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I. INTRODUCTION 
 

The use of Transparent Conducting Oxides (TCOs), 

which have been widely used and frequently 

investigated, has a wide scope in the field of 

optoelectronic devices, including but are restricted 

to: solar cells, light-emitting diodes, flat panel 

television, thin-film transistors [1, 2]. The presumably 

ideal material to use as a TCO is (SnO2). In fact, SnO2 

is an intrinsic semiconductor material possessing a 

wide band gap, appearing to have n-type 

conductivity. The resistivity could be lowered to 2.3 

×〖10〗^(-4) Ω/cm by introducing extrinsic dopants 

such as F or Sb to improve their electrical properties. 

However, the evolution of p-type TCOs possessing 

sharp electric properties has trailed behind the 

evolution of such n-type TCOs, together with ITO 

(Indium Tin Oxide), Oxide, and AZO (Aluminum 

Oxide including Zinc) [3, 4]. In fact, attention to p-

type-conductive SnO2 has slowly grown within the 

latest years. SnO2 has demonstrated to possess 

exceptionally brilliant n-type conductivity compared 

to Cu-based p-type metal oxides, to say nothing of 

other materials [5]. Consequently, the revelation 

regarding p-type conductivity within the compound 

may sign a crucial step within the manufacturing 

process of p-n junctions and far more obvious CMOS 

devices [6]. However, a huge debate has emerged 

regarding p-type doping TCOs, specifically SnO2, 

despite the considerable amounts of articles cleared 

the path regarding p-type successful doping SnO2, 
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as Watson and Scanlon declared the theory 

concerning advancement to be definitely one 

among the simplest factors regarding such 

development [7]. In fact, since Zunger and Kiliç 

published “the actually causes of conductivity and 

transparency surviving within SnO2,” attention has 

grown toward natural shortcomings providing a 

SnO2 n-type conductivity [8]. Increased investigation 

is demanded to look into improving n-type 

conductivity, versus fixing techniques within 

improving p-type conductivity by the utilization of 

compensative ways, regardless of evident permitting 

opposition to improving p-type conductivity by 

several ways [9]. In spite of a huge number 

associated with theories disclosed, presently a huge 

debate reigns regarding the ideally designed 

creation associated with donor defect worth increase 

to conductivity. 

 

From our knowledge, actual research involving the 

prediction of results related to any environmental 

aspect during the film deposition process has not 

been carried out in SnO2 yet. On the other hand, it 

could be possible that there is only an extremely tiny 

mention of compensatory methods in experimental-

based research concerning the p-type doping of 

SnO2. Even though significant theoretical research 

has already been done concerning this subject, no 

actual experimental results have been generated 

concerning the influence of the environment in 

which the films are grown during doping 

performance and compensatory defect creation. 

These characteristics are assumed to have an 

essential influence upon the conductivity transition 

within materials. Besides Zn, Ga, In, and Al, Zn is also 

recognized as the most flexible cation acceptor 

doping element utilized within SnO2 so far. It is a 

well-known fact that tin oxide exist in lot of different 

forms, like Sn-O, SnO2 and even Sn3O4 [10, 11]. In 

some instances, Zn dopant doped into SnO2 has 

already been verified to raise n-type conductivity in 

addition to acceptor doping action characteristics 

[12]. It is most probable that the influence of the 

growth environment upon the SnO2 device, with the 

aim of remaining initial with no doping followed by 

subsequent Zn doping, shall be explored. This 

research shall test acceptor defect behavior within 

conditions recognized as favorable with regard to 

their creation, besides its influence upon the electric 

characteristics of the films developed. This is 

attributed to the fact that it permits control 

concerning the growth conditions surrounding the 

material. DFT is computationally much more efficient 

compared to other techniques such as Quantum 

Monte Carlo Simulations or Coupled Cluster Theory, 

although these are computationally intensive and 

produce very accurate results[13, 14] . For a material 

such as SnO2 or any semiconductor/oxide, DFT can 

be useful in understanding details of electron density 

distribution, charge localization, and electron 

interaction. There are a number of DFT codes 

available, such as Wien2k, VASP, Quantum Espresso 

and others [14]. DFT is best suited for this research 

because of its computationally efficient and accurate 

calculation of material electronic structure properties 

for a material such as SnO2. It enables a thorough 

examination of material properties. 

