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Abstract: We propose and successfully demonstrate an al-optical OTDM channel add-drop
multiplexer based on an ultrafast fiber wavelength converter. A 10 Gb/s data channel is stripped
from an incoming 40 Gb/s OTDM signal and a new 10 Gb/s data channel is added in its place and
transmitted through 50 km of DSF. Maximum power penalty of approximately 1 dB was incurred
for the worst through going channel.

1. Introduction

As the demand for bandwidth increases, high-speed optical networks will become widely used in the core network.
A WDM-OTDM hybrid system could be a promising candidate for high-speed core network communications. A key
function for such systems is selective add/drop of alow bit-rate TDM data channel from an incoming high bit-rate
WDM channel. Various methods of performing OTDM add-drop (OTDM-AD) have been demonstrated to date. All-
optical techniques include using an Electro-absorption modulator to drop and insert a channel [1] and a monolithic
InP Mach-Zehnder interferometer [2]. In this paper we present a robust method to perform all-optical OTDM-AD
operation. Our method utilizes a Dispersion Shifted Fiber (DSF) based wavelength converter with 2R regeneration
capability [3] to drop a 10 Gh/s data channel from an incoming 40 Gh/s OTDM data signal and insert a new 10 Gb/s
data channel in its place. This technique can be scaled to very high bit-rates, since the fiber nonlinearity response
times are of the order of femtoseconds. Wavelength conversion over 13 nm has been demonstrated here and with
appropriate fiber design, this range can be extended to over the entire C-band. This renders the add-drop multiplexer
independent of the input wavelength over this range. Bit Error Rate (BER) measurement of the drop channel, the
new inserted channel and the three through channels indicates a maximum power penalty of 1 dB. The three through
channels and the new inserted channel were transmitted through 50 km of DSF without any additional power
penalty.

2. Concept & Architecture

The OTDM-AD can be conceptually described by Fig.1. An incoming high-speed OTDM data signal at any
wavelength | ; is input to the first stage of the OTDM-AD. A loca 10 GHz drop clock at any wavelength |  is
synchronized with the channel to be dropped from the incoming signal. A local through clock at an internal
wavelength | ; is synchronized with the remaining channels of the incoming data signal. The through clock is
obtained by multiplexing a 10 GHz pulse stream such that there are three pulses which are 25 ps apart and the fourth
time dot is empty. This technique can in principle, depending on the extinction ratio of the local pulse source, give a
very good clearing in the empty slot so that a new data channel can be inserted in this empty slot with minimal
penalty. In the first stage of the OTDM-AD the incoming data signal is demultiplexed into the drop channel at |
and athrough channel at | ; by wavelength conversion in DSF. At the output of the first stage a new 10 Gb/s channel
at | j is added in the empty time slot of the through channel. A second wavelength converter is used to convert the
multiplexed through channels and the new add channel to the original incoming wavelength | ;. The second
wavelength converter is required only if the through signal needs to be at the original incoming wavelength, since
self-wavelength conversion is not possible in this fiber wavelength converter.

The key component of both the stages of the OTDM-AD is a simple and robust DSF based high-speed 2R-
regenerator and wavelength converter [3]. Wavelength conversion in the DSF occurs via the process of Cross Phase
Modulation (XPM). A CW signal or a pulse train at the new wavelength is combined with the incoming data. The
incoming data imposes a phase modulation of the CW signal or the pulse train due to XPM. This phase modulation
causes a spectral broadening of the CW signa or the pulse train thereby generating sidebands. One of these
sidebands can be filtered so as to convert phase modulation to amplitude modulation. This method of wavelength
conversion is in principle very fast since non-linear processes are almost instantaneous and thus can be used to
wavelength convert very high bit-rate data streams.
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Fig.1. Concept of the Optical Time Division Multiplexing Add-Drop (OTDM-AD)

Another advantage of this technique for wavelength conversion is that the bandwidth of conversion can be high and
cover the entire C-Band. A drawback of this approach is the requirement on the peak power of the input pulses
needed to impose phase modulation. However using highly non-linear fiber can scale down this power requirement.

