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Web Abstract: Achieving single-mode laser operation in nanowire lasers remains a challenge due to a
lack of mode selection approaches. We have implemented single-mode lasing using distributed feedback
by externally coupling gallium nitride nanowires to a dielectric grating to achieve mode-control. We
placed GaN nanowires onto a silicon nitride grating structure using a dry transfer technique. Nanowires
were randomly oriented on the grating structure and then optically pumped at room temperature. We
observed a direct relationship between the number of transverse/longitudinal lasing modes and the
relative misalignment of individual nanowires to the grating. The effective periodicity of the grating
experienced by the nanowires was altered using nanomanipulation to change the angular alignment
between the nanowires and the grating. The effective periodicity controls the spectral location of the stop-
band associated with distributed feedback. Nanowires were rotated so that the designed periodicity of the
grating was experienced by the nanowires. At this orientation the stop-band was spectrally located in the
center of the GaN material gain bandwidth. When the nanowires were aligned this way, we achieved
single-mode emission with a mode suppression ratio of 17dB.
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The achievement of mode selection techniques in free-standing nanowire lasers has been difficult because
of the small scale, size dispersion, and lack of well-developed placement methods for single nanowires.
By externally coupling free-standing nanowires to a dielectric grating we have demonstrated a proof-of-
concept distributed feedback in nanowire lasers. GaN nanowires were placed onto a SiN grating via a dry
transfer technique a SEM image of a nanowire in contact with the grating is shown in figure 1c). We optically
pumped and analyzed the emission from GaN nanowire lasers in contact with the grating using a micro-
photoluminescence (LPL) setup. The initial spectrum obtained from a representative nanowire, oriented so that there
is no additional feedback from the grating, is shown in Figure la). The spectrum shows the typical multimode
behavior associated with nanowire lasers that lack mode selection. We controlled the spectral location of a
stop-band formed by the coupling of the nanowire and the grating by nanomanipulation of the nanowires.
We achieved single-mode nanowire lasing with a mode suppression ratio of 17dB when the nanowire was
oriented to align the spectral location of the stop-band to the optical gain bandwidth of GaN. The
spectrum obtained from this orientation is shown if Figure 1b).
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Figure 1 a) Lasing spectrum obtained at 90° nanowire substrate alignment angle for a single wire. b) As in a), for 0°
alignment angle. The nanowire was rotated with respect to the grating for optical characterization studies. ¢) SEM
image of a single GaN nanowire lying in contact with the distributed feedback grating.
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