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Purely wurtzite InAs/InP quantum rod nanowires (QRod-NWs)
emitting at 1.55 um have been successfully grown on silicon
substrates by VLS assisted molecular beam epitaxy.
Microphotoluminescence studies of single QRod-NWs reveal a
highly linearly polarized emission parallel to the nanowires axis.
This very high degree of linear polarization (> 0.9) can be
explained by the photonic nature of the NW structure. Moreover,
these QRod-NWs reveal a broad peak with an asymmetric
lineshape at 10K. From experimental and theoretical studies, we
conclude that this feature is a consequence of a piezoelectric field
induced by the strained InAs QRod.

l. INTRODUCTION

The growth of nanowires (NWSs) using the Vapor-Liquid-
Solid (VLS) method is well adapted to integrate IlI-V
semiconductors on silicon (Si) giving to the NW technology a
great potential in optoelectronics and photonics on Si
substrates. One original feature of I11-V semiconductor NW
growth is the possibility to obtain heterostructures with a
wurtzite (Wz) crystallographic phase instead of the more usual
zinc-blende phase. In the present work, we report on the
experimental observation of a piezoelectric field and a strong
polarization anisotropy in the photoluminescence spectra of
Wz InAs/InP quantum rod (QRod) NWs.

1. GROWTH CONDITIONS AND SAMPLE PREPARATION

The Wz InAs/InP QRod-NWs were grown by VLS assisted
solid source MBE on a (111) oriented Si substrate [1]. The
obtained structure consists of an InP NW with an InAs
insertion, called QRod due to its elongated shape (Figure 1.a).
The NWs have a 80 — 100 nm diameter and a 1.5 — 2 pum
length. The diameter and the length of the InAs QRods are
measured in the 8 — 11 nm range and the 20 — 100 nm range,
correspondingly. To study the NWs by means of low
temperature micro-photoluminescence (micro-PL), the NWSs
were ultrasonically removed from the as-grown substrate and
transferred onto a TEM copper grid, served as a host-substrate.

The sample was mounted in a He-flow cryostat and cooled to
10 K. The excitation was provided by a continuous wave He-
Ne laser beam (632.8 nm) focused by a microscope objective
to a spot size of ~ 4 pm.

I1l.  POLARIZATION RESOLVED PHOTOLUMINESCENCE

Polarized micro-PL studies have been performed on single
QRod-NWs at 10K and room temperature. A strong anisotropy
is observed: nearly all the PL emission is polarized parallel to
the NW axis (Figure 1.b and 1.c). The degree of linear

polarization (DLP) defined as DLP =1, -1 /1, +1, is

bigger than 0.9 and is temperature independent. This result is in
contradiction with the fact that the ground state of the bulk Wz
InAs should emit light perpendicular to the NW axis. This
result could be explained either by a heavy-hole light-hole
mixing [2] and/or by the photonic nature of the NW which
inhibits the dipole oriented perpendicular to the NW axis when
compared to the emission

the NW diameter
wavelength [3].

is small

a)

08 09 1.0 08 09 10
Energy (eV) Energy (eV)

Figure 1. a) TEM picture of an InAs/InP QRod-NW. Polarization resolved
PL of a single QRod-NW measured at 300K (b) and 10K (c).

To investigate this last hypothesis, a second sample has
been grown with the same growth conditions except a bigger

uPL intensity (abs. arb.)



InP growth time during the last step of the growth to increase
the NW diameter. With this sample, we were able to
investigate the polarization emission for NWs with diameters
in the 100-300 nm range. With increasing NW diameter, a
decrease of the QRod emission anisotropy is observed and the
DLP is equal to 0.45 for a 300 nm NW diameter. A strong
decrease of the DLP is also observed for the Wz InP peak: the
DLP, which is close to zero for thin NWs, reaches -0.6 for NW
diameters of 300 nm. This negative DLP means that the
emission is mainly perpendicular to the NW axis, in agreement
with the theory, and confirms that the DLP measured in thin
NW is impacted by the photonic properties of the NW.

IV. PIEZOELECTRIC EFFECTS IN QUANTUM ROD-NANOWIRES

The micro-PL emission of single QRod-NW ground states
has been investigated, at 10K, as a function of the excitation
power and an unusual behavior has been observed. Being broad
at low excitation power, the peak is blue-shifting and
narrowing as the excitation power is increased up to 0.2 mwW
(Figure 2.a).
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Figure 2. 10K p-PL spectra (a), emission energy (b) and linewidth (c) of a
single QRod-NW as a function of the excitation power.

The blueshift and narrowing of the PL emission with the
excitation power increase are typically related to an electric
field screening and explained in terms of quantum confinement
Stark effect (QCSE) [4]. Indeed, at low excitation power, the
emission energy is decreased and the linewidth is broad due to
the carrier separation induced by the electric field. However,
with a laser power increase, the electric field can be screened
by photogenerated carriers, weakening the QCSE and leading
to an emission blueshift (Figure 2.b) and a narrowing (Fig 2.c)
of the PL emission [5]. As the excitation power is reaching 0.2
mW, the electric field is completely screened, and the
following increase of the power is leading to the more usual
redshift and broadening. In the present case, due to the lattice
mismatch between InAs and InP materials, the Wz InAs
QRods are strained, so a strain-induced piezoelectric
polarization inducing an electric field may indeed be expected.

To investigate this phenomenon, observed at 10K, the same
excitation power dependence studies have been performed as a
function of the temperature. A blueshift and a narrowing are
observed up to 50K but their respective magnitudes decrease
with the temperature increase and, starting from 70K, no clear
shift or narrowing is observed. This transition, observed
between 50-70K, is equivalent to a thermal energy kT = 4-6
meV, value in the order of magnitude of the blueshift observed
at 10K. This means that the carriers are thermally activated and
can overcome the energy of the piezoelectric field.

In order to fully understand the piezoelectric phenomenon
taking place in the QRods and the role of the QRod geometry,
the calculation of the expected strain and piezoelectric field
inside these Wz QRod-NWs has been performed using the 3D
nano device simulator “Nextnano” [6]. An averaged electric
field of 40 kV/cm is obtained in the case of a QRod of 40 nm
in length and 8 nm in diameter. This piezoelectric field is
strongly related to the diameter and length of the QRod. This
could explain why the phenomena observed in Figure 2 were
not observed for all the QRods of the sample.

In conclusion, we report on the evidences of the strain-
induced piezoelectric field in Wz InAs/InP QRod-NWs. This
electric field caused by the lattice mismatch between the InAs
and InP results in a QCSE and, as a consequence, affects the
optical properties of the structure. Moreover, these QRods
revealed a very strong polarization anisotropy (DLP>0.9)
which is a consequence of the photonic nature of InP NWs.
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