3. Experimental Procedure

The experimental setup that was used to demonstrate the OTDM-AD operation is shown in Fig.2. A 10 Gh/s optical
data stream was generated by encoding 2** — 1 pseudo random data pattern (PRBS) on 8 ps pulses generated from an
actively modelocked fiber ring laser (FRL) at 1554.5 nm. This 10 Gb/s data stream was multiplexed up to 40 Gb/s
using a split, delay and time interleave multiplexer. The 10 GHz drop clock was at 1541.0 nm and the through clock
was at 1548.0 nm. The Wavelength Converter (WC) consists of an EDFA, 500m of DSF (I ,4 = 1561.0 nm) and
appropriate filter arrangement to filter the spectrally broadened signals. The combined average power of the drop
clock and the through clock at the input to the WC was —3.0 dBm, while that of the input data signal was
approximately 0 dBm. The input data signal and the control pulses were amplified to about 700 mW before being
launched into the DSF. A circulator and a Bragg grating arrangement is used to discard the original input signal
allowing only the spectrally broadened control pulses at the input of a 0.4 nm bandpass filter (bpf). The average
individual powers of the drop channel and the through channels at the output of the filter were approximately 1.5
dBm. Ideally a wavelength demux such as an AWGR would replace the 0.4 nm bpf. A new 10 Gb/s data stream is
inserted in the empty dot of the through streams. The wavelength of the add channel was about 0.8 nm apart from
the wavelength of the through channels. The through channels and the add channel were transmitted through 50 km
of DSF (I ;4 = 1545.0 nm). About 400m of dispersion compensation fiber was used after transmission to compensate
for the walk off between the add channel and the through channels. Bit-Error-Rate (BER) was performed for the
drop channel and the transmitted channels before and after transmission.
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Fig.2. Experimental setup to demonstrate OTDM-AD

4. Results& Discussion
The eye diagrams of the input 40 Gb/s data stream, the drop channel, the through channels and the transmitted
channels before and after transmission as seen on a 50 GHz oscilloscope with a 50 GHz photodetector is shown in



Fig. 3(a). The eye diagrams indicate clear open eyes; regenerative capability is also evident from the improvement
of extinction ratio improvement and the equalization of the pulse heights before and after WC.

Fig. 3(a). Eye Diagrams at various points in the system Fig. 3(b). BER curvesfor all the channels before and after
transmission

The 40 Gb/s transmitted channels were demultiplexed down to 10 Gb/s using an electroabsorption modulator and
BER measurements were performed on each 10 Gb/s channel. The BER curves are shown in Fig.3 (b). The gray
dashed lines indicate the BER curves of the transmitted channels after 50 km of DSF. As can be observed from the
figure there is a maximum power penalty of approximately 1 dB between the 10 Gh/s back-to-back and the worst of
the through channels. The reason for this power penalty could probably be due to the fact that the through clock
pulses were not exactly 25 ps apart. It can also be observed from the figure that there is an improvement in the
power penalty after transmission, this we believe is due to the compression from being transmitted in the anomalous
dispersion region.

5. Conclusions

In conclusion we have demonstrated an all-optical OTDM add-drop multiplexer based on an ultra-fast fiber
wavelength converter. A 10 Gb/s data channel is stripped from an incoming 40 Gh/s OTDM signal and a new 10
Gb/s data channel is added in its place and transmitted through 50 km of DSF. A maximum power penalty of 1 dB
was obtained between the back-to-back and the worst through going channel. The system is robust to environmental
disturbances and the transmitted channels performed well under transmission conditions. A clock-recovery unit can
be integrated in the system to achieve synchronization between the incoming data stream and the local drop and
through clocks. There is a polarization dependence of about 1 dB in the wavelength converter, however it can be
made polarization independent as shown in [4-5]. This technique can be scaled to very high bit-rates. Using highly
non-linear fiber of appropriate dispersion value can increase the bandwidth of conversion to cover the entire C band
and also reduce the power requirement.
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