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Abstract
Self-assembled InAs quantum wires in an InGaAs matrix on the InP
substrate were obtained successfully by MBE growth. Quantum wire lasers
emitting in the 1.7 µm range were demonstrated. Polarization-sensitive
photoluminescence (PL) and laser characterization with different
temperatures were performed to study the behaviour of the quantum wire
lasers. The polarization dependence on the PL spectra and the dependence
on cavity orientation for the lasing characteristics clearly demonstrate the
1D behaviour of the quantum wires.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Semiconductor quantum structures are attractive for
their interesting physical properties and potential device
applications. Out of the various methods for nanostructure
fabrication, self-assembled growth is most popular because it
is not limited by the resolution of lithography and does not
need additional processing which may induce defects in the
nanostructures. Strained self-assembled In(Ga)As quantum
dots (QDs) in the GaAs system have had remarkable success
in recent years [1–8]. Studies of self-assembled quantum
structures in other matrices, such as InP, InGaAs and InAlAs,
on (1 0 0) InP substrates have also been reported [9–13].
While In(Ga)As QDs in GaAs have been successfully used
for 1.3 µm laser applications [6], the quantum structures
in materials lattice matched to InP offer the possibility
for longer wavelength (1.5–2.0 µm) operation, which has
potential applications in medical care, gas spectroscopy,
laser radar through atmospheric transmission windows and
optical communications through low-loss fluoride fibres [14].
Besides, in InP systems, quantum wires are often the favoured
structure during self-assembly growth. The polarization-
sensitive emission from the wire structure makes it possible for
applications in lasers where polarization control is important.
One example is for vertical-cavity surface-emitting lasers
(VCSEL), where mode stability can be achieved with an
anisotropic gain through a preferred polarization emission
[15, 16].

In this work, we successfully obtained InAs quantum
wire lasers, operated in 1.7 µm, on an InGaAs matrix, lattice
matched to InP. The formation of the wires was due to the

anisotropic surface diffusion and the different terrace sticking
coefficients for adatoms. From atomic force microscope
(AFM) pictures, InAs quantum wires were oriented along the
[1 1̄ 0] direction. The quantum wires showed polarization-
dependent PL emission, which favours TE polarization (E
field along the wire direction). Quantum wire lasers were
fabricated using these wires. Lasing behaviours of cavities
oriented along and perpendicular to the wires were studied.
Obvious orientation dependence on the lasing characteristics
was observed.

2. Experiment

The laser samples were grown on (1 0 0) InP substrates using
a Varian Gen II MBE system. Three monolayers (ML) of
InAs were grown in the InGaAs matrix for the wire formation.
Three layers of quantum wires separated by 18 nm InGaAs
were used as the laser active region. Including the active
region, the waveguide has a total thickness of 296 nm, which is
sandwiched between two InAlAs cladding layers. The overall
laser structure is shown in figure 1.

A separate sample prepared with growth stopped after the
quantum wire formation was used for AFM study of the wire
morphology. Polarization-dependent PL measurement was
carried out using a linear polarizer placed between the sample
and the monochromator. In order to eliminate the polarization
dependence of the monochromator, a depolarizer was placed
between the polarizer and the monochromator.

Broad area lasers with a 20 µm wide ridge were then
fabricated with the standard processing procedure. In order to
investigate the polarization behaviour of quantum wire lasers,
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Figure 1. Schematic diagram of the quantum wire laser structure.

Figure 2. AFM image of self-assembled InAs quantum wires in the
InGaAs matrix.

we cleaved the laser bars into two different directions, one with
cavities parallel to quantum wires, and the other perpendicular
to quantum wires. All the lasers had a 1 mm long cavity. The
lasers were then packaged in TO cans for measurements.

3. Result and discussion

Figure 2 is the AFM picture of the quantum wires. The
wires were elongated along the [1 1̄ 0] direction. The wire-
like structure had 2 nm height and 30 nm width. Some wires
had a length above 1 µm. Figure 3 shows the polarization-
sensitive PL spectrum of the quantum wires taken at 20 K. The
solid line is the PL spectrum with the electric field polarized
along the wire direction; the dash line is the spectrum with
the E field polarized perpendicular to the wires. The apparent
anisotropy clearly shows the effect of the quantum wires. From
the transition matrix calculation, the ratio of the oscillation
strengths along these two directions for C1–HH1 transition
for an ideal quantum wire should be 2 [17]. The reason that
the measured value is smaller than 2 could be attributed to the
imperfection of the wires and the measurement errors.

