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Summary 

     

     In this study,  (Al-Ni-Cr) alloy nano-layers with various thicknesses (1-layer (90 

nm), 1-layer (25 nm), 2-layers (40 nm), 3-layers (65 nm)), were prepared by thermal 

evaporation technique on glass substrates under pressure of 10-7 mbar. It was 

observed through the results that the structure of these films were amorphous and 

there is no direction of the films. No peaks appear refer to so fine crystal structure 

from (XRD) test and surface of the (Al-Ni-Cr) alloy thin films are homogeneous, 

smooth, totally coated, and free from defects such as pin holes and cracks. The beans 

are distributed in the same size, dense, well defined. 

    It was observed that the small spherical granules distributed over the substrate 

surface and it was found that the size of these grains increased with increasing 

thickness. Only nanocrystalline grains were observed, and the surface shapes were 

virtually unchanged, regardless of sedimentation time ,therefore it is difficult to 

obtain SEM images due to the small grain sizea from (SEM and AFM )tests. The 

optical properties of (Al-Ni-Cr) alloy thin films were mainly studied by recording 

transmittance spectra with a UV-Visible spectrophotometer in the range of (200-

1100)nm. From these spectra, it observed a decreasing in the transmittance with 

increase wavelength. In general, that with increasing film thickness the permeability 

decreases.  

   This behavior is due to the increase in the number of atoms of the thickness, that 

leads to increase the number of collisions between incident photon and atoms, which 

lead to the increasing of absorbance and decreasing transmittance . The results can 

comparable with that of reflectance. the transmittance decreases with increasing 

thickness, while the reflectivity of nanofilms examine using 635 nm and 532 nm 

laser wavelength .  The reflectance reached to 98% for t1(90nm) and t4(65nm) for 



II 
 

635 nm and 99% for the wavelength of 532 nm. The results refer to possibility to 

use these films in the reflective coatings such as laser resonator and fibers.  

   The dispersion parameters were calculated using the Wemple–DiDomenico 

process. The single oscillator energy of electronic transition (Eo) and the dispersion 

energy (Ed) both reduced as layer thickness increased. Reflective and executed films 

have very small energy gap values. The electrical properties of the (Al-Ni-Cr)nano 

films were primarily investigated through conductivity measurements. This shows 

that the (Al-Ni-Cr) nano films behave as a conductor. It’s noticed from the study of 

electrical properties (electrical resistivity), (Al-Ni-Cr) nanofilms may be suitable to 

fabricate electrical circuits with high conductivity. 
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1.1 General Introduction 

     Special properties such as light weight, high strength and economic value must 

refer to products usually used in the aviation industry, car and ship. In modern 

metallography the Al-Ni-Cr alloys are particularly attractive, given their greater 

mechanical properties, especially at high temperature rates, steepness and a 

combination of high hardness and high corrosion resistance [1]. The aluminum 

alloys used to cover the surface oxide of aluminum and chromium have a broader 

use in connection with the formation. This film has protective coating proprieties 

which can be regenerated following mechanical damage [2]. Although the small 

amount of aluminium in the Al-Ni-Cr alloy system studied since the 1950s, just a 

few recent researches were devoted to its high-Al [3]. These alloys used as layers in 

interconnect within a semiconductor devices, the nickel or chromium contents are 

no greater than 0.5 weight percent. The low concentration of nickel and chromium 

makes the layer close to the other aluminum-based layers possible for deposition and 

design [4].  

    The development of nanoparticulate-containing thin films will lead to new uses 

for photonics, catalytics, electronics, magnetism and biometrics[5]. Despite recent 

progress in creating diverse type of functional nanoparticles [6-8], the development 

of conformal thin, physicochemical property-controlled nanopartikel films remains 

a challenge. Anti-reflection (AR) filters were commonly used in various applications 

as glass telescopes, lenses, mirrors, solar cells, IR diodes, large- narrow-band filters, 

auto and architectural glass, and displays including cathode ray tubes and screens 

plasma, and flat panels. Also, dielectric mirrors were inhanced for use in gas lasers 

and interferometers of Fabry-Perot [9]. A number of the techniques based on top-

down lithography have been used to produce antireflectant spatial wavefunction-

switched ) SWS( on Si surfaces, such as the photolithograph[10], electron-beam 
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lithography [11], lithography for laser interference[12], and nanoimprint [13]. In this 

work, we study the structure and examine the high reflectance nanolayers prepared 

from Al-Ni-Cr alloy by thermal evaporation technique. 

 

1.2 Nanomaterials 

        Nanomaterials are the particles (crystalline or amorphous) of organic or 

inorganic materials having sizes in the range of (1-100) nm. Nanomaterials are 

classified into nanostructured materials and nanophase materials. The former refer 

to condensed bulk materials that are made of grains with grain sizes in the nanometer 

size range while the latter are usually the dispersive nanoparticles [14].  

    Nanomaterials can be nanoscale in one dimension (surface films), two dimensions 

(strands or fibres), or three dimensions (particles).They can exist in single, fused, 

aggregated or agglomerated forms with spherical, tubular, and irregular shapes. 

Common types of nanomaterials include nanotubes, quantum dots and fullerenes. 

      The classification of nanomaterials is based on the number of dimensions, which 

are in nano range (≤ 100 nm)[14], as shown in figure (1.1)[15]: 

a-    0D nanomaterials have all the dimension within nanoscale, i.e. no dimension is 

larger than 100 nm. The most common example of 0D- dimensional 

nanomaterials is the nanoparticle. These nanoparticles can be  crystalline or 

amorphous, metallic, ceramic, or polymeric. 

b-   1D nanomaterials have at least one dimension in nano range. This  leads to 

needle like shaped materials having one dimension at nanoscale.1D 

nanomaterials include nanoplatelets, nanorods, nanoclays and nanosheets. 
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c-   2D nanomaterials have two dimensions in nano range. 2D nanomaterials include 

nanofibers, nanotubes, nanorods and whiskers. Carbon nanotubes are good 

example of 2D nanomaterials. 

d-    3D nanomaterials have all three dimension in nano range. 3D nanomaterials 

include nanogranules, nanoclays and equiaxed nanoparticles. 

 

 

 

Fig.(1.1): Classification of Nanomaterials (a) 0D nanomaterials; (b) 1D nanomaterials;     

(c) 2D nanomaterials; (d) 3D nanomaterials[15]. 

 

    The nanomaterials can be crystalline or amorphous or polycrystalline. They can 

composed of a single or multi-phase chemical elements. They could be in various 

forms and shapes, metallic, ceramic or polymeric.There are many different ways of 

creating nanostructures, macromolecules or nanoparticles or buckyballs or 

nanotubes and so on can be synthesized artificially for certain specific materials[14]. 
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1.3 Synthesis of Nanomaterials Methods 

     In general, top-down and bottom-up are the two main approaches for 

nanomaterials synthesis[16]. 

a. Top-down: size reduction from bulk materials. 

b. Bottom-up: material synthesis from atomic level. 

     Top-down routes are included in the typical solid –state processing of the 

materials. This route is based with the bulk material and makes it smaller, thus 

breaking up larger particles by the use of physical processes like crushing, milling 

or grinding. Usually this route is not suitable for preparing uniformly shaped 

materials, and it is very difficult to realize very small particles even with high energy 

consumption[16]. 

      The biggest problem with top-down approach is the imperfection of the surface 

structure. Such imperfection would have a significant impact on physical properties 

and surface chemistry of nanostructures and nanomaterials. It is well known that the 

conventional top-down technique can cause significant crystallographic damage to 

the processed patterns[17]. 

     Bottom –up approach refers to the build-up of a material from the bottom: atom-

by-atom, molecule-by-molecule or cluster-by-cluster. This route is more often used 

for preparing most of the nano-scale materials with the ability to generate a uniform 

size, shape and distribution. It effectively covers chemical synthesis and precisely 

controlled the reaction to inhibit further particle growth. Although the bottom-up 

approach is nothing new, it plays an important role in the fabrication and processing 

of nanostructures and nanomaterials.Synthesis of nanoparticles to have a better 

control over particles size distribution, morphology, purity, quantity and quality, by  
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employing environment friendly economical processes has always been a challenge 

for the researchers. The choice of synthesis technique can be a key factor in 

determining the effectiveness of the photovoltaic as studies. There are many methods 

of synthesizing titanium dioxide, such as hydrothermal, combustion synthesis, gas-

phase methods, microwave synthesis and sol-gel processing. This research focuses 

on sol- gel processing and characterization techniques which was discussed in great 

detail[18]. 

 

1.4  Thin Film Deposition Methods 

Based on the nature of deposition process the methods employed for thin film 

deposition can be broadly classified into two groups i.e. physical and chemical 

methods [19]. All possible deposition processes are shown in Figure (1.2). In 

physical methods the film material is moved from a target source with some form of 

energy to the substrate. This technique is widely used in one-component films, like 

metal films. Under physical methods, we have vacuum evaporation and sputtering, 

where the deposition takes place after the material to be deposited has been 

transferred to a gaseous state either by evaporation or an impact process. Chemical 

film fabrication methods involve chemical reactions and the precursors are mostly 

components undergoing reaction at the substrate surface or in the vicinity of the 

substrate. Under chemical methods, we have the gas phase chemical processes and 

solution techniques [20].In this work we used evaporation method. 
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Fig. (1.2): Classification of thin film deposition processes  physical and chemical methods[26].  

