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A high power GaSb-based laser diode with lasing wavelength at 2 µm was fabricated and optimized. With the
optimized epitaxial laser structure, the internal loss and the threshold current density decreased and the internal quantum
efficiency increased. For uncoated broad-area lasers, the threshold current density was as low as 144 A/cm2 (72 A/cm2 per
quantum well), and the slope efficiency was 0.2 W/A. The internal loss was 11 cm−1 and the internal quantum efficiency
was 27.1%. The maximum output power of 357 mW under continuous-wave operation at room temperature was achieved.
The electrical and optical properties of the laser diode were improved.
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2. Experiments

1. Introduction
GaSb-based quantum-well (QW) strained diode lasers
emitting around 2 µm have been intensively developed in recent years because they have potential applications in a wide
variety of areas such as atmospheric pollution monitoring,
laser surgery, and optical pump sources for solid state or fiber
lasers. [1–3] A continuous-wave (CW) output power of 1.96 W
from a 150-µm-wide aperture with wavelength of 2 µm was
reported at 290 K. [4] A high power 2 µm diode laser with a
broadened waveguide achieved a threshold current density of
115 A/cm2 for a cavity length of 3 mm. [5] In our previous
publication, we demonstrated that a 2-µm diode laser with a
8-µm-wide aperture had a continuous-wave output power of
about 80 mW at room temperature. [6] However, there are still
some remaining problems, including the huge threshold current density, large internal loss, and small internal differential
efficiency.
In this paper, we investigate the optimized growth conditions and laser structures to improve the electrical and optical properties. The threshold current density is as low as
144 A/cm2 (72 A/cm2 per QW) for the optimized 2 µm laser
with a 90-µm-wide output aperture. The maximum output
power of 357 mW under CW operation at room temperature
(RT, 300 K) is achieved for devices without coated mirrors.
Varying the In concentration of the GaIn(As)Sb/AlGaAsSb
QWs, three different ridge waveguide diode lasers emitting between 1.9 µm and 2.1 µm are presented.

Laser heterostructures were grown by solid-source
molecular beam epitaxy (MBE) on tellurium-doped GaSb substrates using a VG80-H system equipped with valved crackers
for both As and Sb. The laser device structure consisted of a
300-nm-thick n-type GaSb buffer layer (1×1018 cm−3 , Te),
a 1.5-µm Al0.6 Ga0.4 As0.02 Sb0.98 n-type (4×1017 cm−3 , Te)
cladding layer, an undoped active zone consisting of two 10nm compressively strained QWs of In0.18 Ga0.82 Sb separated
by a 20-nm Al0.35 Ga0.65 As0.02 Sb0.98 barrier and enclosed between two 300-nm Al0.35 Ga0.4 As0.02 Sb0.98 waveguide layers and topped by a 1.5-µm p-type Al0.6 Ga0.4 As0.02 Sb0.98
(5×1018 cm−3 , Be) cladding layer and a 0.3-µm p-type
Al0.6 Ga0.4 As0.02 Sb0.98 cap (2×1019 cm−3 , Be), as shown
in Fig. 1. Compared with our previous laser structure, [6]
the waveguide layer width of the optimized laser structure
has been extended from 200 nm to 300 nm, and the number of QWs has been reduced to two from three. Instead
of the Ga0.82 In0.18 Sb QWs used for 2 µm diode lasers,
Ga0.84 In0.16 Sb and Ga0.8 In0.2 As0.02 Sb0.98 QWs were used for
the shorter and the longer wavelength devices at 1.9 µm and
2.1 µm, respectively. More details of the growth conditions
have been given previously.
Ridge waveguide layers with stripe widths between 8 µm
and 90 µm were fabricated, the cavity lengths of which were
800 µm and 1000 µm, respectively. Metal contacts were
defined using the standard photolithography. The n-side of
the wafer was thinned to a thickness of about 120 µm by a
combined mechanical and chemical method. Ti–Pt–Au and
AuGe(80%)–Ni(20%) contacts were evaporated as the top
and the bottom contacts, respectively. The structures were
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mounted epi-side down onto copper heat sinks, and the facets
were kept uncoated. All measurements were taken at room
temperature on a temperature-controlled heat sink.
pAl0.6Ga0.4As0.02Sb0.98 cap
pAl0.6Ga0.4As0.02Sb0.98 cladding
pAl0.35Ga0.4As0.02Sb0.98 waveguide
nAl0.35Ga0.4As0.02Sb0.98 waveguide

