First order optical differentiator based on an FBG in transmission
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Optical differentiators constitute a basic device for analog all-optical signal processing [1]. Fiber grating
approaches, both fiber Bragg grating (FBG) and long period grating (LPG), constitute an attractive solution
because of their low cost, low insertion losses, and full compatibility with fiber optic systems. A first order
differentiator LPG approach was proposed and demonstrated in [2], but FBGs may be preferred in
applications with a bandwidth up to few nm because of the extreme sensitivity of LPGs to environmental
fluctuations [3]. Several FBG approaches have been proposed in [3-6], requiring one or more additional optical
elements to create a first-order differentiator. A very simple, single optical element FBG approach was
proposed in [7] for first order differentiation, applying the well-known logarithmic Hilbert transform relation
of the amplitude and phase of an FBG in transmission [8]. Using this relationship in the design process, it was
theoretically and numerically demonstrated that a single FBG in transmission can be designed to
simultaneously approach the amplitude and phase of a first-order differentiator spectral response, without
need of any additional elements.

In this paper we experimentally demonstrate a first-order optical differentiator based on an FBG in
transmission using the ideas introduced in [7]. In order to prove the concept, we characterized the FBG with
an optical vector analyser, and performed an optical pulse differentiation experiment where the signals were
characterized using an optical spectrum analyser (OSA) and a second harmonic generation (SHG) frequency
resolved optical grating (FROG) system. We show that the resulting differentiated pulse is in very good
agreement with the numerically predicted differentiated pulse, validating this simple and inexpensive
solution for the fabrication of first-order optical differentiators.
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Fig. 1. Coupling coefficient (a), and grating period (b) of the designed FBG obtained from inverse scattering; (¢) and (d) show a comparison
between the spectral response in transmission (c),(d) of the experimentally characterized FBG (solid blue), and the simulation results using
the designed coupling coefficient x(2) (dotted red), and the coupling coefficient with a 10% variation 0.9 x(2) (dash-dotted green), and a 20 %
variation 0.8 x(2) (dashed cyan); () experimental setup used to prove the operation of the fabricated FBG in transmission differentiator. BPF,
bandpass filter; EDFA, amplifier; () FROG recovered temporal intensity of the input pulse (dashed green), output pulse (solid blue), and
numerically calculated temporal differentiation (dash-dotted red).
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