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InAs with wurtzite crystal structure:
full-potential and pseudopotential ab-initio calculations

Zeila Zanolli1 and Ulf von Barth2

1Division of Solid State Physics, Department of Physics, Lund University, Lund, Sweden
2Solid State Theory, Department of Physics, Lund University, Lund, Sweden

A. Motivation

Recent experimental photoluminescence (PL) measurements on InAs/InP core-shell nanowires
(NWs) [1] have demonstrated the existence of a new polymorph of the InAs compound, a finding
subsequently confirmed by transmission electron microscopy (TEM) measurements: InAs in the
wurtzite phase (Fig. 1). Since bulk InAs only exists in the zinc-blende phase there are few theoretical
studies reported in literature on the new polymorph.

B. Investigation methods

We here present our results from ab initio electronic structure calculations on both the zinc-blende
and wurtzite phases of InAs. We have performed all-electron full-potential linearized augmented
plane wave (LAPW) calculations with and without spin-orbit interaction using the WIEN2k package.
We use the local-density approximation (LDA) as parameterized by Perdew and Wang [2] for the
exchange-correlation potential and we study how the band-structure is a!ected by the relativistic
corrections.

We compare the all-electron results with LDA plane wave pseudo-potential calculations performed
with di!erent kinds of pseudo-potentials. These pseudo-potentials are Ultra-Soft and PAW as
implemented in the VASP code, norm conserving Fritz-Haber-Institute (fhi98pp) pseudo-potentials
built according to the Troullier-Martins scheme and the relativistic Hartwigsen-Goedecker-Hutter
(HGH) pseudo-potentials as implemented in the ABINIT code. For every pseudo-potential the In
4d electrons are treated both as core and as valence electrons.

Fig. 1 TEM image of an InAs nanowire. The crystal structure is wurtzite.
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C. Results

a. Structure optimization. The results obtained from the structure optimization of InAs for
both zinc-blende and wurtzite phases are shown in Table 1. The plane wave pseudo-potential calcu-
lations are made by treating the In 4d electrons as either valence or core states. The experimental
values for the wurtzite lattice constants are taken from TEM measurements. For the zinc-blende
structure the experimental parameter measured at room temperature [3] has been extrapolated to
zero degrees Kelvin.

We compute the equilibrium lattice parameters by calculating the total energy for di!erent values
of the lattice constant and then fitting the so obtained energy-volume curve with the Murnaghan
equation of state. We find the equilibrium volume to be V0 = 735.63 a.u.3 and hence equilibrium
lattice parameters equal to a = 4.2558 Å and - assuming the ideal c/a ratio - c = 6.9497 Å.

From the optimization of the c over a ratio for the wurtzite structure we find that the ideal value!
(8/3) is well satisfied. The equilibrium ratio we obtain is 0.452 % larger than the ideal one, hence

resulting in c/a = 1.64037
We thus find that the all-electron calculations and the pseudopotential calculations with the In

4d as valence electrons give results in close agreement and slightly underestimating (!0.02 Å) the
experimental numbers. The results of the pseudopotential calculation with the In 4d electrons in
the core are instead rather far from the experimental values. This gives a first indication of the
important role played by the In 4d electrons in pseudopotential calculations. The former should
definitely be treated as valence states in order to obtain a realistic description of InAs compounds.

zinc-blende wurtzite wurtzite

a a c

experimental 6.0542 Å 4.2839 Å 6.9954 Å

all-electron 6.0320 Å 4.2558 Å 6.9497 Å

US In 4d val. 6.0320 Å 4.26633 Å 6.9669 Å

US In 4d core 5.8022 Å 4.10603 Å 6.7051 Å

Table 1. Lattice constant for InAs in the zinc-blend and wurtzite phase. US denotes
Ultra Soft pseudopotential calculation with the In 4d electrons included betweed the

valence or core states.

b. Band structure calculation. For InAs in the wurtzite phase, we performed band-structure
calculations using lattice constants measured by TEM. The results from all-electron and PAW
pseudopotential calculations (with and without considering the In4d electrons as valence states) are
shown in figure 2. We find that the all-electron and the PAW methods give similar results if the In 4d
electrons are treated as valence electrons - bulk InAs in the wurtzite phase has a direct gap but the
gap comes out negative within the LDA. This was expected since also InAs in the zinc-blende phase
is wrongly predicted to be a metal within the LDA. To achieve an accurate description of the gap
of InAs in the wurtzite phase it is necessary to use calculations based on many-body perturbation
theory, e.g., the GW approximation.

In contrast to these results the PAW band-structure obtained by treating the In 4d electrons as
core electrons has a small gap at the " point of 0.106 eV and the valence band has a smaller width.
We have similar results from the study of the zinc-blende phase of the InAs.
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Fig. 2 LDA Band-structure of InAs in the wurtzite phase resulting from all-electron
LAPW calculation (a) and PAW pseudo-potential calculation with In 4d electrons treated

as valence (b) or core (c) states. EF is the Fermi energy.

D. Conclusion

We have demonstrated that it is necessary to include the In 4d electrons among the valence
electrons in calculations based on pseudo potentials in order to accurately describe the InAs com-
pound. The accuracy of such a pseudopotential calculation is close to that obtained in an all-electron
calculation.

We have found that the band structure of the wurtzite InAs is very similar to the zinc-blende
one for what concerns the band ordering but it shows a crystal field splitting of 84 meV due to the
change in symmetry. The equilibrium volume per atom of the wurtzite is smaller than that of the
zinc-blende phase by 1.23 a.u.3. This indicates that the InAs crystallizing in the wurtzite phase has
similar properties to those of the other polymorph.
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