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Abstract

One of the most promising techniques in fiber optical communication is wavelength division multiplexing
(WDM). By fully utilizing the large available low-loss (0.2 — 0.4 dB/km) transmission bandwidth (~300nm),
a single fiber can potentially support tens of terabit per second of transmission over thousands of kilometers,
to meet the exponentially growing capacity demand. One of the key components for deploying WDM
systems is the optical amplifier. However, the conventional erbium-doped fiber amplifier (EDFA) is limited
by its bandwidth (~1530 — 1610nm). Thus, alternative types of optical amplifiers are investigated, and the
fiber optical parametric amplifier (OPA) is definitely one of the most promising technologies.

A fiber OPA relies on the third-order nonlinear susceptibility x(3) of glass: a signal frequency at ws will be
amplified by a strong co-propagating pump at ®p in a fiber through this parametric process. Therefore, OPA
may find applications as optical amplifiers in WDM transmission. Another frequency, called idler, will also
be generated at mi = 2wp — ws. This contains essentially the same modulation information as the input signal,
but with an inverted spectrum. This phase-conjugated idler can be used not only for wavelength conversion
in WDM networks, but also for mid-span spectral inversion (MSSI) which can combat fiber dispersion, and
even some of the detrimental fiber nonlinearities such as self-phase modulation (SPM) or cross-phase
modulation (XPM). In order to deploy OPA in MSSI, the idler generated must not be spectrally broadened,
which is common in one-pump OPA configuration.

OPAs have sufficient performance to be of interest as amplifiers in optical fiber communication systems. In
this presentation, we will start from some basic nonlinear optics and then go through few most recent
development such as: (1) simultaneous all-optical inverted and non-inverted wavelength conversion; (2) all-
optical wavelength conversion and multicasting; (3) reduction of WDM signal crosstalk in fiber OPA; (4)
high-performance OPA with wide-bandwidth and large signal gain.
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