 

Fig. (1.2): Classification of Thin Film Deposition Processes Physical and Chemical 

Methods[20]. 

1.5 Characterization of (Al-Ni-Cr) Alloy 

            Pure aluminum is soft and hardness limited, therefore, the manufacturers are 

usually made of aluminum alloys with small amount of copper, zinc, and other 

elements such as nickel and chromium. Alloys of the aluminum-nickel-chromium 

(Al-Ni-Cr) alloy attract great attention in the modern metallography, because of its 

high mechanical properties at high temperature especially yielding, stiffness and 
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combine high hardness with high resistance for corrosion [21]. Coating used 

aluminum alloys have wider applications connection with the formation on surface 

oxide film of aluminum and chromium. This film provides protective coating 

properties able to regenerate after mechanical damages [22].   

      Many of our modern technologies require materials with unusual combinations 

of properties that cannot be met by the conventional metal alloys, ceramics, and 

polymeric materials. This is especially true for materials that are needed for 

aerospace, underwater, and transportion applications. For example, aircraft 

engineers are increasingly searching for structural materials that have low densities, 

are strong, stiff, and abrasion and impact resistant, and are not easily corroded [23].   

      The aluminum alloys having two very important features, the first one, low 

density and the second corrosion resistance, for these reasons, these alloys are used 

widely in aircraft industry and motors [24]. 

      The interest in thin films raised from the wide range of use and applications in 

electronic equipments and devices such as transistors, detectors, solar cells, etc. This 

leads to the study of electronic and optical properties of thin films. Nanostructured 

materials have been attracted a great deal of attention in the last few years for their 

unique characteristics which are not obtained from conventional macroscopic 

materials. Owing to quantum size effects and surface effects, nanoparticles can 

display novel optical, electronic, magnetic, chemical, and structural properties that 

might find many important technological applications. An extremely active and 

prolific field in nanomaterials find ways to control size and morphology of the 

nanoparticles since the properties and applications of the nanoparticles are largely 

dependent on their size and morphology [25].    
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1.6 Literature Survey 

  This section includes previous studies by researchers and the results of their work: 

 

     In (2010) W.Kowalski, et al., [26] studied a contribution to the (Al–Pd–Cr) phase 

diagram. they found five ternary structures were revealed in a quite small 

compositional range adjusting to that of the Al–Cr μ-phase. One, resembling the 

high-temperature Al3Mn phase (T-phase, orth. a = 1.47, b = 1.24 and c = 1.25 nm), 

is formed in a small region around Al77Pd7Cr16 composition. A hexagonal structure 

with a = 1.77 and c = 1.25 nm resembling Al–Ni(Cu)–Cr μ-phase was revealed 

around Al81.5Pd1.5Cr17 and another hexagonal structure with very close lattice 

parameters around Al73Pd11Cr16. A ternary -phase resembling that in Al–Ni–Cr 

(orth., a = 1.24, b = 3.46 and c = 2.04 nm) was found at 970 °C around the 

Al77.5Pd1.5Cr21 composition. An additional orthorhombic phase with a = 2.48, 

b = 3.87 and c = 2.04 nm was found to be formed between about Al80Pd4Cr16, 

Al73Pd8Cr19, Al77Pd4Cr19 and Al77Pd6Cr17. Partial 930, 970, 990 and 1020 °C 

isothermal sections are presented. 

     In (2011) M. Gojic, et al.,[27] studied electrochemical and microstructural of 

(Cu–Al–Ni) shape memory alloy. The corrosive behaviour of (Cu–Al–Ni) shape 

memory alloy in deaerated 0.5 M NaCl solution at 20 °C was studied by means of 

open circuit potential measurements, linear polarization, potentiodynamic 

polarization measurements, cyclic voltammetry and electrochemical impedance 

spectroscopy measurements.  The results of impedance measurements at open circuit 

potential have shown that the overall impedance of the system increases with 

immersion time due to continuous growth of the passive film on the alloy surface. 

The XRD and EDX analysis showed the presence of copper, aluminium and nickel 

compounds, Cu-oxides and Cu-chlorides on alloy surface. 

 

https://www.sciencedirect.com/science/article/abs/pii/S0925838810002380#!
https://www.sciencedirect.com/topics/materials-science/lattice-constant
https://www.sciencedirect.com/topics/materials-science/lattice-constant
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    In (2012) K. H. Abass, [28] studied prepared (Al-Ni-Cr) alloy ingots contain 

(0.25, 0.5, 0.99) and 1.98 at.% Ni-Cr. He prepared nanofilms with thicknesses (8, 

15, 25) nm from Al-Ni-Cr alloys that deposited by thermal evaporation technique 

under vacuum of 10-5 mbar onto glass substrate at a temperature of 298 K and rate 

of deposition 0.2 nm/sec. Also he studied morphological and optical properties of 

these nanofilms. The measured transmittance values decrease with increasing both 

of Ni-Cr content and thickness with the range of 90-94% at 8 nm. From the alloy the 

optical band gaps of the alloy decrease with increasing both of Ni-Cr content and 

thickness with the values (2.3, 2.27, 2.25, 2.3 and 2.1) eV, (1.55, 1.5, 1.45, 1.35 and  

1.3) eV, and (1.5, 1.45, 1.4, 1.3 and 1.2) eV for samples at thicknesses 8nm, 15nm, 

and 25nm, respectively. 

     In ( 2013) Z. Sun, et al.,[29] studied new design aspects of creep-resistant NiAl-

strengthened ferritic alloys. Ferritic alloys strengthened with NiAl precipitates are 

being developedfor elevated-temperature applications. Due to the high concentration 

of Al in these alloys, they feature a relatively low density of ∼7 g cm−3. In this paper, 

the high-temperature mechanical behavior of NiAl-strengthened ferritic alloys is 

reviewed. Further, they discuss another related class of alloys, where the precipitate 

strengthening is provided by Ni2TiAl-type precipitates rather than NiAl. These 

relatively unexplored alloys may enhance the creep resistance of precipitate-

strengthened ferritic alloys. 

    In (2014) C. M. Chang, et al.,[30] studied Al–Ni–Y–X (X = C u, Ta, Zr) metallic 

glass composite thin films for broad-band uniform reflectivity. They found that the 

relationship among composition, atomic structure and reflectivity performanceis 

established. Compared with pure Al films, the (Al–Ni–Y) film surface roughness is 

much lower and hardness is much higher, more suitable for optical reflector 

applications. For composite (Al–Ni–Y) films, the reflectance varies within (80–



Chapter One                                                                                                    Introduction 

10 
 

91)%. For fully amorphous films, the reflectivity exhibits unusual uniform reflection 

at~70%, perfect for broad-band reflector. 

     In  (2015) K. H Abass and Sh. L. Hamdan, [31] studied effect of thickness on the 

optical properties of (Al-Ni-Cr) thin films prepared by thermal evaporation 

technique. Al-Ni-Cr thin films with different thickness (18, 26, and 30) nm were 

prepared by thermal evaporation technique on glass substrates under vacuum of10-7 

mbar. The influences of the thickness on the optical properties of (Al-Ni-Cr)alloy 

thin films were mainly investigated from recording the absorbance and transmittance 

spectra by UV-Visible spectrophotometer in the range of )200- 1100( nm. From 

these spectra, the transmittance decreased with increasing of thickness, while the 

absorbance increased with increasing of thickness. The values of optical energy gap 

decreases from )1.8 to 0.73( eV when thickness increased from) 18 to 30( nm. The 

optical conductivity increased with increasing thickness. 

     In (2016) V.G.Shmorgun, et al.,[32]studied effect of the high-heating on the 

chemical and phase composition of the (Al-Ni-Cr) layered coatings. The 

transformation of the structure, phase and chemical composition of the diffusion 

coatings of the system Al-Ni and (Al-Cr-Ni) at 1100 °C is studied. It is shown that 

the diffusion redistribution of Al by the coating thickness during the heat treatment 

is slower in the system (Al-Cr- Ni) than in the binary system Al-Ni. 

    In (2017) P.Pandey, et al.,[33]studied development of high-strength high-

temperature cast (Al-Ni-Cr) alloys through evolution of a novel composite eutectic 

structure. Aiming to develop high-strength Al-based alloys with high material index 

(strength/density) for structural application, this article reports a new class of 

multiphase Al alloys in the (Al-Ni-Cr) system that possess impressive room 

temperature and elevated temperature  (200 °C) mechanical properties. The ternary 

eutectic and near eutectic alloys display a complex microstructure containing 
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intermetallic phases displaying hierarchically arranged plate and rod morphologies 

that exhibit extraordinary mechanical properties. 

