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Abstract

We report the temperature dependence of the photoluminescence from our V-grooved GaAs/AlGaAs quantum wires. Based
on the specially resolved luminescence results, our results show that in the processes of real space carrier transfer from th
vertical quantum well region to quantum wire region, a 3.5 meV thermal activation energy has been experimentally observed
in our sample. The thermal activation is attributed as the scattering process of carriers from two-dimensional states in the
vertical quantum well to the one-dimensional quantum wire states. Based on numerical energy band structure analysis, a therma
activation energy of 2—9 meV is obtained theoretically, in good agreement with the experimental 2@f4. Elsevier Science
B.V. All rights reserved.

PACS 78.66.Fd; 73.61.Ey; 71.35.-y; 71.55.Eq; 72.15.Rn

The great success of electron and hole confine- tum wire (QWR) system exhibits stronger oscillations
ments in two-dimensional (2D) quantum well sys- atthe energy bandedgesin its density of states. And its
tems [1,2] excites further interest in the even-lower- reduced density of states due to extra one-dimensional
dimensional systems, i.e., quasi-one-dimensional (1D) quantum confinement as compared with 2D quantum
[3,4] and quasi-zero-dimensional (0D) semiconduc- well results in a population inversion at a lower thresh-
tor structures [5]. In comparison with the bulk (three- old current. Recently, low-threshold GaAs QWR laser
dimensional, 3D) and 2D semiconductors, the quan- has been demonstrated by Kapon [3] and Tiwari [6]

using epitaxial growth on V-grooved substrate.
Because of the small active volume in QWR device,
~* Corresponding author. a highly efficient process of carrier trapping into the

E-mail address: zhao@fy.chalmers.se (Q.X. Zhao). QWR region becomes crucial for laser operation [7].
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Fig. 1. The geometric structure of the QWR (not to scale).
Geometric parameters of the QWR system are determined from
TEM: L =20, c = 14,a = 150,b = 300, andd = 45 A.

In the self-organized growth process, free carriers in
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Fig. 2. Electron local densities of states at QWR regionz) =
(0, 2) A with solid line and at VQW regiotty, z) = (0, 300) A with
dash line.

V-grooved channels etched on GaAs (100) semi-
insulating substrate. A detail description has been re-
ported early [11,12]. The cross section of the

the crescent-shaped wire at the bottom of the V-groove GaAs/Alp sGay sAs QWR sample was studied by trans-

are laterally confined by either the bulk AlGaAs bar-
rier or GaAs/AlAs multiple quantum wells. When the
bulk AlGaAs barrier is used for the lateral confinement
for QWR carriers, a vertical quantum well (VQW)
normally forms in the AlGaAs alloy at the bottom
of the V-groove due to the segregation of the group
Il species [8] (Fig. 1). Theoretical studies have indi-
cated that carrier transport from the 3D states in the
bulk AlGaAs barrier into the VQW is very fast. The
carriers are then scattered into QWR where they re-
lax rapidly to the bandedge. This VQW enhancement
on the carrier trapping rate of QWR is superior to the
GaAs/AlAs superlattice barriers grown by molecular
beam epitaxy [7].

Although there have been quite a lot of studies on
the carrier scattering behavior [9,10], it is much in-
teresting to study experimentally the carrier transport
process between QWR and VQW regions. In this Let-

mission electron microscopy (TEM) [11] and the spa-
tially resolved luminescence at room temperature has
been performed to attribute the luminescence peaks to
micro-structures in the sample [12]. The structure is
shown schematically in Fig. 1 where the geometric pa-
rameters are obtained from the TEM measurement. In
our sample, the VQW in the AlGaAs barrier is clearly
observed in our early report [12] similar with that on
other MOVPE samples [3]. The width of the VQW
is about 9 nm with a mole fraction of Al about 0.25
which are estimated from the energy positions of the
PL peaks from VQW.

