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Abstract: Photonic devices that exhibit all-optically reconfigurable polarization dependence 
with a large dynamic range would be highly attractive for active polarization control. Here, 
we report that strongly polarization-selective nonlinear optomechanical interactions emerge in 
subwavelength waveguides. By using full-vectorial finite element analysis, we find, at certain 
core ellipticities (or aspect ratios), that the forward simulated light scattering mediated by a 
specific acoustic resonance mode is eliminated for one polarization mode. Whereas, that for 
the other polarization mode is rather enhanced. This intriguing phenomenon can be explained 
by the interplay between the electrostrictive force and radiation pressure and turns out to be 
tailorable by the choice of waveguide materials. 

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 
Photonic devices that exhibit polarization dependence (e.g., polarization dependent loss/gain 
and polarization mode dispersion) are considered detrimental in general, as they degrade the 
performance of photonic systems when employed. On the other hand, if the polarization 
dependence could be all-optically controlled with a large dynamic range at modest optical 
power levels, it would be highly attractive for active control and manipulation of the 
polarization state of light, which can be adopted in new types of photonic components and 
advanced all-optical signal processing. Nonlinear optical phenomena, e.g., the optical Kerr 
effect, stimulated Raman scattering and stimulated Brillouin scattering (SBS), have offered 
compelling nonlinear polarization effects that can be potentially adopted for the realization of 
all-optical polarization control. Recent examples include lossless polarizers based on the self-
polarization effect [1], Kerr-based polarization scramblers [2], and polarization-switchable 
Brillouin fiber lasers [3]. Although SBS in conventional single-mode fibers has been long 
considered as one of the most significant nonlinear optical effects, the insufficient 
polarization dependence of SBS gain [4,5] has hindered its practical use for implementing all-
optical polarization manipulation. Strongly polarization-selective SBS amplification of one 
particular polarization mode could also dramatically improve the performances of various 
SBS-based systems, e.g., tunable bandpass filters [6], Brillouin-based optical spectrometers 
[7], and optical vector network analyzers [8]. 

With the advancement of nano-fabrication techniques, it has been possible to realize 
micro/nano-scaled photonic systems that allow for strong confinement of light in small 
volumes to yield highly efficient nonlinear optical effects. In particular, novel kinds of 
nonlinear optomechanical phenomena can emerge at modest optical powers, when light and 
acoustic phonons are tightly trapped simultaneously in tiny spaces, as recently demonstrated 
in micron/submicron-thick fiber tapers [9–11], small-solid-core microstructured optical fibers 
with high air-filling fractions [12–14], and silicon on-chip suspended waveguides [15,16]. In 
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electrostrictive force and radiation pressure, respectively, and calculate them at Req = 500 nm 
over the entire range of core ellipticity. At the core ellipticity for which FSBS is suppressed, 
the two FSBS coupling components have the same magnitude as each other as shown in Figs. 
3(a) and 3(d), which implies that they are canceled out to yield the zero total FSBS coupling. 

The strong polarization selectiveness of FSBS can be intuitively understood in terms of 

the time-averaged optomechanical work density ( )*
mReW ∝ ⋅f u  done on the waveguide by 

the optical forces, as described in Figs. 3(e)–3(n), where f and um are the optical force 
distribution and the displacement profile of AR, respectively. The optical forces are almost 
transverse in the FSBS process, and the dominant electrostriction stress tensor components 
are then σxx and σyy for both polarization modes, which are expressed for the electric field 
profile E in isotropic media by [22] 

 ( )22 241
0 11 122σ ε ,xx x y zn p E p E E = − ⋅ + +  

 (1) 

 ( )2 2 241
0 11 122σ ε ,yy y x zn p E p E E = − ⋅ + +  

 (2) 

where ε0 and n are the vacuum electric permittivity and the refractive index, respectively, and 
p11 and p12 are the PECs. For fused silica glass (p11 = 0.121 and p12 = 0.270), both PECs are 
positive and p11 < p12 then makes σyy[σxx] dominant over σxx[σyy] for the x[y]-polarized mode. 
The electrostrictive bulk force (es,bulk) σi ij jF x= −∂ ∂  and boundary force (es,boundary) σi ij jF n=  

