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Abstract—Using Space-Division Multiplexing (SDM) through
multicore optical fibers (MCFs) can significantly increase the
transmission capacity. However, compatibility with silicon pho-
tonics, a promising technology for compact, low-cost and power-
efficient devices, requires integration between the two platforms.
Using uniform grating couplers combined with compact tapers,
two arrays—for 0° and 10°—were designed, fabricated and
experimentally characterized. Simulations indicate coupling effi-
ciencies of −4.64dB and −3.64dB for the 0° and 10° cou-
plers, respectively, with bandwidths of 66.5nm and 127.3nm.
Experimental results yielded efficiencies of −6.8dB for both
designs, and corresponding bandwidths of 46.8nm and 90nm.

Index Terms—Multicore fiber, Silicon photonics, Grating cou-
pler

I. INTRODUCTION

Exploring SDM by means of MCFs can increase the trans-
mission capacity of a single fiber by exploiting its spatial
dimension. Due to its multiplexing characteristics, this type
of fiber rises as a strong alternative to overcome the incoming
transmission capacity crunch [1]–[7] and to improve the per-
formance of data center networks [8]–[10]. Meanwhile, silicon
photonics can provide a compact, low-cost, energy saving,
high speed, and high density platform [11]–[18], suitable for
next-generation optical communications devices. Hence, the
interconnection between silicon photonics and MCFs has a
fundamental role in enabling both technologies to support
future, high data rate optical networks.

Surface coupling via a grating coupler array is the most
practical mean to couple a signal from a conventional triangu-
lar lattice MCF to integrated silicon waveguides, since edge
coupling cannot access all cores. Although there have been
a few reported couplers for MCFs, they involve additional
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fabrication steps, such as using a metallic mirror below the
substrate [19] or a poly-silicon overlay [20]. Some works use
adiabatic tapers [19], [21] that consume a large space on the
chip. Focusing grating couplers can reduce the footprint area,
enabling a grating array for a 37-core MCF coupler [22].
However, even when using focusing grating couplers, the
lowest separation distance between cores that can be coupled
into a chip is around 40 µm. Our group recently reported
low-loss arrays, fabricated on electron beam lithography, for
single and dual-polarization MCF-coupling, using state-of-the-
art optimization methods [23].

This work reports on two Complementary Metal-Oxide-
Semiconductor (CMOS)-compatible, compact grating coupler
arrays to couple a 35 µm core-separation MCF, as illustrated
in Fig. 1. Straight uniform grating couplers for vertical
and 10° coupling were designed and simulated using two-
dimensional Finite-Difference Time-Domain (FDTD) method.
The obtained structures were combined with an optimized
10 µm × 10 µm taper and simulated using three-dimensional
FDTD. The resulting structures were fabricated through Deep
Ultraviolet (DUV) lithography at an external foundry, enabling
large-volume production. The fabricated devices were experi-
mentally characterized.

II. DEVICE DESIGN

Grating couplers are periodic structures used to change the
propagation direction of light from a waveguide to a fiber
and vice-versa. The simplest structure for this device uses a
uniform period, which is obtained through the phase-matching
equation [24]–[26], from which two gratings were designed
to operate on a wavelength of 1550 nm, for fiber tilt angles
of 0° and 10°, with periods of 576.32 nm and 625.66 nm,
respectively. They were simulated in two dimensional FDTD
for maximization of the coupling efficiency with respect to the
grating period, fill factor and corrosion depth allowed in the
fabrication.978-0-7381-2418-6/21/$31.00 ©2021 IEEE
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Fig. 1: Optical microscopy image of the cross-section of
the MCF, indicating the core diameter, separation distance
between adjacent cores and cladding diameter.

Focusing grating couplers are generally used to couple light
from a conventional single mode fiber (SMF) to an integrated
silicon waveguide, since they provide compactness without
efficiency penalty [26], [27]. Earlier, a coupler composed by
a long adiabatic taper combined with a straight grating was
largely used for the same purpose [25], [28]. However, both
approaches are incompatible with MCF coupling with core
separation lower than 40 µm, because there is not enough room
to layout the waveguide network connecting to all gratings.
To overcome this issue, we designed a compact taper using
a topological derivative optimization method [29], which, in
combination with a straight grating, reduces the footprint area
of the coupler. The dimensions of the taper are 10 µm×10 µm,
enabling low-core separation MCF coupling to silicon pho-
tonics. Figure 2(a) shows the three dimensional simulated
coupling efficiency of the optimized taper, and Fig. 2(b) shows
an illustration of its geometry.

The parameters of the gratings obtained in the two dimen-
sional simulations were combined with the compact taper and
simulated using three dimensional FDTD. Figure 3 shows the
simulation results of the two resulting devices.