Since the carrier transition process between QWR
and VQW depends critically on the energy levels,
we first determine the energy levels in the 2D struc-
ture shown in Fig. 1. Based on two-dimensional
Schrédinger equation in the effective mass approxi-
mation, we calculate the local density of states by the

ter we describe the results of carrier trapping process recursion method [13,14]. The local density of states

in QWR on V-grooved substrate which contains a
VQW structure in the AlGaAs barrier. Our results in-

is obtained from the local Green’s function. It is the
sum of the amplitudes of the degenerate states at a

dicate that at low temperature the photoluminescence spatial point. In Fig. 2 we present the local densities

(PL) from QWR is dominated by the carriers transfer-
ring from VQW by overcoming a thermal active en-
ergy.

We investigate a GaAs QWR that were grown
by metal organic vapor phase epitaxy (MOVEP) in

of states in the central of QWR and VQW. We ob-

serve two kinds of energy states in the system: a set of
discrete sublevels localized in the QWR region (there
is only one discrete electronic sublevel in the present
QWR structure) and a set of continuum states in both
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The PL spectra and their temperature dependence are
Fig. 3. Temperature-dependent photoluminescence spectra. The dotspresented in Fig. 3. The solid lines are the Gaussian
corres_ppnd to measurement data and the solid lines are obtained(,ryes fitting and the experimental data are presented
from fitting process. by dos. Comparing with the room temperature of
the micro-PL spectra in our early report [12], the

the QWR and VQW regions. All the energy states are peaks between those at low temperature and room
relative to the GaAs conduction band edge. temperature can be well correlated by an energy shift

The discrete electronic state in QWR is confined of about 80 meV which is same as the band gap shift of
by the (111) and (111) surfaces. The electron will GaAs from 5 to 300 K. So the peaks labeled as NQW,
be finally trapped on this state in QWR followed SQW, VQW, TQW and QWR are from neck region,
by recombination. The continuum states in the QWR side-wall quantum well, VQW, top-wall quantum well
starts at 241 meV, 2 meV above the ground state of and quantum wire, very similar with the early report
VQW. A resonant peak is obtained in the electron [3,15]. Similar with the normal narrow quantum well
continuum states, which is about 9 meV above the structure, the doublet of the PL peaks labeled as
ground state of VQW. The qualitative indication of the NQW and SQW is due to the monolayer fluctuation
strength of the trapping process can be obtained from in the quantum well width. The weak PL peak around
the spatial overlap of VQW and QWR states [7,9]. 1.83eV at5K s the PL from QWR in good agreement
According to the local density of states in Fig. 2, one with our theoretical value of 1.84 eV. As shown in
can expect a electron state in the energy range fromFig. 3, there is about 45 times increase of the QWR
241 to 128 meV will have strong spatial overlap of PL intensity from 5 to 30 K followed by a rapid
VQW and QWR states. So in the scattering process decay. It is more clearly presented in Fig. 4 as triangle
between QWR and VQW, there is thermal active points with error bars. As discussed in the following
energyE, in the region of 2-9 meV. In the temperature text, the strong QWR PL intensity increase behavior
region of 5-60 K the thermal active diffusion will be reflects the enhancement of scattering rate from VQW
dominated by thermally activation energy. to QWR. So in our sample, the carriers trapped from

The temperature dependence of the PL from our V- VQW has dominated in the total amount of carriers in
grooved QWR structure is investigated to check the QWR at 30 K, which shows that an optimization of
thermal active energy. The photoluminescence spectrathe VQW is very important for the laser application
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of V-grooved QWR. The rapid intensity decay is from and is explained by the strong overlap of electron
the non-radiative recombination quenching. states in QWR and VQW.

The temperature dependence of the emissions is
mainly influenced by the activation and tunneling
process. Relative to the carrier transfer contribution Acknowledgement
from VQW to QWR, in our structure the tunneling
between the side-wall quantum wells and QWRs is  This work was supported by a grant for State Key
strongly reduced by the neck region due to high Program for Basic Research of China, the Australian
energy barrier as observed in our PL spectra; the Agency for International Development through IDP
neck region volume is only about 0.3% of VQW; Education Australia under Australia—China Institu-
the total scattering rate for the direct transferring of tional Links Program, and the National Natural Sci-
carriers from barrier region to QWR region is at least ence Foundation of China.
5 times smaller than that from the VQW [7]. So in
our experimental temperature region, it is reasonable
to consider the VQW as a dominant the channel for References
carrier transferring to QWR. By the kinetic model [16]
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