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Amplitude and Phase Index Profile Characterization
of Innovative Fiber Bragg Gratings

Abstract:

In the last decade new techniques were developed for fabrication of sophisticated Fiber
Bragg Gratings (FGBs). This has been motivated by the emergence of many applications such
as dispersion compensation for long-haul communication systems, DFB fiber lasers, optical
add/drop multiplexers, and optical sensors. Therefore, the improvement of photo-
inscription setup for complex FBG profiles and especially of their characterization methods is
crucial. Post-fabrication diagnostics should provide relevant information to enhance the FBG
fabrication process.

It is well known that the FBG spectral properties are related to the index profile An. Direct
measurement techniques, such as the side diffraction method reported by P. Krug or UV-
induced blue luminescence characterization, allow determining the index modulation
amplitude along the FBG. Nevertheless, these techniques provide no information about
phase fluctuations. Moreover, the Krug technique is insensitive to the mean index change
Ange. An alternative method of indirect characterization, based on the Layer-Peeling (LP)
algorithm, consists in Bragg grating profile reconstruction from its complex reflectivity. The
complex reflectivity of an FBG can be obtained using the Optical Low Coherence
Reflectometry (OLCR) or the phase-sensitive Optical Frequency Domain Reflectometry
(OFDR). However, the LP method is unstable when applied to characterize long FBGs
(>1Imm) due to the error propagation effect. Moreover, grating properties are deduced
from the LP synthesized complex coupling coefficient with no possibility of separating the
phase 6(z) and the Angc(z) contributions. Thus, at present, no method can do full post-
fabrication characterization of the FBG complex index profile.

In this thesis we have shown the principle of a novel technique for the direct
measurement of amplitude and phase variations of the index modulation along an FBG
based on the blue luminescence (BL). Our experimental results are in a good agreement
with the according Krug characterization. The proposed method of FBG characterization in
amplitude and phase using the UV induced BL can be applied to long gratings (up to tens of
centimeters) having complex index modulation profiles. It allows retrieving simultaneously
the index profile modulation An,(z) and the chirp function, localizing phase shifts with
spatial resolution as low as ~200pum and index fluctuations as weak as 8x10~, and also
detecting the mean index change Ang.(z). Moreover, the BL technique is relatively simple to
implement as the photo-inscription setup can be used to probe the grating while the LB
signal is measured by means of a photo-detector. Consequently, the BL method can be
used in situ for a post-fabrication characterization.

Keywords: Fiber Bragg gratings, Index Measurements
















































































































