QW

nAl0.6Ga0.4As0.02Sb0.98 cladding
nGaSb buffer
nGaSb

coupling between the active region and the laser mode increases gradually with a widening of the waveguide core. [7]
Due to the reduced modal volume, the modal leakage into
both the high-index GaSb substrate and the high-doping p-type
cladding would decrease, so the internal loss and the threshold current density decrease correspondingly. The effect of
the QW number on the performance of GaSb-based lasers has
been theoretically analyzed. [8,9] Reducing the QW number decreases αi significantly, and it is beneficial to ηi as well. For
diode lasers with a cavity length of 800 µm, the optimum QW
number for the lowest threshold current density is two, which
is consistent with our experimental results.

Fig. 1. Schematic diagram of the GaSb-based QW laser diode structure.
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Fig. 3. (color online) The reciprocal differential quantum efficiency as a
function of the cavity length for both previous and optimized structures
with 8 µm stripe width.

With this optimized structure, broad-area diode lasers
with a stripe width of 90 µm were examined to obtain high
output power. The power versus current and the voltage versus current characteristics of 2 µm lasers under CW operation
are shown in Fig. 4. The broad-area device with the optimized
design exhibits a low threshold current of 130 mA, equivalent
to a threshold current density of 144 A/cm2 (72 A/cm2 per
QW), and a slope efficiency of 0.2 W/A. The maximum output power of 357 mW is limited by thermal pump saturation
for a 1-mm-long, 90-µm-wide cavity with uncoated mirrors.
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Fig. 2. (color online) CW output power characteristics measured at
300 K for both previous and optimized structures with 8 µm stripe
width. Inset shows the threshold current density as a function of the
reciprocal cavity length for both structures.
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The improved laser properties, relative to the previously
described structure, [6] are attributed to the increased waveguide width and the decreased number of QWs. The optical
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Figure 2 shows the measured CW output powers of 2 µm
diode lasers with stripe widths of 8 µm for both the optimized
and the previous structures. The maximum single facet output
power is increased to 109 mW at the drive current of 0.8 A.
The inset illustrates the threshold current density as a function
of the reciprocal cavity length for both structures. In the CW
mode, the threshold current density at infinite cavity length
is reduced from 2293 A/cm2 to 350 A/cm2 of the optimized
structure (150 A/cm2 per QW). To determine the internal loss
αi and the internal quantum efficiency ηi , we have plotted the
reciprocal differential quantum efficiency 1/ηD as a function
of the cavity length L. From the intercept and the slope of
the straight line fitted to the data in Fig. 3, the internal loss is
11 cm−1 and the internal quantum efficiency is 27.1%.
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Fig. 4. (color online) CW output power characteristics measured at
300 K for the optimized structure with 90 µm stripe width.
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4. Conclusion
CW

In summary, GaSb-based diode lasers with optimized
growth conditions and laser structures grown by MBE
have been fabricated. Varying the In concentration of the
GaIn(As)Sb/AlGaAsSb QWs, three different ridge waveguide
diode lasers emitting between 1.9 µm and 2.1 µm were presented. For uncoated broad-area lasers with emission wavelength at 2 µm, the threshold current density was as low as
144 A/cm2 (72 A/cm2 per QW), and the slope efficiency was
0.2 W/A. A maximum output power of 357 mW under CW
operation at room temperature was achieved.
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Fig. 5. (color online) Laser spectra of GaIn(As)Sb/AlGaAsSb quantumwell diode lasers emitting between 1.9 µm and 2.1 µm measured at
room temperature.
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