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1. Introduction

Beyond high-capacity digital communications, multicore fibers (MCFs) [1] exhibit great potential in radio-over-
fiber distribution and microwave signal processing scenarios, [2]. In this context, we have previously proposed the
use of dispersion-engineered heterogeneous MCFs as compact media for fiber-distributed signal processing, i.e., the
simultaneous processing and distribution of microwave signals [3,4]. This approach is based in the custom design of
MCFs to act as tunable sampled true time delay lines (TTDLs) where every core provides at the output a different
time-delayed version of the radiofrequency signal. TTDLs are actually the basis of many microwave signal
processing functionalities, such as signal filtering, radio beam-steering and optoelectronic oscillation [2]. For the
MCEF to operate as a TTDL, it must fulfil: (1) constant differential group delay between consecutive cores at a given
wavelength; (2) constant differential chromatic dispersion between consecutive cores to enable tunability with the
optical wavelength, and (3) low crosstalk, [4]. In this work, we report the design, fabrication and experimental
demonstration of tunable sampled TTDL operation implemented on a 5-km heterogeneous MCF. The fiber
comprises 7 different trench-assisted cores with different core dopant concentrations and dimensions. We
experimentally demonstrate distributed microwave signal filtering and radio beam-steering in phased array antennas.

2. Heterogeneous multicore fiber design and fabrication

Following the above-mentioned requirements for group delay and chromatic dispersion, we designed a
heterogeneous 7-core MCF to operate as a 7-sample true time delay line, [5,6]. The refractive index profile of each
core consists of a GeO,-doped core (with a different core radius a; and core-to-cladding relative index difference A;)
surrounded by a silica inner cladding (with a different core-to-trench distance a,) and a 1%-Fluorine-doped trench
(with a different width w). By tailoring all these design parameters in each core, we set a range of chromatic
dispersion D from 14.3 up to 20.3 ps/km/nm (with a 1-ps/km/nm incremental step), respectively for cores 1 up to 7,
and a common group delay to all cores at an anchor wavelength Ay = 1530 nm. The cladding-to-trench relative index
difference is 0.321%, the core pitch is 40 pm and the cladding diameter is 150 pm.

The company YOFC fabricated a 5-km link of this heterogeneous MCF by using 7 different preforms. Fig. 1 (a)
shows the photograph of the cross-sectional area of the MCF. Fig. 1 (b) shows the spectral differential group delays
between core 7 and the rest, 77 — 1,, where markers correspond to the experimental values and lines to the theoretical
ones. We see the measured differential group delays of cores 3 to 7 match the designed values, while there are some
discrepancies for cores 1 and 2, which are the smallest ones and thus most sensitive to fabrication errors. The
measured worst-case crosstalk for the 5-km MCEF link is below -30 dB while the average insertion losses are 5.8 dB.
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Fig. 1. a) Photograph of the fabricated MCF. b) Measured (markers) and computed (lines) spectral differential group delay for all the cores.
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3. Application to microwave signal filtering and optical beamforming for phased array antennas

First, we experimentally demonstrated the performance of the TTDL when it is applied to microwave signal
filtering. Fig. 2 (a) shows the experimental setup used to measure the RF filtering response When we exploit the
fiber space diversity, a single optical carrier is modulated and injected in all the cores, so that the different path
delays come from the different fiber cores. For the wavelength dimension, an array of lasers operating at different
wavelengths are modulated and injected to one of the cores, so that the different path delays correspond to the
different wavelengths. Fig. 2 (b) shows, for instance, the measured frequency response for the 5-tap filter
implemented with cores 3 to 7 (i.e. space diversity) for different operation wavelengths. We see the filter can be
reconfigured since the free spectral range changes when tuning the optical wavelength.

Secondly, we demonstrated radio beam-steering in phased array antennas using the setup depicted in Fig. 3(a) to
measure the phase difference between the photodetected RF signals provided by the different cores. Fig. 3 (b) shows
the array factor we computed of a 5-element antenna (using cores 3 to 7) for an RF frequency of 10 GHz and
different optical wavelengths, where we can appreciate beam-pointing angle tunability.
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Fig. 2. a) Experimental setup for the RF filter. b) Measured RF filtering responses operating in spatial diversity for different wavelengths.
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Fig. 3. a) Experimental setup for optical beamforming in phased array antennas. b) Simulated array factor AF with the measured true time delay
values for an RF frequency of 10 GHz and different optical wavelengths.

4. Conclusions

We showed here the design, fabrication and experimental demonstration of fiber-distributed microwave signal
processing over a heterogeneous multicore fiber link. In particular, reconfigurable microwave signal filtering and
optical beamforming for phased array antennas are demonstrated where a 5-km MCF act as the tunable true time
delay line element. The MCF comprises 7 different trench-assisted cores that are different in terms of core dopant
concentration as well as core and trench dimensions. This approach can be extended to perform additional
microwave or optical signal processing applications that are based on time-discrete approaches.
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