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First-principles computations of the electronic structure of AlAs have been carried out using the density functional theory (DFT) within
Local Density Approximation-LDA and Generalized Gradient Approximation - GGA. We utilized the CASTEP's plane wave basis set
implementation for the total energy computation (originally from Cambridge Serial Total Energy Package). We have used to examine
structure parameter in structure of AlAs The electronic structure calculation using the two approximations show that the LDA and the
GGA methods underestimated the band gap while the band gap predicted by the GGA is closer to the experimental result. according to
the electronic structure calculation utilizing the two approximations. The GGA calculation shows a direct band-gap semiconductor of
2.5 eV. The energy band diagram is used to calculate the total and partial densities of AlAs states. Multiple configurations of the ionic
model were calculated for AI"™As™ (0.0<x<1) also performed utilizing free-atom profiles. According to the ionic model,
0.75 electrons would be transferred from the valence 5p state of aluminium to the 3p state of Arsenide.

Keywords: generalized gradient approximation; localized density approximation, Density functional theory, energy band gap, density
of states, lonic model; Compton profiles
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1. INTRODUCTION

Groups III-V have been the focus of a great deal of research during the past few decades. LEDs, lasers, photo
detectors, integrated circuits, modulators, and filters are only some of the electronic and optoelectronic devices that benefit
from the AlAs compound [1]. These compounds often crystallize into the zincblende (ZB) form under standard
circumstances [2]. AlAs's band structure has only been fully calculated using a SCOPW model by Stukel and Euwema [3].
There is a several theoretical calculations of the electrical structures of AlAs over the past two decades [4-6]. But to our
knowledge, only fitting methods like the tight-binding model [7,8,9] exist. Almost all theoretical analyses of the AlAs
band structure have produced band gaps that differ to variable degrees from the actual values [4-6,10-13]. Density-
functional-theory (DFT) [14,15] was used to conduct first-principles calculations [16], and the open-source software
package Quantum ESPRESSO was used to approximate the exchange-correlation functional using the local density
approximation. Existing theories and experiments are linked to the outcomes achieved. They have come to a satisfactory
accord. The electrical, optical, and structural characteristics of AlAs are the subject of a variety of theoretical
investigations [3,17-25]. However, because to its high hygroscopicity [26-29], very few experimental experiments are
conducted on bulk AlAs. Stukel and Euwema [3] presented energy band calculations for cubic AlAs using a first-
principles plane-wave approach self-consistent orthogonalized. Using the pseudo potential approach in the local density
approximation, Cohen and Froyen [17] investigated the structural properties of various I1I-V semiconductor compounds
and the static, including Aluminum-Arsenide (LDA). Many researchers [19-21] have published AlAs's electrical
characteristics, total energy, effective mass, lattice constants, etc. Using the empirical pseudo potential technique, Joshi
and Sharma [22] reported a few years ago on the theoretical directional Compton profiles of AIP and Aluminum-Arsenide.
(EPM). This paper is structured as follows: in Section 2, presented the paper's theoretical framework and computational
details. Section 3 contains the discussion and results in the final section have been provided a conclusion.

2. METHODOLOGY DETAILS
2.1. Computation Method
The ion-electron interactions in the electronic structure computations have been performed using the non-local ultra
soft pseudo potential developed by Vanderbilt [30]. The computations employed the LDA with the Ceperley Alder
PerdewZunger [31] and the GGA with the Perdew-Burke Ernzerh of Solid [32] exchange correlation potentials. Al 3s? 3p!
and As 4s? 4p3 are studied by pseudo-atom computations. Total energy converges to 0.5E-05 eV/atom, which is
self-consistent. Our estimates' convergence is verified through in-depth exploration of the interplay between the k-point
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and the cut-off energy set mesh on the Monk horst-Pack grid. For the computational expense, we use a Monk horst-Pack
mesh with 16x16%16 k-points for the Brillouin zone sample and a plane wave basis set with an energy cutoff of 800 eV.
In addition, Vanderbilt's [30] non-local ultra soft pseudo potential is used. Kramer's-Kronig transform accuracy and the
energy range that can be accounted for are both sensitive to the number of conduction bands that are included in the
calculation. The electrical structure is investigated here by employing the Cambridge Serial Total Energy Package
(CASTEP) [33,34], which takes into account not only the occupied bands but also the 16 unoccupied ones.

2.2. Ionic model
The free atom profiles-FA of Aluminum and Arsenide, the data were taken from a table Biggs [35], were used to
produce the theoretical Compton profiles of Aluminum-Arsenide for various ionic configurations. We were able to
identify the valence profiles of a wide variety of AI"™* As™ (x ranges from 0 to 1) combinations by transferring an electron
from Al’s 3p or 3s shell into As’s 4p shell. The valence profiles were combined to the core contributions to generate the
entire profiles [36], which were then normalized to (19.966¢) in the range of 0 to 7 a.u. in order to give a direct comparison
with other studied in the same experimental data [37].

