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I 

 

The result of the thin film of Tantalum oxide, Ta2O5, was prepared by thermal 

evaporation method were taken. The research dealt with the effect of thickness on 

the optical properties of the nanofilm in order to know the extent to which the 

optical properties and the energy gap change when the thickness of the film 

changes. 

The nanofilm was prepared with a thickness of (20-100) and the results showed 

that the nano-thin film (Tantalum oxide) has good absorption in the infrared region 

in the range of wavelengths (210-230) nm for all thicknesses,[88]. 

While the transmittance decreases with increasing thickness of the Tantalum oxide 

thin film, and the highest value of the spectral transmittance through the nanofilm 

is obtained at the lengths (220-1000) nm, while the minimum transmittance is at 

the wavelengths region ranging between (210-220) nm. 

 The reflectivity decreases with the increase in the wavelength of the thickness of 

the nano-thin film, and the lowest value of the reflectivity is obtained at (210) nm, 

and the highest value of the reflectivity is 21% when the wavelengths range 

between (230-240) nm for thickness from (60-80-100) respectively. The 

absorption coefficient has values greater than 104 cm-1 indicating direct 

transmission. 

The maximum value of the damping coefficient was at wavelength 200 nm, but it 

has the same value at wavelengths ranging from (600-100) nm. 

The highest refractive index at thickness (20-40) nm, while increasing between 

(60-100) nm. The real differences of the dielectric constant are between 1.47 (at 

wavelength 224 nm) and about 6.9 (at wavelength 210 nm). 

The energy loss referring to the imaginary dielectric constant has a maximum 

value of 1.98 when the wavelength is about 218 nm. The energy band gap can be 

controlled by controlling the thickness of the nano-thin film. 

Thus, the results showed that increasing the thickness had a direct effect on all the 

studied optical properties. 



II 

 

 

No. Subject Page 

 Abstract I 

 Contents II 

 List of Symbols IV 

 List of Figures V 

 List of Tables V 

Chapter One: Introduction and Literature Survey 

1.1 Introduction 1 

1.2 Literature Review 2 

1.3 Aim of the Work 5 

Chapter Two: The Theoretical Part 

2.1 Introduction 6 

2.2 Semiconductors 6 

2.3 Inorganic Semiconductors 8 

2.4 Tantalum 9 

2.5 The mechanical and physical properties of tantalum 9 

2.6 Applications 11 

2.6.1 Capacitors 11 

2.6.2 Chemical Industry and Apparatus Engineering 12 

2.6.3 Alloys 12 

2.6.4 Tantalum in Medicine 13 

2.7 Tantalum Oxide                                                                 14 

2.8 Thin Films 14 

2.9 Spectrophotometer   15 

2.10 Optical properties                                                                                                                             16 

2.10.1 Absorbance 17 

2.10.2 Transmittance 18 

2.10.3 Optical Constants 18 

2.10.4 Reflectance 20 

2.10.5 Absorbance coefficient or attenuation coefficient 20 

2.10.6 Extinction Coefficient 21 

2.10.7 Refractive index 21 

2.10.8 Dielectric Constant 22 



III 

 

No. Subject Page 

2.10.9 The electronic transitions 22 

2.10.9.1 Direct Transitions 22 

2.10.9.2 Indirect Transitions 23 

2.11 Energy Band Gap 24 

Chapter Three 

3.1 Introduction 26 

3.2 Preparating Conditions 26 

3.3 UV-Visible Spectrophotometer 26 

3.4 Trics Company Software for simulation 27 

3.5 Optical properties software 27 

Chapter Four 

4.1 Introduction 28 

4.2 The Absorbance Spectra 28 

4.3 The Transmittance Spectra 29 

4.4 The Reflectance Spectra 30 

4.5 The Absorption Coefficient 31 

4.6 Extinction Coefficient 32 

4.7 Refractive index 33 

4.8 Real and Imaginary parts of the Dielectric Constant 34 

4.9 The Optical Conductivity 37 

4.10 Optical Energy Band Gap 38 

4.11 Conclusions 39 

4.12 Future Work 39 
        

 

 

 

 

 

 

 

 

 



IV 

 

 

Symbol Physical Meanings 

A Absorbance 

 Absorption Coefficient 

h Blank Constant 

e Charge of Electron 

N Complex Refractive Index 

B Constant depended on type of material 

θ Diffraction Angle 

Eg Energy Gap 

r Exponential constant 

Ko Extinction Coefficient 

i Imaginary Part of Dielectric Constant 

d Inter-planar distant 

EP Energy of an absorbed or emitted phonon 

hʋ Photon Energy 

r Real Part of Dielectric Constant 

R Reflectance 

n Refractive Index 

Ta Tantalum 

Ta2O5 Tantalum Oxide 

T Transmittance 

UV Ultra Violet Spectrum 

c Velocity of Light 

K Wave Vector 

 Wavelength 

Io Incident Intensity of Light 

I Transmitted Intensity   
 



V 

 

No.                                      Title Page 

2.1 p-type and n-type semiconductor according to the energy 

level 
7 

2.2 the components of the optical spectrometer double beam 16 

2.3 The optical transitions (a) Allowed direct, (b) Forbidden 

direct; (c) Allowed indirect, (d) Forbidden indirect 
24 

2.4 Energy gap 25 

3.1 spectrophotometer 27 

4.1 The Absorbance spectra of nanothin films Ta2O5 with 

different thickness. 
29 

4.2 Transmittance spectra of nanothin films Ta2O5 with 

different thickness. 
30 

4.3 The Reflectance spectra of nanothin films Ta2O5 with 

different thickness. 
31 

4.4 The Absorption coefficient for the nanothin filmsTa2O5 with 

different thickness. 
32 

4.5 The Extinction coefficient for the nanothin films Ta2O5with 

with different thickness. 
33 

4.6 The Refractive index for the nanothin films Ta2O5with 

different thickness. 
34 

4.7 The Real dielectric constant for the nanothin films Ta2O5  

with different thickness. 
36 

4.8 The Imaginary dielectric constant for the nanothin films 

Ta2O5  with different wavelength. 
36 

4.9 The optical conductivity of the Ta2O5 nanothin films with 

different wavelength. 
37 

4.10 The direct optical energy band gap for the nano thin films 

Ta2O5. with different thickness 
38 

No.                                      Title Page 

2.1 
Classification of solids according to their energy gap Eg and 

carrier density (d) at ( RT) 
6 

 



 الرحيم الرحمن الله بسم
لِ وَالنَّهَارِ  ) إِنَّ فِي خلَْقِ السَّمَاوَاتِ واَلَْْرْضِ وَاخْتِلَفِ اللَّي ْ

واَلْفُ لْكِ الَّتِي تَجْريِ فِي الْبَحْرِ بمَِا ينَْفعَُ الن َّاسَ وَمَا أنَْزَلَ  
مَوْتِهَا وَبَثَّ  اللَّهُ مِنَ السَّمَاءِ مِنْ مَاءٍ فَ أحَْيَ ا بهِِ الْْرَْضَ بَعْدَ  

فِيهَا مِنْ كُلِّ دَابَّةٍ وَتَصْريِفِ الرِّيَ احِ وَالسَّحَابِ الْمُسَخَّرِ  
 (﴾١٦٤بيَْنَ السَّمَاءِ واَلْْرَْضِ لَيَ اتٍ لقِوَْمٍ يَعْقِ لُونَ ﴿

 

 

    صدق الله العلي العظيم

 

 

- ١٦٤ - سورة البقرة  

 

 

 

 

 

 

 



Scientific Supervisor's Certification 

This is certify that I have read this thesis, entitled '' Effect of film 

Thickness on Optical Properties of Ta2O5  Nanofilms'' and I 

found that this thesis is qualified for debate. 

 

 

 

 

 

 

 

 

 

 

 

 

Signature: 

Name: Mohanad H. Oleiwi 

Title: professor  

Address: University 0f Babylon  

Date:     /     /2021 

 

 



Linguistic Supervisor's Certification 

This is certify that I have read this thesis, entitled '' Effect of film  

Thickness on Optical Properties of Ta2O5  Nanofilms''  and I found that this 

thesis is qualified for debate. 

 

 

 

 

 

 

 

 

 

 

 

 

Signature: 

Name: Ali Obies Muhsen 

Title: Assistant professor  

Address: University of Babylon 

Date:     /     /2021 

 

 



Supervisor Certification 

I certify that this research entitled ''Effect of film Thickness on Optical 

Properties of Ta2O5'' is prepared by the student (Reem Ahmed Habeeb), 

under my supervision at the College of Education for Pure Sciences, 

University of Babylon, as partial fulfillment of the requirements for the 

Degree of Higher Diploma Education/ Physics of Materials and it's 

Applications. 

 

 

Signature: 

Supervisor: Prof. Dr. Shurooq Sabah Abid Al-Abbas 

Title: Professor 

Address: Physics Department 

Date: 

 

 

 

Certification of the Head of the Department 

In view of the available recommendation, I forward this thesis for debate by 

the Examination Committee. 

 

Signature: 

Name: Khalid H. Abbas 

Title: Professor 

Address: Head of Physics Department 

Date: 



Committee Certification 

 We members of Examining Committee, certify that after reading this 

research entitled ''Effect of  film Thickness on Optical Properties of Ta2O5'' 

submitted by (Reem Ahmed Habeeb) , and examining the student in its 

contents, in our opinion it is adequate for the partial fulfillment of the 

requirement for the Degree of Higher Diploma Education/ Physics of 

Materials and its Applications. 