    In (2018) M.Kawamura, et al., [34]studied metal nanolayer deposited highly 

stable Ag thin films and their optical properties they had reported that deposition of 

several-nm-thick Al surface layer on Ag thin films improved thermal stability 

remarkably. They investigated the influence of the deposition of Al nanolayer on the 

reflectance of the Al/Ag multilayer. 100-nm-thick Ag film and (1–5)nm thick Al 

surface layer were deposited successively by vacuum evaporation, and their optical 

properties were measured. the samples on which a 5-nm-thick Al layer was 

deposited on the Ag film showed decreased reflectance. 

     In (2019) K.M.Oluwasegun, et al.,[35]studied hot corrosion of Ni-Cr alloys.The 

hot corrosion behavior of three nickel base alloys were investigated in fused salts 

(Na2SO4 - 10 wt% NaCl) environment. The oxidation kinetics, scale morphologies, 

phases and porosity are measured by thermo gravimetric analysis (TGA), Field 

electron microscopy (FE-SEM), EDS and image analyzer respectively. In addition 

to FE-SEM analysis, microstructure of the samples are seen by optical microscope. 

Susceptibility to hot corrosion was found to be correlated to the scale formed during 

oxidation. 

     In (2020) T. Stefanova, et al., [36]studied thin film metallic glass broad-spectrum 

mirror coatings for space telescope applications. The use of metallic glasses as 

coatings on silicon carbide substrates for applications as optical mirrors was 

investigated. Various alloy compositions were chosen, limited by the available 

method of synthesis by electric arc melting, using the rule of mixtures to predict their 

reflectance. After a preliminary experimental study on bulk specimens, two alloys 

were selected for production as thin film metallic glasses by physical vapour de- 

position on silicon carbide substrates. The alloy Zr44Cu40Al8Ag8 (at.%) was sputtered 



Chapter One                                                                                                    Introduction 

12 
 

from a single target. In a separate co-sputtering experiment, two targets, one of 

Al90Ni5Y5 (at.%), the other of pure Zr, were deposited. The structure, roughness, and 

reflectance of the films were investigated. The measured reflection was compared 

with the predicted values for wavelengths between 250 nm and 2000 nm. The 

reflectance of the Al-based mirrors was uniform around 70% across the 

UV/Vis/near-IR spectrum range significantly improving that of the polished silicon 

carbide substrate. 

    In (2021) D. Aryanto, et al.,[37] studied  microstructure and oxidation behavior 

of an Al–Ni–Cr–Cu–MoO3–SiO2 composite coating on low-carbon steel. In the 

present study, an Al–Ni–Cr–Cu–MoO3–SiO2 composite coating with varying 

elemental compositions was deposited using the mechanical alloying technique.  The 

composite coating had a thickness in the range of (36–59) μm, with good and 

continuous adherence to the substrate. The cyclic oxidation curve of the composite 

coating followed a parabolic rate law. The sample that contained 5.3 wt% MoO3 

showed the best oxidation resistance after 10 oxidation cycles at 800 °C. This sample 

had a lower mass gain than the other samples. Moreover, this sample had a Kp of 

1.2 × 10−3 mg2/cm2. Protective Al2O3 oxides formed on the composite coating 

surface with a thickness of (0.75–1.89) μm. This oxide scale was dense and fully 

adhered to the coating, thereby improving oxidation resistance. 

1.7 Aim of the Work 

    The aim of this work can be listed as following: 

1- Preparation of nanofilm layers of (Al-Ni-Cr) alloy with different thicknesses, by 

. mbar 7-thermal evaporation technique on glass substrates under pressure of 10 

2-  To obtain thin films that fully reflect the applications of the laser resonator. And 

when it is adopted as the main membrane,will get good electrical conductivity that 

can be adopted in the manufacture of electrical circuits with high conductivity. 
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2.1 Introduction 

This chapter covers on a general description of the theoretical parts 

measurements; structural, optical, electrical for Al-Ni-Cr thin films. Finally, this 

chapter gives a theoretical review including all the relations, scientific explanations, 

and the equations which are used in this thesis. 

2.2 Basic Theory of Characterization Techniques of Thin Film 

In the last years ,the advancement in science has taken place mainly with the 

discovery of new materials. Characterization is an important step in the development 

of exotic materials. The complete characterization of any material consists of phase 

analysis, compositional, structural, and surface characterization, which have strong 

bearing on the properties of materials. In this section different analytical technique 

used to characterize our thin films are described.  

2.2.1   Structural and   Morphological Characterization 

A wide variety of characterization techniques were used to evaluate the 

material quality of the thin films before using the films in applications. The structural 

properties of the films were studied by X- ray diffraction (XRD).  The morphology 

of surface thin films was studied by atomic force microscopy (AFM) and scanning 

electron microscopy (SEM).  

2.2.1.1 Basic Theory of X‐ray Diffraction (XRD)  

X-ray diffraction (XRD) is a powerful technique for determination the crystal 

structure and lattice parameters. The basic principles of X-ray diffraction are found 

in textbooks e.g. by Fox [38].  A basic instrument for such study is the Bragg 

spectrometer [39]. The relationship describing the angle at which a beam of X-rays 

of a particular wavelength diffracts from a crystalline surface was discovered by 

William H. Bragg and W. Lawrence Bragg and is known as Bragg’s law [40].  

                                  2𝑑(ℎ𝑘𝑙)𝑠𝑖𝑛𝜃 =  𝑚𝜆                               (2-1) 
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   Where,  (𝜆) is wavelength of the X-ray, (𝜃) is Bragg diffraction angle of the XRD 

peak in degree (scattering angle), (𝑚) is integer representing the order of the 

diffraction peak, and (𝑑(ℎ𝑘𝑙)) is inter-plane distance of (i.e atoms or ions or 

molecules). The crystallite size of the deposits is estimated from the full width at 

half maximum (FWHM) of the most intense diffraction line by Debye Scherrer's 

formula as follows [41].  

   𝐷𝑆 =
0.94 𝜆

𝛽 𝑐𝑜𝑠 𝜃
                                   (2-2)   

   Where,   𝐷𝑆 is crystallite size, and  𝛽 is (FWHM) in radians. The X- ray diffraction 

data can also be used to determine the dimension of the unit cell. The lattice 

constants (a) and (c) of the wurtzite structure for thin film can be calculated as given 

below [42]. 

𝑎 =
2

√3
 𝑑(ℎ𝑘𝑙)                                   (2-3) 

and 

𝑐 = 2𝑑(ℎ𝑘𝑙)                                                (2-4) 

The micro strains value (S) are caused during the growth of thin films, and 

will be raised from stretching or compression in the lattice to make a deviation in 

the c-lattice constant of the hexagonal structure [43]. This micro strain can be 

calculated from the relation [44]. 

𝑆 =  
𝛽 𝑐𝑜𝑠 𝜃

4
                                    (2-5) 

The dislocation density (𝛿𝐷) is a measure of the number of dislocations in a 

unit volume of a crystalline material, and can be evaluated by relation [45]: 

𝛿𝐷 =
1

𝐷𝑠
2                                         (2-6) 

For thin films the microstructural factor like film texture may be considered 

as the powerful means that control electrical properties of polycrystalline film  
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materials[46] . The number of crystallite layer (𝑁ℓ) which could be calculated due 

to the percolation theory, and it depends on the film thickness (𝑡) as the relation [47]: 

𝑁ℓ =
𝑡

𝐷𝑠
2                                       (2-7) 

2.2.1.2 Basic Theory of Atomic Force Microscope (AFM)  

The atomic force microscopy AFM show in figure(2.1) is a mechanical 

imaging instrument that measures the three dimensional topography as well as 

physical properties of a surface with a sharpened probe. The sharpened probe is 

positioned close enough to the surface such that it can interact with the force fields 

associated with the surface. Then the probe is scanned across the surface such that 

the forces between the probe remain constant [48]. An image of the surface is then 

reconstructed by monitoring the precise motion of the probe as it is scanned over the 

surface. Typically the probe is scanned in a raster-like pattern. AFM analyses in 

order to find the average grain size and surface topography at atomic scale of the 

samples [49]. 

 

Fig.(2.1): Beam Deflection System, Using a Laser and Photodetector to Measure the 

Beam Position[49]. 

2.2.1.3 Basic Theory of Scanning Electron Microscope (SEM)  

      A more recent and extremely useful investigative tool is the scanning electron 

microscope (SEM) show in Figure(2.2). The surface of a spacemen to be examined 

is scanned with an electron beam, and the reflected (or back-scattered) beam of 
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electrons is collected, and then displayed at the same scanning rate on a cathode ray 

tube. The image on the screen, which may be photographed, represents the surface 

features of the sample. The surface may or may not be polished and etched, but it 

must be electrically conductive a very thin metallic surface coating must be applied 

to nonconductive materials. Magnifications ranging from 10 to in excess of 50000 

times are possible, as are also very great depths of fields. Accessory equipment 

permits qualitative and semi quantitative analyses of the elemental composition of 

very localized surface area [50]. 