 

II. METHODOLOGY 
 

The electronic properties of SnO2 were analyzed 

using the Density Functional Theory (DFT) code 

Wien2k, which is based on the Full Potential 

Linearized Augmented Plane Wave (FP-LAPW) 

method. The Exchange and Correlation part of the 

DFT functional was treated within the Generalized 

Gradient Approximation (GGA), using the Perdew-

Burke-Ernzerhof (PBE) functional [15]. The GGA+U 

method was used in the calculations to approximate 

electron-electron interactions in the Sn 5s and 5p 

orbitals. The value of the Coulomb parameter U for 

the on-site Coulomb interaction in the GGA+U 

method was taken as [specify value of U] eV, based 

on the value used in previous literature [16, 17]. 

Before the electronic band-structure calculations 

were carried out, the SnO2 unit cell and atomic 

positions were fully optimized by relaxing the cell 

parameters until the net atomic forces were less than 

[specify criterion, for instance, 0.01 mRy/Bohr]. The 

system optimization ensured that it is in the ground 

state configuration. The electronic band-structure 

calculations were done using the Monkhorst-Pack 

Brillouin zones subdivision method with [specify 

number] special k-points and an energy cut-off of 

[specify energy in eV]. The self-consistent field (SCF) 

calculations were also converged to an energy 
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tolerance. The band-structure calculations were 

performed in the high symmetry directions of the 

Brillouin zone, and attention was paid to how 

GGA+U corrections influence the band gap and 

electronic configuration of SnO2SnO2. The total 

density of states (DOS) of the system were also 

analyzed to determine the overall electronic band-

structure, while the partial density of states (PDOS) 

for the Sn 5s and 5p as well as O 2p orbitals were 

analyzed to determine their contribution around the 

Fermi level. Additionally, the project density of states 

(PDOS) analysis helped in understanding the 

hybridization of the Sn 5s and O 2p orbitals, which is 

an indicator of the bond character of SnO2. 

Additionally, the charge density analysis helped in 

understanding how much of the charge is localized 

and how covalent or ionic the Sn-O bond is. Based 

on the above methodology, it became possible to 

study the properties of SnO2 at a level that focused 

on the influence of the GGA+U correction functional 

on the band gap and localization effects. 

 

IV. RESULTS AND DISCUSSION 
 

The electronic band structures of the parental and Sb 

doped SnO2 (12.5%, 25% and 37.5%) compounds 

are shown in Fig. 1, with the high symmetry points in 

the Brillouin zone. To explain the effect of potentials 

XC, the complete density of states for the 

investigated compounds were found but using LDA 

and GGA techniques and mBJ (modified Becke-

Johnson) potential. There are differences in the 

dispersion of the TDOS observed on LDA, GGA, and 

mBJ.  

     

      

   
Fig 1. Electronic and structures of SnO2 on different doping level 
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The differences are because of the fact that LDA and 

GGA are based on simple model assumptions that 

are rigid to regenerate the exchange correlation 

energy sufficiently and derivative of its charge space. 

The mBJ methodology can regenerate better 

exchange potential at the cost of less agreement in 

the exchange energy and yields better band splitting 

compared to LDA and GGA. Hence, we choose mBJ 

for more elaborations of the partial density of states 

(PDOS) of our selected compounds [18]. The 

information about the electronic structure and 

optical response is provided by material calculating 

band structure and fundamentals of it are directly 

associated to density of states. 

 

The metallic nature of the compounds is revealed by 

computation of electronic band structures. The 

number of bands exceeding the Fermi level is also 

changed by changing the percentage of the dopant. 

12.5% and 25% band structure shows that two band 

cross the Fermi level while 37.5 % band structure 

show that three bands crosses the Fermi level 

respectively. In the literatures to be contrast with our 

results, by due to successful application of FP-LAPW 

methods we discussed the performance of the 

energy band structure for these exacting materials 

under the present study [19, 20]. Following Fig. 1, the 

bands situated around the Fermi levels are due to 

the admixture of oxygen atom. 

 

 
Fig 2. Elemental density of states for Sn and O 

 

To highlight the nature of the electronic bands 

structure in greater extends, we enumerated the 

total and partial density of states as shown in Fig.1 

since we doped Sb atom, the nature of the material 

changes to metallic one and also the conductivity 

increases. The TDOS and EDOS (Fig. 2 and 3) for the 

compounds shows some similarities except the 

structure shift a bit towards lower energies of the 

valence band. We have found that over all the 

contribution occurs from Oxygen atom. There is a 

strong hybridization between the atoms of Sb and 

Sn. The total Density of State calculated at Fermi 

level N (EF) is 10.3, 15.0 and 14.8 states/eV for 12.5, 

25.0 and 37.5%, respectively. Metallic character can 

be clearly seen from the finite density of states at 

Fermi level [21]. The calculated density of states at 

the Fermi energy N (EF) enables us to calculate the 

electronic specific heat coefficient, which is 1.78, 2.60 

and 2.56 mJ/mol-K2 for 12.5, 25.0 and 37.5%, 

respectively.  

