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Abstrac—We perform measurements of far field pattern of
various quantum-confined heterostructures namely quantum
well (QW), quantum dash (Qdash), and quantum dot (Qdot)
lasers to study the effect of different active gain mediums of
semiconductor lasers on the optical beam quality and coupling
efficiency. The beam pattern profile of the Qdash laser is similar
to that of the QW laser (FWHM ~ 20°) while Qdot laser shows
smaller divergence (FWHM ~ 5°) and retain its intensity profile
of single lobe Gaussian-shape at current injection up to two and
half times threshold current.

I. INTRODUCTION
High power near-infrared laser diodes are attractive for
many applications include the pumping source for Er-doped
gain media for range measurement, flash lidar, and
remote-sensing [1]. However, broad-area edge-emitters tend
to exhibit self stabilized nonlinear modes and thus the issue of
self-focusing will induce high-brightness unstable filaments,
which destroys the spatial coherence of the beam and can lead
to catastrophic optical damage (COD) at the laser facet [2].
Several methods to overcome this problem have been applied
to produce narrow beam divergence to reduce the complexity
and cost of an optical system, e.g. for direct coupling to a fiber.
Broad area lasers challenges include filamentation and higher
order transverse mode operation which destroys the spatial
coherence i.e. focusing abilities of these devices [2]. However,
the lack of studies on the effect of active gain medium on the
spatial coherence properties may hinder a better
understanding of the nature of far-field pattern formation
from semiconductor lasers.
The technology of self-assembled quantum confined
nanostructures such as dot and dash geometries has generated
tremendous interest due to their near singular density of
states, low threshold current densities, temperature
insensitive characteristics, high modulation bandwidth, and
small linewidth enhancement factor (α) relative to
conventional QW lasers [3]. Numerical simulations indicate
that filamentation for broad-area lasers with a stripe width >
50 μm occurs if α exceeds 0.5 [4]. Recent studies show that
generally QW exhibits the largest α (typically more than 3),
followed by Qdash (α~1 to 3) and Qdot (α<1) [5] [6]. In this
paper, we perform the measurements and analysis of far field
pattern from laser with different geometries of active gain
medium such as InGaAs/InGaAsP QW, InA/InAlGaAs

Qdash and InGaAs/GaAs Qdot of semiconductor lasers. The
QW and Qdash lasers give light emission at long wavelength
of ~1.55 μm and ~1.64 μm, respectively, while the Qdot
lasers emit at the mid-range wavelength of ~1.18 μm.
II. EXPERIMENT
The lattice-matched InGaAs/InGaAsP QW laser structure
was grown by metal organic chemical vapor deposition
(MOCVD) on a Si-doped n-InP substrate. The structure is
based on a standard separate confinement heterostructure
(SCH) with two sets of multiple QWs. The upper SCH layers
and the lower SCH layers are each 155nm-thick film of
InGaAsP layer and an inner 600nm-thick film of doped
InGaAsP. The undoped active region consists of two sets of
multiple QWs with matching photoluminescence peaks: five
10nm In0.446Ga0.554As wells with 20nm GaInAsP barriers and
6 (underlying) lattice matched 5.5nm In0.47Ga0.53As wells
with 12 nm GaInAsP barriers.
The InAs/InAlGaAs Qdash laser structure was grown by
molecular beam epitaxy (MBE) on (100) oriented InP
substrate. The active region consists of four sheets of 5
monolayer (ML) InAs dashes, each embedded within a 7.6 nm
thick compressively strained In0.64Ga0.16Al0.2As QW and a 30
nm thick tensile strained In0.50Ga0.32Al0.18As barrier [7].
The InGaAs/GaAs Qdot sample was grown using a
molecular beam epitaxy (MBE) system on Si-doped (100)
GaAs substrates. A 1500 nm thick p-doped AlGaAs cladding
and 200 nm GaAs contact layer were grown on top of the
active Qdot layer. The Qdot layer is compromised of
alternating monolayers (MLs) of InAs and GaAs at a ML each
with a total thickness of ~ 10 ML. The Qdot active region
consists of five stacks of Qdot layers buried with 40 nm thick
GaAs space layers.
Broad area lasers with 50-µm-wide oxide stripes were
fabricated from the as-grown QW, Qdash, and Qdot samples.
The as-cleaved faceted lasers were tested on the temperature
controlled heat sink set at 15 ºC with an epitaxial p-side-up
mounting configuration. Current injection was performed
under pulsed operation at 0.2% duty cycle with 2 μs pulse
width.
III. RESULTS AND DISCUSSION

