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Abstract

A self-consistent calculation of the structural and electronic properties of
zinc blende GaAs and InAs has been carried out. The calculations were
done using the full potential-linearized augmented plane wave (FP-
LAPW) method within the density functional theory (DFT). The
exchange-correlation energy used is the generalized gradient
approximation as parameterized by Perdew-Burke and Ernzerhof (PBE-
GGA). Energy band structures, density of states and structural
parameters of all the compounds are presented and discussed in context
with available theoretical and experimental studies. Our results show that
the energy band gaps of the semiconductors are underestimated. But
overall our results show reasonable agreement with previous results even
though sufficient experimental results are not available for more realistic
comparison.
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1.0  Introduction

With advances and sophisticated developments inpaten technology, it is now possible to compute
various properties of solids from first-principlesethods. The properties of interest in condenseiema
physics include structural, electronic, opticahstic etc.

A tested and proved first-principles method isdkesity functional theory [1].

The electronic and structural properties of lll-®sconductors have been the subject of consideble
well as experimental investigation. The importamdethese materials lies in their great potential fo
technological applications. GaAs is the most wideted semiconductor in technology. It is used ryainl
for microwave and photonic applications while tegnaompounds such as GalnAs form heterojunction
photodetectors at long wavelengths[2]. Interesgiriglhas been shown that Al deposited on GaAs is a
prototype Schottky barrier.

In view of all these possible applications thereneed to still continue to study extensively these
compounds both experimentally and theoretically.uhderstand some of the physical properties ofethes
compounds, a detailed description of electronigcstire of these compounds is necessary.

In this paper we intend to give a complimentarydgtof the structural and electronic properties tohb
experimental and other theoretical works for GaAd mAs using the full-potential linearized augnesht
plane wave (FP-LAPW) method within the frameworkdehsity functional theory (DFT). The layout of
the remaining part of the paper is as follows:dnt®n 2 we describe the method of the calculatibthe
structural and electronic properties based on thd APW. In section 3 we present the results of our
calculations and compare them with experimental @aheér existing theoretical results. The conclug®n
given in section.

2.0 Description of The Method

In DFT, the problem of interest is a system of Miacting electrons described by the Hamiltonian
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where T, V and Y are the kinetic, potential and interaction eneyggrators respectively.
The primary objective of DFT is to determine theimadly the ground — state properties of an inténac
many — electron system in an external potentiaigudie particle density as the key variable. [taeps the
many — body problem with effective one — electrgoations, the so called Kohn — Sham (KS) equations
(2.3)
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and the ground state density n¢f the N — electron system is

(=3 4.0)* 4.

(2.3)
The effective potential is given by

vy [0 =v() + [ar' e ()
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(2.4)
where the exchange correlation potentjalis defined by
v Inl(r) = =1
Xc d’](l’)
(2.5)

Equations 2.2, 2.3 and 2.4 are solved self — ctargly.

Approximation enters the DFT through the excharayeetation energy term. One of such approximates is
the generalized gradient approximation, GGA whbheeeixchange — correlation energy for spin unpaedris
systems is written as

E. Il = [drf (n(r), 0n(r))
(2.6)

The full potential linearized augmented plane wie — LAPW) [4] is used in solving the Kohn — Sham
equations for the ground state density, total gnargl eigen values of a many — electron system by
introducing a basis set which is especially adapidtie problem. To realize this adaptation, FRAPW
partitions the unit cell into two parts: non — dapping atomic spheres (centred at atomic sited)aan
interstitial region.

The LAPW expands potential in the form

V() =S Vi (N)Yin() inside sphere
I,m
(2.7)
=>"V, exp(kr) outside sphere
k
(2.8)

and expands the charge density as
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n(r) :an(r)\(lm(r) inside sphere
Iym

(2.9)
=3 n exp(kr) outside sphere

(2.10)
The unit cell has one molecule with either Ga oatlf0,0,0)a while As is located at (V4,%,%)a wheeig
lattice constant. The sphere radii used in theutations are 2.2 and 2.4atomic units for Ga and In
respectively while radius of 2.1a.u. is used foril\both compounds. In this work we have employed t
FP-LAPW as embodied in WIEN 2k code[5]. The Perdiawke-Ernzerhof (PBE) scheme[6 ] within the
GGA is used to calculate the exchange-correlatarh gf the potential.
The Brillouin zone integrations for the calculasowere done using the tetrahedron method [7 ] @dth
and 116- k-points respectively in the irreduciblrtpof the Brillouin zone. Both the muffin-tin splkee
radius and the number of k-points are varied touengonvergence. Well converged solutions were
obtained for Ryt Knax = 8 where Ry is the atomic sphere radii and, is the interstitial plane wave cut-
off.