[17] are then applied inward, where nj is the normal vector component at the waveguide 
surface. In addition, the electrostrictive bulk force is mostly perpendicular to the optical 
polarization. While for the x-polarized mode the electrostrictive bulk and boundary forces 
exerted together in the y-direction get significantly greater than the counterbalancing 
radiation pressure (Figs. 3(g) and 3(i)), for the y-polarized mode the radiation pressure is 
dominant (Figs. 3(h) and 3(j)). As a result, the total optical force distribution created by the y-
polarized mode exhibits a ‘squeezing’ pattern over the waveguide cross-section that closely 
resembles the TR21-like AR, which yields a significant work (Fig. 3(l)). The y-polarized mode 
is then coupled efficiently to the TR21-like AR, resulting in the enhancement of FSBS 
coupling. On the contrary, when driven by the x-polarized mode, the total optical force 
distribution does not match the TR21-like AR (Figs. 3(k) and 3(m)), and the resulting work 
can then be canceled out, which gives rise to the suppression of FSBS coupling. The opposite 
behavior of polarization-selective FSBS suppression for the R01-like AR can be explained in a 
similar way. 

We also obtain the spectra of FSBS for each polarization mode by calculating the acoustic 
frequency and FSBS coupling for several ARs (including the TR21-like and the R01-like ones) 
over the entire range of core ellipticity. Figure 4 shows the result, which we obtain as keeping 
the core dimension at Req = 500 nm and assuming an arbitrary but realistic value of AR 
quality factor of 1000 for silica glass [23]. It is noteworthy that a number of anti-crossings 
emerge at some core ellipticities, which we attribute to the simultaneous resonances of two 
acoustic modes satisfying the free-boundary conditions for the acoustic displacement at the 
waveguide interface [24]. For instance, the frequency of the R01-like AR increases with the 
core ellipticity and intersects that of the higher-order flexural F11 AR at e = 0.63. The amount 
of frequency splitting at the resulting anti-crossing depends on the coupling strength between 
the two ARs. As the core ellipticity increases further, the R01-like AR branch forms a series of 
anti-crossings with other types of ARs. We collect these R01-like ARs and designate them 
here as a ‘family of R01-like ARs’. We note that for the x-polarized mode the FSBS coupling 
decreases significantly nearby the acoustic anti-crossings, as can be seen in Fig. 2(c). In 
addition, for the y-polarized mode, the flexural ARs dominate the FSBS coupling over the 
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4. Conclusion 
In conclusion, we have shown that strongly polarization-selective nonlinear optomechanical 
interactions emerge in subwavelength waveguides with carefully designed core geometry. At 
certain core aspect ratios (or ellipticities), FSBS mediated by a specific AR mode is 
eliminated for only one polarization mode, while that for the other polarization mode is 
enhanced. Thanks to the sufficient FSBS coupling (on the order of 10 W−1km−1 for silica 
waveguides) compared to particularly the weak backward SBS mediated by traveling SAWs 
[18], the strongly polarization-selective FSBS offers a unique practical way of highly efficient 
all-optical reconfigurable polarization control with a huge dynamic range. This remarkable 
feature could be applied to, e.g., dynamic nonlinear polarizers, polarization switching, and 
wavelength-polarization-division multiplexing, mode-locked lasers with ultrahigh degrees of 
polarization, as well as the above-mentioned applications [6–8]. In these applications, the co-
propagating pump and Stokes waves can be separated by using a commercially available 
ultra-narrow-band wavelength filter with the bandwidth far below the AR frequency (a few 
GHz), such as a phase-shifted fiber Bragg grating [25] and an optical cavity. The intriguing 
phenomenon of polarization-selective suppression of FSBS can be explained by the 
counterbalance between electrostriction and radiation pressure and turn out to be strongly 
affected by the PECs of waveguide materials. Our study provides a new opportunity of 
engineering boundary-enhanced optical forces and nonlinear photon-phonon interactions. 
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