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Abstact

The full-potential linearized augmented plane wave method (FP-
LAPW) within the generalized gradient approximation (GGA) is used to
calculate the structural and electronic properties of zinc blende GaP and I nP.
In this approach we obtained ground state properties such as equilibrium
lattice constants, bulk modulus and its pressure derivative which are in good
agreement with previous results. However our study shows that the GGA
underestimates the energy band gap of both semiconductors.
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1.0 Introduction

GaP and InP belong to the group IlI-V semicondrisctwystallizing in the zinc blende structure. Tdes
semiconductors which are widely used in modernnreldgy have received a lot of attention. Howeversuik
need first principles method in other to appreciatéy these semiconductors. The density functiotmegory
(DFT), [1] provides such a method.

The DFT has been very successful for calculathrg électronic structure of solids and molecules.
Approximations enter the DFT through the exchangeetation term. Thus the primary task in the sohutis
choosing good approximation for the exchange caticel energy. The local density approximation (LDE) is
one such approximation. The LDA assumes that ticbange correlation energy arising from a volumenelat
in an inhomogeneous system is the same as if tlame element would be embedded in a homogeneous
electron gas of that same density. There are mapkigticated approximations involving both the sgensity
and the gradient of density. This is called the &alized Gradient Approximation (GGA).

In this work, we shall use the generalized gradigproximation (GGA) as parameterized by Perdew,
Burke and Ernzerhof (PBE-GGA) [3] within the fulbgential linearized augmented plane wave (FP-LAPW)
method [4,5] to study the electronic and structpraperties of GaP and InP.

The paper is arranged as follows: section 2 vélldevoted to the computational procedure while the
results and discussion will appear in section 8ally conclusions will be drawn in section 4.

2.0 Method of calculation
The basic approach in density functional theoryri@ism is to solve the Kohn-Sham (K-S) equations
which have the form of the single-particles Schnger equation:
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and applying
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where the single particle wave functiofg (r) are theN lowest energy solutions of tieS equations, and the
effective potential % is given by

n(r' ,
Vi (r):v(r)+.[|r(_r,| dr'+v,(r) (2.3)
wheren(r) is the ground state density corresponding to tereal potential(r) andv,. the exchange correlation
potential defined as the functional derivativelasd exchange correlation energy :

_ &E,[n(r)]
XC d’](r)

Equations 2.1, 2.2 and 2.3 are solved self-comgigteA successful approximation to the exchangeetation
energy is the generalized gradient approximatioBA%E Within the GGA, the exchange correlation eyefg.
takes the form

(2.4)

ESCGA[M'”T]=jd3rf(nT.nl,DnT,Dnl) (2.5)

The LAPW method is a procedure for solving the Kduations for the ground state density, total
energy and K-S eigenvalues of a many electron syt introducing a bases set which is well adapeethe
problem. In this method, the unit cell is dividedto two regions: non-overlapping muffin tin spheres
surrounding every atom and the interstitial regietween the spheres.

The LAPW basis function¢kn which are used for the expansion of the KS wawvetfans
W, = .C,gkn (2.6)
n

1 )
are defined as @, =——¢“' (2.7)
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interstitial region
=3 Ani, Uy (1 E) + By U (1L E)Y,., (1)
Im

inside sphere, where (r,E) is the regular solution of the radial Schrodingguation for energy;_Eu(r,Er) is

the energy derivative of;tiaken at the same energy E

In this section we present the computational tieghes used in the study of the structural and edait
properties of GaP and InP which crystallizes in #irec blende structure. We have used the full-p@ken
linearized augmented plane wave (FP-LAPW) methoinatemented in the WIEN 2k code [6] to calculdie t
electronic and structural properties of GaP and InRhis calculation the exchange and correlapotential is
incorporated in the GGA by using the scheme of ®&grBurke and Ernzerhof [3].

The optimized sphere radii of Ga and In are eadta®bmic units while that of P is 2.0 atomic uriits
both cases. In the spheres both the charge denaitibthe potentials are expanded in terms ofalriigrmonics
up to angular momenta= 6. Brillouin zone intergrations have been doemg 116 k-points in the irreducible
part of the Brillouin zone. Well converged solusowere obtained atyRK.,.x= 9, where Ry is the atomic
sphere radii and [, is the interstitial plane wave cut-off.
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3.0 Results and discussions
To calculate the ground state bulk properties aP@nd InP, the total energies are calculated for

different volumes around the equilibrium cell volenThe plots of calculated total energies versusmes for

the semiconductors are shown in figure 3.1. Theutaled total energies are fitted to the Murnaghdi]

equation of state in order to obtain the grountegteoperties such as the equilibrium lattice camis, the

Table 3.1: Structural properties of GaP and InP.

Present work | Other calculated values Experiment
GaP
a (A) 5.5134 5.34[8] 5.45[9] 5.4505[10]
B(Mbar) | 0.7678 0.90[8] 1.127[9] 0.89[10]
B’ 0.4339
InP
a ) 5.9703 5.8687[10]
B(Mbar) | 0.5950 0.67(11) 0.71]10]
B’ 4.5287

Table 3.2 Energy band gaps (eV) for GaP and InP

Present work| Other calculated values Experiment

GaP| 1.8204 1.50, 2.52[12] 2.39[13]
InP | 0.6864 0.43, 1.55[12] 1.42[13]
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Figure 3.3a Total density of states for GaP Figure 3.3k Total density of states for InP
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bulk modulus B and the pressure derivative of thi& modulus B The calculated equilibrium parameters Ba
B') are given in Table 3.1. Available experimentaiadand results from previous first principles cédtions are
presented for comparison.

The observation in Table 1 is that the presentysslghtly overestimates the experimental lattice
consistent of GaP and InP by 1.15% and 1.73%. Weisonclude that the calculated values of the sirat
properties are in reasonable agreement with expatim

The electronic band structure of these fcc com@suwrhich crystallize in the zinc blende structuagd
been calculated along the high symmetry lines efBhllouin zone. These calculations are carrietiusing the
experimental values of the lattice constants. gure 2, the relativistic band structures of GaP &m@
determined without spin-orbit coupling are displdyd@he graphs are for a plane through the Brillozdme,
surrounded by the k-points W-A-I'-A-X-Z-W-K. The zero of the energy scale shows thsitin of the Fermi
level. The positions of symmetry points are indéchby vertical lines.

For GaP, the energy gap is indiredt-X) with the valence band maximum (VBM) occurredaI -
point and the conduction band minimum(CBM) at X.eTénergy gap for InP is diredf-(T") with both the
valence band maximum and the conduction band mmiratuthel’ point. This is in agreement with the earlier
results. The calculated indirect and direct barpsdar GaP and InP as well as some previous theakegsults
and experimental data are presented in Table 3.2.

It is observed that both the indirect and the diteand gaps are underestimated by the PBE-GGA
calculations. This may be attributed to the negiécpin-orbit coupling that improves equilibriumoperties of
densely-packed solids and their surfaces.

The total density of states (DOS) for GaP and dné®shown in figure 3.3. The position of the peaks
and general structures are in agreement with eadieulations. The band gaps also correspondatoaihserved
in the band structure.

40 Conclusion

We have used the generalized gradient approximetigthin the full potential linearized augmented
plane wave method to study the structural and releict properties of zinc blende GaP and InP. Wel uke
GGA as the exchange-correlation potential whichegas good structural properties. However the baqukg
were underestimated showing the need for a be#seription of the exchange correlation functiofzdP was
observed to have indirect band gap while InP hdisegt gap.
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