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Abstract

At 1.55um bandwidth, wavelenghth division multiplexing (WDM) + Erbium doped
fiber amplifier (EDFA) has become the most promising way to achieve wide band and long-~
haul terrestrial transmissions. In this dissertation, experiment & simulation on WDM+EDFA
optical transmission systems and subsystems” nonlinear effect suppression are investigated and
analyzed.

Main functional models of an IM-DD WDM optical fiber transmission system are
similated and investigated using signal processing worksystem (SPW) on HP workstation.
These models simulated includes a random data generator, a laser diode (LD} source, a single-
mode fiber, a photodiode receiver and a BER estimator. The end-to-end performance of a
typical transmission system is also presented. EDFA model, as an important component in
optical transmission systems, is studied specifically. Both forward and backward amplified
spontaneous emission {(ASE) of EDFA arc considered. The length of EDF 1s optimized and
practical application of the model is demonstrated in the simulation of a WDM optical fiber
transmission system . We get good agreement between the simulation of above models and the
previously published results, demonstrating the applicability of these models. We also use the
optical transmission system simulated to study the nonlingar effect suppression, mamly on
FWM cffect, in the rest parts of this dissertation.

In long-haul WDM transmission systems, the technique of unequal channel spacing 1s
often adopted to suppress Four-Wave Mixing crosstalk . However, the technique occupies
wide bandwidth which conflicts with a cascade of EDFA and whole system’s bandwidth. In
this dissertation, a scheme is proposed for solving this conflict and also helpful for further
suppressing of FWM crosstalk by combining bit-phase arranged RZ code and unequal channel
spacing technique. A theoretical study is presented. Simulations are performed to show the
effectiveness of this technique in 10 Gb/s WDM systems. We get good agreement between
theory and simulations.

Four-wave mixing is the dominant nonlinear effect which limits allowable fiber mput
power in unequal channel spaced WDM transmission systems employing dispersion-shifted
fiber (DSF). By using a Gaussion noise approximation and a polynomial fit, a simple

analytical formula is derived to predict allowable fiber input power due to limitation of FWM.
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Calculation examples agrec well with the experimental results in published papers. Using this
formula, we can easily obtain the maximum channel input power limited by FWM.

Dispersion compensation by mid-span spectral inversion can be achieved through
FWM in semiconductor optical amplifier (SOA). FWM in SOA is studied. we perform 1} the
~20dB spectral inversion by four-wave mixing in a 10dB gaining SOA, and dispersion
compensation by mid-span spectral inversion is used to achieve the transmission of 12-ps RZ
code over 203-km dispersive fibre, and 2) the — 16dB spectral inversion by four-wave mixing in
a 27dB gaining SOA, and dispersion compensation by mid-span spectral inversion 1s used to

achieve the transmission of 10Gb/s signals over 200-km dispersive fibre.

Key words: Optical communications, Simulation on optical communications, FWM, mid-

span spectral inversion.
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