD or PECVD, low pressure 

CVD or LPCVD, laser enhanced or assisted CVD, aerosol-

assisted CVD or AACVD. PVD techniques are vacuum 

evaporation, sputtering and sputtering etching, pulsed vapour 

deposition, cathodic arc deposition, laser pyrolysis, molecular 

beam epitaxy. Atomic layer deposition is self controlled or 

self limiting growth mechanism. At a time only one atomic 

layer or molecular layer can be grown. Electrochemical 

deposition or electro deposition is a very well established thin 

film growth method. Chemical Solution Deposition can also 

be called as chemical bath deposition. In this method the 

substrate is deposited in a solution. The solution is supposed 

to be deposited as thin film on the substrate. The solution 

container is kept in the water bath at certain temperature and 

for particular time as required. Langmuir-Blodgett films (LB 

films) are monolayer and multilayer of molecules transferred 

from the liquid-gas interface onto a solid substrate. The 

process is known as Langmuir-Blodgett technique. Self-

assembled monolayer is molecular gathering that are formed 

by the immersion of a suitable substrate into a solution of an 

active surfactant in an organic solvent. A bond is formed 

between the substrate and the molecules or atoms in this 

method for the thin film formation. Sol-gel processing is a wet 

chemical method. Sol-gel method is used for the preparation 

of colloidal dispersions of inorganic and organic-inorganic 

hybrid materials. Sol-gel process consists of hydrolysis and 

condensation of precursors [10]-[14].  

VI. PROPERTIES OF THIN FILMS 

   1) Thickness 

A few physical properties such as quantum size effect, colour 

of the film etc of thin film semiconductor depend on the 

thickness of the film. The thickness of the film increases with 

the deposition of different layers. The thickness of monolayer 

is less as compared with the double layer and multilayer. It 

also depends on the deposition technique and the time of 

deposition [15]. 

   2) Optical Properties 

The optical transmittance of CdS thin film is found to be in 

the range of 40% to 50% for more than 500nm wavelength. 

The band gap decrease is observed due to the annealing effect. 

Broad emission bands are achieved and due to annealing the 

green emission are doubled and the red emission is slightly 

increased [16].  

The optical transmittance characteristics of Zn-CdS 

thin film was observed to be in the wavelength range of 300 to 

900 nm at room temperature. The observed optical 

transmittance is around 85 % for Zn-CdS thin film. It was also 

found that the optical band edge was blue shifted from the 

reported bulk band gap value. This suggests the captivity of 

particle size in the deposited Zn-CdS thin film [17]. 

In CdS films it is observed that the photo current 

increase with the applied electric field with the dark current 

being less than the photo current. That means positive 

photoconductivity is obtained due to the ohmic nature of the 

contacts. The low values of the dark current and the 

insignificant rise in photocurrent upon the visible light 

illumination and photocurrent are found to be more than the 

dark current. The refractive index of CdS film was found to be 

2.15 at wavelength of 800 nm, which makes it to be useful in 

optoelectronic devices [18]. 

   3) Electrical Properties 
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The variation of current with temperature for CdS thin films 

shows the exponential behavior of the temperature dependent 

current. The activation energy of the CdS thin films was found 

to be 0.53 eV. The electrical resistivity of ZnS thin film was 

measured by two probe method and it was found to 

be0.46X10
4
 Ω-cm with activation energy of 0.89eV at 500

0
K 

[18],[19].  

VII. CHARACTERIZING TECHNIQUES 

 Main characterizing techniques for the study of thin film 

properties are available.  Depending on the requirements and 

the expected outcome the techniques are taken in 

considerations. A few of them usually used for basic study are 

mentioned. 

Multiple Beam Interferometers: - Interferometric is an 

important investigative technique. The technique of multiple 

beam interferometry is based upon locating two surfaces of 

high reflectivity in close proximity and using a lens to 

converge beams which have undergone multiple-reflection 

between the surface. In multiple-beam interferometer, the 

interference fringes breadth and height are measured.  The 

interference fringes give the measure of the thickness of the 

film in micro meters to nanometer ranges [20].  