The threshold current densities of the InGaAs/InGaAsP
QW, InAs/InAlGaAs Qdash, and InGaAs/GaAs Qdot lasers
are 1.5 kA/cm2, 4 kA/cm2, and 2.5 kA/cm2, respectively. Fig.
1 to 3 shows the far-field profiles and Fig. 4 to 6 shows the
lasing spectra of the three types of lasers at different current
injections. The measurements are done in pulsed-current
injection to avoid thermal effects and to produce smooth
carrier profile. Henceforth, a smooth antiguide through the
negative phase amplitude coupling of the semiconductor
medium amplitude coupling of the semiconductor medium
diffuses any local optical buildup and prevents the formation
of filaments [8].
Fig. 1. Far field profiles of the 50-µm-wide gain-guided QW broad area laser

The electroluminescence spectra (EL) and far-field
with a cavity length of 0.5 mm at various current injections.
patterns illustrated in the figures are measured with the
resolution of approximately 0.05 nm and 0.5º step,
respectively. The EL of QW lasers ( fig. 4) show that highly
nonuniformity of the lowest order supermode present at even
low injection (< 2 Ith). Consequently, carriers are unevenly
depleted when this lateral mode is excited. At higher injection
(> 2 Ith), gain saturation or spatial hole burning in a carrier
concentration is expected to occur in semiconductor laser [9]
where an increasing number of higher order lateral modes are
excited as the power level escalates. This will result in
broadened radiation patterns due to the slight displacement of
single-lobed far-field pattern of each higher order lateral
mode from that of the fundamental as noted in Fig. 1.
However, Qdash shows the largest degree of deterioration in
divergence (FWHM of 3.4° to 10.8°) with injection due to its Fig. 2. Far field profiles of the 50-µm-wide gain-guided Qdash broad area laser
unique property of self-assembled highly inhomogeneous
with a cavity length of 0.5 mm at various current injections.
broadening gain medium that tends to result in multimode
oscillation [7], followed by Qdot (FWHM of 3.0º to 6.0º),
which has improved homogeneity gain medium.
Nevertheless, both Qdash and Qdot exhibits a single-lobed
far-field profile and show smaller beam divergence angle than
QW (FWHM ~13º) regardless of the injection. In the QW
laser, filamentation is present already at near threshold
injection. With increasing output power, filamentation
increases with more sharp peaks appearing in the beam profile.
Side lobes start to emerge at higher drive current of ~4 Ith.
This nearly twin-lobed far-field profile is evidence of a
curved wavefront, which is a typical feature of gain-guided
devices [10]. On the other hand, intrinsic filamentation
suppression in Qdot lasers contributes to small divergence
angle as compared to QW and Qdash lasers. Carriers injected Fig. 3. Far field profiles of the 50-µm-wide gain-guided Qdot broad area laser
with a cavity length of 1.0 mm at various current injections.
into the Qdots are confined by lateral energy barriers as Qdots
are disconnected laterally and are cladded by higher-bandgap
demonstrating the similar behaviors of far-field patterns as
materials [11].
the enhanced current spreading QW laser [12] indirectly
Since Qdash is formed by elongated dots and our
shows enhanced lateral current spreading in Qdash
waveguide direction is perpendicular to the dash, the optical
nanostructure without any special design of epitaxial layers.
beam divergence of the Qdash is expected to be similar to that
of the QW laser while reduced filamentation characteristics of
Qdot will incur in Qdash. This can be evident by the
IV. CONCLUSION
observation of the substantial improvement in the far-field
In summary, Qdash laser shows similar beam divergence at
distributions of Qdash laser (fig. 2) as compared to the
high
injection but improvement in filamentation as compared
asymmetric far-field pattern of QW laser (fig. 1) with side
to QW laser due to the nature of lateral carrier diffusion,
lobes appearing even at low powers. Besides that, Qdash laser
which lead to the issue of self-focusing and thus the different

degrees of filamentation. Quantum dot has better optical
beam quality due to the three dimensional confinement of
carriers. However, the largest degree of broadening radiation
pattern with increasing injection in Qdash structure followed
by Qdot and QW in sequence indicates that improvement of
inhomogeneity self-assembled active gain medium is needed
especially for applications in free space communication

[1]

[2]

[3]
[4]
[5]

[6]

[7]
[8]
Fig. 4. Electroluminescence spectrum of the 50-µm-wide gain-guided QW broad
area laser with a cavity length of 0.5 mm at various current injections. The inset
shows a light-current curve of laser under pulse operation at 15°C.
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Fig. 5. Electroluminescence spectrum of the 50-µm-wide gain-guided Qdash
broad area laser with a cavity length of 0.5 mm at various current injections. The
inset shows a light-current curve of laser under pulse operation at 15°C.

Fig. 6. Electroluminescence spectrum of the50-µm-wide gain-guided Qdot
broad area laser with a cavity length of 1.0 mm at various current injections. The
inset shows a light-current curve of laser under pulse operation at 15°C.
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