 

 

 

 

 

             Member                                                         Member 

Signature:                                                   Signature: 

Name: Shaymaa H. khudhair                   Name: Addnan H. Al-Aarajiy 

Title: Assistant Professor                          Title: 

Date:   /     /2021                                          Date:    /      /2021 

 

Supervisor 

Signature: 

Name: Shurooq S. Abid Al-Abbas 

Title: Professor                           

Date:     /     /2021 

 

Approved by the Dean of the college of Education for Pure  

 

Signature: 

Name: Bahaa H. Rabee  

Title: Professor 

Date:    /     /2021   

Chairman 

Signature: 

Name: Ahmed H. Mohaisen 

Title: Assistant Professor 

Date:     /     /2021 

 



        

 

To… 

My dear parents ; Father And Mother,                        

My dear husband Haidar                                       

And my children; Hussain,Ali &Mohamad                       

My best friend; Raghda      

To my teachers...    

Who provide me with the keys to success              

The martyrs of Iraq… 

with all my love and appreciation. 

 

 

                                                                                                              

                                                                                                         Reem 

                                                                                                                                            

 

 

 



  

At the beginning, thanks Allah for what I have now…  

I would like to express my special thanks to Prof. Dr. Shurooq Sabah 

Abid Al-Abbas for her supervision.  

Without her endless support and help this work could not be 

achieved. 

 And all great thankfull for Dr. Addnan H. Al-Aarajiy. 

 I can not forget my beloved friends; their encouragement was my 

motivation. I also would like to thank my College. I apologize for 

whom I miss to mentioning. I wish success to all. 

 

 

 

 

 

 

 

 

Reem  

 



     الخلاصة                                

بطريقة التبخير الحراري المحضر  5O2Ta وم النانوي لأوكسيد التنتالالغشاء الرقيق  تم اخذ نتائج

غير وذلك لمعرفة مدى ت حيث تناول البحث تأثير السمك على الخواص البصرية للغشاء النانوي

 الخواص البصرية وفجوة الطاقة عند تغير سمك الغشاء.

الرقيق  النانوي أظهرت النتائج أن الفيلم وقد (01-011)تم تحضير الغشاء النانوي بسماكة 

ل الموجية  طوالأفي نطاق اتحت الحمراء ال المنطقة تمتع بامتصاص جيد فيي ( اوكسيد التنتالوم)

 .]88[,الأسماكنانومتر لجميع  (001-031)

مع زيادة السمك للغشاء النانوي الرقيق لاوكسيد التنتالوم وان اعلى قيمة لنفاذية  النفاذية  تقل بينما

اما الحد الأدنى ( نانومتر, 001-0111الطيف خلال الغشاء النانوي نحصل عليها عند الاطوال )

 .نانومتر (001-001تتراوح مابين)للنفاذية فهو عند منطقة الاطوال الموجية التي 

سية اكرقيق وان اقل قيمة للانعلغشاء النانوي المع زيادة الطول الموجي لسمك ا نعكاسي الا تقل 

عندما تتراوح الاطوال  %00(نانومتر وان اعلى قيمة للانعكاسي  هي 001نحصل عليها عند )

معامل لى التوالي.ع نانومتر(01-81-011نانومتر للاسماك من) (031-041) الموجية مابين

 مما يشير إلى انتقال مباشر.  0-سم 401قيم تزيد عن متصاص ل  لاا

 ولكن لها نفس القيمة عندنومترنا 011عند الطول الموجي  الخمودكانت القيمة القصوى لمعامل 

 . نانومتر (011-0111ال الموجية التي تتراوح مابين )الاطو

 نانومتر(01-011) ينما يزداد مابينب نانومتر(41و01) قيم الأسماك على معامل انكسار عندكان أ

)عند  046يوحوال (نانومتر 004) عند الطول الموجي 0441فات الحقيقية لثابت العازل بينلاختالا

 . (نانومتر 001الطول الموجي 

ما يكن عند 0468ائي التخيلي ل  القيمة القصوى فقدان الطاقة الذي يشير إلى ثابت العزل الكهرب

مك سبة عن طريق التحكم يمكن التحكم في فجوة نطاق الطاق نانومتر 008حوالي الطول الموجي 

 الغشاء النانوي الرقيق.

وبذلك فقد أظهرت النتائج أن زيادة السمك كان ل  تأثير مباشر على جميع الخواص البصرية 

 المدروسة.
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1.1 Introduction 

          A thin film material with a high transparency in the visible and soft UV 

range, low leakage current and high dielectric constant could widely benefit 

many applied science and technology branches. Tantalum oxide has been 

identified as such a candidate material based on these electric and optical 

properties. Consequently, the charge transport mechanisms [1], dielectric 

function, and optical constants [2] of Ta2O5 have been investigated. Due to its 

dielectric behaviour and good chemical and thermal stability, it has been used 

as a discrete capacitor insulator in electronic applications, as an oxygen sensor, 

and as a high-temperature resistor. A recent study of its ionic conductivity [3] 

has also demonstrated its performance as an ionic membrane or a solid 

electrolyte in multilayered electrochromic devices [4]. This structure is 

competitive with polymers [5] and other inorganic ionic conductors [6]. Further 

understanding of the relationship between Ta2O5’s ionic conductivity and its 

ability to maintain an acceptable optical transmittance are necessary to develop 

more efficient electrochromic devices. Improved Ta2O5 coatings properties 

require depth-dependent characterization of the coatings as a function of the 

preparation method employed. These include thermal evaporation [7], electron 

beam evaporation [2], UV-photo CVD [8], plasma-enhanced CVD [9], pulsed 

laser deposition [10] and RF magnetron sputtering [11]. Among these 

deposition techniques, the latter is often used because process variables can be 

independently controlled. This control on Ta2O5 film synthesis lets us vary its 

microstructure and composition, which affect its ionic conductivity and optical 

properties. Thus, reactive sputter deposition is a good choice to study these 

features in function of deposition parameters. This paper reports on deposition, 

and electric and optical characterization of RF sputtered Ta2O5 films. A kinetics 

model of film growth depending on deposition parameters is suggested by 
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fitting the experimental data. Optical characterization provides the refractive 

index, absorption coefficient, thickness and optical gap of the films. 

Measurements of leakage electric current at high fields reveal steady state 

conductivity and Poole – Frenkel behaviour. Ta2O5 cationic conductivity is 

characterized by applying cyclic voltammetries to electrochromic 

semistructures in liquid electrolyte and calculating the transferred ionic charge. 

The results from electrochemical measurements appear correlated with optical 

features, and an explanation based on an Effective Medium Approximation 

(EMA) accounts for pores as void inclusions, as reported in other studies [12]. 

These results are of great interest in electrochromic applications. Experimental 

details Tantalum oxide films have been deposited at room temperature by 

means of reactive magnetron sputtering. Ta2O5 target in an atmosphere of 

oxygen and argon [13].  

 

1.2    Literature review: 

S. Ezhilvalavan, et al. in (1999) [14] Investigated the electrical properties of 

reactively sputtered Ta2O5 thin films with Ta as the bottom electrodes were 

investigated. Present study demonstrate the use of Ta as a potential bottom 

electrode material to replace the precious metal electrodes and to simplify the 

fabrication process of the Ta2O5 storage capacitor. 

  C. Bartic ,et al. in(2002) [15] Studied the use of Ta2O5 as gate dielectric 

material for organic thin-film transistors. Ta2O5 has already attracted a lot of 

attention as insulating material for VLSI applications. We have deposited 

Ta2O5 thin-films with different thickness by means of electron-beam 

evaporation. Being a relatively low-temperature process, this method is 

particularly suitable for organic thin-film transistor fabrication on plastic 
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substrates. Deposition and patterning are achieved in one step by the use of 

shadow masks. The dielectric can be evaporated on top of the semiconducting 

layer. In this way a large variety of structures can be realized. The properties 

of the dielectric material as well as the operation of the organic transistors with 

a Ta2O5 gate dielectric are discussed. 

C. Corbella , et al. in (2003) [13] Thin films of Ta2O5 were deposited at room 

temperature by RF-magnetron reactive sputtering from a tantalum oxide target. 

provides an approach for quantifying the ionic conductivity of the deposited 

material, and its probable correlation with porosity. Comparing these structural 

characteristics to the related optics, a relationship between ion conduction and 

porosity was found. Variation of process parameters to achieve optimal 

performance offers the industry new possibilities to use these films as solid 

electrolytes for electrochromic devices built on glass substrates or polymers.  

W. Chang, et al. in (2004) [16]Investigated the amorphous oxide thin films 

consisting of SiO2/Ta2O5 multilayers with high-reflectance as well as low-loss 

quality were grown on a glass substrate by ion beam sputtering. Using both the 

rotating anode and synchrotron radiation x-rays, we have characterized the 

thickness and density of the thin layers and the interface roughness from the x-

ray reflectivity profiles. Concerning possible impurities contained in the 

coating layers, the total reflection x-ray fluorescence spectra showed that the 

major 3d-element contamination of the films within the minimum detection 

limit of this work, 6×1010 atoms/cm2, was Fe. 

D.R.M. Crooks, et al. in (2006) [17] Previous studies have quantified the 

mechanical dissipation associated with dielectric thin films formed from 

alternating layers of ion-beam-sputtered SiO2 and Ta2O5 and concluded that 

such dissipation could lead to potentially significant levels of thermally induced 

displacement noise in proposed advanced gravitational wave detectors.  
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In addition, we report our measurements of the elastic properties of 

Al2O3/Ta2O5 and SiO2/Ta2O5 coatings, as the film elastic properties can 

significantly influence expected levels of coating thermal noise. In summary, 

our analysis suggests that SiO2/Ta2O5 coatings currently present the best option 

for future detectors from a thermal noise standpoint. 

