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Simulations are performed for wurtzite GaN nanowire in order to investigate electronic properties
which influence the optical properties. The confinement potential and energies are achieved. The
6/8-band k-p method is used for electronic structures. Quantum wire could also manifest dark
exciton. Simulations make use of dispersion relations. The resonant tunneling diode has also been
calculated using multi-scattering Biittiker(MSB) probe for GaN/AIN structure wherein scattering
mechanism has also been incorporated. The remaining parameters are varied in order to obtain the
right structure and the plane of growth in GaN crystal.
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Enormous progress has been made in the development
of GaN-based semiconductor concerning quantum wire
(QW) and resonant tunneling devices (RTD) during the
last decade. It has become very important structure
in the field of low-dimensional physics and chemistry.
Semiconductor quantum wires exhibit novel electric and
optical properties owing to their one- dimensional struc-
ture and possible quantum confinement effects in two
dimensions. GaN-based (wide-bandgap) quantum wire
have a surpassing properties as compared to quantum
well structures [6] and has earned a special place in op-
toelectronic devices. However, its wurtzite (hexagonal)
structure, which leads to strong piezoelectric and pyro-
electric field in polar heterostructures, see Fig. 1, e.g.,
2021 plane is suitable for yellow-green wavelength for
the emission in semiconductor laser devices [1]. Differ-
ent planes of heterojunction give creative way of study-
ing internal polarization fields [2]. Therefore, GaN-AIN
based resonant tunneling diode has been calculated by
using a new method known as multi-scattering Biittiker
(MSB) probe model, initiated in [10]. A double barrier
resonant tunneling diode revived for studying internal
spontaneous and piezoelectric polarization fields in po-
lar heterojuntions, i.e., tunneling transport within GaN-
AIN heterostructure is influenced by spontaneous, piezo-
electric and pyroelectric polarization. RTD is also good
candidate for negative differential conductance [2].

A GaN (wurtzite structure, Fig. 1) nanowire is of cylin-
drical shape of radius 2 nm is simulated with infinite
barrier so that wave function can be assumed to be zero
at the boundary. In the nanowire with radius 2 nm,
the electron-hole transitions (el-hl) are not very proba-
ble because wavefunctions do not overlap much [4], i.e.,
ground state of electrons L = 0 to ground state of holes
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FIG. 1: Different planes are shown within GaN wurtzite crys-
tal and depicting the nanowire of 4 nm diameter.

L = +/ —1 (dark exciton effect [5]). Due to symmetry,
some of the hole state are degenerate, however, three
hole states are shown as probability density distribution,
[(r)|? in Fig. 3 while Fig. 2 is showing hole states as
valence bands.

The resonant tunneling diode with two barriers of AIN
consists of the following layers: GaN (5 nm thick,
7% 10'® per em? doping), GaN (2 nm thick, no doping),
AIN (0.5 nm, no doping), GaN (4 nm thick), AIN (0.5
nm, no doping), GaN (2 nm thick, no doping), GaN(5
nm thick, 7% 10'® per em3 doping) consecutively. Its
density of states at the source and drain are shown in Fig.
4 and Fig. 5 respectively. This work is based on using
the Nextnano software [3] and the publications as cited
below [4, 6, 8, 9]. The results calculated by Nextnano
match well with other groups [4].
vast variety of ’input files’ (commands) which could be

The software has a
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FIG. 2: Hole states of the cylindrical GaN nanowire and

showing the dispersion near k = 0 , which is possible reason
for dark excitons.

adjusted in order to predict more realistic results.
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FIG. 3: Probability density distribution, |4(r)|?, x & y in
nm,, for the three hole states, namely 34th, 11th and 5th in
the GaN nanowire.
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FIG. 4: Position resolved density of states at the source of
RTD.

GaN-based nanowire with 4 nm diameter with infi-
nite length has been investigated and an attempt is
projected to realize dark-exciton which could act as
a qubit. Making use of dark-exciton as qubit needs
further innovations in order to predict theoretically
and be compatible with experiments. During the last
three years GaN-based RTD has made new advances
[2] within the GaN-based family of semiconductors
following its recognition in blue emission.
double-barrier IIl-nitride RTD shows how internal
polarization fields can be studied. Herein the tunnel-
ing transport is strongly influenced by the internal
spontaneous, piezoelectric and pyroelectric polarization
fields which are inherent to the non-centrosymmetric
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FIG. 5: Position resolved density of states at the drain of
RTD.

crystal structure of ITI-nitride semiconductors. Its new
application to build reproducible quantum cascade
radiation has been observed at higher temperature,
i.e.,, a new field of research [2, 8]. Multi-scattering
Biittiker (MSB) probe method for quantum transport
is also more computationally efficient as compare to
nonequilibrium Green function method [9].
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