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Fig. 1. (a) Schematic diagram of the structure of the sus-
pended waveguide system; (b) design drawing of floating
waveguide, t= 215 nm, w= 800 m, air slit length s=
2 nm, height 7=213 nm; (b) schematic diagram of optical
dispersion diagram, optical resonance is represented by dis-
crete points (red and blue) along the overall dispersion
curve (solid line); (d) schematic diagram of pump light con-
version to stokes light and phonons. In the figure, k and &,
represent the wave vectors of stoke light and pump light,
respectively. w, w,, and {2 represent Stokes light, pump
light, and generated phonon frequencies, respectively.
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Fig. 2. Optical mode and radiation pressure distribution of
the waveguide: (a) Schematic diagram of the radiation pres-
sure distribution on the left; (b)—(d) guiding lateral pro-
files of the fundamental optical modes of the FE,, E, and E,

field components.
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modes; (b) when @ = 1000, the corresponding Brillouin
gain under different acoustic modes.
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Fig. 4. Six acoustic modes of a suspended waveguide, show-
ing the transverse section of the normalized mixed sound
waves (E;—Eg) of lowest first to sixth order of the u, and u,

components.
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Fig. 5. Finite element simulation of the photoacoustic coup-
ling rate varying with the length of the waveguide in the

suspended waveguide structure.
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Abstract

As is well known, the on-chip waveguide with high Brillouin gain has many applications in the field of
photonics. Brillouin lasers on silicon substrates are widely used in frequency tunable laser emission, mode-locked
pulsed lasers, low-noise oscillators and optical gyroscopes. However, in a silicon-based Brillouin laser, a long
waveguide length is still used to achieve Brillouin laser output, which is not conducive to on-chip integration. In
this work is proposed a new type of waveguide structure consisting of chalcogenide As,S4 rectangles and an air
slit. Owing to the existence of the air gap, the radiation pressure makes the enhancement of Brillouin
nonlinearity much higher than the enhancement caused only by the material nonlinearity. This makes the
Brillouin gain reach 1.78 x 10> W m !, which is nearly 10 times larger than the previously reported backward
SBS gain of 2.88 x 10* W l.m!, resulting in phonon frequency tuning in a 4.2-7.0 GHz range. This method
provides a new idea for designing nano-scaled optical waveguides for forward stimulated Brillouin scattering,
and at the same time, this enhanced broadband coherent phonon emission paves the way for improving the

hybrid on-chip CMOS signal processing technology.

Keywords: Brillouin gain, air slit, tunable
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