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Comparison of AlIGalnAs/InP semiconductor lasers
(A = 1450-1500 nm) with ultra-narrow
and strongly asymmetric waveguides
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Abstract. Semiconductor lasers based on AlGalnAs/InP hetero-
structures with ultra-narrow and asymmetric waveguides are com-
paratively studied. It is shown that the use of these waveguides with
a simultaneous increase in the quantum well depth makes it possible
to increase output powers. Such lasers based on both strongly
asymmetric and ultra-narrow waveguides with a stripe contact
width of 100 um demonstrate an output power of 5 W (at pump cur-
rents of 11.5 and 14 A, respectively) in a continuous-wave regime at
room temperature and a wavelength of 1450—1500 nm.
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1. Introduction

High-power semiconductor lasers have found wide applica-
tion in many fields of science and engineering. Among recent
works devoted to high-power lasers emitting in the spectral
range 1400—1600 nm, we should mention studies on lasers
with ultra-narrow [1, 2] and strongly asymmetric [3—6] wave-
guides. The main specific feature of these designs is a decreased
p-waveguide thickness, which reduces optical losses caused
by carrier leakage into the waveguide with increasing pump
current and improves heat removal from the active region in
the case of mounting the crystal with the p-side down [7, 8]. In
addition, the output characteristics of lasers of this spectral
range can be improved by using strained quantum wells
(QWs) to decrease the probability of nonradiative Auger-
recombination processes [9—11], as well as by using deeper
strain-compensated QWs [12—14] and/or wide-bandgap bar-
riers near the active region [15—18] to decrease the carrier
leakage from the active region to the waveguide.

In [2], we compared 1550-nm AlGalnAs/InP lasers with
ultra-narrow and broadened waveguides. It was shown that
an ultra-narrow waveguide in conjunction with profiled dop-
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ing, owing to reduced series and thermal resistances and lower
optical losses, makes it possible to delay the saturation of the
light—current characteristic (LCC) and thus increase the out-
put power by 25%—30%. The study of AlGalnAs/InP lasers
with asymmetric and broadened waveguides [19] showed that
the use of an asymmetric waveguide allows one to restrict the
growth of internal optical losses with increasing pump current
and to increase the output power by 1.5 times with respect to
the power of lasers with a broadened waveguide. Nevertheless,
comparative analysis of two similar approaches based on the
use of asymmetric and ultra-narrow waveguides remains top-
ical. These approaches are united by the common idea of
decreasing the p-waveguide width, but considerably differ in
the n-waveguide parameters and, therefore, in the character
of the fundamental optical mode distribution. An additional
difference between the considered heterostructures is a larger
distance from the active region to the p* contacts in lasers
with an ultra-narrow waveguide. Due to a weak waveguide, a
considerable part of radiation in this structure propagates in
the InP emitter layers, which makes it necessary to increase
their width. However, despite a higher thermal conductivity
of InP in comparison with other compounds of the AlGalnAs/
InP material system, an increase in the thickness of InP layers
reduces heat removal from the QW, which can affect the laser
operation in limiting regimes. At the same time, the asymmet-
ric design makes it possible to redistribute the electromag-
netic wave to the side of the n-emitter and shift the QW closer
to the heat sink. Unfortunately, the broadened n-waveguide
in these lasers is formed using AlGalnAs solid solutions char-
acterized by the worst thermal and transport properties,
which may limit the output optical power.

In the present work, we compare the two mentioned
approaches (with the use of ultra-narrow and strongly asym-
metric waveguides) in order to determine the most efficient
way to create high-power semiconductor lasers emitting in the
spectral range 1450—1500 nm.

