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Abstract: We report on the use of air-holes in multicore fibers to alleviate intercore perturbations 

induced by forward stimulated Brillouin scattering. Comparisons with conventional multicore 

fibers show significant improvement in terms of cross-talk reduction. 

 

1. Introduction 

Optical fibers have been known for a very long time to be extremely efficient waveguides for electromagnetic 

radiation. Like any solid material, they also act as acoustic waveguides and are able to support various kinds of 

vibrational modes. In an optical fiber, three co-propagating waves - two optical, one acoustic - may couple via an 

interaction known as forward stimulated Brillouin scattering (FSBS). FSBS was studied as early as 1985 [1], where 

its perturbative action on signals propagating in single-mode fibers was first measured. FSBS stems from the same 

physical mechanisms as the more familiar backward stimulated Brillouin scattering (SBS), but presents unique 

features owing to the nature of the acoustic modes involved in the process. Of particular interest here is the spatial 

occupancy of these modes, which may lead to opto-mechanical cross-talk in multi-core fibers [2]. The coupling 

occurs because light propagating in a given core may activate transverse acoustic vibrations across the entire fiber 

cross-section, which will in turn induce perturbations in the form of phase-modulation on light travelling in a 

different core. The whole process is facilitated by the fact that, unlike the case of backward SBS, no strict-phase 

matching condition is required [3,4]. 

In this paper, we report on the use of air-holes in multi-core fibers (MCF) to alleviate FSBS induced cross-talk. 

The fiber employed here was originally designed and manufactured by Infotech to reduce optical inter-core 

cross-talk while maintaining compatibility with optical properties given in ITU G.652 recommendation [5]. Optical 

isolation is achieved by surrounding each core with a series of air-holes, which incidentally modifies the mechanical 

behavior of this fiber with respect to conventional MCFs. Unlike conventional MCFs, where the doped cores are 

embedded in a plain silica rod, the elaborated structure of the air-holes MCF is expected to yield acoustic modes 

exhibiting complex distributions, resulting in poor acousto-optic mode overlap. Although this ought to be confirmed 

by an in-depth study of the modal behavior of such type of fiber, the experimental results obtained here preliminarily 

corroborate this statement. In the experiment, core-to-core opto-mechanical cross-talk is evaluated by a Sagnac 

interferometer aiming at picking up any phase or polarization variations [2] induced in one core of the MCF by a 

strong activating optical pulse propagating in another core.  

2. Experimental setup 

A simplified version of the experimental layout used is shown in Fig. 1. Two laser sources operating around 

1550 nm and separated by at least 3 nm are used to generate an activating pulse and a reading signal, respectively. 

The activating pulse lasts 1 μs and is modulated in intensity at a tunable frequency fFSBS to induce harmonic acoustic 

vibrations in the fiber via electrostriction. The use of a 100 ns reading “pulse” instead of continuous-wave light is 

preferred as to avoid cavity effects produced by reflections at the fan/in-fan/out of the multi-core fiber. The two 

pulses are synchronized in time and launched in the fiber with a short delay as to leave time for acoustic waves to 

sufficiently build up. The polarization controller in the Sagnac loop is adjusted to tune the phase and polarization 

states of the two optical waves reaching the photodetector in order to maximize the system sensitivity [2]. The filter 

is set to ensure that no light from the activating pulse reaches the photodetector. This is necessary even though the 

two pulses propagate in separate cores, since optical cross-talk may become non-negligible due to the strong power 

unbalance between the activating and the reading pulse.  
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In this paper, one aims at evaluating the performances of air-holes MCFs with respect to conventional MCFs in 

terms of opto-mechanical cross-talk isolation. The measurements described here above are thus conducted in both 

types of fibers, namely a 100 m conventional MCF and a 15 m hole assisted MCF. For a fair comparison, the 

activating pulse power P had to be adjusted for each fiber, such that the cumulated effect after propagation in the 

MCF remains comparable, which is achieved by maintaining the product P•L constant where L is the fiber length. 

First, the activating pulse peak power P is maximized in the shorter air-holes MCF (~8W). The activating pulse is 

later attenuated by 8 dB (corresponding roughly to a ratio 15/100) when measuring the conventional MCF. 

3. Experimental evaluation of cross-talks 

The measurements are performed by scanning the activating pulse frequency fFSBS between 100 MHz and 900 MHz 

with a 0.2 MHz scanning step. Thanks to the Sagnac configuration (see Fig. 1), FSBS induced disturbances (either 

polarization or phase) translate to intensity modulations oscillating at fFSBS. For each frequency scanned, the 

perturbed interference pattern is acquired via an oscilloscope and analyzed in the frequency domain by computing 

its discrete Fourier transform. Since the modulating frequency is known, cross-talk is estimated as the magnitude of 

the Fourier coefficient closest to fFSBS. The experimental results are shown in Fig.2 (a), (c) and (e) for the 

conventional MCF and Fig.2 (b), (d) and (f) for the air-holes MCF. A medallion on each side of the figure shows the 

cross-section of the corresponding fiber as well as the cores probed during the experiment. The legends indicate 

which core is driven by the activating pulse and which core is used for reading, e.g. 1 to 2 means activation is done 

in core number 1 while reading is performed in core number 2. Due to the significant response difference between 

the two fibers, the black dashed line indicates the corresponding range displayed on the figures from the right-hand 

side.  