3. RESULTS AND DISCUSSION
3.1. Electronic properties
Herein, density functional theory (using LDA and GGA) was used to examine the electrical characteristics of the
binary compound AlAs in the zinc mix structure. Researchers have found that AlAs exhibits a direct band gap (G-G). You

can see the outcomes in Fig. 1 (a and b).
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Figure 1. Band gap structure of AlAs applying (a) LDA and (b) GGA approximation

The band gap values generated by GGA are more in line with the known experimental results than the LDA values.
The LDA is known to consistently understate the energy gap [38]. The GGA technique can provide a more stable band
structure because it is based on potential optimization. Band gap values computed using the GGA approach fare far better
in comparison to experiment than those produced using the LDA method. Our recent calculations indicate that the GGA
approximation performs a decent job of characterizing the band features, and that the GGA results may be compared to
those produced using more expensive approaches, such as GW and hybrid functional for band gaps. It can be used to
simulate the electronic characteristics of semiconductors. It has a direct band gap of 1.38 eV (LDA) and 1.415 eV (GGA),
with the valence and conduction band minimums both located at the G point. The measured findings are roughly in
agreement with our calculated band gap size [39]. Using the data shown in Fig. 1, we can see that the Fermi energy of
aluminum arsenide (AlAs) is 0.699eV (LDA) and 0.689eV (GGA), and that the G-point symmetry point is where the
valence bad-VB is at its maximum and the conduction band-CB is at its minimum. As the valence band maximum and
conduction band minimum are positioned on distinct symmetry points, AlAs is a direct band gap semiconductor with an
energy gap value of 1.38¢V (LDA) and 1.414 eV. The Al 3p-like and 3s-like electrons and the As 4p-like electrons are
responsible for the 3 bands found below the Fermi level. Because of the presence of Al 3p-like states and as 4p-like ones,
the conduction bands-CB above the Fermi level are empty. The theoretical values for Aluminum-Arsenide [40] correspond
with the calculated energy gaps. The higher ionic nature of AlAs causes it to exhibit a wider optical band gap and a higher
rate of charge transfer. These similarities in structure also explain why it exhibits metallic and covalent characteristics.
AlAs is commonly used in applications that need higher temperature operation due to its broad band gap, which pointing
to the ability of Aluminum-Arsenide for higher photon energy in reflectivity measurements. As a result of their direct
band gap and large band gap, they are a prospective option for use in semiconductor technology. Because of this, it is also
used as an active material in the production of LEDs and other optoelectronic devices. Applications in the technology of
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higher power and higher frequency electronic devices in the short wave length region have also gained traction.
Light-emitting diodes, blue and ultraviolet lasers, photo detectors, optical pumping devices, and hetero structures all rely
on AlAs as a fundamental material [41,42].

3.2. Density of State
According to the Density of State Diagram for AlAs, the 4p states of As and 3p states of Al are responsible for the
small peaks in Fig. 2(a and b) above its Fermi energy. The p-like and s-like electrons of as are what give rise to the longer
peaks near the Fermi energy. The third zone is composed of the top (2) valence bands, which are mostly p-like. The anion
state, which is comparable to that of the alkali halides, displays both the density of states and the band structure [43,44].
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Figure 2. The total density of states of compounds binary AlAs using the LDA and GGA approaches

3.3. Charge Transfer
Particularly, Figure (3) illustrates. The current study uses theoretical approaches as opposed to earlier research,
which relied on experimental valence Compton profiles of the elemental solids [37].
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Figure 3. Comparison of the theoretical and experimental Compton profiles of AlAs.
The measuring of the differences between various ionic configurations [37].

We have also included free atom valence profiles in the current charge transfer analysis. The 4s 4p states of As and
the 3s 3p states of Al are included in these profiles. In the inset, we see the matching difference profiles (convoluted
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ionic - experiment) shown. Importantly, it is necessary to convolute the ionic profiles with the resolution function of the
instrument and to normalize them to the free atom area, which is equal to 19.967 electrons. for 0 to 7 a.u. before a
comparison of ionic values with experimental data can be made [37]. From the inset, it is clear that the effect of changing
charges on As and Al is not noticeable until the charge reaches 1.5 au. All ionic configurations behave identically and
overlap at distances greater than 1.5 a.u. We have calculated y? as follows, which allows us to test the global concordance
of all ionic configurations with the experiment:

2

2 _ V7 A (pz)
X" = Zp,=o | o(p)

)

where o(p,) represents a random error in the experiment [37]. According to X2 tests, the best agreement among the ionic
structures is found in the AI3°As~3state.

According to the basic ionic model, the charge in this molecule must flow from Aluminum to Arsenide. The same
explanations are also given in the ref [36]. However, this process requires three electrons to be transferred from Al3s23p?
state to As4s?4p3state, indicating that AlAs bonds primarily through ionic interactions. There is a clear limitation of the
ionic model in the low momentum area, where the discrepancies between the convoluted ionic and experimental profiles
are quite large. It is worth noting that the ionic model's predicted charge transfer is greater than the value derived by a
different technique [37].