 T.J. Bright, et al. in (2013) [18] Studied the dielectric functions are obtained 

for amorphous and nanocrystalline thin film samples of Ta2O5 deposited by 

magnetron sputtering. These sputtered films are smooth and of good structural 

quality and uniform thickness. Samples are amorphous as deposited at the 

substrate temperature used during deposition. Upon annealing at 800 C, the 

samples become nanocrystalline with an orthorhombic phase being dominant. 

This induces a drastic change in the far-IR optical properties of the film. The 

low-frequency phonon modes become much sharper in the nanocrystalline 

samples. The frequencies of the effective phonon modes are determined by a 

line-shape analysis to quantitatively show the optical phonons in sputtered 

Ta2O5 films.  

I. Martin, et al. in (2015) [19] This studied explain thermal noise arising from 

mechanical dissipation in oxide coatings is a major limitation to many precision 

measurement systems, including optical frequency standards, high resolution 

optical spectroscopy and interferometric gravity wave detectors. leading to 

possibilities for the reduction of thermal noise effects 

T. Sertel, et al. in [2019] [20] Influences of thermal annealing on structural, 

optical and morphological properties of the tantalum pentoxide (Ta2O5) thin 

films were investigated and anti-reflective performances were discussed in 

detail. In addition, thermal annealing process has decreased the optical 

reflectivity of the film. The obtained experimental results showed that single-

layer Ta2O5 thin films can be used as anti-reflective layer in optical and 
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optoelectronic applications. The best optical transmittance and anti-reflective 

performance were obtained at the annealing temperature of 500 °C. 

 

M.G.Abd_Al kazim, in [2020] [21] This study deals with Al2O3 

nanocomposite thin films of thickness 200 nm prepared by thermal evaporating 

method deposited on a glass substrate. Absorbance, transmittance and 

reflectance spectra were registered, optical constants were calculated. Energy 

band gap were determined as directed transition. The results show 

nanocomposite Al2O3 /Ge thin film has a good absorbance in the visible region 

at the range of wavelengths (300-600) nm for all contributed rates, while 

transmittance increased the range of wavelengths (600- 1000) nm. The 

reflectance has an alternative at changes according to the oxide / semiconductor 

contributing rate. Absorption coefficient has values more than 104 cm-1 which 

indicates a direct transition.  

 

1.3   Aims of this Work                                                                                                                                         

1-  The mean aims of this work first is finding the effect of tantalum thin which 

most suitable for optoelectronic applications using optical energy band gap as 

indicator. 

2-  to determine the best region of wavelengths in the UV-Visible range (200-

1100) nm which show high sense in absorbance and most suitable for 

optoelectronic and solar cells application and in  Medicine.



 

6 
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2.1 Introduction  

In this chapter, we deal with everything related to theoretical topics and their 

details. 

2.2 Semiconductor 

 Semiconductor is commonly described between the conductors and the 

insulators as a solid chemical component or a compound with electronic 

properties. Semiconductor electrical conductivity is typically in the range (103 

-10-8 ) (Ω cm)-1 . It is determined by the current or voltage supplied to the 

semiconductor, as well as the intensity of incident irradiation or temperature 

[22]. The distance in semiconductors between the valance band and the 

conduction band is lower than that of insulators. When the temperature rises, 

the conductivity increases and as the temperature rises, more electrons are 

thermally excited and the band difference between the valance band and the 

conduction band is transmitted. The insulators are very low electrical 

conductivity materials and the band gap between valance and conduction is 

high. Table (1.1) demonstrates the classification of solids according to their 

energy difference, eg, and charge carrier density (n) at Room temperature (RT) 

[23]. 

 Table (2.1): Classification of solids according to their energy gap Eg and 

charge carrier density (d) at (RT) [23]. 

Type of solid Eg (eV) n (cm-3 ) 

Metal No energy gap 1022 

Semimetal Eg ≤ 0 1017 -1021 

Semiconductor 0 > Eg > 4 > 1017 

Insulator Eg ≥ 4 >> 1 
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      There are two kinds of semiconductors, the semiconductor n-type and the 

semiconductor p-type. In the form of negative charge (electrons), the n-type 

semiconductor bears a current equivalent to the current conduction in the wire. 

The current is borne by the p-type semiconductor as electron deficiencies 

(holes). A hole has an electrical charge that is similarly positive and negative 

of an electron's charge. Hole flows arise in the opposite direction to the electron 

flow in a semiconductor material [22]. 

 Figure (2.1) shows two diagrams of the p-type and n-type semiconductor 

according to the energy level [23] 

 

Figure (2.1): p-type and n-type semiconductor according to the energy level 

  

     The Fermi level is precisely the energy at which the chance of an 

electron occupying an energy level is exactly 1/2. The Fermi frequency is 

situated roughly between the valance band energy Valence Band (V.B) and 

conduction band energy Conductive Band (C.B) in the case of an intrinsic 

semiconductor.                      
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 The Fermi level shifts toward the conduction band edge for n-type 

doping, while p-type doping shifts toward the edge of the valance band [24].  

 

2.3 Inorganic Semiconductors:                                                                                                             

light-emitting diodes (LEDs) are environmentally benign and have found 

widespread use as indicator lights, mobile displays, large-area displays, signage 

applications, and lighting applications. The entire visible spectrum can be 

covered by light-emitting semiconductors: AlGaInP and AlGaInN compound 

semiconductors are capable of emission in the red-to-yellow wavelength range 

and violet-to-green wavelength range, respectively. For white light sources 

based on LEDs, the most common approach is the combination of a blue LED 

chip with a yellow phosphor. Alternatively, a group of red, green, and blue 

(RGB) LEDs can be used; such source allows for color tenability [25]. White 

LEDs are currently used to replace incandescent and fluorescent sources. The 

properties of inorganic LEDs will be presented, including emission spectra, 

electrical characteristics, and current-flow patterns. Structures providing high 

internal quantum efficiency, namely heterostructures and multiple quantum 

well structures, will be discussed. Advanced techniques enhancing the external 

quantum efficiency will be reviewed, including die shaping (chip shaping) and 

surface roughening. Different approaches to white LEDs will be presented and 

figures-of-merit such as the color rendering index and luminous efficacy will 

be explained. Besides visible LEDs, the technical challenges of newly evolving 

deep ultraviolet (UV) LEDs will be introduced. 
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2.4 Tantalum  

 Tantalum is a chemical element with the symbol Ta and atomic number  73. 

Previously known as Tantalum, it is named after Tantalus, a villain from Greek 

mythology. Tantalum is a rare, hard, blue-gray, lustrous transition metal that is 

highly corrosion-resistant. It is part of the refractory metals group, which are 

widely used as minor components in alloys.  

The chemical inertness of tantalum makes it a valuable substance for 

laboratory equipment, and as a substitute for platinum. Its main use today is 

in tantalum capacitors in electronic equipment such as mobile phones, DVD 

players, video game systems and computers.  

Tantalum, always together with the chemically Similar niobium occurs 

in the mineral groups tantalite, columbite and coltan  (the latter is a mix of 

columbite and tantalite, though not recognized as a separate mineral 

species)[26]. 

 

2.5 The mechanical and physical properties of Tantalum 

        The mechanical and physical properties of tantalum depend to a great 

extent on the metal purity. Purity is mainly related to the presence of metalloids 

(e.g., carbon, oxygen, nitrogen and hydrogen) of which even low 

concentrations cause considerable changes in the properties. The structural 

state, which depends on the manufacturing process of the compact metal (e.g., 

sintered or melted by electron beam), and the rate of deformation are also of 

great significance [27,28,29]. The specifically characteristic physical and 

mechanical properties of 99.9% pure tantalum are its high melting point, high 

density, excellent formability, good heat conductivity, very good toughness 

(even at low temperature) and its weldability [27,28,29,30,31]. Tantalum has 

https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Symbol_(chemistry)
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Tantalus
https://en.wikipedia.org/wiki/Lustre_(mineralogy)
https://en.wikipedia.org/wiki/Transition_metal
https://en.wikipedia.org/wiki/Refractory_metals
https://en.wikipedia.org/wiki/Platinum
https://en.wikipedia.org/wiki/Tantalum_capacitor
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Mobile_phone
https://en.wikipedia.org/wiki/DVD_player
https://en.wikipedia.org/wiki/DVD_player
https://en.wikipedia.org/wiki/Video_game_systems
https://en.wikipedia.org/wiki/Personal_computer
https://en.wikipedia.org/wiki/Columbite
https://en.wikipedia.org/wiki/Coltan
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the ability of taking up, interstitially, the elements hydrogen, oxygen, nitrogen 

and carbon. This real solubility can amount to considerable value. If the 

solubility is exceeded, hydrides as well as very hard oxides, nitrides, carbides 

and mixed phases are formed. In order to remove the adsorbed metalloids, a 

high temperature and a good vacuum or very pure inert gas are required. The 

hardness is a very sensitive indicator for the content of metalloids and is, 

therefore, also used as a criterion of metal purity. Hardness differences of 100 

to 200% exist between technically pure tantalum, which contains 

approximately 99.5 wt.% Ta (limit of hot deformability, and cold-ductile 

tantalum, which is purer than 99.95 wt.% . The different processes of producing 

tantalum from raw tantalum-by means of electron beam melting, vacuum 

electric arc melting or sintering supply metal grades of different purity and 

structure. Electron-beam-melted tantalum has the highest purity and the 

coarsest structure [28,32].  

