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Abstract: We experimentally demonstrate a tunable simultaneous ROADM with crosstalk
reduction using optical nonlinear elements in spectrally overlapped 20-25 Gbaud QPSK WDM
channels. OSNR gain of 5 dB shows the effectiveness of the approach.
OCIS codes: (060.2360) Fiber optics links and subsystems; (190.4223) Nonlinear Wave Mixing.

1. Introduction
Many optical communication networks view the available wavelength spectrum as a valuable and scarce resource [1].
In a wavelength-division-multiplexed (WDM) system, the guard-band between wavelength channels represents
“wasted” spectrum, and reducing the guard-band can increase the network spectral efficiency [2]. One approach is to
decrease the guard-band to the point at which the various WDM channels significantly overlap in their spectra [3-5].
There have been reports of reducing the crosstalk that is induced when recovering overlapped channels by detecting
all the channels and implementing electronic digital signal processing (DSP) [3-5]. The problem of overlapped
channels becomes even more difficult when considering a WDM reconfigurable optical add/drop multiplexer
(ROADM). In general, a ROADM uses optical filter to drop the channel without any crosstalk mitigation, and the
approach of using DSP and recovering all data channels is typically not possible.
In this paper, we demonstrate tunable ROADM with crosstalk reduction for overlapped 20-25 Gbaud QPSK WDM
channels. In our proposed scheme, we use optical nonlinear elements to generate the copy of the shared spectrum and
add it to the overlapped channels with 180 degree phase difference to mitigate the crosstalk. We experimentally
implement the simultaneous ROADM with crosstalk mitigation to drop any combination of channels in overlapped
20-25 Gbaud QPSK WDM channels. OSNR gain of more than 5 dB is measured for different channel spacing and
different baud rates. The improved signal constellation and Q factor confirm the effectiveness of the proposed method.
2. Concept
Existing deployed ROADMs are optical filters based on wavelength-selective-switch that do not mitigate the crosstalk
between channels in the overlapped and spectrum shared system (Fig. 1(a)). Moreover, dropping the channels and
adding new ones will increase the crosstalk. Exploring new add/drop techniques can potentially help mitigate this
crosstalk. Our proposed scheme for the channel selection of overlapped channels is based on χ (2) nonlinear processes
in a set of PPLN waveguides (see Fig. 1(b)). In this figure, first, the channels 1, 2, …,7 along with a CW pump laser
are sent into a PPLN waveguide to generate the conjugate copies via nonlinear processes of SHG and DFG. A
programmable filter is used to select the desired channels and adjust their amplitudes and phases. Fig. 1(b) shows the
scheme to drop channels 2, 5 and simultaneously mitigate the crosstalk on these channels as implemented on port 2
of the programmable filter. Also, we want to mitigate the crosstalk on other channels from channels 2, 5, as
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 Port-1: Channels 2 & 5 are dropped and crosstalk to the rest of the channels is mitigated.
 Port-2:Channels 2 & 5 are selected and crosstalk from the rest of the channels is mitigated.

Fig. 1: (a) Existing deployed channel selection using filter/de-multiplexer which does not mitigate the crosstalk. (b) Conceptual diagram of
the proposed ROADM, i.e., channel selection, of overlapped channels simultaneous with crosstalk mitigation

implemented on port 1. In port 1, we select all the channels and the conjugates of the dropped channels and send all
of them and the original pump into another PPLN to map the conjugate of the dropped channels onto the original
channels with a 180-degree phase shift to mitigate the crosstalk. In other words, we could mitigate the crosstalk by
subtracting the shared spectrum. In another port and PPLN, we drop the desired channels 2 and 5, and mitigate the
crosstalk on these channels. The approach is data format transparent, and can be tuned to drop any desired channels.
3. Experimental Setup
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Fig. 2. Experimental setup. BPF: Band Pass Filter, PC: Polarization Controller, EDFA: Erbium-Doped Fiber Amplifier

Fig. 2 shows the experimental setup of 5 overlapped channels with shared spectrum. First, we modulate three channels
of 1, 3, and 5 in one modulator and other two channels of 2 and 4 in another one with (20/25 Gbaud) 231-1 PRBS
QPSK data. These channels with the uniform channel spacing (Δf<baud-rate) are sent into a PPLN waveguide, along
with a CW pump at the 1540 nm, to generate conjugate copies of the channels (shown in the spectrum). Then, all the
signals are sent into a SLM filter for channel selection and amplitude/phase adjustment. Based on the dropped
channels, we select desired signals and copies inside SLM-1 and send them to the second PPLN. In this experiment,
we use one PPLN for the second stage to implement both experiments of port-1 and port-2 in Fig. 1(b). The QPM of
the PPLN-2 is tuned to be the same as PPLN-1 at 1540 nm. Finally, the crosstalk mitigated channels are filtered using
another SLM to clean the spectrum and the output channels are sent to the coherent receiver to be analyzed.
4. Results and Discussion
Fig. 3 shows the spectrum of the PPLN-2 and SLM-2 outputs for both port 1 and port 2 in the concept figure for 20
Gbaud signals with channel spacing of Δf =17.5 GHz and we want to drop channels 2 and 4. The experimental results
show constellation quality improvement for all the channels due to the crosstalk mitigation. Q-factor measurement
shows more than 4 dB OSNR improvement at FEC threshold for the all the channels.
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Fig. 3. Experimental results on 5 overlapped channels carrying 20 Gbaud QPSK signals with 17.5 GHz spacing. Channels 2 and 4 are
dropped simultaneous with crosstalk mitigation. Optical spectrums and constellation of the channels and Q-factor measurements are shown.

We also implement the scheme for 25 Gbaud system with channel spacing of 22.5 GHz and the results are shown in
Fig. 4. In this figure, only channel 3 is dropped and other channels are on the line. ~4.4 dB and ~3.5 dB OSNR
improvement for channel 3 and channels 2, 4 are measured, respectively.
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Fig. 4. Experimental results on 5 overlapped channels carrying 25 Gbaud QPSK signals with 22.5 GHz spacing. Channel-3 is dropped
simultaneous with crosstalk mitigation. Crosstalk effects on channels 2 and 4 are also mitigated. Constellations and Q-factor are shown.
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