GaSb-based Interband Cascade lasers beyond 6µm
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While the performance sweet spot for interband cascade lasers (ICLs) is between 3 and 4 µm,
the upper wavelength limit has recently been pushed further. To date, broad area ICLs emit up
to 13.2 µm in pulsed operation at 120 K [1] and up to 11 µm at 97 K in cw-operation [2].
Currently these long wavelength ICLs are realized utilizing plasmonic cladding layers on InAs
substrates. The thicker InAs/AlSb cladding layers in GaSb-ICLs, which are required to
compensate the longer optical mode decay length, present a challenge for heat dissipation from
the active region. In the case of distributed feedback (DFB) ICLs based on GaSb, the longest
cw emission wavelength reported so far is 5.2 µm [3] and 6.1 µm in the case of pulsed broad
area devices [4].The realization of GaSb-based ICLs beyond 6 µm allows the detection of gases
such as NO2 at 6.25 µm. In combination with ICLs low power consumption, e.g. compared to
quantum cascade lasers (QCL), they are well suited for mobile and compact sensing systems.
Here we present a GaSb-based Fabry-Pérot ICL with a center emission wavelength of 6.12 µm
based on an optimized epitaxy design. In the active region (Fig. 1 left), the thickness of GaInSb
layer in the W-QW was adjusted to 3.5 nm to reduce the intersubband absorption in the valence
band [5]. To balance the internally generated carriers, a Si-doping of 1×1018 cm-3 in the 3 InAs
layers of the e-injector was used. The 9 active stages are surrounded by 900 nm (substrate side)
/ 1050 nm asymmetric thick GaSb separate confinement layers and thin InAs/AlSb cladding
layers (bottom: 3000 nm / top: 1600 nm) to minimize internal loss and optimize thermal
management. The fabricated lasers were dry chemically etched through the active region and
coated with an HR
metal coating at the
back facet and thin
Al2O3 layer at the
front facet. An epidown mounted device
(23 µm wide; 2 mm
long) shows the
lowest
reported
threshold
current Fig.1. (left) Band structure of valence (VB - red) and conduction band (CB - black) of 1.5
of the active region for an applied electric field of 90 kV/cm. (right) CW lightdensity of 612 A/cm2 cascades
current-voltage curves of epi-down mounted FP-GaSb ICLs and emission spectrum (inset).
for this wavelength at
room temperature, high optical output power of over 25 mW at 20°C in cw-operation (Fig. 1
right) and a low thermal impedance-area product of 6.2 Kcm2/kW. These modifications of the
epitaxial design could therefore provide a solid basis for future GaSb-DFB-ICLs with excellent
performance at 6.12 µm.
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