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Fig. 1. The model structures of the one-dimensional hexagonal double-hole type optomechanical crystal nanobeam cavity designed

in the present work, where (a) is nanobeam cavity structure, (b) is optomechanical crystal unit cell, (c) represents the cavity with

different number of defects, and (d) and (e) are the even-symmetric and odd-symmetric gradient nanobeam cavity, respectively.
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Fig. 2. The band structures of hexagonal double-hole type optomechanical crystal, where (a) and (b) represent the phononic and
photonic band structure, respectively, (c) and (d) correspond to the change of the phononic and photonic band gap with the radius
of the inner hole, and (e) and (f) are different defects acoustic transmission spectrum of optomechanical crystal nanobeam cavity.
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Fig. 3. The electric field and displacement field modes of optomechanical crystal cavities with different defect numbers are shown in

(a) (f), and (g) is optomechanical coupling rates of nanobeam cavities with different numbers of defects.
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Fig. 5. Phononic band structures of the geometrically op-
timized nanobeam cavities, where (a) is phononic band
structure of the even symmetric cavity, in which A1-L1 are
the defect modes generated in phononic band gap, and (b)
is phononic band structure of the odd symmetric cavity, in
which A2-N2 are the defect modes generated in phononic
band gap.
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Fig. 6. Geometrically optimize the electric field and dis-
placement field modes of the even symmetric nanobeam
cavity and optomechanical coupling rates, where (a) repres-
ents displacement field mode diagram A1-L1 and electric
field mode diagram P1 of the nanobeam cavity, and (b) is
optomechanical coupling rates of nanobeam cavities and its

components g, and g
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Table 1.  Optomechanical coupling rates of even symmetric nanobeam cavity.

Al B1 D1 El F1
g / Hz ~1.076x10° ~1.805%10° 6.721x10° -8.925% 10* ~1.204%10° 3.790x10°
oo / Hz 1.130x10* 6.104x10* ~1.888x 10 6.130%10? 9.662x10° 7.078x10*
9 / Hz -9.626x 10" ~1.744x10° 6.532x 10° ~8.864x10* ~1.108x10° 4.498x10°
My / 1017 kg 2.429 4.072 1.657 1.719 6.816 4.698
Gl H1 J1 K1 L1
g / Hz ~1.987x10° -9.336x 10° ~1.745%10* 1.102x10° 1.028x 10 ~2.258% 103
oo / Hz ~2.661x10° ~1.470x10° ~6.952x 103 1.425% 103 3.462x10° 7.341x10°
9 / Hz ~2.253%10° ~1.081x 10 ~2.440%10* 1.116x10° 1.374x 10 5.083%x10°
Mg / 1077 kg 7.086 2.879 2.949 3.320 8.115 3.701
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Fig. 7. Geometrically optimize the electric field and dis-
placement field modes of the odd symmetric nanobeam cav-
ity and optomechanical coupling rates, where (a) repres-
ents displacement field mode diagram A2-N2 and electric
field mode diagram P2 of the nanobeam cavity, and (b) is
optomechanical coupling rates of nanobeam cavity and its

components g, and g
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2 AR FRADER R AR S e AR S R
Table 2.  Optomechanical coupling rates of odd symmetric nanobeam cavity.
A2 B2 C2 D2 E2 F2 G2
Gur/Hz -2.100x10° 5.629x10* 7.079%10% 2.795x10* 9.599x10* 8.016x10* 3.082x10*
Gpe/Hz ~7.580x10* 4.084x103 2.762x103 -8.579x10? -1.062x10° -4.091x10° 5.240x10°
90/Hz -2.176x10° 6.037x10* 9.840x10? 1.937x10* -1.024x10* 7.607x10% -3.606x10*
my /10717 kg 3.28 0.991 1.05 3.65 2.79 1.41 0.110
H2 12 J2 K2 L2 M2 N2
G/ Hz ~5.600x10° 1.818x10% 6.875x10? -1.391x10? -1.240x10* 1.401x10* 1.311x10*
Gpe/Hz 1.833x10° ~2.254x103 1.972x10% -3.701x10? 2.550x10? -8.942x103 9.903x 102
g0/Hz -3.767x10° —4.357x10? 2.659x103 -1.761x10? 1.266x10* 5.066x10° 1.410x10*
megy /1017 kg 9.16 1.96 1.89 0.296 0.233 0.287 0.260
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Fig. 8. The distribution diagram of the phononic cavity
modes (nyp at different resonant frequencies of the even-

symmetric nanobeam cavity.
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Fig. 9. A new gradient cavity optomechanical crystal nanobeam and its acoustic and optical modes.
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Table 3.  Optomechanical coupling rates of a new gradient cavity optomechanical crystal nanobeam.

f/GHz Gt/ Hz 9pe/Hz
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Novel one-dimensional optomechanical crystal nanobeam with
high optomechanical coupling rate under
different defect states”
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Abstract

Optomechanical crystals can simultaneously modulate elastic waves and electromagnetic waves as well as
localizing phonons and photons to enhance the acousto-optic interaction. In this work, a new type of
optomechanical crystal nanobeam cavity is designed by periodically arranging the unit cells with double holes
on both sides of a hexagonal prism. Considering the moving boundary effect and the photoelastic effect as well
as using the first-order electromagnetic perturbation theory and the optomechanical coupling coefficient
calculation method, the optomechanical coupling rate of the structure is calculated. The result shows that the
overlap between the optical mode and the mechanical mode can be improved by changing the number of defects
and optimizing the geometric structure. For the nanobeam cavity structures with different numbers of the like
defects, the number of defects will only affect the action mode of the moving boundary effect and photoelastic
effect in the optomechanical coupling rate, but will not change the coupling rate too much. In particular, the
optomechanical coupling rate of the single defect optomechanical crystal nanobeam cavity can reach —1.29 MHz,
and the equivalent mass is 42.6 fg. Moreover, the designed structure is simple and easy to process and fabricate.
The coupling rate of even-symmetric optomechanical crystal nanobeam cavity based on gradient defect can
reach 2.25 MHz, and the coupling rate of odd symmetric structure can reach 2.18 MHz, in which the moving
boundary effect is dominant. Based on the symmetry analysis of the vibration modes of the optomechanical
crystal nanobeam cavity with gradient defects, it is worth noting that only the even symmetrical vibration
modes of zy, 2~z and %2z can strongly couple with the optical modes. The surface density of the moving
boundary effect is calculated and analyzed, and it is found that the surface density of the acoustic resonance
mode with high symmetry also possesses high symmetry. However, when the surface density of the moving
boundary effect in the defect state appears adjacent to each other and cancels out each other, it will destroy the
coupling mode of the moving boundary effect and reduce the coupling rate, whether the symmetry is high or
low. In addition, the designed optomechanical crystal nanobeam can also improve the quality factor of the
resonant cavity by optimizing the defect structure while maintaining a high optomechanical coupling rate.
Therefore, this research provides an effective means to find a structure with high optomechanical coupling rate,

and also presents the ideas for designing the space sensors.
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