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Abstract—We present a numerical model of quasi one-
dimensional and quasi zero-dimensional semiconductor het-
erostructures strictly based on experimental structures of
polyphorm cylindrical nanocolumns.

I. INTRODUCTION

The challenge of the quantum dot (QD) fabrication tech-

nology is to obtain highly homogeneous arrays with little

dispersion in size, composition and shape in order to maximize

quantum efficiency. One of the most promising solution for

application in nanoelectronics [1], and nanophotonics [2] is

the growth of free standing semiconductor nanowires (NW)

and nanocolumns (NC). The technology of manufacturing such

NWs is now intensively developing [3]- [4], and allows to

control the sizes and location of NW at the nanometer scale.

However, GaAa/AlGaAs NWs also possess growth mech-

anisms that might have strong influences on their electronic

properties, since the crystal structure of a < 111 > nanowire

may spontaneously switch during the growth from zinc-blende

(Zb) to wurzite (Wz) phases [5], leading to a strong modifi-

cation of the time resolved photoluminescence spectra [6].

Only quite recently the electronic structures and the vari-

ation of the fundamental gap of the Wz phase of these

crystals have been studied, but only a relative small amount

of parameters for bandstructure calculations are available in

the literature. We mention quasiparticle calculations of Wz

polymorphs of InAs and GaAs using the GW approximation

[7], calculations of the bulk electronic band structures of non-

nitride III-V semiconductors in the Wz phase using empirical

pseudopotentials [8], and electronic structure of the Wz phases

of GaAs and InP with using Tight Binding model [9].

We have simulated an AlGaAs NW with an embedded GaAs

QD, considering two different cases, a pure Zb case and a

polymorph Wz-Zb case, respectively. Dimensions, structural

and geometric parameters have been strictly derived from

experimental data.

II. THEORY

We have implemented an 8-band ~k · ~p model [10] for

bandstructure calculations including electromechanical fields
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Fig. 1: Left: TEM image of an AlGaAs NW with wurtzites

and zincblende phase alternations. Right: a scheme of the sim-

ulated AlGaAs nanowire with the embedded GaAs quantum

dot (QD) for Mx case. The different crystal phases of the

correspondent layers are also indicated. All the dimensions

are given in the text.

[11]. The parameters for the Pikus-Bir Hamiltonian of the

Wz materials have been derived from the correspondent Zb

materials using the cubic approximation [12], while the stiff-

ness parameters of Wz crystals have been estimated from

Martin’s transformations [13], [14] using the Zb parameters.

Models and parameters for electromechanical fields and ~k · ~p

calculations have been derived in detail in our recent paper

[15].

In the left side of Figure1 a TEM image of one of our

AlGaAs NW clearly shows the of phase transitions from Zb

to Wz crystal structures. Here, layers parallel to the growth di-

rection correspond to ABAB lattice repetitions of Wz, whereas

the layers which appear to zigzag correspond to the ABC

repetitions of the Zb phase. Darkest layers between the two

crystal phases suggest the presence of a strain field given by a

lattice mismatch between Zb and Wz phase of AlGaAs. In our

model we have studied an AlcGa1−cAs nanowire (c = 0.25,

diameter of 40 nm, height of 50 nm), with an embedded GaAs

QD (diameter of 20 nm and hight of 5 nm), comparing two
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different cases: a pure Zb case, and a mixed structure (Mx)

( Figure 1, right side) where the GaAs QD is sandwiched by

two adjacent 8 nm high Wz layers and surrounded by a Zb

AlGaAs shell. The Mx structure is completed by Zb layers at

the top and at the bottom.

III. RESULTS

We plot in Figure 2 the conduction (Ec) and valence (Ev)

band along the z direction for Zb and Mx structures.
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Fig. 2: Conduction (top) and valence (bottom) band along the

z direction for both the Zb and the Mx cases Energy in eV,

where the 0 is given by the Fermi level.

Besides the usual case of a Zb QD embedded in a Zb matrix,

we notice for the Mx conduction band, the well of the QD

is surrounded by the energetically higher barrier of the Wz

layers. This results in an increased quantum confinement for

the electron states. The hole bands of the Mx structure exhibit

a sort of double well given by the potential profile of the QD

and the two adjacent Wz layers, which act as a second wider

well, able to contain several confined states.

In Figure 3 we plot all the confined states for the electrons

and the holes for both Zb and Mx situations. The main
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Fig. 3: The calculated states for electrons (top) and holes

(bottom). The x scales enumerates the number of the cor-

respondent state (different scale for electrons and holes). The

energy in the y axis is referred to the Fermi level as in Figure 2.

difference we observe between the Zb case and the Mx

case for the electron states is a higher degree of quantum

confinement in the latter, which slightly increases the energy
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Fig. 4: Oscillator strengths in x directions for the Mx model

compared with the positions of experimental transition results:

time resolved photoluminescence (PL) for the first transition,

photoluminescence excitation (PLE) for the second and third

ones.

levels. Concerning the holes, the higher energy states (in

absolute value) display different trends. The states of the Mx

model are systematically lower in energy, and the onset of this

change corresponds to states that start to delocalize in the Wz

layers, adjacent to the QD.

In Figure 4, the lowest range of the Mx simulated spectrum

is compared with the positions of three peaks given by

experimental results from a specific nanowire sample with

approximately the same dimensions of our model. Despite

the fluctuations of measurement data from different samples,

which cannot completely validated the model, the agreement

for this particular sample is very good.
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