2. Experiment

The AlGalnAs/InP laser heterostructures were grown by
MOCVD. We studied two types of heterostructures based on
the common idea of narrowing the p-waveguide. The first het-
erostructure with an ultra-narrow waveguide, which was
described in [1, 2], contained the active region consisting of
two strain-compensated InGaAs QWs located in the centre of
an ultra-narrow AlGalnAs waveguide 0.1 um thick. The QW
parameters were chosen to achieve lasing in the spectral range
1450—1500 nm. The waveguide was sandwiched between InP
emitter layers. To decrease leakages, AllnAs barrier layers
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isoperiodic with the InP substrate were formed on the wave-
guide—emitter interface. In the second heterostructure, the
p-side of the initially broadened waveguide was decreased so
that the QW turned out to be in the immediate vicinity of the
p-emitter (similar to the structure described in [3, 4]). The
energy band diagrams of the studied heterostructures are pre-
sented in Fig. 1. The obtained heterostructures were used to
fabricate semiconductor lasers with a stripe contact width of
100 wm and a cavity length of 2000—3000 um. The cavity
faces were coated with antireflection and reflection layers
with R; ~ 00.5 and R, ~ 0.95. The crystals were mounted
onto a copper heat sink, and the output characteristics of the
lasers were studied in the cw operation regime at a heat sink
temperature of 25°C.
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Figure 1. Schematic energy band diagram of the active region of
AlGalnAs/InP semiconductor lasers with (a) ultra-narrow and (b)
asymmetric waveguides.

3. Results and discussion

The fortunate combination of optical, electrophysical, and
thermal parameters allowed one to use AlGalnAs/InP hetero-
structures with an ultra-narrow waveguide to develop highly
efficient semiconductor lasers emitting in the spectral range
1400-1600 nm. A decrease in the thickness of AlGalnAs
waveguide layers, which have high series and thermal resis-
tances, positively affects the thermal load on the active region
at high pump currents and can diminish accumulation of
charge carriers in the p-waveguide, which restricts the growth
of internal optical losses, delays the LCC saturation, and
makes it possible to achieve a higher output power. At the
same time, the approach with use of an ultra-narrow wave-
guide in the InGaAs/GaAs/AlGaAs and AlGaAs/GaAs het-
erostructures turned out to be not so successful because these
lasers did not demonstrate any increase in the output powers
in comparison with the lasers based on the same heterostruc-
tures with a conventional broadened waveguide [20—22]. This
indicates a restricted applicability of this approach due to the
parameters of the used materials.

On the other hand, the variant with the use of an asym-
metric waveguide attracts attention due to the possibility of
positioning the active region closer to the heat sink and thus
retaining the advantages of a narrow p-waveguide. In the
InGaAs/GaAs/AlGaAs material system, lasers of this design

demonstrated higher output characteristics than the lasers
with emitters based a broadened waveguide [23-25].

For more complete comparison of these approaches to
the development of lasers emitting in the spectral range
1400—-1500 nm, the parameters of heterostructures were cho-
sen so that the optical confinement factors of the active region
were similar. The compositions of waveguide layers, the
geometries, and the energy depth of QWs were identical.
Since the p-waveguide thicknesses in the studied structures
coincided, we hoped to observe similar characters of carrier
leakage and accumulation in both waveguides. It was expected
that the studied lasers will have different levels of internal
optical losses and different characters of LCC saturation with
increasing pump current.

The LCCs and the dependence of their slopes on the pump
current for the studied lasers are given in Figs 2 and 3. One
can see that, while the threshold currents of both laser types
are almost the same, the LCC slopes (slope efficiencies) of
these lasers in the initial range are different and remain
unchanged to a current of 3 A for the asymmetric-waveguide
laser and to 4.3 A for the laser with an ultra-narrow wave-
guide. The LCC slope for the laser with an ultra-narrow
waveguide is smaller, which is related to higher internal opti-
cal losses due to penetration of part of the electromagnetic
wave into the emitter region. The latter effect can be partially
compensated by profiled doping of the structure. Nevertheless,
due to a better heat removal from the active region, lasers
with an ultra-narrow waveguide can operate at higher pump
currents and are characterised by a slower decrease in the
LCC slope (Fig. 3). The maximum optical power for the sam-
ples with asymmetric and ultra-narrow waveguides was 5 W,
but this value was achieved at different working currents. In
particular, the laser with an asymmetric waveguide demon-
strated this power at a current of 11.5 A, and the laser with an
ultra-narrow waveguide reached this power at 14 A. The
stripe contact width of both lasers was 100 um, and the cavity
length was 2000 um. The dependences of the LCC slopes on
the pump current intersected at a current of about 10 A
(Fig. 3). Although the lasers with an asymmetric waveguide
have a larger slope efficiency in the initial LCC region than
the lasers with an ultra-narrow waveguide, the output power
of the former more rapidly saturates with increasing pump
current.
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Figure 2. Light—current characteristics of semiconductor lasers based
on AlGalnAs/InP heterostructures with (/) asymmetric and (2) ultra-
narrow waveguides in the cw operation regime.
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Figure 3. LCC slope vs. the pump current for lasers based on AlGalnAs/
InP heterostructures with (/) asymmetric and (2) ultra-narrow wave-
guides in the cw operation regime.