 

 

Fig. (2.2): Set-up Illustrates the SEM [50]. 

2.2.2 Optical Characterization 

The study of the optical properties of a material is interesting for many 

reasons. Firstly, the use of materials in optical applications such as interference 

filters, optical fibers, and reflective coating requires accurate knowledge of their 

optical constants over a wide range of wavelengths. Secondly, the optical properties 

of all materials may be related to their atomic structure, electronic band structure 

and electrical properties.  
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2.2.2.1 Reflectivity  

Reflectivity can be obtained from absorption and transmission spectrum in 

accordance to the law of conservation of energy by the relation [51]: 

8)-...(2                                         1AT R        (2-8) 

Where: 

      R: is the reflectivity, T: is the transmittance and A:is the absorbance. 

 

 

 2.2.2.2 Optical Absorbance and Transmittance  

        An important technique for measuring the band gap of material is the absorption 

of incident photons by the material. The main absorption process in semiconductors 

and dielectric originates form the interaction of light with electrons [52]. If the 

photon has a frequency such that its energy matches the energy needed to excite an 

electron to a higher allowed state, then the photon may be absorbed. If the energy of 

the incoming photon does not match the required excitation energy, no excitation 

occurs and the material is transparent to such  radiation [53].  

If a beam of photons with hυ ≥ Eg falls on a material, there will be some 

predictable amount of absorption, determined by the properties of the material. We 

would expect the ratio of transmitted to incident light intensity depend on the photon 

wavelength and the thickness of the sample. To calculate this dependence, assume 

that a photon beam of intensity (Io) is directed at a sample of thickness (t). The beam 

pass through the sample has intensity (I) at a distance (x) from the surface, its can 

be calculated by considering the probability of absorption within any increment (dx). 

Thus, the degradation of the intensity –dI/dx is proportional to the intensity 

remaining at (x) [54]. 
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4)-...(2                                            I
dx

dI
            (2-9) 

      The solution of this equation is [54]: 

5)-.....(2..........                                             x

oeII         (2-10) 

and the intensity of light transmitted through the sample thickness (t) is 

6)-......(2..........                                                t

ot eII             (2-11) 

Where the coefficient (α) is called the absorption coefficient. 

   The cutoff wavelength (λc) is the fundamental absorption edge, which is related to 

the optical energy gap by the following relation [55]: 

7)-...(2                                                      
1240

g

c
E

 (2-12) 

Where: 

Eg: Energy gap (eV)  

λc: Cutoff wavelength (μm)  

 

2.2.3 Electrical Properties 

        The measurement of resistivity is on the whole straight forward; by measuring 

the resistance (R) of semiconductor bar of known length (L), and uniform known 

area (A, as given in equation) [56]: 

   

L

RA
                                            (2-13) 

  The resistivity is defined as the proportionality constant between the electric field 

(E) and the current density. Electrical resistivity is the reciprocal of electrical 

conductivity as shown in  the following equation [57]. 
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 )192(........................................
1




                                                        (2-14) 

For semiconductors with both electron and holes the resistivity is[57] : 

)μn(μ q

1

σ

1

 Ρn p
                                (2-15) 

    Where : 

    µn: electron mobility, and  µp: hole mobility. 

The resistivity of a semiconductor is an important in device design. In 

polycrystalline semiconductor, the conductions are complicated because of the 

existence of grain and grain boundaries and its effect on transport process, and 

charge carriers inside the material. Petrilz suggests in accordance to existence of 

grains the total resistivity [58]. 

                          ρg =ρ1 +ρ2                                            (2-16) 

Where ρ1 represents grain resistivity and ρ2 is the grain boundaries resistivity. 

Orten and Powell improved this theory for polycrystalline and suggest a model for 

electrical conduction in these materials [59]. 

 

2.3 Thermal Evaporation 

      A thermal evaporator uses an electric resistance heater to melt the material and 

raise its vapor pressure to a useful range. This is done in a high vacuum, both to 

allow the vapor to reach the substrate without reacting or scattering against other 

gas-phase atoms in the chamber, and reduce the incorporation of impurities from the 

residual gas in the vacuum chamber [60,61]. Thermal evaporation is the simplest 

way of depositing material onto a substrate under pressure 1 ×10-7 𝑚𝑏𝑎𝑟 and given 

excellent purity of films. Figure (2.3) explains the configuration of a basic coating 

system [62,63]. 
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Fig. (2.3): Configuration of a Basic Coating System [63]. 

 

2.4 Thickness Measurement  

        Thickness is one of the most important thin film parameters since it largely 

determines the properties of the film. The thickness of the films is usually measured 

by monitoring the rate of the deposition during the coating process. Two methods 

have been approved to measure the thickness of thin film, first it is necessary to 

estimate the amount that must be evaporated to get the thickness of the film required 

called the weighted method and the second is optical. Vacuum deposited films used 

for structural, electrical, optical or other purposes must normally be deposited to a 

specified thickness.                                                                                  

         The weighting method was used in this study. This method determines the 

required amount of evaporated material which was used to give desired thickness 

using the following equation [64]. 
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                              t=m/2ρπR2                                                 (2-17) 

     Where : 

           t=is the film thickness in (cm) 

           m =is the mass of the materials to be evaporated in (g)  

           d = is the source (boat) to substrate distance 

           ρ = is the density of materials to be evaporated  

R = is the distance between the substrate and the boat (cm) 

        This method gives an estimate of the deposited films thickness that is safe to 

work. The error percentage in this method is 20%. 

       Film thickness measurements by optical interferometer method have been 

obtained. This method is based on interference of the light beam reflection from thin 

film surface and substrate bottom, with error rate at 3%. The film thickness (t) is 

given by [64]:  

                                                                                (2-18) 

   Where ΔX is the shift between the interference fringes, X is the distance between 

the interference fringes, and λ is the He:Ne wavelength (6328Å). 

2.5 The Materials Conductivity 

Solid-state materials, according to their conductivities, can be classified into 

three classes: conductors, semiconductors, and insulators. At room temperature, the 

conductor has conductivities between (108-103) Ω-1cm-1, semiconductor between 

(103-10-8) Ω-1 cm-1, and insulator between (10-8-10-18) Ω-1 cm-1 [65].According to the 

X

ΔX
.

2

λ
t 
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atomic arrangement of solid, the materials can be divided into three types known as 

crystalline, polycrystalline and non-crystalline (or amorphous) solids [66]. 

     In crystalline solid, the atoms or molecules have a regular geometric arrangement 

or periodicity. These solids have a high degree of ordering, and thus have long range 

order (L.R.O.) in three dimensions, as shown in Figure (2.4.a). 

   The polycrystalline materials have a high degree of ordering over many small 

regions. These regions are called grains and they are separated from one and another 

by grain boundaries. These materials are characterized by short range order (S.R.O.) 

as shown in Fig.(2.4.b). The amorphous materials have ordering only within a few 

atomic or molecular, as shown in Fig.(2.4.c). 

 

 

 

 

 

 

 

 

                                 Fig.(2.4): Schematics of Three General Types of Solids[66]: 

a) Crystalline, b) Polycrystalline and c) Non crystalline (amorphous). 

 

        The most important characteristics of the semiconductors which distinguish 

them from metals and insulators are the negative temperature coefficient of 

resistivity and the existence of energy gap [67].  

        Semiconductors are in general element such as germanium (Ge), Silicon (Si), 

carbon (C), and Tin (Sn). According to the pureness of the semiconductors, a perfect 

one of them which contains no impurities or crystal defects is called intrinsic  

(a) (b) (c) 
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semiconductors. In such material, there are no free charge carriers at absolute zero 

temperature, but as the temperature rises, electron-hole is generated. In this type of  

semiconductors, the conduction can be carried out by the electrons and holes. The 

concentration “n” of electrons in the conduction band (C.B) equals to the 

concentration “p” of holes in the valence band (V.B), and then we have[68]: 

 

n = p = ni                                               (2-19) 

 

Where ni is the intrinsic carrier concentration. 

In addition, the current density “J” is given by: 

J= σ E                                                     (2-20) 

Where σ is the electrical conductivity and E is the electric field. 

    The charge concentration in a semiconductor can be rapidly increased by 

introducing appropriate impurities into the crystal lattice by a process called doping 

[69]. In this process, only one type of carrier is predominant, either electrons or holes 

and hence produces either n-type semiconductor and the semiconductor material is 

known as “extrinsic”. 

The conductivity in the case of extrinsic (n-type) semiconductors is given by: 

σ = ne µd                                                                           (2-21) 

Where (µd) is known as the carrier drift mobility.  