The results show significant differences between the two fibers. In the conventional MCF, sharp peaks indicate the 

presence of strong radial acoustic modes whenever the central core is involved, as evidenced in Fig. 2 (a) and (c).  

When measuring FSBS induced perturbations from side-core to side-core, one observes a broad spectrum [2], as 

shown in Fig. 2 (e). We emphasize that the goal pursued in this paper is not to conduct an in-depth analysis of the 

modal structure of such fiber (see e.g. [2] for a detailed analysis), rather we are interested in detecting any phase or 

polarization variations induced by opto-mechanical cross-talk. The air-holes MCF displays high opto-mechanical 

suppression compared to conventional MCF as evidenced in Fig. 2 (b), (d) and (f). The polarization/phase variations 

picked by our system barely exceed noise level, especially in the case of side-core to side-core cross-talk evaluation 

(see Fig. 2 (f)). Still, a handful of dominant modes are observable when the central core is involved either for 

activation or for reading as depicted in Fig. 2 (b) and (d). This confirms the validity of our experimental setup, and 

the fact that acoustic modes are indeed activated but do not contaminate significantly other cores. In a worst-case 

scenario, i.e. when considering the strongest mode activated in the central core (1 to 2) for each fiber, cross-talk is 

estimated to be reduced by ~9dB in the air-holes MCF with respect to the conventional MCF. Note however that 

such value has to be considered with great precaution, given the poor signal-to-noise ratio in the case of the air-holes 

MCF. Our results nevertheless point out that this type of fiber is particularly robust to inter-core opto-mechanical 

coupling. This is attributed to a poor overlap between the well-known mode-field distribution of the optical waves 

propagating in each core and the overall complex acoustic modal profile imposed by the structure of the hole 

supported MCF. 

 

Fig. 1. Experimental layout used to evaluate FSBS induced cross-talk in multicore fibers. 
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4. Intra-core perturbations 

A point to be considered is that a good inter-core isolation might come at the expense of stronger intra-core 

perturbation. The reasoning behind this statement is that the air-holes structure surrounding the fiber cores may act 

as a local acoustic cavity, hence efficiently sustaining long-lived local acoustic modes. Measurements similar to the 

ones presented in the previous section are conducted, only this time the two pulses are propagating in the same core. 

In order to avoid cross-phase modulation [6], the reading pulse follows the strong activating pulse with a delay and 

picks up perturbations induced by decaying acoustic waves. Notice that in order to couple the two signals in the 

same port, the introduction of a 50/50 coupler drops the activating pulse power by 3 dB, such that it reaches ~0.6 W 

in the 100 m conventional MCF, and about 4 W in the 15 m air-holes MCF. The results are shown in Fig.3 (a) and 

(b) for the conventional MCF and the air-holes MCF, respectively. 

 

Fig. 3. Intra-core FSBS perturbation induced in a conventional MCF (a) and an air-holes MCF (b). The y-axis unit is arbitrary, and is 

proportional to the magnitude of the Fourier coefficient at fFSBS. 

This time, both fibers present a distinct modal structure when measuring the central core. The conventional 

MCF displays a series of sharp resonances corresponding to purely radial modes [2], while the air-holes MCF 

exhibits somehow a less ordinate structure but still shows few prominent peaks. Fortunately, FSBS does not appear 

Fig. 2. Core-to-core FSBS perturbation induced in a conventional MCF (a), (c) and (e), and an air-holes MCF (b), (d) and (f). The y-axis unit is 

arbitrary, and is proportional to the magnitude of the Fourier coefficient at fFSBS. The black dashed line indicate the upper-limit of the y-axis in 

subfigures (b), (d) and (f). 
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stronger in the air-holes MCF than in the conventional MCF, rather it is slightly weaker. Notice that in both 

cases, FSBS induced perturbations are dominant in the central core when compared to side-cores.  

5. Conclusion 

In this paper, we have investigated the behavior of two types of multi-core fibers in terms of opto-mechanical 

cross-talk. For each MCF, harmonic acoustic waves were activated by launching a high power intensity modulated 

pulse in one core, while a different core was inserted in a Sagnac interferometer that picked up any induced phase or 

polarization change. The results clearly indicate that the benefit of using air-holes to reduce opto-mechanical 

coupling in MCFs is substantial. Due to their complex architecture, such hole supported MCFs are less propitious to 

present good overlap between acoustic and optical modes, hence preventing core-to-core opto-mechanical coupling. 

In addition, better inter-core isolation is not compromised by an enhancement of opto-mechanically induced 

perturbations when both optical waves are propagating in the same core. 
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