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Abstract A photonic integrated WSS operating on the S-, C- and L-Band is presented with an average
extinction-ratio of -20.40 dB. Crosstalk levels were kept below -20 dB for all bands and experimental
results on NRZ OOK data indicate error-free operation for up to 35 Gb/s.

Introduction

It is predicted that IP traffic demand in metro and
data center interconnects (DCI) will continue to
significantly grow on a yearly basist!). Thus, cur-
rently deployed optical systems — operating on
the C-Band only — will no be any longer capable
of supporting the current exponential bandwidth
demand growth. Several approaches have been
proposed to boost the throughput of optical sys-
tems, among them: spatial division multiplexing
(SDM), multi-core/mode fiber (MMF/MCF), multi-
band transmission (MBT). Recent studies!@El
show that MBT systems, using the full low loss
spectrum of optical fibers, i.e., from the O- to the
L-band (1260 nm - 1625 nm), may provide a gain
factor of up to 10x when compared to C-Band
only systems.

As optical commercial systems move toward
MBTH, the management of such a wide spectrum
is expected to become a relevant. In this context,
the Wavelength Selective Switch (WSS) — a de-
vice capable of routing each channel (1)) injected
into a common port to any of its N output ports
— is one of the enabling modules to realize MBT.
High port-count WSS are typically based on free-
space optics and micro-electromechanical sys-
tems (MEMS) or liquid crystal on silicon (LCOS)
that make these devices bulky and costly due to
the high precision required on its assembly®®. On
the other hand, WSS based on integrated photon-
ics are compact and a potential low-cost alterna-
tive for edge access or networks residing closer to
the end user, where there is less need for multi-
degree optical mesh connectivity, yet with the full
flexibility of the higher degree configurationst€H7.
Commercial MBT systems are already targeting
the upgrade of existing C-band systems, first on
the C+L configuration, by capitalizing the amplifi-
cation available at this part of the spectrumi4-l,

Furthermore, recent research have been also us-
ing the S-band part of the spectrum to achieve
record-breaking data transmission®1 Thus,
novel WSS operating on the S-, C- and L-bands
are especially important. High cost C+L WSS
based on LCOS have been reported’2 as well as
photonic integrated WSS based on microring res-
onators that required active tuning to operate on
the C or L-band!™. In this work we report for the
first time, to the best of our knowledge, a novel
photonic integrated 1x2 WSS operating simulta-
neously on the S-,C- and L-bands with a total of
109 controllable channels. We report an average
extinction-ratio (ER) of -20.40 dB across all bands
and crosstalk is kept below -20 dB. Experimental
results also show error-free operation with limited
penalty at 10 Gb/s at the S-band and also error
free at the C and L-Bands for bit-rates up to 35
Gb/s with limited penalty.

1 x 2 Photonic Integrated WSS

Fig. [1] shows the layout of the fabricated WSS.
The photonic integrated WSS is a 1x2 device,
and designed as 40 Channel device with 100 GHz
channel spacing on the C-band with no waveg-
uide crossings. The WSS uses 1.5%A silica
waveguides on a silicon substrate and it con-
sists of a demultiplixer arrayed-waveguide grat-
ing (AWG), a switching section and a multiplexer
AWG. By employing a loop-back scheme that
unifies the two AWGs eventual mismatches be-
tween center wavelengths of the WSS are elim-
inated. The switching section consists of single-
stage Mach-Zehnder Interferometers (MZIs) with
two arms of equal length and thermo-optic phase
shifters and MZIs with two arms of different
lengths as wavelength couplers. Further details
on the fabricating and a characterization on the
C-band may be found onl'. The WSS if fully
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Fig. 1: WSS Layout

packaged and pigtailed with an embedded switch
controller for selecting each of the MBT channels.

