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This thesis presents my study on all-optical regeneration based on four-wave mixing (FWM) in a highly
nonlinear fiber (HLNF) for time-interleaved multi-channel and multi-format signals. All-optical regeneration
based on Kerr nonlinearity in a HNLF that works ultra-fast can be used to refine the shape of high bit-rate
signals. However, simultaneous all-optical multi-channel regeneration in a nonlinear medium is quite
challenging to realize due to nonlinear interchannel crosstalks. Another challenge is regeneration of phase-shift
keying (PSK) signals. Regenerators designed for conventional on-off keying (OOK) signals are usually not suited
for PSK signals due to introduction of phase distortion. It is expected in the future that OOK and differential
PSK (DPSK) signals will be transmitted in a same fiber. All-optical regeneration that can process the
multi-format signals simultaneously is desirable. In this thesis, simultaneous multi-channel and multi-format
signals regeneration in a HNLF is demonstrated. FWM is used as signal reshaping, while, channels are
time-interleaved to avoid crosstalk. The thesis consists of five chapters that are organized as follows:

Chapter 1 is the introduction of the thesis. A brief introduction of all-optical regeneration is given.
Motivations and significance of the study are explained.

In Chapter 2, nonlinearities in fiber are reviewed. Principles and types of all-optical regeneration in
general and FWM-based regeneration in particular are described.

In Chapter 3, simultaneous all-optical multi-channel return-to-zero (RZ) OOK signal regeneration based
on second-order FWM in a single HNLF is studied. Interchannel crosstalk, especially cross gain saturation and
interchannel FWM, is avoided by properly time-interleaving. A preliminary experiment for 2 ch x 10 Gbit/s
signal shows simultaneous noise reduction of the two channels and good agreement with a numerical analysis.
Numerical investigation on 2 ch x 40 Gbit/s operation using the parameters in the experiment shows that the
regeneration can improve qualities of both channels. For a large channel number and a higher data speed,
several parameters need to be adjusted to avoid interchannel crosstalks.

In Chapter 4, simultaneous amplitude-noise reduction of time-interleave-multiplexed OOK and DPSK

signals is experimentally studied. Signal amplitude is equalized based on saturation of four-wave mixing in a
fiber, whereas the signal wavelength is unchanged and the signal phase is preserved. Investigation is done in a
condition that degraded signal is input to a regenerator and the output is launched through a transmission fiber.
Amplitude-noise reduction eliminates build-up of nonlinear noise during the transmission in favour of DPSK
signal. OOK signal performance is also improved when zero level noise is not degraded.

In Chapter 5, an adaptive delay control to maintain time-interleaving condition required for
multi-channel all-optical signal regeneration based on saturation of FWM is demonstrated. The delay control
utilizes the optical power at a particular wavelength after the nonlinear fiber that is affected by interchannel
FWM in the fiber. In an experiment for 2 x 10 Gbit/s RZ-DPSK signals where the time separation between the
input channels is intentionally changed randomly, the delay control works well and error free detection after
transmission is obtained.

Finally, Chapter 6 draws the conclusions by summarizing the main results of the thesis. It also outlines

future works that can be undertaken in this area.
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