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TECHNICAL ABSTRACT
Lasers operating in the 2.0-3.0 µm spectral range are of particular interest for spectroscopy and atmospheric
studies. High-performance semiconductor lasers have been demonstrated in this wavelength range based on
InGaAsSb/AlGaAsSb alloys. Typically, these structures employ molecular-beam epitaxy (MBE) to grow compressively
strained multi-quantum-well active layers of InGaAsSb sandwiched between lattice-matched AlGaAsSb waveguide
layers on GaSb substrates.1-2 In spite of excellent results reported on broad-area and Fabry-Perot lasers, the development
of single-frequency lasers suitable for gas spectroscopy has been limited. Conventional fabrication of DFB lasers
incorporating buried gratings for longitudinal mode selection is extremely challenging due to the difficulty of epitaxial
regrowth over GaSb alloys. An alternative method for DFB fabrication makes use of Bragg gratings etched alongside a
ridge waveguide to form a laterally coupled distributed-feedback (LC-DFB) laser.3 This approach enables fabrication of
single-longitudinal-mode lasers following a single epitaxial growth process. However, all the demonstrated lasers todate have relied on deposited metal gratings that provide strong feedback but generate additional absorption loss in the
laser cavity, which limits the output power of the lasers to only few milliwatts.
In this work, we report on high-power LC-DFB lasers with etched gratings. The lasers exhibit stable singlewavelength operation tuning over a broad range of temperature and operating current, and they produce order-ofmagnitude higher power due to the low loss fabrication of etched groves. Heterostructure laser wafers are grown using
solid-source MBE on a n-GaSb substrates. Ridges are fabricated using contact lithography and inductively coupled
plasma reactive-ion etching, as shown in Fig.1 (a). Second-order gratings are patterned alongside the ridges using
electron-beam lithography and etched to the desired depth, as shown in Fig. 1(b). Figure 2 show the modal gain spectra
obtained from sub-threshold Hakki-Paoli measurements, which include the effect of grating reflections near 2.0 µm.4
The spectra indicate total optical loss of ~ 18 cm-1. With an estimated facet loss of 13 cm-1, the internal waveguide loss is
therefore ~ 5 cm-1. The total loss is comparable to Fabry-Perot lasers without gratings fabricated with the same ridge
geometry and facet coatings, indicating that, in contrast to LC-DFB devices with metal gratings, the etched gratings do
not introduce significant broadband attenuation.
We have demonstrated high-performance, single-longitudinal-mode LC-DFB lasers in the 2-3 µm wavelength
range. At 2.0 µm, we have measured more than 50 mW of CW power for devices with a 4-µm-wide ridge and 2-mmlong cavity. This record performance is attributed to the high quality of epitaxial growth and low-loss grating fabrication.
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FIG. 1. (a) Cross-section scanning-electron micrograph of a typical laser ridge topped with a titanium-platinum-gold
contact layer. (b) Top view of the LC-DFB laser structure, with a cross section of the grating (inset).

FIG. 2. Modal gain spectra obtained from sub-threshold Hakki-Paoli measurements. Laser gain with and without the
grating, indicating no significant increase in waveguide loss with the addition of etched gratings (loss is ~ 5 cm-1).

FIG. 3. Light-current-voltage and spectral characteristics of a single-mode LC-DFB laser.
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