 

2.6 Highly Reflective (HR) Coatings 

      Highly reflective (HR) coatings are used to minimize loss while reflecting lasers 

and other light sources. Absorption and scatter during reflection lead to decreased 

throughput and potential laser-induced damage. HR coatings are used in common 

laser optics applications such as folding a laser’s beam path and laser cavity end 
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mirrors. Metallic mirror coatings are used to create reflective components for many 

applications but laser applications tend to require a higher reflectivity than those 

offered from standard metallic mirror coatings. Because of this, multilayer dielectric 

HR coatings are usually used for laser mirrors instead of metallic mirror coatings, as 

they can achieve higher reflectivity. Metallic surfaces reflect light because loosely 

attached electrons freely oscillate with incident light waves without much impedance 

or hindrance, but all metals will absorb some amount of incident light. This makes 

metallic mirror coatings susceptible to damage when used with high power 

lasers[70]. 

      Dielectric HR coatings reflect light based on constructive interference during 

Fresnel reflections and have the complete opposite purpose of AR coatings in that 

they utilize constructive interference to maximize Fresnel reflections instead of 

utilizing destructive interference to minimize them Figure (2.5). The constructive 

interference is caused by alternating layers of a high and low refractive index 

materials with thicknesses specifically chosen to maximize reflectivity at a given 

wavelength range. In a λ/4 dielectric mirror, also known as a Bragg mirror, the 

thickness of each layer corresponds to a quarter of the design wavelength.Layer 

thickness is based on the wavelength in the material, not the vacuum 

wavelength[71]. 

 

                        Fig.(2.5): Reflection from a Surface Mirror.[71] 
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   High reflectivity mirrors, with reflectivity ranging from 99.8% up to 99.999%, are 

essential components in most laser systems for beam steering while maximizing 

throughput. It is common industry practice to determine mirror reflectivity by 

measuring transmission using spectrophotometry and assuming that the rest of the 

light was reflected. However, this false assumption does not consider scatter or 

absorption, leading to overly optimistic reflectivity values. For mirrors with 

reflectivities above 99.5%, a more accurate way to determine reflectivity is to 

measure total loss through cavity ring down spectroscopy (CRDS)[72].  

 

2.7 Dispersion Energy Parameters  

     Energy dispersion parameters have an important role in identifying the 

characteristics of the optical material. As through them one can calculate the 

necessary factors required to design the optical communication and the spectral 

dispersion devices.Wemple–DiDomenico (WDD) single effective oscillator Model 

successfully describes the dispersion of the refractive index [73-75]. This model has 

an advantage in fitting the experimental data because it provides an intuitive physical 

interpretation of the measured quantities [76]. The main outputs of this model are 

the energy of the effective single oscillator Eo and the dispersion energy Ed. 

     The energy Eo or sometimes called average energy gap gives quantitative 

information on the overall band structure of the material. It must be taken into con- 

sideration that, the information obtained from Eo is completely different from those 

obtained from the optical energy gap Eg. Optical energy gap is related to the optical 

properties near the fundamental absorption edge of the material. In spite of the 

difference between Eo and Eg , yet there is an approximate empirical equation  
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showing that the oscillator energy, Eo is often twice the optical energy gap , Eg i.e. 

(Eo ≈ 2Eg) [75]. 

    On the other hand, the dispersion energy Ed, which represents oscillator strength, 

measures the average energy of interband optical transitions and is associated with 

adjustment in the structural order of the sample i.e., it is related to the ionicity, anion 

valency and coordi- nation number of the material. It is worth to mention here that, 

the dis- persion energy, Ed is very nearly independent on the effective single 

oscillator energy Eo. This is because Ed is proportional to the dielec- tric loss, while 

Eo does not rely on the dielectric loss, either close or from afar. According to (WDD) 

model, the relationship between (Eo, Ed) and the incident photon energy (hυ) is given 

as follows [73,74]: 

                                  (𝑛2 − 1) =
𝐸𝑑 𝐸0

𝐸0
2−(ℎ𝑣)2

                        (2-22) 

Where: 

n: refractive index 

Eo: the energy of the effective single oscillator 

Ed : the dispersion energy 

hυ :incident photon energy 

The moments of optical spectra (M−1 and M−3) can be calculate from the next 

relations [77]:  

                                        𝐸0
2 =

𝑀−1

𝑀−3
                                                 (2-23) 

                                𝐸𝑑
2 =

𝑀3
−1

𝑀−3
                                               (2-24) 
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3.1 Introduction  

     This chapter is dedicated to the experimental part, which plays a significant role 

in determining the results. It begins with the deposition of (Al-Ni-Cr) alloy thin films 

layers by using vacuum evaporation method. Then, the optical and electrical 

measurements are presented.  

3.2 Preparation of Thin Films Layers from (Al-Ni-Cr) Alloy 

   The process of preparing nano-films in several layers includes several stages:  

3.2.1 Materials  

     The Al-Ni-Cr alloy was prepared by the researcher [78]. Al-Ni-Cr alloys were 

prepared by melting together; Aluminum wire, nickel powder and very small pieces 

of chromium in an electric furance at 800°C under an argon atmosphere after 

preparing the alloy, heat treatment used for 1300 hours at 560° C [78]. In this work 

we used (Al-Ni-Cr) alloy of different weights to form films of different thicknesses, 

where t1 with a weight of 0.035g, t2 with a weight of 0.009g, t3 with a weight of 

0.006g two layers, and t4 with a weight of 0.009g three layers, and the thicknesses t1 

(one-layer (90 nm)),t2 (one-layer (25 nm)),t3 (two-layers (40 nm)), and t4 (three-

layers (65 nm)). Where t3 = t1 + t2 and t4 = t1 + t2 + t1 , as shown in the table (3.1) . A 

schematic diagram of the experimental work shown in figure (3.1). 

Table (3.1): The Prepared Nano Layers of (Al-Ni-Cr) Alloy. 

Thickness(nm) No. of layers Film symbol 

90 1 t1 

25 1 t2 

40 2 = t1+t2 

   =25+15 

t3 

65 3 = t1+t2+t1 

   =25+15+25 

t4 
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Fig.(3.1): Schematic Diagram of Experimental work. 

 
 
 

 

 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        
 

 

 

 
 

 

 

 
 

 

 

By thermal evaporation 

Vacuum technique 

Al-Ni-Cr thin film 

 

Weight method  Optical method 

Reflectance 

Transmission 

Absorbance 

Dispersion Parameters 

Thickness measurement 

Resistivity 

Structure 

properties  

Electrical 

properties 

Optical 

properties 

AFM SEM 

Al-Ni-Cr alloy 

 

XRD 



Chapter Three                                                                                        Experimental Part 

29 
 

3.2.2 Substrate Preparation 

        Type and nature of the substrate are the influence parameters and have the most 

important effects on the properties of the deposited films. One type of substrates 

were used in this study, glass slides which were used to study the structural, electrical 

and optical properties of Al-Ni-Cr thin films.First step glass slides and cleaning, 

the substrate used for deposits Al-Ni-Cr thin films in this work is a microscopic glass 

slides. These glass slides substrates (8 × 2.5) cm2 with 1 mm thickness were 

subjected to the following steps: 

1- The substrates were cleaned by water and a detergent solution to remove any oil 

or dust that might be on their surface. 

2- The substrates were immersed in a clean beaker containing distilled water.  

3- The distilled water was replaced by pure alcohol or pure acetone and the previous 

step was repeated. 

Finally the glass substrates were dried by an air-jet and were wiped with soft paper. 

3.3 The Specification of Boat 

   Various types of sources were used for the evaporation. A spiral boat source of 

tungsten material were used for the (Al) evaporation to make electrodes, and 

molybdenum boat source is used for the deposition of (Al-Ni-Cr) thin films as shown 

in figure (3.2). 

 

 

 

 (a)  (b) 

 

Fig. (3.2): (a) Spiral Tungsten Boat and (b) Molybdenum Boat. 
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3.4 The Coating Unit 

The vacuum unit system, Edwards coating unit model Edwards-c has been 

used for the deposition of Al-Ni-Cr thin films. The main constructions of the typical 

vacuum coating unit are shown in Figure(3.3). 

 

 

 

Fig. (3.3): Thermal Evaporation System. 

        The system is pumped down to a vacuum of 10-7  mbar, an electric current 

was passed through the boat gradually to avoid breaking the boat. When the 

boat temperature reached the required temperature the deposition process starts 

with constant rate of deposition equal to 0.5 nm/s. After these steps, the current 

supply was switched off and the samples were left in the high vacuum, and 
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then the air was entered to the chamber, and the films were taken out from the 

coating unit and kept in the vacuum desiccator until the measurements were 

made. All the samples were prepared under constant conditions (pressure, 

substrate temperature and rate of deposition); the main parameters that control 

the nature of the film properties are thickness (90, 25, 40 and 65) nm. In this 

work the evaporation processes have been performed at room temperature 

(RT) and the distance between the source and substrate was kept at (15) cm.  

This system is found in college of education for pure sciences department of    

physics university of Babylon. 