         The influence of cold deformation also depends on the content of 

metalloids. The influence is small in the case of pure, electron-beam melted 

grades, but is more pronounced for electric-arc melted tantalum. Cold 

deformation rates of 99% can be achieved [28]. The corrosion resistance 

decreases with increasing temperature. The oxide layer is slightly acid, so it is 

mainly attacked by alkali hydroxide solutions. The oxide layer is 

semiconductive, allowing the use of tantalum for capacitors. At 100°C tantalum 

is resistant to most organic compounds, and stable to all mineral acids except 

for hydrofluoric from 300°C upwards, the reaction with oxygen, hydrogen and 

nitrogen becomes stronger, leading to embrittlement due to the solution of the 

elements and to the formation of nitride, hydride and scale layers. Under the 

influence of atomic hydrogen, tantalum can become brittle at room 

temperature. From a temperature of 50°C and a partial pressure of 10-9 bar on, 
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O2 is adsorbed by tantalum. This gettering effect is utilized in vacuum 

technology to reduce the concentration of molecules [33].                                                                               

 

2.6 Applications  

          The largest part of the production and consumption of tantalum and its 

compounds is concentrated in Japan, Western Europe and, to a small extent, 

the Soviet Union. Commercial raw materials for tantalum are ore concentrates 

and synthetic concentrates as well as tantalum-containing tin slags. The most 

important commodities for the processing industry are tantalum carbide, 

tantalum oxide and tantalum metal or tantalum alloys [33,34]. Tantalum is 

offered in the unprocessed state, as powder, reduced by sodium or electron-

beam melted, then hydrated and dehydrated, in special grades, and in the 

processed state, as foils, plates, wires, etc. There are four main areas of 

application: capacitors [35,36,34,37], alloys [28,29,38], hard metals [34,39] 

and equipment for the chemical industry and apparatus engineering [29] The 

demand has fluctuated greatly during the last 25 years. Consumption will 

probably balance out at around 950-1,150 tones within the next ten years, the 

main emphasis shifting towards high-technology metal products.  

2.6.1 Capacitors  

         The future of the capacitor market essentially determines the future 

development of the tantalum industry, because capacitors account for such a 

large percentage of total tantalum consumption (45% in 1986) [34]. Tantalum 

capacitors currently account for approximately 4% of the total capacitor 

market. Tantalum oxide has a high dielectric coefficient and good stability. For 

capacitors, tantalum is used as powder, wire, foil and coatings. The 

characteristics of capacitors are high reliability, low leakage currents, 
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temperature stability (working temperatures between -60°C and +200°C) and 

high capacitance with little space required. Tantalum capacitors compete with 

aluminum electrolyte capacitors and ceramic multilayer capacitors. The metal 

consumption will still increase, responding to an increased demand for 

capacitors.  

2.6.2 Chemical Industry and Apparatus Engineering  

       The good corrosion resistance of the oxide layer makes tantalum suitable 

for wide application in chemical engineering, and, in 1986, this market 

consumed 15% of the tantalum supply. Components are manufactured for 

installations under corrosion attack, such as heat exchangers, heating spark 

plugs, coolers, pipes and coatings for vessels. Because of its excellent durability 

and reliability, and despite its high price, tantalum competes seriously with 

special steel, lead, glass, ceramic, enamel and plastic coatings. The initial costs 

of installations are high; on the other hand, there are low repair and 

maintenance costs as well as a very long equipment lifetime [29]. Emitting 

electrodes for gas cleaning plants, tantalum anodes for transmitting valves and 

tantalum spinning jets are also used. The electronics industry applies the metal 

for building emitter valves and heavy-duty components. Because of the high 

melting point and low tendency to recrystallize, the metal is applied as heat 

conductor material and for coatings in high-temperature vacuum technology. 

Tantalum is tolerated by tissue and can therefore be applied as a replacement 

for bones and for surgical joints [29].  

2.6.3 Alloys 

        The engineering application of un alloyed tantalum is limited because of 

its relatively low hot strength and its low resistance to oxidation in air at high 

temperatures. In 1986, only 10% of the Tantalum consumption was accounted 
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for by alloying. Tungsten improves the corrosion resistance against 

hydrofluoric acid solutions. There has been a considerable increase in tantalum 

consumption for super alloys. In alloys based on nickel, cobalt and iron-nickel, 

tantalum improves the corrosion resistance, makes the grain structure finer, 

stabilizes carbon, and increases the hardness and tensile strength. Super alloys 

containing tantalum are more expensive than those without; however, they have 

a longer life and better corrosion resistance. They are used mainly in aviation, 

propulsion and jet engine tech-nology and in spacecraft engineering. Another 

area of application is nuclear energy technology. In the steel industry, 

ferrotantalum has been replaced to a large extent by ferroniobium, which is 

cheaper and more effective [40]. 

 

2.6.4 Tantalum in Medicine 

Surgeons have long been interested in taking advantage of the properties 

of various metals for the reconstruction of body defects [41]. However, the use 

of metals quickly gained a poor reputation since they were associated with 

inflammatory or foreign body reactions and often resulted in pain and 

discomfort for patients. It was discovered that these unfavorable effects 

occurred due to an electrochemical process known as corrosion. With this 

discovery, the obvious step has been to utilize metals that are extremely 

resistant to corrosion, such as tantalum. The favorable feature of tantalum is the 

formation of a thin, impenetrable oxide film on the metal surface that prohibits 

access of damaging substances, including acids and alkalies. In other words, 

oxidation of tantalum renders the metal biocompatible. Since tantalum is very 

strong and ductile, it was initially employed for the production of surgical 

sutures [42]. The long-term, favorable outcome, devoid of any 

inflammatory/foreign body reaction, encouraged surgeons to use it for more 
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complex applications. Tantalum began to be widely used for cranioplasty of 

skull defects following battlefield injuries [43]. It was highly valued because, 

unlike any other implantable materials, it had all the advantages of a traditional 

bone graft. Subsequently there was an expansion of tantalum usage including 

mesh for hernia surgery [44], foil for peripheral nerve reconstruction [45], and 

tubes for frontal sinus reconstruction [46], as well as for blood vessel 

anastomoses [47]. 

 

2.7 Tantalum Oxide                                                                 

       Tantalum pentoxide (Ta2O5) is a high refractive index dielectric with 

chemical stability at high temperatures and a melting point of 1785 C, and is 

thus suitable for high temperature applications. Ta2O5 films have been used or 

have potential applications in thin-film capacitors [48], microelectronics [49], 

anti-reflection coatings [50], multilayer optical coatings [51,52], corrosion 

resistant protective coatings [52], and infrared (IR) emissivity modulating 

devices [53]. Knowledge of the optical properties of Ta2O5 is needed for the 

design of devices that tailor radiative properties such as anti-reflection and 

multilayer coatings. 

 

2.8 Thin Films                                                                                                                                           

The thin-film technology is one of the most important technologies that 

contributed to the development of the semiconductor study and gave a clear 

idea of many physical properties [54]. The term thin films are usually called a 

layer or several layers of specific atoms whose thickness may not exceed one 

micron resulting from the condensation of atoms or molecules that possess 

unique properties, that differ from whether they are a thick particle such as 
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physical and engineering properties and the balance of their microstructure, and 

because of the thickness of these membranes and ease Its cracking is therefore 

deposited on as sedimentation bases [55]. The type of base depends on the 

nature of use and study such as glass, quartz, silicon and aluminum. Thin films 

have multiple industrial uses, as they are “used in the installation of electronic 

devices in the form of resistors, capacitors and transistors”, etc. They are 

considered a basis for manufacturing solar and photovoltaic cells, and they are 

also used “in the manufacture of electro-optical” detectors within specific 

spectral ranges and have many applications [56]. 

                   The Deposition thin film is made or deposited in two types:  

1- CD Chemical deposition: Here, as a prelude to fluids, is subject to a 

chemical change on the surface of the steel until it leaves a solid thin 

layer. For this procedure, there are also several methods and devices. 

2- Physical deposition: Physical deposition uses mechanical, electrical 

or thermal methods to produce a thin steel film [57].                                                                                       

 

 

2.9 Spectrophotometer                                                                                                                                     

 A spectroscope that is used to measure the properties of light in a 

specific field of the electromagnetic spectrum for the study and identification 

of materials in spectroscopy. [58] Through the device, it is possible to 

determine the emission and absorption spectrum, know the wavelength and the 

optical intensity of the spectral lines [59]. The scientist Joseph von Fraunhofer 

was the first to develop an optical spectrometer; [60] then Gustav Robert 

Kirchhof and Robert Bunsen benefited from the optical spectrometer, which 

contributed to the discovery of the elements cesium and rubidium; [61] [62] in 
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addition to being able to add a chemical explanation to the phenomenon of lines 

Astronomical spectroscopy including Fraunhofer lines. [63] A compact, 

double-beam UV-Visible spectrophotometer wrapped in a sleek form [64]. 

 

 

Figure (2.2) Diagram showing the components of the optical spectrometer 

double beam.                                                                                   

 

2.10 Optical properties                                                                                                                             

The optical properties of a semiconductor are related to intrinsic effect. 

Based on the intrinsic location of the top of the valence band (V.B.) and bottom 

of the conduction band (C.B.). Theory The fundamental absorption is the most 

important absorption process which involves the transition of electrons from 

the valence to the conduction band [64]. the “absorption coefficient is of the 

order of 105 to 106 cm-1. Rapid drop in the absorption coefficient on the high 
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energy side of the absorption band leads to the band edge in semiconductors. 

