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Bor arsenit bazlı nano-transistörlerde elektrot genişliğinin enerji aralığı üzerindeki     

etkisinin incelenmesi, bir DFT çalışması 

Investigating the width effect on energy gaps of electrodes in boron arsenide 

based nano-transistors, a DFT study 
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Abstract   Öz  

This study deals with electronic properties of Boron 

Arsenide nanoribbons using Density function theory (DFT) 

calculations. Under specific conditions, nanoribbons can be 

used as Nano-transistors. It is feasible to modify 

nanoribbons' electronic properties, such as bandgap and 

conductivity, by varying their width and edge shape. 

Source, drain, and gate are basic parts of a conventional 

field-effect transistor (FET). The channel's conductivity 

can be changed by applying a voltage to the gate electrode. 

In current research, Boron Arsenide nanoribbons has been 

investigated as lead electrode of a transistor and stability of 

the sheet has been confirmed by positive phonon 

vibrational modes. Utilizing the band structure spectrum, 

band gap as an electronic property is measured and 

reported. Different width values for electrodes have been 

considered and it has represented that the band gap is size 

dependent and increasing in ribbon’s size to bulk structure, 

results in decrements in band gap energy value 

 Bu çalışma, Yoğunluk Fonksiyon Teorisi (DFT) 

hesaplamalarını kullanarak Boron Arsenit nanoşeritlerin 

elektronik özellikleri araştırılmıştır. Belirli koşullar altında, 

nanoşeritler Nano-transistör olarak kullanılmaktadır. 

Şeritlerin genişliği ve kenar şeklini değiştirerek, 

nanoşeritlerin bant aralığı ve iletkenliği gibi elektronik 

özellikleri değiştirilebilir. Source, drain, ve gate, geleneksel 

bir alan etkili transistörün (FET) temel parçaları olarak 

tanımlanır. Kanalın iletkenliği, kapı elektroduna bir gerilim 

uygulayarak değişmektedir. Bu araştırmada Boron 

Arsenide nanoşeritleri bir transistörün lead elektrotu olarak 

kullanımı incelenmiştir ve tabakaların kararlılıkları pozitif 

fonon titreşim modları ile doğrulanmıştır. Band yapısı 

spektrumu kullanılarak, elektronik özelliği olarak bant 

aralığı ölçülüp, rapor edilmiştir. Elektrotlar için farklı 

genişlik değerleri kullanarak bant aralığının boyuta bağlı 

olduğu ve şeridin boyutunun artmasıyla bant aralığı enerji 

değerinde azalmaya yol açtığı gösterilmiştir. 

Keywords: Nano-transistor, BAs Nanoribbon, Band gap,  

Armchair edge, Density function theory (DFT) 
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1 Introduction 

A nano-transistor is a transistor made from extremely 

small materials. These fundamental elements of modern 

electronic technology are studied and developed with the 

goal of controlling the flow of electrical current. To enhance 

performance and increase the number of transistors that can 

be packed onto a chip, traditional transistors, also known as 

metal-oxide-semiconductor field-effect transistors 

(MOSFETs), have had their size decreased during a period 

of several decades. This miniaturization is carried to the 

nanoscale by nano-transistors, which have dimensions on the 

order of nanometres. The development of two-dimensional 

(2D) materials including graphene [1], h-BN [2], transition- 

metal dichalcogenides (TMDC) [3-4], and more [5-11] has 

brought about a great deal of interest in the field of 

nanoscience and technology. They can be utilized to create 

smaller and faster field-effect transistors. The lower carrier 

mobility and lack or large band gap of these materials [12-

13], however, restrict their field of application, necessitating 

more research into alternate materials with a wider range of 

applications [14]. 

Boron arsenide (BAs) is a compound made up of boron 

(B) and arsenic (As) atoms. It is a semiconductor element 

with special qualities that make it appealing for a variety of 

applications. In addition, Boron arsenide (BAs) nanoribbons 

are thin ribbons or strips with a width measured in 

nanometers. They are one-dimensional nanostructures that 

have received interest owing to their distinctive electronic 

and thermal characteristics [15-18]. 