 

3.5 Thin Film Growth  

 

 

In the present work, thin films layers of (Al-Ni-Cr) alloy have been obtained 

by the (Al-Ni-Cr) alloy powder and, the deposition of (Al-Ni-Cr) alloy thin films 

have been performed by electrical resistance heated thermal evaporation process. In 

this process, the electrical power is passed through the boat to create a vapor which 

travels in straight line paths to the substrate. In general, there are three steps in any 

vacuum deposition process, creation of an evaporant from the source material, 

transport of the evaporant from the source to the substrate and condensation of the 

evaporant on to the substrate to form the thin film deposited as in Figure (3.4). In 

this work, the evaporation processes have been performed at room temperature 

(𝑅𝑇). The pressure during the evaporation was approximated to 10-7 𝑚𝑏𝑎𝑟 with a 

rate of deposition 0.5 𝑛𝑚. 𝑠−1. The distance between the source and substrate was 

kept at 15 𝑐𝑚.  

 

 



Chapter Three                                                                                        Experimental Part 

32 
 

 

 

 

 

 

 

 

 

  

                                 Fig. (3.4): Basic Steps Deposition Processes. 

 

3.6 Preparation of Masks 

Various shapes of thick aluminum (Al) foil masks are used on glass 

substrates to make a suitable shape design for both film and electrodes for the 

electrical measurements for films deposited at different conditions. Aluminum 

electrodes were deposited on the surface of (Al-Ni-Cr) thin films using thermal 

evaporation equipment through a mask giving active area of (0.2×0.2) cm2 as 

illustrated in Figure(3.5). 

 

     

Fig. (3.5): The Mask Used Deposition of Electrodes of DC. 
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3.7 Thickness Measurement 

    Thickness is one of the most important thin film parameters. There are 

several methods used for measuring the thickness of thin film. In this work, the 

thickness of the films were measured by using the optical measurement and weight 

method. 

   1- Weighting Method. 

Thickness of the thin films has been calculated according to the following    

equation [64]: 

   𝑡 =
𝑚

2𝜋𝜌𝑅2
                                                                                           (3.1)  

    Where (𝑡) is thickness of the thin films (𝑛𝑚), (𝑚) is a mass of the material 

in (𝑔), (𝜌) is the density of material (𝑔/𝑐𝑚3) and (𝑅) is the distance between 

the substrate and the boat (𝑐𝑚). This method gives an approximate thickness 

because some of the material lost or fleeing on the sides of the heater. 

2- Optical Interferometer Method. 

Figure(3.6) shows the photograph of the film thickness measurement, type 

lambda LIMF-10 , the film thickness was measured with this device in the 

college of science, university of Babylon. 

 

 

 

 

 

 

 

                                       Fig.(3.6): Image of the Film Thickness Measurement.         
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3.8 Structural and Morphological Measurements 

These measurements include the following 

3.8.1 X-ray Diffraction (XRD) 

The main purpose of these measurements is to investigate the type of the 

structure of the prepared thin films. This experimental technique has long been used 

to determine the overall structure of bulk solids, including lattice constants, 

identification of unknown materials, orientation of single crystals, orientation of 

polycrystals, defects, stresses, etc. X-ray diffraction using SHIMADZU X-ray 

diffracts meter system (XRD – 6000) which records the intensity as a function of 

Bragg's angle. Samples were examined at the faculty of engineering, university of 

Babylon, shown in the figure(3.7). 

 

Fig.(3.7) : Image of the XRD        

3.8.2 Atomic Force Microscope (AFM)  

        The surface morphology of the prepared thin films of various thicknesses was 

observed by AFM type (Aa3000 SPM), shown in the Figure (3.8). Typical data has 

been taken from AFM height images include root mean square (RMS) roughness 

and grain size. It has three main modes of mapping topography: contact, intermittent 

contact (tapping), and non- contact which was used in our-morphology investigation.  

The most important part of an AFM is the tip with its nanoscale radius of curvature. 

The tip is attached to a micronscale cantilever which reacts to the Van der Waals 

interaction and other forces between the tip and sample. The samples were screened 
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in the laboratories of the college of education for pure sciences in university of 

Babylon.  

 

Fig.(3.8): Image of the AFM. 

 

3.8.3 Scanning Electron Microscope (SEM) 

         Scanning electron microscopy (SEM) is basically a type of electron 

microscope .The surface morphology of the prepared samples were observed by 

SEM type (Jeol JSM 6335F), as shown in Figure(3.9). Samples were examined in 

the faculty of pharmacy, university of Babylon. 

 

Fig.(3.9): Image of the SEM. 

 

 



Chapter Three                                                                                        Experimental Part 

36 
 

3.9 Optical Measurements 

      The optical absorption spectrum of Al-Ni-Cr thin films layers was recorded in 

the wavelength range (200-1100) nm using a dual-beam spectrophotometer (UV 

spectrophotometer shimadzu model UV-1800), as shown in Figure(3.10). The 

absorption spectrum was recorded at room temperature. The data from the 

absorption spectrum can be used in computing the optical constants. A computer 

program was used to obtain transmittance, reflectivity, and absorbance. 

   

 

Fig.(3.10): Image of UV-Visible Spectrophotometer. 

 

 

3.10 Electrical Measurements 

    The electrical measurements are achieved on prepared thin films including 

D.C. Electrical conductivity(D.C) of films deposited on glass substrate measured 

with Al electrodes could be calculated by measuring the D.C electrical resistance 

using the keithly electrometer (type 2400 source meter) shown in the    
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figure(3.11), for different temperatures (30-200) °C. The sample was placed in the 

oven and the electrical resistance was recorded after (5-10) minute to ensure 

accurate results. The samples were screened in the laboratories of the college of 

education for pure sciences in university of Babylon.   

 

 

Fig. (3.11): Image of Keithly Electrometer. 
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4.1 Introduction 

        This chapter includes the results and the analysis of the experimental 

measurements of the (Al-Ni-Cr) nano-layers with various thicknesses , t1 (one-layer 

(90 nm)),t2 (one-layer (25 nm)),t3 (two-layers (40 nm)), and t4 (three-layers (65 nm)). 

Where t3 = t1 + t2 and t4 = t1 + t2 + t1 that prepared onto glass substrate by thermal 

evaporation technique at room temperature (R.T). In addition, study the structural, 

optical, and electrical properties of prepared nanolayers. 

 4.2 Microstructural Analysis  

  In this paragraph several measurements are included: 

4.2.1 X-Ray Diffraction Measurements (XRD) 

        The technique of X-ray diffraction (XRD) was used to know the nature of the 

crystal structure, the main crystalline stages, and the orientation of the prepared films 

under certain conditions, as well as to identify some structural variables such as the 

crystal size. Figure (4.1) represents the (XRD) pattern of the prepared films from 

(Al-Ni-Cr) alloy.  

 

(a)                                                                   (b) 

Fig.(4.1): The X-ray Diffraction Patterns of (Al-Ni-Cr) Nanofilms for a: t1 (1-layer (90 nm)) 

and b: t4 (3-layers (65 nm)). 
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    From Figure (4.1) and through the study of the surface composition of the films, 

it was observed that the surface of these films was amorphous and there is no 

direction of the films, no peaks appear to refer to so fine crystal structure. Pictures 

of (XRD) were taken by the (XRD) device at the university of babylon college of 

engineering. 

 

4.2.2 Atomic Force Microscope (AFM) 

  AFM was used to check  the film surface. The smoothness of the film surface 

must be checked. Screening by the morphological study is good evidence of 

homogeneity. By studying the surface shape, it was observed that the (Al-Ni-Cr) 

nanofilms of different thicknesses showed that the size of the grains increases with 

the corresponding increase in the thickness of the prepared films. The (AFM) images 

of the deposited (Al-Ni-Cr) nanofilms are shown in figures (4.2-4.5), where (a) 

represents a picture in three dimensions and the highest level was a peak with a rate 

of (2.29-2.23) nm for the surfaces of these membranes, and (b) represents a picture 

in two dimensions, and (c) represents the height of the graph of the number of 

particles, and (d) represents the granular distribution on the surface of these 

membranes, and (e) represents the graph of the particles. 
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 (a)                                                                       (b)              

 

                (c)                                                                          (d) 
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 Fig.(4.2): AFM Image of Al-Ni-Cr Films with Thickness t1 (1-layer (90 nm)) in a- 3D,b- 2D,  

c- Height Histogram, d- The Distribution Granular, and e- Grain Histogram. 

 

 

 

 

 

 

 

 

 

 

 

(e) 
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 (a)                                                                          (b)          

    

                    (c)                                                                                  (d)  
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Fig.(4.3):  AFM Image of Al-Ni-Cr Films with Thickness t2 (1-layer (25 nm)) in a- 3D,b- 2D, 

c- Height Histogram, d- The Distribution Granular, and e- Grain Histogram. 

 

 

 

(e) 
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                    (a)                                                                                  (b)  

 

 

                              (c)                                          (d) 
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Fig.(4.4): AFM Image of Al-Ni-Cr Films with Thickness t3 (2-layer (40 nm)) in a- 3D,b- 2D , 

c- Height Histogram, d- The Distribution Granular, and e- Grain Histogram. 