Because of its relation to the dynamics of the electrons and ions of the medium 

under the influence of electromagnetic radiation, absorption is a phenomenon 

of fundamental interest. One can determine the energy gap of the material from 

the frequency dependence of the absorption [65]. If the photon energy (hν) is 

equal or more than energy gap (𝐸𝑔) then, the photon can interact with a valence 

electron, elevates the electron into the C.B. and creates an electron–hole pair. 

The maximum wavelength (nm) of the incident photon which creates the 

electron–hole pair is defined as [66]:                                                                                                                                           

λ (nm) = hc/E𝒈 = 1240 / Eg(e𝒗) …………………………….......(2.1)                                                                  

Where λ is the wavelength of the incident radiation, h blank constant, c light 

velocity. The intensity of the photon flux decreases exponentially with distance 

through the semiconductor according to the following equation [67].                                                                                             

 I=I˳ exp (– α t )                 ………………………………..…….…(2.2)                                                                                                

Where is the absorption coefficient I and I are the incident and the transmitted 

photon intensity respectively which is defined as the relative number of the 

photons absorbed per unit distance of semiconductor, and t is the thickness of 

the material [68].  

 

2.10.1 Absorbance (A) 

 Absorption is the sample absorption of a portion of the incident light 

beam at a specified wavelength. The term visible permeability and visible 

absorption are also expressed that express specific parts of the spectrum [69]. 

So-called visible spectrum.  

A = − log10 ( I/I ̥ )         ……..........................................(2.3) 
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 The term absorption refers to the physical process of absorbing light, 

whereas the term absorption refers to the mathematical quantity. In addition to 

that absorption does not always affect absorption. In a case, a portion, in a case, 

a portion of the light that is scattered by the tagged particles, and the attribute 

(the distribution will not complete) Its absorption in the pigeon. In this case it 

is preferred to use the term attenuation (called extinction), which explains the 

losses due to scattering and pearling. In spite of the fact that the absorbency 

does not have units, it Absorbance Units or AU [70]. 

 

2.10.2 Transmittance (T)                                                                                                                                  

 In optics and spectroscopy, a portion of the incident light beam passes 

at a specified wavelength across the sample. As for the habit, it depletes part of 

it in the sample because it is absorbed in the sample and is gradually placed, 

and the part that is not absorbed is removed from the sample [71]. This is why 

the concept of permeability combines you with the concept of absorption. 

T=10-A……..........................................(2.4) 

 

2.10.3 Optical Constants:                                                                                                                            

The optical parameters are very important parameters because they 

describe the optical behavior of the materials. optical constants of thin films 

are available from the absorption and reflectivity data [72]. The absorption 

coefficient of the material is a very strong function of the photon energy and 

band gap energy. Absorption coefficient represents the attenuation that occurs 

incident photon energy on the material for unit thickness, and the main reason 

for this attenuation is attributed to the absorption processes [73]. Optical 



The Theoretical Part                                                                     Chapter Two 

 

19 
 

constants included refractive index (n), extinction coefficient (k˳), and real 

(εr) and imaginary parts (εi) of dielectric constant. The complex refractive 

index (N) is defined as [72]: 

 N= n− iK˳     ………………………………………………... (2.5)  

And it is related to the velocity of propagation (v), and light velocity (c) by: 

 v =c/N ……………………………………........................... (2.6)  

The refractive index value can be calculated from the formula [74]:  

  

Where R is the reflectance, and can be expressed by the relation [74]: 

 R= 1-A-T                   ……………………... (2.8)  

The extinction coefficient, which is related to the exponential decay of 

the wave as it passes through the medium, is defined as [75]: 

K˳ = αλ/4π                ………………….…… (2.9)  

Where is the wavelength of the incident radiation and is given by [76]:  

α= 2.303A/t              ……………….……... (2.10) 

Where A is the absorbance and t is the sample thickness. The real and 

imaginary part of dielectric constant can be calculated by using the following 

equations [70]: 

 (𝒏 + 𝒊𝒌) 𝟐 = 𝜺𝒓 + 𝒊𝜺𝒊 ……............................. (2.11)  

Where 

 𝜺𝒓 = 𝒏 𝟐 − 𝒌 𝟐 …………………..…………..(2.12)  

……………………… (2.7) 
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And  

𝜺𝒊 = 𝟐𝒏𝒌 …………………………….…..…..(2.13) 

 

2.10.4 Reflectance  

It is a diamond that is used in the field of light and heat expansion to 

know the ratio of the bounced rays from the total salad rays. The reflection of 

the electromagnetic ray is not fixed at each frequency, but rather is governed 

by the reflection coefficient and the radiation frequency. Its reflection is greater 

than what is fully blamed for its duty, if the beam sent a ray at a frequency with 

little reflection, it would not bounce back to the spot except for a night of rays 

that might not suffice to give information [77]. 

2.10.5 Absorbance coefficient or attenuation coefficient (𝛼) 

      It is a word that determines the permeability of light in a substance, or 

the permeability of sound in a substance, or the permeability of a particle in a 

substance. Coefficient of absorption, by the length of the column 1/ cm [77]. 

Sometimes the absorption coefficient is called the linear attenuation coefficient 

  

          When a beam of electromagnetic waves crosses the surface of a body, 

part of it is reflected, and another part is executed in the material of the body, 

silence is part of the body. The absorbed length is the internal length of the 

body. The absorption factor (and hence the spectral absorption factor) is given 

the orbit of the first part of the absorption The coefficient of absorption is zero 

from zero, so the material I and Io are inside. The orbit of the part with the 

meaning of the internal beam is almost I transparent to the beam and vice versa 
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if the coefficient of absorption and soils is completely absorbed. The absorption 

coefficient is dependent on the frequency of the incident beam.  

𝛼 = ( 1/t) ln 1/𝑇 ……..........................................(2-14)  

2.10.6 Extinction Coefficient (K˳) 

           The damping factor is defined as the dormant obtained by the 

electromagnetic wave inside the material, which is the amount of the electrons 

of the material absorbed by the length of the photons' power. On this basis, its 

parameter is determined by the interaction of the electromagnetic wave with 

the medium [78].  

𝐾˳ = 𝛼𝜆 / 4π  …….............................................................................(2-15) 

 

2 .10.7 Refractive index (n) 

 Is the ratio of the speed of light to the refractive index of a medium (such 

as; air, water, etc., and is symbolized by the symbol in the vacuum to its velocity 

in this medium. It is a coefficient that shows how the material is affected by the 

electromagnetic waves. Two parts are bathed and imagined the diffusion of 

light in an absorbing material for it can describe the refractive index as a 

complex number The portion of this complex number expresses the attenuation 

of the light beam, while its intimate part reflects the refraction of light in the 

material [70].  

The refractive index depends on the wavelength and density. The higher density 

leads to a higher refractive index in the material. 
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2.10.8 Dielectric Constant 

       Dielectric constant workability of the material for polarization. The 

material can respond to different frequencies in a complex manner, at optical 

frequencies represented by light waves. The electronic polarity is dominating 

above other remaining types of polarization. The real (ɛr) and imaginary (ɛi) 

parts of dielectric constant were determined from the complex dielectric ε [79]: 

ɛ = ɛr - iɛi         ……………………………………………………… (2.16) 

 where ɛr represents the normal dielectric constant and ɛi is the absorption 

associated with radiation by free carrier [80]. The relation between (ɛ) and (N) 

is expressed in the following equation: 

ɛ=N2         …………………………………………………………… (2.17) 

From the equation (2.26), the real and imaginary complex dielectric constant 

can be expressed by the following equation [81,82]:  

ɛr=n2-ko
2      ………………………………………………………….. (2.18) 

ɛi=2nko        ……………………….…………………………………..(2.19) 

 

2.10.9 The electronic transitions: 

The electronic transitions can be classified into two types:   

2.10.9.1 Direct Transitions:                                                                                                                                        

When the energy of the incident photon exceeds the band gap energy 

(Eg) of the material, an electron is excited from the valence band to the 

conduction band. Transition involving photons only is direct type and transition 

involving photon and phonon is termed as indirect. A direct optical transition 

near the fundamental absorption edge in a semiconductor is shown 

schematically in figure (2-5 a).                                                                                                             
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  The valence band maximum and the conduction band minimum appear 

at the same point in the Brillouin zone at k = 0. A vertical transition (also called 

direct transition) from the state located at the top of the valence band to the 

state of k = 0 in the conduction band involves the minimum energy difference 

and consequently, corresponds to absorption edge, This transition is described 

by the following relation [83]:                                                                                             

 𝜶𝒉𝒗 = B (𝒉𝒗 − 𝑬𝒈) 1/2 …………………………………….(2.20)                                                                                

Where B is inversely proportional to amorphusity. If the transition occurs also 

between states of the same wave vector, but the wave vector does not equal to 

zero, the transition is called forbidden direct transition as shown in Figure (2-

5b). 

2.10.9.2 Indirect Transitions                                                                                                                        

In indirect transition there is a large momentum difference between the 

points to which the transition takes place in valence and conduction bands. 