   

  
Fig 3. (a) Total density of states (b) TDOS for 12.5% 

Sb doped (c) TDOS for 25% Sb doped (d) TDOS for 

37.5% Sb doped 

 

To acknowledge and identify the nature of our 

material, the optical properties play an effective role. 

The important terms to describe the optical 

properties are dielectric constant ε (ω), refractive 

index n (ω), reflectivity R (ω), Energy loss L (ω), 

absorption coefficient and real parts of the complex 

function. Dielectric function ε (ω) shows the 

interaction of photons with electrons and let the 

system to give response to electromagnetic 

radiations[22-24]. The dielectric function comprises 
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of two parts in which one part is real and 2nd one is 

imaginary. It can be expressed as 

            ε (ω)  =   𝜀1  (𝜔) + 𝜄 ̇𝜀2  (𝜔)        ̇  (3.1)       

The imaginary part in the expression of dielectric 

function of three compounds is shown in Fig 4. Since 

the compound under investigation are of metallic 

behavior, therefore we took the intra-band 

transitions (Drude term) under consideration [19]. 

Where   in eq. 3.3 represents mean plasma frequency 

and represents mean free time between the 

successive collisions [86 

 𝜀2  (ω)  =   𝜀2 𝑖𝑛𝑡𝑒𝑟  (𝜔) +  𝜀2 𝑖𝑛𝑡𝑟𝑎  (𝜔)̇      (3.2)                                               

  𝜀2 𝑖𝑛𝑡𝑟𝑎  (𝜔) =  
 𝜔𝑝  

2𝜏

 𝜔1  +  𝜔𝑝  
2𝜏2̇⁄    (3.3)       

     

The effect of Drude term is useful for the values less 

than 2.0 eV for 12.5, 25.0 and 37.5%, compounds. To 

calculate the dielectric function dependent on 

frequency we need electron wave function and 

energy eigenvalues of the state [25, 26]. Real and 

imaginary parts of dielectric function are important 

in study of optical spectra. The compound is 

symmetrically cubic in shape. The dielectric functions 

are as in eq. 3.4. 

            𝜀 𝑥𝑥(ω)  =  𝜀 𝑦𝑦(ω)  = 𝜀 𝑧𝑧(ω) (3.4)       

The general features of these compounds are not so 

similar due to the band structure differences. 

Therefore, there is difference in the optical spectra of 

the three compounds, which arises due to the 

doping of Sb percentage. We should highlight that 

substituting the Sb atom changes the heights of 

peaks, we conclude the 37.5% doped compound 

exhibits more metallic character than the 12.5 and 

25% compounds.  By using the Kramer’s–Kronig 

relation [27], the real parts calculated is in Fig.4 (a-c) 

. It is clear that the anisotropy among these 

compounds is weak. 

 

The graph of the electron energy loss function of the 

investigated compounds is shown in Fig.4 (d). 

Prominent peaks are found at higher energies, which 

specify decrease in the reflectance. The reflectivity 

spectra for the investigated compounds are shown 

in fig 4 (e). The reflectivity spectra for all the 

compounds show almost the same behavior for the 

dopant materials. But the reflectivity spectra for the 

parental compound are a little higher than the 

dopant compounds[28]. From the reflectivity spectra 

it is clear, that in the ultra violet regions it shows 

small reflectivity while higher in the visible region. It 

depicts that the material is a bad reflector [29]. The 

energy greater than 1.0 eV shows greater reflectivity 

of the compound, hence these material at the 

specific energies can be used as Bragg reflector. 

     

 

 
Fig 4 (a) Real part (b) Imaginary part (c) Absorption 

(d) Energy loss function (e) Reflectivity (f) Refractive 

index 

 

V. CONCLUSION 
 

In order to summarize are results, We have analyzed 

the optical and electronic properties of the parental 

and Sb-doped SnO2 (12.5%, 25% and 37.5%) 

compound using the full potential linear augmented 

plane wave method within Wien2k code through 

DFT calculations.  The band structure (BS) shows that 

the parental material has semiconducting nature, 
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while the nature of BS changes to metallic as we 

doped Sb. 12.5% and 25% band structure shows that 

two band cross the Fermi level while 37.5 % band 

structure show that three bands crosses the Fermi 

level respectively. From the density of states we 

found that the Oxygen atom dominates the Fermi 

level. The anisotropic behavior for parallel and 

perpendicular component of polarized electric field 

is studied. The imaginary and real parts of the 

complex function, refractive index, energy loss 

function and reflectivity are also studied. 
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