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Abstract: Work towards semiconductor nanolasers at λ = 1.3 µm in optomechanically coupled one
dimensional photonic-crystal cavities is presented. Optical mode spectroscopy and on-chip tuning capa-
bility based on capacitive actuation is developed. Experimental and theoretical results are presented.
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As the dimensions of semiconductor lasers are reduced to the nanoscale, new possibilities for studying fundamen-
tal device physics [1] and synergetic integration with other nanoscale technologies arise. Recent progress in the field of
nanoscale lasers has included the incorporation of metal layers for localization and guiding of light through coupling to
surface-plasmon-polariton excitations [2, 3, 4]. In conjunction with the new developments in nanolaser cavity geome-
tries, there has been the continued interest in, and need for, methods of extending both tuning bandwidth and tuning
speed beyond traditional thermal and current injection based tuning mechanisms [5, 6]. Several mechanisms have
been proposed and demonstrated based on optofluidics [7] and micro-electro-mechanical-systems (MEMS) [8, 9]. We
present work towards lasing and on-chip tuning of nanolasers at λ = 1.3 µm based on optomechanically coupled one
dimensional photonic-crystal cavities (“zipper” cavities) [10].

Zipper cavities are comprised of two doubly clamped nanobeams patterned with a photonic crystal structure (Fig.
1(a)) and have a highly dispersive dependence on the gap between nanobeams. The mechanical response can be tailored
to be anywhere from kHz to GHz by engineering the structure’s mass and spring constant. Optical defect modes are
formed by a parabolic variation of the lattice constant at the center of the cavity. Using finite-element-method (FEM)
simulations [11] we have designed zipper cavities appropriate for active material in GaAs and InP based systems.
The electric field (Ey) mode profile of a first-order optical mode can bee seen in Fig. 1(b). As is shown in Fig. 1(c)
nanobeam width is optimized for both cavity quality factor (Q-factor) to facilitate lasing and optomechanical coupling
(gOM) to facilitate tuning. Cavity frequency tuning and gOM are plotted as a function of the gap between nanobeams
in Fig. 1(d).
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Fig. 1. (a) Zipper cavity doubly clamped nanobeam structure (b) Electric field (Ey) mode profile of first-order defect cavity
mode. (c) Optimizing optomechanical coupling (gOM) and optical Q-factor as a function of nanobeam width. (d) Cavity
frequency and gOM as a function of nanobeam spacing.

In order to study light emission from zipper laser cavity structures initial device work was performed using a
semiconductor structure containing a single layer of InAs self-assembled quantum dots [12]. This low-gain active
region provides ample light emission from which to perform spectroscopy of the zipper cavity modes, whilst only
marginally affecting the measured modal Q-factors (at the level of 5× 104). Zipper cavities are defined via electron-
beam lithography and inductively-coupled reactive-ion etching of a 250 nm thick quantum dot-in-well membrane.
Devices are released from the substrate by wet etching of the underneath sacrificial AlGaAs layer [13]. The devices
are free space pumped with a pulsed external cavity diode laser at λ = 830 nm (200 ns pulse width, 1 µs pulse
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period, pump power Pp = 317 µW) and free space photoluminescence (PL) is collected via a high numerical aperture
objective to a spectrometer. PL measurements show that modes come in bonded and anti-bonded pairs as predicted
and measured on passive cavities [11]. First order through third order defect cavity modes can be seen in Fig. 2(a). The
modes collectively tune with increase of lattice constant (a) as predicted by simulations. Looking at a bonded mode
at very low power (10 ns pulse width, 4 µs pulse period, pump power Pp = 101 nW) we can estimate an upper bound
on its Q≈ 6000. Such a mode is quite promising as based on previous work [13] this mode would lase in higher gain
material.
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Fig. 2. (a) Photoluminescence spectra of optically pumped Zipper cavities fabricated from GaAs based quantum dot-in-well
(DWELL) material. Inset: zoom in of bonded (+) and anti-bonded (-) cavity modes. (b) SEM micrograph top view of DWELL
zipper cavity. Inset: Isometric view. (c) Schematic for electrostatic wavelength tuning.

Current work focuses moving designs to higher gain InAsP/GaInAsP quantum well material. Electrostatic mecha-
nism for tuning the gap (see schematic in Fig. 2(c)), similar to work in passive silicon-on-insulator zipper cavities [14],
is currently being designed, fabricated, and tested. Up to date experimental and theoretical progress will be reported.
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