BAs nanoribbons may have metallic behavior or be 

semiconducting with a bandgap, depending on the width and 

type of edge and this property make them potential 

candidates for nano-electronic devices, including field-effect 

transistors (FETs), sensors, and nanoscale logic circuits. 

Armchair nanoribbons contain edges that, by being parallel 

to the crystal's lattice vectors, present a zigzag pattern. The 

name "armchair" comes from the zigzag pattern's 

resemblance to an armchair's arms. 

The electronic characteristics of armchair nanoribbons 

depend on their width and the characteristics of the material 

they are formed of [18-19]. It is important to note that BAs 

nanoribbons are still in their early years, and additional study 
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is required to completely comprehend their properties, 

production processes, and prospective applications. 

Based on the above-mentioned details, in the current 

study, we investigated the effect of BAs nanoribbons as the 

lead electrodes in nano-transistors by employing first- 

principles density functional theory (DFT)- based periodic 

calculations. A pure BAs sheet was made and the system 

relaxed and reached its minimum energy. 

In the following structure, stability is checked by phonon 

distribution, and Band structure is calculated for optimized 

structure specifically. After developing the lead electrode 

from the structure, the effect of different values of width in 

the bandgap of the electrode has been investigated using 

band structure and density of function dispersions. 

Understanding the electronic properties of materials requires 

an understanding of the band structure and density of states 

(DOS), two fundamental concepts in DFT. 

One of the most fundamental and important properties of 

a crystalline solid is its electronic band structure. The exact 

estimation of electronic band structures is an essential 

problem of computational condensed matter physics [20]. 

DOS diagrams present an easy way to characterize 

advanced electronic structures. It is a simple and useful way 

to determine the electronic structure of a material. Section 2 

describes computational details and the result of our 

approach is described in Section 3. 

2 Computational details 

In this study the analysis has been performed by DFT- 

based periodic calculations, using the Quantum Espresso 

Package. A BAs sheet with a hexagonal structure was 

considered. Electronic structure calculations and geometry 

optimizations including lattice constant and atomic positions 

are done based on an iterative solution of the Kohn-Sham 

equation [21] and ultra-soft Pseudopotentials by minimizing 

the total energy. 

There are two fundamental types of nanoribbons: those 

with armchair-style edges and those with zigzag edges. Both 

structures are depicted schematically for BAs in Figure 1. 

The direction of these edges within the sheet varies by 30°. 

In this study, the armchair edge was modeled and all 

dangling bonds were terminated by hydrogen atoms 

Following, nanoribbons of various widths were created, their 

electronic properties were obtained, and they were compared 

to one another based on their gap energies. 

Both valence band maximum (VBM) and conduction 

band minimum (CBM) details are extracted and reported 

3 Results and discussions 

Pristine Boron Arsenide structure was created and has 

been exposed in Figure 2a and optimized and the 

convergence limits for energy, forces, and stress were 

reached -26.7 Ry, 0 Ry/Bohr, and 0.21 kBar respectively. 

For investigating the dynamical stability of materials, 

phonon calculations are an appropriate technique in general. 

The phonon spectrum provides information about the 

frequencies and wave vectors associated with quantized 

lattice vibrations. The phonon spectrum of the modeled 

structure has been shown in Figure 2b. The phonon 

dispersion is along Г-M -K -Г within the Brillouin zone and 

there were no imaginary frequencies in phonon dispersion, 

this means the structure's dynamic stability and the system is 

in local minimum energy. 

 

 
(a) 

 
(b) 

Figure 1. a- Armchair-style edge b- Zigzag-style edge of 

BAs sheet 

 

 
(a) 

 
(b) 

Figure 2. ( a)- structure (b)- phonon spectrum of BAs 

sheet  
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(a) 

 
(b) 

Figure 3. (a)- The energy band structure diagram (b)- 

DOS of pristine BAs sheet 

 

The energy band structure and density of states diagrams 

of pristine BAs sheet have been shown in Figures 3a, and 3b. 