 This means that the conduction band minima are not at the                                                                                                                         

same value of K as the valence band maxima, then, assistance of a phonon is 

necessary to conserve the momentum, therefore: 

 𝒉𝒗 = 𝑬𝒈 − 𝑬𝒑……………………………….....................(2.21)                                                                       

 Where Ep is the energy of an absorbed or emitted phonon [84]. For an allowed 

indirect transition, the transition occurs from the top of the valence band to the 

bottom of the conduction band as shown in figure (2-5 c) so that [85]:  

𝜶𝒉𝒗 = B (𝒉𝒗 − 𝑬𝒈) 1/3 ………….……………………….... (2.22)  

While, the forbidden indirect transitions occur from any point near the top of 

V.B. to any point other than the bottom of the C.B., as shown in figure (2-5d).  
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Experimentally it is possible to differentiate between direct and indirect 

processes by the level of the absorption coefficient, takes values from 104 to 

105 cm-1 for direct transitions [86].  

 

 

 

 

 

Figure (2.3): The optical transitions (a) Allowed direct, (b) Forbidden direct; 

(c) Allowed indirect, (d) Forbidden indirect [87]. 

 

2.11 Energy Band Gap 

       The gap is a field in the solid body in which the electrons cannot be found. 

Looking at the electron-band composition structures of solid bodies, we find 

that the band gap represents the long difference, which, between the highest 

valence band and below the conduction range.  

Especially the band gap in insulators and semiconductors, where the blade gap 

determines many visual and electrical properties of the solid body. 

          As for the electrical conductor, the valence and conduction bonds are 

overlapping, so they do not have a band gap [78]. 
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Figure (2.4) Energy gap. 
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3.1 Introduction 

Thin films preparing method is deposited thin films, spectrophotometer used 

and optical constants calculating software. 

3.2 Preparating Conditions 

- Ta2O5 thin films prepared by thermal evaporating method at substrate temperature 

100° c and under 1 atm pressure. 

-Ta2O5 thin films prepared by using different thickness about (20-40-60-80-100) 

nm with the wavelength range (190-1100) nm.  

- Optical properties calculating software was used to find optical constants and 

optical energy band gap [88]. 

 

3.3 UV-Visible Spectrophotometer:  

The UV-1800 uses the Czerny-Turner mounting for its monochromatic, and 

boasts the highest resolution in its class, a bright optical system, and a compact 

design. Available in standalone or PC-controlled models, Shimadzu’s compact, 

double beam UV-1800 Spectrophotometer provides outstanding performance and 

functionality at an incredible price. UV-1800 UV-Vis Spectrophotometer Features: 

Wide Photometric (Up to 4 Abs). 
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Figure (3.1) spectrophotometer 

3.4 Trics Company Software for simulation: 

A special software for thin films behaaviors from Trics company was used to 

obtain absorbance spectra, the absorbance spectra, the transmittance spectra, the 

reflectance spectra, the absorption coefficient, extinction coefficient, refractive 

index, real and imaginary parts of the dielectric constant, the optical conductivity, 

optical energy band gap [88] 

3.5 Optical properties software :  

A localy software for calculating and ploting transmittance and reflectance 

spectra and other optical constants was used. 
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4.1 Introduction 

        This chapter contain the results of the experimental measurements of 

the nano thin films Ta2O5 with thickness (20-100) nm prepared by thermal 

evaporating method with different thicknesses. 

 

 

4.2 The Absorbance Spectra 

Figure (4.1) displays the variation of optical absorbance with 

wavelength for nano thin films Ta2O5 with different thicknesses about (20-

100) nm prepared by thermal evaporating method were registered in the 

region 200-1000 nm. The spectra show high absorbance band in the range of 

the wavelengths (210-230) nm and there is a single peak with about 

absorbance for all spectra, the position of peak differs according to the 

thickness , as the absorbance value increases with increasing thickness and 

these peaks have red shifts towards the longer wavelength  this behavior can 

be explain by interacting with atoms , which causes the photon to be emitted 

.When wavelength reduces, incident photon interacts with the material, and 

the photon absorbs. The absorbance increases as the thickness of the 

nanomaterials increase. This is due to free electrons absorb the incident light. 
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Figure (4.1) The Absorbance spectra of nano thin films Ta2O5 with 

different thickness. 

 

4.3 The Transmittance Spectra 

 The figure (4.2) shows transmittance of nano thin films Ta2O5 with 

wavelength of photon. As show in this figure, the  transmittance decrease 

with the rise of the thickness of Ta2O5, The spectra show that the transmittance 

increased gradually in the range of the wavelengths (220-1000) nm for all 

samples while the minimum transmittance at the range (200-210) nm . the 

transmittance of samples differ according to the thickness of thin films .This 

behavior may be because of the  increase in the absorbance  and increase in 

film thickness which decreases the transmittance value. 
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Figure (4.2) Transmittance spectra of nano thin films Ta2O5 with 

different thickness. 

 

4.4 The Reflectance Spectra 

 Figure (4.3) exhibit the computed reflectance as a function of wave 

length ,the curve of displays decreasing in the reflectivity with the increasing 

of wavelength  to the lowest reflectivity value that occur at 210 nm 

wavelength for all samples. The maximum values of reflectivity are 21% at 

(230-240) nm wavelength for thicknesses (60, 80 and 100) nm respectively. 

The Reflectivity increases with increasing thickness. This is demonstrated that 

the reflectivity occurs in the middle and far UV.  
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Figure (4.3) The Reflectance spectra of nano thin films Ta2O5 with different 

thickness. 

 

4.5 The Absorption Coefficient 

 
Absorption coefficient for nano thin films Ta2O5 with thicknesses of 

(20-100) nm prepared by thermal evaporating method were calculated for the 

region 200-1000 nm as shows in figure (4.4). The figure (4.4) shows that the 

maximum value for the absorption coefficient at wavelength (200 nm) for all 

thicknesses and then gradually decreases, the absorption coefficient has semi 

constant values for the range of wavelengths (300-1000) nm. All values of 

absorption coefficient greater than 104 cm-1 so from this value can be 

determined the energy band gap is a direct transition. 
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Figure (4.4) The Absorption coefficient for the nano thin filmsTa2O5 with 

different thickness. 

 

4.6 Extinction Coefficient 

Extinction coefficient for nano thin films Ta2O5 with thicknesses of (20-

100) nm prepared by thermal evaporating method were calculated for the 

region (200-1000) nm as shows in figure (4.5). The figure (4.5) shows the 

maximum attenuation in for the electromagnetic waves at the wavelengths 

(200) nm while have the save value for the range of wavelengths (600-1000) 

nm. 
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Figure (4.5) The Extinction coefficient for the nano thin films Ta2O5 with 

with different thickness. 

4.7 Refractive index 

              Refractive index for nano thin films Ta2O5 as a function of 

wavelength with thicknesses of (20-100) nm prepared by thermal evaporating 

method were calculated for the region (200-1000) nm as shows in figure (4.6). 

           The figure below shows that there is a discrepancy in the refractive 

index values at wavelength 200 for the studied samples, where the samples 

with thickness (20 -40)nm gave high values for the refractive index, while 

samples with thickness (60-100)nm decreased and then increased in the 

refractive index values and after wavelength 240 nm the refractive index 

values converge and start Decreasing with the increase of the wavelength, and 

then we notice that the absorption coefficient is stable with the length of the 

wavelength and for all thicknesses from (600-1000) nm and we also notice 
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that after the wavelength 600 nm increases the refractive index with increasing 

thickness 

 

 
 

Figure (4.6) Refractive index for the nano thin films Ta2O5with different 

thickness. 

 

 
 

4.8 Real and Imaginary parts of the Dielectric Constant 

     The electromagnetic field of the incident radiation affects the orientation 

of positive and negative charges in a thin film. The electric current resulting 

from this field constitutes conduction and dipole displacement current. 

Real dielectric constant is also called real permittivity. Real permittivity 

indicates the radiation energy transmitted through a material medium. the 

major optical properties of materials are connected with their imaginary part 

in the dielectric function. 
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         In figures (4.7) and (4.8), there is only one major peak for nano Ta2O5 

thin films as a function of wavelength with thicknesses of (20-100) nm 

prepared by thermal evaporating method were calculated for the region (200-

1000) nm ,both the real and imaginary parts of the dielectric function  for  

occur at wave length 210 nm  . The first peaks are mostly due to the transitions 

of the direct electron from the valence band to conduction band. The main 

peaks in the real and imaginary parts of the dielectric constant are discovered 

to move towards the region of lower energies, which points out that the 

incident photons are completely reflected in this region. This is so-called 

redshift. It is well known that in the dielectric function, the imaginary part has 

a substantial effect on the absorption of the medium. 

       The existence of a number of peaks in imaginary part alludes the 

transition from band to band. Thus, a single peak in the imaginary part means 

that there is a single inter-band transition, which occur between the valence 

band and conduction band. 

The real dielectric constant which it means the storage energy while the 

imaginary dielectric constant which it means the loosing in energy of 

electromagnetic waves in thin films material decreases sharply at the range of 

wavelengths (300-390) nm while have the same value for the range of 

wavelengths (600-900) nm with the same wavelength range the dielectric 

constant increases with increasing thickness.  
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Figure (4.7) The Real dielectric constant for the nano thin films Ta2O5 with 

different thickness. 
 

 

 

 

Figure (4.8) The Imaginary dielectric constant for the nano thin films Ta2O5  

with different thickness. 
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4.9 The Optical Conductivity 

The figure (4.9) shows of optical conductivity of the nano thin films 

Ta2O5 with wavelength. The optical conductivity of all thin films samples 

decreases as the wavelength increases; this behavior, which is attributable to 

optical conductivity, is dependent on the wavelength of radiation incident on 

samples; the increase in nano thin films optical conductivity at a low 

wavelength of the photon is due to the high absorbance of all nano thin films 

samples in the field. 

ϭop=αnc/4π…………………………….(4.1)            

 

 

 

 

Figure (4.9) The optical conductivity of the nano thin films Ta2O5 with 

different thickness. 
 