 

 

 

 

 

 

 

 

(e) 
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         (a)                                                                               (b)  

                

   (c)                                               (d)  
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(e) 

 

 

Fig.(4.5): AFM Image of Al-Ni-Cr Films with Thickness t4 (3-layer (65 nm)) in a- 3D,b- 2D , 

c- Height Histogram, d- The Distribution Granular, and e- Grain Histogram. 

 

From the figures(4.2-4.5), at the thickness increased from t1 to t4 it can note that 

the granular structure around a few nanometers with the grain size, a root mean 

square (RMS) ranged of (0.4-0.453)nm, roughness ranged of (0.318-0.352) nm. And 

a maximum peak to peak height (Sz) (ten point height) ranged of (0.682-0.514) nm, 

very few surface roughness and ten point height values were observed, this means 

that the roughness is less than nano, and this indicates that the surface is very 

homogeneous and this result is good to prove that the surface is a good reflector. It 

was observed that the values decreased at t3, because t3 represents two layers of 
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nanolayers with different weights from t1 and t2. The (AFM) data results were listed 

in table (4.1).  

  

Table (4.1): AFM Data of Al-Ni-Cr Nano Films with Various Thicknesses. 

 

 

The figures (4.6- 4.9) refer to the curve of the relationship between the (AFM) 

data table and the different thicknesses of the different nanofilm layers.  

Fig (4.6) represents the relationship between the rate of roughness(nm) and 

thicknesses(nm) of the (Al-Ni-Cr) nanofilms, where it is observed that the curve 

decreases with increasing thicknesses. 

Nano 

film(nm) 

Roughness 

average 

Sa(nm) 

 

Root mean 

square Sq 

(nm) 

 

Ten point height 

Sz (nm) 

 

Avg. Diameter 

(nm) 

t1 0.318 0.004 0.682 317.2 

t2 1.004 1.073 1.029 373.8 

t3 1.000 1.023 0.638 416.6 

t4 0.352 0.453 0.514 448.2 
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Fig.(4.6): Variation of Roughness Average Sa(nm) of Al-Ni-Cr Nano Films Measured with 

layers (40 -( 23layer (25 nm)), t-( 12layer (90 nm)), t-( 11Various Thicknesses, where : t

layers (65 nm)).-( 34nm)),t 

Fig (4.7) represents the relationship between the root mean square (sq) (nm) and 

thicknesses(nm) of the (Al-Ni-Cr) nanofilms, where it is observed that the curve 

decreases with increasing thicknesses. 

 

Fig.(4.7): Variation of Root Mean Square Sq (nm) of Al-Ni-Cr Nanofilms Measured with 

layers (40 nm)), -(23 layer (25 nm)), t-(12 layer (90 nm)), t-(11 Various Thicknesses, where : t

layers (65 nm)).-(34 t 
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Fig (4.8) represents the relationship between the ten point height (Sz) (nm) and 

thicknesses (nm) of the (Al-Ni-Cr) nanofilms, where it is observed that the curve 

decreases with increasing thicknesses. 

 

 

Fig.(4.8): Variation of Ten Point Height Sz (nm)of Al-Ni-Cr Nanofilms Measured with 

layers (40 -( 23layer (25 nm)), t-( 12layer (90 nm)), t-( 11Thicknesses, where : tVarious 

layers (65 nm)).-(34nm)),t 

 

Fig (4.9) represents the relationship between the avg. diameter (nm) and 

thicknesses(nm) of the (Al-Ni-Cr) nanofilms, where it is observed that the curve 

decreases with increasing thicknesses. 
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Nano Films Measured with Various Cr -Ni-of AlAvg. Diameter (nm)  Variation of): 9Fig.(4.

-(34layers (40 nm)),t-( 23layer (25 nm)), t-( 12layer (90 nm)), t-( 11Thicknesses, where : t

layers (65 nm)). 

 

4.2.3 Scanning Electron Microscope (SEM) 

    The scanning electron microscope (SEM) for scanning is an appropriate 

technique to study the microstructural structure of nanofilms and the image of the 

microstructure (SEM) showing particles on a glass substrate's surface. (SEM) 

images of the deposited (Al-Ni-Cr) nanofilms are shown in figure (4.10).      

0

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100

A
vg

.D
ia

m
e

te
r 

(n
m

)

thickness(nm)



Chapter Four                                Results , Discussion, Conclusions and Suggestions 

52 
 

  

 

 (a)                                                      (b)                                   

 

Fig. (4.10): The SEM Images of Deposited Al-Ni-Cr Thin Films of Thickness a: t1 ( 1-layer 

(90 nm)) and b: t2( 2-layers (40 nm)). 

 

From Figure (4.10), the (SEM) images show that precipitated (Al-Ni-Cr) 

nanofilms are homogeneous, smooth, totally coated the substrate, and free from 

defects such as pinholes and cracks. The beans are distributed in the same size, 

dense, well defined. It was observed that the small spherical granules distributed 

over the substrate surface and it was found that the size of these grains increased 

with increasing thickness. Only nanocrystalline grains were observed, and the 

surface shapes were virtually unchanged, regardless of sedimentation time. 

Therefore it is difficult to obtain (SEM) images due to the small grain size. This 

result is similar to the published scientific research by the researchers A.Purohit,and 

et al [79]. 
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4.3 Optical Properties of the (Al-Ni-Cr) Nano-Layers 

  In this section, the optical properties of the prepared nano films are included: 

4.3.1 Reflectance 

     The reflectance (R) of (Al-Ni-Cr) nanofilm deposition on a glass substrate with 

different thicknesses were examined using two laser wavelengths; red (635 nm) and 

green (532 nm) by (si pin photodiode = Hamamatsu photonics USA lasers = laser 

diode china S1223-01). It is found that reflectance of (Al-Ni-Cr) nanofilms reached 

98% for t1 and t4 for the 635 nm wavelength and 99% for t1 and t4 for 532 nm 

wavelength as in table (4.2). Among the main reasons for this result is the abundance 

of electrons on the surface, as well as, the rate of surface roughness is very low, 

meaning that the surface represents a smooth coating. The results refer to the 

possibility to use these films in reflective coatings such as laser resonators and fibers.  

 

Table (4.2): The Reflectance of the Al-Ni-Cr Nano Films for Two Wavelengths where: t1( 1-

layer (90 nm)),t2(  1-layer (25 nm)) , t4( 3-layers (65 nm)). 

 Thickness Thin films Reflectivity in (635)nm Reflectivity in (532)nm 

t1 98% 99% 

t2 83% 87% 

t4 98% 99% 

4.3.2 The Transmittance 

    The optical transmittance as a function of wavelength in the range (200–1100) 

nm of (Al-Ni-Cr) nanofilms, with different thicknesses, was presented in figure 

(4.11).  
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Fig.(4.11): Transmittance Spectra of Al-Ni-Cr Nano Films Measured with Various 

Thicknesses, where : t1( 1-layer (90 nm)), t2( 1-layer (25 nm)), t3( 2-layers (40 nm)),t4(3-

layers (65 nm)). 

 

   From figure (4.11) it observed a decrease in the transmittance with increasing 

wavelength. In general, figure (4.11) shows that with increasing film thickness the 

transmittance decreases. This behavior is due to the increase in the number of atoms 

of the thickness, which leads to an increase in the number of collisions between 

incident photon and atoms, which leads to the increase of absorbance and decreasing 

transmittance [80,81]. The results can compare with that of reflectance.  

 

4.3.3 Absorbance  

    The optical transmission, absorption, and reflection as a function of wavelength 

in the range (200-1100) nm nanometers for nano-layers (different thicknesses) were 

measured using a visible spectrophotometer. The transmittance was measured in the 
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figure (4.11) and it was found that the transmittance decreases with increasing the 

thickness, which means that the transmittance is very low. All films show low 

absorbance with thickness in the visible range. This behavior can be explained as 

follows: At a high wavelength, the incident photon does not have enough energy to 

interact with the atoms. Since the absorption is less with increasing the thickness. 

According to the principle of the law of energy conservation (R+A+T=1), since the 

transmittance was measured and recorded at a very low rate of approximately 1%, 

and the reflectivity was recorded at 99% if the remainder from (A+R) represents the 

absorbance ratio (A), which is a very low percentage as in the figures (4.13-4.17). 

 

Fig.(4.12): Absorbance + Reflectance of Al-Ni-Cr Nano Films Measured with Various 

Thicknesses, where : t1( 1-layer (90 nm)), t2( 1-layer (25 nm)), t3( 2-layers (40 nm)),t4(  3-

layers (65 nm)). 

 

4.3.4 Dispersion Parameters and Dispersion Energies 

     According to the equation (2.22-24), the values of Ed, Eo, were calculated and 

listed in the table (4.3). From the table, the values of Eo /2 we get Eg. The very small 

values of Eg denote the conductive layer that resulted from the fabricated films, with 
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high reflectance because of the free electrons on the film surface. The index of 

refraction (n∞) for the (Al-Ni-Cr) nano-layers was added by the interception of the 

perpendicular axis in Figures (4.13-4.16). 