The band gap is 0.76, as can be seen in Figure 3a, which is 

consistent with earlier studies [14]. The conduction band 

minimum value of the structure also corresponds with the 

valence band maximum value at the K point of the Brillouin 

zone. it is a direct band gap and VBM and CBM energies 

are 0.38 and -0.38 respectively. The density of state 

dispersion of the system was exposed in Figure 3b. It 

represents the distribution of available electronic states as a 

function of energy. The width of an armchair nanoribbon, 

which defines the number of atomic rows in the ribbon, 

affects the specific form and properties of the band structure. 

In the current research, we investigated the effect of 

width on nanoribbons with 13Ǻ, 17Ǻ, 23Ǻ, and 47Ǻ widths 

respectively. Figure 4 represented the structure of 

nanoribbons and their band structures with different widths. 

The electrodes with 13Ǻ, 17Ǻ, 23Ǻ, and 47Ǻ width 

represented 0.96, 0.88, 0.86, and 0.78 gap energies 

respectively. Figure 5 depicts the band gaps produced for the 

various width ABsNRs and GNR. Table 1 summarizes the 

energy of the band gap, valence, and conduction bands for 

an accurate representation of the total data.  

It was understood from the table and figures that, as the 

width of the nanoribbon gets larger the band gap of the 

electrode slowly narrows related to the quantum confinement 

effect. As the ribbon width decreases, quantum confinement 

becomes more significant, and the electronic states become 

more localized. This confinement can lead to an increase in 

the band gap, making narrower nanoribbons more likely to 

exhibit semiconducting behavior [23, 24] 

  
(a) 

  
(b) 

 
 

(c) 

 

 
(d) 

Figure 4. BAs nanoribbons with different width and their 

band structure spectrums 

 

 

Figure 5. Band gaps according to the varying width for 

BAsNR and GNR. 
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Table 1. The band gap, valence, and conduction bands of different widths of the nanoribbons 

This work 
Other works 

(Armchair graphene nanoribbon) 

Structure Width (Ǻ) VB (eV) CB (eV) Band gap (eV) Structure Band gap (eV) Ref. 

9-aBAsNR 13 -0.48 0.48 0.96 6-aGNR 1.69 [22] 

11-aBAsNR 17.5 -0.44 0.44 0.88 9-aGNR 1.35 [22] 

15-aBAsNR 23 -0.43 0.43 0.86 12-aGNR 1.13 [22] 

29-aBAsNR 47 -0.39 0.39 0.78 15-aGNR 1.03 [22] 

 

The source and drain electrodes in a nano-transistor, 

commonly referred to as the leads, have a significant impact 

on how the transistor operates and its performance. The 

characteristics and arrangement of these leads can shape the 

transistor's behavior. The width of these leads is particularly 

important because it determines how much current the 

transistor can handle and how efficiently it conducts 

electricity. Increasing the width of nanoribbons can increase 

the mobility of electrons [18, 25], and this can influence the 

performance of the leads and the transistor. While wider 

leads can facilitate larger currents, they can also introduce 

unwanted side effects, such as increased capacitance and 

resistance, which might influence the speed of switching and 

the power usage of the transistor. 

4 Conclusions 

Using DFT and Quantum ESPRESSO package [15], the 

geometrical, electronic, and phonon calculation of BAs 

sheets were performed, and as nano-transistor electrodes, 

nanoribbon structures with different widths were extracted 

from the sheet. The electronic calculations represented that 

the proposed BAs material is a semiconductor with a direct 

band gap which has below 1ev gap energy, making it an 

appropriate choice for nano-transistor applications. The 

result showed that by decreasing in width, the band gap 

increased and the band gap is a size-dependent subject. This 

is due to quantum confinement and the electronic states 

become more concentrated as the ribbon width gets smaller. 

The band gap could expand because of this limitation. The 

width of source and drain electrodes in a nano-transistor, 

often called leads, is a critical factor in determining the 

transistor's current-carrying capacity and efficiency. 

Widening nanoribbons can improve electron mobility, which 

affects both lead and transistor performance, but wider leads 

can introduce unwanted effects like increased capacitance 

and resistance, potentially influencing switching speed and 

power usage. 
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