 

0

1E+14

2E+14

3E+14

4E+14

190 390 590 790 990

σ
o

p
ti

c
a
l 
  
 (

S
-1

)

λ  (nm)

20 nm

40 nm

60 nm

80 nm

100 nm



lts and DiscussionResu                                                              Chapter Four 

38 

 

4.10 Optical Energy Band Gap 

 

 

The optical energy gap values (Eg) for nano thin films Ta2O5 with 

thickness of (20-100) nm prepared by thermal evaporating method for the 

region (200-1000) nm have been determined by using Tauce equation which 

is used to find the magnitude of Eg and the type of the optical transition. The 

electronic transition when determined as direct transition. The value of the 

optical energy gap increases with increase in thickness for nano thin films, as 

shown in Figure (4.10) which display direct translation between top valance 

band and down conductivity band. This behavior is due to the increase in 

thickness leads to an increase in crystal defects and thus an increase in the 

energy levels between the valence and conduction bands and as a result the 

energy gap decreases with increased thickness. 

 

 

Figure (4.10) The direct optical energy band gap for the nano thin 

films Ta2O5. with different thickness. 
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4.11 Conclusions 

1. Ta2O5 nano thin films are good absorbers for the visible region which 

can be used as a filter to visible light to get pure red beam. 

2. The Absorbance increases as the thickness of thin films.  

3. The reflectivity increases with increasing thickness, this is occurs in the 

middle and for UV. 

4. A good stability of optical constants at the range of wavelengths (600- 

1000) nm when the contributing for different thickness. 

5. The optical conductivity of Ta2O5 decreases as the wavelength. 

6. The increases in optical conductivity at allow wavelength of the photon 

is due to the high absorbance of all samples in the field. 

7. The optical energy gap Eg decrease with increasing thickness due to 

creating of localized states in the energy gap. 

 

 

4.12 Future Work 

1. Studying the structural properties of nano thin films Ta2O5 with different 

thickness. 

2. Studying the electrical properties of nano thin films Ta2O5 with different 

thickness. 

3. Studying the optical properties of nano thin films Ta2O5 with   

Fabricated by pulse laser deposited method. 

4. Studying effect of substrate on the optical properties of nano thin films 

Ta2O5 with different thickness. 

5. Studying nano thin films Ta2O5 with other materials.  



40 
 

References 

[1] R.M. Fleming, D.V. Lang, C.D.W. Jones, M.L. Steigerwald, D.W. Murphy, 

G.B. Alers, Y.-H. Wong, R.B. van Dover, J.R. Kwo, A.M. Sergent, J. Appl. 

Phys. 88 (2000) 850. 

[2] I. Porqueras, J. Marti, E. Bertran, Thin Solid Films 343/344 (1999) 449. 

[3] M. Stromme Mattsson, G.A. Niklasson, J. Appl. Phys. 85 (1999) 8199. 

[4] C.G. Granqvist, Handbook of Inorganic Electrochromic Materials, Elsevier, 

Amsterdam, 1995, p. 408. 

[5] S. Gopal, R. Ramchandran, R.S.A. Agnihotry, Sol. Energy Mater. Sol. Cells 

45 (1997) 17. 

[6] Z. Xuping, Z. Haokang, L. Qing, L. Hongli, IEEE Electron Device Lett. 21 

(2000) 215. 

[7] M. Mohamed, Thin Solid Films 176 (1989) 45. 

[8] I.W. Boyd, J.-Y. Zhang, Mater. Res. Soc. Symp. 617 (2000) J4.4.1. 

[9] F.C. Chiu, J. Wang, J.Y. Lee, S.C. Wu, J. Appl. Phys. 81 (1997) 10. 

[10] J.-Y. Zhang, I.W. Boyd, Appl. Phys., A 70 (2000) 657. 

[11] T. Dimitrova, E. Atanassova, Solid-State Electron. 42 (1998) 307. 

[12] E. Franke, C.L. Trimble, M.J. DeVries, J.A. Woollam, M. Schubert, F. Frost, 

J. Appl. Phys. 88 (2000) 5166. 

[13] C. Corbella, M. Vives, A. Pinyol, I. Porqueras, C. Person, E. Bertran, 

''Influence of the porosity of RF sputtered Ta2O5 thin films on their optical 

properties for electrochromic applications'', (2003). 

 [14] S. Ezhilvalavan and T. Tseng, '' Electrical properties of Ta2O5 thin films 

deposited on Ta'', S0003-6951~99!03317-3, (1999). 

 [15] C. Bartic , Henri Jansen , A. Campitelli  , Staf Borghs ,'' Ta2O5 as gate 

dielectric material for low-voltage organic thin-film transistors'', (2002) 65–

72. 

 [16] W. Chang, H. Hung,1, ∗ Tang-Eh Dann,1 Tung-Wuu Huang,2 and Shiou-

Yun Wu, '' X-ray Reflectivity and Total-Reflection Fluorescence Analysis of 



41 
 

Amorphous SiO2/Ta2O5 Thin Films'', PACS numbers: 61.10.Kw, 68.55.-a, 

78.70.En (2004). 

[17] D R M Crooks , G. Cagnoli , M. M. Fejer , G. Harry , J. Hough , B. T. Khuri-

Yakub2 , S. Penn4 , R.Route2 , S Rowan1 , P. H.Sneddon1 , I.O. Wygant2 

and G G Yaralioglu, '' Experimental measurements of mechanical dissipation 

associated with dielectric coatings formed using SiO2, Ta2O5 and Al2O3'', 

(2006) 4953–4965. 

[18] T. J. Bright, J. I. Watjen, Z. M. Zhang , C. Muratore, A. A. Voevodin, D. I. 

Koukis, D. B. Tanner, and D. J. Arenas, '' Infrared optical properties of 

amorphous and nanocrystalline Ta2O5 thin films'', (2013). 

 [19] I. Martin, H. Armandula , C. Comtet , M. M. Fejer , A. Gretarsson , G. Harry 

, J. Hough , J-M M Mackowski , I MacLaren , C Michel , J-L Montorio , N 

Morgado , R. Nawrodt , S. Penn , S. Reid , A. Remillieux, R. Route , S. 

Rowan , C. Schwarz , P. Seidel , W. Vodel , A. Zimmer, '' Measurements of 

a low temperature mechanical dissipation peak in a single layer of Ta2O5 

doped with TiO2'', in (2015). 

 [20] T. Sertela, , N. Akin Sonmeza, S. Sebnem Cetina, S.Ozcelik, '' Influences of 

annealing temperature on anti-reflective performance of amorphous Ta2O5 

thin films'',(2019). 

[21] M.G. Abd_Al kazim, ''Study of optical properties for Nano composite 

𝑨𝒍𝟐𝑶𝟑/Ge'', (2020). 

 [22] L.M R, Trusov L A, Eliseev A A,Lukashina A V,Jansen M, Kazin 

PEandNapolskii K S Controlled way toprepare quasi- 1D nanostructures with 

complex chemical composition inporous anodicalumina Chem. 

Commun.472396–2398 (2011) . 

[23] E.S. de Freitas Neto, A.C.A. Silva, N.O. Dantas, " Controlling the properties 

of II-VI semiconductor quantum dots", Journal of Optics Research, 16,p. 

97,(2014). 

[24] K. Masanori ,"D. I. " (PDF). Bulletin for the History of Chemistry(2002).  

 [25] E. Fred Schubert, ... Jong Kyu Kim, in Reference Module in Materials 

Science and Materials Engineering, (2016). 



42 
 

[26] "E. Commission (2010). Critical Raw Materials for the EU. Report of the Ad-

hoc Working Group on Defining Critical Raw Materials". European 

Commission. Apr 29, 2015. 

 [27] R. Kieffer and H. Braun, Vanadin, Niob, Tantal eBerlin: Springer Verlag, 

1963).  

[28] E. Erben and R. Lesser, "Tantal," Metall, 15 (1961 ), pp. 679-jJ86.  

[29] G. Jangg and REck, "Niob, Tantal, Vanadin-Verarbeitung und 

Einsatzgebiete," Metall, 31 (1977), pp. 750-759. 

[30]  U. Encyclopadie der technischen Chemie, 4 Auflage, Band 22 (Weinheim: 

Verlag Chemie GmbH, 1982). 

[31]  RW. Balliet, M. Coscia and F.J. Hunkeler, "Niobium and Tantalum in 

Materials Selection," J. Metals, 9 (1986), pp.25-27. 

[32] W.W. Albrecht and D.P. Ingalls, "Hochtemperaturreinigung von Tantal und 

Niob," Raffinationsverfahren in der Metallurgie, Int. Symp. der GDMB, 

Hamburg (October 20-22,1983), (Weinheim: Verlag Chemie, 1983). 

 [33] "Tantal," Gmelins Handbuch der Anorganischen ehemie, Teil B, 8 'Auflage 

(Weinheim: Verlag Chemie GmbH, 1976). 

 [34] A. Jones, "WachstumdesTantal· Verbrauches," Metall, 41 (1987), pp. 302-

304.  

 [35] "Tan tal, " Untersuchungen Uber Angebot und Nachfrage, Band 17, (Berlin: 

Bundesanstalt fUr Geowissenschaften und Rohstoffe Hannover, Deutsches 

Institut fUr Wirtschaftsforschung, 1982), p. 12. 

