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INTRODUCTION

In comparing bulk and two-dimensional semicon-
ductors, one-dimensional quantum wire (QWR) (one
dimension is extended and the other two dimensions
are confined) has an energy density of states consist-
ing of discrete peaks at sublevel energies. It has
been demonstrated recently in V-groove QWRs that
a population inversion is obtained at a lower thresh-
old current in QWR lasers.1,2 In such devices, the
efficient carrier trapping into the QWR region is es-
sential because of the small active volume in QWR
lasers.3 The side-wall quantum well (SQWL) could
be a good channel through which carriers inject into
QWR. In practical applications, however, top quan-
tum well (TQWL) and a certain part of SQWL
should be electrically degraded in order to form
current-blocking regions to reduce dark and thresh-
old currents and to suppress parasitic-recombination
centers.4 The optimization of laser performance,

therefore, requires a compromise between extending
the carrier capturing/injecting channel by increas-
ing the area of the SQWL neighboring the QWR and
reducing the carrier-escaping channel by decreasing
the area of the SQWL neighboring the TQWL. The
balance would be established by retaining the QWR-
neighbored SQWL to be as large as possible within
the effective carrier-transferring length and eli-
minating the other parts. In this sense, the effective
carrier-transfer length becomes crucial in determin-
ing the area of the SQWL to be retained. Carrier-
transfer processes in cleaved-edge overgrown QWRs
have been studied by R.D. Grober et al. using near-
field scanning-optical microscopy.5 However, for
V-groove QWR, the information of carrier transfer
is insufficient. In this article, we report a micro-
photoluminescence (�-PL) line-scanning study of
GaAs/AlGaAs QWR structures at room tempera-
ture. By using a small excitation-laser spot and the
same small PL-collecting diaphragm, the effective
carrier-transfer length is deduced from the �-PL
scanning over QWR and SQWL regions.
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equals the image size of the laser spot and enables the
probed-PL light to come only from the region located
at the illuminated spot and be confined to about
0.8 �m in diameter. The line-scanning direction was
along the x-axis with an advancing step of 0.1 �m.
There was a piezoelectric-ceramic adjuster mounted
between the objective and the mounting turret, which
allows variation of the z position of the objective. Be-
fore each exposure at each step, a quick z scanning of
this adjuster, in combination with signal-automated
analysis and feedback control, allows the detection of
the surface for each measurement point to achieve
auto focus.

RESULTS AND DISCUSSION

Figure 2 shows the complete PL-spectrum profile
recorded by the line scanning. It consists of a
central-valley area (where the QWR is located) and
two peaked areas at the two sides of the central
valley, showing clear spatial dependence of the PL.
Typical PL spectra in these different areas are
illustrated in Fig. 3 at (a) 1 �m left to the center,
(b) V-groove center, and (c) 1 �m right to the center.
Spectrum (a) and (c) are the first two spectra show-
ing strong peaks at about 1.939 eV, when the
exciting/collecting spot is moving away from the
QWR. Although in Fig. 3a there are still some rem-
nants of the PL at 1.743 eV, the spectrum is domi-
nated by the PL at 1.939 eV. The lowest energy peak
at 1.422 eV is from bulk GaAs. The highest energy
peak at 2.066 eV corresponds to the transition be-
tween the X valley in the conduction band and the
� point in the valence band of theAl0.5Ga0.5As barrier,
which has an indirect-bandgap structure. The PL
peaks between 1.422 eV and 2.066 eV come from var-
ious confined-quantum structures. According to the
theoretical analysis8 and the sample structure,6,8

these PL peaks are attributed to QWR (1.743 eV),
SQWL (1.939 eV), necking quantum well (NQWL,
1.967 eV), vertical quantum well (VQWL, 1.886 eV),
and TQWL (1.865 eV), respectively, as labeled in
Fig. 3. The VQWL is low Al-fraction AlGaAs well
layers formed by the migration of Ga atoms to the
bottom of the V-groove during the growth of AlGaAs