It is knownl™l that the spatial dispersion of an
AWG is determined by the order of the array, m,
and the divergence angle between waveguides,
Acq. If the change in the input wavelength is such
that the phase difference has increased by 2, the
transfer to the output of the array will occur, mean-
ing that the AWG response is periodic. This peri-
odicity on the frequency domain is called the Free
Spectral Range (FSR) and is given by:

FSR="2 (”ff) (1)

m Ng

where v, if the frequency of the propagating wave,
ners the effective refractive index of the guided
mode and n, is the group index. Fig. [2| shows
the contrast ratio between switch states for some
of the channels on the S, C and L-bands. In
this figure the blue line is the channel at the out-
put A of the device when no control signals are
applied, and the red line is the channel, at the
same output A, when switching occurs. In this de-
vice we have a total of 109 controllable channels
across the multi-band spectrum (40 in the S-band
from 1485nm to 1516 nm , 40 in the C-band from
1532nm to 1564 nm and 29 in the L-band from
1583 nm to 1609 nm). We found average ERs of -
18.21 dB, -22.59 dB and -19.39 dB, and crosstalk
levels below -22 dB, -26 dB and -20 dB at the S-
,C- and L-band, respectively.

Experimental results and Discussion

The experimental setup depicted on Fig. [3] was
used to assess the bit-error-rate (BER) perfor-
mance of the WSS. For the C and L-bands, a
broadband tfunable laser source (TLS) covering
them was used to generate a continuous-wave
(CW) optical signal. After the CW source a polar-
ization controller (PC) was used to optimize the
state-of-polarization (SOP) for the optical modu-
lator, which in turn was driven at 10 Gb/s or 35
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Fig. 2: Contrast Ratio for S (2a), C and L-Bands (20).

Gb/s non-return zero on-off keying (NRZ OOK)
data with a pattern length of 23! — 1. After the
modulator, an erbium-doped-fiber-amplifiers (ED-
FAs) operating on the C or L-band were used to
compensate the 14 dB losses introduced by the
modulator. After the EDFA another PC was used
to control the SOP for the polarization sensitive
WSS. In Figs. [3pb and we can see the opti-
cal signal-to-noise-ratio (OSNR) at both outputs
of the device for channels on C and L-band. The
measured OSNRs at both outputs were > 47 dB.

Figs. and [4¢| show the BER per-
formance across the C and L-bands for single
channels at 10 Gb/s and 35 Gb/s. The control-
ling of each channel is similar across the entire
spectrum, with control signals being applied to
the MZI phase shifter where the given channel
is propagating. At 10 Gb/s the power penalty at
10~ is around 0.5 dB at the output B and neg-
ligible at the L-Band at output A. For 35 Gb/s
the penalty was up to 2 dB at the C-Band at
the output B, and ranging from 0.5 dB to 3.5 dB
at the L-Band at output A. This penalty increase
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Fig. 3: (a) BER assessment experimental setup. (b) OSNR at the C-band. (c) OSNR at the L-band.
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Fig. 4: BER results for the S-, C- and L-band.

at L-band, specially for longer wavelengths, can
be explained by analyzing the narrower chan-
nels at longer wavelengths (0.8 nm at 1550 nm vs
~0.7nm at 1600 nm) which in turn translates to
a reduction of the 3dB bandwidth, which is ~36
GHz at the C-band!.

In order to assess the performance within the
S-band, the experimental setup of Fig. [3| was
used but without the optical amplifier after the
modulator, as we lacked means of amplification at
this band. In light of this, a high-sensitivity APD,
limited to 10 Gb/s, was used for detecting the sig-
nals. Error free operation is also obtained with a
penalty of ~0.5 dB at BER = 10~°. In line with the
BER results within C- and L-band, with an S-band
amplifier, also error free operation at 35 Gb/s is
expected.

Conclusions

In this work we presented a 1x2 photonic inte-
grated WSS operating simultaneously at the S-,C-
and L-band with 109 channels, average extinction
ratio of -20.40 dB with crosstalk below -20 dB. Ex-
perimental results show error-free operation for all
bands with limited penalty in both outputs. The
multiband performance also shows that this de-
vice is a viable option for recently deployed C+L
systems, and for the newly demonstrated S+C+L
systems, specially in networks and scenarios with
less need for multidegree optical mesh connectiv-

ity.
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