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Abstract: Photonic crystal nanocavities with suspended central elements suitable for optomechanical detection of torsional forces are designed and fabricated. This “floating” low mass nanocavity
may be mechanically coupled to nanomagnetic structures.
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Optomechanical cavities [1] provide an integrated platform for sensitive detection and control of mechanical displacements and forces by enhancing the interaction between light and its surrounding mechanical environment. Recent
groundbreaking applications of cavity optomechanics include measurement of resonator mechanical motion with sensitivity near the standard quantum limit [2, 3], optical cooling of a resonator into its quantum ground state [4], and
sensitive evanescent detection of mechanical oscillator [5] and cantilever [6] motion.
Nano- and microphotonic optomechanical devices can also function as sensitive detectors of non-optical forces
and fields, for applications such as magnetometry of external fields [7], and nanoscale magnetic systems [8]. In these
applications magnetic excitations couple to mechanical degrees of freedom, which are transduced by the optical cavity.
To increase sensitivity, mechanical oscillators with both strong optomechanical cavity coupling and efficient coupling
to magnetic moments, such as those associated with magnetic vortices in nanomagnetism, are desirable. Here we
present a photonic crystal optomechanical cavity whose suspended central element is designed to support low effective
mass torsional and flexural mechanical modes suited for probing nanomagnetic torques.
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Fig. 1. (a) Photonic crystal paddle nanocavity design and simulated field profile, Ey (x, y, z = 0), of the high-Q TE-like mode
supported by this structure (top view). Air holes (radius r = 145 nm) are patterned in a free standing silicon nanowire
(nSi = 3.5, thickness t = 250 nm, width w = 600 nm). The nominal hole spacing varies quadratically over six periods from
ac = 350 nm to ao = 450 nm. The two second closest holes to the cavity center are replaced with gaps in the nanowire of
size d = 0.58ao , and center position a02 = 1.12a2 where a2 is the nominal spacing between the first and second hole of the
uncut structure. (b) Scanning electron microscope image of a device fabricated from a Si membrane using design parameters
similar to those in (a). (c) Simulated radiation Q of the photonic crystal paddle nanocavity mode as a function of gap position
a02 , for varying gap size d. All other parameters are equal to those in (a). Calculated using three dimensional finite difference
time domain simulation software (MEEP).

The photonic crystal paddle nanocavity studied here is shown in Figures 1(a,b), and consists of a modified silicon
nanobeam photonic crystal nanocavity [9]. Two of the nanocavity holes have been replaced with gaps passing through
the nanobeam, creating a floating or “suspended” central nanocavity paddle. In general, the gaps reduce the maximum
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attainable Q of optical modes supported by the nanocavity. However, as shown in Fig. 1(c), by tuning the gap size,
d, and the gap position, a02 , TE-like modes with radiation loss limited Q > 104 can be supported by this structure.
At the optimal d and a02 values the “local” waveguide bandedge associated with the unit cell encompassing the gap is
aligned with that of the removed hole unit cell. A typical mode profile is shown in Fig. 1(a) for parameters supporting a
mode with Q ∼ 12000 and resonant wavelength ∼ 1650 nm. Additional enhancement to Q may be possible by further
optimizing other nanocavity parameters. In a fabricated device, thin supports are necessary to suspend the nanocavity
paddle, as shown in Fig. 1(b); the simulations in Figs. 1(a,c) do not include these supports. Additional simulations
indicate that a 25 nm wide (250 nm thick) support similar to that shown in Fig. 1(b) does not degrade the maximum
attainable nanocavity Q, although it reduces the optimal values of a02 and d. Preliminary simulations indicate that
introducing 50 nm wide supports should also be feasible without spoiling Q.
The optomechanical properties of the suspended nanocavity paddle can be optimized for specific functions through
careful design of the paddle supports. Two types of mechanical resonances of particular interest are shown in Figs.
2(a,b). In the presence of an external magnetic field, these torsional and flexural resonances may be excited by magnetic
moments from nanomagnetic materials attached either to the nanocavity paddle, or to mechanical structures connected
to the supports. To date, optical readout of this type of magnetic-mechanical coupling has relied on free space interferometry [8]. In comparison, the photonic crystal optomechanical paddle nanocavity presented here has a lower
effective mechanical mass (∼ 100 fg), and higher optical Q. In addition, the nanocavity’s small optical mode volume
(V ∼ 0.3(λ/nSi )3 , defined by the peak per-photon electric field), and the strong overlap between the mechanical mode
and optical mode peak field suggests that the optomechanical coupling strength, gOM , may be large. However, due
to the symmetry of the paddle with respect to the symmetric nanocavity mode, the optomechanical coupling will be
quadratic in nature for the mechanical resonances shown in Fig. 2. To break this symmetry and obtain a linear optomechanical coupling, a geometry in which the paddle is offset from the field maximum may be used. On-going studies are
focused on experimental characterization of photonic crystal paddle nanocavities, and optimizing the optomechanical
properties of this device geometry for ultra-sensitive optical magnetometery.
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Fig. 2. (a) Torsional and (b) flexural mechanical resonances of the photonic crystal paddle optomechanical cavity. The length
and width of the paddle supports are 500 and 50 nm, respectively. In a real device these supports are attached to the surrounding silicon wafer; see Fig. 1(b). The support dimensions can be adjusted to tune the mechanical resonance frequencies.
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