EXPERIMENTAL

The V-groove QWR sample was grown by metal-
organic vapor-phase epitaxy. Before growth, a
GaAs (100) semi-insulating substrate was patterned
using contact lithography processes and wet etching.
The pattern consisted of 50 stripes 2-�m wide with
2-�m spacing. After pattern transfer, the wafer was
etched in an H3PO4:H2O2:H2O solution (1:1:3) at 0°C
to form a V-groove surface profile (about 2.5-�m in
depth). The V grooves were aligned along the [011]
direction. Then, the substrate was cleaned with warm
trichloroethylene, acetone, and methanol. Finally,
before being loaded into the growth chamber, the
substrate was trimly etched with H2SO4:H2O2:H2O
(20:1:1) for 20 sec. A 0.1-�m GaAs-buffer layer was
grown before a 1-�m Al0.5Ga0.5As bottom-barrier
layer. A nominal 1-nm GaAs-well layer was then de-
posited followed by a 0.1-�m Al0.5Ga0.5As top-barrier
layer. Finally, a 200-nm GaAs-cap layer was grown.
All layers were undoped, and the growth temperature
was 750°C. More detailed sample preparation and
geometric parameters can be found in Ref. 6. Figure 1
shows the schematic cross section of the quantum
structures of such a V-groove QWR system together
with a schematic diagram of the �-PL line scanning.
The �-PL scanning was carried out on a Jobin Yvon
LabRam-INFINITY micro-Raman (Lille, France)
spectrometer with the excitation of the 514.5-nm line
of an Ar� laser. With a �100 microscope objective
(NA � 0.90), the laser beam was focused to about
0.8 �m in diameter, which was determined by the
scanning-intensity profile of the Si-Raman peak of
520 cm–1 across an Al-covered interface.7 The illumi-
nating power is about 80 kW/cm2 on the sample sur-
face. To prevent any possible luminescence from
regions other than the illuminated spot to get into
the spectrometer, the entrance diaphragm of the
spectrometer was set to be 50 �m in diameter, which

Fig. 1. The geometric structure of V-groove QWRs and the
schematic diagram of the �-PL line scanning.

Fig. 2. The �-PL spectra versus position. The spatial dependence of
the PL spectra is clearly shown.
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occurs mostly in the AlGaAs-barrier layer because of
its large spatial volume. Photogenerated carriers dif-
fuse into either the SQWL or the VQWL, where the
energy level is relatively lower. As the transition en-
ergy of the QWR is about 196 meV and 143 meV
smaller than that of the SQWL and VQWL, respec-
tively, the carriers will further transfer into the
QWR within their effective transfer length and life-
time, where they recombine to emit light. Therefore,
the PL of the SQWL is mainly determined by the car-
riers staying in the SQWL. Here, we propose a criti-
cal, effective carrier-transfer length, lD. When the
free carrier is away from the QWR at a distance
larger than lD, it will stay in the SQWL. Otherwise,
the carrier will be captured by the QWR and has no
contribution to the PL of the SQWL. Although an
exponential distribution of the carrier density is
expected by the diffusion equation, the built-in
electric-field-assisted dynamic process near the
QWR helps trap the carriers by the QWR before their
radiative recombination. So that as long as the carri-
ers are excited in the near-QWR region within the
distance of lD, the carriers will be almost completely
trapped by the QWR before they recombine. When
the carriers are excited beyond the distance of lD, the
diffusion equation determined carrier distribution
along the SQWL will give the PL profile of the
SQWL. Considering this carrier-dynamic process
and in our weak excitation condition, the PL inten-
sity of the SQWL, I(x), will be proportional to the
carrier density staying in the SQWL and can be
expressed as a step function:

I(x) = 0 for |x − xR| ≤ lD

I(x) = 1 for |x − xR| > lD -

because of the larger mobility of Ga than that of
Al atoms.6

To realize the position dependence of the PL char-
acteristics, each of the acquired spectra has been
peak-fitted. Because of the asymmetric nature of the
PL peaks in line shape,9 an asymmetric-Gaussian
line shape7 has been employed to fit each PL compo-
nent in the experiment curve. The dashed lines in
Fig. 3 represent the decomposed components, while
the solid lines are for the fitted curves. The fitting
meets the experimental dots very well. Then, the in-
tegrated intensity of each PL component is extracted.
Figure 4 shows the PL-intensity profile against the
spatial position for the QWR and the SQWL, where
the position of the QWR is referred as x � 0 �m. Here,
it is clearly seen that the QWR PL is the strongest at
x � 0 �m, while it decreases when the position moves
away from the center. The profile line shape of the
QWR-PL intensity is slightly asymmetric because of
the structural asymmetry in the sample.