3. RESULTS AND DICUSSION

The total energies of GaAs and InAs were calculdteddifferent volumes along the equilibrium cell
volume in the zinc blende structure using the FHRWA method in the GGA form of exchange and
correlation. The calculated total energies areditto the Murnaghan’s equation of state [8] in oride
determine the equilibrium lattice constant, bulkdulus and the pressure derivative of the bulk masiul
The results are tabulated in Table 3.1.

Table 3.1: Structural properties of GaAs and InAs

GaAs
a(A) 5.7484 | 5.72[10] 5.79[11] 5.65[9]
B(Mbar) | 0.6574 | 5.77[12] 0.75[9]
B’ 4.4010 | 0.58[10] 0.61[11]

0.68[12]
InAs
a(A) 6.1900 6.036[9]
B 0.5080 | 0.61[13] 0.60[9]
B’ 4.4821

It can be seen that the calculated results ar@ad ggreement with experiment and previous restlis.
calculated lattice constant values are 2.55% a®8%.higher than experimental values. The valuab®f
bulk modulus also compare favourably with both eikpental data and results by earlier workers where
available. The slightly greater values for theidatconstants are characteristic of the GGA.

The relativistic band structures are displayedgdnres 3.1 and 3.2. The graphs are for a planaigfirohe
Brillouin zone, surrounded by the high symmetrydifps W-L-A-T'-A-X-Z-W-K. The zero of the energy
scale shows the position of the Fermi level. Theitpms of symmetry points are indicated by vettica
lines.

For GaAs the valence band maximum and the condubédmd maximum occur & The same trend was
observed for InAs. So, these semiconductors armdiqiesl to have direct band gaplafor the zinc blende
structure. The results of the energy band for &aid InAs show a wide deviation of 64%and 58%Welo
the experimental values. This underestimation afiigap with GGA has been noted by earlier workers.
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In figures 3.2and 3.3 we show the total densitysiaites (DOS) for GaAs and InAs. The DOS energy
spectra are plotted in the range -15eV to +15e\é diashed line is the Fermi energy. The energy gaps
observed from the DOS are reported in Table 3.2.

Table 3.2: Energy band gaps (®Y)5aAs and InAs
(Experimental values are taken freft® while other calculated values are from 1&f)

Present work Experiment Other calculated values
GaAs 0.5134 1.42 0.42,1.16,1.17
InAs 0.1769 0.42 0.00, 0.76, 0.78

The total density of states was computed usingrtbdified tetrahedron method [7]. In this approdué t
Brillouin zone is divided into 48 tetrahedra cells.

The peaks in the DOS are in correspondence witkibegy bands in the band structure. The positibns
the conduction band minimum, the valence band mamirand the peaks in the total density of states are
also in good agreement with that by earlier workdrke overall profile for GaAs and InAs are simila
showing three prominent

peaks. The first peak appears around -10eV andsamginly from the As while the second at abouy-5e
is due to the Ga and In. The peak at about +5&Nesto the Ga and In. The peak at about +5eV in the
conduction band are contributed by both elementeefemiconductors.
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Figure 1: Electronic band Figure 2: Electronic band
structure of GaAs structure of GaAs
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Figure 3: Total Density of Figure 4: Total Density of
States for GaAs States for InAs

4. Conclusion

We have presented the calculation of structural eledtronic properties of group IlI-V semiconductor
compounds, GaAs and InAs in the zinc blende stracusing FP-LAPW method within the GGA
estimation. The calculated equilibrium lattice damnss, bulk moduli and energy gaps were compardu wi
experimental values and the results obtained bijeeaworkers. The overall band profile for all the
compounds is in agreement with the earlier bandcstre results. GaAs and InAs were found to have
direct gap (C ) in agreement with experiment and earlier resuli®wever our results show that the band
gap is underestimated. Recently a revised formeofl®&v Burke-Ernzerhof GGA called PBE sol [15] that
improves equilibrium properties has been introduced
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