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Abstract—We study the electronic properties of
In0.53Ga0.47As/InxAl1−xAs core/shell nanowires for light
emission in the telecommunication range. In particular, we
systematically investigate the influence of the In content x of
the InxAl1−xAs shell and the diameter d of the In0.53Ga0.47As
core on strain distribution, transition energies, and the character
of the hole wave function. We show that the character of the
hole state, and thus the polarization of the light emitted by
such core/shell nanowires, can be easily tuned via these two
experimentally accessible parameters.

I. INTRODUCTION

The materials system (In,Ga)As/(In,Al)As is one of the
prime contenders for light emission and absorption in the
telecommunication C band at 1.55 µm [1], [2]. Planar
(In,Ga)As/(In,Al)As heterostructures may be synthesized per-
fectly lattice matched to InP substrates, but also with intention-
ally strained (In,Ga)As layers by detuning their composition.
The resulting biaxial strain enables valence-band engineer-
ing [3] with beneficial consequences for the characteristics
of laser diodes [4]. In this context, core/shell nanowires
are of interest since they offer the possibility to incorporate
significantly higher levels of strain [5]. In addition, the core
diameter can be reduced to values at which strong quantum
confinement sets in [6]. Four experimental parameters (core
diameter, shell thickness, and the composition of core and
shell) are available for controlling the emission wavelength,
the strain state of core and shell and thus the ordering of
the valence bands, and the degree of quantum confinement.
Hence, (In,Ga)As/(In,Al)As core/shell nanowires are highly
versatile structures whose properties can be tailored exactly
according to the requirements of the specific application. Here,
we present a detailed theoretical analysis of the elastic, elec-
tronic, and optical properties of In0.53Ga0.47As/InxAl1−xAs
core/shell nanowires. We show that both transition energies as
well as the character of the hole state can be tuned via the
core diameter and the shell In content.

II. STRAIN DISTRIBUTION AND BAND PROPERTIES

The elastic properties of the system under consideration,
their impact on the electronic properties and finally electron
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Fig. 1. Strain distribution throughout the nanowire’s cross section for a core
diameter of 30 nm and a shell In content of x = 0.6 in %.

and hole ground state energies and wave functions were com-
puted using the generalized continuum elasticity and multi-
band k ·p modules of the Sphinx physics library [7], [8], [9].
The respective parameters were taken from Ref. [10] and we
have employed symmetry-adapted elastic tensor, polarization
vector [11], and eight-band k · p model [12].

Figure 1 shows the strain distribution throughout the cross-
section of an In0.53Ga0.47As/InxAl1−xAs core/shell nanowire
with a shell thickness of 50 nm for a shell In content of
0.6 and a core diameter of 30 nm. The magnitudes of the
strain are generally in a range that can be elastically relaxed
in such systems (in the specific example below 0.4%), but will
influence the electronic properties.

In fact, we observe significant alterations of the conduction
and valence band edges in the center of the nanowire, as is
shown in Fig. 2. While the conduction band decreases by about
300 meV when increasing the In content from 25 to 80%, the
valence bands change order at an In content of 53% with the
light hole band dominating below and the heavy hole band
above this value.

III. OPTOELECTRONIC PROPERTIES

Figure 3 (top) shows the energy difference between electron
and hole ground state as a function of the In content x of the
InxAl1−xAs shell for core diameters of 10, 20, and 30 nm.
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Fig. 2. Band edges in the center of the nanowire’s core as a function of the
In content x of the shell for a core diameter of d =10 nm.

The thickness of the InxAl1−xAs shell is 50 nm and the core
material is In0.53Ga0.47As in all cases. The energies decrease
almost linearly below In contents of 50–75%, where a kink
towards a stronger decrease of the energies is observed. For
the selected core composition, the transition energies cover the
entire long-wavelength telecommunication range between the
O and the L band.

Figure 3 (bottom) shows the geometrical electron-hole
ground state overlap

O =
∑
r1

∑
r2

∑
r3

%e(r1, r2, r3)%h(r1, r2, r3) (1)

with %e(r1, r2, r3) and %h(r1, r2, r3) being the electron and
hole ground state charge densities and r1, r2, r3 denoting the
spatial discretization of the super cell. The curves exhibit a
nontrivial behavior, resulting from the nodal character of the
hole wave function (insets in Fig. 3 show the hole charge den-
sity). O increases first, with the hole being of predominantly
heavy-hole character, and decreases above a shell In content
of ≈ 50% for d = 20 and 30 nm, where the hole state is
affected by strong band mixing. Above In contents of 60 (at
d = 30 nm) or 65% (d = 20 nm) the overlap increases again
with the hole being mainly of light-hole character. Finally,
O sharply drops to much lower values due to the hole state
being pulled out of the core region by the strong polarization
potentials. We note that the intermediate state in which the hole
is subject to band mixing is not observed for a core diameter
of 10 nm.

IV. SUMMARY

We have investigated the influence of core diameter
and shell In content on the optoelectronic properties of
In0.53Ga0.47As/InxAl1−xAs core/shell nanowires. These two
parameters were found to largely control both the transition
energy and the valence band ordering, i. e., the predominant
character of the hole state. Tuning them allows us to adjust
the transition energy to the desired telecommunication wave-
length, and to control the polarization state of the emitted light.
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Fig. 3. Top: Electron-hole ground state recombination energy as a function
of x for different core diameters d. Bottom: Electron-hole ground state
geometrical overlap O for different core diameters as a function of the shell
In content x. A cross-section view of the hole ground state is provided as
insets for the characteristic cases.
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