A prominent phenomenon in Fig. 4 is that no
SQWL PL occurred in the QWR-PL dominating
region, which is consistent with Fig. 2. The peak
intensity of the SQWL PL is only observed at about
1.5 �m ≤ |x| ≤ 2.5 �m, where the laser spot is about
over the top of the V-groove.

Why does the SQWL quench its PL in the area
near the QWR while it is always illuminated (the
lateral dimension of the QWR is only about 30 nm,6
and the exciting-laser spot is about 0.8 �m in diame-
ter)? We try to interpret this behavior with the
following dynamic process. The optical absorption

Fig. 3. The PL spectra from V-groove quantum structures at different
positions: (a) 1 �m left to the QWR, (b) center of the QWR, and 
(c) 1 �m right to the QWR. The dotted curves are the experimental
data, and the dashed lines are obtained by the asymmetric data-
fitting technique described in Ref. 7. The solid lines are the combina-
tion of each PL component.

Fig. 4. The integrated intensities of QWR and SQWL PL peaks as
functions of the illumination/detection position.
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When taking the geometric parameters into account,
the effective carrier-transfer length from the SQWL
to the QWR becomes lD/sin 45° � 1.8 � 0.3 �m be-
cause lD is along the x-axis and is angled with the
SQWL in 45°.

CONCLUSIONS

In conclusion, �-PL line scanning has been per-
formed on a single V-groove GaAs/AlGaAs QWR at
room temperature, by which PL spectra from
various quantum structures have been recorded. In
the area of the QWR, the dominant PL peaks are
from QWR, VQWL, and NQWL at the energies of
1.743 eV, 1.886 eV, and 1.967 eV, respectively. At
the position of about 1 �m away from the QWR, the
SQWL PL starts its domination at 1.939 eV. The
fitted-PL intensity versus the scanning position
for each luminescent component reveals the origins
of the PL signals. The quenching of the SQWL PL
in the vicinity of the QWR is interpreted by the
carrier-transferring effect. By deconvoluting the PL-
intensity profile with a Gaussian function and a step
function, the length of the photo-excited carrier
transfer from SQWL into QWR is determined to be
about 1.8 � 0.3 �m in our measured sample. This is
expected to be an important parameter in the design
and optimization of QWR devices.
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where x is the axis perpendicular to both the material
growth and QWR directions, as indicated in
Fig. 1. The xR is the position of the QWR on the
x-axis. This function is shown in Fig. 5 by the dashed
line by assuming lD � 1.3 �m. As the QWRs are sepa-
rated from each other with the period of 4 �m in our
sample, the I(x) also shows such a 4-�m periodicity.

Because the exciting-laser beam distributes its
energy in Gaussian profile, the carrier density and,
therefore, the PL intensity is determined by the con-
volution of the I(x) and the Gaussian function, i(x):

PL(x) =
∫

I(x′) i(x − x′) dx′

where i(x) is experimentally determined to be

i(x) = exp[−(x − xL)2/0.82]

where xL is the center position of the laser spot. By
taking lD as 1.3 �m, the calculated PL-intensity de-
pendence of the SQWL on the lateral position is
shown in Fig. 5 in the solid line, which is in good
agreement with the experimental data in dots. Also
shown in Fig. 5 are the other two calculated curves in
dotted and dash-dotted lines with lD � 1.1 �m and
1.5 �m, respectively. One can see that all the experi-
mental data are included within the area between
these two lines. As a result, we conclude the value
of lD to be 1.3 � 0.2 �m in the measured sample.

Fig. 5. The calculated SQWL PL-intensity profile (solid line) against
position by the convolution of a Gaussian function and a step func-
tion. The solid dots are the experimental data. The dashed line is the
step function by taking the critical effective carrier-transfer length 
lD � 1.3 �m and the period value of 4 �m. The dashed line and the
dash-dotted line are for lD � 1.1 �m and 1.5 �m, respectively. There-
fore, lD is concluded to be 1.3 � 0.2 �m.

860-R4.qxd  7/15/03  4:53 PM  Page 916


