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TECHNICAL ABSTRACT 
High power, 2-2.5 μm light emitting diodes are important light sources for compact 

optical point sensing of biomolecules such as glucose.  The 2-2.5 um absorption window is 
particularly important for measurement of biomolecules in aqueous environments both 
because water absorption has a relative minimum and because many important 
biomolecules have characteristic absorption spectra in that wavelength range.  A broadband light source is needed to 
obtain a spectrally resolved optical absorption spectrum of the matrix containing the biomolecule, which is a prerequisite 
for robust calibration models to determine of the presence and concentration of a particular biomolecule in the complex 
matrix. Previous approaches to  high brightness sources include tunable GaInAsSb/AlGaAsSb quantum well lasers, 
which have very high power, but are complex in that they require moving parts and external cavities.  Mesa surface 
light-emitting diodes from GaInAsSb/GaSb have also been demonstrated, but output powers are low (300 μW upper 
hemisphere at room temperature), which degrades the signal-to-noise of the measurement.  Here we demonstrate edge-
light-emitting diodes from GaInAsSb/AlGaAsSb quantum well heterostructures with output powers exceeding 6 mW 
when integrated into an f/1 acceptance cone.  We present evidence that broadband output is amplified by stimulated 
emission without lasing, i.e. superluminescent. 

Devices were grown by molecular beam epitaxy with a structure identical to that of a laser diode.    A schematic of 
the GaInAsSb/AlGaAsSb quantum-well, separate-confinement, laser diode structure is shown in Fig. 1.  However, 
during fabrication, waveguides were angled so that the facets were non-normal with respect to the waveguide axis (about 
6 degrees from normal), which effectively prevented feedback and lasing in the diodes.  For comparison, diodes were 
also fabricated with straight waveguides with facets normal to the waveguide axis.  No dielectric coatings were put on 
the facets of either device. 

Figures 2 and 3 show light-current curves for both the straight and angled waveguide diodes, respectively. 
Measurements were taken at room temperature, and current injection was pulsed with 200 μs pulses and duty cycles less 
than or equal to 5% to prevent device heating.  For the 2 mm long x 40 um wide straight waveguide laser diodes, 
threshold for lasing was observed at about 250 A/cm2, as shown in Fig. 2.  In slightly longer 2.3 mm x 40 um wide 
angled waveguide structures, no threshold was observed, but output became superlinear for current densities above about 
400 A/cm2, as shown in Fig. 3a.  For the highest measured injection currents at 1000 A/cm2, output reached 1.15 mW 
into an f/1 acceptance cone.  Spectrally resolved emission spectra of the angled waveguide structure is shown in Fig. 3b.   

Measurements in the straight waveguide devices show that by 250A/cm2, the active region has transitioned from 
absorptive to gain.  We can expect optical output in the angled waveguide devices to be amplified by stimulated 
emission at current densities at or above 250 A/cm2, and this does in fact coincide with the superlinear growth in 
observed output.  Evidence that angled waveguide devices are not lasing, however, is provided by Fig. 3b, which shows 
output remains spectrally broad over all measured current injection densities.  Some spectral narrowing of the output is 
observed, and this is expected for a gain profile peaked higher at central wavelengths.   

 
 



 

 

Fig. 2 Output power vs. current density of a
straight waveguide chip driven at varying duty
cycles. Lasing occurs about 250 A/cm2. Laser
output power measurements integrated power
emitted into an f/1 cone. 
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Fig.3 a) Output power vs. current density of an angled waveguide chip driven with pulsed current injection at varying duty cycles. b) 
Spectra taken  at varying current densities for the angled waveguide chip. The intensity of the spectra output has been normalized and 
plotted vs. wavenumber. This shows clear spectral narrowing which is evidence of amplified spontaneous emission without lasing. 

Fig. 1 Stack diagram 
showing the makeup of 
both chips. 