[36] R.Hahn, H.J. Heinrich and M.Aits, "SinteringofVeryHigh Capacitance 

Tantalum Powder for Solid Electrolytical Capacitors," Horizons of Powder 

Metallurgy, Part II, Proceedings of the 1986 International Powder Metallurgy 

Conference and Exhibition, "The Future of Powder Metallurgy, P / M '86," 

Diisseldorf (7-11 July 1986) (Freiburg: Verlag Schmid GmbH). 

[37] R. Hahn and H.J. Heinrich, "Neue Trends bei der Entwicklung von Tantal-

Kondensatorpulvern." Erzmetall, 38 (1985), pp. 133-138. 

[38] F. Binder, "Tantal in Hartmetallen und Sonderlegierungen," Metall, 32 

(1978), pp. 1269-1273. 14. B. Lambert and RE. Droegkamp, "Production of 

Tantalum and Niobium Powders," Metals Handbook, Ninth Edition, vol. 7 

(Metals Park, OH: ASM, 1984) 

https://ec.europa.eu/docsroom/documents/10010/attachments/1/translations/en/renditions/pdf&ved=2ahUKEwj42bKXoNDxAhWSXc0KHTmqAa4QFjAAegQIBhAC&usg=AOvVaw0wJWTi1phbJWSxhMT_1dnG
https://ec.europa.eu/docsroom/documents/10010/attachments/1/translations/en/renditions/pdf&ved=2ahUKEwj42bKXoNDxAhWSXc0KHTmqAa4QFjAAegQIBhAC&usg=AOvVaw0wJWTi1phbJWSxhMT_1dnG
https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/European_Commission


43 
 

[39] W. Gocht, "Bedarfszuwachs und Bedarfsdeckung bei Niob und Tantal," 

Metall, 33 (1979), pp. 774-775. 

[40] W. Kock and P. Paschen, ''Tantalum-Processing, Properties and 

Applications'', 1989. 

[41] G. Mohandas1,2, N.Oskolkov1,3, Michael T. McMahon1,3, Piotr 

Walczak1,2,4, and Miroslaw Janowski, '' Porous tantalum and tantalum oxide 

nanoparticles for regenerative medicine'' 

[42] B. GL (1940) The corrosion of metals in tissues; and an introduction to 

tantalum. Can Med Assoc J 43: 125–128. 

[43] W. B, Spurling RG (1945) Tantalum cranioplasty for war wounds of the skull. 

Ann Surg 121: 649–668. 

[44] K. AR (1947) Preliminary report on the use of tantalum mesh in the repair of 

ventral hernias. Trans South Surg Assoc 59: 382–388. 

[45] N.NC and B. JT (1947) Observations on the use of tantalum foil in peripheral 

nerve surgery. J Neurosurg 4: 69–71. 

[46] H. HE (1948) The use of tantalum tubes in frontal sinus surgery. Cleve Clin 

Q 15: 129–133. 

[47] W.EW, L.CR (1950) Tantalum tubes in the non-suture method of blood vessel 

anastomosis. Am J Surg 80: 452–454. 

[48] S.-D. Cho and K.-W. Paik, Mater. Sci. Eng., B 67, 108 (1999).  

[49] C. Chaneliere, J. L. Autran, R. A. B. Devine, and B. Balland, Mater. Sci. Eng. 

R 22, 269–322 (1998). 

[ 50]  F. Rubio, J. Denis, J. M. Albella, and J. M. Martinez-Duart, Thin Solid Films 

90, 405 (1982).  

[51] A. J. Waldorf, J. A. Dobrowolski, B. T. Sullivan, and L. M. Plante, Appl. Opt. 

32, 5583(1993).  

[52] K. Toki, K. Kusakabe, T. Odani, S. Kobuna, and Y. Shimizu, Thin Solid 

Films 281–282, 401 (1996).  

[53] E. B. Franke, C. L. Trimble, M. Schubert, J. A. Woollam, and J. S. Hale, 

Appl. Phys. Lett. 77, 930 (2000). 



44 
 

[54] H.D; T. G.; Sorrell C.C. "Morphology and photocatalytic activity of highly 

oriented mixed phase titanium dioxide thin films". Surface and Coatings 

Technology. (2011). 

[55]F. F. C.; van der Merwe, J. H. "One-Dimensional Dislocations. III. Influence 

of the Second Harmonic Term in the Potential Representation, on the 

Properties of the Model". Proceedings of the Royal Society of London. Series 

A, Mathematical and Physical Sciences. (1949). 

 [56]K. Z. Optics of thin films. John Wiley(1981) . 

 [57]M. Ivan; Araiza, JJ; Avendano-Alejo, M "Thin-film spatial filters". Optics 

Letters(2005). 

 [58] N. M O,Poddubny A N, Voisin PandDohnalovaK Tuning opticalproperties 

ofGe nanocrystals bySi shellJ. Phys. Chem. C12018901–8(2016).  

[59]B. L. R. P.; Laqua, K. "Nomenclature, symbols, units and their usage in 

spectrochemical analysis-IX. Instrumentation for the spectral dispersion and 

isolation of optical radiation (IUPAC Recommendations 1995)".  

[60] L.D, BeyerJandHeitmann J A review onGe nanocrystals embeddedin SiO2 

andhigh-kdielectrics Phys. Status SolidiA 2151701028(2018).  

[61]B. John C. D. Lines of Light: The Sources of Dispersive Spectroscopy, 1800 

- 1930. Gordon and Breach Publishers. (1995).  

[62]W. Mary Elvira. "The discovery of the elements. XIII. Some spectroscopic 

discoveries". Journal of Chemical Education.(1932). 

[63] R. Bunsen". infoplease. Pearson Education.(2007). 

[64] L. W, Schwirn K, Steinhart M,PippelE, Scholz RandGösele U Structural 

engineering of nanoporousanodicaluminiumoxide bypulseanodization 

ofaluminiumNat. Nanotechnol.3234–239(2008). 

[65] B. G. C. and Smith R. C., Phys. Stat. Sol., 13 157(1972). 

[66] P. Peumans and S. R. Forrest, Appl. Phys. Lett., 79 ,126(2001). 

[67] R. Elliot and A.I.Gibson "An Introduction to Solid State Physics and 

Application", 1st edition, Macillian Inc.(1974).  

[68] G. Burns, "Solid State Physics" Academic Press, Inc., Harcourt Brace 

Jovanovich, New York (1985). 



45 
 

[69] J. Millman "Microelectronics" Murray – Hill, Book Company Kogakusha, 

(1979). 

[70] R. A. Collins and K. A. Mohammed, 7hermothim. A&., 109 397(1987).  

[71] R.A. Collins, A. Krier and A.K. Abass, Thin Solid Films, 229 113(1993). 

[72] G. Burns, "Solid State Physics" Academic Press, Inc., Harcourt Brace 

Jovanovich, New York (1985). 

[73] A. Piroth," Fundamentals of the Physics of Solids", Vol. I, Structure and 

Dynamics, Translated p. 242-261. 

[74] A. Krier and M. Araghi , Appl. Surf. Sci ,Wadzanai Janet Upenyu 

Cahidawanyika, thesis, Rhodes University, (2011),119 , 260 (1997). 

 [75] M. Zabkowska-Waclawek, P. Talik, and W. Waclawek, Phys. Stat Sol. 121 

, 489(1991).  

 [76] C. S. Menon and Benny Joseph , E-Journal of Chemistry, Vol. 4 No.2, pp 

255-264, (2007).  

[77] H. Hoshi, A.J. Dann, Y. ldaruyama,.Appl. Phys., 67 1845(1990)  

[78]- Knittl, Z. Optics of thin films. John Wiley(1981) .  

[79] V. P. N. Nam poor and S. Thomas, “Ge 28 Se 60 Sb 12 / PVA Composite 

Films for Photonic Applications,” Vol. 2, No. 4, pp. 167– 174, (2010).  

[80] M.Y. NADEEM, Waqas AHMED. Optical Properties of ZnS Thin Films, 

Turk J Phy,24 , 651, (2000).  

[81] R. Naik, C. Kumar, R. Ganesan, and K. S. Sangunni, “Effect of Thickness on 

The Optical Properties Change in Bi / As 2S3 Bilayer Thin Films,” Chem. 

Mater. Res., Vol. 6, No. 2, pp. 1–2, (2014).  

[82] O. Gh Abdullah, B. K. Aziz, and S. A. Hussen, “Optical Characterization of 

Polyvinyl alcohol -Ammonium Nitrate Polymer Electrolytes Films,” Chem. 

Mater. Res., Vol. 3, No. 9, pp. 2225–0956, (2013). 

[83] M.E. Azim-Araghi and A. Krier, Pure Appl. Opt., 6 443(1997). 

[84] L. Kazmarski and A. H. Clark, "Polycrystalline and Amorphouse Thin Films 

and Device" Edited by Lawrence Academic Press, New York (1980).   



46 
 

[85] J. Taus, "Amorphous and Liquid Semiconductor", Plenums Press, New York 

and London (1974).  

[86] R. Elliot and A. Gibson "An Introduction to Solid State Physics and 

Application", 1st edition, Macillian Inc.(1974).  

[87] V. N. Suryawanshi, A. S. Varpe, and M. D. Deshpande, “Band gap 

engineering in PbO nanostructured thin fi lms by Mn doping,” Elsevier, vol. 

645, pp. 87–92, 2018. 

[88] https://www.filmetrics.com/reflectance-calculator. 


	الواجهة تسليم
	المحتويات (و خلاصة)
	اية - اهداء - تواقيع تسليم
	خلاااااااااااااااااااااااااصه_تسليم_عربي
	1
	2
	3
	4
	تسليم تسليم مصادر