4. CONCLUSIONS

The present research summarizes the results of a density functional theory (DFT) analysis of electronic AlAs
Compound in the LDA and GGA approximations. Following is a brief synopsis of the key findings: The direct gap at G
is the only exception; otherwise, our calculated band gaps agree quite well with the experimental findings. The intrinsic
property of LDA pseudo potentials means that the estimated band gap values are smaller than the experimental values.
The reason for this is the reduced complexity of the exchange correlation functional. The estimated electronic band
structure reveals that AlAs is a Semiconductors with a direct band gap of 1.38 eV (LDA) and 1.414 eV (GGA),
respectively. When compared to other theoretical calculations obtained, this shows a significant improvement.
Semiconductors have conducting properties, as indicated by the fact that the DOS energy level within them reveals a
particularly high situation of electron occupation and that the DOS seen near the Fermi level for semiconductors is zero.
For the spherically averaged electron momentum density (EMD), there is good agreement between the measured and
estimated values. Calculations using the ionic model for a variety of (AlI'™) (As™) (x varies from 0 to 1), combinations
result in a 0.75 electron transfer from the 3s? 3p' Aluminum valence state to the 4s> 4p>Arsenide valence state.
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BU3HAYEHHSA 30HHOI CTPYKTYPH TA KOMIITOH ITPO®LIIB JIJISI APCEHIJTY AJTIOMIHIIO
3 BUKOPUCTAHHSM ®YHKIIOHAJIY I'YCTUHA
Camin ®. Moxammen?, Canax M.A. Pinxa®, Aoxyaxani Mipaan Faned®, 3axpa Tanio Faneo®,
SImina Benxpima?, Maxpan A6ayapxman AGry ia
“Kagheopa mexaniunux mexnonoziu, Texniunuii incmumym Kipkyx, Iieniunuti mexuiunuii ynisepcumem, Ipax
b@axynomem izuxu, Hayrosuii xonedac, Yuisepcumem Kipxyxa, Ipak
“Kagheopa ximii Hayrkosozo konedacy Kipkykcokoeo ynieepcumemy, Kipkyx, Ipax
4[lenapmamenm mounux nayx, ENS Yapena, Anocup
¢Minicmepcmeo oceimu, [upexmopam oceimu Kipxyka, Ipax

OCHOBHI pO3paxyHKH eJISKTPUYHHUX XapakTepucTUK AlAs Oymu poBesieHi 3 BUKOPUCTaHHAM Teopii ¢pyHkuioHany mitsHocTi (DFT) i
nokaseHOl miinmbHOCTI (LDA), meroniB (DFT) i y3aranbHenoi rpanientHoi anpokcumarii (GGA). Mu BUKOpHCTanu peaiizamito
6a3oBoro Habopy rurockux xBuib CASTEP st obuucinenns 3aranbHoi eneprii (cnouarky 3 Cambridge Serial Total Energy Package).
Paninre My IUBHIINCS HAa CTPYKTypHHUil mapamerp cTpykTypu AlAs. Illupuna 3a6oponenoi 30HU Oyna mepeoliHeHa 3a JOIOMOTOI0
y3arajibHEHOI TpafgieHTHOI anpokcuMaiii Ta meronis LDA, xouya muprHaa 3a00poHEHO1 30HH, nependadena GGA, Oinbie Biamosigae
€KCTIepIMEHTAILHUM BUCHOBKAM, 3T1IHO 3 PO3PAaXyHKOM €IEeKTPOHHOI CTPYKTYPH 3 BUKOPHCTAHHSIM JBOX HAONIDKEHb. 3a JOMOMOTOIO0
GGA po3paxyHKy BUSBJICHO HalliBIPOBITHUK i3 ITUPHHOIO 3a00poHeH0i 300U 2,5 eB. EnepreTnuna 30HHa aiarpama Oyina BUKOPHCTaHa
JUIsL PO3PaxyHKy IIOBHOI Ta 4acTKOBOi rycTuHH crtaHiB AlAs. Byno po3paxoBaHo Kijbka KoHGirypauiii ioHHoi moxmemi. AI™*As™
(0.0<x<1) Tako)X BUKOHYIOTbCSI 3 BUKOPUCTAHHAM IpOoQisiB BUIbHUX aTtoMiB. BiamosigHo 1o ioHHOT Mozerni, 0,75 enekrpoHa Oyne
HEPEeHECEHO 3 BAJICHTHOTO Sp-CTaHy alIOMiHiI0 B 3p-CTaH apceHiny.

KurouoBi ciioBa: yszaeanvhnena epadichmua anpokcumayisl;, anpokcumMayisi I0KAIi306aHOT WbHOCMI;, Meopis (hYHKYIOHANa 2yCmuHu,;
eHepeemuyHa 3a060poHeHd 30HA; WITbHICMb CManie; ioHHa mooens;, Komnmou-npoghini