For the 0° grating, the maximum simulated coupling effi-
ciency is −4.64 dB at 1566.5 nm, with a −3 dB bandwidth of
66.5 nm. A second operation window with 64 nm can also be
seen in Fig. 3 with a maximum of −5.57 dB at 1592.18 nm
wavelength. The two windows are separated by a low effi-
ciency valley at 1579.8 nm that corresponds to the well-known
second diffraction order of the grating backscattering into the
feed waveguide [17], [30]–[32]. The 10° coupler optimization
yielded a maximum simulated coupling efficiency of −3.64 dB
at 1556.52 nm, with a −3 dB bandwidth of 127.3 nm.

The grating couplers were arranged in a triangular lattice
separated by 35 µm, to match the MCF core distance, and were
fed by seven single-mode waveguides coupled to conventional
focusing grating couplers. The device was fabricated in a
multi-project wafer (MPW) run at Interuniversity Microelec-

Fig. 2: (a) Coupling efficiency of the compacted taper obtained
by three dimensional FDTD simulation. The taper presented a
coupling efficiency around -2 dB on the entire simulated band.
(b) Geometry of the compact taper obtained on the topological
derivative optimization process.

Fig. 3: Simulated coupling efficiency of the couplers obtained
by a combination of straight teeth gratings and the compact
taper, for coupling angles of 0° and 10°. The dashed lines
indicate the -3 dB bandwidth.

tronics Center (IMEC). Figure 4 shows a microscope picture
of the fabricated device and a highlight of the grating coupler
array, where the compact tapers can be seen in more detail.

III. EXPERIMENTAL RESULTS

The fabricated devices were experimentally characterized
using a tunable laser source (TLS) feeding a conventional
SMF, that passes on a polarization controller and is coupled
into the device on the feeding waveguides. The output signal
is launched into the MCF connected to a power meter. The
setup illustrated by Fig. 5(a). To measure the inter-core cross-
talk, a conventional single-core SMF is positioned on a 3-axis
stage, butt-coupled to the MCF and connected to an optical
spectrum analyzer (OSA), as illustrated in Fig. 5(b).



Fig. 4: Optical microscopy image of one of the fabricated
MCF couplers, showing the compact coupler array connected
to individual conventional focusing grating couplers that were
used as input in this experiment. The zoomed area corresponds
to the array of couplers to match the MCF cores.

Fig. 5: Illustration of the experimental setups used to measure
the (a) coupling efficiency and (b) inter-core cross-talk of the
fabricated devices.

The experimental results obtained for the insertion loss of
each grating in the array for both devices are shown in Fig. 6.
The 0° coupler presented a peak coupling efficiency, for the
central core (C4), of −6.8 dB at 1553.7 nm, corresponding
to a −3 dB bandwidth of 46.8 nm and an inter-core cross-
talk lower than −30 dB. A second operation window can be
seen, with a peak coupling efficiency of −7.6 dB at 1511.3 nm
and bandwidth of 38 nm. The coupler presents the efficiency
valley caused by the back reflection of the second-order
diffraction, as seen in the simulation, although at 1532 nm. The
central wavelength of this valley diverges from the simulation
mostly due to fabrication variations in the grating. Due to
the absence of index-matching fluid, the coupling efficiency
varies between different cores, with maximum differences of
3.8 dB and 4.2 dB at the operating band for the 0° and 10°
couplers, respectively. For the 10° grating array, the peak
coupling efficiency is −6.8 dB at 1542.3 nm, corresponding
to a −3 dB bandwidth of 90 nm—significantly larger than the
usual 60 nm bandwidth of conventional grating couplers—for
the nearest core to the chip surface. The coupler presented

an inter-core cross-talk lower than −40 dB. The coupling
efficiency is approximately 2.5 dB lower than the simulated,
as a result of fabrication imperfections and the absence of an
index-matching fluid, which is included in the simulations.

(a)

(b)

Fig. 6: Measured coupling efficiency of the fabricated couplers
for each coupler of the array matching a single core of the
fiber, as indicated in Fig. 4, for a coupling angle of (a) 0°;
(b) 10°. The gray lines in both figures correspond to the
measured inter-core crosstalk between the central core and a
random adjacent outer core. The dashed lines indicate the -
3 dB bandwidth

IV. CONCLUSIONS

This paper presents compact couplers for 0° and 10°
coupling between MCFs and Silicon Photonics, with peak
coupling efficiencies of −6.8 dB at 1553.7 nm and 1542.3 nm,
operation bandwidths of 46.8 nm and 90 nm, and inter-core
cross-talks lower than −30 dB and −40 dB, respectively.
These are the first results of fiber-to-chip coupling in a MCF
with core spaced as close as 35 µm, fabricated in a commercial



foundry, and demonstrate the possibility of integrating MCFs
in SDM systems with conventional silicon photonics.
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