The lasing properties were measured at different
temperatures. The lasing modes of these laser diodes in
two different contact stripe directions were both TE mode
at different temperatures. But orientation sensitivities were
clearly observed for lasing spectra and the L–I curve at
different temperatures for our measurement. The lasing
threshold for lasers with contact stripes perpendicular to the

Figure 3. The polarization-sensitive PL result at 20 K. The solid
line was the spectrum for the E field oriented along the wires. The
dash line was the spectrum for the E field perpendicular to the wire.

Figure 4. Lasing threshold currents for lasers oriented perpendicular
and parallel to the quantum wires at different temperatures.

quantum wires is much lower than that of the lasers with stripes
parallel to the wires. This is understandable because the TE
lasing mode corresponds to the ground state transition (the
conduction state to the first heavy hole state), which has a larger
electric field component along the quantum wires. For lasers
with the contact stripes parallel to the wires, they are forced
to lase at an excited state because the ground-state transition
does not have enough gain for lasing. So the threshold goes
higher.

Figure 4 shows the comparison of threshold currents for
lasers with cavities perpendicular to the wires and parallel to
the wires as a function of temperature. At low temperatures,
the ratio in the threshold current is as high as 15. At
higher temperatures, the ratio drops. For lasers with cavities
perpendicular to the wires, the threshold current jumps
drastically around 150 K. This is an indication of a sudden
change in the lasing mode behaviour.

Figure 5 shows the peak emission wavelength for lasers
oriented perpendicular to the wires at different temperatures.
At low temperatures, the wavelengths were longer than
1.7 µm. The increase in lasing wavelength as the temperature
rises is due to the band gap shrinkage. Similar to the change in
the threshold current, the emission peak also goes through
a transition in the temperature range between 140 K and
160 K. After the transition, the lasing wavelength drops to
around 1.66 µm. So it is clear that the sudden change around
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Figure 5. Dependence of the lasing wavelength on ambient
temperature for lasers oriented perpendicular to the quantum wires.

Figure 6. Lasing spectra of quantum wire lasers, which have
cavities oriented perpendicular to the wires, at 140 K with different
driving currents.

150 K is due to a switching from the ground state lasing to an
excited state lasing. The increased temperature changes the
Fermi distribution function and the homogeneous line shape
of the wires. So at higher temperatures, the excited state takes
over to have a higher gain and to be the lasing transition. For
the lasers oriented parallel to the wires, the lasing wavelength
at 20 K was 1.64 µm, which is much shorter than that of
the lasers perpendicular to the wires. So clearly, the laser
emission is not due to transition to the ground state. This
is in agreement with the transition matrix calculation, which
predicts a low transition rate to the heavy hole states for the E
field perpendicular to the wires. The fact that the light emission
is TE mode and the wavelength is short indicates that the laser
light is probably from the thin wetting layer.

We have also noted that both the ground state and the
excited state can lase at the same time in the transition region.
Figure 6 shows the lasing spectra at different driving currents
at 140 K. At low currents, there is only ground state lasing.
As the current increases, the excited state starts to show up.
As the current increases further, the excited state transition
dominates the lasing spectrum. Clearly, after the ground state
lases, the carrier density at the excited states continues to
rise. Eventually the gain due to the excited state transition
becomes higher and dominates the lasing spectrum. The
simultaneous two-state lasing was also found for InAs QD
lasers [18].

4. Conclusion

We have successfully demonstrated quantum wire lasers lasing
in the 1.7 µm range using self-assembled InAs quantum
wires on InP substrates. Obvious dependence on the cavity
orientation, relative to the wire direction, was observed in
the lasing behaviour. The difference in lasing threshold and
spectrum for lasers oriented parallel and perpendicular to
the wires agrees with polarization preference of the optical
transitions in 1D quantum structures.
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