The transparency current density (J, = 120150 A cm™)
and the internal quantum efficiency (; = 0.93-0.96) of the
studied lasers were close, while the level of internal optical
losses in the laser with an asymmetric waveguide was predict-
ably lower (&; = 1.0—1.5 cm™") than that of the sample with an
ultra-narrow waveguide (¢; = 2.0-2.5 cm™). Figure 4 pres-
ents the experimental dependences of the inverse slope effi-
ciency on the cavity length of the studied samples, which
allowed us to determine the internal quantum yield and inter-
nal optical losses.
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Figure 4. Dependences of inverse slope efficiency 5y on the cavity
length of lasers based on AlGalnAs/InP heterostructures with (/)
asymmetric and (2) ultra-narrow waveguides.

The wavelength of the studied lasers was in the range
1450-1500 nm depending on the pump level (Fig. 5). The
difference in the slopes of the curves indicates a higher
thermal load on the active region of the laser with an asym-
metric waveguide compared to the laser with an ultra-nar-
row waveguide. This result well agrees with the depen-
dences of the LCC slope on the pump current for the stud-
ied lasers.

The far-field FWHM divergence in the plane perpendicu-
lar to the p—n junction was 40—43° for the lasers with an
asymmetric waveguide and 30-32° for the lasers with an
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Figure 5. Dependences of the wavelength of semiconductor lasers
based on AlGalnAs/InP heterostructures with (/) asymmetric and (2)
ultra-narrow waveguides on the pump current in the cw operation re-
gime.

ultra-narrow waveguide; the divergence in the plane parallel
to the p—n junction was 7—9° and 10— 12°, respectively.

In this work, we showed that a decrease in the waveguide
thickness form one side (shift of the active region to the
p-emitter) and two sides (ultra-narrow waveguide) makes it
possible to increase the laser power in comparison with the
power of conventional structures with a broad waveguide.
The creation of conditions for decreasing carrier accumu-
lation in the p-waveguide and improving heat removal
from the active region allowed us to increase the maximum
achievable laser power to 5 W in the cw regime at a wave-
length of 1450—1500 nm for both laser types. Lasers with an
asymmetric waveguide demonstrate a higher slope effi-
ciency, which, however, faster decreases with increasing
pump current. From this point of view, lasers with an ultra-
narrow waveguide, whose output characteristics can be
improved by decreasing internal optical losses, seem more
advantageous.

4. Conclusions

In this work, we presented the results of comparative experi-
mental study of semiconductor lasers based on AlGalnAs/
InP heterostructures with waveguides of different designs.
The shift of the QW to the p-emitter in a strongly asymmetric
waveguide reduces accumulation of carriers in the p-wave-
guide and improves heat removal, whilea simultaneous
increase in the QW depth improves electron localisation in the
active region and increases the differential quantum effi-
ciency. The structure with an ultra-narrow waveguide mainly
retains the mentioned advantages of the structure with an
asymmetric waveguide but is characterised by higher internal
losses due to significant penetration of the electromagnetic
wave into the emitter layers (the latter effect was partially
compensated by profiled doping). All this allowed us to
increase the output power of the studied lasers with both
waveguide types to 5 W in the cw regime.
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