 

 

Fig. (4.13): Relationship Between (n2-1)-1 and (hυ)2  for t1 = (90 nm). 

 

 

Fig. (4.14): The Relationship Between (n2-1)-1 and (hυ)2 for t2 = (25 nm). 
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Fig. (4.15): The Relationship Between (n2-1)-1 and (hυ)2 for t3 = (40 nm). 

 

 

Fig. (4.16): The Relationship Between (n2-1)-1 and (hυ)2 for t4 = (65 nm). 

  

   Table (4.3) shows the optical Parameters of Al-Ni-Cr Nano-Layers. Moments of 
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increases. Using the Wemple–DiDomenico process, the dispersion parameters were 

determined. It was noted with increasing the thickness of (Al-Ni-Cr) nano-layers, 

the dispersion energy (Ed) and electronic transition energy of a single oscillator (Eo) 

were reduced. very small values of the energy gap refer to reflective and conducted 

films, make them suitable in reflective and conducted devices. 

Table (4.3): Optical Parameters of Al-Ni-Cr Nano-Layers. 

Nano 

film(nm) 

Eo(mev) Ed(mev) Eg (ev) ε∞ n(o) M-1 M-3 

t1 6.123 816.593 0.0030 0.1343 0.0116 4.217 0.112 

t2 6.870 1.164 0.0034 0.0011 0.0011 0.169 0.003 

t3 8.197 585.580 0.0040 0.0724 0.0085 2.259 0.033 

t4 4.609 0.542x1010 0.0023 1.117x107 105.70 0.117x1020 0.005x1020 

 

4.4 The Electrical Properties 

        The resistivity as a function of the thickness of the (Al-Ni-Cr) nanofilms is 

shown in Figure(4.17). The electrical resistivity of the nanofilm layers was measured 

by keithley. From the figure, this curve refers to the resistivity changed with the 

increasing the number of layers, the resistivity decreased with the increase of 

thickness. This shows that the (Al-Ni-Cr) nanofilms behave as a conductor as in 

figure (4.18). It is noticed from the study of electrical properties (electrical 

resistivity), (Al-Ni-Cr) nanofilms may be suitable to fabricate electrical circuits with 

high conductivity. 
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    Figure (4.18) represents the electrical conductivity (the inverse of resistance) of 

(Al-Ni-Cr) nanofilms increased with the increase of thickness.  

 

Fig.(4.17): The Electrical Resistance of Al-Ni-Cr Nano Films with Various Thicknesses, t1( 

1-layer (90 nm)),  t2( 1-layer (25 nm)), t3( 2-layers (40 nm)),t4(3-layers (65 nm)). 

 

 

Fig.(4.18): The Electrical Conductivity of Al-Ni-Cr Nano Films with Various Thicknesses, 

t1( 1-layer (90 nm)), t2( 1-layer (25 nm)), t3( 2-layers (40 nm)), t4(  3-layers (65 nm)). 
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 4.5 Conclusions 

     The following remarks are concluded during the present work: 

1- The nanofilms formed from the deposition of the Al-Ni-Cr alloy in several 

layers and with different thicknesses, t1(1-layer(90nm)), t2(1-

layer(25nm)),t3(2-layer(40nm)),t3(3-layer(65nm)). 

2- These nanofilms is a smooth and homogeneous coating, which indicates that 

these films are completely reflective and conductive well.  

3- The reflectance reached to 98% for t1 and t4 for 635 nm and 99% for the 

wavelength of 532 nm.  

4- Using the Wemple–DiDomenico process, the dispersion parameters were 

determined. It was noted with increasing the thickness of (Al-Ni-Cr) nano-

layers, the dispersion energy (Ed) and electronic transition energy of a single 

oscillator (Eo) were reduced. very small values of the energy gap refer to 

reflective and conducted films, make them suitable in reflective and 

conducted devices.  

5- It is noticed from the study of electrical properties (electrical resistivity), (Al-

Ni-Cr) nanofilms may be suitable to fabricate electrical circuits with high 

conductivity. 

 

4.6 The Suggestions and Future Works 

     In this context, a further investigation can be suggested as future works: 

1- Studying the effect of annealing on the structural, optical, and electrical     

properties of (Al-Ni-Cr) nanofilms. 

2- Studying the structural, optical and electrical properties of (Al-Ni-Cr) nanofilm 

prepared by another method like the chemical method.
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 ٓيخلاصه

 

ن نه تر(  90 ختلف )قات، واحدة ) كبسةة  (Al-Ni-Cr) في هذه الدراسةة، ط قات ن ن نه م  س سةةا  ،         

ن نه تر( ( ط ب سةةةةةةتخداة اتت ، التاخ ر  65قات ن ) 3ن نه تر( ط  40ن نه تر( ط قاتت ن ) 25قات، واحدة )

 لي ب ر. وقد لهحظ  س خلال التت ئج أن بت ، هذه الأفلاة  7-10الحراري على رك ئز زج ج ، احت ضةةةةةة   

نت غ ر  تالهرة ولا  هجد ااج ه للأف ا رك  ت، جداا  س اخت  لاة. لا اظهر أي ق م اشةةةةةة ر يلى بت ، بلهر ، جق 

(XRD) وسةةةالأ الأغشةةة ، الرق ت، لسةةةا ئك (Al-Ni-Cr) و  لف، ا   ا  وخ ل ،  س الع هب  ن ع ، تج نسةةة، و

ا ن  ف، ط و حدجة ج داا. لهحظ أن الحا  لدبهس والشةةةةةةته .  تم اهز و الحاهب بتفم الحجم ط كث   ثل ثتهب ا

 ت . لهحظهذه الحاهب  زجاج  و ز  جة السةةةة ك لصةةةة  رة  هزع، على سةةةةالأ الرك زة ووجد أن حجمال رو ، ا

حا ا ن  تت ه ، الصةةة ر فت  ط ولم ات  ر ألةةة  ل السةةةالأ اتر اا  ط ب ن التظر عس وقت الترسةةة   ط لذلك  س 

ا ت  AFM) .و (SEM بسةةا  حجم الحاهب الصةة  ر  س اختا ران SEM الصةةع  الحصةةهل على  ةةهر

بشةة ل أسةة سةةي عس قر ل اسةةج ل أق     (Al-Ni-Cr) ، الخهاص الضةةهئ ، للأغشةة ، الرق ت، لسةةا ئكجراسةة

( ن نه تر.  س 1100-200التف ذ ، ب سةةةتخداة  ت  س ق ف ضةةةهئي  رئي للألةةةع، فه  الاتفسةةةج ، في حدوج )

ل الف لم ات كسةة هذه الأق    ط لاحظت انخف ضةةا  في التف ذ ،  و ز  جة الاهل ال هجي. بشةة ل ع ة ط  و ز  جة 

س  سلهك يلى ز  جة عدج ذران ال ط      ؤجي يلى ز  جة عدج الا ادا  ن ب س الفهاهن  كالتف ذ ،.  رجو هذا ال

الس ق  والذران ط      ؤجي يلى ز  جة الا تص   ، واتل ل التف ذ ،.    س  ت رن، التت ئج بتت ئج الانع  س. اتل 

ن نه تر وقهل  هجي ل زر  635انع  سةة ، الأغشةة ، الت نه ، ب سةةتخداة ط ب ت   ادرس  كالتف ذ ،  و ز  جة السةة 

ن نه تر و  635 للاهل ال هجي  4t رابولس ك الل و 1t لس ك الاولل ٪98ن نه تر. و ل الانع  س يلى  532

ن نه تر. اش ر التت ئج يلى ي   ن ، استخداة هذه الأغش ، في الالاءان الع كس،  ثل  532 هجي الاهل لل 99٪

 تم  Wemple – DiDomenico ع ل  نام حسةةةة ب  ع  لان التشةةةةتت ب سةةةةتخداة  . رن ن الل زر والأل   

الاات،. احتهي  ك و ز  جة سةةةةة  d(E (وق ق، التشةةةةةتت E)o (اتل ل ق ق، ال ذبذب الفرجي للانتت ل الإل تروني

-Al-Ni) الأفلاة الع كسةةة، وال تفذة على ق م فجهة ق ق،  ةةة  رة جداا. ام فحا الخهاص ال هرب ئ ، لأغشةةة ،

Cr) ، الرق ت، بش ل أس سي  س خلال ق  س ن ال ه ل ،. هذا  دل على أن أغش Al-Ni-Cr   الرق ت، اتصر

قد  Al-Ni-Cr  ئ ،( أن الأغشةةةة ، الت نه ،ك ه ةةةةل. لهحظ  س جراسةةةة، الخهاص ال هرب ئ ، )ال ت و ، ال هرب

 .ا هن  ت سا، لتصت و الدوائر ال هرب ئ ، ذان ال ه ل ، الع ل ،



 

 
 

      
 وزارة التعل م الع لي و الاحث العل ي

 ج  ع، ب بل
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 قسم الف ز  ء
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