UV-visible Spectroscopy: - For absorption spectrum and 

transmission a commercial spectrophotometer that was 

capable of recording spectra in the visible range as well as in 

the near infrared and UV is used. Spectral studies report 

useful information about solid state materials. Optical 

spectroscopy is one of the most powerful and widely 

employed analytical techniques currently in uses and offer a 

very reliable methodology for characterization of materials. 

The optical absorption spectrum is a measure of absorbance as 

a function of wavelength of incident light. If the proportion of 

light scattered is small then it is essential only to consider the 

light absorbed or transmitted. Absorption spectral studies also 

provide information about the nature of band gap of 

semiconductor materials (i.e. direct or indirect) and the value 

of band gap. Particularly, in thin films such studies help to 

determine the optical constants conveniently [21-22]. 

XRD: - The X-Ray Diffraction patterns of thin films deposited 

at fixed pH value and temperature has XRD peak at different 

angles corresponding to the diffraction. The planes reveal the 

structure of material. The orientation of the grain growth can 

be observed from planes. The average crystallite size can also 

be calculated from the most prominent peak using the 

Scherrer’s equation:   

  𝐷=𝑘𝜆/𝛽𝑐𝑜𝑠𝜃                                                      

where k is a constant whose value is 0.94, β is the full width at 

half maximum (FWHM) intensity of the peak in radian, θ is 

the Bragg’s diffraction angle, λ is the wave length of X-ray 

(1.5406 Å) [23].    

   SEM: - Scanning electron microscope (SEM) is used for the 

morphological study of thin films. The scanning probe 

microscope is a type of electron microscope accomplished of 

producing high quality resolution images of a surface. The 

magnification produced by a SEM is the ratio between the 

dimensions of final image display and the field scanned on the 

specimen. Magnification range of the SEM can be in nano 

meters. The uses of SEM range from morphological and 

topological studies to high-speed compositional analysis [24]-

[25]. 

AFM: - Atomic Force Microscopy operates by measuring the 

forces between a tip and the sample. The forces can be 

attractive or repulsive. The cantilever deflection as tip is 

scanned over the sample or the sample is scanned under the 

tip. The measured cantilever deflection creates a plot of 

surface topography [26].  

EDS: - In Energy Dispersive Spectroscopy is also known as 

EDAX or EDX technique. In this technique a sample is made 

the target in an X- ray tube and is bombarded with electrons 

of suitable energy, it emits characteristics X-rays for chemical 

analysis. The emitted X-rays are analyzed in an X-ray 

spectrometer and the elements present in the sample are 

qualitatively identified by their characteristics wavelengths. 

The resolution of an energy dispersion instruments is 50 times 

less than the wavelength dispersion spectrometer [27].  

TEM: - Transmission electron microscopy (TEM) shows 

images of nanoparticles. The beam of electrons transmitted 

through the sample undergoing investigation forms a 2D 

image. The inside and beyond the surface details can be 

analyzed using TEM. The resolution is high i.e. up to 

angstroms [28].  

VIII. ADVANTAGES OF MULTILAYER THIN FILM 

Multilayer thin films show different physical properties than 

the monolayer thin films. Due to the chances of achieving 

conversion efficiency, stability and availability of low cost 

multilayer device fabrication is preferred. The multiple layers 

of the film exhibit different refractive indices. It is also 

possible for two or more wavelength of light to assure the 

circumstances for low reflection losses. The electrical 

considerations are also better than the monolayer thin films 

[29]. 

IX. APPLICATIONS OF THIN FILM 

Thin film materials are being used in semiconductor devices, 

wireless communications, telecommunications, integrated 

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

diodes, 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. Thin films as data storage, flat panel displays, 

optoelectronic, optical coatings, thin film lithium ion batteries 

etc are some other applications [30]-[32]. 
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X. CONCLUSIONS 

Due to the advantages and applications multilayer thin films 

become a subject of advance research. The literature study of 

the materials and the various fabrication methods has been 

done. The characterization techniques revealed the excellent 

electrical, optical and thermal properties of the materials. The 

studies made in this review paper inspired to fabricate a 

composite thin film of cadmium sulphide and cadmium zinc 

sulphide as a cascade structure using chemical bath deposition 

method and to study its characteristics. The study also leads to 

find more and more applications and advancement in thin 

film. 
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